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Foreword

Team-Based Care of Pregnant

Women with Challenging Medical

Disorders

William F. Rayburn, MD, MBA

Consulting Editor

It has been nine years since our last update on medical disorders in pregnancy in
the Obstetrics and Gynecology Clinics of North America. We appreciate Dr Judith
U. Hibbard for undertaking this update again with her new coeditor Dr Erika Peterson.
Both editors bring to the reader an understandable and logical approach to the evalu-
ation and management of pregnant women who are afflicted with one or more medical
conditions described in this issue. The well-regarded authors also present any updates
in the diagnosis of these conditions during pregnancy.
This issue focuses on a team-based approach to patients with medical disorders

that frequently antedate the pregnancy. The increased prevalence of obesity and the
delay of more women in conceiving add to additional morbidity during gestation.
Despite chronic illness, most reproductive-aged women are able to conceive. A patient
with a newly diagnosed pregnancy and an active medical disorder is predisposed to
a complexity of problems that may further complicate pregnancy. For example,
obstructive sleep apnea is being encountered more often due to one-third or more
of all pregnant women being obese. Many conditions discussed in this issue are asso-
ciated with a greater risk of preeclampsia, fetal loss, preterm delivery, and fetal growth
restriction. Thromboembolism, cardiomyopathy, and other cardiovascular diseases
together account for about one-third of all maternal deaths.
Most obstetricians are familiar with the disorders described in this issue: cancer,

opiate use, congenital cardiac disease, diabetes, seizures and other neurologic condi-
tions, and hypertensive disease. However, less frequent conditions encountered in an
obstetrician’s practice can cause the practitioner to feel “rusty” as to what is important
for continuous surveillance and treatment. While many may rely on one or many
qualified subspecialists, it remains essential that the obstetrician be able to look at

Obstet Gynecol Clin N Am 45 (2018) xiii–xiv
https://doi.org/10.1016/j.ogc.2018.02.004 obgyn.theclinics.com
0889-8545/18/ª 2018 Elsevier Inc. All rights reserved.
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the “big picture” and function as either a team member or a leader to provide optimal
care to the mother, fetus, and family.
Each article of the issue considers the social determinants and risk factors,

screening, and treatment of every medical disorder. Certain conditions, such as
cardiomyopathy or cancer, are of principal concerns to the mother, while others,
such as pregestational diabetes, maternal genetic disorders, and opiate use, pose a
risk to the fetus, newborn, and mother. Infectious disease is perhaps the single
most common medical condition encountered by the obstetrician, yet this was well
covered in the December 2014 issue. Therefore, this issue provides a brief update
of certain infections and emphasizes the important role of vaccines when applicable.
I appreciate how preventive health is covered in many articles, especially with throm-
boprophylaxis, vaccines, and challenges of obesity.
Dr Hibbard and Dr Peterson selected a very capable group of accomplished

maternal-fetal medicine authors. Each provided relevant information to offer contem-
porary strategies on their subject. Their expertise and commitment to quality care and
advancement of patient safety are noteworthy. It is our hope that this single reference
will aid providers in navigating these often complex and challenging issues while also
understanding the most current state-of-the-science and recommendations.

William F. Rayburn, MD, MBA
Continuing Medical Education and

Professional Development
University of New Mexico School of Medicine

MSC10 5580
1 University of New Mexico

Albuquerque, NM 87131-0001, USA

E-mail address:
wrayburn@salud.unm.edu
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Preface

Medical Disorders in Pregnancy

Erika Peterson, MD Judith U. Hibbard, MD

Editors

We are both privileged to have the opportunity to edit this important issue ofObstetrics
and Gynecology Clinics of North America on the topic of Medical Disorders in Preg-
nancy. Recent medical advances have led women with complex medical problems
to be able to choose pregnancy and be managed successfully through an often-
challenging gestation. However, the early twenty-first century has also seen an unprec-
edented increase in maternal mortality and morbidity in the United States. This may be
due to sicker patients now being able to conceive, or a result of increased rates of
obesity, advancing maternal age, and other factors leading to greater morbidity from
pregnancy.
We have invited a group of eminent Maternal Fetal Medicine physicians to author ar-

ticles that are both cutting edge and pertinent to changing obstetric practice. They not
only review timely data on complex conditions that have become prominent in the last
several decades but also address more common medical complications of pregnancy.
Our issue begins with an important article focusing on maternal mortality in the

twenty-first century, an excellent starting point that puts in perspective how chal-
lenging the management of pregnancy has become. This is followed by several articles
targeting an understanding of diseases that have recently come to the fore. Manage-
ment of cancer in pregnancy is updated, while another article highlights the opioid
epidemic and supervision of dependent women in pregnancy. We then turn our focus
to obesity in pregnancy, yet another problem of epidemic proportions for which all ob-
stetricians must be prepared, reviewing not only general complications but also weight
and surgical management of the obese gravida. This is followed by a very timely review
of sleep apnea in pregnancy, a problem that has risen in parallel with the obesity rate.
Sleep apnea is frequently overlooked, so we are fortunate to include this appraisal of
diagnosis and treatment during pregnancy.
The next several articles are all related to medical conditions that decades ago were

uncommon in pregnancy, as many of these women were often not healthy enough to

Obstet Gynecol Clin N Am 45 (2018) xv–xvi
https://doi.org/10.1016/j.ogc.2018.02.003 obgyn.theclinics.com
0889-8545/18/ª 2018 Published by Elsevier Inc.
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reproduce. An examination of maternal genetic conditions highlights several diseases,
including hereditary hemorrhagic telangiectasia and myotonic dystrophy among
others. We take a fresh look at management of maternal congenital cardiac disease,
now most often surgically corrected with improved outcomes.
We then shift focus to more well-known medical disorders, including a renewed

assessment of peripartum cardiomyopathy, and timely reports on both gestational
and pregestational diabetes highlighting recommendations on diagnosis andmanage-
ment. The survey on hypertensive disorders is a current, concise single reference for
management of all hypertension during gestation. Comprehensive information on
management of seizure disorders in pregnancy as well as recent information on
antiseizure medication is included.
Our last two pieces focus on prevention of disease in pregnancy. The first targets

common infections in pregnancy, including current data on Zika in pregnancy, as
well as the most recent information on vaccinations in pregnancy. We finish with a
review of thromboprophylaxis, including the most recent recommendations on ante-
partum, postpartum, and post–cesarean delivery thromboprophylaxis.
The opportunity to edit this issue of Obstetrics and Gynecology Clinics of North

America has been challenging, rewarding, and a learning experience. We hope you
will find these articles as interesting and valuable as we have.

Erika Peterson, MD
Division of Maternal Fetal Medicine
Fetal Concerns Center of Wisconsin

Medical College of Wisconsin
9200 West Wisconsin Avenue

Milwaukee, WI 53226-3522, USA

Judith U. Hibbard, MD
Medical College of Wisconsin
9200 West Wisconsin Avenue

Milwaukee, WI 53226-3522, USA

E-mail addresses:
epeterson@mcw.edu (E. Peterson)
jhibbard@mcw.edu (J.U. Hibbard)

Prefacexvi

mailto:epeterson@mcw.edu
mailto:jhibbard@mcw.edu


Maternal Mortality in the
Twenty-First Century

John A. Ozimek, DO, MS*, Sarah J. Kilpatrick, MD, PhD

INTRODUCTION

Maternal death was quite common in the nineteenth century with as many as 7 deaths
per 100 births in some hospitals in the United States.1 By the early twentieth century,
maternal mortalities improved but plateaued at approximately 6 to 9 maternal deaths
per 1000 live births.2 Most maternal deaths during this time were secondary to poor
obstetric education and delivery practices, and most of them were preventable.2 In
the 1920s, most deliveries occurred at home under the care of midwives or general
practitioners. Deliveries during this time were often performed without following prin-
ciples of aseptic technique, resulting in infection, with sepsis causing 40% of maternal
deaths.2 The large majority of the remaining maternal deaths were secondary to hem-
orrhage or preeclampsia/eclampsia.2 In the 1930s, a link was demonstrated between
poor aseptic practice, excessive operative deliveries, and high maternal mortality.
These data were published in the 1933 White House Conference on Child Health Pro-
tection, Fetal, Newborn, and Maternal Mortality and Morbidity report.2 State medical

The authors have no financial disclosures.
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boards took note of this and previous reports, which lead to a new focus on maternal
health at the state level.2 This call to action led to the establishment of the first hospital
and state maternal mortality review committees in the 1930s and 1940s. Over the
following years, these committees developed institutional practice guidelines and
defined minimum physician qualifications needed to gain hospital delivery privileges.
Over the same period, hospital deliveries became favored over home deliveries
throughout the country, increasing from 55% to 90% from 1938 to 1948.2 Deliveries
in hospitals were performed under aseptic conditions and allowed for care of the
poor by state-provided services. These changes led to decreases in maternal mortality
after 1930. Declines in rates of maternal mortality became even more pronounced with
medical advances, including the use of antibiotics, oxytocin, improved blood transfu-
sion technique, and better management of hypertensive conditions of pregnancy.2

These advances and changes in practice led to a further decrease in maternal mortal-
ity of 71% over a 10-year period from 1939 to 1948.2 From 1950 to 1973, deaths from
septic abortion decreased by 89%, which is likely partially attributable to the legaliza-
tion of induced abortion beginning in some states in 1967, followed by legalization in
all states in 1973.2,3

Despite the improvements made in the twentieth century, maternal mortality con-
tinues to plague much of the world, disproportionately affecting developing nations.
According to the United Nations Maternal Mortality Estimation Inter-Agency Group,
there were 303,000 maternal deaths in 2015.4 This number represents an overall
global maternal mortality ratio (MMR) of 216 maternal deaths per 100,000 live births,
a 44% decrease over the prior 25 years.4 The MMR varied greatly by region ranging
from 12 deaths per 100,000 live births in developed regions to 546 deaths per
100,000 live births in sub-Saharan Africa and as high as 1100 deaths per 100,000
live births in Sierra Leone.4 Current trends in worldwide maternal mortality demon-
strate a range of annual reduction from 1.8% in the Caribbean to 5.0% for Eastern
Asia.4 Although these reductions in global maternal mortality represent a trend in
the right direction, this decrease fell short of the United Nations Millennium Develop-
ment Goal of a reduction of 75% in the MMR between 1990 and 2015.5 The World
Health Organization (WHO) has presented new Sustainable Development Goals with
the objective of reducing the global MMR to less than 70 deaths per 100,000 live births
from 2015 to 2030.6 In order to achieve this ambitious goal, countries will need to
decrease their MMR at an annual rate of reduction of at least 7.5%, a far accelerated
rate compared with the last 25 years.4 Reasons cited for the decrease in maternal
mortalities over the last 25 years include a decrease in the total fertility rate, increased
maternal education, and increased access to skilled birth attendants among various
other improvements.7 Strategies for ongoing reduction of the global maternal
mortality, as outlined in the WHO Sustainable Development Goals, include a human
rights–based approach to maternal and newborn health, which includes eliminating in-
equities that lead to disparities in access, quality, and outcomes of care within and be-
tween countries. The need for improvements in care, including sexual and
reproductive health, family planning, and newborn and child survival, are also cited
as needed strategies to continue to improve maternal mortalities.6

Of the 171 countries studied by the United Nations Maternal-Mortality Estimation
Inter-Agency Group, 158 demonstrated a reduction in maternal mortality over the
25 years studied.4 Alarmingly, there are 13 countries that have increasing rates of
maternal mortality. These countries include Bahamas, Georgia, Guyana, Jamaica,
North Korea, St. Lucia, Serbia, South Africa, Suriname, Tonga, United States,
Venezuela, and Zimbabwe. The United States is the ONLY developed nation with
an increasing MMR, and, in fact, the current MMR in the United States is almost 2
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times greater than that of the United Kingdom and more than 2 times greater than the
MMR in Canada.4,8

MATERNAL MORTALITY IN THE UNITED STATES

To understand current maternal mortalities and trends in the United States, it is important
to recognize the terminology that is used. There are several terms, each with a slightly
different definition and resultant different rates of maternal mortality. The use of multiple
terms often leads to differing reports of maternal mortality in both popular and scientific
literature. Current frequently used terminology and definitions include the following:

� Pregnancy-Related Death (Centers for Disease Control and Prevention [CDC]):
the death of a woman while pregnant or within 1 year of pregnancy termination,
regardless of the duration or site of the pregnancy, from any cause related to or
aggravated by the pregnancy or its management, but not from accidental or inci-
dental causes.9

� Pregnancy-Related Death (WHO): the death of a woman while pregnant or with
42 days of termination of pregnancy, irrespective of the cause of death.10

� Maternal Death (WHO): the death of a woman while pregnant or within 42 days of
termination of pregnancy, irrespective of the duration and site of the pregnancy
or its management but not from accidental or incidental causes.10

� Pregnancy-Related Mortality Ratio (CDC): an estimate of the number of
pregnancy-related deaths for every 100,000 live births. The CDC reports that
there were 17.3 pregnancy-related deaths per 100,000 live births in the United
States in 2014.9

� Maternal Mortality Ratio (WHO): the number of maternal deaths per 100,000 live
births.10 The WHO reports that the maternal mortality ratio in the United States
was 14 deaths per 100,000 live births in 2015.4

The MMR is the most commonly used measure of maternal mortality. In the United
States, the MMR had been steadily decreasing until reaching its nadir in 1987 at 6.6.8

After 1987, the MMR remained fairly stable at between 7 and 8 maternal deaths/
100,000 live births until 1999 when the MMR began to steadily increase, resulting in
the most recent report of 14 deaths/100,000 live births in 2015.4 It is postulated that
some of the reported increase in the MMR in the United States is secondary to im-
provements in methods for identification of pregnancy-related deaths and changes
in coding and classification of maternal deaths. Other factors that are thought to
contribute to the increasing rate of maternal mortality include increasing maternal
age, increasing maternal body mass index, and increased incidence of medical
comorbidities.11–13 A large population-level analysis, which analyzed data from the
Centers for Disease Control and Prevention National Center for Health Statistics data-
base (CDC WONDER), demonstrated that there was a significant correlation between
mortality and the percentage of non-Hispanic black women in the delivery population,
further illustrating known racial disparities in overall maternal outcomes in the United
States.14 The investigators also concluded that cesarean deliveries, unintended births,
unmarried status, and 4 or less prenatal visits were significantly associated with
increased MMR.14

The top 3 causes of maternal mortality in the United States have historically been
hemorrhage, hypertensive disease, and thrombosis.15 However, over time, the
contribution of these causes to pregnancy-related death declined, and by 2010,
deaths secondary to cardiovascular conditions and infection increased with cardio-
vascular conditions ranked as the leading cause.15 Recent data from the CDC
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corroborate this shift in cause of death and list the top 3 causes in the United States
from 2011 to 2013 as cardiovascular disease (15.5%), other medical noncardiovas-
cular disease (14.5%), and infection/sepsis (12.7%). Hemorrhage is still listed
among the top causes, ranking as the fourth leading cause at 11.4% of
pregnancy-related deaths during this time (Fig. 1)16 Multiple studies conducted
over a similar period demonstrate a corollary trend in increased incidence of chronic
heart disease,17 hypertensive disorders,18 obesity,19 and diabetes,20 among preg-
nant women offering additional insight into the changing trends in maternal mortality
in the United States. Racial disparities in maternal mortality persist in the United
States as well.15

An important cause of death among pregnant women is trauma. Trauma is esti-
mated to affect 1 in 12 pregnant women and is the leading nonobstetric cause of death
among reproductive-aged women in the United States.21 The effect of trauma-related
maternal mortality is not well described. Standard definitions of maternal mortality
from the WHO and CDC exclude trauma-related deaths from national maternal mor-
tality reports.21 As trauma-related deaths are not included in national reports, this
limits opportunities for further study and prevention of trauma-related deaths in preg-
nancy. A recent study analyzed more than 1100 trauma events among pregnant
women compared with 43,600 trauma events among age-matched, nonpregnant
women.21 The investigators found that pregnant women were more likely to experi-
ence violent trauma, were 1.6 times more likely to die, and were more likely to be
dead on arrival to the hospital or to die during their hospital course compared with
nonpregnant women. The findings persisted despite pregnant patients having an

Fig. 1. Causes of pregnancy-related death in the United States: 2011 to 2013. (Data from
Centers for Disease Control and Prevention (CDC). Pregnancy mortality surveillance system.
Available at: https://www.cdc.gov/reproductivehealth/maternalinfanthealth/pmss.html.)
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overall lower injury severity score. The investigators showed that pregnant trauma vic-
tims were less likely to undergo surgery and more likely to be transferred to another
facility.21 Another important finding showed that pregnant women were twice as likely
to experience violent trauma and more than 3 times more likely to die of violent trauma
compared with their nonpregnant counterparts.21 These findings underscore the need
for continued screening for violence in pregnancy and ongoing studies of trauma and
violence among pregnant women.

RACIAL DISPARITIES AND MATERNAL MORTALITY IN THE UNITED STATES

In an analysis of pregnancy-related death in the United States from 2006 to 2010, sig-
nificant racial disparities in pregnancy-related mortality ratios were demonstrated.15 It
was found that a significantly higher proportion of non-Hispanic black women experi-
enced pregnancy-related death compared with non-Hispanic white women. Although
women in all racial groups were found to be at increased risk of pregnancy-related
death with increasing age, this finding was particularly pronounced among non-
Hispanic black women.15 Teenaged black women were 1.4 times more likely to die
than their white counterparts; black women aged 20 to 24 years were 2.8 times
more likely to die, and black women in all other age groups were more than 4 times
more likely to die from pregnancy-related complications. For further perspective,
the pregnancy-related mortality ratio for black women aged 40 or older in this cohort
approached 150 maternal deaths per 100,000 live births versus approaching 40
deaths per 100,000 live births among white women in the same age group. The study
also found that black women who died of pregnancy-related complications were
younger, less educated, more likely to be unmarried, more likely to be late to prenatal
care, and more likely to die of ectopic pregnancy–related complications than white
women.15

There also appear to be location-specific disparities in the MMR across the
United States, which may be secondary to the racial disparities described above.14

In a large population-level analysis study examining data from the CDC National
Center for Health Statistics database and the Detailed Mortality Underlying Cause
of Death database (CDC WONDER), MMRs from 2005 to 2014 were compared at
a state level.13 The study demonstrated that there was significant variability of the
MMR from state to state and that these differences tended to correlate with the per-
centage of non-Hispanic black women in the population. Massachusetts had the
lowest MMR at 5.6 maternal deaths per 100,000 live births and ranked 25th for
the percentage of non-Hispanic black births. The District of Columbia had the high-
est MMR at 38.8 deaths per 100,000 live births and also ranks first with the highest
percentage of non-Hispanic black births and last with the lowest percentage of non-
Hispanic white births. The investigators note that although the District of Columbia
has the highest MMR in the United States, it also has the lowest MMR for non-
Hispanic white births.13 Although it has been postulated in the past that some of
the location-specific disparities in maternal outcomes are secondary to poverty,
immigration, or rural status, data from this study found no correlation between
maternal mortality and any of these variables.13 Statewide differences in medical
factors, such as hypertensive disease, diabetes, tobacco use, and obesity, were
analyzed as well and were not found to be significantly correlated with mortality ra-
tios. This study demonstrated that the variation in MMR was most closely associ-
ated with social factors, such as unintended pregnancy, unmarried status, and
non-Hispanic black race, further demonstrating the significant racial disparities in
the United States.14
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PREVENTABILITY

Multiple studies have demonstrated that almost half of pregnancy-related deaths in
the United States are preventable.22,23 In a retrospective study of maternal deaths
in North Carolina, 108 pregnancy-related deaths were reviewed by the North Carolina
Pregnancy-Related Mortality Review Committee.22 They found that 40% of
pregnancy-related deaths were potentially preventable and that preventability varied
by cause. They reported that 93% of hemorrhage-related deaths, 60% of
hypertension-related deaths, 43% of infection-related deaths, and 40% of
cardiovascular-related deaths were potentially preventable. It was also surmised by
the investigators that improved quality of medical care was the leading factor that
could have led to prevention.22 Other studies have reported similar findings with
one study in Massachusetts reporting that 54% of pregnancy-associated deaths
were deemed preventable.23 Although the MMR in the United States is rising, luckily
absolute numbers remain low, making it difficult to study strategies to prevent mortal-
ity. Past studies have placedmaternal mortality at the end of a continuum ranging from
healthy pregnancy, to maternal morbidity, to severe maternal morbidity, to
death.22,24–26 It has been suggested that, given severe maternal morbidity is a far
more common occurrence than maternal death, strategies should be developed to
recognize and prevent severe maternal morbidity, thereby interrupting the continuum
leading to and decreasing rates of maternal mortality.

SEVERE MATERNAL MORBIDITY

Like maternal mortality, severe maternal morbidity is increasing in the United
States.11,27,28 It is currently estimated to affect at least 50,000 women per year with
an occurrence of 0.5% to 1.3% of pregnancies in the United States.27,28 Because se-
vere maternal morbidity lies within a continuum ranging from healthy pregnancy to
death, efforts to identify and prevent causes of severe maternal morbidity are thought
to ultimately decrease morbidity and, hence, maternal mortality.22,24–26 National orga-
nizations have recognized that severe maternal morbidity is increasing and have advo-
cated for a process in which cases of severe maternal morbidity are reviewed at a
hospital level.29,30 Similar to maternal death review committees, the goal is to find
where opportunities for improvement in care of such patients could have prevented
morbidity from occurring, or progressing to a severe event, hence reducing both
morbidity and mortality.
Identifying specific cases of severe maternal morbidity for review has been chal-

lenging because the concept is difficult to define in absolute terms. However, pub-
lished guidelines have been set forth and validated to allow for sensitive methods
to screen for severe maternal morbidity.30–32 Although several methods of
screening for severe maternal morbidity have been used, recent reports recom-
mend using the following 2 screening criteria: pregnant or postpartum patients
who have been admitted to the intensive care unit and/or have received �4 units
of packed red blood cells because of their high sensitivity and specificity for iden-
tification of cases of severe maternal morbidity.30–32 Definitive “gold-standard”
guidelines to select cases of true severe maternal morbidity from those that
screened positive for possible morbidity have also been established.33 These
guidelines are listed in an extensive and detailed systems-based format to help
providers determine if true severe maternal morbidity has occurred.33 Following
identification of true cases of severe maternal morbidity, it has been recommended
that cases in all hospitals that provide obstetric care be reviewed and presented to
a multidisciplinary committee in a standardized fashion to identify where
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opportunities for improvement in care may have existed that could have averted
severe morbidity.28,30

A recent, large, retrospective cohort study used the recommended screening
methods, gold-standard guidelines to identify true cases of severe maternal
morbidity and recommended multidisciplinary review committee approach to
determine the incidence of and characterize opportunities for improvement in
maternal care at a large, academic medical center.34 The investigators found that
opportunities for improvement in care existed in 44% of women who experienced
severe maternal morbidity. These findings are concordant with previous studies on
preventable maternal mortality, which report that nearly half of the maternal deaths
in the United States are preventable and underscored the need for continued pro-
vider education to reduce morbidity and mortality.22,23 This study also demon-
strated the feasibility of the recommended review process of severe maternal
morbidity.

STRATEGIES FOR REDUCTION OF MATERNAL MORTALITY

The CDC established the pregnancy mortality surveillance system in 1986, which col-
lects data from 52 reporting areas (50 states, New York City, and Washington, DC).9

The CDC requests that these areas voluntarily submit copies of death certificates
for all women who died during pregnancy or within 1 year of pregnancy along with
copies of the matching birth or fetal death certificates.9 This information yields valu-
able epidemiologic data regarding causes and risk factors associated with maternal
deaths. Although this information is valuable in terms of a “big picture” of maternal
mortality in the United States, many states still lack standardized committees to re-
view individual maternal deaths, which would allow for an opportunity to identify
preventable causes and strategies for improvement in care.35 Per the most recent
statistics listed in a document provided by the American College of Obstetrics and Gy-
necology, only 28 states currently have or are forming a maternal mortality review
committee.35

The United States lags in its system of standardized maternal mortality review
compared with other developed nations with lower maternal mortalities. For example,
the United Kingdom has used a national system, Confidential Enquiries into Maternal
Deaths, to review maternal deaths for more than 60 years.36 In this system, all
maternal deaths in the United Kingdom are reported to the Mothers and Babies:
Reducing Risk through Audits and Confidential Enquiries across the United Kingdom
database.37 These reported deaths are then cross-checked for verification and
confirmed. Full medical records are obtained and made anonymous before undergo-
ing confidential review. The record is first reviewed by a pathologist and an obstetri-
cian to determine a cause of death. Each woman’s care is then reviewed by a
multidisciplinary panel of 10 to 15 expert reviewers, including obstetricians, anesthe-
siologists, midwives, pathologists, and other specialists as determined to be appro-
priate. The summary of care is then examined by a multidisciplinary writing group to
elucidate the main themes for learning to be highlighted in the report.37 This system
is credited with decreasing the already low maternal mortality in the United Kingdom
via implementation of recommended clinical guidelines. More recently, the system has
also been credited with narrowing the gap related to pregnancy outcomes and racial
disparities, significantly lowering the maternal mortality among black African women.
These positive changes occurred while the maternal population in the United Kingdom
faces similar health challenges that face the United States, including an older and less
healthy maternal population.36
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Although the United States may be lagging in terms of standardized review, efforts
are underway to develop strategies to reduce maternal morbidity and mortality.38–40

For example, in response to the steadily increasing maternal mortality, the California
Department of Public Health, in collaboration with the California Maternal Quality
Care Collaborative (CMQCC), developed the California Pregnancy-Associated Mortal-
ity Review project in 2006.38,39 The goal of this undertaking was to identify pregnancy-
related deaths, causation, and contributing factors at a state level and subsequently
make recommendations on quality improvements to maternity care. Since that time,
the state of California has reduced its MMR by 55% from 16.9 in 2006 to 7.3 in
2013, well below the national maternal mortality, which continued to increase over
the same period.38,39 The CMQCC (https://www.cmqcc.org) was established in
2006 in response to rising maternal mortality and morbidity rates with the goal of
ending preventable morbidity, mortality, and racial disparities in California.39 In addi-
tion to decreasing the maternal mortality, the CMQCC has succeeded in decreasing
the preterm birth rate and reducing maternal morbidity by 21% among the 126 hospi-
tals that participated in projects to reduce hemorrhage and preeclampsia.39 The
CMQCC reports these successes are secondary to multiple factors, including the
following:

� The establishment of a maternal data center making real-time data available from
more than 200 hospitals representing 90% of births in California.

� Creating quality improvement initiatives, including toolkits regarding early elec-
tive delivery, hemorrhage, preeclampsia, and reducing primary cesareans.

� Research collaboration with the state of California to publish the California
Pregnancy-Associated Mortality review to identify quality improvement opportu-
nities in maternity care.

The example and successes of the efforts the California Department of Public
Health and the CMQCC can serve as models for other states to emulate in an effort
to lower maternal mortality in the United States. Resources such as toolkits and pa-
tient safety bundles like those implemented by the CMQCC offer standardized ap-
proaches to patient management and have been shown to reduce maternal
morbidity and presumably mortality.41 There are various resources available that offer
patient safety bundles free to the public. One of the most comprehensive resources for
maternal patient safety bundles can be found at theWeb site for the Council on Patient
Safety in Women’s Healthcare (https://www.safehealthcareforeverywoman.org).41

The Council on Patient Safety in Women’s Health Care is a multidisciplinary collabo-
ration composed of several professional organizations, including the American Board
of Obstetrics and Gynecology, Society for Maternal Fetal Medicine, Society for Ob-
stetric Anesthesia and Perinatology, and approximately 20 other professional
organizations.
A selection of available bundles include the following:

� Obstetric hemorrhage
� Maternal venous thromboembolism
� Reduction of peripartum racial/ethnic disparities
� Severe hypertension in pregnancy

In terms of national efforts, The American College of Obstetricians and Gynecolo-
gists and The Society for Maternal-Fetal Medicine published a consensus document
calling for the creation of a system of uniform designations for levels of maternal care
in an effort to reduce maternal morbidity and mortality (Table 1).42 This document
highlights the successes of improved neonatal outcomes following the regionalization
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of neonatal care via risk-appropriate maternal transport networks, but reviews that this
system focuses almost entirely on the needs of the newborn and not necessarily the
mother. The investigators have created 4 objectives including creation of uniform des-
ignations for levels of maternal care available at facilities, to develop standardized def-
initions for facilities that provide each level of maternal care, to provide consistent
guidelines per level of maternal care for use in quality improvement and health promo-
tion, and to foster the development and equitable geographic distribution of full ser-
vice maternal care facilities.42 Through these efforts, it is hoped that maternal care
can be improved and national rates of morbidity and mortality are decreased and
brought in line with other developed nations.

SUMMARY

Despite improvements in rates of global maternal mortality over the last century, it
remains a problem that continues to plague much of the world. Rates of maternal
mortality are increasing in the United States with significant racial disparities that
disproportionately affect non-Hispanic black women. Up to half of pregnancy-
related deaths in the United States have been found to be preventable.14,21,22 There
are strategies that have been shown to reduce the rates of severe maternal
morbidity and maternal mortality in regions of the United States.36,38 It is imperative
that these efforts are adopted on a national level to decrease the rates of maternal
mortality.
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Cancer in Pregnancy

Anna McCormick, DO*, Erika Peterson, MD

INTRODUCTION

Because more women are waiting to have children until later in life, cancer diagnoses
in pregnancy are becoming more common. Gestational cancer is defined as a new
cancer diagnosis during pregnancy or in the first year postpartum.1 The most common
cancers in reproductive aged women are breast, melanoma, thyroid, cervical, and
lymphomas, listed in order of decreasing frequency.2 The diagnosis of cancer in the
gestational period poses many difficult decisions for which multiple clinical, personal,
and ethical factors need to be considered for treatment planning. We review the perti-
nent information for some of the more common gestational cancers, as well as some
less common, but with increasing prevalence in the United States.

BREAST CANCER

Gestational breast cancer is considered any breast cancer occurring either during
pregnancy, in the year after delivery, or anytime during lactation. Breast cancer is
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KEY POINTS

� The diagnosis of cancer in the gestational period poses many difficult decisions for which
multiple clinical, personal, and ethical factors need to be considered for treatment
planning.

� The incidence of most gestational cancers is increasing owing to the fact that many
women are deciding to delay childbearing.

� In general, most chemotherapy treatments should be delayed until the second and third
trimesters to avoid fetal toxicity.

� Pregnancy should not be a reason to delay a diagnostic workup for symptoms concerning
for cancer.
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one of the most common pregnancy-associated cancers. Pregnancy-associated
breast cancer occurs in 20% of breast cancer patients younger than 30 years of
age.3 The incidence is only 0.4% of all breast cancers diagnosed in women aged 16
to 49, however the rate is increasing.1 This increase is most likely secondary to delay-
ing the age at which women begin childbearing.
Themajority of gestational breast cancer is infiltrating ductal carcinoma. Gestational

breast cancer is more likely to be poorly differentiated and havemetastases at the time
of diagnosis when compared with nonpregnant women.4 There is typically a lower
incidence of estrogen receptor–positive, progesterone receptor–positive breast can-
cer diagnosed during pregnancy and the postpartum period, whereas human
epidermal growth factor 2–positive tumors seem to be equal in incidence to that of
nonpregnant women.5

A diagnosis of breast cancer during pregnancy or lactation is often more challenging
given the normal physiologic changes in the breast during these periods.6 For
example, rapid enlargement and hypertrophy during pregnancy and the postpartum
period can distort the anatomy of the breast. Often the diagnosis is delayed by preg-
nancy and lactation; hence, the diagnosis is made at more advanced stages during
pregnancy.7 Interestingly, a breast cancer diagnosis during lactation can be detected
by the milk rejection sign, in which the nursing infant will refuse to nurse from the
cancerous side.2 Any breast mass persisting for more than 2 weeks during pregnancy
or lactation needs to be evaluated. Even though 80% of breast biopsies during preg-
nancy are benign, delayed diagnosis because of pregnancy or lactation is critical to
prognosis.8

If a breast mass is identified in pregnancy, it should be evaluated with imaging,
typically a diagnostic mammogram. This imaging modality is considered safe dur-
ing pregnancy and poses little known threat to the developing fetus.9 An abdominal
shield can be used, although the data supporting the added safety of this technique
are minimal.10–12 The standard dose of radiation of a mammogram (200–400 mrads)
is negligible to the developing fetus.9 A biopsy should be performed of any suspi-
cious mass in pregnancy or lactation, regardless of mammogram results. Evalua-
tion for advanced stage disease with imaging of the chest, liver, bone, and brain
should also be performed. To image the chest during pregnancy a chest radiograph
may be performed. The gravid uterus can make it difficult to rule out metastasis at
the diaphragm or inferior lung lobes, in which case an MRI of the chest may be per-
formed without contrast.13 MRI without contrast has documented safety in preg-
nancy and can also be used to evaluate the abdomen, pelvis, and brain. There is
limited information on the safety of PET scans during pregnancy and these gener-
ally should be avoided.14 If there is suspicion for bone metastasis, a radionuclide
(technetium-99M) bone scan can be obtained and also has a negligible radiation
dose to the fetus.9

The treatment for pregnancy-associated breast cancer is challenging and should be
managed by a maternal–fetal medicine specialist, breast surgeon, and oncologist. The
data on treatment of gestational breast cancer are limited to retrospective reviews and
case series.15–18 In the past, it was thought that termination of pregnancy would
improve prognosis and survival; however, this supposition has not been supported
by evidence.19 Elective termination of pregnancy can be considered in the instance
of very advanced stage disease as a personal choice for the mother. In contrast, there
is some evidence to suggest termination of pregnancy actually worsens the prognosis
of breast cancer. However, these studies are retrospective and the data are likely
skewed by the fact that more women with advanced disease choose termination of
pregnancy.19,20

McCormick & Peterson188



A key to breast cancer surgical staging is axillary lymph node dissection. This pro-
cedure can be undertaken in the pregnant patient with little if any additional risk to the
fetus.21,22 Less is known about the technique of sentinel lymph node dissection, using
radiation, and its safety during pregnancy. Some authors conclude that the minimal
dose of radiation used in this procedure is well below the 50-mGy threshold for fetal
effects.22 However, it is not known if the lymphatic drainage channels are altered by
pregnancy and, therefore, the efficacy of this procedure is unknown in the pregnant
patient.17 There is 1 case series that documents the safety of sentinel lymph node bi-
opsy and mapping in 12 pregnant patients.21

In general, the surgical treatment of breast cancer during pregnancy should be
undertaken much like that in the nonpregnant population. Depending on the stage
of cancer, the patient may undergo a local excision or lumpectomy versus a mastec-
tomy.23 For early stage treatment, a nonpregnant patient may opt for breast-
conserving treatment alongwith radiation therapy. In a pregnant patient, amastectomy
is recommended for those patients who would like to continue their pregnancies
because radiation therapy would be necessary with conservative treatment and is to
be avoided during pregnancy.24 Mastectomy can be performed with very little risk to
the fetus in any trimester. Breast reconstruction surgery should be postponed until
the completion of pregnancy because there is no urgency to this procedure, and it is
typically postponed until completion of adjuvant treatments.
Radiation therapy, in contrast, has potential risk to the fetus.9 Depending on gesta-

tional age, these risks include pregnancy loss and fetal anomalies if exposed in the first
trimester and growth restriction and potential carcinogenic risks in childhood if
exposed in the second or third trimesters.25 The typical therapeutic radiation dose
given for breast cancer is 46 to 60 Gy.25 This translates into a fetal dose of 0.04 to
0.15 Gy. For fetuses less than 16 weeks of gestation, this is above the threshold of
0.10 to 0.2 Gy, where effects may be seen. After 16 weeks of gestation, a much higher
dose is likely tolerated by the fetus, 0.50 to 0.70 Gy.26 In most cases, radiation therapy
can be avoided or delayed until after pregnancy. However, in some situations it may
be beneficial to proceed with radiation therapy during pregnancy and the risks and
benefits should be discussed in each unique clinical scenario.
There are supportive data to show that chemotherapy in the pregnant patient is

well-tolerated by the fetus.27,28 The most common and well-studied regimens in preg-
nancy are doxorubicin plus cyclophosphamide or fluorouracil, doxorubicin, and cyclo-
phosphamide. These treatments vary slightly from the typical chemotherapy regimens
in the nonpregnant patient (Box 1).27 All of these agents were previously considered
pregnancy risk factor category D. The most critical time period in gestation to avoid
systemic chemotherapy is organogenesis, from week 5 to week 10 of gestation after
the last menstrual period. This time period poses the greatest risk for fetal congenital
anomalies and pregnancy loss. This risk has been estimated to be as high as 15% to
20%.28–30 The most significant risk of chemotherapy in the second or third trimesters
is not for congenital anomalies, but intrauterine growth restriction and preterm deliv-
ery.27,28 Multiple case reports have supported the safety of anthracyclines when
used in the second and third trimesters of pregnancy.31,32 Doxirubicin is preferred
to idarubicin and epirubicin during pregnancy because of reports of intrauterine
demise with idarubicin and epirubicin.31,33–36

The use of taxanes as a chemotherapy agent is generally considered safe in
the second and third trimesters of pregnancy as well.15 The use of trastuzumab
for human epidermal growth factor 2–positive breast cancers during pregnancy is
considered contraindicated secondary to reported oligohydramnios and pulmonary
hypoplasia.37
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Although requested by many pregnant patients, a delay in treatment with systemic
chemotherapy should be avoided. The risk of metastasis increases with every few
months of delayed treatment by 5% to 10%.7

Tamoxifen, a selective estrogen receptor modulator, is often used as treatment and
for the prevention of recurrence of breast cancer for estrogen receptor–positive can-
cers. Its use during pregnancy is generally avoided. The long-term effects on the
neonate are not known and it has been associated with miscarriage and congenital
malformations, specifically genitourinary malformations.38,39 There have also been
case reports of patients who have taken tamoxifen during pregnancy and their infants
were born without anomalies.38,40 More information is needed on the safety of this
medication during pregnancy.
Tamoxifen likely inhibits the ability to breastfeed by suppressing prolactin.41 There-

fore, the potential benefits of tamoxifen in protecting the patient from recurrence must
be weighed with the benefits of breastfeeding and a decision to discontinue nursing
should tamoxifen therapy be desired.
The common anthracyclines and cyclophosphamide agents used for breast cancer

are excreted into breast milk and should be avoided while nursing.31,33–36 For trastu-
zumab, it is recommended by the manufacturer to wait at least 6 months after the last

Box 1

Common chemotherapy regimens for breast cancer

Nonpregnant patients with HER2-negative breast cancer

Docetaxel and cyclophosphamide

Doxorubicin and cyclophosphamide followed by paclitaxel

Doxorubicin and cyclophosphamide

Doxorubicin and cyclophosphamide followed by paclitaxel

Docetaxel, doxorubicin, and cyclophosphamide

Cyclophosphamide, methotrexate, and fluorouracil

Fluorouracil, epirubicin, and cyclophosphamide

Fluorouracil, epirubicin, and cyclophosphamide with paclitaxel

Fluorouracil, epirubicin, and cyclophosphamide with docetaxel

Nonpregnant patients with HER2-positive breast cancer

Pertuzumab, trastuzumab, and docetaxel followed by fluorouracil, epirubicin, and
cyclophosphamide

Trastuzumab, pertuzumab, carboplatin, and docetaxel

Fluorouracil, epirubicin, and cyclophosphamide followed by docetaxel, pertuzumab, and
trastuzumab

Docorubicin and cyclophosphamide followed by paclitaxel and trastuzumab

Pertuzumab, trastuzumab, and docetaxel

Pregnant patients (HER2-positive/negative)

Doxorubicin and cyclophosphamide

Fluorouracil, doxorubicin, and cyclophosphamide

Abbreviation: HER2, human epidermal growth factor 2.
Data from Giacalone PL, Laffargue F, Benos P. Chemotherapy for breast carcinoma during

pregnancy: a French national survey. Cancer 1999;86(11):2266–72.
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dose to begin breastfeeding owing to the 7-month wash out period for the drug con-
centrations to be eliminated from the body.42

Delivery timing should take into account nadirs in cell counts from chemotherapy.
Delivery should be avoided within 3 to 4 weeks of the last chemotherapy treatment
to avoid increased risks of maternal sepsis and bleeding, as well as any transient mye-
losuppressive effect of the chemotherapy on the fetus.43 The optimal timing of delivery
has been studied and a decision analysis model taking into account stage and hor-
mone status concluded that for stage I and II cancers, delivery at 36 weeks results
in the greatest number of overall quality-adjusted life years.44 Route of delivery is
generally not affected by breast cancer diagnosis and should be determined by
normal obstetric indications.
Although studies evaluating the prognosis of pregnancy-associated breast cancer

have had mixed results, in general it is thought that the survival of pregnancy-
associated breast cancer is similar to that of the nonpregnant patient.45 The
diagnosis of breast cancer in the postpartum period has been postulated to be a
particularly high-risk scenario, with some studies estimating increased mortality if
diagnosed 4 to 6 months after delivery.46 More epidemiologic studies need to be
done to determine if this risk is actually increased because of diagnosis in the post-
partum period or if it is because disease was present during pregnancy and there
was a delay in diagnosis.

CERVICAL CANCER

Cervical cancer is one of the most common gynecologic cancers associated with
pregnancy, but in actuality occurs rarely, 1 per 1200 to 10,000 pregnancies.47

Depending on the stage of cervical cancer, its implications during pregnancy and
future fertility range from very little impact to greatly impacting a woman’s life and
childbearing ability.48 In general, the prognosis for cervical cancer is unchanged by
pregnancy. However, depending on tumor size and location, cervical cancer may
dictate the route of delivery.49 As with other gestational cancers, there are no large
randomized prospective studies guiding treatment. Therefore, we must rely on studies
from nonpregnant patients and case series.
Women with abnormal cervical cytology who are pregnant should undergo evalua-

tion as indicated. Colposcopy with biopsies should be performed if there is suspicion
for cervical intraepithelial neoplasia II/III.50 Colposcopy can be challenging in preg-
nancy given the normal physiologic changes of the cervix, including increased vascu-
larity and ectropion that occur during pregnancy.51 Staging of cervical cancer is
typically done clinically (Table 1).52 The imaging studies suggested for cervical cancer
staging in pregnancy are chest radiograph with abdominal shield or computed tomog-
raphy scan of the chest for suspected lung metastases.53,54 For suspected higher
stage cancers, the urinary tract, abdomen, and pelvis can be imaged with MRI to eval-
uate tumor size, as well as vaginal, stromal, parametrial, and lymph node involve-
ment.54 Cystoscopy and proctoscopy for cervical cancer staging can be performed
if needed for accurate staging. Cervical cancer has not been known to metastasize
to the placenta or fetus.
The management of invasive cervical cancer in pregnancy is challenging and each

individual patient requires thoughtful, multidisciplinary planning. In general, definitive
treatment for invasive cervical cancer in the pregnant patient should be undertaken
if the patient desires termination of pregnancy in the first and early second trimesters,
has positive lymph nodes, or shows progression of disease during pregnancy.55 For
desired pregnancies less than 22 weeks of gestation at the time of diagnosis, patients
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should undergo lymphadenectomy to determine node status. This procedure can be
performed laparoscopically, with little harm to the fetus based on limited data.56

For microinvasive disease, a cold knife cone can be performed during pregnancy.57

There are substantial risks of bleeding as well as miscarriage with cone procedures
during pregnancy and these risks increase as gestational age increases.58

For stage IA2 to IB1 cancers, a large conization can be performed if pregnancy
continuation is desired with a reported risk of parametrial extension of less than
1%.59,60 There is an option to place a cervical cerclage at the time of conservative sur-
gery, although there is no evidence to support this technique; it might be extrapolated
from data on trachelectomies.61 For higher stage cervical cancers and desired preg-
nancy, the options include neoadjuvant chemotherapy with or without early delivery.62

The standard chemotherapy of cisplatin and paclitaxel is generally well-tolerated by
the fetus if given in the second and third trimesters, although no long-term data exist.63

Delivery timing is optimal if the last dose of chemotherapy is given at 34 to 35 weeks of
gestation with delivery at term.53,62

For pregnancies greater than 22 weeks of gestation at the time of diagnosis, lym-
phadenectomy becomes too technically challenging to be beneficial. For lower stage
disease, IA to IB1, treatment can be deferred until after delivery with very little known
risk of metastases.64,65 For higher stage cancers in pregnancies greater than 22 weeks

Table 1
International Federation of Gynecology and Obstetrics cervical cancer staging system

Stage Criteria

I Carcinoma is strictly confined to the cervix.

IA Microscopic invasion. Invasion is limited to measured stromal invasion with a
maximum depth of 5 mm and no wider than 7 mm.

IA1 Measured invasion of stroma <3 mm in depth and <7 mm width.

IA2 Measured invasion of stroma >3 mm and <5 mm in depth and 7 mm width.

IB Clinical lesions confined to the cervix of preclinical lesions greater than stage IA.

IB1 Clinical lesions no greater than 4 cm in size.

IB2 Clinical lesions >4 cm in size.

II Carcinoma invades beyond the uterus but not to the pelvic wall or lower one-third
of the vagina.

IIA Tumor without parametrial invasion or involvement of the lower one-third of the
vagina.

IIA1 Clinically visible lesion 4 cm or less in greatest dimension with involvement of less
than the upper two-thirds of the vagina.

IIA2 Clinically visible lesion >4 cm in greatest dimension with involvement of less than
the upper two-thirds of the vagina.

IIB Tumor with parametrial invasion.

III Tumor extends to pelvic wall and/or involves the lower one-third of vagina and/or
causes hydronephrosis or a nonfunctioning kidney.

IIIA Tumor involves the lower one-third of vagina, no extension to the pelvic sidewall.

IIIB Tumor extends to the pelvic sidewall and/or causes hydronephrosis or a
nonfunctioning kidney.

IVA Tumor invades the mucosa of the bladder or rectum, and/or extends beyond the
true pelvis.

Adapted from Pecorelli S. Revised FIGO staging for carcinoma of the vulva, cervix, and endome-
trium. Int J Gynaecol Obstet 2009;105(2):103–4; with permission.
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of gestation, treatment is individualized, but should include a discussion of risks of
delay in treatment and the possibility of early delivery.66,67 Often it is decided by the
patient and her family to undergo chemotherapy with definitive treatment status after
delivery.
The route of delivery in patients with cervical cancer also needs to be considered.

With a general lack of data on this topic, it is prudent to allow for vaginal delivery in
early stage cervical cancers; however, episiotomy should be avoided, because there
have been case series documenting recurrence at the site of episiotomy.67–69 The
limited data support unchanged maternal outcomes for patients with lower stage dis-
ease (IA1 and 1A2) who have had vaginal deliveries.47 For higher stages, limited case
report evidence suggests cesarean delivery results in improved maternal outcomes.70

For higher stage or bulky tumor, cesarean delivery should be performed to avoid hem-
orrhagic risk.
The prognosis of cervical cancer in the pregnant patient is likely not different from

that of the nonpregnant patient.62,71 The risks for the fetus include preterm delivery
and growth restriction if the patient is given systemic chemotherapy.65 A diagnosis
of cervical cancer in the pregnant patient is an ethically challenging situation and
each patient’s care plan should be handled individually.

HEMATOLOGIC CANCERS

Of the hematologic cancers, the most common is Hodgkin lymphoma. It is the fourth
most common malignancy to be diagnosed during pregnancy, likely because of the
younger age of onset of this cancer.72 The incidence of Hodgkin lymphoma in preg-
nancy is 1 in 1000 to 1 in 6000 pregnancies.73 The leukemias are more rare, effecting
1 in 75,000 pregnancies.74,75 Although more rare, there are some important perinatal
risks to consider with the diagnosis of leukemia during pregnancy. Because leukemias
are so rare, there is little to guide management during pregnancy.76

The most common type of leukemia is acute myeloid leukemia, with a typical
age of onset in the reproductive years.76 The presenting symptoms are associated
with pancytopenia; the most common symptom is fatigue. The diagnosis is
typically made with abnormal screening complete blood count that occurs at
the first prenatal visit. Confirmation of the diagnosis is made with a bone marrow
biopsy.
If diagnosed in the first trimester, consideration for termination should be given

because a delay in systemic chemotherapy likely adds significant risk to the mother.76

With the standard systemic therapy of anthracycline and cytarabine given in the sec-
ond or third trimesters, the complete response rate is 87% and is similar to that of
nonpregnant females.75 Because of the underlying risk of thrombocytopenia and
disseminated intravascular coagulopathy in these patients, special caution and
consideration to timing of delivery should be undertaken.77

More is known about Hodgkin lymphoma during pregnancy. It occurs in 1 in 1000 to
1 in 6000 pregnancies and makes up 3% of all Hodgkin diagnoses.73 Hodgkin lym-
phoma usually presents with symptoms of painless lymphadenopathy, fatigue, short-
ness of breath, anemia, or thrombocytopenia, some of which can be difficult to discern
from other common pregnancy symptoms.73 The diagnosis of Hodgkin lymphoma in
pregnancy should be handled no differently than in the nonpregnant patient. This pro-
cess usually consists of a lymph node biopsy. It is typically performed under local
anesthesia, but can also be done under general anesthesia with little known risk to
the fetus, although the effects of prolonged exposure to general anesthetic agents
on the developing fetus are not known.78 Staging evaluation typically requires chest
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radiograph with abdominal shielding, laboratory evaluation including a sedimentation
rate (which can be elevated in pregnancy), and an MRI of the abdomen.72

The standard systemic chemotherapy regimen for Hodgkin lymphoma is doxoru-
bicin, bleomycin, vinblastine, and dacarbazine. Depending on gestational age at diag-
nosis and the stage of the disease, this same regimen is recommended in the pregnant
patient.29 Another option often undertaken during pregnancy is maintenance therapy
with vincristine alone.
There is evidence to support the safety of the doxorubicin, bleomycin, vinblastine,

and dacarbazine chemotherapy regimen in pregnancy.79 An observational study
showed that there was likely more risk from iatrogenic preterm delivery to the offspring
of these patients than from the exposure to chemotherapy.79

If the patient is diagnosed in the early first trimester, treatment should be delayed
until the second or third trimesters when the teratogenic effects of chemotherapy
are minimal.80 In the second and third trimesters, systemic chemotherapy does instill
a risk of intrauterine growth restriction, preterm delivery, and perhaps a long-term risk
of the childhood cancer, although this finding has not been well-documented.81 If the
diagnosis is made in the third trimester of pregnancy, it is feasible for the woman to
defer treatment until after delivery unless disease burden is high or progression is
thought to be imminent.80 The optimal patients for whom deferral of treatment is
considered are those with early stage disease (IA to IIA) or stable disease presenting
later in gestation. Although there have been no prospective trials considering deferral
of treatment, there have been 2 case series supporting this approach.82–84 Chemo-
therapy should be timed to avoid nadir of cell counts close to term and the goal for
delivery timing should be at least 34 weeks or after, when the risks from prematurity
are lower.
Pregnancy seems to have little effect on the course of disease in women with Hodg-

kin lymphoma.73 One case series followed 48 pregnant women with Hodgkin lym-
phoma and compared outcomes with matched nonpregnant women; the 20-year
survival rate was no different.73 There have been other case series with similar re-
sults.73,83–85 The overall survival rate for the pregnant patient with Hodgkin lymphoma
is estimated to be 71% and is similar to that of the nonpregnant patient.86

COLON CANCER

Colon cancer is one of the less common malignancies to encounter during pregnancy;
however, the age at which colon cancer is diagnosed in women is decreasing, with a
median age at diagnosis of 32 years in pregnant women.87 It is also important to
consider, because many of the symptoms of colon cancer are similar to those related
to pregnancy: nausea, vomiting, change in bowel habits, or rectal bleeding. The symp-
tom of rectal bleeding is often overlooked in the pregnant patient andmisdiagnosed as
bleeding from hemorrhoids.87 Any of these symptoms should prompt investigation
without delay.
There is little evidence that establishes a different normal carcinoembryonic anti-

gen level in pregnancy; therefore, any increase should be evaluated. These tests are
typically drawn in the patient presenting with the symptoms listed above. Once colo-
rectal cancer is suspected, the next step in a nonpregnant patient is a colonoscopy,
barium enema, or a computed tomography scan. A colonoscopy, if needed, can be
done safely during pregnancy.87 MRI rather than a computed tomography scan is
ideal for staging purposes as well as evaluation of tumor burden.87 A systematic re-
view of the current literature and cases of colon cancer in pregnancy concludes that
survival is similar to that of nonpregnant patients; however, stage at diagnosis tends
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to be more advanced for pregnant women.87 Interestingly, metastasis to the ovary is
more common in pregnancy-associated colon cancer, occurring in 23% versus 8%
of pregnant and nonpregnant women, respectively.88,89 Placental metastasis is
extremely rare.
If diagnosed early in pregnancy, the patient has to consider excision of tumor while

pregnant versus termination of pregnancy followed by surgical excision. If diagnosed
later in pregnancy, the patient will undergo surgical resection versus delivery if at a
gestational age with acceptable prematurity outcomes. Chemotherapy is to be
avoided during the first trimester, but can be given in the second or third trimester
with little risk to the fetus.53 The typical adjuvant chemotherapy regimen for colon can-
cer is Folfox (5-flurouracil, leucovorin, and oxaliplatin).90 It is generally tolerated by the
fetus later in gestation, although little is known in terms of the long-term effects.91–96

There is especially little evidence to guide the use of oxaliplatin. There are 7 docu-
mented pregnancies exposed to this drug, 5 of which underwent treatment after the
first trimester.91–96 Only hypothyroidism was reported in one of the infants, but no birth
defects were noted.96 Two of the infants were born preterm and were noted to be
small for gestational age.96 There is more known about 5-flurouracil and leucovorin,
which have some long-term follow-up information and are generally considered low
risk if given in the second and third trimesters.97

In general, pregnancy outcomes are favorable for pregnant patients with colon can-
cer.98 Patients should be counseled on the increased risk for cesarean delivery if there
is large abdominal or pelvic tumors, preterm birth and small for gestational age/intra-
uterine growth restriction for those being treated with systemic chemotherapy.98

Delivery timing depends on gestational age at diagnosis and the treatment plan,
and should be determined with the aid of multidisciplinary teams. Delivery can gener-
ally be achieved vaginally; however, some expert opinion recommendations include
cesarean section if there is an anterior rectal tumor present given the increased risks
of bleeding from the tumor site during delivery.97

In general, the prognosis for the pregnant patient diagnosed with colon cancer is
considered to be poor, but stage for stage the prognosis is similar to that of nonpreg-
nant patients.97 Typically, more advanced stages are being diagnosed in the pregnant
patient given the risk for delay in diagnosis in this population.

SUMMARY

Cancer in pregnancy marks an emotional and devastating diagnosis that requires a
multidisciplinary approach to management. Each case needs to be considered indi-
vidually; there are no consensus guidelines and few prospective studies to guide
treatment.
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Opioid Use Disorders and
Pregnancy

Amanda J. Johnson, MDa, Cresta W. Jones, MDb,*

INTRODUCTION

Over the last several decades, the United States has suffered from an increasing
epidemic of opioid misuse and dependence, with opioid related overdoses among
US adults increasing by 200%.1 This crisis spans across demographics, including
women of childbearing age and who are pregnant.2,3 As the crisis has intensified,
so have the costs of opioid use disorder (OUD) and its sequelae increased. The
care of pregnant women affected by opioid use is associated with a substantial
economic burden to the health care system, with mean hospital charges for
infants affected by opioid withdrawal, or neonatal abstinence syndrome (NAS), at
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KEY POINTS

� Opioid use disorder is associated with an increased risk of pregnancy complications.

� Recommended treatment of opioid use disorder in pregnancy includes medication-
assisted therapy using methadone or buprenorphine.

� Medically assisted withdrawal may be considered for women for whom medication-
assisted therapy is not a current treatment option, but has a higher risk of maternal
relapse.

� Both opioid use disorder and medication assisted therapy are associated with neonatal
withdrawal, or neonatal abstinence syndrome.

� A comprehensive care approach is recommended for optimal outcomes with opioid use
disorder in pregnancy.
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approximately 19 times the costs of non-NAS infants.4,5 This article provides an over-
view of significant issues associated with OUDs that are of importance to providers of
obstetric care.

Defining Opioid Use Disorder

An OUD is currently defined as the repeated occurrence, over a 1-year time period, of
2 or more specific criteria related to opioid use. These criteria include giving up impor-
tant life events to use more opioids, excessive time spent obtaining and using opioids,
and withdrawal when opioid use is stopped abruptly.6 It is important to note that
women on chronic opioids for medically indicated treatment may have opioid with-
drawal whenmedications are abruptly stopped, but withdrawal alone does not identify
a patient as suffering from an OUD.

ISSUES IN PREGNANCY
Screening

The identification of opioid misuse and dependence is key to optimizing patient out-
comes. Because the misuse of opioids crosses societal boundaries, and risk factor-
based screening may lead to missed cases,7 it is essential that substance use
screening be universal.8 Screening for substance use should, therefore, be considered
a routine component of initial prenatal care.9 Multiple screening tools for substance
use and abuse are available, although few have been validated for opioid misuse in
pregnancy.10 Most tools can be administered in written or verbal fashion during the
history component of a clinical visit, by any trained health care provider. Urine drug
testing as a primary screening tool cannot be recommended at this time, owing to
ongoing concerns about the ability to accurately identify patients with substance
use disorders. Urine drug screening only assesses recent use, it may miss many
substances of abuse, and it is associated with a high false-positive rate.8,11,12 The
Screening, Brief Intervention, and Referral for Treatment technique is recommended
for use in pregnancy as a helpful tool for identifying patients with substance use dis-
orders and for providing the first steps to initiating treatment.13 Because of societal
stereotypes and stigmas associated with substance use disorders, health care pro-
viders should screen patients in a caring and nonjudgmental manner, and should
assure patients that screening is undertaken to allow for optimal maternal care and
outcomes during pregnancy and beyond. It is important for all providers to educate
themselves on state and federal laws surrounding substance use screening and
reporting, before implementing any universal screening protocols, owing to the poten-
tial for mandatory reporting of use in some states.

Complications of Opioid Use Disorder

Untreated OUD has been associated with significant complications during pregnancy
for the mother, fetus, and neonate (Table 1).14,15 Women experiencing OUD in preg-
nancy without treatment often have limited prenatal care and are exposed to at-risk
behaviors, which increases the risk of sexually transmitted infections, violence, and
adverse legal consequences, as well as to a significant risk of overdose and death.
The fetus is at an increased risk of intrauterine growth restriction, placental abruption,
preterm birth, and fetal death. Many of these complications are significantly reduced
or improved with maternal treatment,16,17 although some complications may persist,
such as suboptimal fetal growth and risk of neonatal opioid withdrawal syndrome
(also known as NAS). NAS is characterized by disturbances in the gastrointestinal,
autonomic, and central nervous systems, and can be associated with extended
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newborn hospitalizations to treat withdrawal symptoms. Infants exposed to chronic
opioids in utero are typically observed for a minimum of 4 to 7 days for signs or symp-
toms of NAS. If NAS is identified, it is often treated with oral morphine or methadone at
a dose that alleviates the signs and symptoms of withdrawal, with the dose weaned
over days to weeks.12

Although NAS is the most common term used to represent the pattern of findings
typically associated with opioid withdrawal in the newborn, it is important to note
that the US Food and Drug Administration now embraces the term “neonatal opioid
withdrawal syndrome,” which more accurately identifies the constellation of symp-
toms specifically associated with prenatal exposure to opioids.18

NAS was described initially in infants of mothers with illicit opioid use, but its
development can be associated with any chronic maternal opioid use in pregnancy,
including for treatment of OUD as well as of chronic pain. Rates of development
of NAS have varied widely, from 30% to 80%,12,19 and the incidence cannot be
predicted by the amount of opioids used by the mother before delivery.20,21

The incidence of NAS in the United States has increased approximately 400% in
recent years.4 In addition, NAS risk seems to be doubled in infants of mothers
with coexposure to antidepressants, benzodiazepines, and gabapentin.22 Patient
should be counseled to limit exposure to these medications if not medically
indicated.

Treatment

Although not approved for use in pregnancy by the US Food and Drug Administration,
several therapies are currently considered standard of care for maternal treatment,
and several others require additional data on outcomes before recommendations
can be made (Table 2).12,15

Table 1
Complications of untreated opioid use disorder in pregnancy

Maternal � Limited prenatal care
� Infectious exposure
� Miscarriage
� Preterm labor and delivery
� Opioid overdose and death

Fetal � Intrauterine growth restriction
� Preterm birth
� Congenital anomalies (uncertain)

Neonatal � Small for gestational age
� Neonatal abstinence syndrome
� Long-term developmental effects (uncertain)

Table 2
Treatment options for opioid use disorder in pregnancy

Preferred treatment � Methadone
� Buprenorphine

Treatment reported, not preferred � Buprenorphine/naloxone combination therapy
� Medically supervised withdrawal

Limited data in pregnancy � Naltrexone
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Medication-assisted therapy
The preferred treatment options for OUD in pregnancy include 2 forms of medication-
assisted treatment (MAT): methadone or buprenorphine.12,23,24 The rationale for
treatment with MAT includes the prevention of opioid withdrawal, the prevention
of complications owing to nonmedical opioid use and relapse to use, improved
compliance with prenatal care and comprehensive addiction treatment, and a
reduced risk of obstetric complications.8

It is recommended that all obstetric providers be familiar with the federal guideline on
emergency narcotic addiction treatment, 21 CFR 1306.07(b).25 This exception, known
as the “3-day rule” allows a practitioner who is not separately registered as a narcotic
treatment provider to administer (but not prescribe) narcotic drugs to relieve acute
withdrawal while arranging for a patient’s referral for treatment. Treatment can be pro-
vided for no more than 72 hours, and should be performed in consultation or collabo-
ration with a specialist comfortable with initiating treatment for OUD. This provision
may be useful when a pregnant patient presents in withdrawal at a time of day when
access to immediate OUD treatment is not available, such as evenings and weekends.

Methadone Methadone is a pure opioid receptor agonist that binds to and activates
m-opioid receptors. It is provided through federally regulated opiate treatment programs
that dispensedailymedicationdoses as a component of comprehensive addiction care.
The dose is increased slowly over several weeks to reach a therapeutic level while mini-
mizing the increased risk of overdose during treatment initiation. Methadone has long
been used as a treatment for OUD in pregnancy, with clear evidence of improvement
in obstetric outcomes.26 Because treatment with methadone can only be continued
through a federally regulated opiate treatment program, open communication between
theopioid treatmentprogramand theobstetric team is necessary for optimal care.How-
ever, this communicationmust be donewhile following special guidelines for disclosure
of information regarding addiction and substance use treatment.27

Although long considered the standard of care for OUD in pregnancy, methadone
treatment is not without its adverse effects. These effects include respiratory depres-
sion and risk of overdose, QTc interval prolongation, as well as interaction with other
drugs, including antiretroviral agents.23 In addition, as with all currently used MAT op-
tions for OUD in pregnancy, it is also associated with the risk of NAS.

Buprenorphine Buprenorphine is a partial m-receptor agonist that binds with a high af-
finity to the m-opioid receptor, but does not activate the receptor completely when
bound. The partial agonistic activity makes overdose less likely when use is compared
with other opioids.28 However, owing to its high affinity for the opioid receptor, pa-
tients must demonstrate withdrawal symptoms before initiating treatment, to avoid
precipitated withdrawal, which can be very difficult to treat.23

Buprenorphine is accessible through office-based maintenance therapy, which can
be undertaken by a licensed provider who has obtained a DATA-2000 waiver from the
US Drug Enforcement Agency. This process requires additional provider training,
which can be obtained by several routes, the simplest of which is a full-day training
program available on-line or in person. Buprenorphine has many advantages that
allow for patient discretion and accessibility outside of areas where daily methadone
treatment is an option. Buprenorphine treatment can be incorporated into a compre-
hensive obstetric treatment program if a waivered physician is available.
Most buprenorphine treatment programs outside of pregnancy use primarily a

buprenorphine/naloxone combination medication.23 Naloxone is added to help deter
alternative administration of buprenorphine in an abuse/diversion setting. Although
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naloxone does not seem to have systemic absorption when taken correctly in a com-
bination sublingual treatment, buprenorphine monotherapy is currently recommended
in pregnancy.8,12,15 However, recent data suggest that buprenorphine/naloxone com-
bination therapy may be an additional option during pregnancy. At this time, no
maternal, fetal, or neonatal adverse effects have been identified with the combination
product.29–31 It is expected that the use of this treatment in pregnancy will increase as
more data become available.
If a patient maintained on combination therapy becomes pregnant, and she is un-

willing or unable to change to monotherapy, informed consent on limited outcomes
is recommended before continuing treatment.
A recently available buprenorphine implant is being used in addiction treatment,32,33

as opposed to conventional sublingual therapy. However, there are currently no data
on the use of this treatment in a pregnant population.

Methadone versus buprenorphine: initiating therapy in pregnancy Both methadone
and buprenorphine are appropriate choices for initiating treatment in pregnancy. A
personalized approach to treatment is required, because there are benefits and down-
falls to both therapies (Table 3).8,12,15 Data do indicate less severe manifestations of

Table 3
Medication specific issues: medication-assisted therapy in pregnancy

Treatment Pros Cons

Methadone � Demonstrated safety and
efficacy in pregnancy

� Decreased medication diversion
� More structured program
� More effective for

polysubstance abuse
� Effective if failed

buprenorphine treatment
� Safe for breastfeeding

� Daily clinic treatment required
� Higher risk of overdose
� Interactions with other

medication
� Prolongation of QT interval
� Neonatal abstinence syndrome

Buprenorphine � Does not require proximity for
daily clinic visits

� Decreased overdose risk
� Decreased interactions with

other medications
� Less severe, shorter neonatal

abstinence
� More discreet
� Safe for breastfeeding

� Risk of precipitated
withdrawal during initiation

� Lack of long-term data on child
outcomes

� Increased diversion risk
� Lower retention in treatment
� Less effective if buprenorphine

drug of abuse
� Requires mild withdrawal to

start treatment

Buprenorphine 1

naloxone
� Decreased diversion risk
� Similar outcomes to

buprenorphine alone
� Limited breastfeeding data

� Severe withdrawal if used
incorrectly (ie, injected)

� Lack of long-term data on child
outcomes

Naltrexone � Requires completed opioid
withdrawal to initiate

� Limits overdose risk
� No maternal withdrawal if

treatment stopped
� Minimal breastfeeding data

� Limited effectiveness of opioid
treatment if required (eg, after a
cesarean section)

� Lack of long-term data on infant
and child outcomes

� Minimal data on pregnancy and
breastfeeding

� Minimal data on long-term
maternal outcomes
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NAS with maternal treatment using buprenorphine,19 and a recent systematic review
and metaanalysis suggested that buprenorphine treatment was associated with a
lower risk of preterm birth, greater birth weight, and larger neonatal head circumfer-
ence, with no increase in adverse events.34 However, methadone has been associated
with a higher treatment retention rate35 and individual patient characteristics must be
considered when choosing the best treatment to minimize relapse risk.
It is important to note that, owing to physiologic and metabolic changes of

pregnancy, dosages of methadone and buprenorphine often require multiple dose
changes during pregnancy.36–38 Patients can be reassured by their obstetricians
that such changes are common in pregnancy and should be considered when patients
report a return of or an increase in withdrawal symptoms. The decision for a dosage
increase is determined by the opioid- agonist therapy provider, based on the presence
of withdrawal symptoms or patient reported urges for illicit use, often in collaboration
with the obstetric providers. Changes may include increasing the overall dose and/or
increasing the frequency of dosing to control withdrawal symptoms.39,40 It is of note
that methadone and buprenorphine doses do not seem to have a consistent effect
on the incidence and severity of NAS41,42; therefore, maternal treatment goals must
be to manage withdrawal symptoms and prevent relapse and illicit use, rather than
to minimize daily treatment dosages.
Patient often express concern about the long-term implications of prenatal expo-

sure to MAT. Studies are complicated by substantial difficulties in isolating the effects
of opioid treatment from other confounders often seen in women experiencing OUD.43

However, limited data suggest the possibility of potential vision, motor, behavioral,
and cognitive problems, as well as an increased rate of otitis media.44,45 It is important
that these families be identified early and be provided with additional support to opti-
mize long-term outcomes.

Alternative treatment options Although methadone and buprenorphine are both rec-
ommended as first-line therapy for treatment of OUD in pregnancy, they may not be
acceptable treatments for some patients for a variety of reasons, including financial,
geographic, or stigma. Therefore, it is important that obstetric providers be familiar
with alternative treatments that may be provided to their patients.12,15

Medically assisted withdrawal Although opioid withdrawal has historically been asso-
ciated with a higher risk of miscarriage and fetal demise,46 available recent data do not
support a significantly increased risk of fetal complications with medically assisted
withdrawal during pregnancy.47,48 MAT is currently considered as the first-line treat-
ment of OUD in pregnancy, but medically supervised withdrawal may be considered
in situations in which a woman will not accept MAT, or MAT is not available.8,12

Although recent studies have described successful outcomes after medically super-
vised withdrawal in pregnancy,48,49 there remains a high risk of maternal relapse as
well as NAS, likely related to relapse.50 Significant ancillary services are often required,
such as intensive outpatient therapy, for the successful maintenance of abstinence. In
addition, there are no studies addressing the long-term outcomes for patients treated
with medically supervised withdrawal during pregnancy.51

Owing to concerns and guilt related to the risk of NAS, women may request self-
wean from MAT and abstinence from all treatment. It is important to educate patients
that success is low with self-wean, andmost patients end upmaintaining or increasing
their current dose.52 In addition, with a clinical focus based on treatment of a chronic
maternal disease, goals must be directed toward long-term success in recovery for
the patient. Owing to the high relapse rate associated with maternal withdrawal and
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abstinence (90%), medically assisted withdrawal cannot currently be considered a
recommended form of treatment.

Naltrexone Naltrexone therapy, in oral, injectable, and implant forms, has been gain-
ing more attention as an alternative to opioid-based treatments.53 Naltrexone is a pure
opioid antagonist, similar to naloxone, and it seems to block most opioid receptors.
Naltrexone has been shown to reduce the risk of relapse in nonpregnant popula-
tions.23,54 Management of acute pain while using this medication has been found to
be challenging, which would certainly complicate analgesia surrounding childbirth.55

In addition, currently available data on use in pregnancy are limited, although no sig-
nificant adverse outcomes have been noted when compared with other MAT.56 Initi-
ating naltrexone requires complete withdrawal from opioids, making the initiation of
therapy difficult even outside of pregnancy. Data are currently limited on both the
safety and effectiveness of naltrexone in pregnancy. If a pregnancy is identified in a
woman currently undergoing naltrexone treatment, a significant discussion of possible
benefits and unknown risks will need to be undertaken.53

COMPREHENSIVE OBSTETRIC CARE AND OPIOID USE DISORDERS

To best provide obstetric care for women experiencing OUD, a “whole-women”
approach must be taken.15 This means comprehensive management of the other
medical and social issues often associated with OUD in pregnancy. A modified care
schedule may include flexible appointments, grouping prenatal visits with ultrasound
and social services, and offering convenient consultations with lactation specialists
and pediatrics.11,12 Even in women who are not engaged in treatment of substance
use disorders, participation in prenatal care has been associated with significant re-
ductions in prematurity and low birth weight infants.57

Antepartum Care

Communication
A vital component of obstetric care is adequate collaboration among all care pro-
viders. It is important for providers to obtain written permission from the patient to co-
ordinate care and follow up with her substance use disorder and psychiatric providers,
as well as with social services, as is required by federal law for patients undergoing
addiction treatment.27 Pregnant women with ongoing active substance use must be
encouraged to continue to engage in prenatal care and legal action to address peri-
natal OUDs is strongly discouraged.58 Supportive obstetric care without criminal ram-
ifications for the mother with substance use will allow for the best outcomes for both
mother and infant.
Owing to the ongoing risk of maternal relapse to illicit use, which carries an

increased risk of overdose and death, prescription of naloxone, the opioid antagonist
administered to rapidly reverse the effects of an opioid overdose, for emergency
administration should be considered. A patient’s family and caregivers should be
instructed on use, with the fetal risks of acute maternal withdrawal clearly outweighed
by the risk of maternal death from overdose.

Psychiatric disorders
Just fewer than one-half of individuals suffering from OUD have coexisting mental
health concerns,59 many of which are underdiagnosed and undertreated, and may
be associated with increased psychological, social, and medical impairments.60,61

The most common codiagnoses include depression and anxiety. It is important to
take a thorough mental health history and to refer patients for additional services as
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indicated. This step also includes an assessment for the impact of victimization and
trauma in the patient’s life to best guide health care delivery, a principle termed
trauma-informed care.62 Patients should be scheduled for a follow-up phone call or
visit before the routine postpartum visit, to assess for the risk of postpartum depres-
sion and psychosis.

Tobacco use disorders
Tobacco use in pregnancy has been associated with an increased risk of adverse
pregnancy outcomes including poor fetal growth, placental abruption, preterm birth,
and stillbirth.63 Tobacco use disorders are much more prevalent in pregnant women
experiencing OUD (95%) than in pregnant women without substance use concerns
(15%).64,65 This population also has much more limited success in quitting smoking
during pregnancy. Recent studies suggest some success with incentive-based treat-
ment programs.66 Even a decrease in the amount of daily tobacco use, if cessation is
unachievable, is associated with improved neonatal outcomes.67 Tobacco use has
also been shown to increase the duration and medication required for infants suffering
from NAS.68,69

Infectious complications
Infectious disease is more common in women suffering from OUD.70 In particular,
1 study suggested a rate of hepatitis C exposure of 53% and chronic infection of
37%.71 Thus, women with identified OUD should be screened for hepatitis C at prena-
tal intake. In addition, testing for infections such as sexually transmitted infections,
hepatitis B, and tuberculosis should be considered, and repeated in later pregnancy
for women considered to be at ongoing risk of new exposure. Women not previously
immunized should also be offered hepatitis A and B vaccination.8,23

Constipation
Patients using opioids including MAT for OUD are at significant risk of opioid-induced
constipation and bowel dysfunction. Constipation-related issues should be addressed
with patients at each visit. Medications including bisacodyl, Senna, and polyethylene
glycol have been shown to be effective for opioid-induced constipation in nonpreg-
nant patients,72 although no data are currently available regarding the treatment of
opioid-induced constipation in pregnancy.

Fetal surveillance
Although opioids are consistently associated with the risk of NAS, studies have
demonstrated uncertainty regarding the association of opioid exposure and an
increased risk of fetal anomalies.73 A targeted anatomic survey should be considered
to evaluate for possible fetal anomalies, which can be present in up to 2% to 3% of
normal pregnancies. Given the increased risk of fetal growth abnormalities with
OUDs,74,75 fetal growth assessments may be considered, either through close clinical
examination or via fetal ultrasound examination. For women who are stable in treat-
ment, consideration should be given to sonographic evaluation of fetal growth in the
third trimester. In the absence of fetal growth restriction or any additional maternal
complications, there are no current recommendations for additional fetal surveillance
during the pregnancy. For women with ongoing illicit substance use, more frequent
evaluation, including antepartum surveillance, may be considered. No late preterm
or early term delivery is currently recommended for maternal OUD, and delivery should
be facilitated as obstetrically indicated.8,12

It is important to note that antepartum surveillance, if indicated, may demonstrate
such abnormalities as decreased fetal heart rate baseline, decreased variability, and
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fewer accelerations, likely owing to suppressed motor activity in the fetus.76,77 Surveil-
lance performed immediately before or immediately after medication is administered,
thus avoiding peak effects, is recommended when possible.

Patient expectations
It is important to establish clear expectations for the patient to best optimize the
patient–provider relationship. This process includes guidelines for best partnership
for prenatal care, what to expect during labor and delivery, and how to best partner
to prevent an increased risk of relapse after delivery. Prenatal consultations are sug-
gested with anesthesia, pediatrics/neonatology, and lactation support, and delivery
unit tours should be considered. In addition, it is recommended to discuss with the pa-
tient how her pain will be managed during labor as well as upon discharge.
Patients with OUD may experience substantial barriers to routine prenatal care,

including an inability to attend consistent prenatal appointments owing to transporta-
tion or childcare issues. There remains an ongoing need for focused programming that
allows for opportunities to overcome these issues.78

Peripartum Care

Intrapartum
Patients should be continued on MAT throughout labor and delivery to avoid with-
drawal symptoms.8,12 Although theoretic concerns about precipitated withdrawal
have been raised with using buprenorphine in conjunction with pure opioid antago-
nists (which may be used for labor analgesia), buprenorphine can be safely continued
without interruption through labor and delivery, as well as through the postpartum
period.79 Because patients may have hyperalgesia as a result of treatment, it is impor-
tant to consider early epidural and to remember that MAT will not cover the pain asso-
ciated with the childbirth process. Alternative pain management protocols such as
transverse abdominus plane blocks or nitrous oxide may also be beneficial.80 Finally,
it is very important to avoid treatment with partial opioid antagonists such as nalbu-
phine and butorphanol during labor and delivery, because these agents can precipi-
tate withdrawal symptoms.
Birthing center staff should be counseled on intrapartum fetal heart rate tracings for

patients on methadone, including the potential for reduced variability and accelera-
tions, and a lower baseline.81 No data are currently available on the potential changes
in intrapartum fetal monitoring with buprenorphine therapy.

Postpartum
Limited studies indicate that women with OUD onMAT who undergo cesarean section
may require up to 70%more opioid analgesia than women without OUD to adequately
treat their pain.82,83 After delivery, women should continue with a pregnancy-level
dosing of MAT, because most studies suggest that medication does not need to be
reduced to prepregnancy levels for several weeks.84 Patients may require a short
course of narcotics at discharge after cesarean delivery, and this has not been shown
to be a risk factor for relapse for postsurgical patients on methadone or buprenorphine
therapy.85 Higher nonopioid medication use may also be required.86

The importance of parental participation in reducing the sequelae of NAS for the in-
fant and for the mother cannot be underestimated.87 It is important to encourage
women who are stable in treatment to consider breastfeeding, which has been shown
to improve maternal bonding and potentially decrease the severity of NAS.88 Contra-
indications to breastfeeding include active relapse to illicit drug use and infectious
complications such as with human immunodeficiency virus.89 In addition, rooming-
in, skin-to-skin care, and parenting education and support may further improve
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outcomes for the family unit. The addition of parenting support groups exclusively for
women in MAT has also been found to be beneficial.90

It is important to address contraception during prenatal care and again at the time of
discharge, because the majority of pregnancies are unplanned and women in MAT
have lower use of contraception. In addition, they often lack information about effec-
tive long-acting reversible contraception.91,92

RESPONSIBLE OPIOID PRESCRIBING

Health care providers play an important role in reducing opioid overprescribing, which
is an important contributor to the opioid epidemic.2,3 This role includes limited
prescriptions for opioids during pregnancy and at hospital discharge,93,94 as well as
adequate patient education at the time of postdelivery discharge.95 When prescribing
opioids outside of pregnancy to women of childbearing age, discussion of plans for
pregnancy, use of reliable contraception, and risks of ongoing opiate use must be
considered as primary prevention of both OUD and NAS.96 Regular use of state-
established prescription drug monitoring programs will also help to avoid duplicate
prescriptions and doctor shopping, and may also facilitate the identification of women
experiencing OUD. Outside of pregnancy, guidelines and best practice statements
now exist to help limit the overuse of opioids for chronic pain disorders.97,98

Although women with chronic pain may experience physical opioid dependence,
they often represent a subset of patients at risk of NAS, but without the other clinical
issues associated with OUD. There are few data available on the effects of medically
indicated chronic opioid use on pregnancy outcomes, other than the risk of NAS.
Although new data and guidelines do not support the use of long-term opioids for
chronic pain, many women have already been placed on long-term therapy before
achieving pregnancy. There are currently limited data on this population and specific
obstetric risks, including the incidence of NAS, that might be encountered. Best prac-
tice should include a discussion of limiting opioid use to the minimum required, sup-
porting the use of alternative and complementary pain treatment, and consultations
with anesthesia and pediatrics before delivery.99,100

SUMMARY

OUDs have significant implications in pregnancy, and outcomes are improved when
patients are cared for in an environment that addresses both the treatment of OUD
and focused obstetric care tailored to the unique issues that may arise. A personalized
approach will identify the best treatment for each patient, with current recommenda-
tions focusing on MAT using methadone or buprenorphine. Focused obstetric care
allows for appropriate and supportive pregnancy care during the pregnancy and after
delivery, with special attention paid to contraception and postpartum depression. Pro-
viders must also take steps to minimize ongoing opioid prescribing, using currently
accepted guidelines to limit excessive prescriptions.
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Pregnancy in Women with
Obesity

Cara D. Dolin, MDa,*, Michelle A. Kominiarek, MD, MSb

INTRODUCTION

Pregnancy in women with obesity is an important public health problem with short-
and long-term implications for maternal and child health. During pregnancy, weight
status is assessed using a woman’s prepregnancy body mass index (BMI) whereby
a BMI greater than or equal to 30 kg/m2 is considered obese. There is an increasing
prevalence of obesity among women in the United States. Notably, 37%
of reproductive-age women are obese and 10% have morbid obesity
(BMI �40 kg/m2).1 There is a significant racial disparity in the prevalence of obesity.
More than half of reproductive-age black women are obese compared with
one-third of reproductive-age white women (Fig. 1).1 Given the growing prevalence
of obesity in women, obstetric providers need to understand the risks associated
with obesity in pregnancy and the unique aspects of antepartum and intrapartum
management for women with obesity.
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KEY POINTS

� Obesity complicates almost all aspects of pregnancy.

� Antepartum management of women with obesity is complicated by limitations of screening
tools, increased risks to the fetus, and underlying maternal medical comorbidities.

� Obesity increases risk of abnormal labor, cesarean delivery, and postpartum complications.

� Care of women with obesity should include an empathic and patient-centered approach.
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ANTEPARTUM MANAGEMENT OF PREGNANCY IN WOMEN WITH OBESITY
Counseling Women with Obesity

Ideally, women should achieve a normal weight before pregnancy to optimize
maternal and neonatal outcomes.2 Pregnancy is not a time for medical or surgical
weight loss because of the potential negative consequences on the developing fetus.
Women with obesity before pregnancy should be offered interventions aimed at
assisting in long-term weight loss, as recommended by the US Preventative Task
Force.3 However, currently there is little evidence on the effectiveness of preconcep-
tion interventions for women with obesity.4

During pregnancy, counseling on nutrition, exercise, and weight gain should occur
at each prenatal visit.5 In counseling women with obesity, it is important not to stigma-
tize obesity and instead treat it as a medical condition.6 Be aware of any personal bias,
such as thinking of these women as “lazy” or “noncompliant,” which may influence the
care provided to women with obesity.7 Women should never feel judged, because this
can harm the physician-patient relationship.6 Motivational interviewing is a counseling
style that has been shown to have an impact on behavior modification, including diet
and physical activity.8 Through reflective listening, providers impart empathy while
personalizing feedback and promoting self-efficacy and self-motivation within the
woman.9

Social factors that contribute to unhealthy lifestyle choices for pregnant women with
obesity should be considered when counseling women. Low socioeconomic status is
a risk factor for obesity, particularly in women.10 Women with low socioeconomic sta-
tus may be unable to access or afford healthy food. Furthermore, the neighborhood
and environment may limit the ability to engage in regular physical activity,5 which
has been shown to decrease the risk of pregnancy complications, including gesta-
tional diabetes and excess gestational weight gain (GWG).11–13 If a woman with
obesity is otherwise healthy and without any contraindications to exercise, it is recom-
mended that she spend at least 150 minutes per week engaging in low- to moderate-
intensity physical activity.11

Gestational Weight Gain

Prepregnancy BMI should be calculated at the initial prenatal visit for all women
using reported prepregnancy weight or measured first trimester weight. Currently,
GWG recommendations are based on the 2009 Institute of Medicine (IOM) guidelines

Fig. 1. Prevalence of obesity and class III obesity in women 20 to 39 years old in the United
States by race, 2013 to 2014. Data not shown for class III obesity and Asian race because it
only included two participants. (Data from Flegal KM, Kruszon-Moran D, Carroll MD,
et al. Trends in obesity among adults in the United States, 2005 to 2014. JAMA
2016;315(21):2284–91.)
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(Table 1).14 These recommendations are limited in that there is a single recommenda-
tion for all women with BMI greater than or equal to 30 kg/m2. Among women with
obesity, 57% have excessive GWG, whereas 13% have inadequate GWG and 6%
lose weight during pregnancy.15

Studies published after the release of the IOM guidelines have demonstrated
improved maternal outcomes in women with obesity who gain less than the recom-
mended GWG.15,16 However, there are also data that low GWG and even weight
loss during pregnancy may be associated with small-for-gestational-age infants.15,16

Until further evidence is available all women with obesity should be counseled to gain
between 11 and 20 pounds during pregnancy according to the IOM guidelines.

Ultrasound Limitations

Antenatal ultrasound in the obese population is challenging. Abdominal adiposity
limits visualization because of the increased depth of insonation required and
increased absorption of ultrasound energy by surrounding tissue.17 Techniques to
improve visualization include reducing the transducer frequency for better penetra-
tion, use of ultrasound settings that increase the signal-to-background noise ratio,
and approaching the fetus during transabdominal ultrasound from areas with less ad-
ipose tissue (Box 1).17 Importantly, the impaired visualization of the fetus in women
with obesity is associated with up to a 30% lower detection rate of fetal anoma-
lies.18,19 An early second-trimester anatomy ultrasound and use of transvaginal ultra-
sound has been found to increase the rate of complete anatomy scans in women with
obesity, especially women with morbid obesity.17,20,21

Genetic Screening and Testing

Accuracy of genetic screening is influenced by maternal obesity. Failure to visualize
the nasal bone and obtain a nuchal translucency measurement increases with
increasing maternal BMI.22,23 The interpretation of traditional serum screening tests,
such as the quadruple marker test, is affected by obesity.24,25 Maternal weight is re-
ported with serum samples; however, most laboratories use a standard weight correc-
tion to a maximum weight of approximately 270 lbs. This correction standard is used
for all women who weigh more than the cutoff, increasing the risk of false-positive
screening results in women with morbid obesity.26

Noninvasive prenatal testing (NIPT) through maternal serum cell-free DNA testing is
also affected by obesity. Fetal fraction decreases with increasing maternal weight.27

Furthermore, the proportion of women with NIPT failure (fetal fraction <4%) signifi-
cantly increases with increased maternal weight. At a maternal weight of 160 kg,

Table 1
Recommended gestational weight gain by prepregnancy weight category

Prepregnancy Weight Category BMI Recommended GWG

Underweight <18.5 28–40 lb (12.5–18 kg)

Normal weight 18.5–24.9 25–35 lb (11.5–16 kg)

Overweight 25–29.9 15–25 lb (7–11.5 kg)

Obese �30 11–20 lb (5–9 kg)

Modified from Institute of Medicine (US) and National Research Council (US) Committee to Reex-
amine IOM Pregnancy Weight Guidelines, Rasmussen KM, Yaktine AL, editors. Weight gain during
pregnancy: reexamining the guidelines. Washington, DC: National Academies Press (US); 2009;
with permission.
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more than half of women have NIPT failure (Table 2).27 The cause of a high NIPT failure
rate in women with obesity is unknown. It may be secondary to a dilutional effect of
obesity or increased adipocyte death contributing to higher levels of maternal cell-
free DNA in the circulation.27,28 Given that a low fetal fraction is also associated
with fetal aneuploidy, counseling obese women with NIPT failure is challenging and
the limitations of the screening test should be discussed.
Invasive diagnostic procedures are more technically challenging in women with

obesity. Because of excess adipose tissue, visualization of the needle may be limited
and the longer distance from entry to the uterus increases the need for multiple at-
tempts.29 However, in a large retrospective study of more than 15,000 women, 25%
of whom had obesity, there was no difference in the risk of fetal loss before 24 weeks
after amniocentesis or chorionic villus sampling in women with obesity compared with
those without obesity.29 However, there was a significantly higher risk for fetal loss af-
ter amniocentesis for those with a BMI greater than or equal to 40 kg/m2 when
compared with women with a BMI less than 25 kg/m2 (adjusted odds ratio [aOR],
2.2; 95% confidence interval [CI], 1.2–3.9).29

Fetal Anomalies

The association between obesity and congenital anomalies has been shown in
numerous studies.30–32 An analysis of a cohort from Sweden including 1.2 million

Box 1

Techniques to improve obstetric ultrasound visualization in women with obesity

Ultrasound settings
Reduce frequency
Speckle reduction filter
Harmonic imaging
Compound imaging

Approach fetus during transabdominal ultrasound from areas with less adipose tissue
Suprapubic
Periumbilical
Right or left iliac fossae

Consider early anatomy ultrasound (13–16 weeks)

Use color Doppler for cardiac assessment

Consider transvaginal ultrasound for central nervous system assessment if fetus cephalic

Adapted from Paladini D. Sonography in obese and overweight pregnant women: clinical,
medicolegal and technical issues. Ultrasound Obstet Gynecol 2009;33(6):726; with permission.

Table 2
Estimated median fetal fraction in maternal plasma cell-free DNA and proportion of women
with low fetal fraction by maternal weight

Maternal Weight, kg Median Fetal Fraction, % Proportion Low Fetal Fraction, % (<4%)

60 11.7 0.7

100 8.1 7.1

160 3.9 51.1

Modified from Ashoor G, Syngelaki A, Poon LC, et al. Fetal fraction in maternal plasma cell-free
DNA at 11-13 weeks’ gestation: relation to maternal and fetal characteristics. Ultrasound Obstet
Gynecol 2013;41(1):30; with permission.
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singletons found a progressive increase in the risk of congenital anomalies with
increasing BMI (adjusted relative risk [aRR], 1.37; 95% CI, 1.26–1.49; with BMI
�40 kg/m2).31 Risk of fetal cardiac, central nervous system, and limb anomalies
increased with increasing BMI. The largest risk was seen in central nervous system
anomalies (aRR, 1.88; 95% CI, 1.20–2.94; with BMI �40 kg/m2).31 In a meta-
analysis, maternal obesity was associated with an increased risk of a range of fetal
anomalies, including neural tube defects, cardiac anomalies, cleft lip and palate, ano-
rectal atresia, hydrocephaly, and limb reduction anomalies (Table 3).30

The exact cause of fetal anomalies in women with obesity is unknown. Metabolic
abnormalities, including elevated levels of insulin, triglycerides, uric acid, and estro-
gen, or chronic hypoxia and hypercapnia, may have a teratogenic effect on the fetus.17

Nutritional deficiency, as a result of poor diet, prior bariatric surgery, or inadequate
doses of supplementation, may contribute to anomalies.17

Spontaneous Abortion

Women with obesity have higher odds of spontaneous abortion than women with a
normal weight (odds ratio [OR], 1.2; 95% CI, 1.01–1.46).33 Additionally, the risk of
recurrent early pregnancy loss is significantly higher in women with obesity (OR,
3.5; 95% CI, 1.02–12.01).33,34 The cause of spontaneous abortion in women with
obesity is not fully understood. Obesity has known adverse effects on the oocyte;
however, women with obesity continue to experience higher odds of pregnancy
loss even with oocyte donation.35,36 Obesity impairs endometrial decidualization
and receptivity, potentially leading to higher rates of spontaneous abortion.36

Medical Complications

Pre-existing medical problems, including cardiovascular disease, diabetes, arthritis,
sleep disorders, and liver and gallbladder disease, are more common in women
with obesity.5 Ideally, management of these conditions should be optimized before
conception, including discontinuing potentially teratogenic medications.37 Manage-
ment of nonobstetric medical conditions during pregnancy should include a multidis-
ciplinary approach.
Obstructive sleep apnea in pregnancy has been associated with adverse maternal

and neonatal outcomes. Up to 15% of reproductive-age women have obstructive
sleep apnea; however, most are undiagnosed. Because obesity is an important risk
factor for obstructive sleep apnea, pregnant women with obesity should be asked
about a history of snoring and excessive daytime sleepiness and referred to a sleep
specialist for further evaluation as needed38 (See Jennifer E. Dominguez and

Table 3
Odds ratio of congenital anomalies in women with obesity

Congenital Anomaly OR 95% CI

Neural tube defects 1.87 1.62–2.15

Cardiovascular defects 1.30 1.12–1.51

Cleft lip and palate 1.20 1.03–1.40

Anorectal atresia 1.48 1.12–1.97

Hydrocephaly 1.68 1.19–2.36

Limb reduction anomalies 1.34 1.03–1.73

Data from Stothard KJ, Tennant PW, Bell R, et al. Maternal overweight and obesity and the risk of
congenital anomalies: a systematic review and meta-analysis. JAMA 2009;301(6):636–50.

Pregnancy in Women with Obesity 221



colleagues’ article, “Management of Obstructive Sleep Apnea in Pregnancy,” in this
issue).
Given the increased risk of undiagnosed pregestational diabetes, all women with

obesity should be screened for diabetes at their initial prenatal visit39 (See Ronan
Sugrue and Chloe Zera’s article, “Pregestational Diabetes in Pregnancy,” in this issue).
Even if early screening is negative, second-trimester screening for gestational dia-
betes mellitus should still be performed39 (See Jeffrey M. Denney and Kristen H.
Quinn’s article, “Gestational Diabetes: Underpinning Principles, Surveillance and
Management,” in this issue). Not only are women with obesity more likely to have
chronic hypertension, they have a higher risk of developing hypertensive disorders
of pregnancy. The risk of preeclampsia in women with obesity is almost three-fold
higher than women with normal BMI (aOR, 2.9; 95% CI, 1.6–5.3).40 The US Preventive
Services Task Force recommends low-dose aspirin during pregnancy for women at
risk of preeclampsia. Obesity is considered a moderate risk factor and aspirin to pre-
vent preeclampsia should be considered in the setting of other moderate risk factors,
such as nulliparity, advanced maternal age, low socioeconomic status, and family or
personal history41 (See Amelia L.M. Sutton and colleagues’ article, “Hypertensive
Disorders in Pregnancy,” in this issue).

Stillbirth

Obesity is an important risk factor for stillbirth.42–45 The risk of stillbirth increases with
increasing BMI (Table 4).42,46 There are many theories as to why maternal obesity puts
fetuses at risk of intrauterine demise including medical comorbidities and fetal anom-
alies. Underlying metabolic disorders, lipid metabolism, inflammation, and vascular
dysfunction have all been proposed as potential mechanisms.46 Although there is a
higher risk of stillbirth in women with obesity, there is no evidence to support routine
antepartum surveillance.47

Fetal Growth

Obesity is an independent risk factor for large-for-gestational age, even after con-
trolling for diabetes (aOR, 1.5; 95% CI, 1.4–1.9).48 This risk increases with
increasing BMI. In a meta-analysis, women with class III obesity were found to
have a significantly higher risk of large-for-gestational age as compared with those
with class I or II obesity.49 Women with obesity are also at risk of intrauterine
growth restriction, because conditions that predispose to growth restriction, such
as hypertensive disorders and history of prior bariatric surgery, are seen
more commonly in these women. Given the limitations of fundal height

Table 4
Adjusted hazard ratio of stillbirth by obesity class compared with normal BMI

Obesity Class (BMI) Adjusted HR 95% CI

Overweight (25–29.9) 1.36 1.29–1.43

Class I obesity (30–34.9) 1.71 1.62–1.83

Class II obesity (35–39.9) 2.04 1.89–2.21

Class III obesity (40–40.9) 2.50 2.28–2.74

Superobesity (�50) 3.11 2.54–3.81

Abbreviation: HR, hazard ratio.
Modified from Yao R, Ananth CV, Park BY, et al. Obesity and the risk of stillbirth: a population-

based cohort study. Am J Obstet Gynecol 2014;210(5):457.e6; with permission.
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measurement in women with obesity, fetal growth assessment should be per-
formed by ultrasound.50

Prior Bariatric Surgery

Bariatric surgery is a proven method for weight loss that is increasingly being used.
Importantly for the obstetrician, 80% of bariatric procedures are performed on women,
many of whom are reproductive age, and weight loss after bariatric surgery has been
shown to increase fertility.51,52 Weight loss is achieved through caloric restriction and
malabsorption, and neurohormonal changes that influence metabolism and hunger.53

The ideal timing of pregnancy after bariatric surgery to optimize maternal and
neonatal outcomes is unknown. Most weight loss occurs during the first 12 months after
surgery.54 Some experts advise to delay pregnancy for 12 to 24 months after surgery.52

The rate of gestational diabetes is significantly lower in women after bariatric surgery
compared with women with obesity who have not undergone bariatric surgery (OR,
0.25; 95% CI, 0.13–0.47).55 Bariatric surgery has been associated with neonatal out-
comes, including a decreased risk for large-for-gestational-age infants, an increased
risk for small-for-gestational-age infants, neonatal intensive care unit admissions, and
preterm births (Table 5).55,56 Fetal growth should be monitored by serial ultrasound
assessment in women who become pregnant within 12 months of bariatric surgery.52

Women are at risk of malnutrition after bariatric surgery. Evaluation for micronutrient
deficiencies should take place during the initial prenatal evaluation and be re-
evaluated each trimester.52 In addition to a standard prenatal vitamin, women with a
history of bariatric surgery should receive additional supplementation as needed
based on their laboratory testing results. There are no specific recommendations for
GWG in these women; as such the IOM guidelines for GWG are appropriate.14

When evaluating women with a history of prior bariatric surgery who present during
pregnancy with abdominal pain, nausea, or vomiting, it is important to consider bar-
iatric surgical complications. Women with prior bariatric surgery have an increased
risk of abdominal surgery for nonobstetric indications during pregnancy (OR, 11.3;
95% CI, 6.9–18.5).57

INTRAPARTUM MANAGEMENT OF PREGNANCY IN WOMEN WITH OBESITY
Resource and Equipment Considerations

Caring for women with obesity during pregnancy requires additional resources.
Appropriate equipment must be available, including large speculums, long

Table 5
Adjusted relative risk of obstetric and neonatal outcomes in pregnancies after bariatric
surgery

Outcome aRR 95% CI

Preterm birth 1.57 1.33–1.85

NICU admission 1.25 1.08–1.44

SGA 1.93 1.65–2.26

LGA 0.53 0.44–0.65

Cesarean delivery 1.21 1.12–1.31

Abbreviations: LGA, large-for-gestational age; NICU, neonatal intensive care unit; SGA, small-for-
gestational age.

Data from Parent B, Martopullo I, Weiss NS, et al. Bariatric surgery in women of childbearing age,
timing between an operation and birth, and associated perinatal complications. JAMA Surg
2017;152(2):1–8.
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instruments, and wide examination and operating room tables that can accommodate
higher weights (Box 2).6 Providers should be familiar with the equipment at their insti-
tution. Most standard operating tables can accommodate up to 500 lbs. Bariatric ta-
bles can typically accommodate 600 to 1000 lbs. All staff should take care when
transferring a woman with obesity. A slide board or air mattress should be used and
additional personnel available to ensure the safety of the medical staff and the woman.
It is important to ensure the appropriate-sized arm cuff is used to measure blood

pressure in women with obesity. If a correctly fitting upper arm cuff is not available,
blood pressure should be taken using an arm cuff on the wrist held at the level of
the patient’s heart. A wrist blood pressure has a higher sensitivity and specificity
(92% sensitivity, 92% specificity) than using the wrong size cuff on the upper arm
(73% sensitivity, 76% specificity) or taking the measurement on the forearm (84%
sensitivity, 75% specificity).58

Labor Abnormalities

Women with obesity have lower rates of spontaneous labor and higher rates of post-
term pregnancies compared with women with normal weight.45,59,60 A large study of
11,752 women found that at each week of gestation after 37 weeks, women with
obesity are significantly less likely to go into spontaneous labor.59 The odds of pre-
senting in spontaneous labor decreases as BMI increases.45,59 Obesity is associated
with pregnancy progressing past 40 weeks (aOR, 1.63; 95% CI, 1.39–1.92), 41 weeks
(aOR, 1.81; 95% CI, 1.50–2.18), and 42 weeks (aOR, 1.69; 95% CI, 1.23–2.31).60 The
reason for prolonged pregnancies in women with obesity in unknown but may involve
metabolic and endocrine dysfunction affecting initiation of labor.45,60,61 Women with
obesity have higher concentrations of estrogen in adipose tissue, which may disrupt
hormonal balance and mechanisms that regulate labor.61

Women with obesity are more likely to undergo an induction of labor compared with
normal-weight women.62 The odds of induction failure are higher (aOR, 2.16; 95% CI,
2.07–2.27) for women with obesity compared with normal-weight women. The rate of
induction failure increases with increasing BMI. In a large, retrospective study of
80,887 women undergoing induction of labor, 13% of women with normal weight
had a failed induction, whereas the rate was more than twice that (29%) for women
with a BMI greater than or equal to 40 kg/m2.62 It is not completely understood how
maternal obesity leads to abnormal labor and risk for arrest disorders. One theory is
that myometrial contractility is somehow impaired in these women.63,64

Box 2

Equipment to care for women with obesity during pregnancy

Large blood pressure cuffs or normal-size cuff on wrist

Large speculum

Wide examination table or table extenders

Large labor beds that can accommodate weight

Long instruments

Bariatric operating table

Self-retaining retractor

Panniculus retractor

Slide board or air mattress for transfer
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Cesarean Delivery

Increasing maternal weight is associated with an increasing risk of cesarean delivery.
For each additional 1 kg/m2 in BMI the risk of cesarean delivery increases by 4%.65

The cesarean delivery rate in women with BMI greater than or equal to 50 kg/m2

is almost 50% and one in three of these procedures are accompanied by wound
complications.66,67 Obesity is a risk factor for failed trial of labor after cesarean
delivery in women with obesity (OR, 1.99; 95% CI, 1.20–3.30) and morbid obesity
(OR, 2.22; 95% CI, 1.11–4.44).68 In a large study of 13,529 women, the rate of suc-
cessful vaginal birth after cesarean delivery was 68.4% in women with obesity
compared with 79.6% in women without obesity.69

Labor and Delivery Anesthesia

Physiologic changes in women with obesity put them at higher risk of complications
related to anesthesia during labor and delivery. In the supine position, the increased
weight of the chest wall leads to decreased expiratory reserve volume, residual
volume, and functional residual capacity.70 These physiologic changes combined
with the increased oxygen demand associated with obesity puts the pregnant
woman with obesity at higher risk of hypoxemia.70 The body habitus of women
with obesity has been shown to change the epidural space, decreasing the epidural
space volume while increasing the epidural space pressure.71 This can lead to larger
cephalad spread of medications administered during regional anesthesia.71 Women
with morbid obesity have been found to have higher rates of hypotension and fetal
heart rate decelerations after epidural placement compared with normal-weight
women.72

The rate of labor epidural failure is 17% in women with morbid obesity compared
with only 3% in matched control subjects.73 It is recommended that an epidural cath-
eter be placed in early labor in women with obesity given their increased risk of failed
epidural anesthesia.47 Confirmation of a working epidural early in pregnancy is thought
to decrease time to delivery and need for general anesthesia in event of an emergency
cesarean delivery.70 General anesthesia poses additional risks in the pregnant woman
with obesity. At baseline, the anatomic changes in pregnancy make intubation chal-
lenging. In the woman with obesity, increased adipose tissue in the back and neck in-
crease the risk of failed intubation, which has deadly consequences.70 Antenatal
anesthesiology consultation may be considered, particularly for women with BMI
greater than or equal to 50 kg/m2.74

Prevention of Venous Thromboembolism

Venous thromboembolism is an important cause of maternal mortality.75 Pregnant
women with obesity are at even higher risk for venous thromboembolism (aOR, 5.3;
95% CI, 2.1–13.5) and specifically pulmonary embolism (aOR, 14.9; 95% CI,
3.0–74.8) than pregnant women without obesity.76 Although it is recommended
that mechanical thromboprophylaxis be used during antepartum admissions
and cesarean delivery, strong consideration should be given to pharmacologic
thromboprophlaxis, especially in women with a BMI greater than or equal to
40 kg/m2.75 Weight-based dosing regimens as opposed to standard doses
(eg, 40 mg daily) are preferable. A study of anti-Xa levels in postpartum
women receiving weight-based dosing of enoxaparin compared with those
receiving standard dosing found a significantly higher percentage of patients
with prophylactic range anti-Xa levels in the weight-based group (86% vs 26%;
P<.001).77
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Prevention of Wound Complications

Obesity is an independent risk factor for surgical site infection after cesarean delivery
(OR, 2.0; 95% CI, 1.6–2.5) and this risk increases with increasing BMI (BMI >35 kg/m2;
OR, 3.7; 95% CI, 2.6–5.2).78,79 Women with obesity undergoing cesarean delivery
should receive antibiotic prophylaxis with 2 g of cefazolin.47 Although it has been sug-
gested that women with obesity may potentially benefit from a higher dose, random-
ized controlled trials have demonstrated sufficient concentrations of cefazolin in
maternal tissue at the 2-g dose.80,81

In women with greater than 2 cm of subcutaneous tissue, this tissue should be
approximated to decrease risk of wound disruption (RR, 0.66; 95% CI, 0.48–0.91).82

However, there is evidence that subcutaneous drains may increase wound complica-
tions and should not be used.83,84 The incision should be closed with suture and not
staples. In a meta-analysis, the risk of wound complications in women with obesity
was almost halved when the incision was closed with sutures rather than staples
(RR, 0.51; 95% CI, 0.34–0.75).85 One randomized trial found no benefit to placing a
wound vacuum after cesarean delivery in women with obesity.86

POSTPARTUM MANAGEMENT OF WOMEN WITH OBESITY
Breastfeeding

Women with obesity have less intentions to breastfeed, lower rates of breastfeeding
initiation, and shortened duration of exclusive and any breastfeeding.87 A large study
that examined breastfeeding status at the time of postpartum discharge in more than
12,000 women found the rate of breastfeeding was inversely correlated with
increasing BMI (Fig. 2).88 Breastfeeding is challenging for women with obesity for
several reasons. Physiologically, there is a delay in lactogenesis II, potentially because
of abnormal levels of leptin and insulin.89 Additionally, women with obesity are more
likely to have complicated labors, cesarean deliveries, and be separated from the in-
fant postpartum, all of which contribute to decreased rate of breastfeeding initiation.
The size of the breast can make latching and positioning more difficult.89 Counseling
about breastfeeding should begin prenatally and additional support provided post-
partum (Box 3).

Fig. 2. Rate of breastfeeding at postpartum discharge by body mass index. (Data from Ramji
N, Challa S, Murphy PA, et al. A comparison of breastfeeding rates by obesity class. J Matern
Fetal Neonatal Med 2017:1–6. [Epub ahead of print].)
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Contraception

Obesity should be considered when counseling about contraception choices. Post-
partum tubal ligation is more technically challenging and associated with greater oper-
ative morbidity in women with obesity. Because of the changes in metabolism
associated with obesity, there is concern that hormonal contraceptives may not
have the same effectiveness in women with obesity; however, most studies have
not shown an increased risk of pregnancy.90 One exception is the transdermal contra-
ceptive patch; its use should be limited to those weighing less than or equal to 90 kg.91

Obesity is a risk factor for endometrial cancer. The levonorgestrel intrauterine device
provides endometrial protection in addition to reliable contraception.92 Because of the
malabsorption associated with bariatric surgery, women should not use oral contra-
ception after malabsorptive bariatric procedures.52

SUMMARY

Obesity complicates almost all aspects of pregnancy. As the proportion of women
with obesity continues to rise, obstetric providers must consider the impact of obesity
throughout pregnancy. Empathic and patient-centered care, along with knowledge of
the complexity of a pregnancy complicated by obesity, can optimize outcomes for
women and children.
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Management of Obstructive
Sleep Apnea in Pregnancy

Jennifer E. Dominguez, MD, MHSa, Linda Street, MDb, Judette Louis, MD, MPHc,*

Obstetric patients have been underrecognized as a population at risk for sleep-
disordered breathing (SDB). SDB is likely underappreciated in pregnancy because
of several factors including limited provider education, a lack of reliable screening
tools, and a need for additional studies characterizing the dynamic effects of preg-
nancy on SDB and perinatal outcomes.1 In addition, several of the most common
risk factors for SDB recognized by clinicians were established from studies that
excluded women of reproductive age.2 It is now recognized that SDB may present
differently in women of reproductive age, which can further complicate screening
and diagnosis.3
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KEY POINTS

� All women with known or suspected sleep apnea should undergo treatment with a goal to
normalize oxygenation during sleep.

� Sleep apnea is associated with hypertensive disorders of pregnancy, gestational dia-
betes, severe maternal morbidities including cardiomyopathy and venous thromboembo-
lism, and in-hospital death.

� Management of women with sleep apnea should be multidisciplinary and include special-
ists in sleep medicine and anesthesiology.

� After delivery, women with sleep apnea are at risk for severe respiratory suppression and
medications that suppress respiration should be limited in use.
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Studies of SDB in recent years indicate there are significant implications for preg-
nancy. Women affected by SDB are more likely to experience pregnancy complica-
tions and adverse pregnancy outcomes.4–10 This article reviews SDB, the
implications for pregnancy, and ways that a practicing physician can improve clinical
outcomes.

WHAT IS SLEEP-DISORDERED BREATHING?

SDB is a group of disorders characterized by ventilation abnormalities during sleep.
The spectrum of SDB ranges from mild snoring to obstructive sleep apnea (OSA),
the most severe form of SDB.11 OSA involves multiple episodes of apnea or hypopnea
during sleep that result from diminished airflow through the upper airway during res-
piratory effort, caused by partial or complete upper airway tissue collapse. This phe-
nomenon leads to sleep fragmentation, sympathetic stimulation, hypercarbia, and
intermittent cycles of hypoxemia and reoxygenation.12 These pathophysiologic per-
turbations in turn contribute to inflammation, endothelial dysfunction, insulin resis-
tance, and cardiovascular disease.12 Repeated nocturnal arousals can result in
excessive daytime sleepiness, and increased risk when driving or operating machin-
ery.12–14 The terms SDB and sleep apnea have been used interchangeably in the ob-
stetric literature.

GESTATIONAL OBSTRUCTIVE SLEEP APNEA

Women diagnosed with OSA during pregnancy likely represent one of two distinct
clinical phenotypes: women with pre-existing OSA that become pregnant (chronic
OSA), and pregnant women who develop OSA (gestational OSA). Women with gesta-
tional OSA may enter pregnancy with snoring, and develop worsening airway obstruc-
tion because of physiologic and hormonal changes of pregnancy or in association with
other comorbidities developed in pregnancy (multiple gestations, hypertensive disor-
ders of pregnancy, or gestational diabetes). Some physiologic changes of pregnancy
that may predispose women to OSA include upper airway edema and respiratory-
driven changes leading to larger negative upper airway pressures caused by elevated
estrogen and progesterone.15 There is some evidence that gestational OSA may
improve or resolve entirely after pregnancy.16–18 However, the term “gestational sleep
apnea” has not been formally defined. To date, the progression and impact of these
two phenotypes has not been well described in either the perinatal period or beyond.

EPIDEMIOLOGY AND RISK FACTORS

The risk factors for OSA are well established in the general population and include
male gender, older age, obesity, African-American race, craniofacial abnormalities,
and smoking.19,20 OSA is also associated with other comorbid conditions including
type II diabetes, hypertension, cardiac arrhythmias, and cardiovascular disease.12

Women who have those risk factors before pregnancy may be at increased risk for
OSA. The existing studies in pregnancy also recognize increasing gestation,
increasing maternal age, obesity, chronic hypertension, and frequent snoring
(�3 times per week) as risk factors.8,10,21 In the largest prospective study to date,
women with OSA were older, had higher body mass index, larger neck circumference,
and were more likely to have chronic hypertension, which is consistent with prior
studies.6

Longitudinal studies of OSA indicate an increased prevalence across gestation.6,22

In the largest prospective study currently published, the prevalence of OSA was
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estimated to be 3.6% in early pregnancy and increased across gestation with rates of
8.3% in the third trimester among the 3132 nulliparous women who completed objec-
tive testing for OSA.6 These data are congruent with the findings of Pien and col-
leagues,22 which also found an increase from 10.5% women with OSA in the first
trimester to 26.7% in the third trimester among a group of women who underwent
overnight polysomnography (PSG) at the two time points in pregnancy. Although
the first trimester prevalence likely represents women with pre-existing chronic
OSA, the increase throughout gestation is evidence of impact of pregnancy on the
prevalence of the disease. With increased obesity rates, OSA is expected to affect
a greater proportion. Approximately 15% to 20% of obese pregnant women are esti-
mated to have OSA.7,10,21 With delayed childbearing, women are older at the time of
their first pregnancy, further increasing the risk for OSA.

SCREENING AND DIAGNOSIS

The screening questionnaires developed and validated in the nonpregnant popula-
tion (Berlin questionnaire, Epworth Sleepiness Scale, and STOP-BANG question-
naires) have not been demonstrated to be useful in the obstetric population with
reported sensitivities and specificities that are 36% to 39% and 68% to 77%,
respectively, in current literature.2,7,23–26 Although they are limited, in the absence
of a better screening tool, some clinicians choose to use them. As an alternative,
Facco and colleagues21 proposed that most cases of OSA can be identified using
three factors: (1) age, (2) body mass index, and (3) presence of chronic hyperten-
sion. Larger scale studies are needed to identify the best approach for screening
pregnant women.
The gold standard for the diagnosis of OSA is overnight, attended, in-laboratory

PSG.14 However, in many medical centers, the availability of in-laboratory PSG
requires significant wait times that may not allow for treatment to occur during preg-
nancy. Furthermore, in-laboratory PSG is costly, and requires an overnight, inpatient
stay, which may not be practical for many patients that are unable to spend a night
away from children in the home. Because of these challenges, many sleep physicians
and insurers are turning to home sleep testing using portable devices as a practical
alternative for select populations. Home sleep apnea testing devices have been
used in several studies with pregnant women and some have been validated in preg-
nant populations.10,21,27 However, although home sleep testing is widely accepted,
there are some limitations. Home sleep tests are unattended and do not measure
sleep time with electroencephalogram, so they are prone to underestimate sleep ap-
nea severity or provide false-negative results.14,28 They are particularly confounded by
frequent waking during sleep, such as occurs for many pregnant women who may
have a more frequent need to urinate. Routine electroencephalogram offers direct
clinical observation along with electrophysiologic and cardiorespiratory monitoring
to measure actual sleep time; most home tests are missing that component.29 Despite
these limitations, home sleep testing is likely to detect moderate to severe OSA, espe-
cially when using mild-range apnea-hypopnea index (AHI) scores (>5/h) as the
threshold for treatment or further testing.30 Sleep apnea severity is scored based on
the AHI, a measure of howmany apneas (cessation of airflow for�10 seconds accom-
panied by an arousal or oxyhemoglobin desaturation) and hypopneas (reduction of
airflow for �10 seconds accompanied by an arousal or oxyhemoglobin desaturation)
are present per hour of sleep. Mild OSA is defined as five less than or equal to AHI less
than 15 per hour, moderate is considered 15 less than or equal to AHI less than 30, and
severe OSA is 30 or greater per hour.31
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Some insurers prefer that their insured customers receive home sleep tests instead
of in-laboratory PSG because of the cost savings as proof of diagnosis of OSA for
coverage of continuous positive airway pressure (CPAP) therapy; the Centers for
Medicare and Medicaid Services began covering home sleep testing in 2016.32 At
this point, because of barriers of in-laboratory studies, home sleep testing is a viable
alternative in select patients. However, the results should be interpreted with caution,
and if significant clinical suspicion for OSA remains, it is recommended that the patient
undergo overnight, in-laboratory PSG.14

TREATMENT

In the general population, CPAP is the preferred treatment of mild, moderate, and se-
vere OSA.33 More than 15 randomized clinical trials in the general population have
suggested that treatment reduces hypertension, cardiovascular morbidities, and mo-
tor vehicle crashes.34–37 Although the data on improvement of symptoms, quality of
life, and automobile crashes have been consistent, recent data have failed to demon-
strate a benefit in the reduction of cardiovascular disease.38 However, some of the dif-
ficulty in finding a difference may be caused by diminished efficacy of CPAP
secondary to poor patient adherence. Customized oral mandibular repositioning de-
vices are an alternative that keep the airway open by pulling the lower jaw forward.
Although these oral devices are an effective treatment of mild to moderate OSA for in-
dividuals with good dentition, they are considered second-line treatment and only rec-
ommended if the patient cannot tolerate CPAP or desire alternative therapy.39

There are few data to direct the treatment of OSA in pregnancy. Small studies exam-
ined CPAP treatment using short-term intermediary outcomes, such as maternal
blood pressure.40–42 However, with such small sample sizes, they were insufficiently
powered to detect treatment impact or safety. Therefore, despite a consistent body
of evidence showing an increased risk of adverse pregnancy outcomes associated
with OSA in pregnancy, there is no evidence that treatment in the short term of preg-
nancy improves maternal or neonatal outcome. Rather, the benefits demonstrated in
the general populations and the existing treatment guidelines are extrapolated to
pregnancy.33

MATERNAL MORBIDITY

The Sleep Disordered Breathing Sub-study of the Nulliparous Pregnancy Outcomes
Study was a multicenter, prospective cohort study seeking to investigate whether
SDB during pregnancy is a risk factor for the development of hypertensive disorders
of pregnancy and gestational diabetes.6,18 Most of these subjects who tested positive
for OSA in their pregnancies had mild-moderate OSA (AHI 5–14.9/h). SDB in early and
midpregnancy was associated with preeclampsia (adjusted odds ratio [aOR], 1.94
[95% confidence interval (CI), 1.07–3.51] and 1.95 [95% CI, 1.18–3.23]), and gesta-
tional diabetes (aOR, 3.47 [95% CI, 1.95–6.19] and 2.79 [95% CI, 1.63–4.77]). There
was a demonstrated dose response for women with severe OSA in midpregnancy
(AHI >15/h) showing an even greater risk of hypertensive diseases of pregnancy
(aOR, 4.27; 95% CI, 1.74–10.45). The findings of that study confirmed the findings
of other smaller retrospective and prospective cohort studies that consistently found
a two-fold increased adjusted odds of preeclampsia and a nearly two-fold increased
adjusted odds of gestational diabetes in association with SDB or OSA, in two meta-
analyses of the existing studies.8,43

Another study that included a military-treatment facility cohort indicated that the as-
sociation persisted even in a “healthier cohort.” Women with an OSA diagnosis were
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more likely to have a cesarean delivery (aOR, 1.60; 95% CI, 1.06–2.40), gestational
hypertension (aOR, 2.46; 95% CI, 1.30–4.68), preeclampsia (aOR, 2.42; 95% CI,
1.43–4.09), and preterm delivery (aOR, 1.90; 95% CI, 1.09–3.30).44

SEVERE MATERNAL MORBIDITY

Severe maternal morbidities are those clinical events that can proximally lead to
maternal death. Evidence from a large, national inpatient database study showed
that pregnant women with a diagnosis of OSA during their hospital admission (by
diagnosis code) at delivery were at significantly increased risk of having cardiomyop-
athy (aOR, 9.0; 95% CI, 7.47–10.87), congestive heart failure (aOR, 8.94; 95% CI,
7.45–10.73), and pulmonary embolism (aOR, 4.5; 95% CI, 2.3–8.9). This study also
showed a five-fold increase of in-hospital mortality during a pregnancy or delivery in
women with OSA.7 These effects were exacerbated in the presence of obesity. The
findings seem to indicate an effect of OSA that is independent of obesity. This study
has yet to be replicated with other data sets with large enough numbers to confirm
these uncommon findings but suggest serious complications for pregnant women
with OSA.

NEONATAL MORBIDITY

The adverse fetal and neonatal consequences of sleep apnea in pregnancy are delin-
eated to a lesser extent than that of maternal consequences. Maternal OSA is asso-
ciated with 1.5- to two-fold increased frequency of low birth weight and small for
gestational age infants.8,43,45 These findings persist after controlling for comorbid
maternal conditions that predispose to growth restriction, such as hypertension.8,43,45

However, associations with large for gestational age infants born to women with SDB
have also been reported.46 This association may be partially explained by the high
rates of maternal obesity and diabetes, two risk factors for large for gestational age
infants.
Infants born to women with OSA are more likely to be born preterm and admitted to

the neonatal intensive care unit despite similar gestational age at delivery.10 Definitive
studies examining the relationship do not exist. However, the findings are not
completely unexpected given the high rates of cesarean delivery among women
with OSA (up to 50%).10 There are no studies that indicate an increased risk of fetal
death or miscarriage in association with sleep apnea.7

In addition to the studies on immediate infant outcomes, smaller studies indicate
that there may be longer term consequences for these infants.47,48 Seventy-four
mom-baby pairs of which 24% had OSA were followed in one study. Although there
was no difference in general motor scores, there was an increased frequency of low
social development scores in neonates of moms with OSA (64% vs 25%; P 5 .036)
at 12 months of age.47 Another recent study showed that the infants of women at
risk for SDB determined by sleep questionnaires administered at hospital admission
for delivery had shorter telomere lengths in the DNA collected from their cord blood.49

Shorter telomere length has been observed in the DNA of adults with OSA, and is
associated with age-related disease.49,50 It is difficult to draw conclusions from these
small, preliminary studies, but they may inform future directions for research.

MECHANISMS OF DISEASE

To date, the mechanisms that link OSA to adverse outcomes of pregnancy have not
been well defined. Sleep apnea is a state in which there is overlap of proinflammatory
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states, oxidative stress, and sympathetic activation.48 This cascade of events is
thought to lead to endothelial dysfunction, although the role of oxidative stress in these
pathways has been questioned by the findings of recent studies in nonpregnant and
pregnant cohorts.15,51,52 Endothelial dysfunction has been implicated in nonpregnant
adults to link OSA and cardiovascular disease.53 Some of these same mechanisms
have been implicated in the development of preeclampsia and adverse pregnancy
outcome (Fig. 1).54

The pathophysiologic mechanisms that connect OSA with the associated cardio-
vascular and metabolic disease share significant overlap with known pathways
involved in preeclampsia.55,56 OSA and preeclampsia both seem to be proinflamma-
tory states, and studies in both populations demonstrate sympathetic nervous system
activation.57–60 To our knowledge, no studies have been done investigating these
pathways in women with OSA and preeclampsia. In OSA, as in preeclampsia, up-
regulation of antiangiogenic proteins seems to lead to endothelial dysfunction.61,62

This endothelial dysfunction is implicated in vasoconstriction, hypertension, and pro-
teinuria associated with preeclampsia, and the hypertension and cardiovascular

Fig. 1. The mechanisms that connect OSA in pregnant women with gestational diabetes and
preeclampsia are not well-elucidated, but may share common pathways with cardiovascular
and metabolic diseases associated with OSA in nonpregnant adults. OSA is associated with
proinflammatory states, oxidative stress, and sympathetic activation. This cascade of events
is thought to lead to endothelial dysfunction. Some of these same mechanisms have been
implicated in the development of gestational diabetes and preeclampsia, but few studies
have investigated these pathophysiologic mechanisms in women with OSA in pregnancy.
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disease associated with OSA.63,64 Preliminary evidence that imbalances of proangio-
genic/antiangiogenic proteins are associated with a diagnosis of OSA were found in a
small retrospective study of pregnant women with OSA.55

Theexplanations for the fetal growthabnormalitiesmaydiffer.Pregnantwomenthat live
at high altitude have chronically low arterial oxygen partial pressures and studies have
shown that they have an increased risk of hypertensive disorders of pregnancy and fetal
growth restriction.65,66 Both animal model and human studies suggest that the pla-
centa and fetus adapt via compensatory mechanisms to the low oxygen tension.67,68

However, there are currently no studies in pregnant women with OSA that have spe-
cifically investigated the effects of repetitive, nocturnal exposure to hypoxemia in this
disease state.67,68 In vitro and animal studies suggest that oxygen tension plays a spe-
cific role in theearly development of theplacenta, and that alterationsmaypredispose to
the pathologic placental development that is subsequently seen in hypertensive disor-
ders of pregnancy and fetal growth restriction.69–72 Hypoxia-inducible factors 1 and 2
are transcription factors that play a vital role in the cellular response to low oxygen ten-
sion.73 Hypoxia-inducible factors 1 and 2 are overexpressed in the placentas of women
living at high altitude, women with hypertensive disorders of pregnancy, and rats with
growth-restricted fetuses.74–76 Hypoxia-inducible factors have also been studied for
their role in OSA with hypertension in nonpregnant adults, as mediators of hypoxemia,
sympathetic nervous system activators, oxidative stress, and endothelial dysfunction.77

These different mechanisms can serve as targets for future interventional studies.

LONG-TERM IMPLICATIONS OF SLEEP APNEA

Untreated OSA has a bidirectional association with type II diabetes, cardiovascular
disease, and hypertension.78–80 It is also known that pregnancy is a time that most pa-
tients seek medical help, often for the first time, providing an opportunity to impact
future health outcomes. Developing complications, such as preeclampsia and gesta-
tional diabetes, increases the future risk of cardiovascular disease and type II diabetes
among the affected women.81–84 Because of this relationship, it is hypothesized that
SDB and OSA may further predispose these women to future cardiovascular disease.
The extent to which SDB impacts the already observed relationship between pre-
eclampsia and cardiovascular disease is unknown (Fig. 2).16,85 It is also unknown if
postpartum resolution of OSA has a lasting impact, or if treating OSA during preg-
nancy would modify these outcomes.
Future studies are needed to ascertain if treatment of OSA can impact the course of

these comorbid diseases in pregnant women because their consequences are far
reaching and extend beyond completion of pregnancy. Preeclampsia has been linked
to a three- to 12-fold increased risk of cardiovascular events later in life and a two-fold
to eight-fold increased risk of death from a cardiovascular event.86,87 Up to 62% of
women diagnosed with gestational diabetes go on to develop type II diabetes later
in life.88 This does not even begin to take into account the potential for gestational
OSA to persist after pregnancy. Rates of long-term postpartum persistence of OSA
or development of OSA later in life are not well defined at this time, but it is reasonable
to presume that in some women gestational OSA is a precursor for life-long risks dis-
cussed previously.

CLINICAL CARE
Antepartum Care

A multidisciplinary approach should be taken when managing pregnant women with
OSA, which should continue to the postpartum period.89 Women with known OSA
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who become pregnant should be evaluated by a sleep medicine specialist to optimize
CPAP settings. The goal is to achieve and maintain a normalized AHI and oxygenation
throughout gestation through the consistent use of CPAP therapy. Follow-up visits or
an automatically titrating CPAP machine are useful because CPAP requirements may
increase with advancing gestation and worsening obstruction.6,22,90 The patient
should be counseled about the known perinatal consequences of sleep apnea and
a multidisciplinary plan must be formulated. Patients with moderate to severe OSA
may have comorbid cardiovascular disease or pulmonary hypertension, and echocar-
diography should be considered. Obstetric providers should be mindful of the risk of
hypertensive disorders and diabetes and should focus on early detection or preven-
tion of these conditions. Women who are suspected of having OSA but have not
been diagnosed should be referred to a sleep medicine specialist for evaluation. Sit-
uations where a suspicion of sleep apnea may arise include but are not limited to
maternal symptoms of excessive daytime sleepiness or generalized fatigue, wit-
nessed apneas, loud and frequent snoring, headaches, and/or observed maternal
hypoxia in the absence of cardiorespiratory pathology.90 After referral, the sleep med-
icine provider can evaluate the patient and make recommendations regarding diag-
nosis and management during the pregnancy and in the postpartum period. In the
absence of pregnancy-specific data to direct treatment, we currently suggest treat-
ment of all women with OSA. Studies have not been conducted to evaluate the safety
of CPAP in pregnancy, but it is widely accepted as safe in pregnancy. An individual-
ized plan can be developed with the sleep medicine provider.

Intrapartum and Immediate Postpartum Management

Women with OSA are also more likely to have comorbid conditions that also predis-
pose them to cesarean deliveries.10 The American Society of Anesthesiologists guide-
lines advise preoperative evaluation and treatment of OSA is optimal in surgical

Fig. 2. Untreated SDB has a bidirectional association with type II diabetes and cardiovascular
disease in nonpregnant adults. SDB has also been associated with gestational diabetes and
hypertensive diseases of pregnancy in recent studies. Developing complications, such as pre-
eclampsia and gestational diabetes, have been shown to increase the future risk of cardio-
vascular disease and type II diabetes among the affected women.
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patients.91 There are no guidelines specifically regarding pregnant women with OSA,
however, they represent a high-risk cohort and should be treated like other presurgical
patients.9

Perioperative risks to gravid women with sleep apnea include a greater risk of diffi-
cult intubation and ventilation. When OSA is comorbid with severe obesity, neuraxial
anesthesia, which is the gold standard anesthetic for cesarean delivery, is technically
difficult. This can increase the need for conversion to general anesthesia.92 A preop-
erative anesthesia consultation for airway assessment and evaluation for placement of
neuraxial anesthesia should occur.
These women are at risk for postoperative respiratory suppression and should have

continuous pulse oximetry monitoring after discharge from the recovery room; contin-
uous oximetry should be maintained as long as patients remain at increased risk.93

Although some institutions have implemented protocols that include monitoring for
a 12- to 24-hour period of time, there are no studies to guide the effectiveness of these
protocols and to determine the optimal duration of that monitoring.89 If frequent or se-
vere airway obstruction or hypoxemia are noted, CPAP or noninvasive positive pres-
sure ventilation in an intensive care unit setting should be strongly considered.93 In a
case series of anesthesia-related maternal deaths in Michigan, half of the anesthesia-
related deaths were determined to be caused by lapses in postoperative monitoring,
either in the postanesthesia care unit or the hospital room.94 Patients should be
encouraged to maintain a 45-degree head elevation and avoid supine position
because this was associated with a decrease in the number of apnea and hypopnea
events in a study of postpartum women.95 Multimodal postoperative analgesia with
nonsteroidal anti-inflammatory agents and acetaminophen is recommended when
possible to decrease the risk of sedation and hypoventilation associated with opioids.
The use of neuraxial morphine in this population because of the theoretic risk of
delayed respiratory depression is controversial.96 Some centers avoid the use of neu-
raxial morphine for postcesarean delivery analgesia in women with morbid obesity and
OSA. Others have argued that the parenteral opioid-sparing effect of a small dose of
neuraxial morphine outweighs the small risk of respiratory depression.97 Transversus
abdominis plane block, local anesthetic wound catheters, and neuraxial techniques
are options to consider for postoperative analgesia when appropriate.98 Sedating
medications, such as antiemetics, antihistamines, anxiolytics, and sleep aids should
be avoided or used sparingly with extreme caution in monitored settings, particularly
when used along with opioids. Standing order for narcotics and basal dosing should
be avoided, and patient-controlled systemic opioids should be used cautiously.
During the postpartum period, all women with a diagnosis or suspicion of OSA dur-

ing pregnancy should be evaluated by a sleep medicine provider to allow for reassess-
ment of OSA severity and overall management/treatment strategy.

SUMMARY

OSA in pregnancy is a common and underrecognized disorder that carries implica-
tions for the mother and the fetus. These women are at a higher risk of pregnancy
and anesthesia-related complications. A lack of effective screening tools and limited
understanding of the dynamic effects of pregnancy on OSA throughout gestation
continue to make diagnosis and management challenging. Increased awareness
with appropriate diagnosis, treatment, and perioperative management could improve
outcomes in these pregnancies, although data on the impact of OSA treatment on
adverse pregnancy outcomes are still needed. Additionally, identifying OSA early in
a woman’s life may positively impact her long-term health. Because pregnancy is
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often the only time many young women seek health care, this may be the best oppor-
tunity for early detection in some at-risk women.
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Maternal Genetic Disorders
in Pregnancy

Sarah Harris, MSa, Neeta L. Vora, MDb,*

INTRODUCTION

As the life expectancy and quality of life improves for individuals with genetic condi-
tions, so does the need for information regarding the management of reproductive
issues. A recent review article addressed pregnancy care in women with some of
the more common genetic conditions, including phenylketonuria, Turner syndrome,
cystic fibrosis, connective tissue disorders, and disorders of fatty oxidation.1 The au-
thors, therefore, focus their review on pregnancy management and outcomes in
women with hereditary hemorrhagic telangiectasia (HHT), tuberous sclerosis complex
(TSC), myotonic dystrophy, and ornithine transcarbamoylase (OTC) deficiency.

HEREDITARY HEMORRHAGIC TELANGIECTASIA

Hereditary Hemorrhagic Telangiectasia (HHT) is an autosomal dominant multisystem dis-
ease leading to the development of multiple arteriovenous malformations (AVMs). AVMs
are abnormally formed vessels that lack capillaries, resulting in a direct connection of an
artery with a vein. HHT is estimated to occur in approximately 1 in 5000 individuals.2
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KEY POINTS

� Multidisciplinary management of pregnancy in women with genetic disorders is
recommended.

� Discussions of maternal and fetal risks associated with pregnancy in women with genetic
disorders, including options for genetic testing, are best completed before conception.

� Continued research of pregnancy outcomes in women with genetic disorders is needed.
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HHT is caused by mutations in genes that encode proteins for the transforming
growth factor-beta (TGF-ß) signaling pathway, which is involved in angiogenesis.3 It
is estimated that 75% of patients who meet the clinical criteria for the diagnosis of
HHT will have an identifiable mutation in one of 3 genes, ACVRL1, ENG, SMAD4.4

Additional genes, includingGDF2, are being investigated for their role in the pathogen-
esis of HHT.5 Molecular genetic testing is available to establish a genetic diagnosis in
clinically suspected cases.
The presentation of HHT is highly variable. Small AVMs, also called telangiectasia,

can be found on the fingers, face, nasal mucosa, lips, tongue, and gastrointestinal mu-
cosa.3 Telangiectasias can range from small, blanchable, pink to red lesions to large,
raised, purple lesions. Because of the abnormal formation of the vessels and the close
proximity to the skin surface, telangiectasias can rupture and bleed.3 The most com-
mon presenting symptom is recurrent episodes of epistaxis, occurring in more than
95% of patients. Large AVMs can also occur within the lungs, liver, or brain. The major
concern with HHT is the risk of spontaneous rupture of a large AVM leading to a cata-
strophic bleed.3

HHT is typically a clinical diagnosis, for which diagnostic criteria have been developed6

(Table 1). Current management guidelines recommend that individuals with HHT un-
dergo screening for vascular malformations at the time of diagnosis, including MRI
with and without contrast for the detection of cerebral AVMs, transthoracic contrast
echocardiography for the detection of pulmonary AVM with follow-up for abnormalities
with unenhanced thoracic computed tomography (CT), and liver ultrasound or abdominal
CT for the detection of liver vascular malformations.7

Pregnancy in Women with Hereditary Hemorrhagic Telangiectasia

Fertility is not typically affected, and no increased risk of miscarriage has been re-
ported in women with HHT.8 Most pregnancies are uneventful. However, pregnancies
in women with HHT should be considered high risk given the possibility of significant
morbidity and mortality associated with the risk of bleeding from AVMs.

Table 1
The Curaçao criteria

Diagnostic criteria for HHT

Definite diagnosis: 3 criteria present
Possible or suspected diagnosis: 2 criteria present
Unlikely: <2 criteria present

Criteria

� Epistaxis Spontaneous, recurrent nose bleeds

� Telangiectasias Multiple, at characteristic sites
� Lips
� Oral cavity
� Fingers
� Nose

� Visceral lesions Gastrointestinal telangiectasias
Pulmonary AVM
Hepatic AVM
Cerebral AVM
Spinal AVM

� Family history First-degree relative with HHT

From Shovlin CL, Guttmacher AE, Buscarini E, et al. Diagnostic criteria for hereditary hemorrhagic
telangiectasia (Rendu-Osler Weber syndrome). Am J Med Genet 2000;91(1):67; with permission.
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An increase in development of new skin and mucosal telangiectasias has been re-
ported in some women. The frequency of episodes of epistaxis may increase during
pregnancy; however, these episodes are not typically associated with significant
complications.9

A significant increase in pregnancy complications has been reported in women with
pulmonary AVMs (PAVMs).10 The abnormal, dilated vessels can create a right-to-left
shunt between the pulmonary arterial and venous systems, which leads to arterial hyp-
oxemia and an increased risk of ischemic and paradoxic embolic events.11 PAVMs
can also rupture leading to massive hemoptysis.
One retrospective series of 161 pregnancies in 47 women reported 6 cases of wors-

ening right-to-left intrapulmonary shunting evident by increased hypoxemia and wors-
ening dyspnea, 2 maternal deaths secondary to PAVM hemorrhage, and 3 strokes.8

A second study including retrospective and prospective data of 484 pregnancies in
199 women reported life-threatening complications in 13 pregnancies, including 6
PAVM hemorrhages, 6 strokes, and 1 myocardial infarction. There were 5 maternal
deaths. A statistically significant improvement in survival for women diagnosed with
HHT or PAVM before pregnancy was noted.12 In a separate study of 244 pregnancies
in 87 women with HHT, 7 complications secondary to PAVMs were reported, including
hemothorax, transient ischemic attack (TIA), myocardial infarction, and myocardial
ischemia. Notably, all of the complications occurred in women who had not had
screening or been treated for PAVMs. Most complications related to PAVMs have
been reported in the second or third trimester, likely due to the increased maternal
blood volume and cardiac output.9

Althoughcerebral AVMs (CAVMs)13 andhepaticAVMs14 aremoreprevalent inwomen
with HHT, the risk of associated pregnancy complications seems to be low with only a
few case reports in the literature.8,12 Women who have had a previous CAMV rupture
may be at increased risk for rebleeding during the second and third trimester of preg-
nancy. Spinal cord AVMs are rare in HHT7; however, some providers are hesitant to
provide local anesthesia during labor given concern for potential spinal involvement.9

Pregnancy Management

Pregnancies in women with HHT should be managed by a multidisciplinary team,
including obstetricians, pulmonologists, neurovascular specialists, anesthesiologists,
and interventional radiologists. Consensus guidelines for the management of pregnant
patients with HHT are not available. Clinical management guidelines based on expert
opinion have been suggested.12 Pregnancy-related risks and management recom-
mendations for women with HHT are outlined in Table 4.
Severe epistaxis can lead to iron-deficient anemia. Conservative management for

epistaxis includes the use of humidifiers and nasal lubricants. Refractory cases may
require additional procedures.7

Recommendations for screening asymptomatic patients during pregnancy vary.
Some experts stress that screening should be completed before conception to opti-
mize outcomes and that asymptomatic patients should not undergo screening during
pregnancy.12 However, as some patients present for the first time during pregnancy, it
may be necessary to offer additional screening. de Gussem and colleagues9 suggest
screening in the early second trimester with arterial blood gas analysis and transtho-
racic contrast echocardiography with follow-up chest CT for abnormal findings. If sig-
nificant pulmonary AVMs are identified on CT, they recommend limited pulmonary
angiography with embolization. Women with small AVMs are followed with arterial
blood gas analysis in the second and third trimester to monitor for worsening hypox-
emia, which would prompt a CT and treatment if indicated.
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Screening for cerebral AVMs with MRI can be considered in the second or third
trimester or delayed until after delivery. Delivery management for women identified
to have a CAVM should be made in consultation with a neurosurgeon. Some experts
argue that spinal AVM should be excluded by MRI.12 However, others suggest MRI
screening should be optional and that local anesthesia should be considered on a
case-by-case basis given the low incidence of spinal AVMs in patients with HHT.9

Risk Assessment and Genetic Counseling

HHT is inherited in an autosomal dominant manner. Therefore, the offspring of an
affected parent have a 1 in 2 (50%) chance of inheriting the condition. HHT is a highly
variable condition, even within families, making it difficult to predict the phenotype
prenatally.7

Prenatal and preimplantation genetic testing are technically feasible if a mutation
has been identified in the family. However, the decision to undergo prenatal genetic
testing is very personal and should be based on each individual patient’s goals. Pa-
tients should be referred for formal genetic counseling to discuss the benefits and lim-
itations of genetic testing.

TUBEROUS SCLEROSIS COMPLEX

Tuberous sclerosis complex (TSC) is an autosomal dominant, highly variable, multi-
system disease involving the skin, brain, kidney, heart, and lungs. The condition is
characterized by the growth of benign lesions that can disrupt normal functions lead-
ing to an increased risk of seizures, arrhythmias, renal failure, and lung disease. TSC
occurs in approximately 1 in 6000 to 1 in 10,00 livebirths.15

Approximately 75% to 90% of patients with TSC will have a mutation in the TSC1 or
TSC2 gene.16 Hamartin and tuberin are the gene products of TSC1 and TSC2, respec-
tively. The two proteins form a heterodimer and control cell growth and proliferation
through inhibition of the mammalian target of rapamycin (mTOR) pathway.17 Muta-
tions in the TSC2 gene tend to be associated with a more severe phenotype, including
younger age at presentation, seizures, and intellectual disability.18

Given the highly variable nature of this disease, diagnosis can be challenging. Diag-
nostic criteria have been developed based on genetic testing and the presence of ma-
jor or minor criteria6 (Table 2). TSC demonstrates age-dependent manifestations. In
infancy and childhood, individuals are more likely to present with cardiac rhabdomyo-
mas, brain hamartomas, and seizures. Characteristic skin lesions and TSC-associated
neuropsychiatric disorders, including autism spectrum disorders, intellectual disabil-
ities, psychiatric disorders, and neuropsychological deficits, may present throughout
patients’ lifetime. However, renal manifestations, such as angiomyolipomas, and
the lung disease, lymphangioleiomyomatosis (LAM), are more likely to present in
adulthood.15

mTOR inhibitors are a new oral medication that have been shown to reduce the
growth of TSC-associated lesions. They are now considered the first-line therapy
for asymptomatic angiomyolipomas measuring greater than 3 cm in diameter and
can be used in patients with LAM who have moderate to severe lung disease.19

Pregnancy in Women with Tuberous Sclerosis Complex

Patients with TSC with a high disease burden, including those with significant TSC-
associated neuropsychiatric disorders, may not reproduce. However, the phenotypic
spectrum of TSC varies and can also present with milder features that are less life
limiting. There are case reports of women diagnosed with TSC only after the birth of
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affected children.20 Current publications of pregnancy in women with TSC are limited
to case reports and literature reviews.
King and Stamilio20 completed a systematic review of TSC in pregnancy. They iden-

tified 23 pregnancies in 17 women with TSC. Complications were noted in 10 out of
23 (43%) pregnancies, including preeclampsia, oligohydramnios, polyhydramnios, in-
trauterine growth restriction, hemorrhage from ruptured angiomyolipomas, premature
rupture of membranes, renal failure, placental abruption, and perinatal demise. Peri-
natal complications were found in all five of the women who had TSC-associated renal
disease. No maternal deaths were reported. The authors concluded that pregnancies
in women with TSC are at high risk for adverse outcomes.
Angiomyolipomas and LAM are 2 findings in TSC that can be associated with

adverse outcomes in pregnancy. Angiomyolipomas are benign mesothelial tumors
made up of mature adipose tissue, blood vessels, and smooth muscle cells that are
observed in 80% of TSC patients.16 They are typically asymptomatic, but can present
with abdominal pain, hypotension, and shock secondary to rupture. It has been sug-
gested that there is an increased risk of rupture during pregnancy.21 LAM is a rare
cystic lung disease that affects up to 80% of women with TSC.22 It is characterized
by smooth muscle cells infiltrating and destroying normal lung tissue. Patients typically
present with dyspnea on exertion and multiple pneumothoraces.16 It has been sug-
gested that LAMmayworsen during pregnancy secondary to the effects of estrogen.23

Fetuses affected with TSC are also at an increased risk for complications. Cardiac
rhabdomyomas can be a presenting feature in TSC and may be diagnosed prenatally.

Table 2
Diagnostic criteria for tuberous sclerosis complex

Genetic diagnostic criteria
Identification of a pathogenic mutation in TSC1 or TSC2 is sufficient to make a definitive
diagnosis of TSC

Clinical diagnostic criteria
Definite diagnosis: 2 major features or 1 major feature with >2 minor features
Possible diagnosis: either 1 major feature or �2 minor features

Major features � Hypomelanotic macules (�3, at least 5-mm diameter)
� Angiofibromas (�3) or fibrous cephalic plaque
� Ungual fibromas (�2)
� Shagreen patch
� Multiple retinal hamartomas
� Cortical dysplasias
� Subependymal nodules
� Subependymal giant cell astrocytoma
� Cardiac rhabdomyoma
� Lymphangioleiomyomatosis
� Angiomyolipomas (�2)

Minor features � Confetti skin lesions
� Dental enamel pits (>3)
� Intraoral fibromas (�2)
� Retinal achromic patch
� Multiple renal cysts
� Nonrenal hamartomas

Adapted from Northrup H, Krueger DA, International Tuberous Sclerosis Complex Consensus
Group. Tuberous sclerosis complex diagnostic criteria update: recommendations of the 2012 inter-
national tuberous sclerosis complex consensus conference. Pediatr Neurol 2013;49(4):244; with
permission.
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Although many rhabdomyomas will regress postnatally, they are associated with fetal
dysrhythmias and the development of hydrops. In one case series of 37 cases of fetal
cardiac rhabdomyomas associated with TSC, there were 6 cases of perinatal demise
that were all preceded by in utero hydrops.20

Pregnancy Management

Consensus guidelines of the management of individuals with TSC do not provide guid-
ance for pregnancy management.19 Pregnancy management should include a multi-
disciplinary team given the multisystem nature of TSC and may include obstetrics,
nephrology, neurology, pulmonology, intervention radiology, and anesthesiology.
Pregnancy-related risks and management recommendations for women with TSC
are outlined in Table 4.
In individuals with TSC, angiomyolipomas should be monitored every 1 to 3 years

by MRI and renal function and blood pressure should be checked annually.19 There
are no specific recommendations for screening for angiomyolipomas during preg-
nancy. A ruptured angiomyolipoma should be high on the differential for pregnant
women with TSC who present with acute-onset abdominal pain, hypotension, or
shock. The first-line treatment of hemorrhaging angiomyolipoma is embolization
followed by corticosteroids.19 Referral to nephrology should be made if renal
dysfunction is noted. Continued follow-up with nephrology postpartum is indicated,
as patients with renal lesions associated with TSC are at risk of developing renal
failure.
TSC management guidelines do not make recommendations on screening for LAM

during pregnancy; however, it is recommended that asymptomatic patients have
screening with high-resolution CT (HRCT) every 5 to 10 years.19 Pregnant women
who present with worsening dyspnea or recurrent pneumothoraces may need further
evaluation, imaging, and referral to a pulmonologist.
Medications used to treat TSC may not be safe in pregnancy. mTOR inhibitors are a

relatively new class of medication, so teratogenic effects are not well established.
There are case reports of normal fetal outcomes, but the number of pregnancies limit
the ability to generalize these results.24 Certain antiepileptic medications are known to
be associated with an increased risk for congenital anomalies, including open neural
tube defects and cardiac anomalies.25 Reviewing all medications before conception or
early in pregnancy is recommended.
Targeted anatomic survey and fetal echocardiogram is warranted to evaluate for

cardiac rhabdomyoma, which would be diagnostic of fetal TSC. Fetuses diagnosed
with cardiac rhabdomyoma should have increased surveillance given the increased
risk for the development of hydrops.26 Weekly ultrasounds to screen for hydrops
can be considered after a diagnosis of a fetal cardiac rhabdomyoma. The optimal
gestational age to begin screening for hydrops depends on the family’s wishes for
intervention and resuscitation. Fetal MRI can be considered to further evaluate for
brain lesions. Fetuses identified to have significant brain findings may be at an
increased risk of seizures and intellectual disability. Prenatal consultation with a pedi-
atric neurologist can be considered for a discussion of prognosis.

Risk Assessment and Genetic Counseling

Approximately 66% of cases of TSC result from a de novo mutation; of those that are
inherited, TSC demonstrates an autosomal dominant pattern of inheritance.15 Women
with TSC have a 50% (1 in 2) chance of passing on the condition to their offspring.
Preimplantation genetic diagnosis and prenatal diagnosis with chorionic villus sam-

pling (CVS) or amniocentesis is available if the mutation has been detected in the
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family. As discussed previously, imaging studies can also evaluate for features sug-
gestive of TSC in the fetus. Fetal cardiac rhabdomyoma is diagnostic for fetal TSC
in an at-risk pregnancy. Patients should be referred to genetic counseling to review
the available testing options.

MYOTONIC DYSTROPHY

Myotonic dystrophy is an autosomal dominant multisystem neuromuscular disorder
associated with slowly progressive muscle weakness and myotonia, or sustained
muscle contractions. There are 2 types of myotonic dystrophy, myotonic dystrophy
type 1 (DM1) and myotonic dystrophy type 2 (DM2). For this review, the authors focus
on DM1, as it is the most common form of muscular dystrophy affecting pregnant
women.27 It is estimated that DM1 has a prevalence of between 3 and 10 per
100,000 live births.28

DM1 is a triplet repeat disorder caused by expansion of CTG repeats in the 30 un-
translated region of the DMPK gene. The diagnosis of DM1 is based on the finding
of repeat length greater than 50 CTGs. Genotype-phenotype correlations have been
established with larger repeat lengths associated with an earlier age of onset and a
more severe clinical presentation (Table 3).29 DM1 also demonstrates anticipation,
with more significant clinical disease in successive generations due to expansion of
CTG repeats. The most severe presentation, congenital myotonic dystrophy, is almost
exclusively due to a maternally inherited repeat expansion.30

The clinical features of DM1 are variable and described along a continuum of
3 major types based on repeat length (see Table 3): mild, classic, and congenital.29

Patients with mild DM1 typically have cataracts and mild myotonia with a normal
life span. Patients with classic DM1 have cataracts, muscle weakness, myotonia,
and cardiac conduction abnormalities. This type can be associated with physical
limitations and a shortened life span. Congenital DM1, the most severe presenta-
tion, is characterized by severe generalized weakness, hypotonia, and respiratory
insufficiency at birth. It is also associated with intellectual disability and early
death.31

Table 3
Genotype-phenotype correlations in myotonic dystrophy type 1

Phenotype Clinical Featuresa CTG Repeat Length

Normal (unaffected) None 5–34

Premutation None 35–49

Mild Cataracts
Mild myotonia

50–150

Classic Weakness
Myotonia
Cataracts
Cardiac arrhythmia

100–1000

Congenital Infantile hypotonia
Respiratory difficulties
Intellectual disability

>1000

a There is significant overlap of phenotypes and CTG repeats, making predictions of age of onset
and severity for individual patients challenging.

Data from The International Myotonic Dystrophy Consortium (IDMC). New nomenclature and
DNA testing guidelines for myotonic dystrophy type 1 (DM1). Neurology 2000;54(6):1218–1221.
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Pregnancy in Women with Myotonic Dystrophy Type 1

Pregnancies in women with DM1 are considered to be high risk. Women with classic
DM1 are more likely to have pregnancy complications than women with mild dis-
ease.32 Available information regarding pregnancy outcomes is limited to small retro-
spective case series and literature reviews.
Two case series of women with DM1 reported that rates of miscarriage were not

increased over the background population risk.32,33 A registry-based study reported
a higher rate of miscarriages (32.0% vs 16.9%) in women with DM1 as well as
increased use of assistive reproductive technology, as compared with the general
population.34 Ectopic pregnancies were increased in one case series, which may
represent impaired tube mobility.32

An increased rate of severe urinary tract infections during pregnancy has been
noted, with rates between 9%33 and 13%32 of pregnancies. Some experts have hy-
pothesized that this may be secondary to subtle pelvic floor muscle weakness in
women with DM1.35

Polyhydramnios has been reported with a frequency of 10% to 20% but is exclu-
sively seen in pregnancies affected by congenital myotonic dystrophy secondary to
impaired fetal swallowing. Higher rates of stillbirth and neonatal deaths32 are also
attributed to fetuses affected with congenital myotonic dystrophy.
Uterine muscle abnormities have been suggested as a cause of pregnancy com-

plications in women with DM1. An increased risk for placenta previa and abnormal
vaginal bleeding has been noted, with a 10-fold increase more than the general
population.32,33 Prolonged labor due to uterine dysfunction and maternal weakness
has been implicated as the reason for an increased rate of cesarean deliveries,
instrumental deliveries, and nonvertex presentations. Increased rates of post-
partum hemorrhage due to uterine atony or abnormal placentation have also
been reported.32,33

Preterm birth, defined as delivery before 37 weeks’ gestation, is more common in
women with DM1 with rates reported at 34%,32 36.7%,33 and 31%34 compared
with the baseline US population risk of 10%. Rudnik-Schöneborn and Zerres32 re-
ported that 15% to 20% of pregnancies delivered before 34 weeks’ gestation, late
preterm deliveries (34–37 weeks’ gestation) occurred in about one-third of births,
and only about half reached full term (after 37 weeks’ gestation).
Johnson and colleagues34 conducted a registry-based study to investigate the

impact of pregnancy on women with myotonic dystrophy. Women with DM1 reported
a significant increase in the impact of mobility limitations, activity limitations, pain,
emotional issues, and myotonia from before pregnancy to after pregnancy. Although
these results may suggest that pregnancy may lead to disease progression, this study
relied on retrospective data and there was selection bias based on a low response rate
of women with DM1 recruited through patient registries.

Pregnancy Management

The European Neuromuscular Center published recommendations for the manage-
ment of pregnancy in women with neuromuscular disorders, including DM1.36 They
stress the importance of a multidisciplinary approach to the care of these women,
which should include providers in obstetrics, neurology, anesthesiology, and genetics.
Pregnancy-related risks and management recommendations for women with DM1 are
outlined in Table 4.
Women with DM1 should plan to receive prenatal care and deliver at tertiary care

centers given the increased risk for abnormal placentation, labor abnormalities, and
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Table 4
Risks and management recommendations for specific genetic disorders

Genetic
Condition Pregnancy-Related Risks Management Recommendations

HHT � Increased episodes of epistaxis
� Development of new skin and

mucosa telangiectasias
� Increased risk of hemorrhage from

pulmonary AVMs

Recommendations based on expert
opinion9,12

� PAVMs
� Preconception screening with

chest CT and treatment if
indicated

� Consider screening during
pregnancy, if no previous
screening completed

� Educate patients on concerning
signs or symptoms, including
hemoptysis and sudden, severe
dyspnea

� Cerebral AVM
� Cerebral MRI for women with

family history of cerebral
hemorrhage or symptoms

� No asymptomatic screening
during pregnancy

� Spinal AVM
� Consider spinal MRI to exclude

spinal AMV
� Delivery

� Provide prophylactic antibiotics
� Avoid prolonged second-stage

labor when cerebral AVM has not
been excluded

� Genetic counseling

TSC � Rupture and hemorrhage from
renal angiomyolipomas

� Dyspnea from
lymphangioleiomyomatosis

� Increased risk of preeclampsia
� Teratogenic effects from commonly

used medications
� Fetal complications: preterm

delivery, fetal growth restriction,
preterm premature rupture of
membranes

Recommendations based on expert
opinion20

� Referral to nephrologist if renal
dysfunction noted

� Referral to pulmonologist if
worsening dyspnea or multiple
pneumothoraces present

� Review all medications for
teratogenicity

� Targeted ultrasound, fetal
echocardiogram for evaluation of
cardiac rhabdomyoma

� Consider fetal MRI
� Consider increased antenatal

surveillance if concern for fetal TSC
� Genetic counseling

Myotonic
dystrophy

� Abnormal uterine muscle function
leading to
� Increased risk of placenta previa,

intrauterine and postpartum
hemorrhage

� Increased rate of cesarean deliv-
eries and instrumental deliveries

Recommendations based on expert
opinion32,36

� Prenatal care and delivery at
tertiary care center

� Ultrasound to assess placental
location

� Consultation with anesthesiology

(continued on next page)
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complicated urinary tract infections. Additionally, some women with DM1 may have
some associated cognitive delays that may limit their ability to understand risks, so
close medical guidance is important.32

DM1 is associated with an increased risk for conduction disorders and arrhythmias,
although the risk seems to be higher in men. A 2012 meta-analysis assessing the car-
diac risks in patients with DM1 reported the risk for sudden cardiac death to be 0.56%
per year.37 Given this risk, echocardiogram and electrocardiogram screening may be
warranted in pregnancy.32

Consultation with anesthesia is warranted for patients with significant muscle weak-
ness to allow thoughtful planning for anesthetic needs during labor and delivery. Pa-
tients with DM1 may be at an increased risk for aspiration, excessive response to
anesthetics, and increased myotonia with certain anesthetic agents.38

Risk Assessment and Genetic Counseling

DM1 is inherited in an autosomal dominant pattern. Offspring of affected individuals
have a 50% (1 in 2) chance of inheriting the abnormal gene. An expanded DMPK
gene has the potential to expand further during gametogenesis, resulting in children
with earlier onset and more severe disease.39 As noted previously, maternal transmis-
sion of the expansion of repeats may lead to congenital myotonic dystrophy. Cobo
and colleagues40 reported that the risk of congenital myotonic dystrophy increased
with repeat length. Women with a CTG repeat less than 300 had a 10% risk of having

Table 4
(continued )

Genetic
Condition Pregnancy-Related Risks Management Recommendations

� Increased rate of preterm delivery
� Higher rate of complicated urinary

tract infections
� Anesthesia complications
� Fetal complications: congenital DM,

polyhydramnios, decreased fetal
movement

� Regular maternal electrocardio-
gram screening, consider
echocardiogram

� Routine antenatal testing with
increased surveillance if
polyhydramnios is noted

� Delivery
� Cesarean delivery for routine

obstetric indications
� Genetic counseling

OTC
deficiency

Increased risk for hyperammonemic
episode in postpartum period

Recommendations based on expert
opinion46,52

� Baseline ammonia and plasmas
amino acid levels

� Referral to metabolic dietician to
assure adequate oral intake

� Maintenance fluids with 10%
dextrose to avoid catabolism during
labor and delivery

� Monitor ammonia levels every 6 h
during hospital course

� Initiate therapy when ammonia
levels are 1.5–2.0 times normal

� Monitoring postpartum patients for
72 h with close follow-up as
outpatient

� Genetic counseling
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a child with congenital myotonic dystrophy, whereas women with CTG repeat greater
than 300 had a 59% risk for having an affected child.
Genetic testing for DM1 can be completed with prenatal genetic testing of the

DMPK gene through CVS or amniocentesis. Preimplantation genetic testing is also
an option for patients. Women with DM1 should be referred for genetic counseling
to review the risks and testing options. Polyhydramnios and reduced fetal movement
is suggestive of a diagnosis of congenital DM1 in an at-risk pregnancy.

ORNITHINE TRANSCARBAMOYLASE DEFICIENCY

Ornithine transcarbamylase deficiency (OTC) deficiency is an X-linked urea cycle dis-
order, a group of disorders caused by enzyme deficiencies that prevent the appro-
priate conversion of waste nitrogen to urea, leading to accumulation of toxic
ammonia. In the most severe cases, urea cycle disorders present as encephalopathy
and coma secondary to hyperammonemia.41 OTC deficiency is the most common of
the urea cycle disorders and is caused by a deficiency of the enzyme OTC (Fig. 1).
Recent estimates suggest the overall birth prevalence for urea cycle disorders in the

Fig. 1. OTC deficiency: a urea cycle disorder. The urea cycle is themetabolic pathway responsible
for detoxification of excess and waste nitrogen. With each turn of the cycle, 2 nitrogen atoms
are converted to urea, which can be safely excreted by the kidneys. Deficiency of the OTC
enzyme, which catalyzes the production of citrulline from ornithine and carbamyl phosphate,
prevents the formation of urea and leads to an accumulation of ammonium (NH4). Systemic
alkalosis converts NH4 to the more toxic form, ammonia (NH3). High levels of NH3 are toxic to
the brain and lead to the symptoms seen in OTC deficiency, including confusion, brain edema,
and coma. ARG, arginase; ASL, argininosuccinate lyase; ASS, argininosuccinate synthase; CPSI,
carbamoyl-phosphate synthase 1; HCO3, bicarbonate.
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United States is 1 in 35,000 and for OTC deficiencies the birth prevalence was esti-
mated at 1 in 63,000 live births.41

OTC deficiency is caused by mutations in the OTC gene, which is located on the
X-chromosome. Severe OTC deficiency typically affects boys who present within
the first week of life with hyperammonemic coma. Milder symptoms or later age of
presentation can also be seen in boys with partial enzyme activity.42 Presenting symp-
toms can include nausea, vomiting, lethargy, confusion, ataxia, seizure, coma, and ce-
rebral edema.
The phenotype of carrier females is highly variable, ranging from asymptomatic to

neurologic compromise secondary to hyperammonemia. It has been hypothesized
that the degree of symptoms is related to the level of skewed X-inactivation within
the liver.43 Catabolic states, which lead to an increase breakdown of protein and nitro-
gen release, cause elevated levels of ammonia. Various triggers have been implicated
for hyperammonemic episodes in female carriers of OTC deficiency, including infec-
tion, surgery, trauma, decreased oral intake, and high protein intake. Symptomatic
female carriers are typically treated with low-protein diets with amino acid supplemen-
tations in addition to sodium benzoate to assist with nitrogen excretion.

Pregnancy in Female Carriers of Ornithine Transcarbamoylase Deficiency

Most female carriers of OTC deficiency have uneventful pregnancies. However, they are
at risk of hyperammonemic episodes during times of catabolic stress, including labor and
delivery and the postpartum period. Data regarding pregnancies in women with OTC
deficiency are limited to single case reports, small case series, and literature reviews.
Most studies suggest that the period associated with the highest risk for acute

decompensation is between postpartum day 3 and 14.44–46 Although the exact cause
of postpartum hyperammonemia is not well understood, it is hypothesized that it may
be secondary to increased protein catabolism that occurs with involution of the
uterus.46 Arn and colleagues45 first reported adverse outcomes in women with
OTC deficiency. Their case series included 2 known OTC carriers and one previously
healthy woman who all developed hyperammonemic comas between postpartum
days 3 and 8. Two of the women died secondary to cerebral edema. Many of the orig-
inal case series are likely biased toward adverse outcomes.
Pregnancy is thought to be protective against the effects of hyperammonemic ep-

isodes secondary to the increased nitrogen needs of the placenta and fetus.44 How-
ever, there have been case reports of hyperammonemic crisis in pregnancy.
Schimanski and colleagues47 reported the case of a previously healthy woman who
presented with confusion and hyperemesis gravidarum at 14 weeks’ gestation. Given
concerns for malnutrition, she was treated with total parenteral nutrition (TPN) and
3 days later developed signs of encephalopathy and coma and subsequently died.
The investigators conclude that the high protein load from TPN triggered the hyperam-
monemic episode. Lipskind and colleagues48 reported the case of a known OTC
carrier who was treated with corticosteroids for presumed preterm labor and subse-
quently became unresponsive and was found to be hyperammonemic. The investiga-
tors speculated that the corticosteroids in addition to low oral intake triggered an
endogenous breakdown of protein, leading to hyperammonemia. The patient was
treated with benzoate and a protein-restricted diet and her condition improved.
Maestri and colleagues49 reported on a series of 175 women from 89 families with a

family history of OTC deficiency. In their cohort, they identified 76 female carriers of
OTC deficiency. Female carriers were more likely to report protein-restricted diets.
Four women reported a personal history of coma, none of which occurred during the
peripartum period. Among the 76 carriers, there were 260 pregnancies reported with
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no significant differences in fertility, number of miscarriages, or complications in preg-
nancies compared with the noncarrier women. However, limited data are presented
about pregnancy outcomes. The investigators concluded that hyperammonemic en-
cephalopathy is an uncommon finding in asymptomatic carriers of OTC deficiency
but stressed the importance of educating women of this potential complication during
times of physiologic stress.
Langendonk and colleagues50 reported on a series of pregnancies in women with

inborn errors of metabolism, including one full-term pregnancy in a woman with known
OTC deficiency. The patient was treated with a protein-restricted diet with amino acid
supplementation, sodiumbenzoate6gdaily, citrulline5gdaily, calcium500mgdaily, folic
acid 1 mg daily, and vitamin B6 100 mg daily and low-molecular-weight heparin. She
reportedly had several episodes of elevated ammonia levels without significant clinical
sequelae during pregnancy, triggered by a respiratory tract infection and nonadherence
to her protein-restricted diet and amino acid supplementation. Her supplements were
adjusted and her ammonia levels stabilized. She had mild hyperammonemia on post-
partum day 1 and 3 and a sudden increase in ammonia at postpartum day 11, which
was associatedwith agitation. Shewas treatedwith sodiumbenzoate andprotein restric-
tion and made a complete recovery. Additional case reports of women with known OTC
deficiencycarrier status have shown favorable outcomeswhenammonia levels aremoni-
tored, allowing for early treatment and avoidance of a hyperammonemic coma.44,46,51

These cases highlight the importance of a well-established management plan.

Pregnancy Management

Guidelines for the management of pregnancy in female carriers are based on expert
opinion. Pregnancies in female carriers of OTC deficiency should be managed by a
multidisciplinary team, including obstetricians, geneticists, metabolic dieticians, and
anesthesiologists. Pregnancy-related risks and management recommendations for
women with OTC deficiency are outlined in Table 4.
Patients should have serum ammonia levels and plasma amino acids drawn at the

time of routine prenatal laboratory tests. Women should also be counseled on the
importance of adequate nutrition to avoid increased catabolism.46 Women who
have significant nausea and vomiting or infections leading to decreased oral intake
may require more regular monitoring of ammonia levels.
Women with OTC deficiency tend to be on protein-restricted diets, which can in-

crease the risk of fetal growth restriction. Formal evaluation by a metabolic dietician
is warranted for women who have a challenge meeting appropriate oral intake goals.52

Increased antenatal surveillance is warranted if fetal growth restriction is identified.
The use of maintenance fluids, specifically 10% dextrose, has been recommended

during labor and delivery given the increased energy demands.52 Some experts
recommend checking plasma ammonium levels every 6 hours during the hospital
course, with increased frequency if levels are abnormal.46

Therapy should be initiated when ammonium levels are 1.5 to 2.0 times greater
than normal and should be completed in consultation with an expert in urea cycle
disorders. Mendez-Figueroa and colleagues46 recommend oral sodium benzoate at
5 g/m2/d divided in 3 doses. Intravenous (IV) sodium phenyl-acetate and sodium ben-
zoate at 5.5 g/m2/d with IV arginine at 3.5 g/m2/d in 24 hours should be initiated if
patients are not tolerating oral intake or if ammonia levels are rapidly increasing. He-
modialysis may be required if the ammonia levels do not decrease or rapidly increase
to greater than 250 mg/dL.
Women should be monitored in the hospital for at least 72 hours after delivery, and

close follow-up in an outpatient metabolic clinic should be recommended.
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Risk Assessment for Offspring and Potential Prenatal Testing Options

OTC deficiency is inherited in an X-linked manner. A female carrier has a 50% (1 in 2)
risk of passing the mutated gene to her offspring. Male children who inherit the muta-
tion will be affected, whereas female children may develop symptoms or may remain
asymptomatic. Affected male infants with severe OTC deficiency appear normal at
birth but present within the first days of life with lethargy leading to a hyperammonemic
coma. Surviving infants are at an increased risk for developmental delays and
often require liver transplantation.41 Individuals with partial OTC deficiency, which
can include males and females, may present with hyperammonemic episodes from in-
fancy to adulthood.53

Preimplantation genetic diagnosis or prenatal genetic testing through CVS or
amniocentesis are available when the mutation has been identified in the family.
Women should be referred for genetic counseling to review available testing options.

SUMMARY

Improvements in medical care for women with genetic disorders has led to an
increased number of women reaching reproductive age. Preconception counseling
regarding pregnancy-associated risks and genetic testing options should be made
available to all women with genetic disorders.
Outcomes of pregnancies in rare genetic conditions are mainly limited to case re-

ports, small case series, and literature reviews. Although these publications provide
valuable information to obstetricians caring for women with genetic disorders, addi-
tional research is needed to better characterize pregnancy outcomes. Patient regis-
tries and continued publications of cases are needed to allow for the development
of pregnancy management guidelines.
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Maternal Congenital Heart
Disease in Pregnancy

Megan E. Foeller, MDa,*, Timothy M. Foeller, MDb, Maurice Druzin, MDa

INTRODUCTION

Maternal cardiac disease is present in 1% of the pregnant population,1 most of
which originates from congenital heart disease.2 Global advances in recognizing
and surgically correcting congenital heart disease has resulted in more women living
to childbearing ages and the option to pursue future fertility. Despite these ad-
vances, pregnancy is often complicated in this population because of the profound
physiologic hemodynamic changes associated with pregnancy. Cardiovascular dis-
ease has recently been identified as a leading cause of maternal mortality in the
United States, although this increase is not primarily related to congenital cardiac
disease.3 Pregnancies complicated by cardiac conditions of any cause require co-
ordinated, multidisciplinary care to achieve optimal outcomes. This approach should
begin in the preconception period.

MATERNAL PHYSIOLOGIC CHANGES IN PREGNANCY

Normal physiologic alterations in pregnancy often result in significant hemodynamic
changes to the cardiovascular system. By 24 weeks of pregnancy, maternal blood
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KEY POINTS

� Most maternal heart diseases in pregnancy result from congenital heart disease.

� Pregnancy is contraindicated in certain cardiac conditions, such as dilated aortopathy,
severe aortic stenosis, primary pulmonary hypertension, and severe mitral stenosis.

� Pregnancy can be safely accomplished in most individuals with careful risk assessment
before conception and multidisciplinary care throughout pregnancy and the postpartum
period.
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volume often increases by 40% and is accompanied by marked maternal systemic
vasodilation.2 In response to these profound changes, heart size expands by 30%,
heart rate increases, and cardiac output increases by nearly 50%.2

Delivery poses a particularly challenging situation, as systolic and diastolic blood
pressure increases; cardiac output may increase by 25% during active labor
and 50% during the second stage with pushing.2 Immediately post partum, an
auto-transfusion of about 500 mL from the uterus into the systemic circulation
occurs, resulting in an incremental increase in cardiac output following delivery of
the placenta.1,2

These physiologic stressors are typically well tolerated by most women; however,
they can pose a serious challenge for women with cardiac disorders and limited ability
to adapt to significant hemodynamic changes.

GENERAL CONSIDERATIONS
Maternal Risk and Risk Stratification

Although most women with structural heart disease will tolerate pregnancy without
major complications, this population remains at high risk for maternal, fetal, and
neonatal adverse outcomes.4 Complications tend to be lower for women with congen-
ital heart disease when compared with acquired heart disease,5 and as many as 25%
of patients require hospitalization during pregnancy.6 The most common cardiac
events during pregnancy include atrial arrhythmia, heart failure, and ventricular
arrhythmia.2 The International Registry of Heart Disease in Pregnancy (ROPAC),
with data on structural and ischemic heart disease, found a high rate of maternal heart
failure, most often occurring around 31 weeks’ gestation.7 Cardiac-related medica-
tions were used in 32% of women in this registry, most commonly beta-blockers.8 Pa-
tients with prior cardiac surgery, New York Heart Association (NYHA) classes I and II,
and those on no medication tended to experience more favorable outcomes.9

Multiple classification and risk prediction models have been applied to maternal car-
diac disease to aid clinicians in counseling and clinical management. The Cardiac Dis-
ease in Pregnancy (CARPREG) study prospectively enrolled 562 pregnant women with
congenital or acquired cardiac disease and created a maternal cardiac risk index
based on the history of arrhythmia, prior cardiac event, baseline NYHA functional
class, cyanosis, and systemic heart obstruction.10 The NYHA and World Health Orga-
nization (WHO) created 2 commonly used scoring systems in pregnancy. The NYHA
risk classification system is based on functional status (Table 1), and the WHO
risk classification integrates maternal cardiac risk factors with underlying cardiac dis-
ease (Table 2). Advancing WHO class has been clearly associated with increased
maternal and fetal adverse outcomes.9 In an analysis of the ROPAC database,

Table 1
New York Heart Association classification system

NYHA Class Functional Status Pregnancy Risk Factor

I Asymptomatic Expect favorable outcome

II Symptoms with greater than normal activity Expect favorable outcome

III Symptoms with normal activity Pregnancy not advised

IV Symptoms at rest Pregnancy not advised

Data from Simpson LL. Maternal cardiac disease: update for the clinician. Obstet Gynecol
2012;119(2 Pt 1):346.
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Pijuan-Domènech and colleagues5 found that the modified version of the WHO clas-
sification was the best predictor of cardiac complications in pregnancies compared
with other risk prediction models. Independent risk factors for adverse outcomes
included ejection fraction of less than 40%11 and an abnormal exercise stress
test.12 Certain structural heart conditions are associated with an unacceptably high
risk of maternal mortality; therefore, pregnancy is contraindicated. These conditions
include the following:

� Pulmonary arterial hypertension
� Marfan syndrome with aortic root measuring greater than 45 mm
� Bicuspid valve with aortic root measuring greater than 50 mm
� Severe mitral stenosis
� Severe symptomatic aortic stenosis

Table 2
World Health Organization pregnancy risk

Risk Class Maternal Congenital Cardiac Condition
Risk of Maternal
Morbidity

Risk of Maternal
Mortality

I � Mild/uncomplicated pulmonary
stenosis, PDA, mitral valve prolapse

� Repaired ASD, VSD, PDA, anomalous
pulmonary venous drainage

� Isolated ectopic beats

None to small
morbidity

None

II � Repaired TOF
� Most arrhythmias
� Unrepaired ASD/VSD

Moderate
morbidity

Small increase

II/III � Mild left ventricular impairment
� Hypertrophic cardiomyopathy
� Marfan syndrome without aortic

dilation
� Aorta <45 mm (bicuspid aortic valve)
� Repaired coarctation

— —

III � Mechanical valve
� Systemic right ventricle
� Fontan circulation
� Unrepaired cyanotic heart disease
� Aortic dilation 40–45 mm (Marfan)
� Aortic dilation 45–50 mm (bicuspid

aortic valve)

Severe morbidity Significant
increase

IV � Pulmonary arterial hypertension
� LVEF<30%, NYHA III–IV
� History of PPCM with residual

impairment
� Severe mitral stenosis or aortic

stenosis
� Aortic dilation >45 mm (Marfan)
� Aortic dilation >50 mm (bicuspid

aortic valve)
� Native severe coarctation

Severe morbidity,
pregnancy
contraindicated

Extreme increase,
pregnancy
contraindicated

Abbreviations: ASD, atrial septal defect; LVEF, left ventricular ejection fraction; PDA, patent ductus
arteriosus; PPCM, peripartum cardiomyopathy; TOF, tetralogy of Fallot; VSD, ventricular septal defect.

Adapted from Thorne S, MacGregor A, Nelson-Piercy C. Risks of contraception and pregnancy in
heart disease. Heart 2006;92(10):1521; with permission.
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� Severe systemic ventricular dysfunction (left ventricular ejection fraction <30%,
NYHA III–IV)13

Fetal and Neonatal Risk

Fetal and neonatal outcomes are closely correlated with the severity of the maternal
congenital cardiac disease. Studies have demonstrated increased early pregnancy
loss rates and intrauterine growth restriction during pregnancy.6,14,15 Predictors of
adverse neonatal outcomes include NYHA class greater than II, maternal cyanosis
and left heart obstruction, and anticoagulant use.11 Neonatal complication rates are
estimated to be twice the general population, and as many as 25% of women will
deliver small-for-gestational age neonates.16

Women with heart disease experience higher rates of preterm delivery, often as a
result of medical indications.16 Individualization of care and choice of route of delivery
should be followed for each patient.2

Preconception Counseling and Management

Specific management recommendations often depend on the maternal cardiac struc-
tural anomaly and related complications, but general principles of management may
guide care and optimize pregnancy outcomes.17,18 Ideally, preconception consulta-
tion and coordinated multidisciplinary care to evaluate maternal status should be
undertaken in all women for risk stratification and pregnancy planning. Unfortunately,
this is often not possible, as 45% of all pregnancies in women with congenital cardiac
disease are unplanned.19

Genetic counseling is of particular importance, as maternal congenital cardiac in-
creases the risk of congenital heart disease in the offspring by 4% (if no chromosomal
abnormality identified) to 50% based on the lesion and inheritance pattern.20,21 The
highest rates of transmission occur in autosomal dominant conditions, such as Marfan
syndrome, Loeys-Dietz, and vascular Ehlers-Danlos.22

A thorough evaluation of maternal hemodynamic status should be performed for risk
stratification. Most often, this evaluation includes echocardiogram, electrocardio-
gram, and exercise stress testing, with consideration for MRI and cardiac catheteriza-
tion. Corrective surgery, if performed before conception, can often dramatically
improve outcomes during pregnancy and may be recommended in certain clinical
scenarios.

Antepartum Care

A coordinated multidisciplinary team consisting of cardiology, maternal fetal medicine,
anesthesia, and neonatology is recommended in the management of maternal cardiac
disease during pregnancy. Frequency of visits and monitoring of maternal cardiac sta-
tus should be individualized, but close follow-up is recommended.17,18

The risk of thrombotic events in women with structural heart disease is 2%,
compared with a 0.1% baseline risk.4 Anticoagulation may be considered in certain
individuals, especially those with mechanical heart valves, certain arrhythmias, and
pulmonary hypertension.1 A collaborative effort involving cardiology and hematology
is helpful in guiding management decisions related to anticoagulation initiation, ther-
apeutic approaches, and intrapartum and postpartum management.
Given the increased risk of adverse fetal and neonatal risks in this population,6,14–16

antepartum evaluation and serial growth ultrasounds are recommended. Because
structural heart disease is often associated with genetic conditions and carries an
increased risk of inheritance to offspring,11 genetic counseling, targeted fetal anatomy
scans, and fetal echocardiograms should be performed.
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Intrapartum Care

The intrapartum and immediate postpartum time period poses the highest risk for
women with cardiac disease secondary to profound hemodynamic changes and fluid
shifts. Intrapartum care needs to be individualized but may range from standard obstet-
ric care to invasive hemodynamic monitoring, telemetry, anticoagulation, endocarditis
prophylaxis, and intensivecareunit admission.Thesedecisionsshouldbemade inclose
collaboration with cardiology, maternal-fetal medicine, anesthesia, and any other rele-
vant specialty.General principles formanypatients includeanearly epidural andashort-
ened second stage. Cesarean delivery should be reserved for obstetric indications, with
some exceptions.17,18 Important exceptions in which primary cesarean delivery is
preferred include pulmonary hypertension,23 Marfan syndrome with aortic diameter
greater than45mm,andbicuspidaortic valvewith aorticdiameter greater than50mm.22

There are few indications for endocarditis prophylaxis for congenital heart disease
during labor that are recommended by the American Heart Association24 and the
American College of Obstetrics and Gynecology.25 These indications include pros-
thetic cardiac valves, prosthetic material used for cardiac valve repair, and cyanotic
congenital heart disease. Typically, treatment includes ampicillin, cefazolin, ceftriax-
one, or clindamycin administered 30 to 60 minutes before delivery.25

SPECIFIC CARDIAC CONDITIONS
Thoracic Aortic Disease

There are multiple thoracic aortic diseases that can be impacted by pregnancy,
including Marfan syndrome, Ehlers-Danlos, Loeys-Dietz, Turner syndrome, bicuspid
aortic valve, and coarctation of the aorta. Studies have shown that, even in healthy in-
dividuals, pregnancy may predispose women to aortic weakening and dissection.26,27

Increased susceptibility to aortic dissection during pregnancy in certain individuals
may stem from physiologic structural changes to the aortic wall structure,26 physio-
logic increases in aortic diameter,27 and increased vascular stress. Importantly, preg-
nancy increases the rate of aortic dissection by 100-fold from 6 per 100,000 (general
population) to 0.6%.28

In general, pregnancy is contraindicated in women with Marfan syndrome and an
aortic root diameter greater than 45 mm, prior aortic dissection, and Ehlers-Danlos
affecting the vascular system.22 Optimal management of gravid women with thoracic
aortic disease includes prepregnancy MRI of the aorta, consideration of aortic repair
if dilatation is present, initiation of beta-blocker therapy, and discontinuation of
angiotensin-receptor blocker therapy.22

Most thoracic aortic conditions during pregnancy warrant serial ultrasound surveil-
lance of the ascending aorta and consideration of full aorta imaging if dilatation is pre-
sent. In the rare event of a type A aortic dissection (dissection into ascending aorta),
immediate cardiac surgery is needed with consideration of cesarean delivery based
on gestational age. In contrast, type B dissections (dissection not into ascending
aorta) are treated medically with close imaging surveillance. Cesarean delivery is rec-
ommended in patients with Marfan syndrome with an aortic diameter greater than
45 mm and bicuspid aortic diameter greater than 50 mm.22 Early epidural anesthesia,
consideration of assisted second stage, and left lateral decubitus positioning in be-
tween contractions is usually recommended for attempted vaginal delivery.22

Marfan Syndrome

Marfan syndrome is an autosomal dominant connective tissue disorder found
in approximately 1 in 3000 individuals. The most significant risk during pregnancy is
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aortic dissection, which seems to be related to the diameter of the aorta. In women
with aortic dilatation measuring 45 to 49 mm, the rate of dissection was 0.3% and
1.3% in 50 to 54 mm.22 Risk of aortic dissection, aortic rupture, or other serious car-
diac complications increased with aortic root dilation (greater than 40–45 mm in diam-
eter), increasing aortic size,29 and valvular disease. It is difficult to quantify the exact
risk of cardiac complications with aortic root dilation or increasing aortic size, and ce-
sarean delivery should be considered in the highest-risk individuals.2 The American
Heart Association recommends that women with aortic roots measuring greater
than 40 mm in diameter should consider replacement of the aortic root before preg-
nancy, but the residual aorta remains at risk for dissection.2 Mortality rates following
aortic dissection are as high as 30% for mothers and up to 50% for the fetus.22

Aortic Coarctation

Aortic coarctation is found in approximately 4% to 6% of congenital cardiac anoma-
lies and can be associated with aortic dilatation, bicuspid aortic valve, and aortic
stenosis.30 Typically, coarctation repair is recommended early in life or at the time
of diagnosis in order to prevent systemic hypertension31; thus, most pregnant women
will have a repaired coarctation. Signs of significant aortic coarctation include hyper-
tension isolated to the upper body or decreased femoral pulses.30

In women with repaired coarctation, pregnancy is generally well tolerated and
considered WHO risk class II.2 However, chronic hypertension and hypertensive dis-
eases of pregnancy are increased, especially in women with hemodynamically signif-
icant coarctation.32 In women with unrepaired coarctation, there is an increased risk
for aortic aneurysm and aortic rupture.32 Intervention to alleviate the obstruction dur-
ing pregnancy may be recommended in those with unrepaired lesions and poorly
controlled blood pressure, but this decision should be individualized. In a retrospec-
tive study of 126 pregnancies complicated by maternal coarctation, 5 individuals
experienced a 15 mm Hg or greater gradient increase during pregnancy and one
required postpartum surgical intervention.33

Recurrence risk for offspring with maternal aortic coarctation has been estimated to
be as high as 10%.34

Tetralogy of Fallot

Tetralogy of Fallot (TOF) is the most common cyanotic heart condition and is respon-
sible for an estimated 5% of congenital heart disease.35 TOF refers to a tetrad of fea-
tures, including the following:

� Right ventricular outflow obstruction
� Ventricular septal defect
� Overriding aorta
� Right ventricular hypertrophy

Although unrepaired TOF was historically associated with a 44% mortality risk
within the first year of life,36 modern medicine now allows for increasing rates of recog-
nition during the fetal period and typically surgical repair within 6 months of life.35

Pregnancy is generally well tolerated in women with repaired TOF and is considered
WHO risk class II to III, depending on the individual.2,6 In a large series of women
with corrected TOF, complications from arrhythmias occurred in 19% of patients,
with a subsequent risk for right heart failure.37 Studies demonstrate that this risk
may be related to residual disease, including valvular regurgitation and right ventricu-
lar outflow tract obstruction.35 Because right-sided heart failure may be increased
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with severe pulmonary regurgitation,37 preconception valve revision should be
considered.35

Management during pregnancy should be tailored to the individual. In most patients
with repaired TOF, cardiology visits every trimester is sufficient. However, some orga-
nizations recommend monthly maternal echocardiograms in cases of residual dis-
ease, such as severe pulmonary regurgitation.2 For most patients, vaginal delivery
is recommended.37

Although TOF is most commonly sporadic in nature, the recurrence risk for congen-
ital heart disease is estimated to be 2%37 compared with a baseline risk of 0.08%. It is
recommended that women with TOF and other conotruncal lesions be screened for
22q116 mutations, as microdeletions of 22q11 underlie 15% to 20% of congenital car-
diac anomalies involving the aortic arch and ventricular outflow tracts.38

Transposition of the Great Arteries

Transposition of the great arteries (TGA) involves a cardiac configuration in which the
aorta inserts into the right ventricle and the pulmonary artery inserts into the left
ventricle. The more common configuration of TGA is the dextra type (d-TGA), which
can result in cyanosis.17 In patients with d-TGA, a connection between the two sepa-
rate circuits in the form of a ventricular septal defect (VSD) or patent ductus arteriosus
(PDA) needs to be present to be compatible with life.1 The more rare form of TGA, levo
type is congenitally corrected and, therefore, not associated with cyanosis.17

Most adults will have undergone corrective surgery early in life, most commonly via
an arterial switch operation. This procedure restores normal physiologic connections
for the aorta and pulmonary artery, and is associated with low rates of stenosis at sur-
gical sites, pulmonary or aortic regurgitation, and aortic root dilation.17 Tobler and col-
leagues39 found that after an atrial switch operation, the adult complication rate was
up to 11% and reduced exercise capacity occurred in 82% of individuals. Patients
who underwent corrective surgery via an atrial baffle procedure (typically before
1980) had a long-term risk of systemic right ventricle failure and tricuspid regurgita-
tion.17 Those treated with a Rastelli operation often required surgical revisions into
adulthood and were at risk for obstruction of the outflow tracts from the heart, arrhyth-
mias, aortic dilation, and aortic regurgitation.17

Most women with repaired TGA tolerate pregnancy fairly well if they have undergone
corrective surgery and lack complications or residual disease.17 This condition is
considered WHO class III.2 However, increasing evidence suggests an increased
risk for long-term dysfunction after pregnancy.2 Unlike other congenital cardiac con-
ditions, TGA is not associated with genetic abnormalities and seems sporadic in
nature.20

Fontan Circulation

The Fontan procedure is a common palliative procedure for individuals with single
ventricle hearts.17 Additionally, the Fontan procedure can be performed for tricuspid
and pulmonary atresia, unbalanced atrioventricular canal defects, and double inlet
left ventricle. The procedure is complex in nature and uses central venous pressure
and intrathoracic pressure to allow systemic venous blood to directly enter the pulmo-
nary artery.1,17 Therefore, complications are common (including arrhythmia and
increased risk of thrombosis); one study demonstrated a 76% survival at 25 years after
the procedure.40 Hypoplastic left heart was one of the major risk factors for heart
failure.40

Pregnancies in mothers with a Fontan circuit in place are typically considered high
risk with aWHO risk class of III to IV.2 Indications to avoid pregnancy includemoderate
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to severe aortic valve regurgitation, decreased oxygen saturation levels, impaired ven-
tricular function, and moderate to severe valvular regurgitation.2

Gouton and colleagues41 studied maternal and fetal outcomes in 37 patients and
59 pregnancies complicated by Fontan circulation. In this study, 10% of patients
experienced cardiac events of which atrial arrhythmia was most common. In a review
of the literature, Drenthen and colleagues4 noted a 16% risk of cardiac arrhythmia and
4% risk of heart failure associated with maternal Fontal circulation. Because of an
increased rate of thromboembolic complications in adults with Fontan circulation,42

consideration of anticoagulation during pregnancy and post partum should be made.2

Obstetric complications are markedly increased in this population, with a prematu-
rity rate up to 69%.41 In most cases, vaginal delivery is the preferred mode of delivery
in the absence of significant ventricular dysfunction.2 Although data are limited, there
is an estimated 5% risk of recurrent cardiac anomalies in offspring.41

Atrial Septal Defects

Atrial septal defect (ASD) accounts for 10% of congenital heart defects and has a fe-
male preponderonce.17,43 The hemodynamic changes from an ASD is due to the left
atrial to right atrial shunt created by the defect. This shunt initially increases right atrial
pressures due to increased blood volume shunting to the right atrium; however, it can
eventually cause right atrial dilation and pulmonary hypertension.17 Rarely, the pulmo-
nary hypertension (PH) leads to increased right atrial pressures that can cause a
reversal of this shunt called Eisenmenger syndrome, with a high maternal mortality
rate.44

Most patients will initially have few to no symptoms until later in life. When symp-
toms initially occur, they can include exercise intolerance, shortness of breath, and fa-
tigue. Occasionally, right atrial dilation can cause atrial fibrillation or flutter. Rarely, a
transient ischemic event or paradoxic embolus can occur through the ASD.43 Echo-
cardiogram with bubble study can diagnose ASDs and provide information on the
size and direction of the shunt.45

In nonpregnant individuals, treatment is offered when there are any symptoms or
signs of right atrial dilation or other hemodynamic pathology on echocardiogram.17

Althoughmedical therapy is sometimes used, surgical management is significantly su-
perior and is composed of open or endovascular closure.46 Contraindications to
closure of ASD include a lack of hemodynamic significance (no symptoms or signs
of right atrial dysfunction), severe pulmonary hypertension, and severe left ventricular
dysfunction. If none of the aforementioned contraindications to closure exist, closure
of the ASD before pregnancy is recommended.43

In the event of an unplanned pregnancy or discovery of the ASD during pregnancy,
which often occurs because of the accentuated pulmonary flowmurmur, management
is more variable. If PH or ventricular dysfunction exist, patients should be counseled
on the significant risks to the mother and fetus, including maternal mortality, and early
termination of the pregnancy should be recommended.17,43 If the mother chooses to
continue the pregnancy, referral to a tertiary care setting is recommended. Closure of
the ASD can be performed, if necessary, via echocardiographic-guided percutaneous
endovascular catheter-directed closure.43 This procedure, however, is only recom-
mended in the setting of worsening symptoms and worsening hemodynamics on
echocardiogram.2

Pregnancy is generally well tolerated in women with an ASD in the absence of PH or
ventricular dysfunction.47 The most common significant complication is thromboem-
bolic disease, specifically paradoxic emboli, which has been noted in up to 5% of
pregnancies complicated by ASD.4 The recommended management is aimed to
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prevent embolic phenomena and consists of heparin prophylaxis when immobilized,
early ambulation following delivery, and the use of compression stockings.2

Pregnancy-related complications typically occur in women with unrepaired ASDs
and include increased risk for preeclampsia and small-for-gestational age neonates.47

Yap and colleagues47 did not find an increased risk of preeclampsia, growth restric-
tion, or fetal mortality in women with repaired ASD. For most patients, spontaneous
vaginal delivery is appropriate care and cesarean delivery should be reserved for
obstetric indications.
The risk of inheritance with maternal ASD to offspring is as high as 10%17 in spo-

radic cases; but because of commonly associated genetic conditions associated
with ASD, genetic counseling and a thorough investigation into family history should
be performed.17

Atrioventricular Septal Defect (Endocardial Cushion Defect)

An atrioventricular septal defect (AVSD) is a congenital defect in the endocardial
cushion with direct communication between all 4 chambers of the heart.17 This defect
occurs in 1 in 2130 births and is substantially increased in individuals with Down syn-
drome.48 Although it is almost invariably identified in infancy or early childhood and
surgically repaired, residual complications often include ASD, atrioventricular valvular
insufficiency including stenosis and regurgitation, arrhythmias, and congestive heart
failure.4 The most significant comorbidity associated with this defect is persistent
regurgitation through the atrioventricular valves. In a retrospective study of 116 indi-
viduals, 68% of patients had at least mild mitral valve regurgitation, 3% developed
moderate to severe mitral stenosis, and 8% required additional operations within
2 years for mitral valve regurgitation or stenosis.49

In pregnancy, the maternal risk is generally low in those who have undergone sur-
gical correction and lack persistent severe mitral valve regurgitation, mitral stenosis,
or residual ASD.17 AVSD is commonly seen in individuals with Down syndrome and
may have up to a 50% risk of transmission to offspring.17

Ventricular Septal Defect

VSD is the most common cardiac malformation in neonates.17 Although many
will close spontaneously by adulthood, it remains one of the most frequent forms of
congenital heart defects encountered in pregnancy. Most women with a history of iso-
lated VSD with successful closure have pregnancies that are well tolerated.17,47 How-
ever, VSDs with hemodynamically significant left to right shunts that are accompanied
by pulmonary hypertension17 are associated with unacceptably high maternal risks
during pregnancy, and termination of pregnancy should be recommended.13 All indi-
viduals with repaired or unrepaired VSDs should undergo prepregnancy evaluation
and, in select cases, consider VSD closure before pregnancy.2

In a study of 202 pregnancies of mothers with VSDs, preeclampsia was significantly
increased in women with VSDs, especially unrepaired VSDs.50 Recurrence of congen-
ital heart disease in offspring was present in 2% of the indviduals.50

Patent Ductus Arteriosus

PDA is a common congenital heart defect with an incidence of 1 in 2000 births,
comprising 5% to 10% of all congenital heart disease.51 The ductus arteriosus, which
connects the aorta to the main pulmonary artery, can cause a physiologic left to right
shunt when patent and unrepaired.17 The significance of the shunt varies from patient
to patient. Large and uncorrected PDAs can lead to Eisenmenger syndrome
over time.17 Treatment of PDA in nonpregnant individuals can include medical therapy
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targeted at afterload reduction, diuresis, and digoxin therapy. However, definitive
treatment of a hemodynamically significant or symptomatic PDA is surgical or endo-
vascular closure.17,51

There is very little maternal or neonatal risk in pregnancy with closed PDAs and in
individuals with mild asymptomatic shunts. However, clinical decisions on whether
or not to close moderate to severe shunts need to be made in conjunction with
cardiology.6

Pulmonary Stenosis and Regurgitation

The incidence of congenital pulmonic stenosis is 729 per 1 million births and accounts
for 10% to 12% of congenital heart defects.30 The condition is defined as a pulmonary
valvular gradient greater than 25 mm Hg.52 Pulmonic valve stenosis is generally
treated with balloon valvotomy if it is associated with exertional dyspnea, angina, syn-
cope, presyncope, or a right ventricle to pulmonary artery pressure greater than
30 mm Hg catheterization in symptomatic individuals.53

Pregnancy-related complications are more frequent in women with pulmonary
stenosis and regurgitation. In a review of 81 cases of maternal congenital pulmonic
stenosis, Drenthen and colleagues4 identified 14.6% with hypertension-related disor-
ders, 3.7% with thromboembolic events, and 16.0% with preterm birth. Cardiac com-
plications included temporary worsening of congestive heart failure in 2 of 81 studied
pregnancies.4

In pregnancy, referral to a cardiologist for evaluation is recommended. If treatment
is indicated (generally for NYHA classification of III-IV or other symptomatic valvular
disease) percutaneous balloon valvotomy/valvuloplasty can be performed.53 Vaginal
delivery is generally preferred in individuals without severe pulmonic stenosis. If pul-
monic stenosis or regurgitation is associated with significant heart failure (NYHA class
III–IV), a cesarean delivery may be indicated.2

Pulmonary Hypertension

PH is a condition in which pulmonary vascular resistance increases and is defined as a
mean pulmonary artery pressure greater than 30 mm Hg with exertion or 25 mm Hg or
greater at rest.17 PH is categorized into different WHO classes based on the underlying
cause, which range from idiopathic PH to congenital heart disease and thromboem-
bolic disease.17 In nonpregnant individuals, Lowe and colleagues54 found a 5.8%
prevalence of PH in adults with congenital heart disease.
Numerous cardiac structural defects have been identified as risk factors for PH,

including complex cardiac anatomy (such as TGA and single ventricle systems), pul-
monary vein stenosis, and unrepaired large left to right shunts (such as ASD
and VSD).17 A systematic review by Bédard and colleagues55 identified isolated
ASD and VSD as the most common lesions associated with congenital heart
disease–associated PH (CHD-PH) in pregnancy through a pathologic mechanism
termed Eisenmenger physiology.
Eisenmenger physiology occurs when individuals with preexisting left to right shunts

(such as unrepaired truncus arteriosus, VSD, ASD, and PDA) experience shunt
reversal due to increased pulmonary vascular resistance. This physiology can lead
to life-threatening complications, including chronic hypoxemia, erythrocytosis, car-
diac ischemia, and pulmonary ventricular failure.17

PH remains associated with a prohibitively high risk of maternal mortality despite
recent therapeutic advances. In a systematic review of women with PH from congen-
ital heart disease, advanced therapy has contributed to decreasing the maternal mor-
tality rate to 28%55 from historical rates of 50%.56 Although decreasing, PH continues
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to pose an unacceptably high risk of maternal death. It is considered WHO class IV
and pregnancy is contraindicated.2 Bédard and colleagues55 identified severe heart
failure as the inciting cause of death among most women who died, and most deaths
occurred within 4 weeks of delivery. Other common complications in this cohort
included bleeding/transfusion (38%), pulmonary hypertensive crisis (7%), and pulmo-
nary thromboembolism (14%).55

Comprehensive multidisciplinary counseling is of utmost importance for pregnant
women with PH. Pregnancy termination should be recommended, given the maternal,
fetal, and neonatal risk. For individuals who continue their pregnancies, close multidis-
ciplinary care should be undertaken with PH specialists, cardiologists, maternal-fetal
medicine specialists, and anesthesiologists.
Advanced therapies should be considered in women with CHD-PH who present

during pregnancy, as this may improve outcomes in certain individuals. In a study
by Bédard and colleagues,55 more than 50% of women were treated with advanced
therapy during the pregnancy, most commonly nitric oxide, prostacyclin analogues,
sildenafil, and calcium channel blockers. Management considerations for pregnancy
should include anticoagulation, discontinuation of endothelin receptor antagonists
(teratogenic to humans), and treatment with phosphodiesterase type 5 inhibitors
and prostacyclins.57

Some experts recommend scheduled cesarean delivery with neuraxial anesthesia
at 34 weeks’ gestation,23,57 although the optimal delivery mode and timing remains
controversial. General anesthesia should be avoided if possible, as one study indi-
cated that it was associated with a 4-fold increase in maternal death in patients
with CHD-PH.58

Obstetric complications are common in pregnancies complicated by maternal
CHD-PH. In a study of 28 mothers with CHD-PH, Ladouceur and colleagues58 noted
an increased risk of postpartum hemorrhage (often related to anticoagulation) and
small-for-gestational age neonates. In this study, more than 75% of deliveries were
premature (often indicated), with a mean gestational age of 33 weeks.

SUMMARY

Clinicians are caring for an ever-increasing number of mothers with structural heart dis-
ease because of advances in the recognition and surgical management of congenital
malformations. Pregnancy outcomes are generally favorable in mothers with mild dis-
ease; however, preconception consultation and risk assessment is of utmost importance,
as pregnancymay pose an unacceptably high risk of maternal mortality and related com-
plications in certain individuals. Further, preconception consultation allows providers the
opportunity to recognize and surgically correct maternal cardiac disease in some individ-
uals, thereby drastically improving pregnancy outcomes. Overall, thoughtful multidisci-
plinary management and close follow-up can optimize outcomes for the mother and
child and lead to successful and healthy pregnancies in most individuals.
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New Insights in Peripartum
Cardiomyopathy

Meredith O. Cruz, MD, MPH, MBAa,*, Joan Briller, MDb,c, Judith U. Hibbard, MDa

INTRODUCTION

Peripartum cardiomyopathy (PPCM), or heart failure (HF) associated with pregnancy,
was first described in 1937.1 The syndrome was poorly defined until 1971 when spe-
cifically noted as occurring in the peripartum period.2 Hibbard and colleagues3

included echocardiographic (ECHO) criteria for PPCM in 1999, stressing reduced
ejection fraction (EF <45%) toward the end of pregnancy or in the months postpartum
in women without structural heart disease,4 although some women may present
earlier.5 Incidence, 1:1000 to 1:4000 live births in the United States,6 varies by
geographic location7,8 and has been increasing in the United States.9–12 PPCM is a
leading cause of maternal mortality.13–17 Long-term consequences include chronic
HF and transplantation. Recent advances based on animal models, registries, and ge-
netic/biomarker testing have shed light on pathways promising more specific diag-
nosis, improved risk stratification, and targets for specific therapy.
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KEY POINTS

� Specific diagnostic criteria should be used to diagnose peripartum cardiomyopathy
(PPCM), but this is a diagnosis of exclusion.

� Although rare, PPCM is a leading cause of maternal mortality.

� Significant advances have been made in understanding PPCM pathophysiology, espe-
cially hormonal and genetic mechanisms.

� Long-term and recurrent pregnancy prognosis depends on recovery of cardiac function.
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PROPOSED PATHOGENIC MECHANISMS

Investigation of the pathophysiology of PPCM is limited by its rare incidence and lack
of specific diagnostic markers. Postulated mechanisms include hemodynamic stress
of pregnancy, viral myocarditis, fetal microchimerism, and malnutrition.18

The theory that PPCM results from idiopathic dilated cardiomyopathy (DCM) precip-
itated by the hemodynamic stress of pregnancy is limited by the fact that hemody-
namic changes reach near maximum by the end of the second or early third
trimester before peak PPCM incidence.19 Similarly, although myocarditis was pro-
posed as an important mediator, the prevalence of abnormal endomyocardial biopsy
specimens has varied widely and is not clearly different from controls.20,21

An autoimmune hypothesis developed from evidence that hematopoietic cells intro-
duced into maternal circulation due to pregnancy-related immunosuppression are
attracted to cardiac tissue, later recognized as non-self, leading to a pathologic
response.22 However, migration of multipotential fetal stem cells may mitigate injury.23

Malnutrition (eg, selenium deficiency) could magnify PPCM development in some
populations but has not been described widely.24 Other associations include pro-
longed tocolysis, although b-mimetic tocolysis has diminished.25 Novel proposed as-
sociations include anemia, asthma, and substance abuse,26 but these may provoke
HF through different mechanisms.

Hormonal/Vascular Derangements

Current research focuses on hormonal shifts occurring peripartum coinciding with the
peak incidence of PPCM.6 Both prolactin and soluble FMs-like tyrosine kinase-1
(sFlt1) have been implicated in PPCM pathogenesis.27,28 An imbalance in angiogenic
factors appears to promote PPCM.
Antiangiogenic fragments of prolactin derived from pituitary gland can result in car-

diac apoptosis, vascular dropout, and systolic dysfunction.28 Hilfiker-Kleiner and col-
leagues27 noted that female mice with cardiomyocyte-specific deletion of the STAT3
gene developed PPCM. The role of STAT3 is cardioprotective, upregulating antioxi-
dant enzymes such as manganese superoxide dismutase (MnSOD). In the absence
of STAT3, cathepsin D cleaves prolactin into a 16-kDa fragment, which promotes
apoptosis with subsequent left ventricular (LV) dysfunction. The 16-kDa fragments
induce endothelial cells to package microRNAs into lipid-encapsulated particles,
which suppress the neuregulin/ErbB pathway, required for cardiomyocyte function
and viability.29 Treatment with bromocriptine, inhibiting prolactin production, rescued
the mice, thus preventing PPCM.27 Biopsy tissue from PPCM patients undergoing
transplant showed lower levels of STAT3 activity, and 16-kDa fragments were
detected in serum of patients with PPCM.27

In a second model, mice lacking proliferator-activated receptor-gamma coactiva-
tor-1a (PGC1-a) developed PPCM.28 PGC1-a, a transcriptional coactivator that drives
mitochondrial biogenesis, is highly expressed in the heart, upregulates MnSOD, and
regulates angiogenic factors, including vascular endothelial growth factor (VEGF).30

Absence of PGC1-a leads to reduced antioxidant activity and increased reactive ox-
ygen species with cleavage of prolactin into the 16-kDa fragment.28 Treatment with
VEGF in this model improves outcomes, but treatment with both VEGF and bromo-
criptine is required for complete rescue. In this model, 2 pathways lead to PPCM.28

Late pregnancy is associated with an antiangiogenic environment due to placental
secretion of factors such as sFlt1.28 The heart secretes local VEGF, but this is insuffi-
cient to prevent development of PPCM. In this model, administration of sFlt1 is suffi-
cient to cause cardiomyopathy outside of pregnancy.28 Placental secretion of sFlt1 is
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markedly increased in preeclampsia31 and twin gestation,32 which may explain corre-
lation with these conditions and PPCM presentation times. SFlt1 levels are elevated in
PPCM33 and in the Investigations of Pregnancy-Associated Cardiomyopathy (IPAC)
registry correlated with adverse outcomes.34

The vasculohormonal model is shown in Fig. 1.6 Continued understanding of the
pathogenic pathways should spur development of treatment-specific modalities.

Genetics

Several studies have found familial clustering of PPCM.35–37 The TTN gene encodes
the largest human protein, titin, and is involved in structural, developmental, mechan-
ical, and regulatory functions of cardiac muscle.38 TTNmutations are found in patients
with DCM.38 Ware and colleagues39 recently sequenced DNA from 43 genes in 172
women with PPCM, including 83 from the IPAC cohort. Fifteen percent had truncating
variants, many in the TTN gene, significantly higher than a reference cohort but similar
to a DCM cohort. Moreover, the presence of a TTN gene truncation correlated with
lower EF at 1-year follow-up.39

Other genetic changes may contribute to development of PPCM. A genome-wide
association study in 41 women with PPCM discovered a single nucleotide polymor-
phism near a parathyroid hormone–related gene locus linked to calcium transfer in
the placenta and uterus.40 The guanine nucleotide–binding protein b3 C825T is

Fig. 1. Vasculo-hormonal hypothesis of the pathophysiology of PPCM. anti-mir, antibody
to miRNA146a; CathD, cathepsinD; ERBB4, avian erythroblastic leukemia viral oncogene
homolog 4; miRNA, microRNA; PRL, prolactin; ROS, reactive oxygen species; STAT3, signal
transducer and activator of transcription 3. (From Arany Z, Elkayam U. Peripartum cardio-
myopathy. Circulation 2016;133(14):1404; with permission.)
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associated with cardiac remodeling and documented to have an increased prevalence
in African Americans (AAs) in the IPAC cohort, and moreover, associated with reduced
recovery at long-term follow-up.41 Such findings support genetic foundations to
PPCM in addition to a vasculotoxic milieu.

Risk Factors

Several risk factors are implicated in development of PPCM, including older age, the
majority�30 years old.9,10,42 PPCM is significantly more prevalent in women of African
descent, almost 50% in the United States in AAs.9,12 Multiple gestations have an
increased likelihood of PPCM, with 9% prevalence of twins in one meta-analysis.43

PPCM also occurs more often in women with higher gravidity and parity.5,44 Hyperten-
sive disorders of pregnancy are strongly associated, and a recent meta-analysis of
979 cases of PPCM found preeclampsia prevalence to be 22% and gestational hyper-
tension to be 37%.43

Diagnosis

HF is a syndrome resulting from impaired ventricular ejection and filling. Symptoms
include dyspnea and fatigue, fluid retention, edema, and impaired exercise tolerance.
Thorough history and physical examination are required to address contributing
disorders and potential causes. History of underlying hypertension, diabetes, dyslipi-
demia, coronary, rheumatic, or valvular heart disease, prior chemotherapy or medias-
tinal radiation, sleep disorders, alcohol or drug use, collagen vascular disease,
sexually transmitted diseases, thyroid disease, arrhythmias, and family history of car-
diomyopathy or sudden death should be obtained, and functional status should be
assessed. Physical examination often reveals tachycardia, elevated jugular venous
pressure, pulmonary rales, and peripheral edema. Laboratory assessment should
include complete blood count, urinalysis, electrolytes, fasting glucose, hemoglobin
A1c, lipid profile, liver function tests, thyroid-stimulating hormone, and HIV status.
Measurement of natriuretic peptides (BNP and NT pro-BNP), seen with LV volume
and pressure overload, and cardiac troponins can be helpful assessing volume status
and risk stratification, but are not PPCM specific.45,46

Twelve-lead electrocardiogram, chest radiograph, and transthoracic with Doppler
should be performed to assess ventricular and valvular function. Cardiac magnetic
resonance (CMR) imaging can provide additional assessment of morphology and
help predict adverse outcomes based on extent of late gadolinium enhancement.45,46

Prevalence of abnormal CMR findings in PPCM has been highly variable; a PPCM-
specific pattern has not been described.47,48 Coronary arteriography or noninvasive
imaging for myocardial ischemia should be considered for women at risk of coronary
disease.45 Endomyocardial biopsy is not performed routinely, although may be used
to confirm some other causes (eg, giant cell myocarditis).45,46

PPCM remains a diagnosis of exclusion (Box 1). Recognition is challenging because
HF symptoms can mimic symptoms of pregnancy,49 but paroxysmal nocturnal dys-
pnea, chest pain, nocturnal cough, new regurgitant murmurs, pulmonary crackles,
elevated jugular venous pressure, or hepatomegaly should prompt further evaluation.
Demonstrating LV dysfunction is integral to the diagnosis.3

Management of Heart Failure in Pregnancy

Therapy is directed at improving symptoms, slowing progression of LV dysfunction,
and improving survival (Box 2). Generally, HF guideline-directed medical therapy
(GDMT) recommendations should be followed with modifications based on pregnancy
and/or breastfeeding status. Interventions should be selected with known benefit.45,46
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Goals include fluid management, afterload reduction, b-blockade, treatment of hyper-
tension, and consideration of aldosterone antagonists, anticoagulation, and sudden
death prevention. Cardiac rehabilitation is recommended once stable.45 Advanced
HF interventions should be addressed in the absence of improvement.45 Novel thera-
peutic modalities have been used in some circumstances.46 Medical management of
PPCM should occur in conjunction with a cardiologist versant in the use of cardiac
drugs during pregnancy. Indications and cautions for agents are shown in Table 1.
Fluid management is achieved by restricting fluid and dietary salt intake in combi-

nation with diuretics. Diuretics are indicated for volume overload because they
improve pulmonary and peripheral edema.45 However, caution needs to be exercised
to avoid overdiuresis during pregnancy with reduced fetal blood flow.50 The authors

Box 1

Clinical criteria for the diagnosis of peripartum cardiomyopathy

� Cardiac failure in the last month of pregnancy or within a few months postpartum

� Absence of another identifiable cause

� Absence of underlying structural heart disease

� LV systolic dysfunction by echocardiographic data:
1. EF less than 45%
2. M-mode fractional shortening less than 30% or both
3. LV end-diastolic dimension greater than 2.7 cm/m2

Data from Refs.4–6,95

Box 2

Recommended therapy for peripartum cardiomyopathy

� Goals
� Treat hypertension
� Fluid restriction
� Dietary salt restriction
� Routine exercise postpartum if stable

� Drugs for routine use
� Diuretics
� b-Blockers
� Vasodilators

� Therapies in selected patients
� Aldosterone antagonists
� Digoxin
� Anticoagulation
� Implantable defibrillators
� Biventricular pacing
� Inotropes
� LVAD/cardiac transplantation

Data from Yancy CW, JessupM, Bozkurt B, et al. 2013 ACCF/AHA guideline for themanagement
of heart failure: executive summary: a report of the American College of Cardiology Founda-
tion/American Heart Association Task Force on Practice Guidelines. Circulation
2013;128(16):1810–52; and Bozkurt B, Colvin M, Cook J, et al. Current diagnostic and treatment
strategies for specific dilated cardiomyopathies: a scientific statement from the American Heart
Association. Circulation 2016;134(23):e579–646.
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Table 1
Common medications in the treatment of peripartum cardiomyopathy

Medication Indication Drug Effect

Precautions

Maternal Fetal

Diuretics
FurosemideL3 (1st line)
ThiazidesL2 (2nd line)

Volume overload or fluid
retention

Y Preload
Decreased lung congestion

and edema
Improved symptoms and

exercise tolerance

Electrolyte abnormalities
Fluid depletion
Hypotension
Azotemia

Decreased placental perfusion
Neonatal hyponatremia or

hyperuricemia
Compatible with normal

development if electrolytes
balanced

ACEIsa

LisinoprilL3

EnalaprilL2

CaptoprilL2

Nonpregnant state LV
dysfunction

All classes HF

Y Preload & afterload
Mortality benefit
Morbidity benefit
Reduced hospitalization

Electrolyte abnormalities
Hypotension
Cough
Angioedema
Worsening renal function

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

ARBSa

ValsartanL3

LosartanL3

Sacubitrilb,58/valsartan

Intolerance to ACEIs
LV dysfunction
All classes HF

Y Preload & afterload
Mortality benefit
Morbidity benefit
Reduced hospitalization

Similar to ACEIs Similar to ACEIs

b-Blockers
MetoprololL2

CarvedilolL3

BisoprololL3

LV dysfunction unless
contraindicated

Improves myocardial
contractility by Y
sympathetic tone

Reduces mortality

Avoid initiation or increased
dose in decompensated HF

Peripheral vasodilators
HydralazineL2

NitratesL4

First-line vasodilator in
pregnancy or when ACE and
ARBS are contraindicated;
additional intervention
postpartum in selected
patients

Y Preload & afterload
Mortality benefit
Morbidity benefit especially in

AAs

Hypotension
Tolerance w/long-term nitrate
therapy

Headache with nitrates
Lupuslike reaction with
hydralazine

Bradycardia, hypoglycemia,
growth restriction

C
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Aldosterone antagonists
SpironolactoneL2

EplerenoneL3

LV dysfunction
NYHA class II–IV on b-blocker/

ACE
Creatinine Clearance >30 mL/

min and K1 <5 mEq/dL

Mortality benefit
Mortality benefit
Morbidity benefit

Little data in pregnancy
Hyperkalemia
Worsening renal function

Little data in humans
Femininizaton of male rat

fetuses

Selective sinus node
inhibitor
Ivabradineb,58

Symptomatic chronic HF with
reduced EF <35%

Sinus rhythm and HR >70 bpm
on maximal b-blocker

Reduced composite
hospitalization and death

Bradycardia
Visual side effects
Hypotension
Atrial fibrillation
Should not be used in
decompensated HF

Embryofetal toxicity and
cardiac teratogenic effects in
animal studies. Should not
be used in pregnancy

Calcium channel blocker
AmlodipineL3

FelodipineL3

Blood pressure control Peripheral vasodilation Peripheral edema
Hypotension

Inotropes
DigoxinL2

Persistent symptoms despite
therapy

Experience during pregnancy

[ Myocontractility Arrhythmias
Gastrointestinal symptoms
Narrow therapeutic index

Dopaminec,L2

Dobutaminec,L2

Milrinonec,L4

Palliation with refractory HF Arrhythmias
Hypotension with dobutamine
and milrinone

Dr Hale’s Lactation Risk Category: L1-Compatible: Drug that has been taken by a large number of breastfeeding mothers without any observed increase in adverse
effects in the infant. Controlled studies in breastfeeding women fail to demonstrate 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-Probably Compatible: Drug that has been studied in a limited number of breastfeeding women
without an increase in adverse effects in the infant, and/or the evidence of a demonstrated risk that is likely to follow use of this medication in a breastfeeding
woman is remote. L3-Probably Compatible: There are no controlled studies in breastfeeding women; however, the risk of untoward effects to a breastfed infant is
possible, or controlled studies show only minimal nonthreatening adverse effects. Drugs should be given only if the potential benefit justifies the potential risk to
the infant. L4-Possibly Hazardous: There is positive evidence of risk to a breastfed infant or to breast-milk production, but the benefits of use in breastfeeding
mothers may be acceptable despite the risk to the infant (eg, if the drug is needed in a life-threatening situation or for a serious disease for which safer drugs
cannot be used or are ineffective). L5-Hazardous: Studies in breastfeeding mothers have demonstrated that there is significant and documented risk to the infant
based on human experience, or it is a medication that has a high risk of causing significant damage to an infant. The risk of using the drug in breastfeeding women
clearly outweighs any possible benefit from breastfeeding. The drug is contraindicated in women who are breastfeeding an infant.96

a Not safe in pregnancy based on limited evidence.
b No pregnancy or lactation data.
c Reserved for refractory HF and palliation.
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typically use furosemide in gravidas with volume overload and after delivery when
intravascular volume increases because of relief of aortocaval compression, auto-
transfusion of uteroplacental blood, and mobilization of extravascular fluid.51 Thiazide
diuretics may be added for additional therapy. Aldosterone antagonists improve sur-
vival in selected HF patients and should be added postpartum for women who are
New York Heart Association (NYHA) functional class II or worse,45 but the authors
have not used them during pregnancy.
ACE inhibitors (ACEIs) improve survival for patients with all classes of HF but are

avoided during pregnancy because of teratogenicity.52 When patients are started
on ACEIs postpartum, the authors counsel patients about teratogenicity should sub-
sequent pregnancy occur, and they stress the need for appropriate birth control. The
authors start with low-dose ACEI uptitrating at intervals to maximal tolerated dose.
Angiotensin receptor antagonists (ARBs) are used when ACEIs are not tolerated;
teratogenic risks are similar. A combination of sacubritril, a neprilysin inhibitor, and
valsartan, an ARB, enhances the heart’s neurohormonal axis while suppressing the
renin-angiotensin-aldosterone axis, resulting in reduced mortality in comparison
with enalapril alone.53 The combination is indicated in the United States for NYHA
class II to IV HF with systolic dysfunction.54 Risk/benefit ratio of infant exposure to
medications compared with improvement in LV function should be weighed for use
in lactating mothers, although the authors have often prescribed ACEIs in this setting.
Rationale for combined use of hydralazine, an arterial vasodilator, and nitrates, pre-

dominantly venodilators, is reduced afterload and preload, leading to improved symp-
toms and mortality benefit in some racial groups.45 Nitrates also enhance nitric oxide
bioavailability, enhancing hydralazine’s activity.55 A large clinical experience with hy-
dralazine in pregnancy suggests that it is safe and compatible with breastfeeding. This
combination is the vasodilator therapy of choice during pregnancy or if medications
acting on the renin-angiotensin system are contraindicated. However, ACEIs remain
first-line agents outside of pregnancy.
Three b-blockers (sustained release metoprolol succinate, carvedilol, and bisopro-

lol) reduce morbidity and mortality with HF with reduced EF.45 b-Blocker therapy is
recommended for all stable patients unless contraindicated.45 The authors recom-
mend monitoring exposed neonates for bradycardia, hypoglycemia, or growth restric-
tion.50,56 Transient worsening of HF symptoms has been reported; therefore, patients
should have minimal fluid retention and not be on inotropic agents.45 Therapy is
started at low dose and uptitrated until maximal dose used in trials is achieved or
the patient has symptoms.45

Treatment of hypertension is an important component of GDMT.45 Calcium channel
blocking agents are not recommended routinely for patients with reduced EF.45 How-
ever, second-generation dihydropyridine channel blockers, such as amlodipine, can
be added for additional control.45 Blood pressure goals should follow current estab-
lished guidelines, but the authors do not decrease doses of vasodilators or b-blockers
for asymptomatic hypotension.45

Digoxin improves symptoms, quality of life, and exercise tolerance by attenuation of
the neurohormonal system and inhibition of sodium potassium adenosine triphospha-
tase, increasing myocontractility.45 Benefit occurs regardless of underlying rhythm,
cause of HF, or concomitant therapy but does not clearly reduce mortality.45 Digoxin
has a narrow therapeutic dosing window; therefore, attention is required to avoid
toxicity.45 Digoxin has been used safely in pregnancy; the authors typically add
digoxin during pregnancy when ACEIs and ARBs are contraindicated.
Ivabradine, a sinus node inhibitor, improves outcomes in patients with reduced

EF and elevated heart rates.54 It is recommended for stable chronic class II to III

Cruz et al288



HF, EF �35%, and sinus rhythm with heart rate greater than 70 bpm on maximum
tolerated b-blocker.54 In a small retrospective analysis of 20 women in the German
PPCM registry, the medication was well tolerated, and EFs improved in the majority.57

There are no adequate studies in pregnant women; embryotoxicity was seen in animal
models.58

LV dysfunction is associated with thromboembolic risk, estimated at approximately
1% to 3% per year.45 Thromboembolic complications correlate with severity of LV
dysfunction, atrial fibrillation, and thrombus is noted on transthoracic.45 However,
thromboembolic risk in PPCM is higher: 6.6% and 6.8%, respectively, in the Nation-
wide Inpatient Sample and in more than 400 women in the EURObservational
Research Programme (EURObRP).12,42 A recent Nigerian study documented 21.4%
incidence of LV thrombi. The authors have used full anticoagulation in the setting of
the above complications or EF �30% until the thrombophilia of pregnancy resolves.
Optimal anticoagulation strategy after that time is less clear.45 The authors use low-
molecular-weight heparin or continuous unfractionated heparin during pregnancy
depending on whether antepartum or intrapartum, along with warfarin postpartum.
All agents are compatible with breastfeeding.52 There are limited data on direct oral
anticoagulants (direct thrombin inhibitors and antifactor Xa inhibitors) during preg-
nancy and lactation; current recommendations advise against use.59

Drugs known to adversely affect clinical status in HF should be avoided. These
drugs include nonsteroidal anti-inflammatory agents, thiazolidinediones, and non-
dihydropyridene calcium channel blockers other than amlodipine.45 Statins are not
beneficial in HF in the absence of another indication.45 Prolonged intravenous
inotropic therapy may shorten survival, but may be used as palliation or bridge to
advanced interventions.45 Exercise can be an adjunct to improving status in stable
postpartum patients.45

For patients with persistent LV dysfunction (EF �35%), class II or III symptoms, and
with an expected survival of >1 year, implantable cardioverter defibrillators may be
warranted for primary prevention of sudden cardiac death.60 Relatively high rate of re-
covery in PPCM should be considered before a defibrillator is placed. Moreover,
delayed recovery after 6 months is reported in a significant minority of patients, which
may modify the decision for placement.61 Women should have received a minimum of
3 months of GDMT with b-blockers and ACEIs before deciding.60 Wearable cardiac
defibrillators have been used successfully for primary prevention in anticipation of ven-
tricular function recovery, especially with high-risk features.62 Cardiac resynchroniza-
tion therapy is recommended for some patients.60 LV assist devices (LVADs) and
transplantation are therapeutic options in the most critical patients, with the former
associated with subsequent improvement of ventricular function in a few patients.45,63

Impact of breastfeeding on outcomes has been controversial, especially given the
proposed role of prolactin in disease development.50,64,65 Fear of adverse effects of
medication transmission to the child via breast milk or increased hemodynamic de-
mands of lactation in sick women sometimes lead to recommendations to discontinue
lactation. Fifteen percent of women in the IPAC registry breastfed.64 No effect was
seen on myocardial recovery at 12 months. In a retrospective review of PPCM women
recruited via the Internet, 67.3% of women breastfed, and this was associated with
increased recovery.65 However, it is unknown if women had better initial EFs or other
reasons for improved survival.

Other Novel Therapies

In mouse models, proapoptotic fragments of prolactin lead to myocardial injury.27,28

Bromocriptine stimulates hypothalamic dopaminergic receptors inhibiting prolactin
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secretion, suggesting theoretic treatment benefit.66 A randomized controlled trial with
bromocriptine as adjunctive therapy in 20 South African women showed improved
ventricular recovery as proof of concept, although adverse outcomes in the control
group were high.67 A nonrandomized German registry found bromocriptine use twice
as common in women with improved LV function, although the percentage of women
receiving advanced HF interventions in both groups was similar.68 A recent multi-
center trial of 63 PPCM patients with EFs less than 35% randomized women to
1 week or 8 weeks of bromocriptine therapy.69 No patient required advanced HF in-
terventions or died. There was a nonsignificant trend toward greater recovery in the
8-week therapy group, but both groups showed improvement. Therapy was well toler-
ated. A major limitation to the study was lack of a placebo control group. An accom-
panying editorial suggested that bromocriptine could be added to usual GDMT.70

Small numbers of patients, validity of comparing outcomes to a historical control
groups with large numbers of AAs who have worse outcomes, concerns about poten-
tial hypertensive or thrombotic complications with bromocriptine treatment, and loss
of ability to lactate in treated women, especially in developing countries, are among
the reasons dampening enthusiasm for widespread use in the United States in the
absence of a placebo-controlled trial.6 When bromocriptine is used, patients should
receive concomitant anticoagulant therapy.69 Although approved for other indications,
bromocriptine is not currently approved for treatment of PPCM in the United States.
Evidence regarding treatment with intravenous immune globulin has been inconsis-

tent.71,72 A South African study demonstrated improved outcomes in PPCM women
treated with pentoxyfylline. Tumor necrosis factor-a levels decreased in patients
and controls, but there was greater survival, EF improvement, and NYHA class in
the pentoxyfilline group.73 A randomized trial of Levosimendan, a calcium sensitizer,
in 24 women with PPCM showed no difference in clinical or outcomes.74

GDMT should continue with persistent LV dysfunction. There are no well-controlled
studies to advise duration of therapy when LV function improves, but most experts
recommend continuing for 6 months after recovery.6,75 Ivabradine could be discontin-
ued first, followed by aldosterone antagonists before downtitration of ACEIs or
b-blockers, observing for recurrence.75

Management of Delivery

Most women present postpartum, but for women who present during pregnancy, it is
not known if early delivery will diminish progression of LV dysfunction.6 Timing and
mode of delivery decisions are best made by a team approach, including the maternal
fetal medicine, cardiology, obstetric-anesthesia, and neonatology providers caring for
the patient. Labor is not contraindicated for stable patients. Administration of steroids
to promote fetal lung maturity can increase fluid retention.45 In the authors’ practice,
labor induction can be conducted with minimal risk; cervical ripening with prostaglan-
dins and oxytocin can be administered safely. Early epidural will minimize sympathetic
output however, but caution must be exercised with fluid boluses to avoid overload.51

Shortening the second stage of labor and the use of low-forceps or vacuum device will
also decrease cardiac work.76 Given the surgical risks encountered with cesarean de-
livery, such as infection, blood loss, fluid shifts, and postoperative complications, the
authors believe cardiovascular benefits from vaginal delivery most often outweigh that
of surgical delivery. The authors reserve cesarean delivery for obstetric indications;
however, need for prompt delivery may influence the decision. Placement of a pulmo-
nary artery catheter for hemodynamic monitoring is rarely recommended,50 but strict
monitoring of fluid status is critical. The authors often administer diuretics after deliv-
ery in the absence of bleeding to prevent volume overload.
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It is important to continue monitoring volume status postpartum because fluid is
mobilized. Additional diuretic therapy may be required. Therapy with medications
contraindicated during pregnancy, such as ACEIs or ARBs, can now be started.
Thromboprophylaxis needs to be addressed. Women need early evaluation after
discharge to ensure they are not decompensating. It is also crucial to consider contra-
ceptive options. In a recent survey of 177 PPCM patients, almost 30% of sexually
active PPCM patients reported contraceptive nonuse and 27% nonusers reported
no contraceptive discussion with health care providers.77 Lack of social support is
also associated with increased hospitalization and mortality risk.78

Neonates of mothers with PPCM had worse outcomes than neonates of mothers
without: they were born earlier, born smaller, and had more smaller-for-gestational
age infants, and APGAR scores were lower.11 In the EURObRP, neonatal death rate
was 3.1%.42

Maternal Prognosis

Maternal prognosis is variable but better than other causes of cardiomyopathy.79

Improvement occurs in most patients.64 Most women improve in the first 2 to
6 months, with complete recovery for many.6,64 Delayed recovery has also been re-
ported.80 In EURObRP, enrollment at 411 with PPCM, 2.4% mortality was seen at
1 month with most deaths due to HF, followed by sudden cardiac death and stroke;
device placement (automatic implantable cardioverter-defibrillator or resynchroniza-
tion therapy) occurred in 2.1% and an LVAD was placed in 2%.42 Almost 87% of
women were still classified as having HF.42 The IPAC registry had 13% major events
or persistent cardiomyopathy at 1 year. Mortality at 1 year was 4%; LVADs were
placed in 4%, and 1 patient (1.1%) underwent heart transplantation.64 Of 27 women
with an initial EF <30%, more than one-third (37%) still had severe LV dysfunction
at study end.64

AA race is associated with worse outcomes.10,64,81–83 Harper and colleagues81

found a 4-fold increased prevalence and fatality in non-Hispanic AAs when compared
with Caucasians. Irizarry and colleagues83 found AAs were younger, diagnosed later,
had worse EF, and were less likely to recover, and EF was more likely to worsen after
diagnosis despite adequate therapy. Worse outcomes in AAs relative to non-AAs may
reflect socioeconomic factors, genetic and epigenetic factors, or access to medical
care.
Baseline LV function is a strong predictor of eventual recovery. Goland and col-

leagues84 found an inverse correlation between presenting EF and outcome.
Seventy-nine percent of women with an EF greater than 30% achieved full recovery
in comparison with only 37% who presented with an EF less than 20%. Larger LV
size at presentation is also a marker for poor recovery, along with reduced right ven-
tricular function.64,68,84–86 The combination of LVEF with increased LV size resulted in
more accurate assessment of recovery.64

The presence of hypertensive disorders is associated with increased likelihood
of recovery in some studies, but not all.43,64,68,87 The ongoing worldwide registry
of PPCM (EURObRP) may shed further light on this.42 Elevation of cardiac tropo-
nins is associated with myocardial injury and reduced EF (<35% at 6-month
follow-up).88

The recent focus on the vascular-hormonal causes has led to an interest in whether
vascular biomarkers provide prognostic information. Higher Relaxin 2 levels, which
have anti-inflammatory, angiogenic, and antifibrotic effects, were associated with
improved 2-month recovery.34 In contrast, higher sFLT1 levels were associated with
worse NYHA functional class and death.34 There was no relationship between
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prolactin level or VEGF levels and LV recovery or adverse clinical events.34 Routine
use of these biomarkers, or others such as cathepsin D, 16-kDa Prolactin fragment,
microRNA-146, in evaluating prognosis is an area for additional investigation. Simi-
larly, genetic variants assessed in the IPAC cohort correlated with 1-year EF, suggest-
ing genetic analysis may play a future clinical prognostic role.41

Prognosis with Subsequent Pregnancies

Many women with PPCMdesire a subsequent pregnancy. Recurrence risk is based on
retrospective reviews. Elkayam and colleagues89 reviewed the risk of recurrent cardio-
myopathy dividing women into those with recovered compared with depressed LV
function. Mean EF decreased in both groups, but HF symptoms were seen in 21%
of gravidas with normal function and 44% of those with persistent LV dysfunction.
Other studies have shown similar findings.90 Elkayam91 recently performed a meta-
analysis of published case series. In the normalized group, 27% of women developed
deterioration of function and 32% of women had symptomatic HF. Outcomes in
women with persistent dysfunction were significantly worse. Almost half had deterio-
ration of LV function and symptomatic HF; LV dysfunction was persistent in 39%, and
16% died.91 In women with more than one subsequent pregnancy, outcome of
the first subsequent pregnancy did not predict outcome of further pregnancies.91 Ex-
ercise stress ECHO or dobutamine stress ECHO may help define risk in women with
recovered function.90 Some patients with improved LV function based on EF have
decreased contractile reserve only evident with stress testing.92 Elkayam91 also found
that fetal complications were more common in women with persistent LV dysfunction.
Fifty percent of births were premature, and 25% of women had therapeutic abortions
in the persistent LV dysfunction group. In contrast, 13% of women had premature de-
liveries, and only 4% of women had a therapeutic abortion in those with normalized LV
function.91

Currently, no biomarkers define the group of women who will develop recurrent
HF. Proangiogenic and antiangiogenic factors, such as sFLT1, sFLT1:PIGF
ratio, relaxin-2, and genetic markers seen in PPCM, such as TTN truncating gene
variants and GNB3TT genotype, are avenues for future investigation. Similarly, it
is unknown if prophylactic b-blockade has a role in preventing recurrence in recov-
ered function.
All women with subsequent pregnancies should be considered high risk, necessi-

tating close communication between the treating physicians. The authors perform
frequent evaluations, including physical examination, transthoracic, and BNP levels
at baseline, second and third trimesters, 1-month and 6-months postpartum, or if con-
cerns about relapse. The authors typically perform a sonogram at 20 weeks’ gestation
to assess fetal anatomy and then serially assess for fetal intrauterine growth restric-
tion. In their practice, the authors routinely perform antenatal testing in the third
trimester, regardless of the EF (eg, nonstress test and amniotic fluid index or biophys-
ical profile starting at 32 weeks and then weekly thereafter), although benefit is not
proven.
Fett93,94 developed a simple periodic self-assessment tool validated on women with

PPCM recruited from support groups, which the authors have found helpful in identi-
fying women with potential relapse (Table 2). Elevated scores prompt additional eval-
uation. In Fett’s study, all PPCM patients had scores greater than 5 and control women
had scores less than 4 (mean score 8.93 with PPCM; 1.5 in controls).94 The authors
have typically continued b-blockade in women with continued LV dysfunction and
substituted the combination of hydralazine/nitrates for ACEIs or ARBs during
pregnancy.
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SUMMARY

Significant progress in understanding the pathophysiology of PPCM, especially the
underlying contribution of hormonal and genetic mechanism, has been made recently.
Although diagnostic criteria should be used to diagnose PPCM, it remains a diagnosis
of exclusion. Both long-term and recurrent pregnancy prognosis depend on recovery
of cardiac function. Risk stratification from large registries such as IPAC and
EURObRP together with randomized controlled trials of evidence-based therapeutics
from translational studies holds promise of improved clinical outcomes in the future.
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Gestational Diabetes
Underpinning Principles, Surveillance, and

Management

Jeffrey M. Denney, MD, MS*, Kristen H. Quinn, MD, MS

INTRODUCTION

The objective of this review is to provide the clinician with a working framework
to evaluate and manage gestational diabetes mellitus (GDM). The American
Congress of Obstetricians and Gynecologists (ACOG) defines gestational diabetes
as onset of carbohydrate intolerance in pregnancy.1 Groups such as the American
Diabetes Association (ADA), World Health Organization (WHO), and International
Federation of Gynecology and Obstetrics have attempted to distinguish women
with likely preexisting diabetes that are first recognized in pregnancy from women
whose carbohydrate intolerance is a transient condition due to pregnancy-related
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KEY POINTS

� Gestational diabetes mellitus (GDM) is defined as glycemic intolerance diagnosed at or
beyond the achievement of 20 completed weeks of gestation.

� In women who ultimately develop GDM, pancreatic beta-cell compensation fails to meet
the metabolic demands, creating a hyperglycemic state.

� Observational data demonstrate risks with poorly controlled GDM, including abnormal
fetal growth, hypertensive disorders of pregnancy, difficult labor and vaginal delivery,
increased risk of cesarean section, and the neonatal metabolic complications, including
hypoglycemia, hyperbilirubinemia, and the potential for delayed pulmonary maturity.

� Poorly controlled GDMplaces the fetus at risk for adult-onset metabolic diseases (obesity,
diabetes, hypertension, cardiovascular disease).

� Seventy percent of women with GDM will develop DM at some point in their life, and 40%
to 50% of those women will develop DM within 10 years.
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insulin resistance.2,3 Thus, these organizations define GDM as glycemic intoler-
ance diagnosed at or beyond the achievement of 20 completed weeks of
gestation.1–3

Depending on the population sampled, GDM affects 3% to 25% of pregnancies.1–4

There is an increased prevalence of GDM among African American, Pacific Islander,
Hispanic, and Native American women.2 The global prevalence of GDM has been
increasing likely because of the increase of maternal obesity, delayed child bearing,
and sedative lifestyles.1–3

Observational data demonstrate risks with poorly controlled GDM, including
abnormal fetal growth, hypertensive disorders of pregnancy, difficult labor and vaginal
delivery, increased risk of cesarean section, and the neonatal metabolic complica-
tions, including hypoglycemia, hyperbilirubinemia, and the potential for delayed pul-
monary maturity.1 Risks for the fetus are not limited to the gestation and
subsequent neonatal period. Because of imprinting and environmental effect on
gene activation, these babies are at risk for adult onset of metabolic disorders, dia-
betes, hypertension, obesity, cardiovascular disease, and shorter lifespan1–4

(Table 1). These risks highlight the need for accurate diagnosis and proper manage-
ment of GDM.4 In the course of this review, the authors additionally discuss the
emphasis on diet and activity/exercise as means of controlling blood sugars, the usual
schedule of glucose monitoring, indications for medical treatment, fetal surveillance,
timing of delivery, neonatal care, and postpartum care.

Physiology

In normal pregnancy, a myriad of physiologic alterations occur to promote the
growth and development of the conceptus. A euglycemic state is maintained
despite the fetus’ energy demands via a compensatory and proliferative response
within the maternal pancreas, namely the beta islet cells.5 Conversely, in women
who ultimately develop GDM, the beta-cell compensation fails to meet the meta-
bolic demands, creating a hyperglycemic state. Data obtained from observational
studies in humans and animal models have generated insights into the molecular
biology leading to glycemic intolerance. Such studies demonstrate a down-
regulation of insulin receptors on maternal cell surfaces in GDM.5,6 Accordingly,
these same women are biologically predisposed toward development of diabetes
mellitus, type 2 later in life.5–7 The underlying processes all lead to the
assortment of metabolic derangements affecting both mother and baby that are
called GDM.

Table 1
Risks associated with gestational diabetes

Maternal Fetal

Labor dystocia
Cesarean section
Vaginal laceration
Preeclampsia/gestational hypertension
Increased gestational weight gain
DM
Cardiovascular disease
Postpartum weight retention

Macrosomia
Hypoglycemia
Shoulder dystocia/brachial plexus injury
Preterm delivery
Delayed pulmonary maturity
Metabolic syndrome in adulthood (obesity,

hypertension, DM)
Polyhydramnios
Polycythemia
Hyperbilirubinemia
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Fetal Programming

Alterations of the maternal physiologic milieu inherently alter the environment for fetal
development. Although lifestyle choices (smoking, diet high in fat/sugar, and seden-
tary lifestyle) have been widely accepted as causative in cardiovascular disease as
one ages, evidence for the maternal environment having such effects on the fetus
well into adulthood continues to mount.8–11 It is now known that changes in the fetal
environment alter telomere and subtelomere acetylation and methylation.10 The flux of
histone acetylation and DNA methylation impacts whether chromatin is in an open
configuration and as such available for interaction with telomerase to facilitate gene
transcription and/or recombination.11 Such changes in gene activation affect predis-
position toward developing chronic disease (eg, hypertension, diabetes, obesity) as
the child ages.11 In addition, there is a clear association with adulthood glucose intol-
erance and insulin resistance, and adaptive changes in the fetal pancreas.12 Hence, it
is imperative that clinicians provide guidance to their patients that strike the perfect
balance for fetal well-being for delivery, the immediate neonatal period, and
beyond.12,13

Last, telomere length of fetal DNA is likewise impacted by environmental insults in
the maternal unit. Maternal stress and endocrine dysfunction impact fetal telomere
length.13,14 Such stressors induce telomere attrition, in turn, impacting length of the
fetus’ ultimate lifespan.14 Epidemiologic data show that maternal stress leads to
higher incidence of adulthood obesity, diabetes, and cardiovascular disease for their
babies. As adults, these same individuals show lower cortisol, higher ACTH levels, and
less prefrontal cortex and memory function when measured in stressful conditions.14

Hence, the fetal programming phenomenon impacts the subsequent ex utero aging
process and lifespan of the child well after delivery.9

Diagnosis

Given the lack of clear inflection point with respect to degree of gestational hypergly-
cemia and onset of or risk for adverse outcome, commonly cited professional organi-
zations (eg, ACOG, ADA, WHO) vary in algorithms for diagnostic methods and
interpretation of screening tests.1–4,15 Several studies have highlighted the lack of abil-
ity to declare a clear demarcation along the continuum of hyperglycemia and out-
comes.16,17 Occult or previously undiagnosed diabetes affecting pregnancy is an
issue of increasing incidence given the general trend of obesity and diabetes in the
general population.18–20 Accordingly, women identified with glycemic intolerance in
the first half or before the completion of 20 weeks’ gestation are diagnosed with pre-
gestational diabetes (see Ronan Sugrue and Chloe Zera’s article, “Pregestational
Diabetes in Pregnancy,” in this issue).21 Women identified as having onset of glycemic
intolerance in the last half of pregnancy—any time after completing 20 weeks’ gesta-
tion—are classified as having GDM.21

Given that 90% of pregnant women in the United States present with at least one
risk factor for GDM (Fig. 1) and 20% of those with no risk factors (Fig. 2) develop
GDM (Box 1),1,15,16,21 universal screening appears most appropriate.1,15,16,21 Two ap-
proaches to identifying GDM exist. The most commonly used is the 2-step approach
using an initial 1-hour screening 50-g glucose challenge test.1,4,16 If negative, no
further testing is required. However, screen positive individuals must undergo a formal
diagnostic evaluation with a 100-g 3-hour oral glucose tolerance test (GTT). The other
approach uses a singular 75-g, 2-hour GTT.16

Either approach is reasonable, and the choice may be made by the provider,
depending on their ability to consistently implement an approach for their patient
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population with available resources. The US Preventative Services Task Force
(USPSTF) performed a systematic review on screening and deemed sufficient evi-
dence to support universal screening but only after the achievement of 24 completed
weeks’ gestation.2 Accordingly, conventional timing for screening per ACOG guide-
lines remains between 24 and 28 weeks, provided there is no reason to suspect un-
derlying pregestational DM (see Fig. 2).1 For those suspected to be at increased
risk for underlying DM, screening should not be delayed and may be performed as
early as the first prenatal visit (see Fig. 1).1–4

Fig. 1. Glycemic intolerance screening for patients at increased risk for insulin resistance.
GA, gestational age.

Fig. 2. GDM screening. At-risk patients with negative early screening or low-risk patients
with no prior screening.
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Glucose Challenge Tests

The 50-g oral glucose challenge can be taken regardless of fasting or postprandial
state with assessment of plasma glucose 1 hour after consumption. The 3 commonly
used thresholds for “positive screens” are �130 mg/dL (7.2 mmol/L), �135 mg/dL
(7.5 mmol/L), and �140 mg/dL (7.8 mmol/L).1,2 The USPSTF published a systematic
review citing sensitivities and specificities at the low end and the high end for pro-
posed thresholds2: 130 mg/dL yielded 88% to 99% sensitivity and 66% to 77% spec-
ificity, whereas 140 mg/dL demonstrated 70% to 88% sensitivity and 69% to 89%
specificity.16 In the authors’ academic obstetric group, they have adopted a threshold
of 135 mg/dL. Upon positive screening, several criteria are used depending on the
provider’s preference and interpretation of the data’s generalizability for implementa-
tion in their own population.16–21 For the 2-step screen ending in a 100-g glucose chal-
lenge, Carpenter and Coustan21 recommend the following cut points (mg/dL): fasting,
95; 1 hour, 180; 2 hours, 155; 3 hours, 140. For the same 100-g challenge, National
Diabetes Data Group (NDDG) recommends using the following cut points (mg/dL):
fasting, 105; 1 hour, 190; 2 hours, 165; 3 hours, 145.22 There are others used as
well (Table 2).
In women with markedly elevated oral glucose challenge screens, a high proba-

bility of abnormal diagnostic GTT exists.23 That being said, the positive predictive
value (PPV) depends on both the population’s prevalence of GDM and the criteria
for diagnosis, for example, NDDG or Carpenter-Coustan.21–24 Carpenter and Cou-
stan21 report greater than 95% probability of GDM with 1 hour plasma glucose of
greater than 182 mg/dL (10.1 mmol/L) following the 50-g challenge.21 Other studies
report PPV of 200 mg/dL to range from 69% to 80%.23–25 The authors use
200 mg/dL as a threshold for GDM diagnosis and not requiring exposure to the
100-g GTT. Granted, a patient who prefers the 3-hour GTT in lieu of committing
to the diagnosis may do so, as long as the provider is not concerned with risk for
clinically significant diabetic ketosis in the patient. Expert opinion has defined

Box 1

Risk factors for gestational diabetes mellitus

� Glucosuria

� Multiple gestation

� Maternal age greater than 25 years old

� Prior pregnancy affected by GDM

� History of impaired glucose tolerance

� Prior unexplained perinatal loss or child with congenital anomaly

� Hypertension

� Obesity

� Use of glucocorticoids

� Polycystic ovarian syndrome

� Family history of diabetes

� Excessive gestational weight gain

� Significant weight gain in early adulthood

� Intergestational weight retention
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GDM as diagnosed on GTT by a list of criteria either by the 1-step or by the 2-step
approaches (see Table 2).25 The authors’ group uses a 2-step approach with the
Carpenter-Coustan cut points.21

The Eunice Kennedy Shriver National Institute of Child Health and Human
Development Consensus Development Conference on Diagnosing Gestational
Diabetes recommended the continued use of the 2-step approach to screen for and
diagnose GDM.26 This recommendation was based on the lack of evidence for
improved clinical maternal or neonatal outcomes with the 1-step approach (75-g 2-
hour GTT) and the increase in health care costs that would result. Based on this
recommendation and a Cochrane Review that reported no specific screening strategy
has shown to be optimal, ACOG supports the 2-step approach.1,4

Management (Glucose Monitoring)

Several studies have evaluated the utility of glucose monitoring and treatment of GDM.
The 2005 Australian Carbohydrate Intolerance Study in Pregnant Women trial random-
ized women with GDM to receive treatment or routine care.27 The study found that
treatment was associated with a reduction in serious newborn complications, pre-
eclampsia, and frequency of large for gestational age (LGA) infants. A subsequent ran-
domized controlled trial done in the United States showed a decrease in frequency of
LGA infants, reduced neonatal fat mass, and decreased rates of cesarean delivery,
shoulder dystocia, and hypertensive disorders of pregnancy with treatment of
GDM.28 Given these observed benefits with treatment, it is recommended that pa-
tients monitor their glucose levels, and treatment should be initiated upon diagnosis
as appropriate.
Home serum glucose monitoring is the crux of outpatient maternal surveillance with

GDM. Patients are routinely instructed on glucometer use and the importance of
steadfast maintenance of a glucose log as derived from fasting and either 1-hour or
2-hour postprandial glucose levels.1 Such monitoring facilitates ease of review by
the patient’s obstetric provider and in the identification of deviations from target
glycemic measures. In patients with poor control, providers may additionally ask pa-
tients to monitor preprandial glucose levels, whenever sensing high or low glucose,
and at 2 to 3 AM in the morning to better characterize the overall control of the patient’s
glucose throughout the day. Current standard of care for target blood glucose values
are fasting blood glucose concentration �95 mg/dL (5.3 mmol/L), 1-hour postprandial
blood glucose concentration �140 mg/dL (7.8 mmol/L), and 2-hour postprandial
glucose concentration �120 mg/dL (6.7 mmol/L) (Fig. 3).1,28

Table 2
Criteria for GDM diagnosis

Plasma Glucose
Carpenter-Coustan
(100 gm; Two-Step)

NDDG
(100 gm;
Two-Step)

CDA
(75 gm;
Two-Step)

WHO
(75 gm;
One Step)

IADPSG
(75 gm;
One Step)

Fasting (mg/dL) 95 105 95 92–125 92–125

One-hour (mg/dL) 180 190 191 180 180

Two-hour (mg/dL) 155 165 160 153–199 153

Three-hour (mg/dL) 140 145 — — —

Abbreviations: CDA, Canadian Diabetes Association; IADPSG, International Association of Diabetes
and Pregnancy Study Groups; NDDG, National Diabetes Data Group; WHO, World Health
Organization.
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Management (Diet Control)

Dietary changes are the mainstay of initial attempts in glycemic control following the
diagnosis of GDM. Data demonstrate a clear association of postprandial hyperglyce-
mia and diet high (>55%) in carbohydrate content.28,29 Because carbohydrates are the
sole macronutrient to significantly raise postprandial blood glucose, dietary modifica-
tion predominantly consists of carbohydrate restriction and distribution evenly
throughout the 3 main meals of the day.30,31 Glycemic control is improved by avoiding
processed/red meat, high-fat dairy, refined grains while favoring vegetables, fruit,
whole grains, and fish31–36 (Box 2). For patients achieving target measures for glucose
control with GDM diet, the diagnosis remains diet-controlled GDM or GDMA1 per the
widely used White Classification that stratifies diabetes by pregestational diabetes
mellitus (DM) with or without organ involvement and GDM, either controlled by
diet alone or requiring medication.37 Some patients will consistently demonstrate fast-
ing blood glucose greater than 100 mg/dL along with a persistent pattern of postpran-
dial glucose measures greater than 120 mg/dL despite the GDM diet; these patients

Fig. 3. GDM identified. Rx, prescription; u/s, ultrasound.

Box 2

Gestational diabetes mellitus diet

� Review IOM guidelines for weight gain as based on patient’s BMI

� Limit carbohydrates to 40% to 45% of calories

� Avoid processed sugar (eg, soda, candy)

� Avoid fruit and juice at breakfast

� Encourage increased fiber intake and foods with low glycemic index

� Move fruit and milk servings to snack time

� Keep starchy carbohydrates at meal

� Encourage exercise plan
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require medical therapy and have GDMA2.30,37 Some of these patients may have
occult diabetes simply diagnosed during pregnancy and may also fail to achieve
euglycemia with institution of the GDM diet.
Recently, investigators have evaluated the impact of a diet with low glycemic index (GI)

for improvement of outcomes inGDM.29 TheGI is a systematic and physiologically based
measurement of the dietary carbohydrate load and its inherent glycemic burden.30 GI is
the number associated with the carbohydrates in a particular type of food, indicating the
individual’s response (assessed by blood sugar level) relative to the reference food—pure
glucose.30–34 High GI diets result in more gestational weight gain, whereas low GI foods
are associated with lower birth weight, improved insulin sensitivity, and potentially low-
ered risk for development of GDM, better adherence to Institute of Medicine (IOM) weight
gain guidelines in pregnancy, and lower onset of obesity later in life.29–36 Low GI diet
effectively reduces postprandial blood glucose spikes, appears to be safe in pregnancy,
and shows promise for improving the outcomes with GDM.34–36

Gestational Weight Gain and Gestational Diabetes Mellitus

Because obesity and insulin resistance parallel one another in terms of comorbidity,
the 2 conditions are somewhat inseparable in terms of clinical considerations. Both,
if not well controlled, lead to increased risk of indicated preterm delivery, gestational
hypertension, preeclampsia, delivery by cesarean, and fetal growth abnormal-
ities.1,2,26–28 Excessive gestational weight gain correlates well with onset of GDM.38

Accordingly, 2009 IOM Guidelines for weight gain in pregnancy provide direction for
target weight gain as based on intake body mass index (BMI).39 Online calculators
based on IOM guidelines to individualize the approach are available.40 Regardless
of BMI, a typical goal for a patient’s calorie intake would be 30 to 35 calories per kilo-
gram ideal body weight. Five hundred of those daily calories should be protein
(125 g).41 The remainder of the calories may then be equally halved between fat and
carbohydrate while avoiding processed carbohydrates. A good recommendation for
calorie distribution by meal would be 24% at breakfast, 30% at lunch, 33% at dinner,
and the remaining 13% from between-meal snacks.41 Keeping gestational weight gain
to within the IOM guidelines can reduce the risk of developing GDM and improve gly-
cemic control in women with GDM.29–35,38,41

Management (Pharmacologic Control: Oral Hypoglycemic Agents and Insulin)

When diet fails to achieve euglycemia, defined as no more than 50% of glycemic mea-
sures above the target ranges, medication is required and the patient is classified as
GDMA2.1,36 Both oral hypoglycemic agents and insulin therapy are acceptable and
used. Insulin therapy has been the most well-studied and used treatment of both
GDMA2 and DM and continues to be endorsed by the ADA and ACOG as an accepted
therapy.1 Insulin does not cross the placenta and is the only regimen approved by the
US Food and Drug Adminstration for treatment of GDM.1 Insulin regimens typically
consist of a long-acting and a short-acting insulin; however, insulin dosing and regi-
mens must be individualized. Given that insulin resistance increases with increasing
placental mass, total insulin requirements increase with increasing gestational age.
A commonly used protocol uses maternal weight and gestational age to calculate
starting daily insulin requirements (Table 3).1 The total daily insulin requirement is
then divided into two-thirds long-acting and one-third short-acting insulin. The
short-acting insulin (one-third of total dose) is further subdivided into 3 doses taken
with meals.1 Commonly used long- and short-acting insulins are listed in Table 4.
In addition, close surveillance of glucose values is also indicated in patients with

GDM who are receiving a course of antenatal corticosteroids for fetal lung maturity.
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Corticosteroids are known to increase the risk of transient hyperglycemia, thus more
frequent assessments of maternal glucose in this setting (eg, every 4 hours depending
on initial starting glucose level) are appropriate.42 In the setting of post–corticosteroid
hyperglycemia, patients often require insulin coverage even if they were previously
well controlled with diet.43

Oral Hypoglycemic Agents

Commonly used oral hypoglycemic agents include both glyburide and metformin.
Glyburide is a second-generation sulfonylurea that was investigated using single-
cotyledon placental models to assess placental transfer. Initial studies demonstrated
no significant transfer of glyburide in both therapeutic and supratherapeutic dosing
concentrations.44,45 The subsequent landmark randomized controlled trial compared
the insulin therapy to glyburide in the management of GDM. Not only was there no
detectable glyburide in cord blood but also maternal and neonatal outcomes were
similar with respect to glycemic control and adverse events.46 Notably, subsequent
data conflict the initial Langer randomized controlled trial reporting glyburide being
actively transported from the fetus to the mother.47 Although the range of fetal expo-
sure varied widely, 9% to 70% maternal glyburide concentration, these data create
pause for consideration of possible fetal risks. A 2015 meta-analysis showed thera-
peutic glyburide use resulted in a 2-fold increase in neonatal hypoglycemia, a 2-fold
increase in macrosomia, and a 100-g increase in mean birth weight compared with
traditional insulin therapy.47 In addition, 4% to 16% of women who took glyburide
as initial therapy eventually required the addition of insulin.1,47

Metformin is a biguanide used to improve both fertility and glycemic control by way
of increasing insulin sensitivity.48 Insulin sensitivity is heightened by metformin via an
inhibitory effect on hepatic glucose production and intestinal glucose absorption.48

Pharmacologic studies demonstrate that metformin freely crosses the placenta,
rendering a circulating fetal concentration roughly 50% that found in maternal circula-
tion.48 Accordingly, a landmark trial published by Rowan and colleagues49 called the
Metformin in Gestational Diabetes (MIG) trial compared the outcomes of 751 women
and fetuses allocated to either traditional insulin therapy or metformin for the treatment
of GDM. Although there were no differences in congenital malformations, serious

Table 3
Weight-based guidelines for starting/adjusting total daily insulin therapy by gestational age

Weeks Gestational Age Insulin (Units/kg/d)

0–13 6/7 0.7

14–27 6/7 0.8

28–35 6/7 0.9

36–delivery 1.0

Table 4
Long- and short-acting insulins used for gestational diabetes mellitus treatment

Long Acting Short Acting

Glargine (Lantus) Aspart

Protamine Hagedorn (NPH, Novolin) Lispro

Detemir Regular
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maternal events, or serious neonatal events, significant variance in outcome was
shown with use of metformin. Namely, metformin use resulted in significantly less
neonatal hypoglycemia (3.3% vs 8.1%; P<.008) and an unexpected higher rate of pre-
term delivery (12.1% vs 7.6%; P 5 .04). A 2-year follow-up report on the MIG trial ba-
bies showed those in the metformin arm had more subcutaneous fat in upper arm and
shoulder compared with those in the insulin arm.50 In addition, 26% to 46% of patients
who took metformin alone eventually required insulin.50

Although insulin therapy remains the standard therapy recommended by most, oral
antihyperglycemic agents are a reasonable alternative in patients who refuse to take or
are unable to comply with insulin therapy. Providers should have a thorough discus-
sion of the published outcome data and unknown long-term effects of transplacental
passage of oral agents.1

Fetal Surveillance

Given the effect of hyperglycemia on fetal growth and well-being, women diagnosed
with GDM are typically followed with serial biometry and amniotic fluid volume
assessment. Frequency of such assessments is typically performed every 4 to
6 weeks from time of diagnosis of GDM to delivery. Indications for antepartum fetal
testing include insulin or oral hypoglycemic requirement, polyhydramnios, onset of
gestational hypertension, or, less commonly in the setting of GDM, growth restric-
tion. Although a consequence of poorly controlled GDM, testing is not indicated
for macrosomia. Either weekly biophysical profile or twice weekly nonstress tests
with weekly amniotic fluid indices after 32 weeks are acceptable and equivalent
for ensuring fetal well-being when indicated (see Fig. 3).1 There is currently no
consensus regarding antepartum fetal testing for women with GDMA1 because
studies have not demonstrated an increased risk of stillbirth in these patients before
40 weeks.1,49,51

Intrapartum Management and Delivery Timing

Provided glucose measures demonstrate good control with diet alone and serial ultra-
sound demonstrates normal growth and amniotic fluid volume, the patient essentially
has uncomplicated GDMA1 and does not require timed delivery before 41 weeks
0 days. Notably, ACOG does allow for the role of elective delivery in term patients
with good dating following the achievement of 39 weeks’ gestational age.51,52 Hence,
timing for delivery in those who are term albeit less than 41 weeks can be individual-
ized with patient and the obstetric provider. Upon surpassing the due date, a good
practice would be to initiate antenatal testing and weekly amniotic fluid volume mea-
surements. On the contrary, patients with GDMA2 are likely best served by delivery at
39 0/7 to 39 6/7 weeks of gestation given increased risk of stillbirth in patients who
require insulin or oral hypoglycemic medication for glucose control.50,51 Moreover,
recent data indicate inducing labor actually does not increase risk for cesarean deliv-
ery and that induction at 39 weeks yields lower failure rate (as defined by cesarean)
than induction at 40 or 41 weeks.53,54 In women with poor glycemic control despite
medical intervention, delivery before 39 weeks may be warranted. Recommendations
for delivery timing should incorporate consideration for risks of prematurity and
ongoing risk of stillbirth (see Fig. 3).1,55

Delivery Mode

Simply stated, GDM is not an indication for cesarean delivery. That being said,
GDM places a fetus at greater risk for macrosomia as defined by an estimated fetal
weight (EFW) in excess of 4500 g for pregnancies affected by GDM/DM per the
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most recent ACOG Practice Bulletin.1 In addition, fetuses often show an acceler-
ated growth pattern with abnormally low head circumference/abdominal circumfer-
ence ratio even in the absence of macrosomia. These growth patterns are
important risk factors for complications, such as shoulder dystocia, Erb palsy,
and third/fourth degree lacerations.56–58 Scheduled cesarean section is typically
offered to women with GDM whose fetuses are estimated to be �4500 g.1 Risks
of birth trauma, shoulder dystocia, errors in estimating fetal weight, and risks of ce-
sarean section both immediate and for future pregnancies should be included in the
counseling. In women undergoing a trial of labor, caution should be exercised in the
second stage especially in the scenario of an operative vaginal delivery because
even appropriately grown fetuses of mothers with GDM are at increased risk of
shoulder dystocia.1,56–58

Insulin Glucose Tolerance Test Protocol and Glycemic Monitoring Protocol
Intrapartum

Given that labor increases glucose utilization, hyperglycemia in women not requiring
medical control of GDM is rare. Hence, practitioners may periodically monitor
glucose every 4 hours intrapartum for GDMA1.1,58 On the contrary, gestational dia-
betics requiring either oral hypoglycemic medications or insulin (GDMA2) respond
similarly to DM in labor and are best served by every 1- to 2-hour glucose assess-
ments in the intrapartum period. Although ketoacidosis is rare in GDMA2, intrapar-
tum maternal hyperglycemia may cause an acute increase in fetal insulin, placing
the fetus at heightened risk for neonatal hypoglycemia.58 The authors’ group initi-
ates an insulin drip upon maternal blood glucose at or greater than 120 mg/dL,
with the addition of D5 (dextrose 5%) ½ NS (normal saline) at 125 cc/h provided
glucose levels are less than 200 mg/dL. Similarly, in a survey of academic medical
centers, 60% aimed to maintain maternal glucose less than 110 mg/dL, whereas
30% targeted a value between 110 and 150 mg/dL.1,42

Postpartum Screening

Many women with GDM are pregestational diabetics that were first detected in preg-
nancy, and women with true GDM are at risk for the development of DM later in
life.59,60 Seventy percent of women with GDM will develop DM at some point in their
life, and 40% to 50% of those women will develop DM within 10 years.61 Hence, all
women should receive screening for DMwith a 75-g GTT at 6 to 12 weeks postpartum.
If negative, they should continue to be rescreened every 3 years with their primary care
provider.61 Women with a positive 2-hour GTT are diagnosed with DM and should be
managed or referred for long-term management accordingly.61

Encouraging breastfeeding, regular physical activity, and formal nutrition programs
focusing on decreased gestational weight retention are recommended by the
ADA.59–61 However, given that 44.9% of US births are covered by Medicaid and
many of these women experience coverage lapses due to Medicaid coverage ending
at 60 days’ postpartum, cost becomes an issue. Research shows that obstetricians
have much room for improvement in their rates of nutrition referrals and postpartum
screening for patients who had GDM.59–61 Unfortunately, women seeing a primary
care physician after delivery often fail to disclose the fact their recent pregnancy
was complicated by GDM.
Martinez and colleagues61 recently recommended Situation Background Assess-

ment Recommendation strategy to help bridge the gap between GDM and post-
partum care. This model reinforces recommendations through reminders to both
patient and provider to facilitate communication, screening, and care (Box 3).
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SUMMARY

GDM is a common complication in pregnancy. Risks associated with occult or unman-
aged GDM are detrimental to both maternal and fetal well-being. Sufficient evidence
exists to warrant screening and management strategies once diagnosed. Although
many variations in both screening and management may be reasonable, the authors
suggest a few key points for optimizing identification and management of GDM.
For patients at increased risk for insulin resistance, they recommend an early

screen, either the 2-hour GTT or 2-step (1-hour followed by 3-hour GTT if positive).
Should patients have a positive diagnostic test before the achievement of 20
completed weeks’ gestation, the authors recommend management as pregestational
DM. On the contrary, the at-risk patient with an initial negative screen before 20 weeks
should then be rescreened at the usual 24- to 28-week gestational age window (see
Fig. 1).
For either at-risk patients with negative early screening or low-risk patients with no

indication for early screening, the authors recommend screening with either the 1-hour
GTT (followed by 3-hour GTT if positive) or 2-hour GTT for diagnosis. Patients exhibit-
ing a negative screen may have routine pregnancy management. Patients with a pos-
itive diagnostic test (by either 2- or 3-hour GTT) should be managed as GDM in their
pregnancy (see Fig. 2).
When GDM is identified, the authors recommend the following:

1. Glucometer for monitoring fasting and 2-hour postprandial glucose;
2. Target glycemic measures of 70 to 95 mg/dL (fasting) and less than 120 mg/dL

(postprandial);
3. GDM diet;
4. Diet risk in foods with low GI; and
5. Encourage exercise (eg, aerobics, yoga, brisk walking) (see Fig. 3).

Provided GDM patients achieve euglycemia with diet and exercise (GDMA1), the
authors recommend interval growth ultrasounds (every 4–6 weeks); delivery 39 to
41 weeks; antenatal testing upon achievement of 40 completed weeks; and, intrapar-
tum glucose measurement every 4 hours. For patients with more than half of their
glucose measurements elevated despite GDM diet (GDMA2), the authors recommend
the following: initiation of glyburide, metformin, or insulin; interval growth ultrasounds
every 4 weeks; antenatal testing from 32 weeks until delivery; delivery from 39 to

Box 3

Postpartum management and situation background assessment recommendation

� Discontinue insulin or oral hypoglycemic

� Encourage breast-feeding

� Encourage enrollment in formal exercise program or encourage exercise as patients progress
through convalescence and recovery in the puerperium

� Encourage referral to formal nutrition program

� Routine contraceptive recommendations (no change based on GDM)

� 75-g GTT at 6 to 12 weeks’ postpartum

� “Warm handoff” to primary care provider replete with notification of pregnancy
complication by GDM

� Repeat 75-g GTT every 3 years until positive (then manage as DM)
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40 weeks; intrapartum glucose measurement every 1 to 2 hours; and initiation of insu-
lin drip in labor if glucose is at or greater than 110mg/dL. Last, the authors recommend
following ACOG guidelines regarding an adequate discussion of risks for birth injury
should EFW exceed 4500 g (see Fig. 3). As a good clinical practice, the authors’ group
exhibits caution with assisted second-stage deliveries when EFW exceeds 4250 g (ie,
if spontaneous delivery cannot be facilitated by maternal expulsive efforts, the authors
recommend consideration for cesarean section at this point in lieu of using either for-
ceps or vacuum in this setting, which may facilitate an undesired outcome, shoulder
dystocia).
Last, postnatal testing of GDM patients should be performed to ensure that patients

who actually have DM are identified. If initially negative, women with history of GDM
should be rescreened every 3 years. Warm handoffs to primary care providers with
these recommendations should help facilitate better rates of screening for those at
risk for DM and in turn help identify occult DM so that women receive treatment
when appropriate.
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Pregestational Diabetes in
Pregnancy

Ronan Sugrue, MD, MPHa, Chloe Zera, MD, MPHb,*

INTRODUCTION

In the last 30 years, the prevalence of diabetes mellitus in women of childbearing age
has grown. Much of this is attributable to the obesity epidemic, which estimates sug-
gest will worsen over the next decade.1 Pregestational diabetes mellitus (PDM) now
affects 1% to 2% of pregnancies in the United States, and its prevalence continues
to grow. Since the 1990s, PDM has increased significantly in across all age groups,
ethnicities, and geographies in the United States and Canada (Fig. 1).2–4 Rates of
both type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) continue
to increase,5 of whom more than 20% are undiagnosed.6

Glucose Metabolism in Pregnancy

In women with normal carbohydrate metabolism, first-trimester fasting blood glucose
levels are lower than at baseline due to estrogen-mediated increases in both insulin
sensitivity and insulin production.7 In the second and third trimesters, fasting blood
glucose increases as hepatic glucose production increases and insulin sensitivity de-
creases.8 Placental hormones, including human placental lactogen and progesterone,
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KEY POINTS

� Pregestational diabetes affects 1% to 2% of pregnancies in the United States.

� Poor diabetes control is associated with both maternal and fetal adverse outcomes.

� Optimization of glucose control with intensive self-monitoring of blood glucose, lifestyle
management, and pharmacologic therapy preconception and throughout pregnancy re-
duces risk of developing these outcomes.
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also increase peripheral insulin resistance.9 In women with normal pancreatic function,
increased insulin secretion is sufficient to overcome physiologic insulin resistance and
maintain normal blood glucose (Fig. 2).10

Classification

Diabetes mellitus is a syndrome of impaired glucose metabolism due to reduced or
absent pancreatic insulin secretion, abnormal peripheral insulin sensitivity, or
both.11 According to the American Diabetes Association (ADA), the criteria for diag-
nosis of diabetes include the following11:

Fig. 1. Annual prevalence of pregestational diabetes in the United States. (Adapted from
Fig. 2, Correa A, Bardenheier B, Elixhauser A, et al. Trends in prevalence of diabetes among
delivery hospitalizations, United States, 1993-2009. Matern Child Health J 2015;19(3);635–42;
with permission.)

Fig. 2. Insulin requirements during pregnancy. (Data from Catalano PM, Tyzbir ED, Roman
NM, et al. Longitudinal changes in insulin release and insulin resistance in nonobese preg-
nant women. Am J Obstet Gynecol 1991;165(6 Pt 1):1667–72.)
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� Fasting blood glucose greater than 126 mg/dL (7.0 mmol/L)
� Two-hour postprandial glucose greater than 200 mg/dL (11.1 mmol/L) after
ingestion of a 75-g glucose load

� A1c >6.5% (48 mmol/mol)
� A random plasma glucose greater than 200 mg/dL (11.1 mmol/L)

T1DM is an autoimmune condition that often develops early in life because of
destruction of insulin-producing beta cells in the pancreas.12 T2DM is characterized
by late onset, increased peripheral insulin resistance, and reduced insulin sensitivity.
It is associated with age, obesity, family history, and history of gestational diabetes.13

Both mother and fetus are exposed to a wide range of risks and complications in preg-
nancy that are predominantly a function of glycemic control in PDM.14 With appro-
priate therapy, the likelihood of these complications can be reduced to background
population rates.15

RISKS OF PREGESTATIONAL DIABETES DURING PREGNANCY
Maternal Complications

Chronic hypertension
Chronic hypertension, defined as hypertension present before 20 weeks of gesta-
tion,16 affects 6% to 8% of pregnant women with PDM. It is likely due to disruption
of the renal-angiotensin system through reduced renal vascular compliance and
glomerular sclerosis caused by diabetes.17 The risks of hypertension include the
following18:

� Intrauterine growth restriction (IUGR)
� Fetal demise
� Superimposed preeclampsia
� Iatrogenic preterm delivery

The goal of antihypertensive treatment in pregnancy for women with diabetes is to
avoid severe range blood pressures (systolic >160 mm Hg, diastolic >105 mm/Hg).
Safe antihypertensives include the following:

� Beta-blockers (eg, labetalol)
� Calcium-channel blockers (eg, nifedipine)
� Alpha-2 agonists (eg, methyldopa)

Angiotensin-converting enzyme inhibitors or angiotensin-II receptor blockers
(ARBs) are contraindicated in pregnancy because of risk of fetopathy, including
IUGR, fetal renal dysplasia, and oligohydramnios.19 Although women exposed to
angiotensin-converting-enzyme inhibitors or ARBs can be reassured that first-
trimester use is not likely associated with congenital anomalies, switching to an anti-
hypertensive medication compatible with pregnancy before conception is
recommended.20

Nephropathy
Nephropathy, defined as microalbuminuria greater than 300 mg/24 hours with or
without impaired renal function, occurs in 2% to 5% of pregnancies in women with
PDM.21 As the glomerular filtration rate increases during pregnancy, proteinuria often
increases.22 Women with nephropathy are at high risk for preeclampsia.21 Approxi-
mately 50% undergo indicated preterm delivery for maternal or fetal indications,
including IUGR (15%) and preeclampsia (50%).23 Permanent deterioration in baseline
kidney function during pregnancy is uncommon; however, end-stage renal disease
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can occur in women with severe proteinuria in pregnancy (>3 g per 24 hours) or creat-
inine levels in excess of 1.5 mg/dL.24 Aggressive antihypertensive control has been
associated with better outcomes in women with nephropathy.25

Preeclampsia
The incidence of preeclampsia is higher in women with PDM, including 10% to 20%
in those with T1DM.26 Glycemic control in early pregnancy is associated with risk
of preeclampsia.27 Although randomized controlled trial data are lacking specifically
for women with PDM, the authors recommend aspirin for preeclampsia pro-
phylaxis from 16 weeks, consistent with US Preventive Services Task Force
recommendations.28

Retinopathy
Diabetic retinopathy is associated with PDM and can worsen during pregnancy.29

Factors associated with progression include duration of diabetes, presence of hyper-
tension, and adequacy of glycemic control.30 Although tight glycemic control has been
associated with progression,30 the benefits of glycemic control for other outcomes
outweigh this risk. All women with PDM should therefore undergo thorough
ophthalmic assessment early in pregnancy.22 Women with proliferative retinopathy
can be treated with laser photocoagulation during pregnancy; antivascular endothelial
growth factor agents are not routinely recommended.31

Neuropathy
There are limited data regarding the prevalence and prognosis of neuropathy during
pregnancy. Gastroparesis should be considered in women presenting with hyperem-
esis.32 Diabetes-associated distal symmetric polyneuropathy may occur.33 Multidisci-
plinary management of neuropathic pain may be helpful.34

Coronary artery disease
Coronary artery disease is uncommon in pregnancy but should be considered in
symptomatic women with PDM. Women with a history of myocardial infarction
should be discouraged from becoming pregnant.35 A baseline electrocardiogram
(ECG) is recommended, with consideration of echocardiogram (ECHO) as
indicated.

Diabetic ketoacidosis
Diabetic ketoacidosis (DKA) is a life-threatening emergency affecting 5% to 10% of
women with T1DM during pregnancy.36 DKA remains a common first presentation
in pregnant patients with undiagnosed diabetes, and distinct from non-pregnant
women, can occur with mildly elevated glucose levels.37 Women with T1DM should
have specific education on DKA detection and prevention.

Fetal Complications

PDM is associated with increased risk of fetal and neonatal morbidity and mortality.24

Known complications include congenital anomalies, abnormal fetal growth, fetal loss,
birth injury, neonatal hypoglycemia, and hyperbilirubinemia.38

Normal fetal glucose physiology
From the time of placental formation, glucose crosses the placenta via facilitated
diffusion.39 Although the exact relationship between maternal and fetal glucose
concentrations is complex, fetal glucose levels are directly related to maternal
glucose levels: maternal hyperglycemia leads to fetal hyperglycemia and
hyperinsulinemia.40
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Risks to fetus in early pregnancy
Uncontrolled hyperglycemia during the first trimester affects organogenesis.41 Sponta-
neous abortion and congenital malformation, of the central nervous system, cardiac,
gastrointestinal, and genitourinary tract, are significantly more incident with A1c >7%,
and the risk is proportional to A1c42: the overall risk of fetal anomalies in women with
PDM is 6% to 12%.43 A meta-analysis of 33 observational studies found no differences
in incidenceofmajor congenitalmalformationsbetweenmotherswithT1DMandT2DM.44

Abnormal fetal growth
Fetal growth is determined by constitutional growth potential, genetic and epigenetic
influences, and maternal characteristics, including nutritional state.45 Maternal dia-
betes is associated primarily with fetal overgrowth, but also growth restriction.46 Ped-
ersen and colleagues47 are credited with the hypothesis that maternal hyperglycemia
drives fetal hyperinsulinemia, stimulating insulin-like growth factor receptors, resulting
in excessive growth.48 More recent understanding of fetal growth includes abnormal-
ities in early placental oxidative stress, placental glucose, amino acid, and lipid
transport.49,50

Amniotic fluid abnormalities
Polyhydramnios in PDM may be related to increased amniotic fluid glucose concen-
tration or fetal polyuria.51 Severe polyhydramnios in PDM is uncommon and should
prompt consideration of other causes.52

Stillbirth
Stillbirth occurs in 3.1 to 5.8 per 1000 women with PDM in the United States.53 Despite
differences in underlying pathophysiology, women with T2DM do not have better peri-
natal outcomes than those with T1DM.44 Risk factors for stillbirth include large for
gestational age54 and poor glycemic control.55 Fetal acidosis is one postulated mech-
anism of intrauterine fetal death.56

Prematurity
The incidence of preterm delivery and associated neonatal risks is significantly
elevated in women with PDM.57

MANAGEMENT OF PREGESTATIONAL DIABETES IN PREGNANCY
Preconception Counseling

Perinatal and maternal outcomes are best when glucose control is optimized before
conception.58 Women may benefit from multidisciplinary teams that include obstet-
rics, endocrine, and nutrition providers familiar with diabetes in pregnancy.59 Recom-
mended preconception measures are outlined in Box 1.60–62

Nutrition

Women with PDM should have access to a certified dietician to provide them with an
individualized nutrition program. The Institute of Medicine recommends that gesta-
tional weight goals depend on maternal prepregnancy body mass index.63 Calorie re-
quirements in a singleton pregnancy are 300 to 350 kilocalories per day higher than
prepregnancy requirements.64 Monitoring intake of carbohydrates facilitates optimal
glycemic control.65

Intensive Glucose Monitoring

Fasting and postprandial monitoring of blood glucose is recommended to achieve
metabolic control in women with PDM.66 Although a 2017 Cochrane Review
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concluded there was insufficient evidence to recommend a specific glucose moni-
toring technique,67 a recent randomized controlled trial suggests that women with
T1DM may benefit from continuous glucose monitoring.68 The American College of
Obstetricians and Gynecologists (ACOG) and the ADA targets for women with PDM
are outlined in Box 2.69

Hemoglobin A1c in Pregnancy

A1c levels decrease during pregnancy because of physiologic increased red blood cell
turnover.70 Recommended target A1c in pregnancy is less than 6% (42 mmol/mol)
based on observational studies showing the lowest rate of adverse fetal outcomes in
this cohort.71 These levels should be achieved without hypoglycemia, which can in-
crease risks to bothmother and fetus.72 Of note, A1cmay not adequately capture post-
prandial hyperglycemia and therefore remains a secondarymeasure of glucose control.

Insulin Requirements Through Pregnancy

Total daily insulin requirements typically decrease in the first trimester of pregnancy.73

Women with well-controlled diabetes in early pregnancy may experience episodes of

Box 1

Fundamentals of preconception care for women with pregestational diabetes mellitus

A. General measures
� Institution of a minimum of 400 mg folic acid daily to reduce risk of neural tube defects
� Monthly monitoring of A1c until stable less than 6.0%
� Effective use of contraception until pregnancy is desired or until diabetes is optimally

controlled

B. Evaluation for complications of diabetes
� Urinalysis for glucose, leukocytes, nitrites, and ketones
� Urine culture test for asymptomatic bacteriuria
� A 24-hour urine collection for protein and creatinine clearance or spot albumin-

creatinine ratio to assess for nephropathy
� Serum creatinine to assess for nephropathy
� HbA1c for as a measure of 6-weekly glucose control
� Thyroid-stimulating hormone for associated autoimmune thyroid dysfunction, which

occurs in up to 40% of women with type 1 diabetes
� Referral for ophthalmologic assessment for retinopathy
� A baseline ECG or ECHO if prior history of chronic hypertension or ischemic heart disease

C. Education
� Counseling regarding specific maternal, fetal, and obstetric risks associated with diabetes

in pregnancy, including fetal anomaly
� Effectiveness of optimizing control in reducing adverse maternal, fetal, and obstetric

outcomes in pregestational diabetes
� Effective use of contraception during periods when pregnancy is not desired, or where

diabetes and lifestyle are not optimized
� Understanding resources and information available for women of childbearing age

through their primary care provider, obstetrician, diabetologist, or the American
Diabetes Association (http://www.diabetes.org/living-with-diabetes/complications/
pregnancy/)

Data from The American College of Obstetricians and Gynecologists. ACOG Committee
Opinion #313: the importance of preconception care in the continuum of women’s health
care. Obstet Gynecol 2005;106(3):665–6; and Hanson MA, Bardsley A, De-Regil LM, et al. The
International Federation of Gynecology and Obstetrics (FIGO) recommendations on adoles-
cent, preconception, and maternal nutrition: “Think Nutrition First.” Int J Gynecol Obstet
2015;131(Suppl 4):S213–53.
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hypoglycemia requiring adjustment of insulin dosage. Insulin requirements increase in
the second trimester as placental hormone production begins, requiring frequent upti-
tration of insulin to achieve desired targets.8 In the third trimester, insulin requirements
continue to increase until plateauing near term.74

Insulin

The goal of insulin therapy is to achieve capillary glucose levels between 70mg/dL and
110 mg/dL without maternal hypoglycemia. Both multiple daily injection regimens and
continuous subcutaneous insulin infusion are reasonable choices in women with
PDM.75 No trials have demonstrated an optimal multiple dose injection regimen,
and therefore, treatment should be individualized to optimize glycemic control.76 Insu-
lins commonly used in pregnancy are summarized in Table 1.
Basal insulin delivered as intermediate-acting or long-acting insulin suppresses he-

patic gluconeogenesis in the fasting state and is necessary for women with T1DM.
Neutral protamine Hagedorn is commonly used for basal dosing in pregnancy.77 An
alternative is the intermediate insulin analogue detemir (Levemir),78 which has similar
outcomes with no increased risk of hypoglycemia.79 Although not recommended as
first-line basal insulin for women initiating therapy during pregnancy, insulin glargine
(Lantus) may be continued for those who benefit from once-daily basal insulin
dosing.80

Bolus dosing of short-acting insulin analogues is usually required with meals to
mimic prandial insulin secretion. Both Lispro (Humalog) and Aspart (Novolog) are
safe for use in pregnancy and have been shown to normalize postprandial blood
glucose better than human regular insulin in women with PDM.81

Box 2

Recommended glucose targets

� Fasting glucose concentrations �95 mg/dL (5.3 mmol/L)

� Preprandial glucose concentrations �100 mg/dL (5.6 mmol/L)

� One-hour postprandial glucose concentrations �140 mg/dL (7.8 mmol/L)

� Two-hour postprandial glucose concentrations �120 mg/dL (6.7 mmol/L)

� Mean capillary glucose 100 mg/dL (5.6 mmol/L)

� During the night, glucose levels �60 mg/dL (3.3 mmol/L)

Data from American Diabetes Association. Standards of medical care in diabetes–2014. Dia-
betes Care 2014;37(S1):S14–80.

Table 1
Common types of insulins used

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

Short Regular Human 0.5 2–4
Lispro 0.25 1–2
Aspart 0.25 1–2.5

Intermediate Hagedorn 1–2 5–7
Lente 1–3 4–8

Long Glargine 1.1 5
Detemir 1–2 5
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Dosing Regimens

Insulin requirements are weight based and vary by gestational age. A typical starting
dose range could be as follows54:

� First trimester: 0.7 to 0.8 units per kilogram per day
� Second trimester: 0.8 to 1 units per kilogram per day
� Third trimester: 0.9 to 1.2 units per kilogram per day

Regimens will typically require 50% to 60% of total daily insulin requirement given
as basal insulin, with prandial requirement divided into 3 or more injections of short-
acting insulin.

Oral Hypoglycemics

Many women with T2DM are on oral hypoglycemics before pregnancy; however, there
are limited data on their use during pregnancy.82 Metformin and glyburide are currently
the only oral agents considered safe for use during pregnancy and are used as alter-
natives to therapy in women with T2DM who decline insulin.83

Glyburide
In small-cohort studies of women with gestational diabetes, glyburide has been found
to be comparable to insulin in optimizing serum glucose control in pregnancy without
evidence of significant maternal and neonatal complications.84 However, more recent
evidence has shown that concentrations in umbilical cord plasma are approximately
70% of maternal serum levels, and that use is associated with higher incidence of fetal
macrosomia and neonatal hypoglycemia than metformin or insulin.85

Metformin
Metformin has been studied extensively in women without overt diabetes in preg-
nancy; however, there are limited data on use in women with PDM.86 Metformin freely
crosses the placenta but does not seem to be associated with fetal risks. Use in the
first trimester is associated with a lower risk of miscarriage87 and no increased risk
of congenital malformations88; long-term follow-up data for exposed offspring are
lacking at this time, with limited evidence suggesting possible changes in body
composition in children exposed in utero.89 In women with obesity but no diabetes,
metformin is associated with reduced risk of preeclampsia90 and lower risk of macro-
somia91; however, these benefits have not been demonstrated in women with PDM.92

Based on data from a randomized controlled trial of metformin for treatment of gesta-
tional diabetes in which most of the participants needed supplemental insulin, it is
likely to be insufficient for glycemic control in women with T2DM.84

Hypoglycemia

Hypoglycemia occurs more frequently in pregnancy that at other times.93 Patients
and families should be educated on signs of and treatment of hypoglycemia.
Glucagon is a peptide hormone normally secreted from pancreatic alpha cells in
response to hypoglycemia, which raises the blood glucose concentration and should
be made available to relatives of pregnant women on insulin for use in life-threatening
hypoglycemia.94

Management of Diabetic Ketoacidosis

Aggressive rehydration, insulin, and electrolyte replacement as required are initial
therapy. Plasma glucose and potassium levels should be rechecked frequently to
avoid untreated hypoglycemia and hypokalemia.95 If infection is a possible precipitant
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based on clinical presentation, empirical treatment with broad-spectrum antimicro-
bials is advisable.95 The management of DKA is summarized in Box 3.96

Reported rates of fetal mortality in DKA are 10% to 35%.97 Continuous fetal moni-
toring may show recurrent late decelerations with maternal acidosis,98 but fetal acid-
emia is reversible with appropriate treatment of maternal acidemia.

Intrapartum Glucose Control

Maternal hyperglycemia during labor is associated with risk for neonatal hypoglyce-
mia.99 Data are limited on the best approach to intrapartum glycemic control; how-
ever, intravenous insulin is often needed to maintain glucose at a goal of 70 to
110 mg/dL.100 Institutional protocols for insulin management during labor may be
useful.

Fetal Monitoring

ACOG recommends antepartum fetal testing for pregnancies complicated by PDM.61

There are limited data to guide specific test choice and frequency; however, ACOG

Box 3

Management of diabetic ketoacidosis

Laboratory assessment (every 1–2 hours)

� Arterial blood gases to quantify acidosis

� Glucose

� Electrolytes

� Ketones

Insulin

� Low-dose, intravenous

� Loading dose: 0.2 to 0.4 U/kg

� Maintenance: 2 to 10 units per hour

Fluids

� Isotonic normal saline or lactated Ringer

� 4–6 L total replacement in first 12 hours

� 1 L in first hour

� 500 mL to 1 L/h for 2 to 4 hours

� 250 mL/h until 80% replaced

Glucose

� Begin 5% dextrose in normal saline when plasma level reaches 250 mg/dL

Potassium

� If initial levels are normal or decreased, add 20 to 30 mEq/h to an intravenous solution. If
levels are elevated, wait until levels decrease

Bicarbonate

� Add 1 ampule of 1 L of 0.45 normal saline if pH is <7.1

Data from American Diabetes Association. Standards of medical care in diabetes–2014. Dia-
betes Care 2014;37(S1):S14–80.
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advises antepartum monitoring using fetal movements, biophysical profile, nonstress
tests, and/or contraction stress test at appropriate intervals.61 The authors start
testing by 32 weeks and increase to twice weekly by 34 to 36 weeks.

Timing of Delivery

In the absence of compelling data to drive decision making,101 delivery timing should
be individualized based onmaternal glycemic control, balancing the risk of intrauterine
fetal death and ongoing fetal overgrowth with maternal and fetal morbidity associated
with early delivery. Delivery in the late preterm or early term (37 weeks) may be indi-
cated in patients with end-organ disease, persistently poor glucose control, or a pre-
vious intrauterine fetal demise.102

Mode of Delivery

PDM increases risk for cesarean delivery, independent of birth weight and other fac-
tors.103 Cesarean delivery should be considered in women with diabetes and an esti-
mated fetal weight greater than 4500 g.104 Although no large randomized trials have
been conducted in women with PDM, in one single-center study, a policy of elective
cesarean delivery for an estimated fetal weight greater than 4250 g and induction of
labor if greater than 90 percentile but less than 4250 g was associated with a
decreased rate of shoulder dystocia and no change in cesarean delivery rate.105

Postpartum Care

Maternal insulin requirements
Insulin requirements decrease dramatically following the third stage of labor and
placental delivery and return to prepregnancy levels over the subsequent 1 to
2 weeks.8 Typically, insulin dosing is halved or changed to a prepregnancy dosing
regimen. Particular caution should be paid to women taking insulin while breastfeed-
ing, who may be at risk for hypoglycemia.

Breastfeeding
Breastfeeding is recommended as the standard for infant nutrition in the absence of
contraindications.106 Lactation may be of additional benefit to women with
PDM because it reduces overall insulin needs.107 It may also be associated with
long-term maternal metabolic benefits.108

Contraception
All women of childbearing age with PDM should have access to family planning and
contraceptive options to reduce the risk of future unplanned pregnancy. Although dia-
betes should not impact options for contraception, infant feeding and postpartum sta-
tus may impact choice. Preferred postpartum contraceptive options in breastfeeding
include long-acting reversible contraceptives (copper or progestin intrauterine devices,
etonogestrel implants) and progestogen-only pills. Combination hormonal contracep-
tives may pose more risk than benefit in women with PDM because of the thromboem-
bolic effects of estrogen and are not recommended in the immediate postpartum
period.109 Depot medroxyprogesterone acetate (DMPA) may also be associated with
a higher risk for thromboembolism in mothers with PDM because of increased periph-
eral conversion of DMPA to peripheral estrogen than other progestogens.110

Postpartum transition of care
There are limited data to support specific care models for women with PDM after
pregnancy; however, optimization of long-term maternal health should be a goal of
all obstetric and primary care providers.111
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SUMMARY

Diabetes is a common chronic condition in women of reproductive age. Preconcep-
tion care reduces the risks associated with poor glycemic control in early pregnancy.
Adverse pregnancy outcomes, including hypertensive disorders, abnormal fetal
growth, traumatic delivery, and stillbirth, can be minimized with optimal glycemic con-
trol. Insulin is the preferred medication to optimize glucose control in women with
T2DM, and frequent dose adjustments are needed during pregnancy. Team-based
multidisciplinary care may help women achieve glycemic goals and optimize preg-
nancy outcomes. Postpartum care should include lactation support, counseling on
contraceptive options, and transition to primary care.
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Hypertensive Disorders in
Pregnancy

Amelia L.M. Sutton, MD, PhD*, Lorie M. Harper, MD, MSCI, Alan T.N. Tita, MD, PhD

INTRODUCTION

Hypertensive disorders affect as many as 10% of all pregnancies worldwide.1 This
heterogeneous group of disorders includes chronic hypertension, gestational hy-
pertension, preeclampsia, and preeclampsia superimposed on chronic hyperten-
sion. These disorders account for a significant proportion of perinatal morbidity
and mortality. Hypertensive disorders feature among the top 6 causes of maternal
mortality in the United States and are responsible for nearly 10% of all maternal
deaths.2 The incidence of preeclampsia has risen dramatically over the past few
decades.3,4 The incidence of early-onset preeclampsia, which accounts for a
disproportionate degree of maternal and neonatal morbidity and mortality, has
increased by greater than 140%.5 Given the substantial health burden of hyperten-
sive disorders in pregnancy, there is increasing interest in optimizing management
of these conditions. This article summarizes the diagnosis and management of
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KEY POINTS

� Hypertensive disorders of pregnancy result in a substantial health burden, accounting for
a large proportion of maternal and neonatal morbidity and mortality.

� The diagnostic criteria and classification of preeclampsia have been updated to reflect
current understanding of the disease.

� Select candidates with preterm preeclampsia with severe features can be expectantly
managed to decrease the risks of iatrogenic prematurity.

� Strategies to prevent preeclampsia include identification of high-risk patients and initiation
of low-dose aspirin in early gestation.

� Substantial gaps in knowledge remain, including the goal blood pressures for women with
chronic hypertension.
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each of the disorders in the spectrum of hypertension in pregnancy and highlights
recent updates in the field.

CHRONIC HYPERTENSION
Definition and Epidemiology

Hypertension is defined as either a systolic blood pressure (SBP) of 140 mm Hg or
higher, a diastolic BP (DBP) of 90 mm Hg or higher, or both.6 Chronic hypertension,
by definition, is diagnosed before pregnancy or before 20 weeks’ gestation and per-
sisting after delivery.6 Chronic hypertension is further classified as mild-to-moderate
(SBP 140–159 mm Hg and/or DBP 90–109 mm Hg) or severe (SBP �160 mm Hg
and/or DBP �110 mm Hg).1 As many as 5% of pregnant women have chronic hyper-
tension. Most of these patients will have essential hypertension but as many as 10%
have secondary hypertension, with underlying endocrine or renal causes.1 Older age
at child birth and prevalence of obesity contribute to a rising prevalence of chronic
hypertension during pregnancy.3,4

Diagnosis

Chronic hypertension is most easily diagnosed in a woman with documented prepreg-
nancy hypertension, especially if she is already receiving antihypertensive therapy.1

Hypertension arising in the first trimester is most likely chronic hypertension. However,
a diagnostic dilemma arises in women with late prenatal care who may be normoten-
sive during the typical nadir in the second trimester and then become hypertensive in
the late second or third trimester. It is challenging to distinguish chronic hypertension
from gestational hypertension and, often, preeclampsia during the pregnancy. If hy-
pertension persists after the postpartum period (6–12 weeks), then chronic hyperten-
sion is the retrospective diagnosis. Additionally, many women with well-documented
preexisting hypertension may remain normotensive without therapy throughout
pregnancy.

Complications

Chronic hypertension is associated with poor outcomes in both pregnant and
nonpregnant women.6 Some complications that can occur both during and outside
of pregnancy include renal failure, stroke, respiratory failure, and death.6 However,
the most significant complication of chronic hypertension is the development of
superimposed preeclampsia, which develops in 20% to 40% of women with chronic
hypertension.7,8 Maternal morbidity and mortality rates are higher in patients with
superimposed preeclampsia compared with womenwith preeclampsia in the absence
of preexisting hypertension.9 Similarly, chronic hypertension poses substantial risks to
the fetus, including miscarriage, abruption, small-for-gestational age, preterm birth,
and perinatal death. The perinatal mortality rate is higher in patients with superim-
posed preeclampsia compared with women with preeclampsia in women without
chronic hypertension.10

Management

Women with chronic hypertension should be evaluated for evidence of end-organ
damage, including a baseline serum creatinine, urine protein quantitation, and
electrocardiogram. A recent study suggested that even high normal values of
serum creatinine (�0.75 mg/dL) and proteinuria (protein/creatine ratio �0.12) before
20 weeks’ gestation are associated with an increased risk of developing preeclamp-
sia with and without severe features.11 If the hypertension is severe and/or
long-standing, further cardiac evaluation, including an echocardiogram, may be

Sutton et al334



warranted.6 Although most cases of hypertension are primary, additional evaluation
for secondary causes, such as polycystic kidney disease, hyperaldosteronism, Cush-
ing syndrome, or renovascular disease, may be indicated by clinical findings and per-
sonal and family history.
Optimal blood pressure (BP) thresholds during pregnancy have been studied in

several trials.12–14 The benefits of tight BP control must be balanced by the effects
of antihypertensives on the fetus. The Control of Hypertension in Pregnancy Study
(CHIPS) randomized women with hypertension at 14 to 33 weeks to either tight
(DBP <85 mm Hg) or less tight BP control (DBP <100 mm Hg).12 Although there
was a lower incidence of severe hypertension in the tight control group, there
were no differences in perinatal or maternal outcomes, including the primary
outcome of pregnancy loss or neonatal intensive care unit admission for at least
48 hours. A secondary analysis of the subgroup with chronic hypertension
suggested an increase in small-for-gestational age infants associated with beta-
blocker treatment of mild hypertension.12 Therefore, the decision to treat mild-to-
moderate hypertension in pregnancy remains a topic of debate and is the focus
of an ongoing large multicenter randomized trial. Considering the available data
from the CHIPS trial, as well as systematic reviews,14 the current recommendation
is that antihypertensive therapy should be initiated only in women with severe hy-
pertension (defined as SBP �160 mm Hg and/or DBP �105 mm Hg).13 Therapy
may be discontinued in women with mild hypertension unless there are significant
comorbidities.
First-line antihypertensives include labetalol, a nonselective alpha-blocker and

beta-blocker; nifedipine, a calcium channel blocker; and methyldopa, an alpha2
adrenergic agonist.1 Extensive studies have shown that methyldopa is safe during
pregnancy but is less effective than beta-blockers and calcium channel blockers
in preventing severe hypertension.14 Labetalol is dosed 200 to 2400 mg per day
orally in 2 to 3 divided doses. It should be avoided in patients with significant asthma
and congestive heart failure.6 Nifedipine is dosed 30 to 120 mg per day orally. Meth-
yldopa is dosed 500 mg-3 gram per day orally in 2 to 3 divided doses. Second-line
agents include thiazide diuretics. Theoretic concerns that diuretics can cause vol-
ume depletion and fetal growth restriction have not been confirmed in trials.15

Angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers
have been associated with fetal abnormalities, including renal and skull anomalies,
and should not be used in pregnancy.6

Women should be carefully monitored for the development of superimposed pre-
eclampsia throughout pregnancy. Serial biometry is recommended given the
increased risk of fetal growth restriction in patients with chronic hypertension.1 The
risk of stillbirth is 2 to 3 times higher in women with chronic hypertension compared
with pregnancies not complicated by the disease16,17; therefore, antenatal testing
should be performed in the third trimester.1 In patients with uncomplicated disease,
delivery at 38 to 39 weeks’ gestation is recommended.1

GESTATIONAL HYPERTENSION
Definition and Epidemiology

Gestational hypertension is defined as new-onset elevated BPs after 20 weeks’ gesta-
tion without proteinuria or other signs of preeclampsia.6 The alternate diagnosis of
chronic hypertension should be made if BPs do not normalize in the postpartum
period. Gestational hypertension complicates 2% to 3% of pregnancies in the United
States.4,18 Approximately half of women initially diagnosed with gestational
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hypertension before term eventually develop preeclampsia19; therefore, close surveil-
lance for worsening disease is warranted.

Diagnosis

Gestational hypertension is a diagnosis of exclusion. Specifically, chronic hyperten-
sion and preeclampsia should be ruled out during the evaluation. The diagnosis is
made when there is new-onset hypertension (defined as systolic BP �140 mm Hg
and/or DBP�90 mmHg following 20 weeks’ gestation) and the absence of proteinuria
or the other features of preeclampsia (Table 1). It is often difficult to distinguish gesta-
tional hypertension from chronic hypertension, especially in women with inadequate
prepregnancy care or presenting late for prenatal care (after the first trimester), so
true baseline BPs are uncertain.

Complications

The most common complication of gestational hypertension is development of pre-
eclampsia, which occurs in approximately 50% of women who are diagnosed with
gestational hypertension before term.19 Therefore, women with gestational hyperten-
sion are at risk for all of the obstetric complications associated with preeclampsia (see
later discussion), including eclampsia, other central nervous system (CNS) complica-
tions, end-organ damage, fetal growth restriction, abruption, and death. The risk of
adverse outcomes in gestational hypertension is considerably less than in preeclamp-
sia unless the hypertension becomes severe, in which case outcomes are similar to
preeclampsia.20 By definition, gestational hypertension resolves in the postpartum
period.1,6 Nonetheless, women with this condition are at increased risk for developing
chronic hypertension and other cardiovascular diseases, such ischemic heart disease,
later in life.21

Management

When gestational hypertension is diagnosed at term (�37 weeks), delivery is recom-
mended because it prevents the serious complications associated with progression

Table 1
Severe features of preeclampsia

Severe hypertension � SBP >160 mm Hg or
� DBP >110 mm Hg
� Taken on 2 occasions at least 4 h apart while on bed rest (unless
antihypertensives have been administered)

CNS symptoms � Persistent headache not relieved by analgesics
� Visual changes

Pulmonary edema � Clinically diagnosed

Thrombocytopenia � Platelet count <100,000/mL

Renal insufficiency � Serum creatinine >1.1 mg/dL, or
� Doubling of the serum creatinine when other renal diseases have
been excluded

Liver dysfunction � Increase in liver enzymes to � twice the upper limits of normal

Adapted from American College of Obstetrics and Gynecologists; Task Force on Hypertension in
Pregnancy. Hypertension in pregnancy. Report of the American College of Obstetricians and Gyne-
cologists’ Task Force on Hypertension in Pregnancy. Obstet Gynecol 2013;122(5):1122–31; with
permission.
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of the disease.1 Delivery at term is supported by a randomized trial of immediate de-
livery versus expectant management in patients with preeclampsia without severe fea-
tures or gestational hypertension. This trial demonstrated that induction is associated
with similar neonatal outcomes and a decreased risk of adverse maternal outcomes,
which was a composite outcome of maternal mortality, maternal morbidity (eclampsia,
hemolysis, elevated liver enzymes, and low platelets [HELLP] syndrome; pulmonary
edema; thromboembolic disease; and placental abruption), progression to severe hy-
pertension or proteinuria, and major postpartum hemorrhage (relative risk 0.71, 95%
CI 0.59–0.86).22

When gestational hypertension is diagnosed in the preterm period, expectant man-
agement with frequent monitoring for signs of worsening disease is recommended.1

Management is similar to preterm preeclampsia without severe features (see later
discussion), with at least weekly maternal visits for assessment of symptoms and
BP measurement, twice weekly antenatal testing, weekly measurement of amniotic
fluid volume, and monitoring of fetal growth.1 Delivery should be planned at 37 weeks.
An induction of labor is preferred, with cesarean delivery for the typical obstetric
indications.

PREECLAMPSIA-ECLAMPSIA
Definition and Epidemiology

Preeclampsia is defined as new-onset hypertension after 20 weeks of gestation and
proteinuria and/or evidence of end-organ compromise, including CNS symptoms
(headache and/or visual changes), pulmonary edema, thrombocytopenia, renal
insufficiency, or liver dysfunction.1 HELLP syndrome is a variant of preeclampsia,
with severe features, and is not specifically characterized as a separate entity by
the American College of Obstetrics and Gynecologists (ACOG).1 Preeclampsia
complicates 2% to 8% of pregnancies worldwide.23 Most cases arise in the
late preterm and term periods. Preeclampsia diagnosed before 34 weeks’ gestation
complicates only 0.3% to 0.4% of all pregnancies.24 There has been a marked in-
crease in hypertensive disorders of pregnancy over the last several years, with a
143% increase in incidence of early-onset disease from 1990 to 2010.5 Eclampsia
is new-onset generalized seizures in a woman with preeclampsia. It remains a rare
condition, with an estimated incidence of 5 to 8 per 10,000 and has decreased over
time.25

The multiple risk factors for preeclampsia include primiparity, age 40 years or
greater, chronic hypertension, obesity, renal disease, pregestational diabetes, lupus,
thrombophilia, multifetal gestation, in vitro fertilization, history of preeclampsia in prior
pregnancy, or family history of preeclampsia.6 Attention has been devoted to devel-
oping tools that predict preeclampsia, including uterine artery Doppler ultrasounds
and serum and/or urine biomarkers, or a combination. Current evidence has not
shown a benefit of these tools in predicting preeclampsia compared with known
risk factors.1

Diagnosis

Patients with preeclampsia present with a wide range of symptoms and signs.6 Most
women are asymptomatic at the onset of the disease, so frequent prenatal visits
are warranted as pregnancy progresses. A recent US Preventive Task Force (USPTF)
statement endorsed the standard practice of screening for preeclampsia with BP
measurements throughout pregnancy.26,27 The task force did not endorse concomi-
tant urinalysis for protein; however, this remains routine in most obstetric practices.
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Symptoms are often an indicator of more severe disease and reflect the underlying
microvascular insult that leads to diminished perfusion. The CNS symptoms include
persistent headache, visual changes, alteredmental status, or seizures (ie, eclampsia).
Symptoms of liver dysfunction include abdominal pain localized to the right upper
quadrant and/or epigastrium and nausea and vomiting. Severe generalized abdominal
pain or tetanic contractions with or without vaginal bleeding is likely due to placental
abruption.
The diagnosis of preeclampsia requires new-onset hypertension (defined as

systolic BP �140 mm Hg and/or DBP �90 mm Hg after 20 weeks’ gestation)
and proteinuria, or CNS symptoms, pulmonary edema, thrombocytopenia, renal
insufficiency, or liver dysfunction.1 That proteinuria is not essential for the diagnosis
represents a shift in the diagnostic criteria and highlights the variable natural history
of the disease.1 However, in most cases, the diagnosis of preeclampsia will
be based on the presence of hypertension and proteinuria. Depending on the
BP and the presence of specific symptoms, signs, and laboratory findings, pre-
eclampsia is classified as with or without severe features (see Table 1).1 Of note,
severe proteinuria (>5 g/24 hour urine specimen) is no longer denoted a severe
feature of preeclampsia because perinatal outcomes do not correlate with the de-
gree of proteinuria.1 Fetal growth restriction is also not considered a severe
feature.1

The diagnosis of HELLP syndrome requires confirmation of hemolysis (on blood
smear, an indirect hyperbilirubinemia, low serum haptoglobin, or markedly elevated
lactate dehydrogenase) in conjunction with both thrombocytopenia (platelet count
<100,000/mm) and elevated liver enzymes (AST [aspartate amniotransferase] or ALT
[alanine aminotransferase] greater than twice the upper limit of normal).28 As indicated
previously, HELLP syndrome is thought to be a variant of preeclampsia with severe
features and, thus, is managed similarly.

Complications

Preeclampsia can result in a wide spectrum of complications in multiple organ sys-
tems owing to associated microangiopathy, vasoconstriction, and malperfusion.6

One of the most striking complications is, of course, eclampsia, which is a generalized
tonic-clonic seizure due to encephalopathy from underperfusion of the brain.6 Other
CNS complications include cortical blindness, hemorrhagic stroke, and posterior
reversible encephalopathy syndrome. Visual impairment can also result from retinop-
athy, retinal detachment, or cortical blindness, which typically resolves following
delivery.29 Liver dysfunction can rarely progress to fulminant hepatic failure. Thrombo-
cytopenia can lead to excessive bleeding, including postpartum hemorrhage, compli-
cations with regional anesthesia, and hepatic subcapsular hematomas and rupture.
Renal impairment may evolve into severe acute kidney injury, leading to electrolyte
abnormalities.
Fetal complications, due to uteroplacental underperfusion, include growth

restriction, oligohydramnios, and placental abruption.6 Placental abruption often
triggers disseminated intravascular coagulopathy (DIC), a consumptive process
that can cause massive hemorrhage.6 Unfortunately, these complications can
result in the death of the mother, fetus, or both, unless recognized and treated
promptly.
Although, by definition, preeclampsia resolves in the postpartum period,

women remain at risk for the development of chronic medical conditions later
in life.21 A preeclamptic pregnancy increases the risk of cardiovascular complica-
tions, such as hypertension and ischemic heart disease, cerebrovascular disease,
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diabetes, renal disease, and thromboembolism.21 The American Heart Association
and American Stroke Association have highlighted these strong associations
in their recent guidelines that urge providers to fully query pregnancy
history in assessing a woman’s risk for cardiovascular and cerebrovascular
disease.30

Management

Antepartum
The only cure for preeclampsia is delivery of the fetus and placenta. Once the diag-
nosis is established, delivery should be expedited in term (�37 weeks) gestations in
both preeclampsia with and without severe features.1 Although delivery averts the
maternal complications of the disease, preterm gestations are subjected to iatro-
genic prematurity and its sequelae. Thus, optimal management of preterm pre-
eclampsia involves careful navigation of the maternal-fetal conflict that plagues
the obstetrician. The recommended standard of care has evolved from delivery
soon after diagnosis to expectant management in preterm preeclampsia with
severe features.1 Some studies have shown that expectant management of preterm
preeclampsia results in improved neonatal outcomes without a significant
increased risk of adverse maternal outcomes, even in the setting of severe features
meeting specific selection criteria.31–34 Although there is a small increased risk of
stillbirth associated with expectant management, this is balanced by decreased
risks of neonatal death, complications of prematurity, and cerebral palsy.31 Further-
more, there is no significant increase in maternal morbidity associated with
expectant management in the absence of specific contraindications.31 Therefore,
the current recommendation in the United States is to delay delivery in patients
with early-onset preeclampsia if the maternal and fetal status remains stable
(Table 2).35

In the absence of severe features, expectant management includes frequent moni-
toring of maternal and fetal status for progression of the disease, with delivery
planned for 37 weeks. The choice of inpatient versus outpatient management should
be individualized based on the clinical presentation, medical comorbidities, and pa-
tient reliability because neither approach has been demonstrated to improve

Table 2
Indications for delivery during expectant management

Maternal Indications Fetal Indications

Recurrent severe hypertension
Recurrent symptoms
Renal insufficiency (defined in Table 1)
Thrombocytopenia or HELLP syndrome
Pulmonary edema
Eclampsia
Suspected placental abruption
Labor or rupture of membranes

Gestational age of 340/7 wk
Growth restriction <5%
Persistent oligohydramnios (greatest vertical

pocket <2 cm)
BPP of 4/10 or less on at least 2 occasions 6 h

apart
Reversed end-diastolic flow on umbilical

artery Doppler ultrasound studies
Recurrent variable or late decelerations
Fetal death

Abbreviation: BPP, biophysical profile.
Data from American College of Obstetrics and Gynecologists; Task Force on Hypertension in

Pregnancy. Hypertension in pregnancy. Report of the American College of Obstetricians and Gyne-
cologists’ Task Force on Hypertension in Pregnancy. Obstet Gynecol 2013;122(5):1122–31.
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maternal or perinatal morbidity.36 The ACOG recommends at least weekly maternal
evaluations with assessment for symptoms and BP measurement.1 Laboratory eval-
uations may also be performed, with complete blood count, creatinine, and transam-
inases, although the yield seems to be low.37 Serial monitoring of the degree of
proteinuria is not recommended after the diagnosis is established because wors-
ening proteinuria is expected, it does not seem to affect outcomes, and does not
alter management.38 There is a paucity of data to guide other management. Twice
weekly or weekly antenatal testing and amniotic fluid volume and fetal growth
assessed every 3 to 4 weeks with ultrasound and fetal movement counts daily by
the patient are recommended.6

If there are severe features in the late preterm period (340/7 to 366/7 weeks’ gesta-
tion), delivery should occur after maternal stabilization.6 Administration of antenatal
corticosteroids is now recommended up to 366/7 weeks’ gestation but delivery should
not be delayed to complete the course.39,40

Before 340/7 weeks’ gestation, severe preeclampsia may be expectantly
managed if strict criteria are met.1 Immediate contraindications to expectant man-
agement include eclampsia, pulmonary edema, DIC, uncontrolled severe hyperten-
sion, nonviable fetus, abnormal fetal testing, placenta abruption, or fetal demise.
Delivery should occur once maternal status is stable. Additional contraindications
to expectant management include persistent symptoms, HELLP or partial HELLP
syndrome, severe fetal growth restriction, severe oligohydramnios, reversed end-
diastolic flow on umbilical artery Doppler ultrasounds, progressive labor, rupture
of membranes, or significant renal impairment. Delivery should be initiated 48 hours
after the first corticosteroid dose.1 If the patient does not have the listed contrain-
dications, expectant management may be continued with the patient as an inpa-
tient at an appropriate facility, with daily assessment of maternal and fetal status
and antihypertensive treatment. Delivery should be undertaken for the following in-
dications: after 340/7weeks is achieved, if contraindications to expectant manage-
ment develop, if there is abnormal maternal or fetal testing; or if labor or rupture of
membranes occurs.1

Intrapartum
Induction of labor is preferred and cesarean delivery is reserved for the usual obstetric
indications. Although it is common practice to deliver preterm patients with unfavor-
able cervices via cesarean, recent studies have shown that the success rate for induc-
tions is greater than 60% in patients less than 34 weeks.41

Parenteral magnesium sulfate is the treatment of choice for prophylaxis against
eclampsia in preeclampsia with severe features.6 The Magpie [MAGnesium sulphate
for Prevention of Eclampsia] randomized trial of magnesium versus placebo in
10,000 women with preeclampsia demonstrated the efficacy of magnesium sulfate
in the prevention of eclampsia.42 An additional benefit of magnesium sulfate is its neu-
roprotective effects in the preterm (<32 weeks’) fetus, with a decreased risk of cerebral
palsy.43,44

Although magnesium sulfate is routinely administered to patients with preeclampsia
without severe features, the evidence supporting this practice is limited. Randomized
trials examining magnesium sulfate in patients without severe features were under-
powered, precluding a firm conclusion regarding its efficacy.45,46 A decision analysis
concluded that the decision to treat women with preeclampsia with magnesium sul-
fate or not was equivocal in terms of maternal and neonatal outcomes.47 Therefore,
the ACOG does not currently recommend routine intrapartum administration of mag-
nesium sulfate to women with preeclampsia without severe features.1 However,
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scrupulous surveillance for progression of the disease is warranted throughout labor
so that therapy may be initiated expeditiously.
Magnesium sulfate is typically administered as a 4 to 6 g loading dose over 15 to

30 minutes followed by 2 g per hour maintenance dose.6 The infusion should
be continued until 24 hours following delivery. The therapeutic range of magnesium
is 4 to 6 mEq/L.6 Above this level, magnesium toxicity may be apparent.
The first sign is diminished deep tendon reflexes (10 mEq/L), followed by
respiratory paralysis (10 mEq/L), and cardiac arrest (>25 mEq/L).6 Magnesium
toxicity is treated with discontinuation of the infusion and administration of
intravenous calcium gluconate (10 mL of a 10% solution). Although magnesium
toxicity can be life-threatening, in a patient with normal renal function and
adequate urine output, routine serum monitoring of magnesium levels is not war-
ranted.6 Most hospitals have a protocol of careful measurement of urine output
and assessment of deep tendon reflexes to detect the early stages of magnesium
toxicity. In patients with renal insufficiency (serum creatinine >1.0 mg/dL) and/or
diminished urine output, the serum magnesium level should be monitored for the
duration of the therapy and the magnesium sulfate dose can be empirically
decreased. A bolus and no maintenance therapy, or a decreased maintenance
dose of 1 g per hour, are options for patients with significant impairment in renal
clearance.6

The first-line treatment of eclampsia is magnesium, which is superior to other
anticonvulsants, such as phenytoin or benzodiazepines.48 Magnesium should be
continued for at least 24 hours after the last seizure activity.1 If a woman develops
eclampsia while receiving a magnesium infusion, another anticonvulsant, such as
a benzodiazepine or a barbiturate, can be used to break the seizure.6 If anticonvul-
sant therapy proves ineffective, general anesthesia may be necessary.6

Care should be taken prevent trauma, protect the airway, and maintain oxygena-
tion during the seizure. Prompt delivery is necessary following maternal
stabilization.1

Intrapartum antihypertensives are indicated for BPs persistently greater than
160 mm Hg systolic and/or greater than 105 to 110 mm Hg diastolic.6 There are
limited data to guide choice of any medication compared with another. Parenteral
labetalol, a mixed alpha-adrenergic and beta-adrenergic antagonist,1 is contraindi-
cated in the setting of asthma, congestive heart failure, or other significant cardiac
disease. The initial dose should be 10 to 20 mg, followed by 20 to 80 mg every 20 to
30 minutes to a maximum dose of 300 mg in 24 hours.6 Hydralazine, a direct vaso-
dilator, may be administered intravenously or intramuscularly. The starting dose is
5 mg, followed by 5 to 10 mg every 20 to 40 minutes.6 Adverse effects include
tachycardia, headache, and maternal hypotension leading to abnormal fetal heart
rate tracings. Finally, nifedipine, a calcium channel blocker, may be used. The start-
ing dose is 10 to 20 mg orally, with repeat doses in 30 minutes then every 2 to
6 hours as needed.6 Adverse effects include tachycardia and headache. The theo-
retic risk of potentiating the cardiorespiratory and other effects of magnesium sul-
fate remains to be proven; women receiving both nifedipine and magnesium should
be monitored.6

Postpartum
Because approximately a third of eclamptic seizures occur postpartum, seizure pro-
phylaxis with magnesium sulfate or alternate anticonvulsant should be continued for
at least 24 hours after delivery.6 Persistent hypertension (>150 mm Hg systolic and/
or >100 mm Hg diastolic) should be treated with oral antihypertensives.6 Often, the
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therapy can be tapered or discontinued after the first few weeks after BPs normalize.
The ACOG suggests that women with gestational hypertension or preeclampsia
receive BPmonitoring up to 72 hours postpartum and again 7 to 10 days after delivery,
or sooner with symptoms.1 Because preeclampsia and eclampsia can occur up to
4 weeks postpartum, all women should be educated on warning signs and evaluated
promptly for potential hypertensive complications.

Prevention
Intense interest in identifying strategies to prevent preeclampsia in women at
increased risk for the condition has yielded limited positive results. Trials of antiox-
idant treatment with vitamins C and E failed to show any benefit.9,49 In a large US
study, calcium supplementation was not effective50 but did reduce the incidence of
preeclampsia in settings with low calcium intake.51 In a large meta-analysis, con-
flicting data regarding the potential benefit of aspirin in the prevention of pre-
eclampsia52–54 revealed a small but significant (17%) reduction in preeclampsia
in women treated with aspirin.55 In these studies, lower doses (60–81 mg) of aspirin
were used. One randomized trial of more than 1700 women at high risk of pre-
eclampsia, in which 150 mg of aspirin was compared with placebo,56 showed
aspirin was associated with a 62% reduction in the risk of preterm preeclampsia.
Higher doses of aspirin may be more effective in the prevention of preeclampsia
in high-risk patients. The USPTF recommends low-dose aspirin therapy for preven-
tion of preeclampsia if the patient has 1 high-risk factor or 2 or more moderate-risk
factors (Table 3).57

PREECLAMPSIA SUPERIMPOSED ON CHRONIC HYPERTENSION
Definition and Epidemiology

Superimposed preeclampsia is the development of preeclampsia in women with pre-
existing chronic hypertension and is the hypertensive disorder associated with the
highest risk of adverse outcomes. This condition develops in as many as 40% of
women with chronic hypertension.7,8

Table 3
US Preventive Services Task Force risk factors for preeclampsia

High-Risk Factors Moderate-Risk Factors

History of preeclampsia, especially
associated with adverse outcome

Nulliparity

Multifetal gestation Obesity

Chronic hypertension Family history of preeclampsia (mother or sister)

Pregestational diabetes Demographic characteristics (African American or low
socioeconomic status)

Renal disease Age �35 y

Autoimmune disease Personal history factors (ie, low birthweight infant,
previous adverse pregnancy outcome, >10 y
pregnancy interval)

Recommend low-dose aspirin started after 12 weeks for patient with 1 high-risk factor or greater
than 2 moderate risk factors.

Adapted from LeFevre ML, U.S. Preventive Services Task Force. Low-dose aspirin use for the pre-
vention of morbidity and mortality from preeclampsia: U.S. Preventive Services Task Force recom-
mendation statement. Ann Intern Med 2014;161(11):821; with permission.
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Diagnosis

Distinguishing superimposed preeclampsia from the physiologic increase in BP that
occurs in the third trimester is a diagnostic challenge. The ACOG recommends erring
on the side of overdiagnosis of superimposed preeclampsia, given the high possibility
of adverse perinatal outcomes if the condition is misclassified.1 Superimposed pre-
eclampsia is suspected when

1. BP suddenly increases in a patient with well-controlled BP, either on or off
antihypertensives

2. There is new-onset proteinuria or sudden worsening of proteinuria in a patient with
baseline proteinuria.

Superimposed preeclampsia with severe features is diagnosed the same way as
preeclampsia with severe features (see Table 1).1

Complications

The same range of complications is associated with superimposed preeclampsia
and preeclampsia. However, the risks are higher in superimposed preeclampsia.
For example, the perinatal mortality rate is higher in patients with superimposed
preeclampsia compared with women with preeclampsia in women without chronic
hypertension.10

Management

Themanagement principles of superimposed preeclampsia are similar to those of pre-
eclampsia (see previous discussion). For preterm superimposed preeclampsia, the
disease should be characterized as with or without severe features. Patients with pre-
term superimposed preeclampsia without severe features are candidates for expec-
tant management.1 They should be monitored frequently for development of severe
features and delivered at 37 weeks’ gestation if the maternal-fetal status remains sta-
ble. Antenatal corticosteroids should be administered up to 366/7 weeks.39,40 Patents
with preterm superimposed preeclampsia with severe features should be managed
similarly to preterm preeclampsia with severe features, with careful consideration of
expectant management in appropriate patients and delivery by 340/7 weeks’ gesta-
tion.1 BP goals for superimposed preeclampsia are similar to those of preeclampsia,
with antihypertensive treatment indicated for SBP greater than or equal to 160 mm Hg
or DBP greater than or equal to 105 mm Hg.1

SUMMARY

Although there have been great advancements in the diagnosis and management of
the hypertensive disorders of pregnancy, these conditions account for a substantial
proportion of maternal and perinatal morbidity and mortality in the United States and
worldwide. Updates to management guidelines have focused on improved diagnosis
of preeclampsia, expectant management of select candidates with preterm pre-
eclampsia, and prevention of preeclampsia in high-risk women. However, further
research is needed to combat the rising incidence of hypertension in pregnancy and
to further refine management strategies that improve maternal and neonatal health.
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Seizures in Pregnancy

Kassie J. Bollig, MDa, Daniel L. Jackson, MD, MSb,*

INTRODUCTION: BACKGROUND AND EPIDEMIOLOGY

Seizures are the most common major neurologic complication encountered in preg-
nancy with a prevalence of in the United States of 1.2%.1 Nearly one-half million
women with epilepsy are of reproductive age and between 0.5% and 1.0% of all preg-
nancies occur among women with epilepsy.2,3

The etiology of seizures covers a wide range of diseases, vascular insults, infectious
sequelae, malignant processes, metabolic derangements, toxic insults, primary cen-
tral nervous system dysfunction, and more.4,5 In pregnancy, eclampsia represents a
unique consideration among possible causes of seizure. Although epileptic seizures
are the most common, it is crucial to accurately determine the underlying cause of sei-
zures in pregnancy to provide appropriate therapy.4

Epilepsy

Women with epilepsy who become pregnant are at a substantially increased risk of
adverse outcomes, including preeclampsia, preterm labor, stillbirth, cesarean deliv-
ery, and a more than 10-fold increased risk of death.6 The majority of maternal deaths
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KEY POINTS

� Seizures during pregnancy pose significant maternal and fetal risks.

� The initial evaluation of seizures involves detailed clinical and physical examination his-
tories, seizure classification, laboratory studies, and imaging interpretation.

� The management of epilepsy among women of reproductive age is complex and involves
unique considerations during the preconception, antepartum, intrapartum, and post-
partum periods.

� The management of the acute seizure during pregnancy should follow a predetermined
algorithm with the presumptive diagnosis of eclampsia until proven otherwise.
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are related to poor seizure control. As such, achieving control of maternal epilepsy is
the primary concern in the management of pregnant women with an underlying seizure
disorder.3 This goal is complicated by the risk of potential congenital malformations
owing to the use of antiepileptic therapy.7–11

DEFINITION AND CLASSIFICATION
Definition

Conceptually, an epileptic seizure is defined as “a transient occurrence of
signs and/or symptoms owing to abnormal excessive or synchronous neuronal
activity in the brain.”12 The clinical application of this definition is difficult, because
it is often not possible to prove the presence of “abnormal excessive or synchro-
nous neuronal activity.” In addition, some seizures that are confirmed electrograph-
ically do not demonstrate detectable signs or symptoms.13 To combat this issue,
3 separate operational definitions of epilepsy have been developed by the Interna-
tional League Against Epilepsy that can be more reasonably applied to the clinical
setting:

1. At least 2 unprovoked seizures occurring greater than 24 hours apart,
2. One unprovoked seizure and the probability of further seizures similar to the gen-

eral recurrence risk (�60%) after 2 unprovoked seizures, occurring over the next
10 years, and

3. Diagnosis of an epilepsy syndrome.13,14

Awareness of and recognition by providers that epilepsy represents a diverse
array of brain diseases sharing the common presentation of seizure is critical. It is
important for those providing pregnancy care to work closely with a neurologist to
improve understanding of an individual’s disease. This responsibility not only bears
weighty implications for treatment, but also gives insight into predicting the char-
acter of the seizure disorder throughout pregnancy.15,16 The resolution of epilepsy
may be determined by a neurologist in the setting of women who have remained
seizure free for the last 10 years, with the last 5 years off antiseizure medication,
or individuals who were diagnosed with a childhood epilepsy syndrome who are
now in adulthood.14

Classification System

The classification of epilepsy type greatly influences clinical management. In 2017, the
International League Against Epilepsy developed a new classification system allowing
for diagnosis at 3 levels according to the range of resources that may be available
(Fig. 1).17 In areas of resource-poor settings, diagnosis may be limited to level 1,
whereas in settings of high diagnostic capabilities, a seizure can be considered among
all levels of diagnosis.17 Important changes include:

1. Extinction of the terms partial and complex, and instead only describing the pres-
ence of awareness;

2. The addition of a motor and nonmotor classification of focal seizures; and
3. The addition of a combined focal and generalized seizure category, and an un-

known seizure type category.

Owing to the significant treatment implications, the International League Against
Epilepsy also added 6 etiology subgroups to be considered among all levels of diag-
nosis. These subgroups are genetic, structural, metabolic, immune, infectious, and
unknown.17
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INITIAL EVALUATION

The path toward diagnosis of a first seizure in a pregnant patient begins with a thor-
ough history and physical examination. Although not always feasible, a detailed
description of the event is helpful in both classifying the event as a seizure and to
rule out differential diagnoses. This description includes possible triggers, behaviors,
and postictal symptoms, if present. Attempts should also bemade to uncover past ep-
isodes and underlying risk factors such as medications, poisonings, medical comor-
bidities, or genetic predispositions.4,13 In patients suffering from a true epileptic
event, the physical examination is typically normal, but it can be a critical component
when there is concern for central nervous system bleeding, infarction, or infection. A
thorough neurologic examination is important to evaluate upper or lower motor neuron
signs and lateralizing lesions.13

Adjuvant laboratory tests and imaging are obligatory elements of the evaluation of a
seizure to examine triggering factors and guide next steps in management.18 Although
not routinely recommended, the American Academy of Neurology (AAN) and the
American Epilepsy Society state that blood counts, blood glucose, electrolyte panels,
urinary analysis for protein, lumbar puncture, and toxicology studies may be helpful
based on the clinical circumstances.18 These 2 groups do advise routine electroen-
cephalographic (EEG) and brain imaging with computed tomography (CT) scans or
MRI as a part of the initial evaluation.18 EEG is important for diagnosing the subtype
of seizure, influencing therapy choice, and to predict seizure recurrence.13,18 Between
8% and 50% of patients presenting with a first seizure will have a positive EEG demon-
strating epileptiform abnormalities.18 However, nearly 50% of patients who are clini-
cally diagnosed with a seizure may have a normal EEG.18 As such, a normal EEG

Fig. 1. The 2017 International League Against Epilepsy seizure classification system. EEG,
electroencephalograph. (Data from Scheffer IE, Berkovic S, Capovilla G, et al. ILAE classifica-
tion of the epilepsies: position paper of the ILAE commission for classification and terminol-
ogy. Epilepsia 2017;58(4):512–21.)
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does not rule out the diagnosis of epileptic seizures. EEGs performed in the first
24 hours after a seizure or serial EEGs may prove to better aid in diagnosis and be
more likely to demonstrate epileptiform abnormalities.13 with regard to imaging, CT
scanning is more commonly used in the acute workup of seizure owing to its quick
availability compared with MRI.4 Importantly, MRI is more sensitive for minor abnor-
malities common in focal and recurrent, unprovoked seizures.13,18 Both CT scanning
and MRI may diagnose an underlying brain tumor, stroke, infection, or other structural
lesion.4,18 Regarding the safety of CT scans in pregnancy, women should be made
aware that the American College of Radiology states that the developing preembryo,
embryo, or fetus is not at risk after receiving radiation exposure from a single diag-
nostic radiographic procedure.19 During standard CT scanning of the head, the fetus
is exposed to less than 1 rad of ionizing radiation.19 An increase in fetal anomalies or
pregnancy loss is not demonstrated in radiologic exposures of less than 5 rad.20

Throughout the initial evaluation, a broad differential diagnosis is appropriate
(Fig. 2).4,21,22 Neurovascular causes, cardiac causes, and metabolic conditions are

Fig. 2. Differential diagnosis of acute seizure. BP, blood pressure; CI, contraindication; DBP,
diastolic blood pressure; EEG, electroencephalograph; HR, heart rate; ICU, intensive care
unit; IM, intramuscular; IV, intravenous; OB, obstetrics; Pulse ox, pulse oxygenation; SBP, sys-
tolic blood pressure. (Data from Refs.4,21,22)
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all important considerations for first presentation of seizures in pregnancy.4,21,22

Perhaps one of the most difficult diagnoses is that of psychogenic nonepileptic sei-
zures, also called dissociative seizures or pseudoseizures, which are characterized
by drug-resistant attacks.13,22

In addition to these differential diagnoses, the evaluation of seizure in pregnancy
should begin with a consideration for eclampsia. Preeclampsia is defined as hyperten-
sion caused by pregnancy with the addition of end-organ involvement (proteinuria,
thrombocytopenia, abnormal liver enzymes, elevated creatinine, or neurologic symp-
toms).20 Eclampsia is defined as tonic–clonic seizures in the setting of preeclampsia.20

Preeclampsia is generally seen in the later one-half of gestation and is more common
with underlying chronic hypertension, diabetes, autoimmune disease (lupus), multiple
gestation, and extremes of maternal age. Preeclampsia and eclampsia can occasion-
ally be seen in early pregnancy in the setting of higher order multiple gestation, molar
pregnancy, and severe maternal renal disease.23,24 Unique to the initial evaluation of
seizure in pregnancy is the consideration of fetal well-being. The management of
women in whom preeclampsia and epilepsy are both potential etiologies of seizures
of unknown etiology is discussed elsewhere in this article.

PRECONCEPTION COUNSELING AND MANAGEMENT

Preconception counseling is of utmost importance for all women of childbearing age
who have epilepsy. Because many pregnancies are unplanned and changes initiated
before conception and early in pregnancy can decrease adverse outcomes, the best
time to begin preconception counseling is at disease diagnosis and the initiation of the
first antiepileptic drug (AED).15 Epilepsy is not a contraindication to pregnancy.
Although the risk of fetal malformations is about double the risk of that in a nonepilep-
tic woman, the absolute risk is still low, with a greater than 90% chance that she will
have an uneventful pregnancy and a normal child.15,25 If known risk factors exist for
epilepsy inheritance, or if there is significant anxiety surrounding the possible inheri-
tance of seizures, genetic counseling should be provided.26 Components of precon-
ception counseling include a discussion of contraception, maternal and fetal risks in
pregnancy, selection and management of AEDs, and folate supplementation.

Contraception

Owing to induction of the hepatic cytochrome P-450 system, contraceptive failures in
women taking oral contraceptives are increased if they are concomitantly taking
AEDs.27 Many of the most common AEDs fall into this category, including phenytoin,
phenobarbital, carbamazepine, primidone, topiramate, oxcarbazepine, and to a lesser
extent lamotrigine. As a result, the World Health Organization recommends that
women choose long-acting reversible contraceptives such as the copper or levonor-
gestrel intrauterine devices and etonogestrel implants owing to their higher efficacy
and lower drug interactions with AEDs.27

Maternal and Fetal Risks

Data regarding the effect of epilepsy during pregnancy on the mother and fetus are
limited. A 2009 review by the AAN was not able to determine if an increased incidence
of preeclampsia or gestational hypertension was present in women with epilepsy,28

and they also concluded that preterm labor was only found to be increased in women
who also smoked.28 Many reports contained low case numbers, lack of adequate con-
trol groups, diversity among study methods, and absence of the influences of contrib-
uting social factors such as smoking and alcohol consumption.15 In recent years,
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however, larger population-based cohort studies andmetaanalyses have shed light on
relationships between maternal and fetal health and epilepsy (Table 1).6,9–11,29–36

Maternal complications
A population-based cohort study of 69,000 pregnant women with epilepsy were
examined from 2007 to 20116 and a metaanalysis examining studies from January
1990 to January 2015 have provided risk estimates regarding maternal and fetal out-
comes.29 Among pregnant women with epilepsy compared with the general popula-
tion, there is an increased risk of complications such as cesarean delivery (odds
ratio [OR], 2.5), gestational hypertension (OR, 1.3), preeclampsia (OR, 1.6), antepar-
tum hemorrhage (OR, 1.4), postpartum hemorrhage (OR, 1.8), preterm labor (OR,
1.5), and, most strikingly, maternal death with an overall adjusted OR of 11.5.6 Results
from the metaanalysis yielded additional findings of increased maternal risks of spon-
taneous miscarriage (OR, 1.5), preterm birth (OR, 1.16), and induction of labor (OR,
1.6).29 Many of these risks were also cited in studies in Norway, Iceland, Canada,
and Sweden, including the risks of preterm labor,30 preeclampsia,30–32 postpartum
hemorrhage,32,33 induction of labor,31,34 and cesarean delivery.30,32,35

The increased risk of maternal mortality deserves requires further study.3,6,15

Possible explanations include a higher percentage of contributing comorbidities, the
overall increase of pregnancy-related life-threatening complications, an increase in
seizure-related complications such as sudden unexpected death in epilepsy and sta-
tus epilepticus, and a greater rate of depression and anxiety in these women.37,38 The
risk of mortality in pregnant women with epilepsy may be as high as 1 in 1000, a nearly
10-fold increase compared with women without epilepsy. The majority of these deaths
are due to sudden unexpected death in epilepsy, which in turn is related to poor
seizure control, highlighting the importance of continuing clinically indicated antiepi-
leptic treatment throughout pregnancy and delivery.3 The risk of developing status
epilepticus is reported as 0% to 1.8%.28

Fetal complications
It is difficult to separate whether maternal epilepsy itself, or the effects of AED therapy,
is to blame for many of the fetal and neonatal risks associated with these pregnancies.
Studies still lack consistency regarding increased risk of perinatal death or still-
birth.10,28,29 Women with epilepsy are more likely to have an infant who is small for
gestational age6,28 and with 1-minute Apgar scores of less than 7.28 In addition, the

Table 1
Maternal and fetal complications in pregnancies affected by epilepsy

Maternal Complications Fetal Complications

� Spontaneous miscarriage
� Preterm labor
� Preterm birth
� Antepartum hemorrhage
� Gestational hypertension
� Preeclampsia
� Induction of labor
� Cesarean delivery
� Postpartum hemorrhage
� Maternal death

� Small for gestational age
� 1-minute Apgar <7
� Perinatal death or stillbirth
� Congenital malformations owing to AED use
� Adverse behavioral developmental and cognitive outcomes

owing to AED use

Abbreviation: AED, antiepileptic drug.
Data from Refs.6,9–11,29–36
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risk of spontaneous abortion in women taking AEDs is slightly increased compared
with those not using medication.39

Current research suggests that fetal complications in epilepsy are related to the
teratogenicity of AED rather than epilepsy itself.7 The overall risk of fetal congenital
malformations in women on anticonvulsant therapy ranges from 4% to 9% and de-
pends greatly on the exact AED prescribed.7 The overall risk for major congenital mal-
formations is approximately 2.2% for carbamazepine, 3.2% for lamotrigine, 3.7% for
phenytoin, and 6.2% for valproate.8 Of all the AEDs, valproate has been shown to
most consistently demonstrate a higher risk of congenital malformations as well as be-
ing associated with adverse behavioral developmental and cognitive outcomes.15,36 In
addition, polytherapy increased the overall risk of major congenital anomaly from
3.5% to 4.0% to 6% to 8% in 2 separate studies.7,8 Common congenital malforma-
tions associated with specific AEDs are shown in Table 2.4,15,25 Currently, the most
commonly prescribed AEDs for women of reproductive age are lamotrigine and leve-
tiracetam.40 Women with epilepsy who have had a previous child with a congenital
malformation have an increased risk of 16.8 per 100 births of having another child
with a malformation.41 In assessing the risk posed by antiepileptic therapy, it is impor-
tant to recall that the baseline rate of fetal malformations in the general population is
around 3%.42,43

Selection and Management of Antiepileptic Drugs

In epileptic women desiring pregnancy, a thorough history regarding the accuracy of
seizure diagnosis, subtype, duration, frequency of seizure, and anticonvulsant use is
essential. Most women with epilepsy will require continuing AED therapy. It is reason-
able to wean AED therapy in patients who have been seizure free for 2 to 4 years.15

Table 2
Teratogenicity of antiepileptic drugs

Drug (Brand Name)
Rate of
Teratogenicity (%) Major Congenital Anomalies

Phenytoin (Dilantin) 0.7–7.0 Fetal hydantoin syndrome (cleft palate,
hypoplasia of nails and distal phalanges),
IUGR, cardiac malformations, NTDs,
hypospadias

Carbamazepine
(Tegretol)

2–6 Orofacial clefts, cardiac

Valproic Acid
(Depakote)

4–14 Neural tube defects, orofacial clefts, Fetal
valproate syndrome (limb abnormalities,
cardiac malformations, fetal growth
restriction, facial dysmorphology),
polydactyly, craniosynostosis, hypospadias,
poor cognitive and behavioral outcomes

Lamotrigine (lamictal) 2–5 Cleft lip and/or cleft palate

Levetiracetam (Keppra) 0–2 Nonspecific

Topiramate (Topamax) 3–4 Cleft lip and/or palate

Gabapentin (Neurotin) 0–6 Nonspecific

Phenobarbital 1–6 Cardiac malformations, oral clefts, poor
cognitive outcomes

Abbreviations: IUGR, intrauterine growth restriction; NTD, neural tube defect.
Data from Refs.4,15,25
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Because the frequency of seizure recurrence is greatest during the period immediately
after the discontinuation of therapy, an attempt to wean anticonvulsant medication
should ideally take place in the 9 to 12 months before attempting pregnancy.28 During
pregnancy, 20% to 30% of women will experience an increase in seizure frequency,44

but those who are seizure free for at least 9 months before conception have an 84% to
92% likelihood to remain seizure free throughout pregnancy.28 Overall, monotherapy
is preferred over polytherapy owing to its lower risk for congenital malformations.15,45

Similarly, a lower dose of anticonvulsant is preferred to a higher dose.11 The terato-
genic potential should also be considered with an attempt to avoid valproate and
phenytoin if possible, with special efforts to avoid both valproate and carbamazepine
in a patient with a family history of neural tube defects.46 In an established pregnancy,
it is generally best to continue an effective AED, even if teratogenic. The window for
teratogenic effect is generally before the recognition of pregnancy; changing the
regimen exposes the fetus to additional drug effects, and a change in therapy may
precipitate seizures.47

Folate Supplementation

For all women of childbearing age, preconception folic acid supplementation of
0.4 mg/d is recommended to decrease the risk of neural tube defects in case of preg-
nancy.46 Decreased first trimester maternal serum levels of folic acid in women with
epilepsy are associated with an increased risk of congenital malformations.48 More-
over, some AEDs decrease folic acid levels.49 In women with epilepsy, the recommen-
ded dose of folic acid supplementation varies across guidelines. The 2009 AAN and
American Epilepsy Society guidelines concluded that evidence was insufficient to
determine whether a dose higher than 0.4 mg offers greater protection for women
with epilepsy.50 The American College of Obstetricians and Gynecologists, however,
recommend 4 mg of folic acid daily for women at an increased risk of having a fetus
with neural tube defects, including women on AEDs.46 Higher doses of folate are
not recommended because a dosage of more than 5 mg/d may be associated with
delayed psychomotor development in offspring.51

ANTEPARTUM MANAGEMENT
Anticonvulsant Drug Monitoring

The main goal of pregnancy management is seizure prevention. Treatment for preg-
nancy complications that affect AED efficacy, such as nausea and vomiting, should
be provided, stimuli causing seizures avoided, andmedication compliance stressed.52

As discussed, basic AED management principles include using monotherapy at the
lowest effective dose as possible and avoidance of teratogenic AEDs.15,45 Increased
renal clearance, liver metabolism, and volume of distribution as well as decreased
plasma protein binding and gastrointestinal absorption can affect anticonvulsant effi-
cacy.15,25 Recent AAN guidelines suggest that pregnancy produces a significant
enough increase in clearance and decrease in the concentration of lamotrigine,
phenytoin, carbamazepine, levetiracetam, and oxcarbazepine to warrant monitoring
of plasma levels throughout pregnancy.50 To identify the serum level that adequately
controls seizures for the individual patient, measurement of a trough value of total and
free concentrations of each AED should be performed before pregnancy or as early as
possible in the first trimester.25 This value can serve as a reference throughout the
course of pregnancy. Some investigators suggest testing at weeks 5 to 6, week 10,
and then once a trimester53 Others suggest monthly monitoring.15,25 As pregnancy
progresses, the dose of AED should be increased for women who experience an
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increase in seizure frequency or a decrease in the free level of the anticonvulsant drug
of 30% or more.25

Vitamin K

Evidence regarding antenatal maternal administration of vitamin K is weak at best.50

Historically, small studies suggested that mothers taking anticonvulsants with hepatic
enzyme inducing properties (termed enzyme-inducing AEDs) may cross the placenta
and cause degradation of vitamin K in the fetus, leading to hemorrhagic complica-
tions.54–56 These enzyme-inducing AEDs included phenobarbital, phenytoin, carba-
mazepine, primidone, topiramate, eslicarbazepine, and oxcarbazepine. Indeed,
infants of mothers taking AEDs have decreased levels of factors II, VII, IX, and X
and normal values of factors V and VIII and fibrinogen,54–56 a pattern indicative of
vitamin K deficiency.25 In 1993, a small case control study demonstrated increased
vitamin K found in cord blood in women with epilepsy on AEDs and receiving vitamin
K during the last month of pregnancy compared with mothers without supplementa-
tion.57 Based on this study, some physicians routinely prescribe 10 mg/d of oral
vitamin K to mothers on AEDs during the last month of pregnancy. Subsequent
research has cast doubt on this practice. In 2002, an epidemiologic study examined
662 pregnancies of mothers taking AEDs without concomitant vitamin K supplemen-
tation and found no increase in bleeding complications in neonates.58 All neonates
received 1 mg vitamin K at birth, as is now standard practice.58 Moreover, the AAN
guidelines state that the evidence is insufficient to recommend for or against the prac-
tice of peripartum maternal vitamin K supplementation.50 In the case that AED use
does induce vitamin K deficiency in the neonate, routine vitamin K administration at
birth seems sufficient to combat any adverse effects.58

Antepartum Testing

As in any pregnancy, early and accurate gestational dating is essential in the setting of
epilepsy. According to the American College of Obstetricians and Gynecologists and
the Society of Maternal Fetal Medicine guidelines, regardless of aneuploidy screening,
an ultrasound examination at 11 to 14 weeks is recommended to confirm dates and
screen for neural tube defects.59–61 In cases of anencephaly, this approach provides
the mother the option of terminating the pregnancy during the first trimester when this
procedure is safest. In cases where termination is not pursued, early knowledge of a
malformation can provide information important for later pregnancy planning.
Because many centers may not be staffed with sonographers skilled in detailed first
trimester ultrasound abnormalities, the first opportunity for screening for neural tube
defects and other open defects may be approximately 15 to 22 weeks of gestation
in the form of serum maternal alpha-fetoprotein.62 At 18 to 22 weeks of gestation,
women should undergo a detailed anatomic ultrasound examination to screen for neu-
ral tube defects as well as other malformations, such as cleft lip and palate, or heart
anomalies with a maternal fetal medicine subspecialist.59–61 When serum screening
is combined with ultrasound examination, the detection rate of neural tube defects
is between 94% and 100%.63 Because fetal heart malformations are more common
in women taking AEDs, a fetal echocardiogram is recommended between 18 and
22 weeks of gestation.64 Antenatal testing is often performed empirically in women
with epilepsy, although data are conflicting. Some authors have reported an increased
risk of fetal growth restriction in epilepsy,65 although others have not.66 At this time,
existing data are not sufficient to recommend definitively for or against ultrasound
monitoring for fetal growth restriction in women with epilepsy. Studies are also con-
flicting in terms of the increased risk of stillbirth in the setting of epilepsy6,27–29,66
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and, as such, there are insufficient data to recommend for or against antenatal testing
in the setting of epilepsy in the absence of other comorbid medical conditions or fetal
anomalies. In the setting of epilepsy complicated by fetal anomalies or other maternal
conditions associated with stillbirth, antenatal testing is recommended.67

INTRAPARTUM CARE
Route of Delivery

Although epidemiologic data describe an increased risk of induction of labor31,34

and cesarean delivery30,32,35 for women with epilepsy, indications for the mode
and timing of delivery in these women should follow routine obstetric practice. Ce-
sarean delivery is not indicated simply for maternal epilepsy or AED use, except
when seizures occur frequently during labor, when they are precipitated by physical
activity, or when patients cannot cooperate during labor because of neurologic dis-
order or mental abnormality.68 The vast majority of women will have successful
vaginal deliveries.69 There are no restrictions regarding regional anesthesia in the
setting of epilepsy.5,15,70 Regional anesthesia aids in decreasing stress levels, a
known seizure precipitant, and reduces the risk for emergency general anesthesia
induction when refractory seizures necessitate urgent delivery.15,16 If general anes-
thesia becomes necessary, pethidine and ketamine should be avoided owing to
their ability to lower seizure threshold, and sevoflurane should be avoided owing
to its epileptogenic potential.71

Management of the Acute Seizure During Labor

Epileptic seizure
Women who have been on AEDs throughout pregnancy should continue during labor.
Sudden cessation of anticonvulsant therapy or missed doses during a long labor
course will predispose the patient to an acute seizure.25 Overall, the risk of seizures
during labor in women with epilepsy is 3.5% or less; these seizures are most likely
to occur in women who had seizures during their pregnancy.72,73 Other risk factors
for seizures in labor include insomnia, pain, fatigue, and dehydration.16 Women with
recent convulsive seizures, recent seizures after stress or sleep deprivation, or a his-
tory of seizures in a previous labor may benefit from the use of a prophylactic benzo-
diazepine during labor.16,74 Status epilepticus, which can be fatal to both the patient
and her offspring, occurs in 0% to 1.8% of pregnancies in women with epilepsy.28 In a
small series of 29 patients, a total of 9 mothers and 14 fetuses died during or after an
episode of status epilepticus.75 A combination of fetal and maternal hypoxia and
acidosis as well as changes in placental blood flow have been proposed as potential
etiologies of maternal and fetal death in the setting of status epilepticus.16,76,77

Eclamptic seizure
Women with severe preeclampsia are at highest risk for developing eclampsia. In
women with severe preeclampsia not receiving antiseizure prophylaxis, eclampsia
occurs in 2% to 3% of cases compared with 0.6% of women with mild preeclamp-
sia.78 Owing to the increasing prevalence of hypertension disorders in pregnancy,79

it is necessary to briefly discuss preeclampsia and eclamptic seizure. Risk factors
for the development of preeclampsia include but are not limited to chronic hyperten-
sion, preeclampsia in a previous pregnancy, extremes of maternal age, renal dis-
ease, vascular disease, autoimmune disease, diabetes mellitus, and multifetal
gestation.80 A systematic review of more than 21,000 women with eclampsia
demonstrated the most common preceding signs and symptoms of eclampsia are
hypertension, headache, visual disturbances, right upper quadrant or epigastric
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pain, and ankle clonus.81 Occurring most commonly during the intrapartum and
postpartum periods, maternal eclamptic seizure is most frequently manifested by
generalized tonic–clonic seizures.80

Initial management considerations
As soon as a seizure (epileptic or eclamptic) is clinically recognized, the patient’s med-
ical stability should be assessed. Respiratory and circulatory status should be evalu-
ated first, with supportive therapy such as oxygen or mechanical ventilation started if
appropriate. Suctioning of secretions can be performed and maternal repositioning to
the side should occur to increase blood supply to the placenta.15 A seizure episode
that occurs for the first time during pregnancy should be treated as eclampsia until
proven otherwise.15,25 The management principles specific to eclampsia include the
use of magnesium sulfate for seizure control and antihypertensive agents to decrease
stroke risk.82–84 It is prudent to initiate intravenous or intramuscular magnesium sulfate
if there is any suspicion for eclampsia. The superiority of magnesium sulfate as
compared with phenytoin for eclamptic seizure management in terms of both prophy-
laxis and prevention of further seizure activity is well-established.78,84,85 If seizures
persist despite magnesium administration, benzodiazepines such as diazepam or lor-
azepam are a common choice for second-line therapy.82 In this scenario, clinical sus-
picion for an underlying etiology beyond eclampsia would be increased. Importantly,
the initial empiric treatment with benzodiazepines in the setting of a suspected
eclamptic seizure should be avoided. The unnecessary addition of benzodiazepines
coupled with the expected postictal state of the patient can obtund the patient and
make it more difficult to protect the airway. Magnesium sulfate is absolutely contrain-
dicated in patients with myasthenia gravis and, in patients with severe renal dysfunc-
tion, the dose should be adjusted or an alternative agent such as phenytoin
used.27,84,85 In a patient with known epilepsy, preeclampsia remains a likely
cause of seizure. Management of epileptic and eclamptic seizure is summarized in
Fig. 3.82–84,86

At the time of initial presentation, it may not be possible to differentiate between
epileptic and eclamptic seizure. Although eclampsia is more common in the setting
of hypertension, proteinuria, and patient report of headache, an eclamptic seizure
can occur in a patient with only mild hypertension, no proteinuria, and no neurologic
symptoms.5,23,24 In addition, if the patient is unresponsive and records or family mem-
bers are unavailable, it may not be possible to evaluate these factors.

Fetal heart rate monitoring
Maternal seizure activity is associated with uterine hypertonus and fetal bradycardia
that, if present, can be treated with terbutaline by rapidly relaxing the uterus and
improving fetal oxygenation.16 Continuous fetal monitoring should be instituted if
the fetus is at a viable gestational age. During or immediately after the seizure, fetal
heart tracing abnormalities are common. Specifically, maternal hypoxemia may
result in a loss of variability and a category II fetal tracing.5 With prolonged maternal
hypoxemia, fetal bradycardia and a category III fetal heart tracing may occur.5

Fortunately, these findings typically resolve in 3 to 10 minutes.5 However, the pres-
ence of fetal tachycardia and absent variability or sinusoidal pattern may suggest
placental abruption and fetal anemia. In this case, preparations should be made
to provide appropriate management of neonatal hypovolemia and maternal peripar-
tum hemorrhage.5 Management should focus on improving maternal oxygenation
through treatment and prevention of future seizures and positioning and oxygen
as noted.
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Fig. 3. (A, B) Intrapartum management of the acute seizure. (Data from Refs.82–84,86)
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Delivery
Although eclampsia is an indication for delivery at all gestational ages,24 eclamptic
seizure, even with fetal bradycardia, does not mandate immediate cesarean delivery.5

To the contrary, attempting to transport an actively seizing patient to the operating
room without controlling her seizures can compromise care and is generally discour-
aged.5 Instead, further attempts at maternal and fetal stabilization, including the use of
anticonvulsants, oxygen, antihypertensives, uterotonics, and maternal repositioning
are recommended. However, if category III fetal heart tracing persists for 10 to 15 mi-
nutes despite resuscitative efforts, this may be a sign of placental abruption and im-
mediate delivery should be considered.5,15,16,80 In addition, women without
improvement within 10 to 20 minutes of therapy initiation may benefit from an evalu-
ation by a neurologist for consideration of other etiologies such as subarachnoid hem-
orrhage.15 The time frame in which delivery should be undertaken is ultimately
individualized in the setting of maternal seizure. Owing to the potential for administra-
tion of multiple benzodiazepines and AEDs, the neonatal care team should be notified
of the potential for neonatal central nervous system depression.16

POSTPARTUM MANAGEMENT
Antiepileptic Drug Management

After delivery, active AEDmanagement is important, because the clearance andmeta-
bolism of these medications rapidly reverts to prepregnancy parameters. Most AED
drug levels increase and plateau by 10 weeks postpartum,87 but others, such as lamo-
trigine, increase rapidly, usually within 10 to 14 days.4 If the dose was increased during
gestation, the anticonvulsant dose should be tapered to that of prepregnancy levels or
slightly higher over approximately 3 weeks. Changes in lamotrigine serum levels in
particular increase quickly within the first week and dose reductions on postpartum
days 3, 7, and 10 may be needed to prevent toxicity.15,88 Above all, it is important
that AED therapy is continued postpartum and that all mothers are monitored for signs
of toxicity as dose alterations are made.

Safety in the Postpartum Period

The same vigilance over the antepartum and intrapartum safety of women with epi-
lepsy should continue into the postpartum period because the 3-day peripartum
period is the time of maximal seizure exacerbation.89 All new mothers with epilepsy
should be counseled on the importance of therapy compliance, signs of postpartum
depression, and prevention of seizure triggers such lack of sleep and increased
stress.4,15 To prevent sleep deprivation, family members may need to help with night
feedings to allow 6 to 8 hours of uninterrupted sleep. To counteract the likely increase
in stress levels new mothers are bound to experience, AED dosage may need to be
tapered to levels just above prepregnancy levels.15 Further safety prevention mea-
sures that should be emphasized to the mother and family incorporate steps to protect
the newborn in case of maternal seizure.15 These measures include bathing the infant
only when another caregiver is present, changing diapers on the floor instead of a
changing table, using a stroller instead of a carrier that straps onto the mother, and
avoiding stairs when possible.4,15

Breastfeeding

The benefits of breastfeeding are well-established.90 All AEDs are measurable in
breast milk in varying concentrations, but most experts agree that AED use does
not preclude breastfeeding.53,91 The NEAD (Neurodevelopmental Effects of Antiepi-
leptic Drugs) study examined the cognitive outcomes of infants exposed to
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carbamazepine, lamotrigine, phenytoin, and valproate. Investigators found no differ-
ences at 3 years of age in children exposed to all AEDs combined and for each indi-
vidual AED group, but at 6 years the breastfed infants were found to have higher IQs
and language scores than the infants of mothers who did not breastfeed.92,93 Addi-
tional studies have demonstrated that the small amount of AED present in breast
milk is eliminated with ingestion and not measurable in the neonatal plasma and sup-
ported the conclusion of the NEAD study that exposure to AED in breast milk does not
seem to impede central nervous system development of the offspring.94–97 Although
not all confounding factors may have been accounted for in these studies and further
prospective studies on AED exposure through breast milk are necessary, studies thus
far are reassuring and support that benefits of breastfeeding while taking AED likely
outweigh risks.

SUMMARY

Seizures remain among the most serious complications encountered in pregnancy.
Both maternal and fetal risks associated with seizure management demand the
need for comprehensive and standardized care both at time of initial diagnosis of a
seizure disorder and throughout pregnancy. Counseling provided during the precon-
ception, antepartum, intrapartum, and postpartum periods is essential in providing
patient-centered care and to limit adverse pregnancy outcomes.
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ments during pregnancy and child psychomotor development after the first year
of life. JAMA Pediatr 2014;168(11):e142611.

52. Neurologic disorders. In: Fried A, Boyle PJ, editors. Williams obstetrics. 24th edi-
tion. Philadelphia: McGraw-Hill Education; 2014. p. 1189–91.

53. Munshi A, Munshi S. Neurological diseases. In: Malhotra N, Puri R, Malhotra J,
editors. Donald school manual of practical problems in obstetrics. 1st edition.
New Delhi (India): Jaypee Brothers Medical Publishers (P) Ltd; 2012. p. 281–3.

54. Yerby M. Problems and management of the pregnant woman with epilepsy. Epi-
lepsia 1987;28(Suppl 3):S29.

55. Bleyer W, Skinner A. Fatal neonatal hemorrhage after maternal anticonvulsant
therapy. JAMA 1976;235:626.

56. Mountain K, Hirsh J, Gallus A. Neonatal coagulation defect due to anticonvulsant
drug treatment in pregnancy. Lancet 1970;1(7641):265.

57. Cornelissen M, Steegers-Theunissen R, Kollee L, et al. Supplementation of
vitamin K in pregnant women receiving anticonvulsant therapy prevents neonatal
vitamin K deficiency. Am J Obstet Gynecol 1993;168:884.

58. Kaaja E, Kaaja R, Matila R, et al. Enzyme-inducing antiepileptic drugs in preg-
nancy and the risk of bleeding in the neonate. Neurology 2002;58(4):549.

59. Committee on Practice Bulletins—Obstetrics and the American Institute of Ultra-
sound in Medicine. ACOG practice bulletin No. 175. Ultrasound in pregnancy.
Obstet Gynecol 2016;128(6):241–56.

60. Wax J, Minkoff H, Johnson A, et al. Consensus report on the detailed fetal
anatomic ultrasound examination: indications, components, and qualifications.
J Ultrasound Med 2014;33:189–95.

61. Reddy U, Abuhamad A, Levine D, et al. Fetal imaging: executive summary of
a Joint Eunice Kennedy Shriver National Institute of Child Health and Human
Development, Society for Maternal-Fetal Medicine, American Institute of Ultra-
sound in Medicine, American College of Obstetricians and Gynecologists,
American College of Radiology, Society for Pediatric Radiology, and Society
of Radiologists in Ultrasound Fetal Imaging Workshop. Obstet Gynecol 2014;
123(5):1070–82.

62. Committee on Practice Bulletins—Obstetrics, Committee on Genetics, and the
Society for Maternal-Fetal Medicine. ACOG practice bulletin No. 163. Screening
for fetal aneuploidy. Obstet Gynecol 2016;127(5):e123–37.

Seizures in Pregnancy 365

http://refhub.elsevier.com/S0889-8545(18)30018-4/sref47
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref47
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref47
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref48
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref48
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref48
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref49
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref49
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref50
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref51
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref51
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref51
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref52
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref52
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref53
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref53
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref53
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref54
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref54
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref55
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref55
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref56
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref56
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref57
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref57
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref57
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref58
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref58
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref59
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref59
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref59
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref60
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref60
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref60
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref61
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref62
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref62
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref62


63. Nadel A, Green J, Holmes L, et al. Absence of need for amniocentesis in patients
with elevated levels of maternal serum alpha-fetoprotein and normal ultrasono-
graphic examinations. N Engl J Med 1990;323(9):557.

64. AIUM Practice parameter for the performance of fetal echocardiography. In:
AIUM resource guidelines. 2013. Available at: http://www.aium.org/resources/
guidelines/fetalEcho.pdf. Accessed August 15, 2017.

65. Viinikainen K, Heinonen S, Eriksson K, et al. Community-based, prospective,
controlled study of obstetric and neonatal outcome of 179 pregnancies in women
with epilepsy. Epilepsia 2006;47(1):186–92.

66. McPherson J, Harper L, Odibo A, et al. Maternal seizure disorder and risk of
adverse pregnancy outcomes. Am J Obstet Gynecol 2013;208(5):378.e1-5.

67. ACOG practice bulletin No. 145. Antepartum fetal surveillance. Obstet Gynecol
2014;124(1):182–92.

68. Tomson T, Hiilesmaa V. Epilepsy in pregnancy. BMJ 2007;335:769–73.
69. Hiilesmaa V. Pregnancy and birth in women with epilepsy. Neurology 1992;42(4

Suppl 5):8.
70. Sibai B. Diagnosis and management of gestational hypertension and preeclamp-

sia. Obstet Gynecol 2003;102:181–92.
71. Kuczkowski K. Seizures on emergence from sevoflurane anaesthesia for

Caesarean section in a healthy parturient. Anaesthesia 2002;57:1234–5.
72. Battino D, Tomson T, Bonizzoni E, et al. Seizure control and treatment changes in

pregnancy: observations from the EURAP epilepsy pregnancy registry. Epilepsia
2013;54(9):1621–7.

73. EURAP Study Group. Seizure control and treatment in pregnancy: observations
from the EURAP epilepsy pregnancy registry. Neurology 2006;66:354–60.

74. Kevat D, Mackillop L. Neurological diseases in pregnancy. J R Coll Physicians
Edinb 2013;43:49–58.

75. Pennell P. Pregnancy in the woman with epilepsy: maternal and fetal outcomes.
Semin Neurol 2002;22(3):299–308.

76. Sveberg L, Svalheim S, Taubøll E. The impact of seizures on pregnancy and de-
livery. Seizure 2015;28:35–8.

77. Teramo K, Hiilesmaa V, Bardy A, et al. Fetal heart rate during a maternal grand
mal epileptic seizure. J Perinat Med 1979;7(1):3–6.

78. Sibai BM. Magnesium sulfate prophylaxis in preeclampsia: lessons learned from
recent trials. Am J Obstet Gynecol 2004;190(6):1520.

79. Wallis A, Saftlas A, Hsia J, et al. Secular trends in the rates of preeclampsia,
eclampsia, and gestational hypertension, United States, 1987-2004. Am J Hyper-
tens 2008;21:521–6.

80. Markham KB, Edmund FF. Pregnancy-related hypertension. In: Creasy RK,
Resnik R, Iams JD, editors. Creasy & Resnik’s maternal-fetal medicine: principles
and practice. 7th edition. Philadelphia: Elsevier; 2014. p. 756–80.

81. Berhan Y, Berhan A. Should magnesium sulfate be administered to women with
mild pre-eclampsia? A systematic review of published reports on eclampsia.
J Obstet Gynaecol Res 2015;41(6):831.

82. Key elements for the management of hypertensive crisis in pregnancy (In-
Patient). In: optimizing protocols in obstetrics. 2013. Available at: http://
www.ilpqc.org/docs/htn/Recognition/ACOGDII(NY)KeyElementsManagement
HypertensiveCrisisPregnancy.pdf. Accessed September 25, 2017.

83. Committee on Obstetric Practice. ACOG Committee Opinion. Emergent therapy
for acute-onset, severe hypertension during pregnancy and the postpartum
period number 692. Obstet Gynecol 2017;129(4):e90–5.

Bollig & Jackson366

http://refhub.elsevier.com/S0889-8545(18)30018-4/sref63
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref63
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref63
http://www.aium.org/resources/guidelines/fetalEcho.pdf
http://www.aium.org/resources/guidelines/fetalEcho.pdf
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref65
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref65
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref65
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref66
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref66
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref67
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref67
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref68
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref69
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref69
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref70
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref70
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref71
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref71
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref72
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref72
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref72
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref73
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref73
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref74
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref74
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref75
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref75
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref76
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref76
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref77
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref77
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref78
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref78
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref79
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref79
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref79
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref80
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref80
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref80
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref81
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref81
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref81
http://www.ilpqc.org/docs/htn/Recognition/ACOGDII(NY)KeyElementsManagementHypertensiveCrisisPregnancy.pdf
http://www.ilpqc.org/docs/htn/Recognition/ACOGDII(NY)KeyElementsManagementHypertensiveCrisisPregnancy.pdf
http://www.ilpqc.org/docs/htn/Recognition/ACOGDII(NY)KeyElementsManagementHypertensiveCrisisPregnancy.pdf
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref83
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref83
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref83


84. Eclampsia checklist. In ACOG safe motherhood initiative. 2017. Available at:
https://www.acog.org/-/media/Districts/District-II/Public/SMI/v2/sm02a170713E
clampsiaCheckRev072017.pdf?dmc51&ts520170928T0147570258. Accessed
September 25, 2017.

85. Lucas MJ, Leveno KJ, Cunningham FG. A comparison of magnesium sulfate with
phenytoin for the prevention of eclampsia. N Engl J Med 1995;333:201.

86. Brophy B, Bell R, Claassen J, et al. Guidelines for the evaluation and manage-
ment of status epilepticus. Neurocrit Care 2012;17(1):3–23.

87. Pennell P. Antiepileptic drugs during pregnancy: what is known and which AEDs
seem to be safest? Epilepsia 2008;49(Suppl 9):43–55.

88. Pennell P, Peng L, Newport D, et al. Lamotrigine in pregnancy: clearance, thera-
peutic drug monitoring, and seizure frequency. Neurology 2008;70(22 Pt 2):2130.

89. Thomas S, Syam U, Devi JS. Predictors of seizures during pregnancy in women
with epilepsy. Epilepsia 2012;53:e85–8.

90. Ip S, Chung M, Raman G, et al. A summary of the Agency for Healthcare
Research and Quality’s evidence report on breastfeeding in developed countries.
Breastfeed Med 2009;4(suppl 1):S17–30.

91. Crawford P. Best practice guidelines for the management of women with epi-
lepsy. Epilepsia 2005;46(suppl9):117–24.

92. Meador K. Breastfeeding and antiepileptic drugs. JAMA 2014;311(17):1797–8.
93. Meador K, Baker G, Browning N, et al. Effects of breastfeeding in children of

women taking antiepileptic drugs. Neurology 2010;75(22):1954–60.
94. Veiby G, Engelsen B, Gilhus N. Early child development and exposure to antiep-

ileptic drugs prenatally and through breastfeeding: a prospective cohort study on
children of women with epilepsy. JAMA Neurol 2013;70(11):1367–74.

95. Johannessen S, Helde G, Brodtkorb E. Levetiracetam concentrations in serum
and in breast milk at birth and during lactation. Epilepsia 2005;46(5):775–7.

96. Ohman I, Vitols S, Luef G, et al. Topiramate kinetics during delivery, lactation, and
in the neonate: preliminary observations. Epilepsia 2002;43(10):1157–60.

97. Ohman I, Vitols S, Tomson T. Pharmacokinetics of gabapentin during delivery, in
the neonatal period, and lactation: does a fetal accumulation occur during preg-
nancy? Epilepsia 2005;46(10):1621–4.

Seizures in Pregnancy 367

https://www.acog.org/-/media/Districts/District-II/Public/SMI/v2/sm02a170713EclampsiaCheckRev072017.pdf?dmc=1&amp;ts=20170928T0147570258
https://www.acog.org/-/media/Districts/District-II/Public/SMI/v2/sm02a170713EclampsiaCheckRev072017.pdf?dmc=1&amp;ts=20170928T0147570258
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref85
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref85
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref86
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref86
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref87
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref87
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref88
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref88
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref89
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref89
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref90
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref90
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref90
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref91
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref91
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref92
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref93
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref93
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref94
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref94
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref94
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref95
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref95
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref96
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref96
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref97
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref97
http://refhub.elsevier.com/S0889-8545(18)30018-4/sref97


Infections in Pregnancy and
the Role of Vaccines

Kimberly B. Fortner, MDa,*, Claudia Nieuwoudt, MDb, Callie F. Reeder, MDb,
Geeta K. Swamy, MDc

INTRODUCTION

Infectious disease remains a major cause of mortality worldwide, but before the
advent of modern medicine, was the leading cause of mortality in the United States.1

The 3 leading causes of death reported in 1900 in America were pneumonia, tubercu-
losis, and diphtheria, causing one-third of all deaths.1 Between 1900 and 2000, the life
expectancy for a person born in the United States increased from 47.3 to 76.8 years1

with decreased mortality attributed in part to advances in vaccinology.2 Avoidance of

Conflicts of Interest: G.K. Swamy is on a Data and Safety Monitoring Board for a
GlaxoSmithKline-funded respiratory syncytial virus (RSV) vaccine study in pregnant women.
She has received research funding for studies of group B streptococcus vaccine in pregnant
women produced by Novartis and for RSV vaccine in pregnant women produced by Novavax.
K.B. Fortner has received research funding for studies of group B streptococcus vaccine in preg-
nant women produced by Novartis and for RSV and cytomegalovirus surveillance among preg-
nant women and their infants by Pfizer and Regeneron. The remaining authors have no
conflicts of interest to declare.
a Department of Obstetrics and Gynecology, Maternal-Fetal Medicine, University of Tennessee
Medical Center, 1924 Alcoa Highway, Box 96, Knoxville, TN 37919, USA; b Department of Ob-
stetrics and Gynecology, University of Tennessee Medical Center, 1924 Alcoa Highway, Box
U27, Knoxville, TN 37920, USA; c Department of Obstetrics and Gynecology, Obstetrics Clinical
Research, Duke University Medical System, Durham, NC, USA
* Corresponding author.
E-mail address: kfortner@utmck.edu

KEYWORDS

� Influenza � Pertussis � Zika � Influenza vaccine � Tdap vaccine
� Maternal vaccination

KEY POINTS

� The Advisory Committee of Immunization Practices recommends administration of
tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis with each pregnancy
and inactivated influenza vaccine in influenza season.

� There are other vaccines that may (or should) be used in pregnancy under certain
circumstances.

� As women’s health providers, we have come a long way in the arena of maternal vaccination,
and continued research is paramount.
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millions of deaths are attributed to expanded coverage of measles, polio, and, more
recently, pneumococcal vaccines.2

At present, 17 vaccine-preventable diseases are covered by 14 routine vaccines,
2 of which are recommended during most pregnancies.3 Starting in 1997, the Centers
for Disease Control and Prevention’s (CDC) Advisory Committee of Immunization
Practices (ACIP) recommended annual vaccination against influenza in all women
pregnant during influenza season.4 In October of 2012, the tetanus–diphtheria–acel-
lular pertussis vaccine was recommended in pregnancy in response to increased rates
of pertussis infection.5,6 Pregnant women are at risk for infection just as their nongra-
vid counterparts and, in some cases, may have more significant morbidity and mortal-
ity than their peers.7,8 This review outlines the following:

1. Maternal immunization and types of immunizations,
2. Immunizations recommended during pregnancy,
3. Conditional vaccines to be considered,
4. Research frontiers in immunization, and
5. The role of obstetrician/gynecologists as vaccinators.

MATERNAL IMMUNIZATION BENEFITS

Maternal immunization is a purposeful, successful strategy to prevent or mitigate
the severity of infections in pregnant women and their newborn infants. The prevention
of illness during pregnancy impacts the health care system 2-fold by keeping
themother–infantdyad intact andhealthy.9 For example, flu vaccinatedpregnantwomen
seemtohave longerpregnancieswith largerneonates.10,11Pregnancy,byvirtueof innate
physiologic changes, increases awoman’s susceptibility to illness.7 Ensuing flu seasons
have revealed that infectedpregnantwomen have higher rates of hospitalization, cardio-
pulmonary complications, anddeath comparedwith the general public.8,12,13 Pregnancy
increases a woman’s exposure to the health care system and to a provider with whom
she can build a relationship, giving time for education, planning, vaccine administration,
and follow-up.9 The majority of pregnant women report visits to their obstetric provider
more than 6 times during pregnancy, allowing many opportunities to discuss and
give vaccines.12 Immunization in pregnancy also seems to have maternal, neonatal,
and obstetric benefit, with several studies showing improved birth outcomes.10,14

Types of Vaccines

Pregnancy modulates the baseline immune response in a protective effort to diminish
an inflammatory reaction to the fetus.7 A shift occurs from T-helper cells, which pro-
duce cytokines that facilitate pregnancy loss, to T-helper 2 cells, which render and
permit fetal antigen tolerance.7 This modulatory effect diminishes maternal protection,
yielding gravid women vulnerable compared with their nongravid counterparts as evi-
denced by the 1918, 1959, and 2009 pandemic flu seasons.15–17 In the 2009 pandemic,
pregnant women were 4 times more likely to be hospitalized secondary to flu-related
complications and represented 5% of flu-related mortalities despite only representing
1% of the US population.16 Thus, vaccination can help to combat the disproportionate
representation of pregnant women in morbidity and mortality statistics.
Vaccines are categorized into 2 basic groups: inactivated or live attenuated

(Table 1). Inactivated vaccines consist of a component of the infectious pathogen
rendered incapable of causing clinical disease. For example, the tetanus vaccine con-
tains the tetanus toxoid, which is produced by Clostridium tetani. As such, the path-
ogen is not introduced, but produces a humoral immune response to the toxoid,
conferring immunity. Other types of components used in vaccines include whole
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Table 1
Inactivated and live attenuated vaccines

Inactivated Vaccines

Indicated in Pregnancy Indicated in Pregnant Women with Risk Factors
Contraindicated, Limited Data
in Pregnancy

Influenza Tetanus, diphtheria, pertussis Hepatitis A 2 scheduled doses Typhoid
Human papilloma virus
Japanese encephalitis

One dose of inactivated
vaccine during flu season
during any gestational age

1 dose Tdap after 20 wk,
preferably 27–36 wk

Hepatitis B 3 scheduled doses
Pneumococcal (PPSV23) 1 dose
Meningococcal (MPSV4) 1 dose
Yellow fever 1 dose
Cholera 1 dose after exposure
Anthrax 3 schedules doses after

exposure
Polio 1 dose
Rabies 3 scheduled doses

Live Attenuated Vaccines

Contraindicated in Pregnancy Contraindicated in Pregnancy with Specific Postpartum Indication

Vaccinia
Rotavirus
Intranasal Influenza

Oral polio
Oral typhoid
Bacille Calmette-Guerin

Mumps, measles, rubella 1 dose postpartum if rubella
nonimmune or equivocal

Varicella 1 dose postpartum if varicella
nonimmune

Abbreviations: MPSV4, tetravalent polysaccharide-protein vaccine; PPSV23, 23-serotype polysaccharide vaccine; Tdap, tetanus toxoid, reduced diphtheria toxoid,
and acellular pertussis.
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cell virus and bacteria, fractional protein-based subunits (such as with tetanus), and
fractional polysaccharide-based subunits.18 Inactivated vaccines tend to require mul-
tiple booster doses because antibody levels wane over time.18 Currently available
inactivated vaccines are listed in Table 1. All available inactivated vaccines are not
recommended in pregnancy, but can be administered when considering exposure
to the vaccine versus exposure to the infection and associated morbidity/mortality.
Live attenuated vaccines are living organisms modified so as to not produce fulmi-

nant disease. Attenuated vaccines generate an immune response sufficient to approx-
imate exposure to the intended infection.19 Live attenuated vaccines are widely
accepted. The remote potential to cause clinical infection exists; however, disease
is usually mild when compared with natural infection. Live attenuated vaccines are
contraindicated in pregnancy owing to the theoretic risk of perinatal infection via ver-
tical transmission. Inadvertent administration of a live attenuated influenza vaccine
during pregnancy has not been associated with adverse pregnancy outcomes to
date.20 Currently administered live attenuated vaccines are listed in Table 1.18

VACCINES RECOMMENDED IN PREGNANCY OR POSTPARTUM

Currently, there are 2 recommended vaccines for administration during pregnancy:

1. Inactivated influenza and
2. Tetanus toxoid, reduced diphtheria toxoid, and acellular pertussis (Tdap).3,6

Although this next section reviews current vaccines indicated before, during, and af-
ter pregnancy, data are evolving and providers should consult regularly updated sour-
ces referencing maternal immunization guidelines.

Influenza Vaccine

The influenza vaccine is the longest studied vaccine administered in pregnancy and
has no demonstrated safety concerns since its recommendation in 1997.4 For de-
cades, the CDC has recommended that all pregnant women be immunized during
the flu season.3,4,21 Influenza is an upper respiratory illness occurring in a temporal
pattern from December to March in the northern hemisphere.18 The seasonal influenza
epidemic generally causes milder disease, but higher rates of hospitalization are still
seen in pregnant women.22,23 During the H1N1 pandemic, multiple fetal complications
occurred in women with infection, including higher rates of spontaneous abortion, fetal
demise, neonatal death, preterm delivery, and low birth weight.8,24,25

A single dose of the seasonal inactivated influenza vaccine given in pregnancy
achieves the following:

� Sufficient maternal seroconversion and seroprotection.26

� Mitigation of maternal illness.18,27

� Decreased risk for poor obstetric outcomes.10,27–29

� Lowered rates of influenza-like illness among newborns.29,30

Maternal vaccination benefits are from reduced disease prevalence and mitigated
illness.18 Multiple studies continue to demonstrate maternal benefit to vaccination,
including a Norwegian population-based study of gravid women that reported a
70% decrease in influenza illness among immunized mothers.27 A prospective trial
of 340 Bangladeshi pregnant women randomized to trivalent inactivated influenza
vaccine or the pneumococcal vaccine demonstrated a 36% reduction of respiratory
illness among women who received the influenza vaccine.29 Madhi and colleagues28

reported 2 double-blind, randomized, placebo-controlled trials of trivalent influenza
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vaccine in South Africa in pregnant women with and without a diagnosis of human im-
munodeficiency virus. Influenza vaccine was immunogenic in both human immunode-
ficiency virus–infected and –uninfected pregnant women and provided reduction in
confirmed influenza in both groups.
Fetal and neonatal benefits of maternal influenza vaccination include a decreased

risk of spontaneous abortion, intrauterine fetal demise, neonatal death, preterm birth,
and low birth weight.10,29 A large Swedish cohort study of 18,000 patients showed that
influenza vaccination significantly decreased the risk of intrauterine fetal demise
during the H1N1 pandemic of 2009.24 The efficacy of influenza vaccination to
decrease poor fetal outcomes was further demonstrated by a European cohort study
of 117,000 mother–infant pairs with significantly decreased risk of intrauterine fetal
demise among immunized mothers.27 The Bangladeshi study previously described
investigated neonatal outcomes as well and found a 29% decrease in respiratory
illness and a 63% decrease in laboratory-confirmed influenza in newborns up to
6 months of age born to mothers receiving the influenza vaccination as opposed to
the pneumococcal vaccine.29 A USmatched case-control study showed that maternal
influenza immunization was 91.5% effective in preventing infant hospitalization for
influenza in the first 6 months of life.30 Influenza vaccination benefits the mother, the
fetus, and the infant, and should be administered as soon as available during the flu
season for every pregnancy, without delay.

Tetanus Toxoid, Reduced Diphtheria Toxoid, and Acellular Pertussis Vaccine

Vaccination against tetanus, pertussis, and diphtheria starts at 2 months of age in the
United States, with booster vaccinations given across the lifespan and exposure-
related incidents.31 Young infants are at greatest risk for severe respiratory disease
and death.32 Children less than 3 months of age have the greatest burden of hospital-
ization and infants less than 1month of age have the highest mortality.32–34 There are 8
vaccines currently licensed against tetanus, diphtheria, and pertussis.
Pertussis infections declined for decades; however, owing to waning immunity and

increasing susceptible hosts, cases are again on the rise.35 During pregnancy, it is rec-
ommended that the Tdap vaccine is administered, which includes only Adacel,36 pro-
duced by Sanofi Pasteur, and Boostrix,37 produced by GlaxoSmithKline Biologicals.
Both vaccines contain a dose of tetanus toxoid, a reduced amount of diphtheria toxoid
(compared with DTaP), and several acellular pertussis antigens; Adacel36 contains
4 (inactivated pertussis toxin, filamentous hemagglutinin, pertactin, and fimbrae types
2 and 3), whereas Boostrix37 does not contain fimbrae types 2 and 3.38

Maternal pertussis vaccination between 27 and 36 weeks of gestational was initi-
ated in the United States in 2012 because of increasing annual pertussis inci-
dence.21,39 Previous efforts to protect the neonate involved Tdap administration in
the postpartum period in an effort to cocoon the neonate against infection; however,
this proved to be ineffective given the inability to vaccinate all contacts and did not
prevent infantile pertussis.40,41 Halasa and colleagues42 conducted a randomized
clinical trial in infants to assess effectiveness of pertussis vaccination at birth by eval-
uating serial antibody responses for the first few months of life. Although well-
tolerated, subsequent immune responses to pertussis and other vaccine antigens
were suppressed among vaccinated infants when compared with control children.
Passive immunity via maternal immunization was recognized as an ideal way to target
transplacental immunoglobulin G (IgG) antibody transfer during the third trimester.43

An observational study by Gall and colleagues44 demonstrated high concentrations
of anti-pertussis antibodies in infant cord blood among mothers vaccinated with
Tdap during pregnancy. In 2011 and 2012, ACIP concluded that available data did
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not suggest any association of Tdap administration during pregnancy with adverse
maternal or infant outcomes.45,46 Motivated by the need to combat the resurgence
of pertussis and its grave impact on young infants, ACIP recommended Tdap admin-
istration to all pregnant women, regardless of history of prior Tdap receipt. This shift in
recommendations was supported by a recent cohort study in California that compared
neonatal outcomes in nearly 43,000 mothers vaccinated between 27 to 36 weeks
gestation to around 32,000 mothers vaccinated within 14 days post-partum. Antetna-
tal Tdap vaccination proved 85% more effective in preventing pertussis in neonates
less than 8 weeks of age.47 Research in timing and efficacy of Tdap remains ongoing,
and data remain supportive of the 2012 ACIP change in recommendations.

Tetanus Vaccine

In reviewing maternal infections, and successes with vaccine preventable illness,
maternal tetanus remains an important example. Tetanus that occurs during preg-
nancy or within 6 weeks postpartum is termed, “maternal tetanus,” while tetanus
that occurs within the first 28 days of life is termed, “neonatal tetanus”.18 Disease
from tetanus is particularly serious in newborn babies and their mothers when infants
are not protected by passive immunity. Neonatal infection occurs when the unhealed
umbilical cord stump is cut with an unsterile instrument,18 and is mostly fatal. Neonatal
tetanus can be prevented by immunizing women of reproductive age and can be safely
given during pregnancy. The Maternal and Neonatal Tetanus Elimination (MNTE) initia-
tive is aimed at reducingmaternal and neonatal tetanus (MNT) to levels low enough that
the disease is no longer a major public health problem. MNTE initiative consists of
administration of 2 initial doses of tetanus toxoid (TT) 1 month apart followed by a third
dose 6 months later in pregnancy and another dose for each subsequent pregnancy
culminating in 5 total doses. Through MNTE efforts, and WHO efforts to improve
perinatal hygienic habits, attributable neonatal deaths, there has been a 96% reduction
from the late 1980s.48 While monumental progress has been made, by the end of June
2017, 16 countries still have not eliminated neonatal disease.49

Measles, Mumps, Rubella Vaccine

Measles, mumps and rubella are acute preventable viral infections that can cause
serious disease and complications. Owing to successful vaccination, measles,
rubella, congenital rubella syndrome (CRS), and mumps are now rare in the United
States.50 Measles is a paramyxovirus that presents with fever, cough, coryza,
conjunctivitis, exanthem and severe complications include encephalitis.18 Measles
in pregnancy is associated with preterm birth, low birthweight and spontaneous
abortions.51,52 Mumps is another paramyxovirus presenting with flu-like illness and
bilateral parotitis and is associated with spontaneous abortion.18,52 Rubella is a toga-
virus presenting with nonspecific symptoms such as lymphadenopathy, arthralgias,
fever and rash. Rubella infection during pregnancy, especially during the first
trimester, can lead to severe fetal effects.18,51 During the last rubella epidemic in
1964 to 1965, nearly 12.5 million rubella infections lead to 11,250 spontaneous or ther-
apeutic abortions, 2100 neonatal deaths and 20,000 infants with congenital rubella
syndrome.53 The CDC recommends measles, mumps, rubella (MMR) vaccine as a
2-dose vaccine schedule for children starting ages 12 to 15 months with second
dose ages 4 to 6 years of age followed by a young adult booster.31,50

As a live attenuated vaccine, MMR administration should be avoided during preg-
nancy given the theoretic risk for live vaccines to adversely impact mother or fetus
exists despite insufficient data.54 In women vaccinated just before or inadvertently
during pregnancy, no cases of congenital rubella syndrome or outcomes attributed
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to measles are reported.55 Termination of pregnancy is not recommended solely on
the theoretic risk for embryopathy.18,50 Establishing immunity before pregnancy is
ideal in women of childbearing age given maternal morbidity and adverse fetal out-
comes from rubella and measles infections. Women receiving the MMR vaccine
should be advised to delay conception until 4 weeks after vaccination.18,50

Following initiation of universal MMR vaccination programs, a dramatic decline in
rubella cases was noted. From 2004 to 2012, 79 cases of rubella and 6 cases of
congenital rubella syndrome were documented. The cases were associated with
either an unknown source or occurred in individuals who came to the US already
infected.53 Rubella immunity should be screened for in routine prenatal laboratory
panels and any woman lacking immunity should be vaccinated immediately post-
partum. The vaccine can be given safely in breastfeeding patients. Although rubella
virus is excreted in breast milk, only seroconversion without serious infection has
been reported in breastfed infants.56

Varicella Vaccine

Maternal varicella infection can lead to adverse pregnancy and infant outcomes, such
as congenital varicella syndrome (CVS), with highest transmission risk occurring with
first or second trimester infection.57 CVS is characterized by limb hypoplasia, cuta-
neous lesions, neurologic abnormalities and structural eye damage, and has mortality
rates around 30% in the first fewmonths of life.57Maternal infection immediately before
or after delivery can result in neonatal varicella, leading to severe neonatal infection or
death.57,58 Varicella immunoglobulin (VZIG) should be administered to all infants born
to nonimmune mothers who develop varicella 5 days before 2 days after delivery.
The prevention of varicella and congenital complications begins with establishing

immunity before pregnancy. Maternal report of prior infection is highly predictive of
varicella zoster virus IgG antibodies, and the presence of antibodies confers long-
term immunity.59,60 Without a history or documentation of infection, serologic testing
is recommended in all women of childbearing age.18,54 Women who do not exhibit im-
munity should be advised to avoid contact with infected individuals until they are not
infectious and should be vaccinated immediately postpartum.61 The varicella vaccine,
first introduced in 1995, is a live attenuated vaccine that has been successful in
reducing both hospitalizations and deaths attributable to varicella illness.60 Breast-
feeding is not a contraindication to vaccination.62 After vaccination, women should
be advised to avoid conceiving for 1 month.60,61 If a woman is inadvertently vacci-
nated during pregnancy, she should be advised of theoretic risk to the fetus, but
this risk is not considered a reason to terminate a pregnancy.60

VACCINES RECOMMENDED IN PREGNANCY AND POSTPARTUM IN SPECIAL
CIRCUMSTANCES
Hepatitis A

Epidemic jaundice was first described by Hippocrates in the 5th century BCE, and was
not recognized as distinct from hepatitis B until the 1940s.18 Hepatitis A virus is an
RNA picornavirus endemic in many developing countries. With humans as the only
known reservoirs, the potential for eradication exists with universal vaccination.18

Illness from hepatitis A virus is common in travelers, and spreads by the fecal–oral
route from close contact with another infected individual or contaminated beverage
or food.63 Illness is usually self-limiting, and includes fever, nausea, abdominal
pain, and jaundice.18 Hepatitis A vaccination was first available in 1995 as inactivated
virus and now is available from 3 manufacturers (Table 2). Hepatitis A vaccine is
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Table 2
Provisional vaccines, available formulations, and indications

Infection
Prevented Vaccines Formulations Available Risk Factor/Special Circumstance Data Regarding Pregnancy Use

Hepatitis A Havrix (GlaxoSmithKline Biologicals)a

Vaqta (Merck and Co)a

Twinrix (GlaxoSmithKline Biologicals)a

� Travel to developing countries
� Men having sex with men
� Exposure to individuals with HAV

infection
� Individuals receiving clotting factor

concentrates
� Exposure to biologic specimens

Reviews from VAERS did not find any
pattern of pregnancy-specific outcomes.

Hepatitis B Single antigen
Recombivax HB (Merck and Co)a

Engerix-B (GlaxoSmithKline Biologicals)a

� Pregnant women with �1 sexual
partners in the past 6 mo

� Household or sexual contact with known
HBV-positive individual

� Ongoing intravenous drug use
� Health care and public safety workers

with risk for exposure to blood or
blood-contaminated body fluids

� End-stage renal disease
� Diabetes
� International travelers
� Adults with chronic liver disease,

including, but not limited to, HCV
infection

� Pregnant women evaluated or treated
for a sexually transmitted infection

Using PubMed, Scopus, VAERS, and
VAMPSS, no safety concerns reported
during pregnancy67

Combination vaccine
Twinrix (GlaxoSmithKline Biologicals)a
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Streptococcus
pneumoniae

Pneumovax 23-valent polysaccharide
vaccine licensed (PPSV23) (Merck
and Co)a

Prevnar 13 pneumococcal conjugate
vaccine PCV13 (Wyeth/Pfizer)

� Functional or anatomic asplenia (eg,
from sickle cell disease or splenectomy)

� Chronic heart or lung disease (asthma,
obstructive lung disease,
cardiomyopathy, etc)

� Alcoholism or other chronic liver disease
� Diabetes
� Immunosuppression or malignancy (HIV

infection, leukemia, lymphoma, Hodgkin
disease, multiple myeloma, generalized
malignancy)

� Chronic renal failure, nephrotic
syndrome, or other conditions associated
with immunosuppression (eg, organ or
bone marrow transplantation)

� Those receiving immunosuppressive
chemotherapy, including long-term
corticosteroids

� CSF leak or cochlear implants

Systematic review71 and randomized trial70

reported no maternal or fetal safety
concerns

Neisseria
meningitidis

Meningococcal conjugate vaccines
Menactra (Sanofi Pasteur, Inc),a MenACWY
(contains meningococcal A, C, W, and Y
polysaccharides)

Menveo (Novartis),a MenACWY

Adolescents 11–18 y and at-risk individuals
2–55 y

� College freshmen
� Military
� Travelers in endemic countries
� Functional asplenia or complement

deficiencies
� Microbiologists exposed to the organism

frequently

Reviews with both MPSV467 and
meningococcal conjugate vaccine
MenACWY-D (Menactra)74 did not
identify any maternal or fetal safety
concerns

Meningococcal polysaccharide vaccine
(MPSV4)

Menomune (Sanofi Pasteur, Inc)

Abbreviations: CSF, cerebrospinal fluid; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; MPSV4, tetrava-
lent polysaccharide-protein vaccine; PPSV23, 23-serotype polysaccharide vaccine; VAERS, Vaccine Adverse Event Reporting System; VAMPSS, Vaccines and
Medications in Pregnancy Surveillance System.

a Available without preservative, thimerisol free.
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recommended for young children routinely and for certain groups with increased risk
for hepatitis A virus exposure.31 See Table 2 for conditional indications. The ACIP rec-
ommends that the hepatitis A vaccine should be considered for women at increased
risk for infection.3,21 Although data evaluating safety of hepatitis A vaccination during
pregnancy are not robust, a review of the Vaccine Adverse Event Reporting System
database reports from 1996 to 2013 did not find any concerning pattern of pregnancy
specific outcomes among pregnant women or their infants who received single or
combination hepatitis A vaccination.64

Hepatitis B

Hepatitis B was recognized as “serum hepatitis” by the 20th century.18 Hepatitis B vi-
rus (HBV) is a DNA virus of the Hepadnaviridae family with humans as the only known
host.18 HBV infection can be self-limiting or lead to chronic carrier state. In the United
States, the most important routes of transmission are perinatal or sexual transmission
with an infected person.18 Mucosal or parental exposures can transmit infection with
highest titers of virus found in blood and serous fluids. A 3-dose vaccine series of re-
combinant HBV DNA provides indefinite immunity in most individuals and is currently
started at birth as part of CDC recommended childhood vaccination schedule.31,65

See Table 2 for vaccine formulations.
Knowing a woman’s HBV status is important during pregnancy owing to the

increased chance for the development of chronic disease after perinatal acquisition.13

Mother-to-child transmission is highly efficient. Mothers who are positive for both HBV
surface antigen and hepatitis B e antigen have a 70% to 90% of mother to child trans-
mission if postexposure prophylaxis is not initiated18 thus prompting routine screening
for HBV surface antigen in pregnancy.66 Neonates born from seropositive mothers are
treated with HB immunoglobulin and newborn vaccination initiated.18,31,66 Unvacci-
nated pregnant women with risk factors for seroconversion in pregnancy should be
counseled that the vaccine is highly effective in preventing maternal infection and,
therefore, fetal infection.54 Individuals at risk are specified in Table 2. Further, when
the 3-part HBV vaccine series has been given during pregnancy, no safety concerns
have been reported.67 Although not routinely given during pregnancy, initiating or
completing the 3-dose HBV vaccine series should be considered among women at
risk for HBV infection.

Pneumococcal Vaccine

Streptococcus pneumoniae, a gram-positive, lancet-shaped bacteria initially discov-
ered by Pasteur, has multiple serotypes, but 10 account for more than one-half of
invasive disease worldwide.18 Pneumococcal infection is typically in the form of pneu-
monia, bacteremia, or meningitis.18 Pneumonia is the most common pneumococcal
disease in adults leading to approximately 400,000 hospitalizations annually with a
case fatality rate of 5% to 7%.18 During pregnancy, the incidence of pneumonia is
just less than 5%, but the most common single pathogen is S pneumoniae.68

Pregnancy-associated pneumonia has higher rates of hospitalization, acute respira-
tory distress syndrome, cardiorespiratory failure, and death owing in part to maternal
physiologic changes in respiratory physiology and cell-mediated immunity.68 Adriani
and colleagues69 reported 31 cases of pneumococcal meningitis during pregnancy,
but with a maternal mortality rate of 28% and a 37% incidence of miscarriage, still-
birth, or neonatal death.
The prevention of pneumococcal disease is indicated among children and adults

with chronic medical conditions. The CDC recommends the 23-serotype polysaccha-
ride vaccine (PPSV23) be given to adults with risk factors (see Table 2).3,31 Both
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systematic review and randomized trial of PPSV23 given in pregnancy reported no
maternal or fetal safety concerns.67,70 A Cochrane review evaluating maternal pneu-
mococcal vaccination for infant protection from illness did not find sufficient evidence
for reduction of infant illness.71 Current data are not sufficient to recommend universal
pneumococcal vaccination in pregnancy, but its use should be considered in pneumo-
coccal-naı̈ve women with the comorbidities described in Table 2.13

Meningococcal Vaccine

Meningococcal disease is caused by the gram-negative, encapsulated diplococci,
Neisseria meningitidis. Illness is typically characterized by fever, meningitis, sepsis,
and can have serious sequelae despite antibiotics, including severe cognitive impair-
ment, hearing loss, seizures, and learning disabilities; between 10% and 14% cases
are fatal.72,73

The ACIP recommends vaccination for adolescents aged 11 to 18 years and individ-
uals age 2 to 55 years who are at increased risk for meningococcal disease (see
Table 2).3,21 Similarly, pregnant women may be among those with potential exposure,
and who may benefit from conditional immunization.13,18 Both tetravalent meningo-
coccal conjugate vaccine (MenACWY) and tetravalent polysaccharide-protein vaccine
(MPSV4) exist and are both inactivated vaccines (see Table 2). The Vaccine Adverse
Event Reporting System database reports were reviewed between 2005 and
2011. Although pregnant women were excluded from prelicensure trials, they made
up 1% of reports following the tetravalent meningococcal conjugate vaccine,
MenACWY-D (Menactra) and review of these data did not reveal any unusual or unex-
pected pattern of pregnancy-associated or neonatal events.74 Reviews evaluating
vaccination during pregnancy with both MPSV467 and meningococcal conjugate vac-
cine MenACWY-D (Menactra)74 did not identify any maternal or fetal safety concerns.
Thus, previously unvaccinated women who are at risk should be vaccinated.13,18,54

VACCINES CURRENTLY UNDER INVESTIGATION

Historically, vaccine trials have excluded patients based on pregnancy status. Obstet-
ric providers face barriers and challenges to the current vaccine recommendations in
pregnancy.9 Nevertheless, as data continue to demonstrate both safety and benefits
to maternal immunization, opportunities for expansion exist. Currently explored vac-
cines for use in pregnancy include the prevention of Zika, group B streptococcus
(GBS), respiratory syncytial virus (RSV), and CMV.

Zika Vaccine

Zika virus is a flavivirus, closely related to dengue and chikungunya,75 and requires
vector transmission. Zika virus and infection from Zika seem to have a far greater
impact on the fetus than on the mother.76 Evidence now correlates Zika virus infection
during pregnancy with fetal death, growth restriction, and a spectrum of central ner-
vous system abnormalities.77

Prevention and testing for Zika virus in pregnancy continue to be a challenge, both in
laboratory techniques and in the role of clinical practice, making vaccine investigation
invaluable. Testing for Zika virus currently uses IgM, a nucleic acid test, and a plaque
reduction neutralization test. Cross-reactivity of Zika with other flaviviruses and dura-
tion of Zika virus IgM antibody presence makes testing and interpretation of timing of
infection difficult.78

Zika testing algorithms are constantly changing as updated scientific study provides
new information. For the most recent guidelines, the provider should confirm

Infections in Pregnancy and the Role of Vaccines 379



recommended testing with the CDC, American College of Obstetricians and Gynecolo-
gists, or local public health authorities (information is also available at: https://www.cdc.
gov/zika/index.html and https://www.acog.org/About-ACOG/ACOG-Departments/
Zika-Virus).79 Zika testing recommendations at the time of publication include the
following:

� Pregnant women with exposure during the current gestation with symptoms of
Zika virus illness,78 should have Zika testing performed as soon as possible up
through 12 weeks from symptom onset with: nucleic acid test (serum and urine)
and Zika virus IgM (serum).80

� Pregnant women with exposure during the current gestation without symptoms
and in the absence of ongoing exposure, are not routinely recommended to have
Zika virus testing.

� Pregnant women with ongoing Zika exposure should be offered Zika virus nu-
cleic acid test (serum and urine) 3 times during their pregnancy, with a note
that IgM is no longer recommended given prolonged persistence.79

Testing algorithm changes are in response to the decreasing prevalence of Zika
virus disease76,79 and recent data indicating an extended presence of Zika virus
IgM antibodies, raising the concern for increased numbers of false positive-re-
sults.78,81 No specific treatment for adults or pregnant women with Zika virus infec-
tion is recommended other than management of symptomatic relief via rest,
adequate hydration, and use of antipyretics (preferably acetaminophen as opposed
to aspirins). Pregnant women are recommended to avoid travel to locations expe-
riencing Zika outbreaks.80

Primary prevention seems to be the best strategy, and could provide sustainable
protection. Vaccines are already in existence for the prevention of other flaviviruses,
such as Japanese encephalitis and yellow fever, suggesting that the prevention of
Zika virus is both safe and feasible.82 Both industry and the National Institute of Allergy
and Infectious Diseases are working on several candidate vaccines.83 One DNA-
based vaccine, VRC 705, entered a phase I clinical trial in August 2016 and launched
a phase II clinical trial in March 2017 enrolling healthy nonpregnant volunteers (clinical-
trials.gov: NCT03110770). Another purified inactivated Zika vaccine, ZPIV, was devel-
oped by Walter Reed Army Institute of Research,84 and is similar to vaccines for
Japanese encephalitis and dengue. Phase I trials have begun at various clinical sites
in the United States and Puerto Rico (clinicaltrials.gov: NCT02963909, NCT03008122).
Third, a live-attenuated vaccine candidate offering protection against Zika and dengue
virus infections is currently being evaluated in phase III study in Brazil. Several
messenger RNA vaccines by GlaxoSmithKline and Moderna/Valera (clinicaltrials.gov:
NCT03014089) are being evaluated as well; several other vaccines are in preclinical
testing.

Group B Streptococcus Vaccine

Despite screening and intrapartum prophylaxis, GBS remains the leading cause of
invasive infection in the first 90 days of neonatal life causing sepsis and meningitis.85

Intrapartum antibiotic use has reduced the incidence of early-onset GBS infection (first
7 days of life), but has had no impact on late-onset disease (from the first week of life
through 3 months).85 Late-onset disease occurs too early in life for the neonate to
mount an effective immune response and is untouched by current prevention strate-
gies, making maternal immunization an ideal strategy.86 Phase I and II trials of a
trivalent GBS vaccine (CRM197-conjugated capsular polysaccharides of GBS sero-
types Ia, Ib, and III) have been performed in more than 600 nonpregnant and
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more than 500 pregnant women in 4 countries (NCT01193920, NCT01446289,
NCT02046148).86 Several trials are ongoing, but are aimed to assess optimal dose,
immunogenicity, placental transfer, and other variables. Candidate vaccines seems
to be well-tolerated and immunogenic.86

Respiratory Syncytial Virus Vaccine

RSV is a seasonal respiratory virus with naturally induced waning immunity, meaning
that an individual can be repeatedly infected during their lifespan.87 In the United
States, 25% to 40% of infants and young children will develop pneumonia or bron-
chiolitis with their first RSV infection.87 Premature and very young infants, as well as
those with cardiopulmonary disease have a greater chance of developing more severe
disease and requiring hospitalization.87 Prevention of RSV during early life is currently
accomplished with the use of an effective but costly monoclonal antibody given as
monthly injections during RSV season. The administration of the medication is
currently restricted to a subset of neonates likely to experience the most complica-
tions from illness.87 A recombinant RSV vaccine is currently in phase II clinical trials
in nonpregnant women with plans for a phase I trial in pregnancy underway.88 A phase
III randomized trial by Novavax is ongoing to evaluate a candidate RSV vaccine in third
trimester of pregnancy examining the incidence of RSV in infants through 90 days of
life (clinicaltrials.gov: NCT02624947).

Cytomegalovirus Vaccine

Congenital CMV is the most common viral infection of the fetus.89 CMV can be trans-
mitted from mother to fetus, but the precise mechanism of transplacental infection
remains unclear. Fetal infection may follow maternal primary or recurrent infection,
exposure to contaminated genital tract secretions during delivery, or breastfeed-
ing.28,90,91 Further, maternal testing for primary and non primary CMV infection re-
mains challenging (Figure 1). Most data suggest symptomatic neonatal infection
occurs more frequently among children born to mothers with primary CMV infection
during pregnancy89,91,92; however, recent international data propose similar rates of
symptomatic neonatal infection after maternal primary and nonprimary infections.93

There are no current well-established methods to prevent congenital CMV transmis-
sion. Owing to the large number of infants affected by CMV and the associated eco-
nomic burden (estimated educational and medical costs of affected children is
approximately 1.9 billion per year94), the Institute of Medicine deemed the develop-
ment of maternal vaccine to be of the highest priority.94 Despite 40 years of research
to develop a vaccine, success remains a challenge. Previous development of the
Towne live attenuated vaccine found the vaccine incapable of eliciting wild type–
like immunity.95 Further development was targeted toward CMV glycoproteins
because glycoprotein B-directed antibodies are invariantly present in CMV seropos-
itive individuals, are capable of viral neutralization, and this protein is relatively
conserved among different viral strains.96

With these mentioned targets in attempts to develop a vaccine, there are multiple
trials recently completed or active in CMV vaccine development. Per a review
by Schleiss,95 many different approaches are being explored, including recombi-
nant protein vaccines targeted to immunodominant envelope glycoprotein, CMV
glycoprotein B. Challenges remain in vaccine development, including many ques-
tions regarding the vaccine’s effect on fetal transmission.97 Because congenital
CMV infection can occur in reactivation or recurrent infection, the question arises:
Will a vaccine augment the immune response?94 Still, the substantial disabilities
children experience owing to CMV infection demands a vaccine.
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ROLE OF OBSTETRICIANS AS VACCINATORS

Support from numerous advisory committees and professional societies (eg, the ACIP,
American College of Obstetricians and Gynecologists, American Academy of Family
Physicians, American Academy of Pediatrics, and the National Vaccine Advisory Com-
mittee) has contributed to the increased uptake of vaccines during pregnancy in the
United States. Numerous studies repeatedly report that provider recommendation is
the greatest predictor of pregnant women accepting either influenza or pertussis vacci-
nation.9,12 Women’s health providers face challenges with vaccination, including
ordering, storage, handling, liability concerns, and vaccine tracking.9,12 Given groups
who delay recommended immunization schedules or refuse vaccines altogether, obstet-
rics/gynecology providers may encounter difficulty providing coverage. It is also difficult
to estimate the appropriate supply and demand for each of the vaccines. Accomplishing
maternal immunization remains critical because vaccine acceptance during pregnancy
may lead to positive attitudes toward immunization in general, whichmay prompt greater
vaccine awareness and acceptance, for themselves and their children.12

SUMMARY

Vaccines are an effective way to prevent many infectious diseases posing maternal
and neonatal risks. Some vaccines are specifically recommended during pregnancy
or immediately postpartum, and have demonstrated efficacy in either maternal or
neonatal illness prevention or both. As women’s health providers, we have come
a long way in the arena of maternal vaccination, specifically with the tetanus, influ-
enza, and Tdap vaccines. Further, the initiation of multiple novel vaccine studies
conducted under US Food and Drug Administration regulation with direct indication
for use during pregnancy for disease prevention (GBS and RSV) is unprecedented.
New information may change vaccine recommendations over time; consequently,
information should be confirmed periodically, and several websites are available
containing current guidance (Table 3). Delayed successes in the arena of maternal
vaccination are multifactorial. As providers, we may lack the ability to stock vac-
cines in our offices, have inadequate time to educate and vaccinate, or feel

Fig. 1. Cytomegalovirus (CMV) testing algorithm to evaluate for maternal infection. lg, immu-
noglobulin. Note: lower CMV lgG avidity is correlated with more recently occurring infection.
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inadequate to report vaccine tracking or adverse events. However, volumes of
research continue to support the safety and efficacy of maternal immunizations,
making our efforts worthwhile. The ability to successfully implement maternal im-
munization and reduce maternal infections relies on provider awareness, recom-
mendations, and patient education regarding dual health benefits for mother and
fetus. Success also depends on continued collaborative relationships between pro-
fessional organizations, providers, patients, and regulatory agencies.9
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Thromboprophylaxis in
Pregnancy

Diana Kolettis, MD, Sabrina Craigo, MD*

BACKGROUND

Venous thromboembolism (VTE) is one of the leading causes of maternal death in the
United States and the world. VTE includes deep vein thrombosis and pulmonary em-
bolism (PE) as well as other more rare forms such as mesenteric vein thrombosis and
intracranial venous thrombosis. The overall incidence is 2- to 4-fold higher than the
rate in the nonpregnant population.1 The risk is increased throughout pregnancy,
but greatest in the postpartum period.2 The incidence of VTE ranges from 1 to 2 per
1000 with up to 80% being DVTs in the antepartum period and 20% to 25% being
PE.3,4 In contrast, the incidence of PE is much higher postpartum, with 40% to 60%
of all PEs occurring after delivery.2 Recent efforts to address maternal mortality in
the United States led to the development of strategies to help identify patients at
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KEY POINTS

� Venous thromboembolism is a significant contributor to maternal morbidity and mortality.
Thromboprophylaxis for patients at highest risk of venous thromboembolism should be
part of standard obstetric practice.

� Measures to mitigate the risk of venous thromboembolism after cesarean delivery should
be used, including early ambulation and mechanical or pharmacologic thromboprophy-
laxis based on individual risk factors.

� Low-molecular-weight heparin and unfractionated heparin are safe and effective for use in
pregnancy.

� Neither prophylactic nor intermediate dosing of low-molecular-weight heparin or unfrac-
tionated heparin requires monitoring of anti-Xa levels or activated partial thromboplastin
time.

� Standard doses of low-molecular-weight heparin and unfractionated heparin may be
inadequate in the obese population. Higher or weight-based dosing should be considered
for severely obese patients.
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greatest risk of VTE, and to implement practices focused on prevention. The relatively
low incidence of VTE makes prospective studies difficult. Recommendations for
practice are, therefore, based largely on small retrospective studies, epidemiologic
studies, and expert opinion.5

Pregnancy is considered a thrombogenic state, owing to venous stasis, an increase
in coagulation factors, and relative immobility. Plasma levels of coagulation factors,
fibrinogen, Von Willebrand factor, and other markers of thrombin generation are
increased during pregnancy, theoretically to protect the mother from excessive
bleeding during delivery.5 Compression of the vena cava and pelvic vessels by the
gravid uterus is another contributing factor. Universal prophylaxis is not recommen-
ded during pregnancy. Instead, efforts in prevention of VTE have focused on interven-
tions for those patients with risk factors in addition to pregnancy.6,7 Risk factors may
be preexisting, such as a personal history of VTE or known thrombophilia, or may
emerge during pregnancy, such as hospital admission or a need for surgery. In this
article, we review the current recommendations for thromboprophylaxis in pregnancy,
including outpatient antepartum, inpatient, perioperative, and postpartum thrombo-
prophylaxis. We do not address therapeutic anticoagulation for VTE diagnosed in
pregnancy, mechanical heart valve, atrial fibrillation, or other conditions requiring ther-
apeutic anticoagulation.

DEFINITION, RISKS, AND GUIDING PRINCIPLES

Prophylaxis is an action taken to prevent disease, especially by specified means or
against a specified disease. Thrombosis prevention can be achieved via mechanical
or pharmacologic methods. The benefits of pharmacologic thromboprophylaxis in
preventing the occurrence of VTE must be balanced by the increased risk of bleeding
during pregnancy, delivery, and the postpartum period. There is wide variation among
recommendations regarding indications, dosing, and duration of thromboprophylaxis
for the pregnant patient.
Mechanical strategies to prevent VTE include early ambulation after surgery, grad-

uated venous compression stockings, or sequential compression devices (SCD), all
aimed at decreasing venous stasis. Several models of SCD have been developed.
None are superior over the others in terms of preventing VTE8; however, all mechanical
methods have been found to reduce the risk of deep vein thrombosis by two-thirds in
general surgical patients.9 There is little evidence for the efficacy of these methods in
pregnancy because there are no large-scale studies. The American Congress of Ob-
stetricians and Gynecologists (ACOG) recommends SCD for all women undergoing
cesarean section who are not already on pharmacologic thromboprophylaxis.6

Pharmacologic thromboprophylaxis has been used for many decades to prevent
VTE. The most common forms used include heparins and warfarin. Heparins act indi-
rectly by binding to antithrombin, which then inhibits thrombin, and inactivates factor
Xa.10 Coumadin reduces the synthesis of active clotting factors by depleting the levels
of functional vitamin K.11 The use of any medication in pregnancy requires weighing
the risks and benefits to the woman and her fetus. Anticoagulants are associated
with an increased risk of bleeding, including placental abruption, postpartum hemor-
rhage, and perioperative bleeding.11 The goal of thromboprophylaxis is to administer a
dose of medication that reduces VTE risk while minimizing the risk of bleeding.
Warfarin has long been used in the nonpregnant population for prophylaxis

against recurrent VTE. Warfarin crosses the placenta and has been associated
with fetal anomalies, such as midface hypoplasia, stippled chondral calcification,
scoliosis, and short proximal limbs when exposure occurs in the first trimester.
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Use of warfarin later in gestation is associated with fetal intracranial hemorrhage and
schizencephaly.12–14

Heparin medications, including unfractionated heparin (UFH) and low-molecular-
weight heparin (LMWH) do not cross the placenta and thus are preferentially used dur-
ing pregnancy.15–19 LMWH has been modified from UFH by depolymerization, making
the molecular size of the drug smaller. UFH can be associated with heparin-induced
thrombocytopenia, and long-term use can be associated with bone loss. These risks
are significantly lower with LMWH.20 Advantages of UFH include lower cost and
shorter half-life, which decreases the time required to reverse the anticoagulant ef-
fects. Advantages of LMWH include ease of administration and a more reliable antico-
agulant effect.15 LMWH is cleared completely through the renal system. Patients with
severe renal insufficiency should receive UFH because its clearance is both hepatic
and renal.21 Rapid reversal of UFH and to some degree LMWH is possible with prot-
amine sulfate. Neither prophylactic nor intermediate doses of LMWH or UFH require
monitoring of anti-Xa levels or activated partial thromboplastin time.21 If UFH is
used, platelet counts should be checked before initiation. There is no standardized
approach to monitoring platelets while on heparin in pregnancy.
Newer anticoagulation agents have been developed, although they have not been

extensively studied in or approved for patients who are pregnant. Fondaparinux,
which is a synthetic selective inhibitor of factor Xa, has been used in patients who
develop adverse skin reactions with the use of heparin. A small observational study
of 12 pregnancies in 10 women showed that fondaparinux did not cause hypersensi-
tivity skin reactions and was not associated with bleeding complications to mother or
fetus.22 Apixaban (Eliquis) acts by inhibiting platelet activation and fibrin clot formation
by inhibiting factor Xa. It is indicated for patients with atrial fibrillation, and to help pre-
vent the recurrence of a deep vein thrombosis or PE after a proper treatment course. It
can also be used for thromboprophylaxis in the postoperative period from hip and
knee replacements. Apixaban is not recommended during pregnancy or breast
feeding.23 Clopidogrel (Plavix) is indicated for patients with acute coronary syn-
dromes, recent myocardial infarctions, or recent stroke by reducing platelet aggrega-
tion. There have been case reports of successful pregnancies and deliveries for
patients who were taking clopidogrel throughout their pregnancy for cardiac indica-
tions,24 but it has not been used for VTE thromboprophylaxis.
The half-life of UFH is about 1.5 hours, whereas the half-life of LMWH is approxi-

mately 4 hours.21 The risk of bleeding around the time of delivery and limitations in pre-
dicting the onset of labor make the use of anticoagulants in pregnancy challenging.
Anticoagulation can also be associated with complications of regional anesthesia.25

Obstetricians caring for patients on anticoagulants before delivery are required to
anticipate these potential events and coordinate care around delivery. There are
2 common approaches to managing the use of thromboprophylaxis in this time period.
One method involves transition from LMWH to UFH before delivery, with the patient
being instructed to stop UFHwhen signs of labor occur. The other tactic involves stop-
ping LWMH 24 hours before the scheduled induction of labor.25

Obstetricians face the challenge of assessing whether a patient is a candidate for
thromboprophylaxis. Efforts initially focused on patients with a prior history of VTE.
The approach has now broadened to identify those at risk based on several factors.26

These additional risk factors include age greater than 35 years, obesity, cesarean de-
livery, black race, heart disease, sickle cell disease, diabetes, systemic lupus, tobacco
use, and multiple pregnancy. Several screening strategies have been reported, but
none have been uniformly adopted.27 The Royal College of Obstetrics and Gynecol-
ogy uses a scoring system to determine the level of risk and subsequent management

Thromboprophylaxis 391



of obstetric patients. A patient is assigned points based on their specific risk factors
for VTE. A higher score is associated with a higher overall risk of VTE. For example,
for a patient who is older than 35 years, is a smoker, and has a body mass index
(BMI) of greater than 40 kg/m2, it is recommended that thromboprophylaxis be consid-
ered from the first trimester.7 The ACOG uses a screening strategy based on personal
and family history of VTE, presence of low- or high-risk thrombophilia, and other risk
factors (Table 1).26 The American College of Chest Physicians (ACCP) categorizes risk
factors into major and minor groups. If at least 1 major risk factor or at least 2 minor
risk factors are present, the patient qualifies for prophylaxis (Table 2).28

By convention, recommendations for dosing regimens include prophylactic dosing,
intermediate dosing, and therapeutic dosing.6,28 The goal of prophylactic dosing is to
decrease the risk of VTE without increasing bleeding complications. Prophylactic
dosing of LMWH is 40 mg subcutaneously daily and UFH is 5000 U subcutaneously
twice daily. Intermediate dosing is typically used to adjust prophylactic doses to ac-
count for weight gain or other changes over the course of pregnancy, or to address
additional risk factors identified during the pregnancy. Current recommendations
include increasing the dose of UFH as pregnancy advances to 7500 to 10,000 U twice
daily in second trimester, and 10,000 twice daily in third trimester, although these rec-
ommendations are not definitive.23 Regimens for intermediate dosing of LMWH
include increasing the daily dose from 40 mg to 1 mg/kg/d or from 40 mg/d to
40 mg twice daily. Therapeutic dosing of anticoagulants is used to treat thromboem-
bolic disease, but can, in some cases, be used prophylactically. For example, patients
who have a history of 2 or more prior VTEs or patients taking life-long anticoagulation
require therapeutic anticoagulation dosing during the antepartum period.26

Data on best dosing strategies are limited. The concept of intermediate dosing
arose after pharmacokinetic studies suggested that a higher dose is needed later in
pregnancy, owing to maternal weight gain.11 In addition, a small retrospective study
of women at high risk of VTE in pregnancy showed that, despite prophylactic
LMWH, their incidence of VTE was still 7%, with 1.8% in the antepartum period.
The investigators speculated that prophylactic doses of LMWH may not be as effec-
tive in the patients at highest risk. This finding suggests that intermediate or even ther-
apeutic dosing may be needed in the patients at highest risk, but the authors note that
further studies are needed to identify the most effective dosing regimen.29

ANTENATAL OUTPATIENT THROMBOPROPHYLAXIS

The ACCP and ACOG have released recommendations for thromboprophylaxis for
those patients with conditions that increase their risk of VTE throughout pregnancy,
including thrombophilias and a history of VTE.26,28 These recommendations include
the antepartum period, starting in the outpatient setting and in all cases continuing
postpartum for at least 4 to 6 weeks. The ACOG recommends that patients who
have a single previous episode of VTE associated with a transient risk factor outside
pregnancy, such as major trauma or trauma to the lower extremity, and are otherwise
considered low risk do not need antepartum prophylaxis. These recommendations are
supported only by expert opinion. If an otherwise low-risk patient has a history of sin-
gle VTE that was associated with either pregnancy or estrogen use, then antepartum
prophylaxis is recommended. Patients with a history of multiple VTEs should receive
prophylaxis, regardless of the cause. Patients who are already taking long-term anti-
coagulation require a therapeutic dose during the antepartum period. Those who have
a low-risk thrombophilia (factor V Leiden heterozygous, prothrombin G20210A hetero-
zygous, or protein C or protein S deficiency), but no personal or family history of VTE,
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Table 1
Recommended thromboprophylaxis for pregnancies complicated by inherited thrombophilias

Clinical Scenario Antepartum Management Postpartum Management

Low-risk thrombophiliaa

without previous VTE
Surveillance without
anticoagulation therapy

Surveillance without
anticoagulation therapy
or postpartum
anticoagulation therapy if
the patient has additional
risks factorsb

Low-risk thrombophilia
with a family history (first-
degree relative) of VTE

Surveillance without
anticoagulation therapy

Postpartum anticoagulation
therapy or intermediate-
dose LMWH/UFH

Low-risk thrombophiliaa

with a single previous
episode of VTE—Not
receiving long-term
anticoagulation therapy

Prophylactic or
intermediate-dose
LMWH/UFH or
surveillance without
anticoagulation therapy

Postpartum anticoagulation
therapy or intermediate-
dose LMWH/UFH

High-risk thrombophiliac

without previous VTE
Surveillance without
anticoagulation therapy,
or prophylactic LMWH or
UFH

Postpartum anticoagulation
therapy

High-risk thrombophiliac

with a single previous
episode of VTE or an
affected first-degree
relative—Not receiving
long-term
anticoagulation therapy

Prophylactic, intermediate-
dose, or adjusted-dose
LMWH/UFH regimen

Postpartum anticoagulation
therapy, or intermediate
or adjusted-dose LMWH/
UFH for 6 wk (therapy
level should be at least as
high as antepartum
treatment)

No thrombophilia with
previous single episode of
VTE associated with
transient risk factor that is
no longer present—
Excludes pregnancy- or
estrogen-related risk
factor

Surveillance without
anticoagulation therapy

Postpartum anticoagulation
therapyd

No thrombophilia with
previous single episode of
VTE associated with
transient risk factor that
was pregnancy- or
estrogen-related

Prophylactic-dose LMWH or
UFHd

Postpartum anticoagulation
therapy

No thrombophilia with
previous single episode of
VTE without an associated
risk factor (idiopathic)—
Not receiving long-term
anticoagulation therapy

Prophylactic-dose LMWH or
UFHd

Postpartum anticoagulation
therapy

Thrombophilia or no
thrombophilia with two
or more episodes of VTE—
Not receiving long-term
anticoagulation therapy

Prophylactic or therapeutic-
dose LMWH

Or
Prophylactic or therapeutic-
dose UFH

Postpartum anticoagulation
therapy or Therapeutic-
dose LMWH/UFH for 6 wk

(continued on next page)
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Table 1
(continued )

Clinical Scenario Antepartum Management Postpartum Management

Thrombophilia or no
thrombophilia with two
or more episodes of VTE—
Receiving long-term
anticoagulation therapy

Therapeutic-dose LMWH or
UFH

Resumption of long-term
anticoagulation therapy

Postpartum treatment levels should be greater or equal to antepartum treatment. Treatment of
acute VTE and management of antiphospholipid syndrome are addressed in other Practice
Bulletins.

Abbreviations: LMWH, lowmolecular weight heparin; UFH, unfractionated heparin; VTE, venous
thromboembolism.

a Low-risk thrombophilia: factor V Leiden heterozygous; prothrombin G20210A heterozygous;
protein C or protein S deficiency.

b First-degree relative with a history of a thrombotic episode before age 50 years, or other major
thrombotic risk factors (eg, obesity or prolonged immobility).

c High-risk thrombophilia: antithrombin deficiency; double heterozygous for prothrombin
G20210A mutation and factor V Leiden; factor V Leiden homozygous or prothrombin G20210A
mutation homozygous.

d Surveillance without anticoagulation therapy is supported as an alternative approach by some
experts.

Table 2
ACOG, ACCP, and RCOG thromboprophylaxis risk assessment and management
recommendations after cesarean delivery

Degree of Risk Management

ACOG Low Sequential compression devices
Additional risk factors Perform an individual risk assessment, as

some patients may require prophylaxis
with sequential pneumatic
compression devices and UFH or
LMWH.

ACCP Presence of �1 major or �2 minor risk
factors (see Table 3)

Prophylactic LMWH, or mechanical
prophylaxis (for those with
contraindications to anticoagulants)
while in the hospital after delivery

Considered very high risk (multiple
additional risk factors that persist in
puerperium)

Prophylactic LMWH with elastic stockings
and/or intermittent pneumatic
compression

High-risk patients with risk factors that
persist after delivery

Extended prophylaxis for �6 wk after
delivery

RCOG All womenwho have had an unscheduled
cesarean delivery

Consider LMWH for 10 d after delivery

Those having an elective cesarean
delivery with additional risk factors (see
Table 4)

Intermediate, high and very high risk Prophylactic LMWH for 6 wk postpartum

Abbreviations: ACCP, American College of Chest Physicians; ACOG, American Congress of Obstetri-
cians and Gynecologists; LMWH, low-molecular-weight heparin; RCOG, Royal College of Obstetrics
and Gynecology; UFH, unfractionated heparin.
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do not require antepartum thromboprophylaxis. Patients with high-risk thrombophilias
(antithrombin deficiency, double heterozygous for factor V Leiden mutation, and pro-
thrombin G20210A mutation or homozygous prothrombin gene mutation) but no his-
tory of VTE can be followed without thromboprophylaxis during the antepartum
period, or prophylactic dosing can be considered. Prophylactic or intermediate-
dose LMWH or UFH is also indicated for patients who have a high-risk thrombophilia
with single prior VTE or have a family history of VTE (see Table 1).26

For those women who are candidates for antepartum thromboprophylaxis, LMWH
or UFH should be started in the first trimester and continued throughout pregnancy. If
additional risk factors are identified during pregnancy, such as immobility, or if hospital
admission is required, adjustment from prophylactic dosing to intermediate dosing
should be considered. Thromboprophylaxis is used for women considered at
increased risk of VTE events, but does not prevent all thromboembolisms, so patients
should be educated regarding the signs and symptoms of VTE. Likewise, patients
should be counseled regarding the potential for bleeding complications, and should
be instructed to report any concerning symptoms to their obstetric provider.
As a pregnancy nears term, UFH is often preferred owing to the ease of reversal.

Regional anesthesia, including labor epidurals and spinal anesthesia for cesarean de-
livery, is contraindicated if a patient is receiving LMWH.22 Our ability to predict the
onset of labor is limited, so transitioning prophylactic LMWH to prophylactic UFH
around 36 to 37 weeks of gestation is a reasonable approach. Patients should be
instructed to discontinue any thromboprophylactic medication with onset of symp-
toms of labor.6 If delivery (vaginal or cesarean) occurs after more than 4 hours have
elapsed since administration of prophylactic UFH, the risk of hemorrhage is not signif-
icantly increased. Spinal anesthesia can be administered 12 hours after UFH or
24 hours after LMWH.6,25 Some practitioners prefer to continue LMWH until 24 hours
before a scheduled induction of labor or a scheduled cesarean delivery. There are no
data to suggest that 1 method is superior, and providers may individualize their
approach to patients based on other clinical information, such as desire for regional
anesthesia or likelihood of delivering before 39 weeks of gestation.
The continuation of pharmacologic thromboprophylaxis is not recommended during

labor and delivery, but patients treated with thromboprophylaxis antenatally will
require continuation through the postpartum period. LMWH can be restarted 6 hours
after vaginal delivery and 6 to 12 hours after cesarean delivery.26

POSTPARTUM THROMBOPROPHYLAXIS

Likely owing to the physiologic changes and relative immobility that can occur after
delivery, the risk of VTE is greatest in the postpartum period, and extends for at least
6 weeks.4 In a large study using claims data from hospitalizations in California from
2005 to 2010, investigators evaluated the risk of thrombotic events (including VTE,
myocardial infarction, and stroke). As expected, the highest risk was in the first
6 weeks postpartum, but from 7 to 12 weeks postpartum the risk was still increased
over the risk of these outcomes 1 year later. The absolute risk during the 7- to
12-week postpartum period was low, but the investigators recommended further
study into the optimal duration of thromboprophylaxis for high-risk patients. They
also recommended that clinicians evaluating patients for possible thrombotic events
should recognize that the risk remains increased for at least 3 months postpartum.30

Guidelines from the ACCP and ACOG recommend postpartum thromboprophylaxis
for all patients with any personal history of VTE, all patients with high-risk thrombo-
philia, and patients with low-risk thrombophilias and a family history of VTE.
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Thromboprophylaxis is also recommended during the immediate postoperative period
for those with low-risk thrombophilias and no personal or family history of VTE with
additional risk factors such as obesity or immobility.26,28

THROMBOPROPHYLAXIS FOR OTHER SIGNIFICANT EVENTS
Hospital Admission

Hospitalization is associated with an increased risk of VTE in the general nonpregnant
population. The ACCP guidelines recommend LMWH thromboprophylaxis for any
acutely ill or immobilized patient.28 A Cochrane Review showed the benefit of UFH
thromboprophylaxis in reducing VTE in nonpregnant medical patients with acute med-
ical illness.31 Analysis of a national database of more than 200,000 women hospitalized
during pregnancy for nondelivery indications from 1997 to 2000 showed the VTE risk
was 18-fold higher during hospitalization than during time outside the hospital.32 The
risk remained 6-fold higher for the 28 days after discharge, compared with time outside
the hospital. The highest rates were observed in women with a BMI of greater than
30 kg/m2, age of greater than 35 years, admitted during third trimester, and with hos-
pital stays of greater than 3 days.32 Although there is general agreement that hospital-
ization, or the reason for hospitalization, places a pregnant woman at increased risk for
VTE, there are no data to demonstrate which method of thromboprophylaxis should be
used, or if any method is effective in preventing VTE in hospitalized pregnant women.
Women who are already being treated with pharmacologic thromboprophylaxis as

an outpatient should have it continued while hospitalized, unless there is a high risk of
bleeding. Consideration should be given to beginning thromboprophylaxis during the
inpatient stay for women admitted with medical or surgical complications, with ortho-
pedic injuries, who are immobilized or on prolonged bed rest, or who have multiple
other risk factors for VTE such as obesity or age greater than 35 years.5

Prophylactic anticoagulation increases the risk of bleeding complications related
and unrelated to pregnancy, so caution should be used when considering pharmaco-
logic thromboprophylaxis for patients with these conditions (ie, placenta previa).
Mechanical methods of thromboprophylaxis could be considered as an alternative
to pharmacologic prophylaxis in this group. Pharmacologic thromboprophylaxis is
a reasonable option for many patients admitted without bleeding concerns, and if
used should be continued until the patient is fully ambulatory.26

Cesarean Delivery

More than 80% of maternal deaths related to PE occur after cesarean delivery, but the
benefit of thromboprophylaxis for cesarean delivery has not been well-studied.33 A
case-control study demonstrated the overall risk of VTEwas 6-fold higher among those
undergoing cesarean delivery compared with those with a vaginal delivery (0.18% vs
0.3%).4 Still, the individual risk for a VTE after cesarean delivery in a low-risk woman
is similar to the risk seen in low-risk nonobstetric surgical patients, for whom routine
thromboprophylaxis is not recommended.23 Guidelines for prophylaxis after cesarean
delivery, therefore, vary widely, owing to the difficulty in determining who will benefit
from thromboprophylaxis and the lack of information on optimal duration of therapy
(see Table 2).7,26,28 Early ambulation after surgery has multiple known benefits.8,9 It
is thought to decrease venous stasis and is recommended after cesarean delivery.
The ACOG also recommends use of SCD on all patients undergoing cesarean delivery
who are not already receiving pharmacologic thromboprophylaxis.6 Observational
studies of a large cohort of patients with universal use of SCD at the time of cesarean
delivery showed a significant lowering of VTE risk.34 Continuing the SCD until the
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patient is fully ambulatory is a reasonable approach. The ACOG guidelines also recom-
mend considering a combination of SCD and pharmacologic thromboprophylaxis for
women considered at high risk of VTE, including those with a BMI of greater than
35 kg/m2, a prior history of VTE, any thrombophilia, or multiple additional factors.6

Because of concerns of hemorrhage immediately after surgery, pharmacologic throm-
boprophylaxis is started 6 to 12 hours postoperatively and is continued until the patient
is fully ambulatory, or throughout the postpartum period, depending on risk factors. For
example, a patient who is greater than 35 years of age and obese but has no other risk
factors for VTEmight be given thromboprophylaxis until ambulatory or until discharged,
whereas a patient with a history of VTE will receive thromboprophylaxis for 6 weeks.
Dosing for postcesarean delivery prophylaxis is 40 mg of LWMH daily or UFH 5000
units twice daily. For morbidly obese women with a BMI of greater than 40 kg/m2, a
weight-based LMWH dosing regimen should be considered.
The AACP recommends early ambulation for all patients undergoing cesarean de-

livery, and pharmacologic prophylaxis for those with risk factors for VTE, recommend-
ing the addition of graduated compression stockings or SCD for women at very high
risk of VTE (multiple additional risk factors; Table 3).28 In contrast, the Royal College of
Obstetrics and Gynecology recommends considering thromboprophylaxis with
LMWH for 10 days after elective cesarean delivery if any risk factors are identified,
and for 10 days in all patients undergoing nonelective cesarean delivery. Some risk
factors that are identified include parity greater than 3, smoker, age greater than
35 years, gross varicose veins, multiple pregnancy, preterm birth, prolonged labor,
and postpartum hemorrhage with more than 1 L blood loss or requiring blood trans-
fusion. They also recommend continuing LMWH for 10 days for women at intermedi-
ate risk and 6 weeks for high-risk women, using a risk assessment scoring system
(Table 4).7 No prospective trial of this approach has been reported, and it is estimated
that these guidelines would lead to more than 1 million patients in the United States
each year receiving thromboprophylaxis.33 The universal adoption of this type of
recommendation in the United States will require more evidence regarding safety
and efficacy of such an approach.

Table 3
American College of Chest Physicians guidelines: risk factors for VTE resulting in a baseline
risk of postpartum VTE of greater than 3%; after a Cesarean section

Major Risk Factors (OR >6) Minor Risk Factors (OR >6 When Combined)

Presence of �1 risk factor suggests a risk of
postpartum VTE >3%

Presence of �2 risk factors or 1 risk factor in
the setting of emergency cesarean section
suggests a risk of postpartum, VTE of >3%

Immobility (strict bed rest for �1 wk in the
antepartum period)

Postpartum hemorrhage �1000 mL with
surgery

Previous VTE
Preeclampsia with fetal growth restriction
Thrombophilia (antithrombin deficiency,

factor V Leiden, prothrombin G20210A)
Medical conditions: SLE, heart disease, sickle

cell
Blood transfusion
Postpartum infection

BMI >30 kg/m2

Multiple pregnancy
Postpartum hemorrhage >1 L
Smoking >10 cigarettes/d
Fetal growth restriction (gestational

age 1 sex-adjusted birth weight <25th
percentile

Thrombophilia (protein C or S)
Preeclampsia

Abbreviations: BMI, body mass index; OR, odds ratio; SLE, systemic lupus erythematosus; VTE,
venous thromboembolism.
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Table 4
Royal College of Obstetrics and Gynecology Risk Assessment for VTE

Total score �4 antenatally, consider thromboprophylaxis from the first trimester

Total score �3 antenatally, consider thromboprophylaxis from 28 wk

Total score �2 postnatally, consider thromboprophylaxis for �10 d

If admitted to the hospital antenatally, consider thromboprophylaxis

If prolonged admission (�3 d) or readmission to hospital within the puerperium consider
thromboprophylaxis.

Score

Preexisting risk factors

Previous VTE (except a single event related to major surgery) 4

Previous VTE provoked by major surgery 3

Known high-risk thrombophilia 3

Medical comorbidities: for example, cancer, heart failure, active SLE,
inflammatory polyarthropathy or inflammatory bowel disease; nephrotic
syndrome; type 1 diabetes mellitus with nephropathy; sickle cell disease;
current intravenous drug use

3

Family history of unprovoked or estrogen-related VTE in a first-degree relative 1

Known low-risk thrombophilia (no VTE) 1

Age (>35 y) 1

Obesity 1 or 2

Parity �3 1

Smoker 1

Gross varicose veins 1

Obstetric risk factors

Preeclampsia in current pregnancy 1

ART/IVF (antenatal only) 1

Multiple pregnancy 1

Cesarean section in labor 2

Elective cesarean section 1

Midcavity or rotational operative delivery 1

Prolonged labor (>24 h) 1

PPH (>1 L or transfusion) 1

Preterm birth <37 wk in current pregnancy 1

Stillbirth in current pregnancy 1

Transient risk factors

Any surgical procedure in pregnancy or puerperium except immediate repair
of the perineum, for example, appendectomy, postpartum sterilization

3

Hyperemesis 3

OHSS (first trimester only) 4

Current systemic infection 1

Immobility, dehydration 1

Abbreviations: ART, assistive reproductive technology; IVF, in vitro fertilization; OHSS, ovarian hy-
perstimulation syndrome; PPH, postpartum hemorrhage; SLE, systemic lupus erythematosus; VTE,
venous thromboembolism.

Adapted from Royal College of Obstetricians and Gynaecologists. Reducing the Risk of Venous
Thromboembolism during Pregnancy and the Puerperium. Green-Top Guideline No. 37a 2015.
ª Royal College of Obstetricians and Gynaecologists; reproduced with permission.
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ADDITIONAL CONSIDERATIONS
Obesity

Obesity, as defined by the Centers of Disease Control and Prevention as a BMI of
30.0 kg/m2 or greater,35,36 is an independent risk factor for VTE. Obesity is considered
a chronic inflammatory state with upregulation of inflammatory markers, which stimu-
late the liver to produce coagulation factors. Tissue factor may also be upregulated
with obesity. Obesity and the postpartum period together pose a significant risk for
VTE, particularly in the setting of immobilization.37,38 The Royal College of Obstetrics
and Gynecology guidelines published in 2015 recommended postpartum prophylaxis
with LMWH in obese women regardless of mode of delivery and the ACCP guidelines
suggest pharmacologic thromboprophylaxis for obese patients after cesarean deliv-
ery.14,28 The ACCP guidelines are largely extrapolated from data from nonpregnant
populations. The ACOG recommends SCD for all patients after a cesarean delivery
and suggests that pharmacologic thromboprophylaxis should be considered based
on individual risk factors, including obesity.6

The approach to the obese pregnant population is further complicated by the lack of
consensus on the optimal dosing regimen for pharmacologic therapy. The standard
doses of LMWH for thromboprophylaxis are thought to be ineffective with severe
obesity, possibly owing to the increased volume of distribution of the drug.16 Alterna-
tively, patients who are obese have a lower proportion of lean bodymass as a percent-
age of total body weight. Thus, dosing based on total body weight could lead to
supratherapeutic anticoagulation. One prospective trial demonstrated that weight
based dosing (0.5 mg/kg of LMWH every 12 hours) led to adequate anti-Xa levels
more often than a BMI-stratified standard dosing regimen (40 mg twice daily for a
BMI of 40–59 60 kg/m2 and 60 mg twice daily for BMI >60 kg/m2). Weight-based
dosing led to adequate prophylactic anti-Xa levels in 86% of cases versus 21% of
those in the stratified dosing regimen.37

Immobilization

Immobilization is a recognized risk factor for VTE and likely contributes to the risk of
VTE observed in patients admitted to the hospital, and observed with long flights.
Data on LMWH prophylaxis for nonpregnant patients with immobilization of the lower
extremities showed a significant reduction of VTE.37 There are no specific guidelines
for pregnancy, suggesting VTE thromboprophylaxis for immobilization only, but it is
considered a minor risk factor in several guidelines.6,7 When possible, early ambula-
tion after surgery is recommended, with the intent of reducing venous stasis. Likewise,
ambulation during hospital admission should be encouraged when possible. Recent
studies showing adverse effects related to activity restriction for obstetric conditions
have led to recommendations to avoid prescribing bed rest.39–41

Breastfeeding

The commonly used anticoagulants, including LMWH, UFH, and even warfarin, do not
accumulate in breast milk and thus are considered safe to use during lactation.42 In
cases in which another class or type of anticoagulant is used, specific information
regarding safety during breastfeeding should be reviewed in detail before making
recommendations.

SUMMARY

VTE is a significant contributor to maternal morbidity and mortality. Strategies
to decrease the incidence of VTE in pregnancy include using mechanical and
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pharmacologic thromboprophylaxis for women at highest risk. Identifying patients
who may benefit from thromboprophylaxis involves thinking critically about each pa-
tient’s risk factors in the antepartum period, during hospital admission, at the time of
cesarean delivery, and in the postpartum period. Current guidelines rely on clinicians
individualizing use of thromboprophylaxis based on risk factors. Large-scale prospec-
tive trials are needed to determine how thromboprophylaxis can best be used to mini-
mize VTE-related complications.
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