


Cardio-Obstetrics



The past: To my mother who instilled the pursuit of excellence in me and for her love and guidance.

The present: To all mothers with heart disease who embarked upon their journey to motherhood.

The future: To my husband and our triplet daughters who aspire to make this world a better place.

—ABH

Dedicated to my parents who nourished and enriched me, 

to all women with heart disease who endured childbirth and to those who wish for motherhood, 

and finally to my husband and daughter who enlighten me daily.

—DSW



Cardio-Obstetrics
A Practical Guide to Care  

for Pregnant Cardiac Patients

Edited by

Afshan B. Hameed, MD, FACC, FACOG
Professor of Maternal-Fetal Medicine and Cardiology

University of California, Irvine 

Diana S. Wolfe, MD, MPH, FACOG
Associate Professor of Maternal-Fetal Medicine
Einstein/Montefiore Medical Center, New York



First edition published [2020]
by CRC Press
6000 Broken Sound Parkway NW, Suite 300, Boca Raton, FL 33487-2742

and by CRC Press
2 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

© 2020 Taylor & Francis Group, LLC

CRC Press is an imprint of Taylor & Francis Group, LLC

This book contains information obtained from authentic and highly regarded sources. While all reasonable efforts have been made to publish reliable 
data and information, neither the author[s] nor the publisher can accept any legal responsibility or liability for any errors or omissions that may be 
made. The publishers wish to make clear that any views or opinions expressed in this book by individual editors, authors or contributors are personal 
to them and do not necessarily reflect the views/opinions of the publishers. The information or guidance contained in this book is intended for use 
by medical, scientific or health-care professionals and is provided strictly as a supplement to the medical or other professional’s own judgement, their 
knowledge of the patient’s medical history, relevant manufacturer’s instructions and the appropriate best practice guidelines. Because of the rapid 
advances in medical science, any information or advice on dosages, procedures or diagnoses should be independently verified. The reader is strongly 
urged to consult the relevant national drug formulary and the drug companies’ and device or material manufacturers’ printed instructions, and 
their websites, before administering or utilizing any of the drugs, devices or materials mentioned in this book. This book does not indicate whether 
a particular treatment is appropriate or suitable for a particular individual. Ultimately it is the sole responsibility of the medical professional to make 
his or her own professional judgements, so as to advise and treat patients appropriately. The authors and publishers have also attempted to trace the 
copyright holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this form has not been 
obtained. If any copyright material has not been acknowledged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or utilized in any form by any elec-
tronic, mechanical, or other means, now known or hereafter invented, including photocopying, microfilming, and recording, or in any information 
storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, access www.copyright.com or contact the Copyright Clearance Center, 
Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. For works that are not available on CCC please contact mpkbookspermissions@
tandf.co.uk

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identification and explanation 
without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Hameed, Afshan B., editor. | Wolfe, Diana, editor. 
Title: Cardio-obstetrics : a practical guide to care for pregnant cardiac patients / edited by Afshan B. Hameed, Diana Wolfe. 
Description: First edition. | Boca Raton : CRC Press, 2020. | Includes bibliographical references and index. | 
Identifiers: LCCN 2020000259 (print) | LCCN 2020000260 (ebook) | ISBN 9781138317918 (paperback) | ISBN 9781138317963 
(hardback) | ISBN 9780429454912 (ebook) 
Subjects: MESH: Pregnancy Complications, Cardiovascular--diagnosis | Pregnancy Complications, Cardiovascular--therapy | 
Heart Diseases | Pregnancy, High Risk 
Classification: LCC RG580.H4 (print) | LCC RG580.H4 (ebook) | NLM WQ 244 | DDC 618.3/61--dc23 
LC record available at https://lccn.loc.gov/2020000259
LC ebook record available at https://lccn.loc.gov/2020000260

ISBN: 978-1-138-31796-3 (hbk)
ISBN: 978-1-138-31791-8 (pbk)
ISBN: 978-0-429-45491-2 (ebk)

https://lccn.loc.gov/2020000260
https://lccn.loc.gov/2020000259
mailto:mpkbookspermissions@tandf.co.uk
mailto:mpkbookspermissions@tandf.co.uk
http://www.copyright.com


v

Contents

Contributors .......................................................................................................................................................................................... vii

 1 Burden of Cardiovascular Disease ...............................................................................................................................................1
Diana S. Wolfe, Afshan B. Hameed, and Elliott Main

 2 The Cardio-Obstetric Team ..........................................................................................................................................................5
Diana S. Wolfe

 3 Cardiovascular Physiology of Pregnancy and Clinical Implications .....................................................................................10
Jessica Spiegelman, Marie-Louise Meng, Jennifer Haythe, and Dena Goffman

 4 Preconception Care: Optimization of Cardiac Risk.................................................................................................................20
Mary M. Canobbio

 5 Termination and Contraceptive Options for the Cardiac Patient ...........................................................................................29
Blake Zwerling and Rachel Perry

 6 Cardiovascular Symptoms: Is It Pregnancy or the Heart? .....................................................................................................43
Melissa Perez and Afshan B. Hameed

 7 Cardiac Diagnostic Testing in Pregnancy .................................................................................................................................54
Edlira Tam and Cynthia Taub

 8 Anesthesia and Analgesia in the Pregnant Cardiac Patient ....................................................................................................63
Katherine W. Arendt

 9 Anticoagulation in Pregnancy .....................................................................................................................................................73
Rachel A. Newman, Ather Mehboob, and Judith H. Chung

 10 Congenital Heart Disease in Pregnancy ....................................................................................................................................85
Jeannette P. Lin

 11 Valve Disease in Pregnancy .........................................................................................................................................................97
Tanush Gupta, Thomas Boucher, and Anna E. Bortnick

 12 Cardiomyopathies in Pregnancy...............................................................................................................................................108
Joan Briller

 13 Vascular Disease and Dissection in Pregnancy ....................................................................................................................... 118
Melinda B. Davis

 14 Acute Coronary Syndromes in Pregnancy ..............................................................................................................................129
Pavan Reddy, Gassan Moady, and Uri Elkayam

 15 Pulmonary Hypertension in Pregnancy .................................................................................................................................. 135
Nisha Garg and Stephanie Martin

 16 Arrhythmias in Pregnancy ........................................................................................................................................................144
Dana Senderoff Berger and Lee Brian Padove

 17 Thromboembolism and Amniotic Fluid Embolism ................................................................................................................154
Arthur J. Vaught



vi Contents

 18 Endocarditis in Pregnancy ........................................................................................................................................................160
Ann K. Lal and Thaddeus P. Waters

 19 Cardiac Surgery in Pregnancy .................................................................................................................................................168
Kathryn Lindley

 20 Cardiovascular Medications in Pregnancy ............................................................................................................................. 173
Alice Chan and Ali N. Zaidi

 21 Cardiopulmonary Resuscitation in Pregnancy ....................................................................................................................... 179
Lauren A. Plante

Index ....................................................................................................................................................................................................193



vii

Contributors

Katherine W. Arendt
Department of Anesthesiology and Perioperative  

Medicine
Mayo Clinic
Rochester, Minnesota

Dana Senderoff Berger
Department of Obstetrics & Gynecology
University of California, Irvine
Irvine, California

Anna E. Bortnick
Department of Medicine
Division of Cardiology
Einstein/Montefiore Medical Center
Bronx, New York

Thomas Boucher
Department of Medicine
Division of Cardiology
Einstein/Montefiore Medical Center
Bronx, New York

Joan Briller
Department of Medicine
Division of Cardiology
The University of Illinois
Chicago, Illinois

Mary M. Canobbio
Department of Nursing
Division of Pediatric Cardiology
University of California, Los Angeles
Los Angeles, California

Alice Chan
Department of Nursing
Icahn School of Medicine at Mount Sinai
New York, New York

Judith H. Chung
Department of Obstetrics & Gynecology
Division of Maternal Fetal Medicine
University of California, Irvine
Irvine, California

Melinda B. Davis
Department of Medicine
Division of Cardiovascular Medicine
University of Michigan
Ann Arbor, Michigan

Uri Elkayam
Department of Medicine
Division of Cardiology
Keck School of Medicine of the University of Southern California
Los Angeles, California

Nisha Garg
Department of Obstetrics and Gynecology
University of California, Irvine
Irvine, California

Dena Goffman
Department of Obstetrics and Gynecology
Division of Maternal Fetal Medicine
Columbia University Irving Medical Center
New York, New York

Tanush Gupta
Department of Medicine
Division of Cardiology
Einstein/Montefiore Medical Center
Bronx, New York

Afshan B. Hameed
Department of Obstetrics & Gynecology
Division of Maternal Fetal Medicine
University of California, Irvine
Irvine, California

Jennifer Haythe
Department of Medicine
Division of Cardiology
Columbia University Irving Medical Center
New York, New York

Ann K. Lal
Department of Obstetrics & Gynecology
Division of Maternal Fetal Medicine
Loyola University Medical Center
Maywood, Illinois

Jeannette P. Lin
Department of Medicine
Division of Cardiology
University of California, Los Angeles
Los Angeles, California

Kathryn Lindley
Department of Medicine
Division of Cardiology
Washington University School of Medicine in St Louis
St Louis, Missouri



viii Contributors

Elliott Main
Department of Obstetrics & Gynecology
Stanford University
Palo Alto, California

Stephanie Martin
Clinical Concepts in Obstetrics
Maternal Fetal Medicine
Colorado Springs, Colorado

Ather Mehboob
Department of Medicine
Division of Hematology and Oncology
Adventist Health AIS Cancer Center
Bakersfield, California

Marie-Louise Meng
Department of Anesthesiology
Columbia University Irving Medical Center
New York, New York

Gassan Moady
Department of Medicine
Division of Cardiology
Keck School of Medicine of the University of Southern 

California
Los Angeles, California

Rachel A. Newman
Department of Obstetrics & Gynecology
University of California, Irvine
Irvine, California

Lee Brian Padove
Department of Medicine
Division of Cardiology
Atlanta, Georgia

Melissa Perez
Department of Obstetrics & Gynecology
University of California, Irvine
Irvine, California

Rachel Perry
Department of Obstetrics & Gynecology
University of California, Irvine
Irvine, California

Lauren A. Plante
Department of Obstetrics and Gynecology
Division of Maternal Fetal Medicine
Drexel University College of Medicine
Philadelphia, Pennsylvania

Pavan Reddy
Department of Medicine
Division of Cardiology
Keck School of Medicine of the University of Southern California
Los Angeles, California

Jessica Spiegelman
Department of Obstetrics and Gynecology
Division of Maternal Fetal Medicine
Columbia University Irving Medical Center
New York, New York

Edlira Tam
Department of Medicine
Division of Cardiology
Einstein/Montefiore Medical Center
Bronx, New York

Cynthia Taub
Department of Medicine
Division of Cardiology
Einstein/Montefiore Medical Center
Bronx, New York

Arthur J. Vaught
Department of Obstetrics and Gynecology
Division of Maternal Fetal Medicine
Johns Hopkins University Medical Center
Baltimore, Maryland

Thaddeus P. Waters
Department of Obstetrics and Gynecology
Division of Maternal Fetal Medicine
Loyola University Medical Center
Maywood, Illinois

Diana S. Wolfe
Department of Obstetrics & Gynecology and Women’s Health
Division of Maternal Fetal Medicine
Einstein/Montefiore Medical Center
Bronx, New York

Ali N. Zaidi
Department of Medicine & Pediatrics
Division of Adult Congenital Heart Disease
Icahn School of Medicine at Mount Sinai
New York, New York

Blake Zwerling
Department of Obstetrics & Gynecology
University of California, Irvine
Irvine, California



1

1
Burden of Cardiovascular Disease

Diana S. Wolfe, Afshan B. Hameed, and Elliott Main

Introduction

There has been a global effort to establish reliable statistics on 
maternal mortality. This has been a challenge due to differences 
in reporting systems; however, the World Health Organization 
(WHO), United Nations International Children’s Emergency 
Fund (UNICEF), United Nations Fund for Population Activities 
(UNFPA), World Bank Group, and the United National 
Population Division recently published an executive summary 
on mortality statistics between 1990–2015 [17]. Their goal was 
in part to establish accurate and internationally comparable 
measures of maternal mortality to help accomplish the United 
Nations new millennium goal to decrease maternal mortality by 
2015. Their refined measuring system allowed for comparability 
and a measure of uncertainty around the country-specific esti-
mates. Globally, the maternal mortality ratio has fallen by 44%; 
however, the burden remains high especially for low-resource 
countries which accounted for 99% of global maternal deaths 
in 2015. Region-specific distributions are displayed in Figure 
1.1 [15]. Sub-Saharan Africa accounts for the majority load of 
maternal deaths at 66%.

A WHO systematic study on etiology of maternal mortality 
worldwide analyzed and combined data from the years 2003–
2009 [1,6]; a total of 73% of cases were due to direct obstetric 
causes of death, including hemorrhage 27%, hypertensive dis-
orders 14%, embolism 2%, sepsis 10%, abortion 9%, and other 
direct causes 24%, leaving approximately 27% accounted for 
indirect obstetric causes. Internationally, HIV/AIDS accounts for 
only a small proportion (1.6%) of maternal deaths.

Maternal mortality in the United States has gained recent 
attention because of the surprising increase in its rate, contrary 
to all other high-resource countries. Approximately 700 women 

die each year in the United States due to pregnancy or related 
complications [7]. There are also stark racial and ethnic dispari-
ties with black and Native American women having rates two 
to four times those of white or Asian women [8,2] (Figure 1.2). 
This disparity in maternal mortality is the largest disparity 
noted for any public health metric and has led to the mobiliza-
tion of multiple organizations for important local and national 
efforts. Maternal mortality data is produced by two branches of 
the Centers for Disease Control and Prevention (CDC) [9]. The 
National Center for Health Statistics (NCHS) produces data to 
calculate the WHO definition of maternal mortality (death dur-
ing or within 42 days after the termination of a pregnancy from a 
cause related to the pregnancy or its treatment). This determina-
tion is made by review of International Classification of Disease 
(ICD) codes from the death certificate alone. Death certificate 
causes of death are publicly available from the CDC, but there is 
serious concern over the quality of the data and the limitations of 
the 42-day boundary. For these reasons, NCHS has not released 
an official U.S. maternal mortality rate since 2007.

The Reproductive Health branch of the CDC established 
the Pregnancy Mortality Surveillance System (PMSS) in col-
laboration with the American College of Obstetricians and 
Gynecologists in 1986 to understand the causes of death and 
risk factors and thus provide a more comprehensive review of 
maternal deaths. Starting with all deaths from any cause dur-
ing or within 12 months of a birth/loss (cohort of pregnancy-
associated mortalities), case reviews of all data on the death 
certificate and more recently on linked birth certificates, is 
used to establish whether the death was causally related to the 
pregnancy or its care (pregnancy-related mortalities) [10,11]. 
(See Box 1.1.)

The most recent report on U.S. pregnancy-associated mortal-
ity rates, covering the years 2007–2016, identifies 16.7 deaths per 

KEY POINTS

• The United States is one of eight countries in the world 
with a rising maternal mortality rate [1]

• Cardiovascular disease is the leading cause of indirect 
maternal deaths in the United States [2]

• Qualitative maternal mortality reviews are essential in addi-
tion to vital statistics to comprehend maternal mortality [3]

• Implementation of toolkits, quality improvement projects, 
and safety bundles have been proven to decrease maternal 
mortality rates in California [4]

• Perinatal quality collaboratives essentially bring stake-
holders together to a common goal of improving maternal 
morbidity and mortality [5]
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100,000 live births [7,8]. The top causes include cardiovascular 
diseases (26.5%) ranking first, combining cardiovascular condi-
tions (15.5%) and cardiomyopathy (11.0%) (Figure  1.3). These 
were followed by other medical conditions reflecting preexist-
ing illnesses (14.5%), infection (12.7%), hemorrhage (11.4%), 

and cardiomyopathy (11.0%) [7]. Relative to data covering the 
period 2006–2010, the contribution of hemorrhage, hypertensive 
disorders of pregnancy, and anesthesia complications have all 
declined. In contrast, cardiovascular and other medical condi-
tions have significantly increased (Figure 1.3).

1–19
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500–999

=1000 Not applicable

Data not available
0 875 1750 3500 kilometers

Population <100 000 not included in the assessment

FIGURE 1.1 Worldwide map of rates of maternal mortality per 100 000 live births. (From WHO, UNICEF, UNFPA, World Bank Group, and the United 
Nations Population Division. Trends in Maternal Mortality: 1990 to 2015. Geneva: WHO; 2015. With permission.)
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Pregnancy Mortality Reviews

The current focus is to reestablish state-based maternal mortal-
ity review committees (MMRCs) in all 50 U.S. states. New York 
City and Washington, DC have their own independent MMRC 
and are included. The aim is to review all maternal deaths in the 
country for causation, preventability, and improvement opportu-
nities. Currently, MMRCs have been established in about two-
thirds of states [3]. They consist of multidisciplinary committees 
to identify, review, and analyze maternal deaths using all avail-
able data sources (e.g., medical records, autopsy reports, and 
community information) rather than death certificates alone.

Impact on Women of Reproductive Age

Global indirect causes of maternal mortality that are of con-
cern and focus include cardiovascular, respiratory, diabetes, and 

cancer. This burden of disease has identified an important chal-
lenge for health care providers to resolve. That is, to coordinate 
care among specialists to optimize outcomes for most cases. 
At the national level in the United States, studies have shown 
a rise in pregnant women with chronic diseases as well, includ-
ing hypertension, diabetes, and chronic heart disease. A call to 
action from the professional community is in place to determine 
the underlying characteristics of U.S. women who die during 
childbirth. Black race, age over 35, and no prenatal care have 
been identified as major associated characteristics with maternal 
death in the United States [9].

MMRC compared to national vital statistics allows for inves-
tigation and ultimately action to prevent maternal mortality. The 
ability to turn reviews into action has focused on the development 
of state perinatal quality collaboratives, which represent state-
level partnerships among public health agencies, professional 
organizations, hospital associations, and patient advocates. The 
National Partnership for Maternal Safety, established in 2014, 
has taken quality improvement lessons from MMRCs and devel-
oped national safety bundles for the most preventable causes of 
maternal mortality, including hemorrhage, hypertension, and 
venous thromboembolism. The California Maternal Quality 
Care Collaborative (see www.CMQCC.org) has led the nation for 
widespread adoption of safety bundles (see Box 1.2) and publica-
tion of key implementation toolkits. California has subsequently 
noted a major decline in their maternal mortality rates from 16.9 
deaths per 100,000 live births in 2006 to 7.3 deaths per 100,000 
live births in 2013 [4]. These publications were followed by the 
initiation of the cardiovascular disease in pregnancy toolkit, also 
initiated by CMQCC. (see also California Maternal Quality Care 
Collaborative, State of California, Department of Public Health, 
California Birth and Death Statistical Master Files, 1999–2013; 
www.cmqcc.org). Details of the cardiovascular disease toolkit 
are discussed in Chapter 6.

While many states have adopted perinatal quality collab-
oratives (PQCs), there are potential challenges involved when 

BOX 1.1 HOW TO INITIATE A MATERNAL 
MORBIDITY/MORTALITY REVIEW 

PROCESS AT YOUR HOSPITAL [13,14]

Create a multidisciplinary SMM review committee
Identify potential SMM cases and confirm true SMM
Identify the morbidity
Abstract and summarize data
Present case to review committee for discussion
Determine events leading to morbidity
Determine opportunities to improve outcomes
Assess system and patient factors for the opportunity to 

improve outcomes
Make recommendations
Effect change and evaluate improvement
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multiple organizations and disciplines work together [5]. In 
California, the state Maternal Mortality Review Committee 
facilitated not only numeric data to indicate progress, but also 
developed quality improvement (QI) teaching materials and QI 
collaboratives in response to direct cases such as obstetric hem-
orrhage and preeclampsia. A PQC should have a rapid-cycle data 
system to measure progress from QI measures. In California, a 
web-based system has been established, the CMQCC Maternal 
Data Center. Birth certificates are linked to additional medical 
charts in a confidential fashion including discharge diagnosis 
file and chart reviews. In addition, the data center allows for 
an interactive analysis of QI projects throughout the state. The 
process commences with Institutional Review Board approvals 
and continuing supervision; the California Department of Public 
Health (CDPH) Center for Health Statistics and Informatics pro-
vides monthly releases of partially de-identified information to 
CMQCC. CMQCC receives mother and infant discharge data 
files from over 96% of California maternity facilities, which are 
automatically linked to the birth certificates [12]. (See Box 1.3.)

In summary, in response to the rise in U.S. maternal mortal-
ity state, MMRCs have been reestablished with a mandate for 

translating their findings into action using state perinatal quality 
collaboratives. While this model is still early in its development 
in many states, established states including California, Illinois, 
Michigan, and North Carolina are showing encouraging results.
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BOX 1.3 BASIC STEPS TO SUSTAIN QI 
INITIATIVES AT YOUR HOSPITAL [16]

Public health burden/population impact of issue
Clinician enthusiasm/existence of champions
Availability of funding
Alignment with state and national priorities
Established benchmarks for best practices
Evidence-based/evidence-supported interventions available
Documented variation in outcomes
Prior successes elsewhere
Feasibility: Implementation and measurement

BOX 1.2 BASIC STEPS TO IMPLEMENT 
A SAFETY BUNDLE: AN EXAMPLE

COUNSEL ON PATIENT SAFETY 
IN WOMEN’S HEALTH CARE

The team approach: Technical leader, clinical expertise, 
day-to-day leadership, project sponsor

Goal setting: What, who, by how much, by when will we 
improve it?

SMART (specific, measurable, attainable, relevant, time-
bound) goals

Driver diagram
PDSA (plan, do, study, act) cycle
Measures
Models for change
Building sustainability and encouraging spread
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2
The Cardio-Obstetric Team

Diana S. Wolfe

Introduction

The concept of team effort to care for a patient is not novel, 
 especially when there is a high risk of morbidity and mortal-
ity. The goal is to bring together skill sets from maternal-fetal 
medicine (MFM), cardiology, anesthesia, neonatology, and other 
subspecialties as needed to optimize patient care. Cardiovascular 
disease in pregnancy is the number one indirect obstetric cause 
of pregnancy-related mortality ratio in the United States [1]. 
The 2006–2010 pregnancy-related mortality ratio was 16.0 deaths 
per 100,000 live births, a total of 14.6% due to cardiovascular 
conditions and 11.8% due to cardiomyopathy [1]. Improved data 
collection of severe maternal morbidity and maternal near-miss 
(SMM/MNM) has illustrated that cardiac disease is a significant 
contributing indicator in the United States [2]. The definition of 
SMM/MNM has evolved from the initial WHO definition that 
attempted to establish a comparable description across facilities 
to encourage health quality improvement [13]. The 2011 SMM/
MNM definition includes five disease-specific, four manage-
ment, and seven organ dysfunction−based criteria including 
cardiovascular dysfunction. In the United States, the Centers 
for Disease Control and Prevention (CDC) uses a large all-payer 
hospital inpatient care database for SMM/MNM  surveillance. 
These indicators are based on three guiding  principles [3]:

 1. State-level availability of data in most states, territo-
ries, and large metropolitan areas

 2. Presence of an established evidence base in the literature

 3. Quality of the indicator was sufficient for population 
level surveillance and the planning and evaluation of 
public health interventions

A validation study of the CDC SMM/MNM index was applied 
to 67,468 deliveries across 16 California hospitals and found a 
sensitivity of 0.99 and a positive predictive value of 0.44 [4]. The 
American College of Obstetricians and Gynecologists (ACOG) 
and the Alliance for Innovation on Maternal Health updated the 
2009 set of 25 CDC SMM/MNM indicators [3]. Based on the 
revised 21 indicator index, rates for the majority of SMM/MNM 
indicators increased in the United States between 1993–2014 [4]. 
Acute myocardial infarction was among those indicators that 
increased. This information implies the need for public health 
surveillance and clinical audit to ultimately improve quality 
obstetric care. A team of experts is required to care for complex 
obstetric patients including the cardiac pregnant patient.

Multidisciplinary Team

The cardio-obstetric team comprises a multidisciplinary team of the 
patient, physicians, nurses, and administration that includes the fol-
lowing team members at the minimum: MFM, cardiology, anesthe-
sia, neonatology, labor and delivery (L&D), and critical care staff. 
The approach mirrors the “heart team” model, traditionally known 
as a team of cardiologists and cardiothoracic surgeons who manage 
most at-risk cardiac surgical patients [5]. The pregnancy heart team 
is now employed internationally, and outlined in the most recent 
European Society of Cardiology Guidelines [6]. The mobilization 
of this framework came from the devastating findings of the U.S. 
maternal mortality rate in recent years whereby cardiac disease 
is the number one contributor in the United States [1]. Due to the 
complexity of the cardiac pregnant patient, an exchange of expertise 
and knowledge among experts including MFM and cardiology is 
strongly advisable to optimize maternal and fetal outcomes.

KEY POINTS

• Care of a pregnant woman with cardiac disease requires 
collaboration between various disciplines

• The multidisciplinary team bridges the gap in commu-
nication, promoting appropriate care of the pregnant 
cardiac patient

• Academic, administrative, and logistic support is needed 
to create a cardio-obstetric team at a given institution

• A “Triad” solution to improve maternal mortality due 
to cardiovascular disease includes patient education, 
universal cardiovascular disease screening, and a mul-
tidisciplinary team approach

• Advocacy for establishing a cardio-obstetric team 
should continue at local and national levels
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Our Experience

At Einstein/Montefiore in the Bronx, New York, we created an 
MFM–Cardiology outpatient joint program in February 2015 in 
response to the rising contribution of cardiovascular conditions 
to pregnancy-related morbidity and mortality [1]. The aim was 
to establish a multidisciplinary program to optimize the care of 
high-risk pregnant patients with known or suspected cardiac dis-
ease. In these instances, there is a real potential for communica-
tion barriers or gaps in care when specialists individually see 
patients at different times, locations, and/or health systems.

To create a cardio-obstetric team, an institution needs admin-
istrative and academic support from both departments, i.e., 
obstetrics and gynecology and cardiology. The office space 
where patients are seen is a key component because it has to be 
designed to accommodate both maternal and fetal testing. The 
logistics including billing are often a challenge because each 
specialty and its staff are most accustomed to their own needs 
for detailed physical exam and testing. However, a collabora-
tive environment can be established with administrative support 
from both specialties. Trainee participation is key to modeling 
this multidisciplinary work and therefore academic support to 

build this into fellows’ required rotations is recommended. In 
addition to the outpatient setting described, an inpatient team is 
essential for management of the pregnant cardiac patient.

At Einstein/Montefiore we have established an outpatient 
cardio-obstetric team that is composed of both MFM and car-
diology attendings and fellows who see patients together in the 
same space at least 3 times per month. The cardiologists include 
subspecialists in interventional cardiology, noninvasive imaging, 
and congenital heart disease. The space where we see our patients 
has multiple expert areas within cardiology including pulmonary 
hypertension, heart failure, electrophysiology, and so on. Our 
office is able to provide a risk assessment through both maternal 
and fetal assessment. We have cardiac testing readily available 
including echocardiogram, EKG, pacemaker interrogation, and 
other vascular studies including lower extremity Doppler stud-
ies. We utilize sonograms and Doppler tones to assess fetal well-
being as well as fetal echocardiography study within the same 
space. Our examination rooms consist of a gynecology table 
with the appropriate lighting and examination tools to provide 
for our pregnant patients and also to serve our postpartum and 
preconception patients. In this environment, as a team, together 
we have the ability to establish risk assessment each trimester 
(Table 2.1) and commence delivery planning. For our postpartum 

TABLE 2.1

Sample Pregnancy Follow-Up Checklist

Frequency of Follow-Up

Cardiologist Laboratory Diagnostic Testing

First trimester □ Once
□ Every 4 weeks
□ Every 2 weeks
□ Every week

□ BNP
□ CBC
□ TSH
□ INR
□ Other

□ EKG
□ Echocardiogram
□ Holter monitor
□ Exercise stress test
□ Other

□ Pregnancy termination

Second trimester □ Once
□ Every 4 weeks
□ Every 2 weeks
□ Every week

□ BNP
□ CBC
□ TSH
□ INR
□ Other

□ EKG
□ Echocardiogram
□ Holter monitor
□ Exercise stress test
□ Other

□ Anesthesia consultation
□ Multidisciplinary meeting
□ Delivery planning
□ Contraception plan

Third trimester □ Once
□ Every 4 weeks
□ Every 2 weeks
□ Every week

□ BNP
□ CBC
□ TSH
□ INR
□ Other

□ EKG
□ Echocardiogram
□ Holter monitor
□ Other

□ Contraception
□ Medication review
□ Follow-up plan with cardiology

Postpartum □ 1 week
□ 2 weeks
□ 4 weeks

□ BNP
□ CBC
□ TSH
□ INR
□ Other

□ EKG
□ Echocardiogram
□ Holter monitor
□ Other

Abbreviations:  BNP, B-type natriuretic peptide; CBC, complete blood count; TSH, thyroid stimulating hormone; INR, interna-
tional normalized ratio; EKG, electrocardiogram.
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and preconception patients, reproductive life planning and birth 
control counseling is emphasized. The team demonstrates their 
collaboration to the patient, delivering the same message, clari-
fying any confusion while they are counseled in person by both 
MFM and cardiology. In addition to our outpatient team, we have 
an inpatient cardio-obstetric team where the delivery plans are 
finalized. We meet monthly in the cardiac intensive care confer-
ence room. All members of the team are represented to review the 
major concerns and exchange an understanding of both cardiac 
and obstetric risks (Figure 2.1). We use a template (see Figure 
2.2) to present the case and a review checklist as a reminder of all 
aspects of the intrapartum and peripartum time period.

The checklist begins with a description of the pathophysiol-
ogy of the patient and a review of their cardiac history including 
surgeries and any comorbidities. Step 2 is to review of all imag-
ing studies. This will raise any major concerns and culminate 
an exchange of thoughts from MFM, cardiology, anesthesia, and 
L&D staff to think through the possible scenarios during labor 
and delivery. This leads to the next steps, which involve choosing 

timing and location of delivery. At Einstein/Montefiore, most of 
our patients deliver by 39 weeks at our larger location, where 
we have a cardiac intensive care unit (CICU) and therefore car-
diology consult available 24/7. Very few patients require deliv-
ery outside of L&D, that is, main operating room or CICU. Your 
institution should assess the safest place for these patients and 
consider where and when all equipment and experts are readily 
available. We deliver our patients at 39 weeks or earlier due to 
need for a scheduled delivery where the most skilled experts, 
including nursing, for the specific cardiac pathology are avail-
able. The L&D nurse at our institution is not telemetry trained 
and therefore we often have two nurses monitoring our patient—
obstetrics and CICU nursing. Equipment is readily available on 
L&D to manage indwelling pacemakers and implantable defi-
brillators, as an example. For the rare case that may require 
delivery outside of the L&D unit, cesarean delivery and neonatal 
trays are housed adjacent to or inside the patient’s room for any 
unforeseen emergency. Cardiac medications and those on L&D 
for various indications are reviewed with the team to assess their 

(b)

(a)

Team Member Role

Maternal-fetal medicine 1.    Present the patient

2.    Present obstetric concerns

3.    Determine safe management in labor and postpartum

Cardiologist 1.    Present the cardiac pathophysiology

2.    Review the cardiac studies with team

3.    Determine safe management in labor and postpartum 

Neonatology Availability for receival of fetus at time of delivery

Blood bank All blood products available 

Labor and delivery OB staff Availability to deliver patient

Labor and delivery OB

Nursing

Coordinate 1:1 nursing at delivery and postpartum

Cardiac and obstetric 

Anesthesia

Tailor safe anesthesia plan, cardiac monitoring

OR nursing Coordinate delivery and cardiac monitoring

Cardiothoracic surgery Availability where risk of CT surgery warranted

Perfusion specialists Availability where risk of heart failure elevated

L&D
nursing 

Cardiologist
Blood bank NICU 

L&D OB

OB
cardiac

anesthesia
CT

surgery  
Perfusion specialists

OR
nursing 

MFM

FIGURE 2.1 Cardio-obstetric team: (a) Personnel; (b) roles.
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maternal and neonatal safety in collaboration with pharmacy 
specialists and the neonatal team. Postpartum need for cardiac 
medications should be individualized for nursing mothers based 
on the indications and compatibility with breastfeeding.

I recommend advocating for a cardio-obstetric team within 
your community to increase referrals to your institution and ulti-
mately to establish safe motherhood. Suggestions include speak-
ing at Grand Rounds within your home institution as well as your 
city and region. Creation of continuing medical education courses 
within your community can attract the attention of providers and 
lead to positive collaborations. An emphasis on patient education 
and why screening for cardiovascular disease should be universal 
for all pregnant and postpartum patients is beneficial. Patient edu-
cation should include a review of the normal physiological changes 
and symptoms that occur in pregnancy, including its impact on 
the heart. Patients with cardiac disease need to be advised about 
warning signs that should prompt them to seek medical attention, 
because benign symptoms of pregnancy may mimic worsening 
cardiac disease. In addition, patients need to be counseled that a 
cesarean delivery is not an absolute requirement for all patients 
with cardiac disease, and that a normal spontaneous vaginal deliv-
ery and breastfeeding postpartum are optimal [7].

The Triad

A triad solution (Figure 2.3) including patient education, cardio-
vascular screening, and the multidisciplinary team has been pro-
posed to address maternal mortality and morbidity associated with 
cardiovascular disease of pregnancy [7]. Preconception counseling 
for all women with known heart disease is recommended. Review 
of their reproductive goals and an understanding of their disease 
and potential physiologic cardiac changes in a future pregnancy is 
recommended [8,9]. A contraceptive plan is essential to optimize 

pregnancy planning and birth spacing [10]. This counseling can 
be done in a multidisciplinary setting whereby a cardiologist 
and MFM subspecialist can assess the patient’s options together. 
The third aspect of the triad is a cardiovascular screening toolkit 
that has been proposed by the California Maternal Quality Care 
Collaborative based on a retrospective review of peripartum car-
diomyopathy case deaths [11]. This screening tool is used to iden-
tify pregnant and postpartum patients at risk for cardiovascular 
disease who therefore need to be referred to the maternal cardiol-
ogy team. It is well established that many symptoms of pregnancy 
overlap common symptoms of heart disease. The challenge of dis-
tinguishing between the two has been proposed in Table 6.1 of the 
Practice Bulletin on Pregnancy and Heart Disease, ACOG [12]; 
see Chapter 6 of this book.

FIGURE 2.2 Multidisciplinary labor and delivery planning list.

CVD
screening

Interdisciplinary
team planning

Patient
education

FIGURE 2.3 Triad algorithm: Patient education, screening, maternal car-
diology team.
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Conclusion

High-risk cardiac patients contemplating pregnancy or who are 
currently pregnant should have expedited, streamlined evalua-
tion by cardiology and MFM specialists. The team approach as 
supported by ACC/AHA guideline includes collaboration with 
cardiology, MFM/obstetricians, anesthesiologists, cardiothoracic 
surgery, and additional subspecialists as needed. The cardio-
obstetric team (Figure 2.1) and the multidisciplinary planning list 
(Figure 2.2) provide key components needed to create a cardio-
obstetric team and how to utilize available resources to achieve an 
appropriate level of care for the pregnant cardiac patient.
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Introduction

Pregnancy is unique as the only non-pathologic state that causes 
dramatic alterations in physiology. The integral components 
of pregnancy physiology that promote fetal growth and devel-
opment are cardiovascular adaptations [1]. The maternal heart 
undergoes significant structural and functional changes begin-
ning soon after conception that evolve as the pregnancy pro-
gresses to serve the changing demands of the developing fetus 
and in anticipation of blood loss at delivery [2]. Disruptions 
in this physiologic system may lead to both maternal and fetal 
morbidity at all stages of pregnancy. In the intrapartum period, 
increased perfusion of the uterus, pain-related tachycardia, and 
fluid shifts lead to additional hemodynamic variation. Most of 
these cardiovascular adaptations of pregnancy return to baseline 
in the postpartum period; however, some may persist for up to 6 
months after delivery, emphasizing the need for maternal care in 
the “fourth trimester.”

Because many of the cardiovascular adaptations of pregnancy 
are marked departures from the nonpregnant physiology, preg-
nancy may unmask previously unrecognized cardiac disease 
such as rheumatic mitral stenosis that can lead to significant 
morbidity and mortality. Not surprisingly, cardiovascular disease 
remains the leading cause of maternal mortality in the United 
States [3]. Normal pregnancy symptoms may overlap with those 
of cardiovascular disease. An understanding of the maternal 
adaptations that may elicit or exacerbate cardiovascular disease 
is essential for any obstetric provider. Appropriate triage and 
 follow-up is essential in women with cardiovascular disease dur-
ing pregnancy and the postpartum period.

Cardiovascular Physiologic Adaptations

The hemodynamic parameters that adapt during pregnancy 
include heart rate (HR), systemic vascular resistance (SVR), 
blood volume, cardiac output (CO), and blood pressure (BP) 
(Box 3.1). Each parameter is reviewed and the interplay between 
them is demonstrated in Figure 3.1. Most changes begin in the 
first trimester, peak in the late second or early third trimester, 
and then plateau for the remainder of pregnancy with a return to 
pre-pregnancy values during the postpartum period [4].

Heart Rate

Maternal HR increases steadily throughout pregnancy and has 
been shown in some studies to be the first hemodynamic param-
eter to change after conception as early as 5 weeks of gestation 
[5,6]. Unlike most other hemodynamic parameters, which change 
at rapid rates until a plateau point in the second trimester, HR 
increases steadily throughout pregnancy [2]. Peak increase in 
HR is generally between 10–20 beats per minute (bpm), or 20%–
25%, above pre-pregnancy values [7]. The upper limit of normal 
heart rate in pregnancy is generally no higher than 95 bpm, and 
therefore heart rates >100 bpm should be regarded as abnormal 
until proven otherwise [2]. Later in pregnancy, this increase in 
HR is the primary contributor to the rise in CO. Maternal posi-
tion may cause variations in HR, with slightly lower rates noted 
in the left lateral position than in the supine position, most likely 
due to alterations in preload with position changes [8]. HR typi-
cally returns to pre-pregnancy values in the immediate postpar-
tum period, that is, within 6 hours postpartum [9].

KEY POINTS

• Pregnancy can expose undiagnosed cardiac pathology, or 
it can cause cardiac pathology in otherwise healthy people

• Heart rate, blood volume, and cardiac output all increase, 
while systemic vascular resistance and blood pressure 
decrease

• Heart rate >100 beats per minute in pregnancy should be 
regarded as abnormal until proven otherwise

• Many of the symptoms of normal pregnancy are similar to 
the symptoms of cardiac disease

• A systematic approach is required to evaluate any preg-
nant or postpartum patient with suspected cardiovascular 
disease in order to differentiate physiologic change from a 
pathologic process
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Systemic Vascular Resistance

The decrease in SVR occurs as early as 5 weeks of gestation and 
prior to full development of the placenta [4]. In the first trimester, 
SVR decreases by about 10%, primarily due to the vasodilatory 
effects of progesterone, estrogen, prostaglandins, and relaxin 
[10]. Increased nitric oxide production in pregnancy likely 
also plays a role in the decrease in SVR [11]. As the placenta 

develops, it further decreases the SVR by adding a high-flow, 
low- resistance component to the maternal circulation. Decreased 
SVR leads to a decrease in BP, more specifically diastolic BP, 
and a widening of pulse pressure [12].

Decreased SVR in the renal vasculature activates the renin-
angiotensin-aldosterone (RAA) system. Increased angiotensin 
leads to salt and water retention at the level of the kidneys and thus 
to an increase in blood volume and maintenance of blood pressure 

Progesterone, estrogen,
relaxin, NO 

SVR

Renin-angiotensin-
aldosterone system

Renal vasodilation

Na/H2O reabsorption Blood volume

Plasma volume

Progesterone

Erythropoietin

RBC volume
Atrial stretch

ANP

BP

Stroke volume HR

CO

FIGURE 3.1 Relationship of parameters.

BOX 3.1 THE HEMODYNAMICS OF UNCOMPLICATED PREGNANCIES: 
ANTEPARTUM, INTRAPARTUM, AND POSTPARTUM CHANGES

  Heart Rate
Systemic Vascular 

Resistance Plasma Volume RBC Volume Cardiac Output Blood Pressure

1st trimester Increase Decrease Increase Increase Sharp increase Decrease

2nd trimester Steady increase Rapid decrease Rapid increase Steady increase Slower increase Continued 
decrease, nadir

3rd trimester Steady increase Slight increase after 
32 weeks

Slower increase after 
28 weeks

Steady increase Plateau Increase

Intrapartum Continues to 
increase

No significant 
change

Decrease due to blood 
loss

Decrease due to blood 
loss

Increase Increase

Postpartum Return to 
pre-pregnancy 
within 6–48 
hours

Return to 
pre-pregnancy 
values soon after 
delivery

Vaginal delivery: 
decrease over 10 days

Cesarean delivery: no 
change

Vaginal delivery: 
decrease over 10 
days

Cesarean delivery: no 
change

Rapid decrease 
in first 2 weeks, 
slower decrease 
for up to 6 
months

Return to 
pre-pregnancy, 
unknown time 
frame

Earliest change 5 weeks 5 weeks 6 weeks 8–10 weeks Before 8 weeks 7 weeks

Peak/nadir above/
below pre-
pregnancy values

+20%–25% −30% +45% +20%–30% (with 
iron), +15%–20% 
(no iron)

+30%–50% −5–10 mmHg 
(systolic); up 
to −15 mmHg 
(diastolic)

GA at peak/nadir Intrapartum 32 weeks 32 weeks Term 25–35 weeks 20–24 weeks
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[13]. Decreased SVR is therefore at least  partially responsible for 
an increase in blood volume and stroke volume. The combina-
tion of decreased SVR and increased HR leads to the increased 
cardiac output (Figure 3.1), with a larger contribution from HR in 
later pregnancy. SVR nadirs in the second trimester at about 30% 
lower than the baseline, and then plateaus until about 32 weeks, 
after which time it increases slightly [14]. At term, SVR remains up 
to 21% lower than pre-pregnancy values [15]. The pattern of SVR 
change during pregnancy is generally inverse to that of cardiac out-
put, leading to a minimal change in the mean arterial pressure [14].

Blood Volume

Increased blood volume in pregnancy is evident from studies dat-
ing as far back as the 1930s [16]. Both plasma and red blood cell 
(RBC) expansion contribute to the total blood volume increase 
of pregnancy. Plasma volume expansion is primarily mediated 
by the upregulation of the RAA system, which begins as early 
as 6 weeks’ gestation and continues to increase rapidly through-
out pregnancy, with the steepest increase in the second trimester 
[17]. After 28 weeks, the rate of plasma volume increase slows; 
plasma volume reaches its peak at approximately 32 weeks’ ges-
tation [18]. To quantify plasma volume expansion in pregnancy, 
a 2017 meta-analysis of 30 studies found that plasma volume 
rose by 180 mL in the first trimester, by 570 mL in the second 
trimester, and by 1090 mL by 35 weeks. By 41 weeks’ gesta-
tion, the total plasma volume expansion was 1130 mL above pre-
pregnancy values [19].

RBC expansion is in part the result of a progesterone-driven 
increase in erythropoietin and helps support the increased oxy-
gen demand of pregnancy [20,21]. RBC mass increases begin-
ning at 8–10 weeks’ gestation and steadily rises, reaching a 
20%–30% increase by the end of pregnancy in women taking 
iron supplementation, or a 15%–20% increase in women not tak-
ing supplemental iron [22].

Although both plasma and red blood cell volume increase 
during pregnancy, plasma volume increases more rapidly 
than  erythrocyte volume, leading to the dilutional anemia of 
pregnancy [23]. In one study, normal reference ranges for mater-
nal hemoglobin were shown to be from 11.6–13.9 g/dL in the first 
trimester, 9.7–14.8 g/dL in the second trimester, and 9.5–15 g/
dL in the third trimester; with 12–15.8 g/dL used as a reference 
range for nonpregnant females [24]. While some degree of “ane-
mia” is considered normal in pregnancy, maternal hemoglobin 
levels below these values may result from insufficient iron intake 
to meet the demands of increased  erythropoiesis. Pregnancy-
related anemia responds well to iron supplementation. Other 
causes of anemia should be ruled out [25].

Clinical Implications

 1. Anemia may lead to adverse obstetric outcomes includ-
ing low birth weight, therefore attention to hemoglobin 
levels in pregnancy is prudent for prevention of mater-
nal and fetal morbidity [18,26].

 2. Conversely, the absence of physiologic anemia may 
be detrimental. Hemoglobin levels above 14.6 g/dL in 
early pregnancy are associated with an increased risk 
of intrauterine fetal demise [27].

Increasing blood volume traversing through the heart leads 
to an increased atrial natriuretic peptide (ANP), released in 
response to atrial stretch. ANP acts as a peripheral vasodilator 
and a diuretic, thus exerting a check on volume expansion and 
contributing to a further decrease in SVR in order to  compensate 
for the increase in blood volume [28]. Increased total blood 
volume during pregnancy serves several purposes: (i) To meet 
the increased metabolic demands of the gravid uterus and its 
enlarged vasculature with up to 750 mL/min directed to the 
uterus at term gestation [29]. (ii) It prepares maternal blood vol-
ume for the blood loss experienced at delivery. (iii) Increased 
blood flow to the placenta provides the fetus with the oxygen and 
nutrients necessary for normal development.

Clinical Implications

 1. The degree of blood volume expansion is proportional 
to birth weight in multiple studies, and diminished 
plasma volume increase has been associated with pre-
eclampsia and growth restriction [30].

 2. Fetal growth restriction has been shown to be preceded 
by inadequate volume expansion even as early as 8 
weeks of pregnancy [31].

Cardiac Output

CO is the product of stroke volume and HR that reflects the capac-
ity of the heart to respond to the perfusion requirement of the 
body. CO has been the focus of many studies assessing the hemo-
dynamics of pregnancy that have universally shown a rise during 
pregnancy. Measurement of CO can be either invasive or noninva-
sive. Invasive methods using thermodilution technique remain the 
gold standard for calculating cardiac output. Many studies have 
understandably focused on identifying noninvasive techniques 
that can best replicate the measurements obtained invasively, such 
as 2D or Doppler echocardiography [32–34]. Due to differences 
in measurement techniques and feasibility of obtaining measure-
ments, the precise degree of the CO increase and the mechanisms 
behind it have not been universally agreed upon [35]. Studies of 
normal maternal physiology in relation to these changes in CO 
remain an important area for future research.

Typically, the sharpest rise in CO occurs by 8 weeks, with con-
tinued increase into the second trimester and a peak between 
25–35 weeks [36]. In some studies, CO has been shown to be 
increased by 50% during pregnancy; however, there is no con-
sensus in the literature regarding the precise magnitude and 
pattern of change in CO. A 2016 meta-analysis looking at 39 
studies assessing CO data in uncomplicated, singleton preg-
nancies showed that CO increased by 1.5 L/min, or 31%, above 
nonpregnant values [14]. This increase was steady, though non-
linear, until its peak at 31 weeks, with a subsequent plateau. In 
early pregnancy, stroke volume was the major contributor to the 
increase in CO, and in late pregnancy, HR became increasingly 
influential [14,35].

Maternal position affects CO, which has implications dur-
ing obstetric procedures, imaging studies, and during labor and 
delivery. In the supine position, the gravid uterus compresses 
the inferior vena cava, decreasing venous return to the heart 
and causing a significant decrease in CO [8]. The magnitude 
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of decrease correlates with the size of the uterus, as is evident 
from twin studies [37]. Evidence has shown that in twin gesta-
tions, CO is 20% higher than in singleton pregnancies, and that 
compression of the vena cava by the uterus is even more pro-
nounced [38]. CO is directly related to weight and height, with 
an increase in  CO noted as weight increases in women above 
160 cm in height. CO is inversely related to age, with higher CO 
in women under the age of 25 [39].

The need to augment CO in pregnancy and delivery is a major 
contributing factor to the potential decompensation of women 
with cardiac disease if this augmentation is compromised due to 
the underlying cardiac structure and function.

Blood Pressure

Despite marked blood volume expansion, pregnant women usu-
ally remain normotensive throughout pregnancy, and have been 
traditionally thought to have an overall decrease in BP [40]. 
Data from longitudinal studies have demonstrated that, like 
SVR, arterial BP begins to decrease in the first trimester, as 
early as 7 weeks [41]. BP nadirs in the second trimester, but 
the majority of the decrease in BP occurs at 6–8 weeks. It is 
therefore important, if possible, to compare pregnancy BPs to 
true preconception BPs, as BPs in early pregnancy are likely 
already displaying the effects of pregnancy [2]. Systolic blood 
pressure, diastolic blood pressure, and mean arterial pressure 
all decrease, but diastolic blood pressure and mean arterial 
pressure decrease more than systolic blood pressure, leading to 
a widened pulse pressure [12]. In the third trimester, BP begins 
to increase, and it returns to pre-pregnancy values in the post-
partum period, though the precise timeline of BP normalization 
is not clear.

Some recent studies have challenged the traditional think-
ing that BP is lower in pregnancy than in the nonpregnant state. 
A study of third trimester BP from 2016 showed significantly 
higher systolic and diastolic BPs in pregnant compared to non-
pregnant women, by 18 and 12 mmHg, respectively [42]. In 2002, 
a retrospective study of 1599 women showed that women with a 
high initial BP had a fall in BP during pregnancy, while those 
with low initial BP had either a much smaller fall or a rise in BP 
as pregnancy progressed [43]. In addition, a 2011 study demon-
strated a progressive increase in blood pressure throughout preg-
nancy [44]. The Generation R study, meanwhile, demonstrated 
that women with lower education levels did not experience a mid-
pregnancy fall in diastolic blood pressure, and this difference 
was not explained by body mass index or weight change during 
pregnancy [45]. These factors should be taken into consideration 
when assessing maternal blood pressure.

Correct patient positioning, timing, and cuff size are all 
extremely important in the measurement of blood pressure.

• Blood pressure should be taken after the patient has 
rested, ideally for at least 10 minutes.

• The patient should be seated with her legs uncrossed 
and her back supported, and her arm should be posi-
tioned at the level of her heart.

• If blood pressure must be taken in a recumbent posi-
tion, which is often the case in the intrapartum setting, 

the patient should be placed in a left lateral decubitus 
position and the cuff should be at the level of the right 
atrium.

• An appropriately sized cuff has a length that is 1.5 
times the upper arm circumference, or a bladder that 
encircles at least 80% of the arm and a width of at least 
40% of the arm circumference [46].

• BPs are generally higher in the sitting position than in 
the recumbent position, because compression of the 
vena cava by the gravid uterus in the supine position 
leads to a decrease in venous return and therefore car-
diac output. Normally, there is a compensatory increase 
in peripheral vascular resistance that helps maintain 
the maternal BP; however, occasionally supine posi-
tion may lead to an increase in HR and decrease in BP 
which may result in significant dizziness, lighthead-
edness, nausea, or syncope [8]]. These hemodynamic 
changes in response to positioning must be kept in 
mind when evaluating a pregnant patient.

Cardiac Structure

Pregnancy and exercise are the two non-pathological states 
known to cause cardiac hypertrophy [48]. In pathologic cardiac 
hypertrophy, pressure and volume overload lead to either con-
centric or eccentric changes in ventricular geometry. Concentric 
hypertrophy is an increase in ventricular wall thickness with 
decrease in ventricular cavity size that may lead to diastolic 
heart dysfunction, and eccentric hypertrophy is a thinning of 
the ventricular wall leading to a dilation of the ventricular cav-
ity with potential for subsequent systolic cardiac dysfunction. 
These states often lead to decreased cardiac function and heart 
failure over time. In contrast, exercise and pregnancy lead to a 
proportional increase in both wall thickness and chamber size 
[49]. Cardiac hypertrophy in pregnancy is mediated both by the 
increase in blood volume and circulating levels of sex steroid 
hormones [50]. Progesterone in particular tends to increase pro-
tein synthesis and thereby induce hypertrophy in cardiac muscle 
cells [51]. There is an increase in left ventricular wall thickness 
of up to 28% by the end of pregnancy, and an up to 52% increase 
in left ventricular wall mass [41,52]. Right ventricle similarly has 
been shown to undergo an increase in wall mass of up to 40% [5].

The effects of pregnancy on left ventricular function are not 
well understood. Both normal and decreased ventricular systolic 
function has been reported in the literature [53]. Mild LV diastolic 
dysfunction has also been reported during normal, otherwise 
uncomplicated pregnancies [54]. However, pregnancy-induced 
cardiac hypertrophy is similar to exercise-induced hypertrophy 
and differs from pathological hypertrophy in that it is reversible, 
with studies showing a normalization of heart size starting from 
7–14 days up to 1 year postpartum [55].

The cardiac valves demonstrate effects of pregnancy as well. 
In animal studies, all four cardiac valves undergo remodeling 
throughout gestation, with increased leaflet size and a change in 
the biochemical composition to include a decrease in cell density 
and in collagen composition [56]. Valve area may increase dra-
matically, especially in the aortic and mitral valves, secondary 
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to the increase in blood volume seen by the left ventricle [57]. 
This increase in valve annulus area with or without mild leaflet 
elongation can result in mild physiologic valvular insufficiency 
or regurgitation.

Clinical Implications

 1. Pregnancy can expose undiagnosed cardiac pathology 
or it can cause cardiac pathology in otherwise healthy 
people.

 2. Though the underlying etiology of peripartum cardio-
myopathy is still a matter of investigation and is not 
the focus of this chapter, this condition illustrates the 
extent to which pregnancy functions as a cardiac stress 
model.

 3. Peripartum cardiomyopathy, or heart failure near the 
end of pregnancy or within 5 months after delivery 
without any other identifiable cause, may represent a 
previously healthy cardiovascular system now unable 
to respond to the cardiac stress of pregnancy [48]. 
Alternately, it may reflect a heart with an underlying 
undiscovered insufficiency or be the result of unbal-
anced pregnancy hormones [58].

Intrapartum and Postpartum

The cardiovascular changes during labor and delivery are medi-
ated by the autonomic nervous system. These changes occur more 
rapidly and have more pronounced effects than those that have 
been evolving gradually throughout pregnancy, and their clinical 
impact may be significant [59,60]. The blood loss experienced at 
time of delivery, as well as the contribution of anesthesia and sur-
gical stress in patients who undergo cesarean section, also have 
profound effects on maternal hemodynamics. Though women 
with previously recognized cardiac disease require especially 
close monitoring in labor, even low-risk women can suffer adverse 
cardiovascular events during this time, and all obstetric providers 
should be familiar with the possible complications that can occur.

Hemodynamic Changes in Labor

An increase in cardiac output during labor has been long reported 
in the literature, dating back to the 1950s. In 1956, Hendricks and 
Quilligan studied changes in CO during late pregnancy, labor, 
and in the early postpartum period. They concluded that cardiac 
output increases by an average of 30.9% during contractions, 
with pain and anxiety contributing to this increase [61]. They 
additionally described a cumulative 35% increase in cardiac 
output over the course of prolonged labor. In 1958, Adams and 
Alexander used a dye-dilution technique to demonstrate that CO 
increases with each uterine contraction during labor and imme-
diately after the uterus has been emptied, corresponding with an 
increase in heart rate. They also found that in patients whose 
heart rate decreased, or who had saddle block anesthesia (mitiga-
tion of pain in the sacral region, likely resulting in less increase 
in HR), CO decreased [62].

Subsequent investigations using various techniques of mea-
suring cardiac output have shown similar findings [63,64]. 

A study by Robson et  al. from 1987 showed an intrapartum 
increase in cardiac output from a pre-labor value of 6.99–7.88 L/
min between contractions. This change was due entirely to an 
increase in stroke volume, as heart rate did not increase. During 
contractions, CO increased even more. The rate of increase was 
incremental as labor progressed, with higher CO demonstrated at 
more advanced stages of cervical dilation [65]. Autotransfusion 
of blood into the systemic circulation from the uterine sinuses 
during contractions may contribute to this increase, as may ele-
vated HR from pain and anxiety [66]. However, even with good 
neuraxial analgesia and no pain, HR elevates during labor and 
delivery, indicating that autotransfusion and increase in preload 
likely contribute most to increased HR [67]. Increased CO also 
leads to an increase in both systolic and diastolic blood pres-
sure during each contraction, as SVR changes only slightly in the 
intrapartum period [68].

As in the third trimester, maternal position has an impact on 
CO in labor, with CO between contractions is higher in the lat-
eral position than supine [69]. Anesthesia also plays a critical role 
in intrapartum hemodynamics. Women with epidural anesthesia 
have been shown to have a significantly less dramatic increase 
in CO between contractions compared to those without regional 
anesthesia. The peak CO during contractions is not affected by 
epidural anesthesia. Regional anesthesia also has the potential to 
cause profound hypotension after placement, and this can in turn 
affect cardiac output [70].

Despite a multitude of evidence in older studies demonstrating 
an intrapartum increase in CO, newer data using more modern 
technologies have not consistently produced the same results. 
The LiDCOplus monitor calculates beat-to-beat stroke volume 
from the arterial pressure waveform obtained from an arterial 
line, and calibrates it using thermodilution; it can thus continu-
ously calculate CO [71]. This method has been shown to be com-
parable to pulmonary artery catheter measurements in certain 
patient populations [72]. A 2017 study by Kuhn et al. used this 
technique for continuous monitoring of maternal hemodynamics 
in 20 healthy women with conflicting results in the first stage of 
labor. In the second stage, there was a decrease in CO and SVR 
and an increase in the remaining metrics for all patients [73].

Changes during the Second Stage

Bearing down to push during the second stage of labor has 
many similarities to the Valsalva maneuver, which is technically 
defined as expiration against a closed glottis after full inspira-
tion. The Valsalva maneuver is commonly used in the assessment 
of patients with cardiovascular disorders. It can be divided into 
four phases:

• Phase I: Initial straining leads to increased intratho-
racic pressure, followed by a transient increase in sys-
temic blood pressure. HR remains stable.

• Phase II: A decrease in venous return which leads to a 
gradual decrease in right and left ventricular volumes, 
mean arterial pressure, pulse pressure, and stroke vol-
ume as well as reflex tachycardia.

• Phase III: Release of straining leads to an abrupt 
decrease in intrathoracic pressure and pooling of blood 
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in the expanded pulmonary bed, causing decreased 
blood pressure. HR remains stable.

• Phase IV: A systemic overshoot of blood pressure over 
baseline volume, likely due to return of left ventricular 
preload and reflex sympathetic activity in response to 
the hypotension of phase III [74].

In the second stage, bearing down while pushing causes 
changes to BP and HR that are comparable to those seen in 
the four phases of the Valsalva maneuver above. Active push-
ing has been associated with a 30% increase in HR, and 50% 
increase in CO [75]. Pushing in the left lateral position blunts 
these responses [76]. It follows that in women with known or 
previously unrecognized cardiac disease, these fluctuations in 
hemodynamics could overwhelm the cardiovascular system. 
Good-quality evidence proving this theory is lacking; for exam-
ple, in a 2016 study that assessed the length of the second stage 
in 73 women with cardiac disease, 34% of women pushed longer 
than recommended, with no adverse cardiac events reported in 
the entire cohort [77]. Recommendations on whether a patient 
should be allowed to bear down or should have an assisted sec-
ond stage must be individualized, and more evidence is needed 
before definitive guidelines can be put in place [75].

Clinical Implications

There are two main concerns with the cardiovascular changes 
during Valsalva maneuver.

 1. Increase in arterial shear stress

 2. Fluctuations in pre-load

The rapid rate of blood pressure increase from stage III to 
stage IV causes a great increase in momentary arterial shear 
stress which can be detrimental in patients with arterial pathol-
ogy. Fluctuations in ventricular preload during Valsalva are 
especially worrisome in women with preload-dependent lesions.

Delivery and the Postpartum Period

The most marked hemodynamic changes occur at the moment 
of delivery itself and in the immediate postpartum period. CO 
increases up to 80% at delivery, then begins to decline to pre-
labor values within approximately 1 hour following delivery 
[41]. Increased CO may be secondary to the return of blood sup-
ply from the uterus to the systemic circulation that leads to an 
increase in stroke volume [78]. Other factors that may contribute 
to this increase include increased venous return after relief of 
the weight of the gravid uterus and auto transfusion from uterine 
involution. An increase in CO may serve to combat the blood 
loss experienced at delivery. CO rapidly decreases for the first 2 
weeks following delivery, and over the course of the postpartum 
period returns to pre-pregnancy values. Complete normalization 
of cardiac output can take up to 6 months postpartum [41].

Heart rate has been shown to decrease in the first 48 hours 
postpartum [9]. By 2 weeks after delivery, heart rate reaches its 
nadir and does not decrease further. In the 48 hours after deliv-
ery, stroke volume increases by 10% and then decreases steadily 
until up to 6 months postpartum. Blood pressure tends to remain 

stable throughout this period, except in those patients who have 
lost a clinically significant amount of blood [79].

Mode of delivery can have an impact on maternal hemody-
namics. For example, blood volume decreases by 10% in the first 
1–10 hours postpartum in women who had a vaginal delivery, 
but by 17%–29% in women who underwent cesarean section. 
Clinical significance of this difference is unclear as there is no 
difference in postoperative hematocrits between the two groups. 
Blood volume continues to decrease over the next 10 days in 
patients who had a vaginal delivery, but remains stable after 
the initial blood loss in those who have had a cesarean section. 
At 3 days postpartum, both groups tend to have an overall 10% 
lower blood volume than pre-delivery [69,80,81].

In more recent literature, CO was found to increase throughout 
cesarean section, peak within 2 minutes after delivery of new-
born and placenta, and reach levels lower than baseline at 24–36 
hours postoperatively [82]. This is likely secondary to the rapid 
increase in venous return and preload after delivery of the fetus 
and placenta. SVR and mean arterial pressures reach their low-
est point immediately after delivery and return to their baseline 
levels by the time of fascial closure [83].

Analgesia (mild sensory block to prevent pain) and anesthe-
sia (dense sensory and motor block to permit surgical stimula-
tion) have known, relatively predictable influences on maternal 
hemodynamics. Spinal anesthesia for cesarean section, which 
creates a sensory and motor block to the level of T4, will lead to 
profound hypotension due to a decrease in SVR and a compensa-
tory increase in CO; however, anesthesiologists routinely aug-
ment SVR with vasopressors (most commonly phenylephrine) 
to reverse this sympathetic block. Women who undergo cesar-
ean section with an epidural already in place generally remain 
hemodynamically stable, with a slight decrease in BP that can be 
counteracted with phenylephrine; HR and CO generally remain 
unchanged [84]. It should be noted that slow neuraxial anesthe-
sia via an epidural catheter allows time for the anesthesiologist 
to augment SVR with vasopressors so as to prevent significant 
maternal hemodynamic alterations due to anesthesia.

Distinguishing Physiology from Pathology

Many of the symptoms of normal pregnancy can mimic those of 
cardiovascular disease. A systematic approach to any pregnant 
or postpartum woman noting cardiac symptoms is essential so 
that symptoms of concern prompt appropriate workup, and nor-
mal findings do not lead to a barrage of unnecessary tests and 
procedures.

Symptoms

The common symptoms that can present in both normal preg-
nancy and in pregnancy affected by cardiac disease include 
decreased exercise tolerance, shortness of breath, fatigue, chest 
pain, and peripheral edema.

• Shortness of breath: Pregnant women will often com-
plain of breathlessness or dyspnea and decreased 
exercise tolerance. While traditionally attributed to 
displacement of the diaphragm and chest wall by the 
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growing uterus, some women experience breathless-
ness early in pregnancy. Hyperventilation seen in 
normal pregnancy may be perceived as shortness of 
breath by some women [85]. Older studies have found 
that up to 76% of women complain of dyspnea by the 
31st week of pregnancy [86]. A low level of fatigue and 
decreased exercise tolerance are extremely common, 
though pregnant women should be able to perform 
their everyday activities and a low level of exercise 
without issue. Symptoms that should always prompt 
further investigation include additional symptoms 
listed in Table 3.1 [87].

• Palpitations: Heart palpitations are commonly experi-
enced by women and may be due to an increase in heart 
rate, cardiac output, and stroke volume [88].

• Chest pain: Up to 15% of women report chest pain 
in the first trimester, increasing to 75% by the third 
trimester [86]. Pregnancy conditions such as gastro-
esophageal reflux are more common and can present 
as chest pain. Chest pain should have a low threshold 
for workup.

Physical Examination Findings

Some of the physical exam findings of normal pregnancy are 
similar to those of heart disease.

• Rales at the bases of the lungs that clear with cough or 
deep breathing can be a normal finding in pregnancy.

• Lower extremity edema is commonly present, par-
ticularly as pregnancy progresses, though rapid-onset 
edema should raise suspicion for a pathologic process.

• The jugular venous pulse can become more obvious after 
the 20th week despite normal jugular venous pressure.

• The heart will be shifted anteriorly and to the left as the 
uterus enlarges, and the point of maximal impulse will 
be displaced to the fourth intercostal space and lateral 
to the midclavicular line. Both the left and right ven-
tricles may be hyper-dynamic and palpable because of 
increased CO and blood volume.

• Auscultatory changes present in the normal pregnant 
woman include wide splitting of S1 due to early closure 
of the mitral valve, soft systolic ejection murmurs or 
“flow murmurs” over the tricuspid valve, a third heart 
sound (S3) and a continuous murmur or “mammary 
soufflé” over the breast vasculature [89].

• Diastolic murmurs are not common in pregnant women 
and should prompt further evaluation for a pathologic 
condition.

Diagnostic Tests

Diagnostic tests may also appear abnormal in normal pregnancy.

• Chest x-ray may appear to show cardiomegaly due to 
the upward and lateral displacement of the heart and 
increased circulating blood volume. Prominent pul-
monary vasculature may be a normal finding later in 
pregnancy.

• ECG changes are also common and likely reflect the 
changing position of the heart, changing blood volume, 
and hormonal variations. Left axis deviation, ST seg-
ment and T wave flattening, inverted T waves in lead 
III, V1−V3, and prominent Q waves in II, III, and aVF 
have all been reported [47,90,91].

Common Cardiac Complaints in Pregnancy

The basic systematic approach to any cardiac complaint in preg-
nancy is similar: elicit a thorough history including history of the 
patient’s baseline function and exercise tolerance, current func-
tion, symptoms, and her obstetric and medical history, conduct a 
focused physical exam, and pursue the appropriate radiographic, 
electrocardiographic, and laboratory investigations. If cardiac 
disease is suspected, referral to a cardiologist should be pursued 
(see Chapter 6).

Conclusion

Pregnancy is itself a form of stress test and is uniquely the only 
non-pathologic state that causes dramatic alterations in physi-
ology. The physiology of pregnancy is to promote fetal growth 
and development, and adaptations in the cardiovascular system 
are an integral part of this process. Because many of the cardio-
vascular adaptations to pregnancy are marked departures from 

TABLE 3.1

Physiologic versus Pathologic Dyspnea

Favors Physiologic Favors Pathologic

Gradual onset Acute onset

No other symptoms Presence of other symptoms
Cough
Chest pain
Fever
Hemoptysis
Paroxysmal nocturnal dyspnea
Orthopnea
Wheezing

First or second trimester Third trimester

Normal vital signs Vital sign abnormalities

Clear lungs auscultation Wheezes or crackles

Normal labs and imaging 
studies

Abnormalities in:
BMP, LFTs, CBC
BNP
ECG
Echocardiogram
Chest x-ray
CT angiogram

Abbreviations:  BMP: basic metabolic panel; BNP: brain natriuretic 
peptide; CBC: complete blood count; CT: computed 
tomography; ECG: electrocardiogram; LFTs: liver 
function tests.
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the nonpregnant physiology, pregnancy may unmask previously 
unrecognized cardiac disease that can lead to significant morbid-
ity and mortality. It is therefore essential for obstetric providers 
to be able to understand the physiologic changes of pregnancy, so 
that pathology can be recognized when it occurs and normal find-
ings do not lead to a barrage of unnecessary tests and procedures.

Many of the symptoms of a healthy pregnancy can mimic those 
of cardiac disease; when a patient reports cardiovascular symp-
toms, a targeted and thorough workup must be undertaken to rule 
out either preexisting or new-onset disease. Consultation with a 
cardiologist should not be delayed. There is need for multidisci-
plinary care of any pregnant patient diagnosed with a cardiovas-
cular condition. A systematic approach to the evaluation of any 
patient with suspected cardiovascular disease is critical in order 
to differentiate physiologic changes from a pathologic process.
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4
Preconception Care: Optimization of Cardiac Risk

Mary M. Canobbio

Introduction

The number of reproductive age women who are born with or 
develop heart disease is steadily growing, and with each decade 
the numbers continue to increase. While the exact numbers are 
unknown, advances in both medical and surgical arenas have cre-
ated a larger pool of women of childbearing age with heart dis-
ease. Consequently, questions regarding pregnancy become an 
important issue for all providers who care for patients with heart 
disease, including congenital heart disease (CHD), acquired car-
diac disorders, and those following cardiac transplant. In order 
to ensure their safety, it is imperative these patients undergo pre-
conception counseling regardless of their desire to become preg-
nant; that they understand the actual or potential risk to them 
and to their fetus and the importance of avoiding an unplanned 
pregnancy. For cardiac and obstetrical providers, a number of 
risk scoring scales have been developed to help guide manage-
ment. The importance of using risk assessment models to advise 
patients on the risk of pregnancy is reviewed.

Scope of the Problem

In the developed world, while prevalence rates are low, cardio-
vascular disease is the most common cause of maternal mortal-
ity [1–5]. CHD, which affects 0.8%–1.5% of the population, is 
the most frequently encountered cardiac disorder in obstetrics 
[6]. While the majority of women with simple CHD will toler-
ate pregnancy well, those with moderate to complex lesions that 
have been surgically repaired in childhood may present with 
residual effects of their surgical procedure as they grow older. It 
is therefore difficult to categorize these patients based solely on 

their primary defect, because many may be at risk for develop-
ing complications such as ventricular dysfunction, arrhythmias, 
or thromboembolic events. For women with complex CHD who 
have undergone surgical repair, such as univentricular circulation 
(Fontan palliation) or transposition of great arteries (Mustard, 
Senning), or those with cyanotic heart disease, the risk of devel-
oping complications during and after delivery is higher [7–13]. 
For women who remain cyanotic (O2 saturation ≤85%), with 
or without pulmonary hypertension, or those with critical left 
ventricular outflow tract obstruction (gradients >60 mmHg) or 
severe ventricular function pregnancy is not advisable [7].

While CHD is more prevalent, those with acquired heart dis-
ease carry a higher risk of mortality during childbirth [7,14]. 
These include women with ischemic heart disease, aortopathies, 
various cardiomyopathies, hypertensive disorders, and valvular 
heart disease, particularly requiring anticoagulation. In addi-
tion, over the past 2–3 decades, the number of children undergo-
ing heart transplant has risen and consequently the number of 
these young women now and in future will be seeking to become 
pregnant. Today, transplanted female patients represent approxi-
mately 20% of overall cardiac transplants population, 25% of 
which are reported to be between the ages of 18–39 years [15,16]. 
While successful pregnancies have been reported, the majority 
experience complications such as hypertensive disorders of preg-
nancy, prematurity, graft rejection, and/or infection [17,18].

Preconception Counseling

The task of advising females regarding the safety of pregnancy 
has been challenging until recently. After almost three decades, 
the body of literature in this field has moved from expert opinion 
and case reporting to cumulative data reported from multicenter 

KEY POINTS

• Advances in medical and surgical arenas have created 
a larger pool of women of childbearing age with heart 
disease

• Congenital heart disease is the most frequently encoun-
tered type of cardiac disorder in pregnancy and must be 
managed by a multidisciplinary team with appropriate 
expertise in adult congenital heart disease

• The modified WHO risk classification is the more widely 
used and is the simplest risk scoring scale

• Pregnancy is not recommended for women in modified 
WHO risk category IV

• Contraceptive counseling should be an integral part of the 
clinical management of females with cardiac history who 
are of childbearing age
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studies and international registries [8,19]. As result, we now have 
growing evidence-based data that permits us to advise patients 
regarding the safety of carrying a pregnancy. Less clear is the 
potential risk pregnancy poses to long-term survival of patients 
with complex cardiac lesions. Reports regarding long-term out-
comes in patients with CHD indicate that for the majority of 
patients, the effects of pregnancy resolve within the first year 
after delivery, while for others it may be longer, but may not have 
a lasting effect on long-term survival [7,9].

Estimating Maternal and Fetal Risk

While the information regarding pregnancy outcomes across the 
spectrum of various cardiac disorder is growing, it remains a 
challenge to assign risk solely on the basis of their cardiac lesion. 
Therefore, in order to determine maternal risk, the patients must 
be evaluated against a number of parameters (Table 4.1) that 
include not only maternal primary disorder, but also any residual 
effects associated with the primary defect, such as diminished 
ventricular function, history of arrhythmias, and any prior surgi-
cal or procedural interventions [47]. A thorough review of the past 
medical history should also include the presence of any noncar-
diac comorbidities that may influence pregnancy, such as thyroid 
disease, diabetes, and history of use of recreational drugs, alco-
hol, and cannabis products, particularly those with tetrahydro-
cannabinol (THC), which passes through the placenta [20]. The 
history must also take into account a number of social factors such 
as history of medical compliance, geographical distance to doc-
tor’s office and hospital as well the patient’s spousal and extended 
family support. The latter is of particular concern for the patient 
considered high risk in the event that post-delivery clinical prob-
lems arise making it difficult for the patient to care for her infant.

Maternal Risk Assessment

Maternal risk assessment is based on several factors as outlined 
above. Several predictors have been described and more recently 
various risk assessment models have been validated for use in 
pregnancy.

 1. Functional capacity: Maternal functional capacity 
using the New York Heart Association (NYHA) clas-
sification has traditionally been used as a predictor of 
maternal and fetal prognosis. Thus women who enter 
the pregnancy in NYHA class I and II were reported to 
have a maternal mortality rate of less than 1% (0.4%) 
while class III–IV patients could have a rate that ranged 
from 5%–15%. A major limitation of this system, how-
ever, is that assessments are based upon subjective 
assessment rather than clinical data.

 2. Risk scoring scales: Over the last two decades, a num-
ber of pregnancy risk scoring scales have been devel-
oped to better predict the likelihood of developing 
cardiac complications during pregnancy.

a. CARPREG: The first risk scoring system for 
women with various forms of heart disease was 
the Cardiac Disease in Pregnancy risk index 
(CARPREG), a population-based study that 
assesses the risk of an adverse maternal event on 
the basis of four specific indicators (Table 4.2) 
[19]. Each indicator is awarded one point each 
for poor functional status (NYHA >II), cyanosis 
(<90%), left ventricular (LV) systolic dysfunc-
tion, left heart obstruction, and history of cardiac 
events prior to pregnancy including arrhythmias, 
stroke, or pulmonary edema [19]. Thus a risk index 
score of 0 is estimated at a 5% risk, but a risk index 
of 1 rises to 27%, and at a risk index of >1, the 
likelihood of adverse event is 75%. For the past 
two decades this has been the most widely used 
index despite reported limitations, including that 
it was event-directed versus lesion-specific, thus 
excluding patients born with congenital heart dis-
ease, with pulmonary hypertension, and prosthetic 
valves [21].

b. ZAHARA: The ZAHARA (Zwangerschap bij vrou-
wen met een Aangeboredn HARtAfwijking-II) 
classification, a second retrospective study, was 
designed for patients with CHD, but also included 
patients with mechanical prosthetic valves. In addi-
tion, it identified additional predictors, such as use 
of cardiac medications before pregnancy, and unre-
paired cyanotic heart disease, to develop a preg-
nancy risk score [22] (Table 4.2).

  While both CARPREG I and ZAHARA, have 
been recognized as important risk assessment sys-
tems, they each are limited to their study popula-
tion, and the retrospective and small sample size 
nature of the study, but have identified significant 
predictors for maternal and fetal risk that can 
impact pregnancy outcomes. These include prior 

TABLE 4.1

Maternal Factors to Assess in Estimating Pregnancy Risk

• Primary cardiac defect (acyanotic vs. cyanotic)
• Genetic disorder (22q deletion, Turner syndrome, Marfan 

syndrome)
• Surgical intervention

• Palliative
• Corrective

• Integrity of prosthetic valves
• Patency of baffles/conduits

• Medications (e.g., ACE inhibitors, anticoagulants)
• Comorbidities (e.g., diabetes, thyroid dysfunction)
• Presence of devices (pacemaker, internal defibrillator)
• Residual and/or sequelae associated with the lesion/surgery

• Cyanosis
• Pulmonary hypertension
• Obstruction

Arrhythmias
Systemic hypertension
Ventricular dysfunction

• Social factors
• Access to medical center with experience in managing cardiac 

patients
• Geographical distance
• History of compliance

Source: Adapted from Canobbio MM. Prog Pediatr Cardiol. 2004; 
19:1–3.
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cardiac events, left heart obstruction (mitral valve 
area <2 cm2, aortic valve area <1.5 cm2, peak left 
ventricular outflow tract gradient >30 mmHg), and 
reduced systemic ventricular systolic function and 
baseline NYHA functional class >II [14,23].

c. Modified World Health Organization (WHO) risk 
classification: The modified WHO risk classifica-
tion is the more widely used and simplest risk scor-
ing scale being used. A large validated prospective 
study, it integrates all known maternal cardiovas-
cular risk predictors plus varying forms of heart 
disease, and takes into account medical history 
that includes comorbidities as well as functional 
class [25]. Recommended by the European Society 
of Cardiology (ESC) as the most reliable method 
of risk assessment to determine pregnancy risk of 
women with heart disease, it is made up of four 
categories, the WHO class I, which indicates low 
risk, WHO class II, intermediate risk, WHO class 
III, high risk, and WHO class IV, indicates preg-
nancy is contraindicated because of extreme high 
risk (Table 4.3) [6,7,21,24,26].

d. CARPREG II: Recognizing the limitations of 
CARPREG’s original scoring system that excluded 
prosthetic heart valves and aortopathies, as well 
as the emergence of additional factors that could 
influence pregnancy outcomes, such as smoking, 
as well as factors related to patient management, 
a more comprehensive risk stratification index has 
been developed [27]. Silversides et al. have identi-
fied 10 predictors of maternal complications, which 
now make up the updated risk index, CARPREG 

II [28]. Summarized in Table  4.4. CARPREG II 
includes five general predictors that include patient 
history such as arrhythmias, physical examination, 
four specific lesions including mechanical valves, 
aortopathy, and one for delivery of care. CARPREG 
II also recognizes and allows for the inclusion of 
other factors that may directly or indirectly impact 
pregnancy outcomes including patient compliance 
and access to care. The addition of these factors 
along with the patient’s cardiac condition permits 
us to determine a more comprehensive level of risk 
to avoid the likelihood of poor outcomes. It further 
emphasizes the importance of developing an indi-
vidualized risk assessment that includes not only 
clinical predictors but other maternal comorbidi-
ties and lifestyle.

Fetal/Neonatal Risk Assessment

Maternal functional class is a major determinant of fetal mor-
tality, with an incremental risk ranging from zero for gravidas 
who are asymptomatic to a 20%–30% fetal mortality rate in 
women who fall into NYHA and WHO class III and IV [29,30]. 
Perinatal complications occur in 34% of women with heart dis-
ease compared to 15% of the control population. The most fre-
quent complication, accounting for 61%, is prematurity and small 
for gestational age; both average birth weight and birth weight 
percentile in the maternal heart disease group were significantly 
lower than in the control population [31].

Maternal cyanosis, reduced cardiac output, threatens the growth 
development and viability of the fetus. Infants born to cyanotic 
mothers are typically small for gestational age, and premature 

TABLE 4.2

Pregnancy Risk Stratification Methods

Risk Stratification Index Categories/Predictors Risk Score

WHO classification: Index 
score in 4 areas for 
women with heart 
disease includes acquired 
and congenital

 I. No detectable increase of maternal mortality and no/mild increase in 
morbidity

 II. Small increase of maternal mortality or moderate increase in morbidity
 III. Significant increased risk of maternal mortality or morbidity
 IV. Pregnancy contraindicated

WHO categories range from very low 
risk (Class I) to highest risk (Class IV)

CARPREG I: Index score 
for women with heart 
disease

Pre-pregnancy history of cardiac events (heart failure, stroke) 
or arrhythmias: 1 point

Baseline NYHA functional class >II or cyanosis: 1 point
Left heart obstruction: 1 point
Mitral valve area: <2 cm2

Aortic valve area: <1.52

Reduced systemic ventricular function (ejection fraction <40%): 1 point

CARPREG I risk score for each 
CARPREG predictor:

 0 point: 5%
 1 point: 27%
  >1 point: 75%

ZAHARA: Index score for 
congenital heart disease

Prior arrhythmias: 1.5
NYHA class >II: 0.75
Left heart obstruction: 2.5
(Peak aortic gradient >50 mmHG, aortic valve area <1.0 cm2)
Cardiac medications before pregnancy: 1.5
Moderate/severe systemic AV valve regurgitation: 0.75
Moderate/severe subpulmonary regurgitation: 0.75
Mechanical valve prosthesis: 4.5
Cyanotic heart disease: 1.0

ZAHARA: Highest number of the 8 risk 
factors/or total number of points: 13

Each factor is individually weighted 
from 0.75 to 4.5 points. A score of 
>3.51 points carries the highest risk 
category of 70% risk of developing a 
cardiac event
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(see later). The rate of spontaneous abortion is high, and the rate 
increases roughly in parallel to maternal hypoxemia [32].

Additional risk takes the form of recurrence of CHD in the off-
spring. It is generally agreed that the risk for CHD increases ten-
fold over the general population if the mother is affected [19,33]. 
The exact risk of inheritance varies but it is generally agreed that 
recurrent risk of any defect is between 3%−7% [34,35]; how-
ever, patients with left heart obstructive lesions have a reportedly 
higher rate [36].

Genetic screening is recommended for patients with con-
firmed or suspected fetal chromosomal abnormalities [37,38]. 
Autosomal dominant conditions including 22q11 deletion, 
Marfan, Noonans, and Holt–Oram syndromes confer a 50% risk 
of recurrence. Preconception genetic counseling, particularly 
in those patients with a history of multiple cases of congenital 
heart lesions, should also be offered to ensure a fully informed 
decision to proceed with pregnancy. For patients with autosomal 
dominant conditions such as Turner’s, 22q deletion syndrome, 
a history of familial recurrence of heart defects, or concern 
for drug exposures, consultation with a geneticist is equally 

important to determine risk of recurrence or fetal abnormalities. 
For patients who are already pregnant, genetic counseling begin-
ning at 12–16 weeks can provide parents guidance in deciding 
whether to proceed or terminate a pregnancy.

Preconception Counseling: Understanding 
the Short-Term and Long-Term Risks

Beginning in adolescence and continuing throughout their repro-
ductive years, females with heart disease should understand that 
while for the majority of women with structural or acquired 
heart disease pregnancy is possible at a low to moderate risk, it 
remains important to plan all pregnancies, and that she discuss 
her specific pregnancy risk with her cardiology team on a regular 
basis. It should be further explained that, regardless of whether 
she is contemplating a pregnancy, for the majority of women with 
cardiac disorders, pregnancy is possible, and therefore precau-
tions in terms of contraception must be taken in order to avoid an 
unplanned pregnancy.

TABLE 4.3

Modified WHO Classification of Maternal Cardiovascular Risk

Pregnancy 
Risk Category Risk Description Maternal Risk Factors

WHO I No detectable increase in maternal mortality and no/
mild increase in morbidity risk

Maternal cardiac event rate 5.7%–10.5%

Uncomplicated small/mild pulmonary stenosis, PDA, mitral valve prolapse
Successfully repaired simple lesions (ASD, VSD, PDA, anomalous 
pulmonary venous drainage)

Atrial or ventricular ectopic beats, isolated

WHO II Small increase in maternal mortality and moderate 
increase in morbidity risk

Maternal cardiac event rate 2.5%–5%

(If otherwise well and uncomplicated)
Unoperated ASD, VSD
Repaired TOF
Most arrhythmias

WHO II–III Moderate increase in maternal mortality morbidity risk
Maternal cardiac event rate 10%–19%

Mild LV impairment
Hypertrophic cardiomyopathy
Native or tissue valvular disease (not considered risk category I or IV)
Marfan syndrome without aortic dilation
Aortic dilation <45 mm in bicuspid aortic valve aortopathy
Repaired coarctation

WHO III Significantly increased maternal mortality or severe 
morbidity risk

Expert counseling required
In the event of pregnancy, intensive specialist cardiac 
and obstetric monitoring needed throughout 
pregnancy, childbirth and the puerperium

Maternal cardiac event rate 9%–27%

Mechanical valve
Systemic RV
Fontan circulation
Cyanotic heart disease (unrepaired)
Other complex CHD
Aortic dilation 40–45 mm in Marfan syndrome
Aortic dilation 45–50 mm in bicuspid aortic valve aortopathy

WHO IV Extremely high maternal mortality or severe 
morbidity risk

Pregnancy is contraindicated
In the event of pregnancy, termination should be 
discussed

If pregnancy continues, care should follow class III 
recommendations

Maternal cardiac event rate 40–100%

Pulmonary arterial hypertension (of any cause)
Severe systemic ventricular dysfunction (LV ejection fraction <30%, 
NYHA class III–IV)

Previous peripartum cardiomyopathy with any residual impairment of LV 
function

Severe mitral stenosis, severe symptomatic aortic stenosis
Aortic dilation >45 mm in Marfan syndrome
Aortic dilation >50 mm in bicuspid aortic valve aortopathy
Native severe coarctation

Source: Modified from Regitz-Zagrosek V et al. Eur Heart J Eur Heart J. 2018;39:3165–241; Canobbio MM et al. Circulation. 2017;135:e50–8; 
Thorne S et al. Heart. 2006;92:1520–5; Jastrow N et al. Int J Cardiol. 2011;151(2):209–13.

Abbreviations:  AS, aortic stenosis; ASD, atrial septal defect; LV, left ventricle; NYHA, New York Heart Association; PDA, patient ductus arteriosus; 
RV, right ventricle; TOF, tetralogy of Fallot; VSD, ventricular septal defects; WHO, World Health Organizations.
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It is important to counsel the patient about the appropriate 
choice of contraception, regardless of whether she is in a sexual 
relationship. For adolescents, these discussions should include 
her parents so they can not only continue to stress and explain the 
importance of pregnancy planning, but encourage their daughter 
to ask questions as she gets older.

Regardless of whether she is considering a pregnancy, each 
female should be counseled about the potential problems, such 
as arrhythmias and ventricular dysfunction, that may occur as 
a result of her heart defect/disorder, as well as any risks that the 
medications she takes may have on fetal development. Patients 
at higher risk need to be aware of the increased risk for obstet-
rical complications including preterm delivery, premature rup-
ture of membranes (PROM), and intrauterine growth retardation 
(IUGR). The patient should also understand that at the time she 
begins to contemplate pregnancy, she will undergo a diagnostic 
evaluation to determine her underlying clinical status and preg-
nancy risk. It also provides an opportunity to identify and correct 

any unrepaired or residual heart defects as well as treat any com-
plications such as arrhythmias to improve cardiac function prior 
to conception.

Multidisciplinary Team

Once the patient has made the decision to become pregnant, she 
along with her spouse/partner should meet with her cardiologist 
to once again review the risk of pregnancy and determine the 
level of obstetrical care she will require. For the woman who 
falls into WHO II–III, discussion on what degree of level of care 
is required, and it will be determined what if any noncardiac 
factors will hinder her access to the availability of an experi-
enced multidisciplinary team required to manage the patient 
throughout her pregnancy (Table 4.5). In areas where a multi-
disciplinary team is not available, a model of shared care with 
a tertiary center prepared to manage high-risk cardiac patients 
can be initiated.

TABLE 4.4a

CARPREG II Predictors of Adverse Events in Pregnant Women with Heart Disease

• Cardiac events prior to pregnancy
• Baseline NYHA functional class III/IV
• No cardiac interventions prior to pregnancy

• Cyanosis (saturations <90% at rest)

• Mechanical valves
• Coronary artery disease
• High-risk aortopathy

• Systemic ventricular dysfunction
• High-risk left-sided valve lesion or left ventricular outflow tract obstruction
• Pulmonary hypertension

• Late first antenatal visit

• Rare or understudied cardiac conditions
• Other maternal comorbidities (i.e., advanced maternal age, hypertension, obesity)
• Medications (i.e., anticoagulants)
• Other cardiac test results (cardiopulmonary testing or magnetic resonance
   imaging)
• Fertility therapy
• Patient compliance
• Patient access to care and quality of care

Other
variables

Delivery
of care

Imaging

Specific
lesions

Physical
exam

Patient
history

Source: From Silversides CK et al. J Am Coll Cardiol. 2018;71:2419–30. With permission.
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Diagnostic Testing

Ideally, the diagnostic evaluation is carried out prior to preg-
nancy, but often it is carried out in a patient with an unplanned 
pregnancy. Diagnostic testing is individualized; however, most 
patients will require a minimum of electrocardiogram (ECG), 
echocardiogram, and exercise stress test. Pregnancy exercise 
capacity >80% is considered a favorable prognostic indicator for 
successful pregnancy outcomes [30].

Routine laboratory assays (complete blood count, serum elec-
trolytes, and urinalysis), renal and liver function tests, and thyroid 
function tests (thyroid-stimulating hormone) should be measured 
as a baseline, particularly in patients suspected of depressed 
ventricular function. In addition, during pregnancy the level of 
B-type natriuretic peptide (BNP) is known to rise to twice the 
level of non-pregnancy women [39]. In pregnant women with 
heart disease, however, BNP has been shown to be a predictive 
of adverse maternal cardiovascular events [40,41].

Additional investigations, such a magnetic resonance imaging 
(MRI) or computed tomography (CT) are indicated for a com-
prehensive evaluation of aortic pathology (Table 4.6).

Medication Review

At this time, any medications that have teratogenic effect on the 
fetus such as warfarin, ACE inhibitors, or ARBs can be discon-
tinued and/or changed.

Long-Term Implications

Finally, for the prospective mother who is at high risk, it is important 
that she, her partner, and family be made aware not only of the risks 
of a pregnancy on the cardiovascular system, but also understand 
the uncertainty of her functional capacity that may be affected as a 
result of the pregnancy as well as a potentially shortened life span.

TABLE 4.4b

CARPREG II Risk Prediction Index: Incidence of 
Adverse Cardiac Events

Predictor Points

Prior cardiac event 3

Baseline NYHA III–IV 3

Mechanical valve 3

Ventricular dysfunction 2

High-risk left-sided valve disease 2

Pulmonary hypertension 2

Coronary artery disease 2

High-risk aortopathy 2

No prior cardiac intervention 1

Late pregnancy assessment 1

Risk Prediction Index for Primary Cardiac Events

0−1 points (5%)

2 points (10%)

3 points (15%)

4 points (22%)

>4 points

Source: From Silversides CK et  al. J Am Coll Cardiol. 
2018;71: 2419–30. With permission.

TABLE 4.5

Multidisciplinary Approach to Managing Patients with Heart 
Diseasea

WHO I Low risk

 Cardiologist (general)

 Obstetrician (general or high risk)

 Anesthesiologist (obstetrical)

 Geneticist

WHO II Intermediate risk

 Cardiologist (general and/or consultation with ACHD specialist)

 Obstetrician (general or high risk)

 Anesthesiologist (obstetrical)

 Geneticist

WHO III Moderate high risk

 Cardiologist (specialist: ACHD, HF, HTX, EP)

 Obstetrician (high risk)

 Anesthesiologist (obstetrical or cardiac)

 Genetic

 Neonatologist

WHO IV Extremely high risk

 Cardiologist (Specialist: ACHD, HF, HTX, EP) Other

 Obstetrician (high risk) Intensivist

 Anesthesiologist (cardiac) Cardiac surgery

 Geneticist Specialist

 Neonatologist Pulmonary

 Social services Hematologist

Abbreviations:  ACHD, adult congenital heart disease; HF, heart fail-
ure; HTX, cardiac transplant; EP, electrophysiologist.

a Team is individualized to needs of patient.

TABLE 4.6

Preconception Diagnostic Testing

Diagnostic Test
All 

Patients Select patients

Electrocardiogram ♥
Echocardiogram ♥
Exercise stress test ♥
Complete blood count; 
electrolytes, kidney, liver 
function, TSH; BNP

♥

Chest radiograph ♥ Shortness of breath

Holter monitor or prolonged 
cardiac monitoring

♥ Palpitations, syncope

CT angiogram ♥  Aortic pathology, 
atherosclerosis

MR imaging/MR 
angiogram

♥  Cardiomyopathies, 
aortic pathology

Right/left heart 
catheterization

♥  Pulmonary 
hypertension, 
coronary artery 
disease
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Depending on the complexity of the heart condition, the deci-
sion to permit and/or manage a pregnancy should be a collab-
orative effort that includes the patient and her spouse/partner as 
well as input from a multidisciplinary team consisting of a car-
diologist, an obstetrician trained in maternal-fetal medicine, an 
anesthesiologist, and geneticist as indicated, all of whom have 
knowledge and experience in managing the cardiac patient. A 
team approach from the beginning ensures an informed decision 
from the prospective parent(s).

Contraception

Contraceptive counseling should be an integral part of the clini-
cal management of females with cardiac history who are of 
childbearing age. Regardless of whether the patient is known to 
be sexually active, she should be instructed on the types of con-
traceptive that are safe given her heart history. Because there is 
no contraceptive that is both completely effective and completely 
free from side effects, the selection of a contraceptive method 
must be individualized, taking into account the primary cardiac 
defect, related surgical interventions, associated complications 
she may have experienced, and medications [24,42,43].

For women who fall into WHO I classification, most contra-
ceptive methods may be used. For women in WHO II, III, IV, the 
risk varies based on their defect or presence of complications. 
Tables 4.7 and 4.8 outline the cardiovascular risks for various 
 cardiac conditions.

Alternative Options for Pregnancy

A number of patients will be advised against pregnancy, and for 
others conception may be difficult, which raises the possibility of 
seeking alternative ways to have children.

For couples having difficulty in conceiving, assisted reproduc-
tive technology (ART) including in vitro fertilization and related 
intracytoplasmic sperm injection, intrauterine insemination, or 
ovulation induction alone have become widespread, accounting 
for ∼2% of all births worldwide [44]. While ART is becoming 

TABLE 4.7

WHO Risk of Combined Hormonal Contraceptives for Various Cardiac Conditions

WHO 1 
Always Usable

WHO 2  
Broadly Usable

WHO 3 
Caution in Use

WHO 4  
Do Not Use

Minor valve lesions; 
mitral valve prolapse 
with trivial mitral 
regurgitation; bicuspid 
aortic valve with 
normal function

Mild pulmonary stenosis
Repaired coarctation 
with no hypertension 
or aneurysm

Simple congenital 
lesions successfully 
repaired in childhood 
and with no sequelae

Tissue prosthetic valve lacking any WHO 3 
or 4 features

Uncomplicated mild native mitral and aortic 
valve disease

Most arrhythmias other than atrial 
fibrillation or flutter

Hypertrophic cardiomyopathy lacking any 
WHO 3 or 4 features

Past cardiomyopathy, fully recovered, 
including peripartum cardiomyopathy

Uncomplicated Marfan syndrome
Congenital heart disease lacking any WHO 3 
or 4 features; small left to right shunt not 
reversible with physiological maneuvers, 
e.g., small VSD

Thrombotic 
risk, even on 
warfarin

Risk 
paradoxical 
embolism

Mechanical valves: 
bileaflet valve

Previous 
thromboembolism

Atrial arrhythmia
Dilated left atrium 
(0.4 cm)

Potential reversal 
of left to right 
shunt: unoperated 
ASD

Mechanical valves
Bjork Shiley, Starr
Edwards, any tricuspid valve
Ischemic heart disease
Pulmonary hypertension any 
cause

Dilated cardiomyopathy and 
LV dysfunction any cause 
LVEF, 30% Fontan 
circulation

Previous arteritis involving 
coronary arteries, e.g., 
Kawasaki disease

Cyanotic heart disease; 
pulmonary AVM

Source: From Thorne S et al. Heart. 2006;92:1520–5. With permission.
Abbreviations:  ASD, atrial septal defect; AVM, arteriovenous malformation; LV, left ventricular; LVEF, left ventricular ejection fraction; VSD, ven-

tricular septal defect.

TABLE 4.8

Cardiovascular Risk of Progestogen-Only Contraceptive 
Methods

Method Cardiac Condition WHO Risk

Progesterin-
only pill 
(POP) minipill

Cerazette

Levonelle 
emergency 
contraception 
Depo Provera

Mirena IUD

Implanon

All cardiac patients

All cardiac patients

All cardiac patients

All cardiac patients unless: 
High endocarditis risk

Pulmonary hypertension, 
Fontan or other 
condition where vagal 
reaction would be 
poorly tolerated

All cardiac patients

1 (but not 
recommended if 
pregnancy high 
risk)

1 (but caution if 
taking warfarin)

1

3
3

1

Source: From Thorne S et  al. Heart. 2006;92:1520–5. With 
permission.
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more widely used among childless couples, it is not without its 
side effects and complications for mother and potentially her off-
spring, including multi-fetal pregnancies. In one study, the risk 
of severe maternal morbidity included severe postpartum hemor-
rhage, ICU admission, and sepsis. In vitro fertilization carried 
the greatest risk of severe maternal morbidity or maternal death, 
whereas such increased risks were not evident for noninvasive 
infertility treatment [44].

In addition, there is concern for an increased prevalence of 
CHDs [45]. While recent studies indicate no clear evidence of 
increased CHD risk associated with ART treatment, another 
study reported in vitro fertilization to be the independent risk 
factor of CHD [46].

For women with CHD or other acquired heart conditions, there 
are no guidelines or recommendations on the safety of utilizing 
ART. For women with complex CHD, the use of hormone injec-
tions to stimulate egg production raises concern of thrombotic 
risk; therefore it is essential that couples discuss the potential 
risk of ART with their cardiologist, the fertility specialist, and 
for women with CHD or other autosomal dominant conditions, 
a geneticist, to determine what risks may be incurred because 
of her heart condition and her medications, as well as risk to the 
infant, prior to beginning any treatments.

For those women who have been told the risk of pregnancy is 
too high, an alternative option may include surrogacy where a 
gestational carrier, a woman, often a sister, who has an embryo 
produced from her egg and the sperm of the patient’s husband is 
implanted in her uterus.

Lastly, adoption may be an option. Over time, the laws restrict-
ing adoption in couples where one parent has a chronic disease 
have lifted, and private adoption agencies have also made this a 
more viable option.
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5
Termination and Contraceptive Options for the Cardiac Patient

Blake Zwerling and Rachel Perry

Introduction

All patients of reproductive age should be counseled on fam-
ily planning and contraception as part of routine health care. 
This is particularly crucial for women* with cardiac conditions 
given their potentially heightened risk of pregnancy-associated 
morbidity and mortality. When a patient with a cardiac condi-
tion is faced with an unintended pregnancy, clinicians are tasked 
with risk assessment and subsequent options counseling, includ-
ing pregnancy continuation and induced abortion. This chapter 
explores contraception and induced abortion options for women 
with cardiac conditions.

Contraception Considerations for 
Women with Cardiac Disease

The U.S. Medical Eligibility Criteria (MEC) for Contraception 
Use details the recommendations from the U.S. Centers for 
Disease Control and Prevention (CDC) on contraceptive choices 
for various medical conditions. These classifications are refer-
enced in this chapter for select cardiac conditions. Noncardiac 
contraindications to methods are not addressed here; however, 
the MEC (available online and in a mobile application) should 
be referenced for women with other medical comorbidities or 
special considerations such as the postpartum period or during 
concomitant breastfeeding. (See Box 5.1).

* Of note, although the term “woman” is used throughout this chapter with 
female pronouns for simplicity, these recommendations refer to all people 
with uteruses of reproductive age. This includes intersex, gender non-
conforming, and trans individuals at risk of pregnancy.

How Do You Counsel Women of Reproductive Age 
with Cardiac Conditions about Contraception?

Despite increased risks of pregnancy, many women with cardiac 
disease do not receive adequate contraceptive counseling. Over 
half of patients with congenital heart disease report receiving 
no cardiac-specific contraception counseling [4], and many leave 
medical visits with unanswered questions about contraception 
and pregnancy [5]. One study found that 63% of women reported 
no knowledge of contraindications to particular contraceptive 
methods specific to their heart disease [4].

Building a trusting, nonjudgmental dynamic is key: observa-
tional studies have shown that the interpersonal quality of family 
planning counseling is associated with higher patient satisfaction 
in their contraceptive method as well as overall contraceptive 
use [6]. More effective forms of contraception should be empha-
sized while still respecting patient autonomy. In addition, women 
should be counseled on dual protection for sexually transmitted 

BOX 5.1 UNITED STATES MEDICAL 
ELIGIBILITY CRITERIA (MEC) 
FOR CONTRACEPTIVE USE [1]

U.S. MEC 
Category Description

1 No restrictions for a contraceptive method for the 
medical condition

2 Benefits of the contraceptive method generally 
outweigh the risks

3 Theoretical or proven risks generally outweigh the 
benefits

4 Unacceptable health risk

KEY POINTS

• Reproductive age women with cardiac disease must have 
access to contraception and preconception counseling

• Considerations for contraception in a cardiac patient 
include its thrombogenic potential, effect on blood pres-
sure, fluid balance, glucose, lipids, drug metabolism, 
potential risk of bacteremia, and vasovagal reaction

• Progestin-only contraceptives do not increase risk of 
hypertension, stroke, myocardial infarction, or venous 
thromboembolism

• A multidisciplinary approach with the heart team is essen-
tial for patients with complex cardiac disease seeking 
pregnancy termination
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infections (STIs), and clinicians may offer advance provision of 
emergency contraception [6].*

Ideally, patients with cardiac conditions should receive 
joint counseling with their cardiologists and obstetrician- 
gynecologists to streamline recommendations for contraceptive 
methods along with information on maternal and fetal prognosis 
during pregnancy. This multidisciplinary approach prevents con-
flicting advice from different providers and patient concerns can 
be answered simultaneously [2].

For hormonal methods of contraception, unique consider-
ations include:

• Does the method have thrombogenic potential?

• Could it affect blood pressure, volume status, blood 
glucose levels, or lipid profiles?

• Does it affect metabolism of anticoagulants or cardiac 
medications?

For contraceptive methods requiring procedures such as per-
manent surgical contraception or intrauterine devices, consider-
ations include [3]:

• Potential risk of bacteremia/endocarditis

• Anesthesia risk

• Risk of Vasovagal reaction

All of these possibilities must be weighed against the potential 
risk of pregnancy.

Contraceptive Methods

Highly Effective Methods

Intrauterine Devices

Intrauterine devices (IUDs) are a highly effective form of long-
acting reversible contraception (LARC) that include hormonal 
(levonorgestrel) and nonhormonal (copper) options.

• Mechanism of action: Multiple mechanisms of action 
contribute to the effectiveness of IUDs. The levonorg-
estrel in hormonal IUDs thickens cervical mucus, 
which acts as a barrier to sperm. Secondary proges-
tin effects include slowed tubal motility and endome-
trial decidualization and atrophy [7]. Copper impairs 
sperm migration, viability, and the acrosomal reaction, 
thereby preventing fertilization.†

• Efficacy: All IUDs boast high efficacy. With typical 
use, first-year pregnancy rates are 0.1%–0.2% for the 
52 mg levonorgestrel IUD and 0.5%–0.8% for the cop-
per IUD [8].

• Benefits: include safety,‡ quick return of fertility, and 
ease of use. The 52 mg levonorgestrel IUD causes 
amenorrhea in 20%–40% of patients. For those who 

* Of note, it is also best practice to screen patients for intimate partner vio-
lence, including reproductive coercion and contraception sabotage.

† There is no evidence that IUDs disrupt an implanted pregnancy [91].
‡ Though previous IUDs like the Dalkon shield carried an increased infec-

tious risk due to braided strings, modern IUDs use monofilament strings.

continue to have menses, most report a reduction in 
menstrual flow and dysmenorrhea. Therefore, hor-
monal IUDs may be a particularly good choice for 
women on anticoagulation or with bleeding diatheses 
(see “Anticoagulation” section). Unscheduled bleeding 
may occur with any of the devices, though it generally 
improves with time [9]. The copper IUD does not affect 
ovulation but may cause increased menstrual flow and 
dysmenorrhea and therefore should be avoided with 
those patients at risk for hemorrhage, including women 
on therapeutic anticoagulation. It is approved for longer 
term use in the United States (up to 10 years) and acts 
as a very effective form of emergency contraception if 
inserted within 5 days of unprotected intercourse.

• Risks of IUDs include infection, uterine perforation, 
vasovagal reaction during placement, and a theoreti-
cal risk of endocarditis [10]. Large epidemiological 
studies have not identified an increased risk of stroke, 
myocardial infarction (MI), or venous thromboembo-
lism (VTE) for progestin-only contraceptives such as 
the hormonal IUD [1]. For Fontan-type circulation, 
IUDs should be avoided due to the risk of cardiovas-
cular collapse with a vasovagal reaction, which occurs 
in approximately 2% of patients undergoing IUD 
insertion [12]. The theoretical concern for endocardi-
tis has not been demonstrated (see section “Pregnancy 
Contraindicated [WHO Class IV], Endocarditis”). The 
American Heart Association guidelines do not recom-
mend antibiotic prophylaxis for genitourinary proce-
dures, including IUD insertion [13].

Contraceptive Implant

• The etonogestrel contraceptive implant is a radio-opaque 
single-rod progestin implant that is placed subdermally 
in the inner arm. It contains 68 mg of etonogestrel and 
provides highly effective contraception for at least 3 
years with a pregnancy rate of only 0.05% in the first 
year [8]. Its primary mechanism of action is suppres-
sion of ovulation. Secondary progestin mechanisms are 
similar to the hormonal IUD [14].

• Benefits include reduced dysmenorrhea. Some users 
report irregular bleeding, which may or may not 
improve with continued use [14].

• Bosentan—a dual endothelin receptor antagonist 
commonly used in the treatment of pulmonary artery 
hypertension—interacts with etonogestrel, reducing 
its efficacy (see section “Pregnancy Contraindicated 
[WHO Class IV], Pulmonary Artery Hypertension”).

Permanent Surgical Sterilization

• Female permanent contraception (tubal sterilization) is 
highly effective, with a 10-year pregnancy risk of less 
than 1% [15]. It requires a surgical procedure that may 
involve general anesthesia and therefore risks of anes-
thesia should be considered when counseling patients.

• Vasectomy (male permanent contraception) is the 
most cost-effective and safest method of permanent 
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sterilization. It should be recommended to women with 
cardiac conditions who are monogamous with a male 
partner. Male sterilization can be performed in the out-
patient setting [16].

Moderately Effective Methods

Estrogen-Containing Combined Hormonal 
Contraceptives: Contraceptive Pill, Patch, and Ring

Combined hormonal contraception (CHC) contains both syn-
thetic estrogen and progestin. Ethinyl estradiol is the estrogen 
in most CHCs in the United States, but various progestins are 
used depending on the product formulation. CHCs are available 
as oral contraceptive pills, contraceptive patches, and contra-
ceptive vaginal rings.

• Mechanism of action: CHCs function by preventing 
ovulation. Secondary progestin effects also contribute 
to the mechanism of action.

• Efficacy: The typical use failure rate is 9% in the first 
year, largely due to inconsistent use [17–19].

• Benefits: Include cycle regularity and decreased 
dysmenorrhea.

• Side effects: Include irregular bleeding, nausea, bloat-
ing, breast tenderness, and headaches, though these 
often resolve in the first 3 months [20]. The synthetic 
estrogen component of CHCs increases the production 
of hepatic pro-coagulation factors (VII, VIII, and X) 
while simultaneously decreasing the production of 
fibrinolytic factors (tissue plasminogen activator and 
antiplasmin), which can result in increased thrombo-
embolic events [3]. However, the risk of venous throm-
boembolic or arterial thrombotic events are lower with 
CHCs than during pregnancy or the immediate post-
partum period [21,22]. CHC users are at an increased 
risk of MI and cerebrovascular accident (CVA) [23]. 
Some progestins are associated with a slight decrease 
in HDL and increase in LDL cholesterol [24]. Oral, 
but not transdermal estrogens are associated with 
an increase in serum triglycerides [25,26]. Potential 
fluid retention may exacerbate cardiac conditions [3]. 
Studies in both normotensive and chronic hypertensive 
patients have shown a small increase in systolic blood 
pressure of 7–8 mmHg for women using CHCs [27,28].

• Contraindications: CHCs should not be given to 
smokers over the age of 35, those with known throm-
bophilias, or a history of VTE or stroke [1]. Other 
contraindications include those with multiple risk 
factors for arterial cardiovascular disease (older age, 
smoking, diabetes, and hypertension), known isch-
emic heart disease, complicated valvular disease, and 
migraine with aura (due to increased stroke risk) [1]. 
The patch (applied weekly) and vaginal ring (inserted 
monthly) are thought to confer similar benefits and 
risks as the contraceptive pill but have been less well 
studied. Patients with contraindications to estrogen 
should also avoid these methods.

Progestin-Only Oral Contraceptive Pills

The primary mechanism of progestin-only pills (POPs) is thought 
to be cervical mucus thickening; they do not reliably inhibit ovu-
lation. The effectiveness of POPs is lower than other progestin-
only contraceptives as they require daily dosing. National survey 
data do not distinguish between CHCs and POPs, but the typi-
cal failure rate within the first year is likely higher than the 9% 
cited due to the necessity for strict dosing timing (pills should 
be considered skipped if they are taken more than 3 hours late) 
[17]. Studies have not identified an increased risk of MI, CVA, 
or VTE with the use of POPs [29,30]. They are therefore a safe 
contraceptive option for a wide range of cardiac patients.

Depot Medroxyprogesterone Acetate Injections

Depot medroxyprogesterone acetate (DMPA) is an inject-
able intramuscular progestin-only contraceptive dosed every 
3 months. It works primarily by suppressing ovulation [31]. The 
unintended pregnancy rate in the first year of typical use is 6%, 
with most failures associated with late injections [17].

DMPA can reduce or eliminate menstrual bleeding [32]. Side 
effects of DMPA include irregular menstrual bleeding, injec-
tion site reactions, headache, mood changes, and weight gain 
[33]. A 2016 systematic review found the mean weight gain for 
DMPA users was less than 2 kg for most studies, and gener-
ally comparable to users of other contraceptive methods [34]. 
Though DMPA can induce bone mineral density loss, best 
available data indicate that DMPA does not reduce peak bone 
mass or increase the risk of osteoporotic fractures later in life 
for women at average risk of osteoporosis [35]. There may be 
a delay in return in fertility for up to 1 year after cessation of 
DMPA use [1].

DMPA should not be used for those with ischemic heart dis-
ease as it can decrease HDL levels. It should be used with caution 
for women with hypertension given concern for increased risk of 
cardiovascular events (see section “Hypertension”) [1].

Least Effective Methods

Barrier Methods and Pericoital Contraceptives

Barrier and pericoital methods include male and female/recep-
tive condom, the cervical diaphragm, spermicidal agents, and the 
contraceptive sponge. These methods must be used with each act 
of intercourse. Therefore, they are prone to reduced effectiveness 
due to inconsistent or incorrect use. There are few contraindica-
tions to the use of barrier methods.

Condoms are the only form of contraception that can help pre-
vent or reduce the risk of transmission of STIs. Given their user-
dependent nature, unintended pregnancy with typical use is 18% 
and 21% for male and female condoms, respectively, within the 
first year [17].

The diaphragm, contraceptive sponge, and cervical cap func-
tion by maintaining a reservoir of spermicide against the cervix. 
Spermicide creates a chemical barrier by immobilizing sperm. 
All have high failure rates, making them less optimal choices for 
women with cardiac conditions for whom pregnancy carries high 
risk [17].
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Fertility Awareness−Based or “Natural 
Family Planning” Methods

Fertility awareness−based methods of contraception are 
based on avoiding intercourse on the fertile days of a woman’s 
cycle [36]. These methods have a 24% pregnancy rate in the first 
year with typical use [17].

Emergency Contraception

Emergency contraception (EC) is used to prevent pregnancy after 
unprotected intercourse* and includes the copper IUD and oral 
medications. EC does not disrupt an implanted pregnancy [37].

The copper IUD is the most effective form of emergency con-
traception. When inserted within 72 hours, it prevents over 95% 
of expected pregnancies [38,39]. In addition, it has the advantage 
of providing ongoing contraception.

Oral EC functions primarily by delaying ovulation [40]. In the 
United States, two formulations are available: ulipristal and 
levonorgestrel. Of these, ulipristal prevents two-thirds and levo-
norgestrel one-half of expected pregnancies [38].† Ulipristal is a 
selective progesterone receptor modulator taken as a single pill 
within 120 hours of unprotected intercourse, though efficacy is 
higher with earlier dosing. Levonorgestrel EC (available over the 
counter), is either a single dose or two tablets taken 12 hours 
apart. There are no cardiovascular conditions for which the risks 
of EC outweigh potential benefits [1]. (See Box 5.2).

Contraceptive Considerations by Cardiac Disease

Risk of Pregnancy by Cardiac Condition

See Box 5.3.

Low Risk (WHO Class I) Conditions

Small Shunts (ASD, VSD, PDA, PFO)

Women with repaired shunts have no increased thrombogenic 
risk and therefore are candidates for all forms of contraception. 
Atrial septal defects confer a risk of paradoxical thromboembo-
lism and stroke, making CHCs Category 3 [42]. However, VSDs 
and small PDAs do not carry the same risk, so CHCs are not con-
traindicated [41].‡ Two community-based studies have failed to 
find a consistent independent association between asymptomatic 
PFOs and thromboembolic events [43,44]. Therefore, CHC use is 
permissible for women with asymptomatic PFOs, and screening 
is not indicated prior to initiation [42]. CHCs are Category 3 for 
those with a previous thromboembolic event [1].

Mitral Valve Prolapse/Mild Pulmonary Stenosis

The MEC does not distinguish between valvular defects: CHCs 
are Category 2 for all of them [1]. However, other schema that 

* Including failure of another method.
† It should be noted that the efficacy of oral emergency contraception may 

be reduced for overweight and obese women and they should be counseled 
appropriately [11].

‡ This recommendation includes those with unrepaired defects or uncompli-
cated repairs.

parse out types of valvular defects note that women with mitral 
valve prolapse and minimal to no regurgitation have no contrain-
dication to CHC use [3].

Isolated Premature Atrial or Ventricular Contractions

All methods of contraception are considered appropriate for iso-
lated premature atrial or ventricular contractions if no underly-
ing structural abnormality exists [3].

Moderate Risk (WHO Class II)

Repaired Tetralogy of Fallot

In the absence of right-to-left shunting, CHCs are safe for women 
with repaired tetralogy of Fallot. There is a theoretical risk of 
endocarditis from the copper IUD (Category 2, see section 
“Endocarditis”), but there are no further restrictions on the forms 
of contraception these women can receive [3].

Arrhythmia

While CHCs are appropriate for many of women with arrhyth-
mias, they should be avoided for those with atrial fibrillation or 
flutter due to increased thromboembolic risk [3].

Mild Left Ventricular Dysfunction (Left 
Ventricular Ejection Fraction 40%–50%)

The risks of thrombosis, fluid retention, and hypertension must 
all be considered for women with mild left ventricular dysfunc-
tion. Recommendations for women in this category are largely 
based on expert opinion and vary widely. Whereas the MEC 
rates CHCs as absolutely contraindicated (Category 4), other 
schema do not rate the risk as highly. Progestin-only methods 
and IUDs are considered safe [1].

Hypertrophic Cardiomyopathy

Data are very limited on contraceptive safety for patients with 
hypertrophic cardiomyopathy [45–48]. Classification of contra-
ceptive options is largely based on potential sequalae, including 
arrhythmias, thromboembolism, and endocarditis. For uncom-
plicated cases, CHCs are generally considered Category 2, but 
should be considered Category 3 if sequalae of the disease are 
present.

Marfan Syndrome

The risk of aortic dissection for patients with Marfan syndrome is 
proportional to the aortic root diameter, with morbidity increas-
ing sharply with dilatation >4 cm (see section “Aortic Root 
Dilatation >4 cm”) [3]. Without aortic root dilatation, there are 
no specific recommendations for contraceptives by the MEC [1].

Ehlers-Danlos and Other Connective Tissue Disorders

There are no specific recommendations for women with Ehlers-
Danlos regarding contraception, therefore recommendations are 
the same as for Marfan syndrome [3].

Repaired Aortic Coarctation

Due to the potential of exacerbating hypertension, CHCs are 
Category 3 for women with a known aortic aneurysm or persis-
tent hypertension [1].
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BOX 5.2 CONTRACEPTIVE METHOD CONTRAINDICATIONS [1]

Method of 
Contraception Cardiac Contraindications Noncardiac Contraindications

IUDs • Care should be taken with those with 
contraindications to Valsalva such as those who 
have had a Fontan procedure

• Severe distortion of the uterine cavity due to difficulty of insertion and 
increased risk of expulsion

• Active pelvic infection
• Cervical cancer awaiting treatment (initiation)
• Gestational trophoblastic disease
• Immediate post-septic abortion or postpartum sepsis
• Current purulent cervicitis or known chlamydia or gonorrhea infection
• Pelvic TB
• Endometrial cancer (initiation, though hormonal IUD may be used as 

treatment in poor surgical candidates)
• Unexplained vaginal bleeding suspicious for serious condition (initiation, 

continuation)
Hormonal IUDs

• Breast cancer
• Cirrhosis

Copper IUDs
• Wilson disease or a copper allergy

Implant • Ischemic heart disease (continuation)
• History of CVA (continuation)
• SLE with antiphospholipid antibodies 

(or unknown)

• Known or suspected breast cancer
• Cirrhosis
• Unexplained vaginal bleeding
• Benign or malignant liver tumors
• Bosentan—a dual endothelin receptor antagonist commonly used in the 

treatment of pulmonary artery hypertension—interacts with etonogestrel, 
reducing its efficacy

CHCs • Personal history of DVT/PE
• Migraine with aura
• Hypertension
• Ischemic heart disease
• Known thrombogenic mutation
• History of CVA
• Peripartum cardiomyopathy
• <21 days postpartum or 21–45 days 

postpartum with VTE risk factors
• Smokers age >35
• Diabetes >20 years or with microvascular 

disease
• Major surgery with prolonged immobilization
• SLE with antiphospholipid antibodies (or 

unknown)
• Complicated valvular heart disease
• Multiple risk factors of atherosclerotic disease

• Known or suspected breast cancer
• Benign or malignant liver tumors
• Acute liver disease
• Cirrhosis
• Malabsorptive bariatric surgeries may interfere with efficacy, as can some 

anticonvulsants
• Medically treated or current gallbladder disease
• History of CHC-related cholestasis
• Complicated solid organ transplant
• Select antiretroviral, anticonvulsant, and antiparasitic therapy

POPs • History of CVA (continuation)
• Ischemic heart disease (continuation)
• SLE with antiphospholipid antibodies (or 

unknown)

• Known or suspected breast cancer
• Benign or malignant liver tumors
• Cirrhosis
• Malabsorptive bariatric surgeries may interfere with efficacy, as can some 

anticonvulsants
• Select anticonvulsant therapy
• Rifampin or rifabutin therapy

DMPA • Diabetes >20 years or with microvascular 
disease

• Uncontrolled hypertension
• Multiple risk factors of atherosclerotic disease
• SLE with antiphospholipid antibodies or severe 

thrombocytopenia (or unknown)

• Known or suspected breast cancer
• Undiagnosed abnormal uterine bleeding
• Malignant liver tumors
• Cirrhosis
• High risk for nontraumatic fractures

Abbreviations:  IUD, intrauterine device; TB, tuberculosis; CVA, cerebrovascular accident; SLE, systemic lupus erythematosus; DVT/PE, deep vein 
thrombosis/pulmonary embolism; CHC, combined hormonal contraceptive; VTE, venous thromboembolism; POP, progestin-only pill; 
DMPA, depo-medroxyprogesterone acetate contraceptive injection.
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High Risk (WHO Class III)

Ischemic Cardiovascular Disease

Given its rarity, little data exist on the risks of contraception and 
pregnancy for women with a history of MI. Those with signifi-
cant residual left ventricular dysfunction or NYHA class III or 
IV symptoms should be considered WHO class IV risk [3]. CHCs 
are generally contraindicated due to concern for thrombosis, 
hypertension, hyperlipidemia, and glucose derangements [1,42]. 
DMPA is Category 3 due to reduction in HDL [1]. The MEC 
labels progestin-only contraceptive methods Category 2 for con-
tinuation and Category 3 for initiation due to theoretical concern 
for lipid profile effects. For women with ischemic heart disease 
generally, the copper IUD is the ideal method of contraception. 
However, if this method is not an option, other LARC methods 
should be encouraged [1].

Mechanical Prosthetic Valve

Women with mechanical prosthetic valves carry an increased 
risk of thromboembolic events [49]. However, the risk will vary 
depending on the type of valve, how long it has been in place, 
and which valvular position it is in. In addition, these patients 
are often on anticoagulation (see “Women on Anticoagulation”). 
Overall, CHCs are Category 3–4 [1]. Progestin-only methods 
are safe for women with mechanical prosthetic valves [1]. LARC 
methods are preferred. The MEC rates IUDs as Category 4 due 
to concern for infective endocarditis with insertion, but newer 
data including a prospective trial of 20 anticoagulated women 
demonstrated improved bleeding profiles, higher hemoglobin, 
and no cases of endocarditis for hormonal IUD users, suggesting 
this method may be safe for use [50].

Complex Congenital Heart Disease

CHCs should be avoided in women with complex congenital 
heart disease due to risk of pulmonary artery thrombosis and 
pulmonary emboli [41,51].

Aortic Root Dilatation >4 cm

CHCs are Category 3 for patients with aortic root dilatation 
>4 cm due to concern for exacerbation of hypertension and 
potential aortic dissection [1].

Pregnancy Contraindicated (WHO Class IV)*

Severe Pulmonary Hypertension

CHCs are Category 4 for women with severe pulmonary hyper-
tension due to thrombotic and hypertensive risk [1]. Of note, 
bosentan—a dual endothelin receptor antagonist—can reduce 
the effectiveness of ethinyl estradiol as well as several proges-
tin-only methods (contraceptive implant and POP). DMPA does 
not interact with bosentan, but women with pulmonary hyper-
tension are often anticoagulated, which carries the theoretical 
concern of hematoma. IUDs may be contraindicated due to the 
potentially fatal consequences of a vasovagal reaction during 
placement. In cases where no other acceptable method is avail-
able, this risk may be mediated with the use of a paracervical 
block or epidural anesthesia [3].

* Given high risk of pregnancy-associated morbidity, highly effective con-
traception is recommended, making POPs and less effective methods rela-
tively contraindicated [1].

BOX 5.3 MODIFIED WHO PREGNANCY RISK CLASSIFICATION SYSTEM BY CARDIAC CONDITION

WHO 
Category Description Conditions

I No detectable increased risk of mortality 
and no or mild increased morbidity

• Small shunts (ASD, VSD, PDA, PFO)
• Mitral valve prolapse/mild pulmonary stenosis
• Isolated premature atrial or ventricular contractions

II Small increased risk of maternal 
mortality or moderate increased risk of 
morbidity (presuming the patient is 
otherwise well)

• Repaired tetralogy of Fallot
• Arrhythmia
• Mild left ventricular dysfunction (left ventricular ejection fraction 40%–50%)
• Hypertrophic cardiomyopathy
• Marfan syndrome
• Ehlers-Danlos and connective tissue disorders
• Repaired aortic coarctation

III Significantly increased risk of maternal 
mortality or severe morbidity

• Ischemic cardiovascular disease
• Mechanical prosthetic valve
• Complex congenital heart disease
• Aortic root dilatation >4 cm

IV Extremely high risk of maternal 
mortality or severe morbidity; 
pregnancy is contraindicated

• Severe pulmonary hypertension
• Significant left ventricular dysfunction
• Severe or complicated mitral or aortic stenosis (coexisting atrial fibrillation, 

pulmonary hypertension, or history of endocarditis)
• Peripartum cardiomyopathy with any residual impairment of left ventricular function
• Fontan-type circulation

Source: Adapted from Thorne S et al. J Fam Plan Reprod Heal Care. 2006;32(2):75–81.
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Significant Left Ventricular Dysfunction

Considerations for contraceptives for women with significant left 
ventricular dysfunction are the same as for those with mild to 
moderate dysfunction (see “Mild Left Ventricular Dysfunction”), 
but with higher risk of morbidity.

Severe or Complicated Mitral or Aortic Stenosis 
(Coexisting Atrial Fibrillation, Pulmonary 
Hypertension, or History of Endocarditis)

The MEC lumps valvular heart defects into a single category, 
considering CHCs “broadly useable” for uncomplicated lesions 
without sequalae [1,3]. CHCs are Category 4 for those with 
complicated lesions. Progestin-only methods and IUDs are 
Category 1 [1], though there is a theoretical concern for infective 
endocarditis for IUDs [3].

Peripartum Cardiomyopathy with Any Residual 
Impairment of Left Ventricular Function

A systematic review revealed no primary research articles that 
addressed the safety of any contraceptive method among women 
with peripartum cardiomyopathy [45]. The patient’s functional 
status and time since delivery (less than 6 months vs. greater 
than 6 months) aids in classifying contraceptive methods. 
Depending on the time since delivery, CHCs are Category 3 or 4 
for women with normal cardiac function. POPs, DMPA, and the 
implant are all Category 1 with normal or mildly impaired car-
diac dysfunction, but Category 2 for women with moderate to 
severe cardiac dysfunction. Regardless of functional status, all 
IUDs are Category 2. Though no direct evidence on the safety 
of IUDs exists, there is theoretical concern for the induction of 
arrhythmias during IUD insertion. Limited evidence did not 
demonstrate any cases of arrhythmia or infective endocarditis in 
women with cardiac disease who received IUDs [1].

Fontan-Type Circulation

Though not specifically mentioned in the WHO classification 
system, Fontan-type circulation is considered a contraindication 
to pregnancy [41,52,53]. Contraceptive recommendations are the 
same as for others with complex congenital heart disease (see 
“Complex Congenital Heart Disease”).

Hypertension

Estrogen-containing methods may affect blood pressure. 
Estrogen stimulates angiotensinogen production by the liver and 
simultaneously increases activation of the renin-angiotensin sys-
tem [54]. Given the cardiovascular risks of pregnancy, elevated 
blood pressure reading should not delay the initiation of contra-
ception, though it may affect the choice of method.

CHCs increase systolic blood pressure an average of 8 mmHg 
and diastolic 6 mmHg [27]. The effect is dose-dependent and 
increases with age and BMI [55]. The increase in blood pres-
sure is small, but it does confer an increased risk of MI and 
CVA, particularly for women with preexisting hypertension [56]. 
CHCs are Category 3 for women with moderate hypertension 
(140−159/90−99) or adequately treated hypertension. If estro-
gen-containing methods are used, the lowest possible estrogen 
dose should be chosen [29]. CHCs are Category 4 for women 
with severe hypertension >160/100 [1]. Given these risks, blood 

pressure measurement is recommended before the initiation of 
CHCs [57].

The MEC does not distinguish between estrogen-containing 
hormonal contraceptive methods in its recommendations for 
women with hypertension [1]. There is a paucity of data for 
the effect of other estrogen-containing contraceptive methods. 
Systemic estrogen levels for the ring are 50% that of CHCs, but 
evidence suggests the ring still confers an increased risk of CVA 
[29,58]. In contrast, the patch has been shown to result in higher 
estrogen levels than CHCs and is assumed to confer similar risk.

Progestin-only methods do not affect blood pressure [59]. POPs 
are Category 1 for women with mild or well-controlled hyperten-
sion, and Category 2 for women with severe hypertension citing 
“Limited evidence suggest[ing] that among women with hyper-
tension, those who used POPs or progestin-only injectables had a 
small increased risk for cardiovascular events” [1].

DMPA is Category 2 for women with moderate or well- 
controlled hypertension and Category 3 for women with severe 
hypertension [3].

No studies exist exploring the relationship between progestin-
containing implants and IUDs on blood pressure. There is little 
biological plausibility that the hormonal IUDs would increase 
blood pressure [3]. The MEC therefore gives these methods the 
same ratings as POPs: Category 1 for moderate or well-controlled 
hypertension and Category 2 for severe. There are no limitations 
on the use of copper IUDs [1].

Multiple Risk Factors for Atherosclerotic Disease

For women with multiple risk factors for atherosclerotic disease 
(e.g., age >35, smoking, diabetes, hypertension, low HDL, high 
LDL, or high triglycerides), the copper IUD is Category 1. POPs, 
the implant, and the hormonal IUD are all Category 2, DMPA 
Category 3, and CHCs Category 3/4. Evidence backing the recom-
mendation is sparse. Given these women might have a substan-
tially increased risk of cardiovascular disease, CHCs represent 
an unacceptable risk. DMPA is rated Category 3, as it persists for 
some time after discontinuation in the case of adverse effects. The 
MEC states that simple addition of categories for multiple risk fac-
tors is not intended (e.g., two Category 2 risk factors does not make 
a Category 4), however it does not delineate specific guidelines for 
how many risk factors need be present and to what severity [1].

Known Thrombogenic Mutations

Women with known thrombogenic mutations (e.g., factor V 
Leiden; prothrombin mutation; or protein S, protein C, or anti-
thrombin deficiencies) can freely use the copper IUD. Progestin-
only methods are Category 2. CHCs are Category 4 due to 
increased risk of thrombosis. Routine screening for these muta-
tions is not appropriate as it is not cost-effective due to the rarity 
of mutations and the cost of screening [1].

Women on Anticoagulation

CHCs should generally be avoided in women requiring antico-
agulation. Beyond prothrombotic effect, CHCs can also inter-
fere with hepatic metabolism of anticoagulants like warfarin, 
and therefore INR should be closely monitored if CHCs are 
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BOX 5.4 MEDICAL ELIGIBILITY CRITERIA FOR CONTRACEPTIVE USE IN CARDIAC PATIENTS

Condition Cu-IUD LNG-IUD Implants DMPA POP CHCs

Multiple risk factors for atherosclerotic 
cardiovascular disease (e.g., older age, smoking, 
diabetes, hypertension, low HDL, high LDL, or 
high triglyceride levels)

1 2 2 3 2 3/4

Hypertension

 a. Adequately controlled hypertension 1 1 1 2 1 3

 b. Elevated blood pressure levels (properly 
taken measurements)

 i. Systolic 140–159 mmHg or diastolic 
90–99 mmHg

1 1 1 2 1 3

 ii. Systolic ≥160 mmHg or diastolic 
≥100 mmHg

1 2 2 3 2 4

 c. Vascular disease 1 2 2 3 2 4

History of high blood pressure during pregnancy 
(when current blood pressure is measurable and 
normal)

1 1 1 1 1 2

Deep venous thrombosis/Pulmonary embolism

 a. History of DVT/PE, not receiving 
anticoagulant therapy

 i. Higher risk for recurrent DVT/PE (one 
or more risk factors)

1 2 2 2 2 4

• History of estrogen-associated DVT/
PE

• Pregnancy-associated DVT/PE

• Idiopathic DVT/PE

• Known thrombophilia, including 
antiphospholipid syndrome

• History of recurrent DVT/PE

 ii. Lower risk for recurrent DVT/PE (no 
risk factors)

1 2 2 2 2 3

 b. Acute DVT/PE 2 2 2 2 2 4

 c. DVT/PE and established anticoagulant 
therapy for at least 3 months

 i. Higher risk for recurrent DVT/PE (one 
or more risk factors)

2 2 2 2 2 4

• Known thrombophilia, including 
antiphospholipid syndrome

• History of recurrent DVT/PE

 ii. Lower risk for recurrent DVT/PE (no 
risk factors)

2 2 2 2 2 3

 d. Family history (first-degree relatives) 1 1 1 1 1 2

 e. Major surgery

 i. With prolonged immobilization 1 2 2 2 2 4

 ii. Without prolonged immobilization 1 1 1 1 1 2

 f. Minor surgery without immobilization 1 1 1 1 1 1

Known thrombogenic mutations (e.g., factor V 
Leiden; prothrombin mutation; protein S, protein 
C, and antithrombin deficiencies)

1 2 2 2 2 4

Current and history of ischemic heart disease Initiation Continuation Initiation Continuation Initiation Continuation

1 2 3 2 3 3 2 3 4

Stroke (history of cerebrovascular accident) Initiation Continuation Initiation Continuation

1 2 2 3 3 2 3 4

Valvular Heart Disease

 a. Uncomplicated 1 1 1 1 1 2

(Continued)
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used [60]. There is a theoretical risk of intramuscular hematoma 
formation with DMPA injection. Though no studies have spe-
cifically looked at this concern, a prospective series of women 
taking anticoagulation with a history of bleeding complications 
did not report any intramuscular hematomas [32]. It is thought 
that subdermal implants carry a lower risk, as hematomas would 
be more superficial and therefore easier to detect and monitor [3]. 
(See Box 5.4.)

Considerations for Induced Abortion 
in Women with Cardiac Disease

In 2011, 45% of all pregnancies in the United States were 
unplanned. Of these, approximately 40% ended in induced abor-
tion [61]. Approximately 1 in 4 women will have an abortion 
in the United States by age 45 [62].* One study found 12% of 
women cited health concerns as a reason for their abortion [63].

Induced abortion is safe and effective [64]. The majority of 
abortions in the United States occur at early gestations, with 
over 90% performed at less than 13 weeks’ gestation. In general, 
induced abortion is safer than carrying a pregnancy to term. It has 
a lower risk of complications at earlier gestations. In the United 
States between 1998 and 2005, the pregnancy-associated mortal-
ity rate was 8.8 deaths per 100,000 live births, which represents 
an approximately 14-fold increase over the mortality rate related 
to induced abortion (0.6 deaths per 100,000 abortions) [65]. The 
risk of maternal death increases by 38% for each additional week 
of gestation. Cardiac events account for 17% of abortion-related 
mortality [66]. Major complications (those requiring hospital stay, 

* Per ACOG guidelines, all health care providers must provide accurate 
and unbiased reproductive health information to allow patients to make 
informed decisions. Physicians have a duty to refer patients in a timely 
manner to other providers if they cannot provide standard reproductive 
services due to conscientious objection [71].

surgery, or blood transfusion) occur in less than 0.5% of induced 
abortions [64]. There are no high-quality studies on the safety of 
abortion for women with preexisting medical conditions.

Most patients with cardiac disease presenting for induced abor-
tion will be aware of their cardiac diagnosis. Routine questions 
detailing functional status should be asked of the patient regarding 
her ability to climb stairs, whether she experiences angina at rest 
or with exercise, or paroxysmal nocturnal dyspnea [67]. A compre-
hensive consultation including cardiac testing and risk assessment 
with Maternal Fetal Medicine and Cardiology is advised.

The American College of Cardiology and American Heart 
Association emphasize the importance of a team approach for 
complex cardiovascular patients given increasing evidence-based 
data, new technologies, and improved survivorship for complex 
congenital heart disease. This is particularly important in the set-
ting of decisions regarding mode of induced abortion and pre-
operative planning for surgical abortion. For complex cardiac 
patients, the heart team may comprise obstetrician-gynecologists 
(possibly including subspecialists in maternal-fetal medicine and 
family planning), cardiology, anesthesia (or cardiac anesthesia), 
and social work [68].

First Trimester Abortion

First trimester abortion is among the safest medical procedures. 
It may be performed in one of two ways: surgical abortion via 
dilation and aspiration (D&A, also called dilation and suction 
curettage [D&C]) or medication abortion with mifepristone and 
misoprostol.

First Trimester Surgical Abortion

During a D&A, the cervix is dilated with sequentially increas-
ing dilators to allow passage of a suction curette into the uterus 
and removal of the pregnancy. Surgical abortion affords mul-
tiple advantages—particularly active monitoring and options for 

BOX 5.4 (CONTINUED) MEDICAL ELIGIBILITY CRITERIA FOR 
CONTRACEPTIVE USE IN CARDIAC PATIENTS

Condition Cu-IUD LNG-IUD Implants DMPA POP CHCs

 b. Complicated (pulmonary hypertension, risk 
for atrial fibrillation, or history of subacute 
bacterial endocarditis)

1 1 1 1 1 4

Peripartum Cardiomyopathy

 a. Normal or mildly impaired cardiac function 
(New York Heart Association Functional 
Class I or II: Patients with no limitation of 
activities or patients with slight, mild 
limitation of activity) [1]

 i. <6 months 2 2 1 1 1 4

 ii. ≥6 months 2 2 1 1 1 3

 b. Moderately or severely impaired cardiac 
function (New York Heart Association 
Functional Class III or IV: Patients with 
marked limitation of activity or patients 
who should be at complete rest) [1]

2 2 2 2 2 4

Source: Data from https://www.cdc.gov/reproductivehealth/contraception/mmwr/mec/appendixk.html#cardio

https://www.cdc.gov/
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anesthesia (local, regional, sedation, or general anesthesia). In 
addition, it is predictable in timing and there is immediate confir-
mation of completion [69]. Surgical abortion in the first trimester 
has a lower average blood loss and lower rate of delayed hemor-
rhage compared to medication abortion [70]. A surgical approach 
is preferred for most patients with cardiac conditions, particularly 
those who are sensitive to changes in intravascular volume that 
could occur with bleeding during a medication abortion, or who 
would benefit from cardiac monitoring. Major complications are 
rare at <0.01% of procedures [64], and include uterine or cervi-
cal injury, hemorrhage, and sepsis. Minor complications such as 
minor infection, incomplete abortion requiring repeat procedure, 
or seizure due to local anesthetic occur in <1% of procedures [72].

First Trimester Medication Abortion

Mifepristone, a progesterone modulator, is approved in the 
United States for medical abortion up to 10 weeks’ gestation 
in conjunction with the prostaglandin misoprostol. The success 
rate is 95%–98%, with 2%–5% requiring repeat misoprostol or 
D&A for retained products of conception [73]. Medication abor-
tion avoids a surgical procedure and anesthesia for the majority 
of patients. Patients may feel greater agency over the process as 
they manage it privately at home [74].

Bleeding and cramping will be experienced by most women. 
Other side effects of medication abortion include nausea, vomiting, 
diarrhea, headache, vertigo, and thermoregulatory effects [75].

Contraindications to medication abortion related to cardiac dis-
ease include severe anemia (<9.5 g/dL), bleeding diatheses, and 
anticoagulation. Most trials have excluded women with uncon-
trolled hypertension or cardiovascular disease, therefore scant data 
exist on the risks for women with cardiac disease. Prostaglandins 
are vasoactive with variable vasodilatory and vasoconstrictive 
actions depending on the target organ. A small study demonstrated 
that 600 µg intravaginal misoprostol in the second trimester does 
not alter maternal cardiac function as measured by transthoracic 
electrical bioimpedance [76]. A case study in developing countries 
with heterogenous cardiac conditions likewise demonstrated no 
adverse effects to mifepristone or misoprostol in the first or sec-
ond trimester [77]. Concomitant use of medications that induce 
cytochrome P450 may reduce the effectiveness of mifepristone 
[75]. For critically ill intubated patients who cannot be placed in 
lithotomy or for whom surgical risks are too great, medication 
abortion may provide a safer alternative and can be induced with 
intramuscular methotrexate and misoprostol [69].

Second Trimester Abortion

In the United States, 7.6% of abortions are performed between 14 
and 20 weeks’ gestation, with even fewer (1.3%) at ≥21 weeks’ 
gestation. Of these, 95% are performed by the surgical technique 
dilation and evacuation (D&E) [78].

Second Trimester Surgical Abortion

D&E generally requires cervical preparation (preoperative “ripen-
ing” and/or dilation of the cervix) in order to avoid trauma to the 
cervix. This can be achieved with osmotic dilators, prostaglandins, 
or mifepristone. Evacuation of the pregnancy is then performed 

with specialized forceps and suction. The difficulty of the proce-
dure is commensurate with gestational age of the pregnancy and 
requires a skilled provider. Many women may not have access due 
to paucity of providers or state-specific legal restrictions [79].

Major complications of D&E are uncommon at <0.1% (though 
somewhat more frequent than D&A procedures) [79,80] and include 
hemorrhage, cervical lacerations, infection, and uterine perforation.

Second Trimester Medication Abortion

Medical abortion via induction of labor generally involves the 
use of prostaglandin analogues to cause uterine contractions and 
expulsion of the products of conception. Mifepristone—which 
increases misoprostol efficacy and shortens induction time—may 
be administered 24–48 hours prior to misoprostol [79]. In the 
United States, second trimester medical abortion is generally per-
formed in an inpatient setting, often on the labor and delivery unit.

Compared with D&E, medical abortion in the second tri-
mester is less cost effective and more time consuming. It is also 
associated with a slightly higher risk of complications, particu-
larly retained products of conception (20% of cases), which may 
require subsequent D&E or curettage for retained placental tissue 
[81,82]. Other complications include uterine rupture, cervical lac-
erations, hemorrhage, and infection. Hemorrhage rates are com-
parable between D&E and second trimester medical abortion.

Referral Centers for Family Planning

Women with stable, chronic medical conditions are often candi-
dates for outpatient abortion, but hospital referral may be appro-
priate for some patients. The operating room affords several 
advantages, including improved lighting; access to specialized 
instruments, monitoring equipment, and anesthesia services; spe-
cialized medications and blood products; more intensive levels 
of care; and a variety of support staff and other specialists [69]. 
However, hospital-based abortion may introduce additional bar-
riers to care, including increased costs, travel, and potential lack 
of hospital-based providers or trained/willing support staff [69].

Preexisting conditions that may warrant hospital-based refer-
ral or referral to a family planning specialist include uncon-
trolled hypertension (systolic blood pressures >160, or diastolic 
>105); congenital cardiac defects including cyanotic disease, 
right or left ventricular dilation, and uncontrolled tachyar-
rhythmias; coronary artery disease including history of angina 
or myocardial infarction; current or historic cardiomyopathies; 
valvular disease including aortic stenosis peak gradient equal or 
greater to 60 mmHg, mitral stenosis valve area less than 1.5 cm2, 
and mitral or aortic regurgitation with left ventricular dilation; as 
well as pulmonary hypertension [67].

Special Considerations for Pregnancy 
Termination for Cardiac Patients

Anesthesia Considerations

Cardiac anesthesiologists are preferred for surgical abor-
tion in women with high risk cardiac conditions. Preoperative 
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anesthesiology consultation along with multidisciplinary plan-
ning should be considered for these patients.

Hypertensive and Thrombotic Disorders

Women with poorly controlled hypertension should receive treat-
ment prior to surgical abortion, which may be accomplished with 
beta-blockers or a vasodilator [67]. Those with a history of MI 
should be carefully monitored in a hospital environment with 
attention to rate control with a beta-blocker as well as pain man-
agement. Aspirin should be continued [67]. Cardiomyopathy with 
left ventricular dilation or compromise poses the risk of acute 
hemodynamic decompensation and arrhythmia. Those with a 
normal echocardiogram will likely tolerate the procedure well 
but should be monitored afterward for decompensation. During 
the procedure, attention should be paid to rate control, and 
diuretics and afterload reduction considered. Volume manage-
ment is particularly important for those with hypertrophic car-
diomyopathy who will have poor tolerance of hemorrhage with 
hypovolemia [67]. For women with pulmonary hypertension, 
even modest volume shifts may result in right heart decompen-
sation. Invasive hemodynamic monitoring and aggressive diure-
sis both during and after the procedure is recommended [67]. 
Pregnancy termination with these cases should be planned with 
a multidisciplinary team, otherwise known as the heart team.

Anticoagulation

For patients who are already anticoagulated or on antiplatelet 
therapy and seeking an abortion, clinicians must weigh the proce-
dural bleeding risk versus the thromboembolic risk if the medica-
tions are discontinued. Reversal can take several days, which may 
delay abortion and extend the period of increased thromboem-
bolic risk. Sparse data exist exploring the effect of anticoagula-
tion on blood loss during abortion. For first trimester procedures, 
a case series of women on heterogenous anticoagulation therapies 
(both prophylactic and therapeutic) found anticoagulated women 
had a higher mean procedural and postoperative blood loss com-
pared to controls. However, differences in postoperative hemoglo-
bin were not significant and no blood transfusions occurred, so 
the clinical implications are unclear [83]. A second study found 
that continuation of anticoagulation for planned first trimester 
surgical abortion under 14 weeks does not appear to be associated 
with heavy bleeding [84]. Another case series of D&Es at 16–22 
weeks for women on low molecular weight heparin found only 
one case of greater-than-expected bleeding and overall suggested 
the procedure may be safe for women with recent or current low 
molecular weight heparin use [85].

For these patients, the surgeon may consider uterine massage 
or prophylactic agents to prevent hemorrhage like misoprostol 
or methylergonovine [86]. Some providers may still briefly stop 
anticoagulation or transition to heparin [67]. Decisions regarding 
continuation or interruption of anticoagulation should be in con-
junction with the multidisciplinary team, the heart team, includ-
ing cardiology, and anesthesia. Low dose unfractionated heparin 
(e.g., 5000 units subcutaneously every 8 hours) or low molecular 
weight heparin (e.g., enoxaparin 40 mg subcutaneously daily) 
can be considered for those taking a recess from therapeutic 
anticoagulation.

No modern study exists exploring the risk of bleeding for 
women on antiplatelet therapy undergoing abortion. In gen-
eral, antiplatelet therapy should ideally be discontinued 5 
days prior to surgery, but the decision must be individualized. 
Clopidogrel should not be discontinued within 12 months of 
placement of a drug-eluting stent [87]. Low-dose aspirin does 
not appear to increase the perioperative bleeding complica-
tion or mortality rate [88], but patients on combined therapy 
(e.g., aspirin and clopidogrel) do incur an increased bleeding 
risk [89].

Other Medications

Ergot alkaloids like carboprost that may be used in cases of hem-
orrhage should be avoided in patients with hypertension or a his-
tory of MI. NSAIDs should also be avoided for pain control for 
those with significant preexisting cardiac disease. Lidocaine for 
local anesthesia can generally be used safely in patients with car-
diac conditions [69].

Infective Endocarditis Prophylaxis

The Society for Family Planning recommends routine antibi-
otic administration for all patients undergoing surgical or medi-
cal abortion to reduce pelvic infection risk, but the American 
Heart Association does not recommend additional medications 
as infective endocarditis prophylaxis [13,90]. Therefore, no addi-
tional antibiotics are warranted for patients at risk for endocar-
ditis [69].
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Cardiovascular Symptoms: Is It Pregnancy or the Heart?

Melissa Perez and Afshan B. Hameed

Introduction

Cardiovascular disease (CVD) has emerged as the leading cause 
of maternal mortality in the United States, accounting for over 
one-third of all pregnancy-related deaths. A significant propor-
tion of these deaths are preventable [1]. One of the key elements 
in CVD-related deaths is the inability of the health care provider 
to identify the presenting symptoms as markers for CVD, thus 
causing delays or missed diagnosis [2]. Pregnancy is a state of 
hemodynamic overload that may result in signs and symptoms 
similar to those of cardiovascular disease. It is often challeng-
ing to distinguish physiologic symptoms of pregnancy from heart 
disease. Common symptoms include palpitations, shortness of 
breath (SOB), fatigue, chest pain, and dizziness. It is imperative 
that the obstetrics care provider be able to differentiate benign 
pregnancy symptoms from those of potentially life-threatening 
causes. This chapter provides an overview of the common car-
diovascular symptoms of pregnancy and the California Maternal 
Quality Care Collaborative Cardiovascular (CMQCC) disease 
in pregnancy toolkit designed to identify pregnant women who 
are at increased risk of CVD requiring further cardiovascular 
evaluation [3].

Basic Approach to a Symptomatic Patient

Cardiac symptoms in pregnancy and during the postpartum 
period, particularly if they are self-reported, require further 
workup. The basic systematic approach to any cardiac complaint 
in pregnancy follows three general principles (Figure 6.1):

 1. A thorough history including the patient’s baseline 
exercise capacity, New York Heart Association func-
tional status, detailed symptoms, prior cardiac history, 
pregnancy outcomes, and underlying medical issues.

 2. Focused physical examination of the cardiovascular 
system.

 3. Appropriate radiographic, imaging, electrocardio-
graphic, and laboratory investigations as indicated.

If cardiac disease is high in the differential diagnosis, the goal 
is to refer the patient to a cardiologist for further evaluation. For 
the purposes of this discussion, we will focus on approach to the 
common cardiovascular symptoms of pregnancy.

The Cardiovascular Toolkit (CMQCC)

Maternal mortality reviews indicate that most mothers who died 
of CVD during pregnancy or the postpartum period had pre-
sented to the health care provider with signs and symptoms on 
more than one occasion that were not recognized. There is a need 
to maintain an index of suspicion for cardiac disease in women 
presenting with cardiac complaints, and to have a low thresh-
old for further workup. The CMQCC Cardiovascular Disease in 
Pregnancy and Postpartum Task Force developed a toolkit that 
includes an overview of clinical assessment and management 
strategies based on risk factors and presenting signs and symp-
toms [3]. In this regard, it contains two algorithms designed to 
guide stratification and initial evaluation of symptomatic or high-
risk pregnant or postpartum women (Figures 6.2 and 6.3).

KEY POINTS

• Obstetric care providers should be able to differentiate 
common complaints of pregnancy from those of cardio-
vascular disease

• Cardiovascular disease typically manifests with a combi-
nation of moderate to severe symptoms, vital sign abnor-
malities, and/or physical examination findings

• All self-reported cardiac symptoms in a pregnant patient 
should be fully evaluated

• Palpitations are the most common cardiac symptom 
encountered during pregnancy in women with or without 
structural heart disease

• New-onset asthma or bilateral pulmonary infiltrates may 
be indicative of heart failure in pregnancy
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The first algorithm identified women who exhibit “red flags” 
and must get prompt evaluation and appropriate consultations. The 
second algorithm addresses women who are stable and without 
evidence of red flags or personal history of CVD. Among the 64 
CVD-related maternal deaths in California between  2002–2006, 
the algorithms would have identified 93% of these women as high 
risk for CVD, with a significant potential for saving lives.

In general, global cardiovascular risk assessment should be 
obtained in all pregnant women, with or without symptoms 
(Figure 6.2). Providers can screen women any time in pregnancy, 
postpartum, and/or if any new or concerning symptoms arise. 
Providers can begin screening women at their prenatal appoint-
ments, on admission to an antepartum or postpartum unit, or 
for those patients who have not received care from the provider 
before their admission or delivery. This implementation strategy 
is currently underway at the University of California, Irvine and 
Einstein/Montefiore, Bronx, New York.

Common Cardiac Symptoms in Pregnancy

Physiologic changes in pregnancy most often lead to signs and 
symptoms that may mimic cardiac disease. Common complaints 
include nausea, fatigue, back pain, lower extremity swelling, 
SOB, palpitations, and chest pain (Table 6.1).

Palpitations

Palpitations—“awareness of the heart beat”—is the most 
common cardiac complaint encountered in pregnancy [5]. An 
increase in heart rate is a normal physiologic adaptation of preg-
nancy [6,7]; however, palpitations may also be due to serious 
underlying arrhythmia and/or cardiac dysfunction [8,9]. Heart 
rate begins to increase as early as 5 weeks of gestation, which 
may be perceived as palpitations that continue throughout 

•  Shortness of breath at rest
Red flags

•  Severe orthopnea ≥4 pillows
•  Resting HR ≥120 bpm
•  Resting systolic BP ≥160 mmHg
•  Resting RR ≥30
•  Oxygen saturations ≤94% with or
   without personal history of CVD

Personal history of CVD
without red flags

Consultations with MFM and
primary care/cardiology

Prompt evaluation and/or
hospitalization for acute symptoms

plus
Consultations with MFM and

primary care/cardiology

FIGURE 6.2 Cardiovascular disease assessment in women presenting with red flags (severe signs and symptoms or personal history of CVD). (Adapted 
from CMQCC.com, with permission.)

•  Symptoms

History

Physical
examination

Diagnostic
testing

•  Functional capacity
•  Prior cardiac events
•  Obstetric and medical history

•  Heart—rate, rhythm, first and second heart sounds, murmurs
•  Lungs—breath sounds, wheezing, ronchi
•  Abdomen—hepatomegaly, distention, right upper quadrant pain
•  Peripheral edema

•  Electrocardiogram and/or
•  Chest radiograph and/or
•  Echocardiography and/or
•  Laboratory testing

FIGURE 6.1 Basic approach to cardiac symptoms.
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pregnancy. The propensity to arrhythmias in pregnancy is 
likely due to (i) the atrial and/or ventricular stretch caused by 
increased blood volume which may occur in patients with or 
without structural heart disease, or (ii) prolongation of QT inter-
val by the high estrogen levels in pregnancy. Estrogen effects 
on cardiac arrhythmia may explain why arrhythmias are seen 
more frequently in females than their male counterparts [5,10]. 
Fortunately, most rhythm disorders seen in pregnancy are lim-
ited to sinus tachycardia or atrial/ventricular ectopic beats, both 
of which are considered benign. On the other hand, life-threat-
ening arrhythmias may manifest for the first time in pregnancy 
[11]. Complaints of palpitations should always be taken seri-
ously and not dismissed as a symptom of physiologic increase 
in heart rate. Palpitations may be the first presenting sign of a 
previously undiagnosed cardiac condition. The most common 
new-onset arrhythmia during pregnancy is supraventricular 
tachycardia [5,12], followed by atrial fibrillation, which may be 
associated valve stenosis with or without a history of rheumatic 
heart disease [13]. See Figure 6.4.

Potentially life-threatening diagnoses such as sustained 
arrhythmias and cardiomyopathy must be ruled out in a patient 
presenting with palpitations.

The initial workup of a pregnant patient with palpitations fol-
lows the same principles as the nonpregnant patient (Box 6.1).

 1. History: Patients history may help identify the etiology. 
Onset of palpitations at an early age may be suggestive 
of congenital heart defect or an underlying metabolic 
disorder. Certain features may be indicative of a specific 
etiology, such as “flip-flopping” encountered in prema-
ture atrial or ventricular contractions, and “pounding in 
the neck” being associated with atrioventricular disso-
ciation. As a general rule, pre-syncope should never be 
considered normal for pregnancy and should prompt a 
workup [5,12]. Medical conditions that can precipitate 
arrhythmias are thyroid disorders, diabetes, and anxiety 
or panic attacks. Many medications, such as sympatho-
mimetic agents, vasodilators, and anticholinergic drugs, 
can lead to the sensation of palpitations, or may cause 
arrhythmias. Beta-blocker withdrawal, herbal medica-
tion, or illicit drug use may be the etiology.

 2. Physical examination: Heart rate may be irregular in a 
patient with current arrhythmia with or without symp-
toms. Diagnosis of arrhythmia on physical exam can be 
difficult if the arrhythmia is not occurring at the time of 
the examination. However, the physical exam may lead 
to suspicion of a structural cardiac defect, i.e., cardiac 
auscultation findings may be suggestive of heart failure 
or valve disease.

•  Dyspnea

•  Resting HR ≥110 bpm •  Age ≥40 years

•  African American

•  Pre-pregnancy obesity

    (BMI ≥35)

•  Preexisting diabetes

•  Hypertension

•  Substance use (nicotine,
     cocaine, alcohol,
     methamphetamines)

•  History of chemotherapy

•  Systolic BP ≥140 mmHg

•  RR ≥24

•  Oxygen sat ≥96%

Symptoms
NYHA class ≥II

Physical exam

Abnormal findings

Consultation indicated:

≥1 symptom + ≥1 vital signs abnormal + ≥1 risk factor or
any combination adding to ≥4

Obtain: EKG and BNP

Consider: CXR, CBC, comprehensive metabolic profile, arterial blood gas, drug screen, TSH, etc.

Results abnormal

CVD highly suspected

MFM and primary
care/cardiology

Vital signs Risk factors

Suggestive of heart failure:

Suggestive of arrhythmia:

Suggestive of coronary artery
disease:

•  Mild orthopnea
•  Tachypnea 

•  Palpitations
•  Dizziness/syncope

•  Dyspnea

•  Echocardiogram +/– CXR if HF or valve disease is suspected, or if the BNP levels are elevated
•  24-hour Holter monitor, if arrhythmia suspected
•  Referral to cardiologist for possible treadmill echo vs. CTA vs. alternative testing if postpartum

•  Chest pain

•  Asthma unresponsive
    to therapy 

Heart: Loud murmur or
Lung: Basilar crackles

No
Yes

Follow-up within one week

Results negative

Signs and symptoms resolved
Reassurance and routine follow-up

FIGURE 6.3 Cardiovascular disease assessment in women without red flags. (Adapted from CMQCC.com, with permission.)
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Palpitations

Differential diagnosis*

Cardiac disease
Arrhythmia

Cardiomyopathy
Valve disease

Metabolic
Hypoglycemia
Hyperthyroid

Pheochromocytoma

Anemia
Medications

Anxiety/Panic attack

EKG +/–
Echocardiogram

Labs (BMP, TSH, urine
metanephrines)

Labs (CBC, urine
toxicology screen)

FIGURE 6.4 Palpitations in pregnancy. *Differential diagnosis: Physiologic, anemia, thyrotoxicosis, sympathomimetic medications, anxiety, panic 
attacks, sinus tachycardia, premature atrial or ventricular contractions, supraventricular tachycardia, atrial fibrillation, or ventricular tachycardia.

TABLE 6.1

Overview of Common Symptoms in Pregnancy

Symptoms Likely Physiologic Likely Cardiac

Dyspnea/SOB Gradual onset early/late third trimester
Only with heavy exertion
No associated symptomsa

Does not interfere with activities of daily living
Vital signs normal
Physical examination normal
CXR normal

Sudden earlier onset
At rest or with mild exertion
Associated symptomsa

Interfere with activities of daily living
Vital signs abnormal
Physical examination abnormalb

Infiltrates on CXR

Palpitations Self-limited
Short duration
No association with physical exertion
No associated symptomsa

Persistent
Longer durations
Worsening with physical exertion
Associated symptomsa

Chest pain Gastroesophageal reflux
Associated with eating
Resolves with antacids

Pressure-like in quality
At rest or with minimal exertion abnormal ECG

Fatigue Gradual onset
Resolves with rest
Worse in third trimester
No associated symptomsa

Severe
Acute onset
Variable timing
Associated symptomsa 

Nausea Typically in first or early second trimester
No associated symptomsa

Third trimester
Associated abdominal pain or other symptomsa

Back pain Gradual onset
Worsens with advancing gestation
Lower back in certain positions

Acute onset
Upper back or radiates from chest

Peripheral edema Gradual onset
Mild, improves with leg elevation
Symmetric
No associated symptomsa 

Relatively acute onset
Marked with minimal improvement with leg elevation
Asymmetric
Associated symptomsa 

Source: Adapted from ACOG Practice Bulletin 212, 201; CMQCC Cardiovascular disease toolkit.
a Chest pain, orthopnea, paroxysmal nocturnal dyspnea, cough, fatigue,  palpitations, dizziness, or syncope.
b Murmur, wheezing, crackles, decreased breath sounds at lung bases,  significant peripheral edema.
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 3. Diagnostic testing: A 12-lead EKG is a standard test in 
a patient with palpitations. If EKG is normal but clinical 
suspicion for an arrhythmia remains high, the next step 
is to obtain 24–48 hours of Holter monitoring. A con-
tinuous loop recorder may be indicated if the palpita-
tions are infrequent. Once arrhythmia is confirmed, an 
echocardiogram should be obtained to assess for struc-
tural malformations. There are no laboratory investiga-
tions specific for arrhythmias, but thyroid function tests 
and complete blood count to rule out anemia should be 
obtained in pregnant women with palpitations [14,15]. 
See Chapter 16 for further details.

Shortness of Breath

Dyspnea or shortness of breath (SOB) is a common complaint 
encountered in up to 75% of pregnant patients. The perception of 
SOB in pregnancy is due to the progesterone-mediated increased 
drive for ventilation exacerbated in the later part of pregnancy 
due to the elevation of the diaphragm [7]. Approximately 15% of 

pregnant women in the first trimester have SOB, which increases 
to 75% in the third trimester. Classically, the physiologic breath-
lessness is present at rest or while talking and may paradoxi-
cally improve during mild activity [7]. SOB related to pregnancy 
physiology gradually improves postpartum and returns to nor-
mal within 4–6 weeks after delivery [16]. Significant SOB may 
be due to an underlying cardiac disease [17]. See Figure 6.5.

Potentially life-threatening diagnoses such as pulmonary 
embolism, pulmonary edema, and cardiomyopathy must be 
ruled out in a patient presenting with SOB.

Basic Approach:

 1. History: The first step in assessing SOB is to take a 
detailed history. The components of the history of 
present illness may help distinguish physiologic from 
pathologic SOB [4,18,19]. Physiologic SOB is usu-
ally gradual in onset, begins in the first or second tri-
mester, and has no other associated symptoms. When 
dyspnea is sudden in onset and occurs close to term, 

BOX 6.1 APPROACH TO A PATIENT WITH PALPITATIONS

History

•     Assess exercise tolerance
•     Changes from baseline
•     Associated symptoms

•     Dizziness
•     Chest pain, shortness of breath
•     Pre-syncope, syncope

•     Frequency
•     Duration
•     Characteristics

•     Flip-flopping
•     Rapid fluttering
•     Pounding

•     Medical history: thyroid, diabetes, anxiety
•     Medications

Physical
examination 

•     Vital signs
•     Fetal heart tracing
•     Lung ausculation
•     Heart auscultation

Diagnostic testing

•     EKG
•     Thyroid function tests
•     Holter monitor
•     Loop recorder
•     Echocardiogram

Cardiology consultation
multidisciplinary planning
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pathology is more likely. Associated symptoms, such 
as cough, chest pain, fever, hemoptysis, paroxysmal 
nocturnal dyspnea, orthopnea, or wheezing should also 
raise concern for an underlying disease process. Sudden 
onset SOB with associated cough and fever is most 
suggestive of an infectious process like pneumonia or 
bronchitis. Wheezing is concerning for asthma, while 
pleuritic chest pain and hemoptysis are concerning for 
pulmonary embolism. Please note that asthma might be 
a symptom of heart failure. Severe chest pain accompa-
nying sudden onset SOB should prompt a workup for 
coronary artery ischemia or dissection, and orthopnea 
is more suggestive of pulmonary edema, valve disease, 
and possibly cardiomyopathy. Past medical history, 
family history, including family members with congeni-
tal heart disease, sudden death, or thromboembolic dis-
ease, are important components of evaluation. Certain 
medications can cause SOB, either as a side effect of the 
drug itself or secondary to an adverse effect caused by 
the drug. For example, nonselective beta-blockers can 
lead to bronchoconstriction and therefore SOB; terbuta-
line may lead to pulmonary edema and SOB. A recent 
travel history, in addition to eliciting the patient’s coun-
try of origin, can help to determine if there is a need to 
broaden the search to diseases not typically encountered 
in the United States. (See further Box 6.2.)

 2. Physical examination: Physiologic dyspnea typically 
has normal vital signs, while pathologic dyspnea may 
be associated with significant vital sign abnormalities. 
Hypertension with SOB would suggest preeclamp-
sia with resultant pulmonary edema. Hypotension, on 
the other hand, should raise alarm for sepsis, acute 

respiratory distress syndrome (ARDS), pulmonary 
embolism, cardiomyopathy, and other serious conditions 
that could result in cardiopulmonary collapse. Fever 
suggests infection, while tachycardia could suggest a 
pulmonary embolism or sepsis. Physiologic dyspnea of 
pregnancy should not cause oxygen desaturation, and 
so hypoxia should automatically trigger a more exten-
sive workup. Depending on the gestational age, fetal 
well-being needs attention as well. Fetal acidosis may 
manifest by abnormalities of the fetal heart rate, such 
as minimal or absent variability and late decelerations, 
and therefore this information can be used as a supple-
mental “vital sign,” as it indicates maternal perfusion 
and oxygenation. Lungs should be clear to auscultation 
in women with physiologic SOB. Wheezing on lung 
exam suggests an asthma exacerbation or acute bronchi-
tis. Rales or crackles occur when the lung parenchyma 
are involved, as in pulmonary edema or interstitial lung 
disease. Common causes of pulmonary edema in preg-
nancy include preeclampsia, often secondary to magne-
sium sulfate exposure, tocolytics, and cardiac disease. 
ARDS due to sepsis or an amniotic fluid embolism can 
also cause rales on lung exam. A consolidation as from 
pneumonia would lead to focal crackles. In addition, 
while some degree of pedal edema is present in up to 
80% of pregnant women, an increased amount of edema 
beyond what is normal for pregnancy should prompt a 
workup for heart failure [17,20].

 3. Diagnostic testing: A chest radiograph (CXR) should 
be considered for patients in whom pneumonia or pul-
monary edema is suspected. The amount of fetal radia-
tion exposure from CXR is minimal and any fetal risk is 

Shortness of breath

* Differential diagnosis

Cardiac
Pulmonary edema
Cardiomyopathy

Valve disease

Pulmonary
Pulmonary embolism

Asthma/COPD
Pneumonia

Other
Anemia

Thyroid disease
Preeclampsia

EKG
Echocardiogram

Lower extremity
ultrasound

CT angiogram or VQ scan

CBC
TSH

AST/AST
Urine protein/creatinine ratio

FIGURE 6.5 Shortness of breath in pregnancy. *Differential diagnosis: Cardiac causes (dilated cardiomyopathy, hypertrophic heart disease, peripartum 
cardiomyopathy, valve disease, arrhythmia), Pulmonary causes (pulmonary embolism, asthma, mechanical obstruction, pneumonia), and anemia, thyroid 
disease, preeclampsia, psychogenic, or medications, etc.
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clearly outweighed by the benefit of a correct diagnosis 
[21]. If pulmonary embolism (PE) is high on the differ-
ential diagnosis, the workup may include lower extrem-
ity Doppler studies, a ventilation perfusion (V/Q) scan, 
and/or computed tomography (CT) scan [22]. Although 
CT scan carries with it more radiation exposure than an 
x-ray or V/Q scan, the risks associated with radiation 
outweigh the risks of an undiagnosed or incorrectly 
diagnosed PE [23,24]. If dyspnea is more suggestive 
of a cardiac etiology, an echocardiogram is performed. 
Laboratory investigations include a complete blood 
count, renal and liver function tests, as well as lactic 
dehydrogenase to assess for hemolysis if preeclampsia 

or pulmonary edema are suspected. A brain natriuretic 
peptide (BNP) or a pro-NT BNP level is important 
when cardiomyopathy is suspected [25,26]. Arterial 
blood gas may be useful to determine acid base balance 
and alveolar to arterial oxygen gradient.

Chest Pain

Chest pain is a less common complaint in pregnancy than SOB 
but may be represent a life-threatening emergency. Fortunately, 
a vast majority of chest pains in pregnancy are due to benign 
causes. Gastroesophageal reflux disease (GERD) is one of the 
top causes of chest pain seen in 40%–85% of pregnant women 

BOX 6.2 APPROACH TO A PATIENT WITH SHORTNESS OF BREATH

History

•    Description of symptoms: factors more
     concerning for pathology over physiology are
     listed in Table 6.1
•    Assess exercise tolerance

•    Changes from baseline
•    Medical history: lung disease, asthma, VTE,
     heart murmurs 

•    Obstetric history: preeclampsia or
     cardiomyopathy in a prior pregnancy 

•    Family history: structural malformations,
     VTE, sudden death at a young age 

•    Medications

•    Travel history

Physical
examination 

•    Vital signs
•    Fetal heart tracing

•    Lung ausculation
•    Heart auscultation

•    Pedal edema

Diagnostic
testing 

•    CXR

•    CT angiography if high
     suspicion for PE (alternately
     V/Q scan or LE Dopplers) 

•    Echocardiogram

•    Laboratory testing
•    CBC

•    Kidney/liver function tests
•    LDH for preeclampsia

•    BNP
•    ABG

Referral to cardiologist
multidisciplinary team

planning 
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[27,28]. It typically begins in the late first trimester and worsens 
with advancing gestational age as the uterus displaces the dia-
phragm upward. In addition, hormones decrease the tone in the 
lower esophageal sphincter, promoting acid reflux. Worsening of 
the pain with lying down and relief with sitting up is suggestive 
of GERD. Musculoskeletal pain or costochondritis may occur in 
normal pregnancy and are not a cause for alarm. Regardless, a 
workup for more concerning diagnoses should always be under-
taken. The differential diagnosis for chest pain in pregnancy is 
similar to that outside of pregnancy, including myocardial isch-
emia/infarction (MI), PE, aortic dissection, and pregnancy-spe-
cific conditions such as peripartum cardiomyopathy (PPCM), 
especially if in the third trimester. See further Figure 6.6.

Potentially life-threatening diagnoses such as myocardial 
infarction, pulmonary embolism, and aortic dissections must be 
ruled out in a patient presenting with chest pain.

The evaluation of chest pain in pregnancy (Box 6.3) 
begins with:

 1. History: The quality of the pain, duration and time of 
onset, alleviating or exacerbating factors, and radia-
tion are important factors to elicit when taking a his-
tory. Pain that is relieved with cessation of exercise 
is more concerning for cardiac ischemia, while pain 
that is relieved by sitting up from a lying down posi-
tion or by taking antacids is more suggestive of GERD. 
The presence of associated symptoms, such as SOB 
or dizziness, is suggestive of a more serious etiology. 
An obstetric history of any cardiovascular complica-
tions, history of murmurs, coronary artery disease, 
hypertension, venous thromboembolic disease, and 
vascular disease or connective tissue disorder such as 
Marfan syndrome should be reviewed. As with SOB, a 

comprehensive family history, medications, and travel 
history are obtained. Family history significant for 
arrhythmia—or use of arrhythmia- provoking medica-
tions—should prompt an EKG to assess for arrhythmia.

 2. Physical examination: Vital sign abnormalities in the 
context of chest pain should prompt expedited evalua-
tion. In the outpatient setting, hypo- or hypertension, 
tachycardia, tachypnea, hypoxia, or an abnormal fetal 
heart tracing should lead to immediate hospital trans-
fer. The characteristics of chest pain may lead to more 
specific etiology; for example, in a patient with tearing 
chest pain and a history suggestive of Marfan or simi-
lar connective tissue disorder, blood pressure should 
be checked in both arms to assess for aortic dissection. 
A physical exam should focus on the cardiopulmonary 
examination, wide splitting of S1, and S3, and systolic 
murmurs can be part of a normal cardiac examination 
in pregnancy. On the other hand, diastolic murmurs 
are almost always pathologic. As in the workup for 
dyspnea, the fetal heart tracing can be used as another 
marker for maternal perfusion and oxygenation.

 3. Diagnostic testing: In patients with chest pain, an EKG 
is an initial test to rule out myocardial ischemia. EKG 
may indicate rhythm abnormality, ischemic changes, 
atrial enlargement, or ventricular hypertrophy, which 
should be followed by an echocardiogram for confirma-
tion. If clinical suspicion is high for cardiac ischemia, 
cardiac enzymes are obtained and the patient is put on 
continuous EKG monitoring. CXR may be an initial 
test for a suspected pulmonary etiology. Consultation 
with a cardiologist should be prompt if suspicion for 
cardiac pathology is high to ensure appropriate testing 
and follow-up.

Chest pain

Differential diagnosis

Cardiac disease
Arrhythmia

Cardiomyopathy
Valve disease

Metabolic
Hypoglycemia
Hyperthyroid

Pheochromocytoma

Anemia
Meds

Anxiety/panic attack

EKG +/–
Echocardiogram

Labs (BMP, TSH, urine
metanephrines)

Labs (CBC, urine
toxicology screen)

FIGURE 6.6 Chest pain in pregnancy.
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Peripheral Edema

Peripheral edema is a very common finding in pregnancy. It is 
due to a combination of decreased systemic vascular resistance, 
increased blood volume, and compression of inferior vena cava 
with advancing gestation. In addition, saphenous veins of the 
lower extremity contain progesterone and estrogen receptors, 
which contribute to the venous dilation and valve failure during 
pregnancy, thereby worsening lower extremity edema [29]. See 
Figure 6.7.

Fatigue

Fatigue is a common complaint in up to 44% of pregnant women, 
and the symptom presentation is extremely variable throughout 

pregnancy. However, it is more widely accepted that fatigue wors-
ens in the third trimester, as the burden of carrying increased 
weight from the pregnancy is at the maximum.

Differential diagnosis: Normal variant versus anemia, cardiac 
disease, i.e., PPCM, congestive heart failure, electrolyte imbalance.

Nausea

Nausea is a common complaint of pregnancy most prevalent in 
the first trimester that generally subsides by 12 weeks of preg-
nancy [30] however, it may persist into the late second trimester 
in patients with severe hyperemesis. Nausea can occur during 
labor, especially with use of analgesia; however, it should com-
pletely resolve within a few days postpartum [31].

BOX 6.3 APPROACH TO THE PATIENT WITH CHEST PAIN

History

•  Exercise tolerance
•  Change from baseline
•  Characteristics
•  Onset, duration, quality
•  Radiation
•  Reproducibility

•  Exacerbating and remitting factors
•  Obstetric history of cardiovascular
   complications 
•  History of murmurs, coronary artery
   disease, hypertension, VTE, vasculopathy,
   connective tissue disorder  
•  Family history 
•  Medication history
•  Travel history

Physical 
examination

• Vital signs
• BP in both arms if dissection suspected
• Fetal heart tracing
• Cardiac auscultation
• Systolic and diastolic murmurs
• Lung auscultation
• Basilar crackles, ronchi, wheezes
• Peripheral edema
• Cyanosis

Diagnostic testing

• EKG
• Echocardiogram
• Cardiac enzymes
• CXR
• Laboratory tesitng

Referral to cardiologist
multidisciplinary team

planning 
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Differential diagnosis: Nausea/vomiting of pregnancy, drugs/
medications, infectious (viral or bacterial), intrinsic GI disorder 
(pancreatitis, cholecystitis), endocrine (gastroparesis second-
ary to diabetes mellitus or hyperthyroidism), migraine, intracra-
nial abnormality, or psychogenic.

Back Pain

Back pain generally begins around mid-pregnancy. Onset may 
vary and start earlier in the first trimester, typically peaking at 
24–36 weeks of gestation [32]. Mild to moderate low back pain 
is very common due to spinal changes, i.e., physiologic lordo-
sis, and may be considered normal. In contrast, midclavicular or 
upper back pain is not typical for normal pregnancy and may be 
indicative of a serious etiology such as pulmonary PE or aortic 
dissection. If the pain is reproducible and/or relieved on physical 
exam, it is more reflective of musculoskeletal condition. There 
are a few case series suggestive of an association between neur-
axial anesthesia and interscapular back pain, but this is not well 
studied [33].

Differential diagnosis: Normal due to musculoskeletal 
changes in pregnancy, asthma, aortic dissection, PE.

Conclusion

Pregnancy mimics cardiac disease. Symptoms of palpitations and 
shortness of breath are common in pregnant women. Maternal 
mortality reviews indicate that the most important driving fac-
tors are delays in diagnosis and treatment of heart disease in 
pregnancy and a lack of recognition by the health care provider. 
All self-reported symptoms in pregnancy should be thoroughly 
evaluated in a manner similar to that of the nonpregnant state. 

Obstetric care providers should be able to differentiate cardiac 
symptoms from those of normal pregnancy-related physiology. 
Once a patient is identified as being high risk for cardiovascu-
lar disease, she should be promptly referred to cardiologist for 
 further management in a multidisciplinary manner.

REFERENCES
 1. Creanga AA et al. Pregnancy-related mortality in the United 

States, 2011–2013. Obstet Gynecol. 2017;130(2):366–73.
 2. Hameed AB et al. Pregnancy-related cardiovascular deaths in 

California: Beyond peripartum cardiomyopathy. Am J Obstet 
Gynecol. 2015;213(3).

 3. Hameed AB, Morton CH, Moore A. Improving Health 
Care Response to Cardiovascular Disease in Pregnancy 
and Postpartum. Developed under contract #11-1006 with 
California Department of Public Health, Maternal Child 
and Adolescent Health Division. Published by the California 
Department of Public Health. http://www.CMQCC.org. 
2017.

 4. Hollier LM et  al. Pregnancy and heart disease. Obstet 
Gynecol. 2019;133(5):E320–56.

 5. Shotan A et al. Incidence of arrhythmias in normal pregnancy 
and relation to palpitations, dizziness, and syncope. Am J 
Cardiology. 1997;79(8):1061–4.

 6. Robson SC et al. Hemodynamic-changes during early human-
pregnancy—An M-mode and Doppler echocardiographic 
study. Br Heart J. 1987;57(6):584–5.

 7. Soma-Pillay P et  al. Physiological changes in pregnancy. 
Cardiovasc J Afr. 2016;27(2):89–94.

 8. Drenthen W et  al. Predictors of pregnancy complica-
tions in women with congenital heart disease. Eur Heart J. 
2010;31(17):2124–32.

Peripheral edema

Differential diagnosis*

Superficial
thrombosis/deep vein

thrombosis
Preeclampsia Heart failure

Venous Dopplers PreE labs (P/C ratio, pits,
Cr, LFTs, uric acid)

BNP, CXR,
Echocardiogram

FIGURE 6.7 Peripheral edema. *Differential diagnosis: Physiologic edema of pregnancy, superficial vein thromboses, deep vein thrombosis, preeclamp-
sia, heart failure.

http://www.CMQCC.org


53Cardiovascular Symptoms

 9. Li JM et al. Frequency and outcome of arrhythmias compli-
cating admission during pregnancy: Experience from a high-
volume and ethnically-diverse obstetric service. Clin Cardiol. 
2008;31(11):538–41.

 10. Yarnoz MJ, Curtis AB. More reasons why men and women 
are not the same (gender differences in electrophysiology and 
arrhythmias). Am J Cardiol. 2008;101(9):1291–6.

 11. Knotts RJ, Garan H. Cardiac arrhythmias in pregnancy. 
Seminars Perinatol. 2014;38(5):285–8.

 12. Vaidya VR et  al. Burden of arrhythmia in pregnancy. 
Circulation. 2017;135(6):619–21.

 13. Vaidya VR et al. P6055 Impact of atrial fibrillation in preg-
nancy: An analysis from the nationwide inpatient sample. 
Eur Heart J. 2017;38(Suppl 1):1273–1273.

 14. Joglar JA, Page RL. Management of arrhythmia syndromes 
during pregnancy. Curr Opin Cardiol. 2014;29(1):36–44.

 15. Adamson DL, Nelson-Piercy C. Managing palpitations and 
arrhythmias during pregnancy. Heart. 2007;93(12):1630–6.

 16. Czerwinski EM. Case report postpartum cough and dyspnea. 
Adv Emerg Nurs J. 2016;38(3):190–8.

 17. Goland S et al. Shortness of breath during pregnancy: Could 
a cardiac factor be involved? Clin Cardiol. 2015;38(10): 
598–603.

 18. Wagner S et al. The impact of pregnancy on the work-up of 
chest pain and shortness of breath in the emergency depart-
ment. Obstet Gynecol. 2017;129:176s–7s.

 19. Varnier N et al. All that wheezes is not asthma: A cautionary 
case study of shortness of breath in pregnancy. Obstet Med. 
2015;8(3):149−51.

 20. Prasad M. Shortness of breath in pregnancy. J General 
Internal Med. 2015;30:S453–S453.

 21. Copel J et al. Guidelines for diagnostic imaging during preg-
nancy and lactation. Obstet Gynecol. 2017;130(4):E210–16.

 22. Wan T et al. Guidance for the diagnosis of pulmonary embo-
lism during pregnancy: Consensus and controversies. Thromb 
Res. 2017;157:23–8.

 23. Shahir K et  al. Pulmonary embolism in pregnancy: CT 
pulmonary angiography versus perfusion scanning. Am J 
Roentgenol. 2010;195(3):W214–20.

 24. Scarsbrook AF, Bradley KM, Gleeson FV. Perfusion scintigra-
phy: Diagnostic utility in pregnant women with suspected pul-
monary embolic disease. Eur Radiol. 2007;17(10):2554–60.

 25. Wei T et al. Systolic and diastolic heart failure are associated 
with different plasma levels of 13-type natriuretic peptide. 
Int J Clin Pract. 2005;59(8):891–4.

 26. Grewal J et  al. BNP and NT-proBNP predict echocardio-
graphic severity of diastolic dysfunction. Eur J Heart Fail. 
2008;10(3):252–9.

 27. Ali RAR, Egan LJ. Gastroesophageal reflux disease in preg-
nancy. Best Pract Res Clin Gastroenterol. 2007;21(5):793–806.

 28. Body C, Christie JA. Gastrointestinal diseases in pregnancy 
nausea, vomiting, hyperemesis gravidarum, gastroesophageal 
reflux disease, constipation, and diarrhea. Gastroenterol Clin 
North Am. 2016;45(2):267−83.

 29. Smyth RMD, Aflaifel N, Bamigboye AA. Interventions 
for varicose veins and leg oedema in pregnancy. Cochrane 
Database Syst Rev. 2015(10):CE001066.

 30. Bai GN et al. Associations between nausea, vomiting, fatigue 
and health-related quality of life of women in early pregnancy: 
The generation R study. PLOS ONE. 2016;11(11).

 31. Kirshon B, Lee W, Cotton DB. Prompt resolution of hyper-
thyroidism and hyperemesis gravidarum after delivery. Obstet 
Gynecol. 1988;71(6):1032–4.

 32. Vermani E, Mittal R, Weeks A. Pelvic girdle pain and low back 
pain in pregnancy: A review. Pain Practice. 2010;10(1):60–71.

 33. Klumpner TT et  al. Interscapular pain associated with 
neuraxial labour analgesia: A case series. Can J Anesth. 
2016;63(4):475–9.



54

7
Cardiac Diagnostic Testing in Pregnancy

Edlira Tam and Cynthia Taub

Introduction

Maternal heart disease, although it complicates a small percent-
age of all pregnancies in developed countries, is a major cause 
of non-obstetric maternal morbidity and mortality. Cardiac 
complications in pregnant women with heart disease occur 
in 16% of pregnancies and are primarily related to maternal 
arrhythmias and heart failure. The majority of cardiac compli-
cations are seen in the antepartum period, followed by the post-
partum period, with the fewest occurring at the time of labor 
and delivery [1]. Maternal mortality continues to rise, and car-
diovascular death is one of the main driving factors. Between 
2011 and 2013, cardiovascular disease accounted for approxi-
mately 15% of maternal mortality in America [2]. Congenital 
heart disease is the most common form of heart disease com-
plicating pregnancy in the United States, whereas rheumatic 
heart disease remains the most common form of heart disease 
in developing countries.

Pregnant women with known or suspected cardiovascular dis-
ease often require cardiovascular diagnostic testing during their 
pregnancy. There are multiple testing modalities available that 
can be used in pregnant women with suspected cardiac disease to 
confirm the diagnosis, risk stratify, treat, and assess response to 
therapy. The imaging modalities used for these purposes include 
electrocardiogram (ECG), x-ray (which encompasses chest radi-
ography, computed tomographic pulmonary angiography [CTPA], 
coronary computed tomographic angiography [CCTA], fluoros-
copy, and invasive angiography), echocardiography, cardiac mag-
netic resonance imaging (MRI), and nuclear techniques [3].

Special Considerations in Pregnancy

Normal cardiovascular changes in pregnancy such as increased 
cardiac output, volume overload, and reduced systemic vascular 
resistance may lead to significant changes in physical exami-
nation findings, laboratory changes, and imaging findings that 
often mimic cardiac pathology. A detailed exam should be per-
formed in all women with signs and symptoms of cardiovascular 
disease, such as dyspnea, fatigue, palpitations, low oxygen level, 
and changes in blood pressure [2].

Imaging studies are important adjuncts in the diagnostic eval-
uation of cardiovascular disease in pregnancy. Poor understand-
ing about the safety of imaging modalities in pregnancy and 
lactating women often results in unnecessary avoidance of useful 
diagnostic tests. Thus, it is important that the physician under-
stand the indications for, limitations of, and potential harms or 
benefits of tests ordered during pregnancy. Appropriate counsel-
ing of patients before radiological studies are performed is criti-
cal, and informed consent should always be obtained. Risk to the 
embryo or fetus depends on the type and amount of radiation and 
gestational age of the fetus. Reports vary, but the most sensitive 
period for CNS teratogenicity seems to be between 8–17 weeks 
of gestation, with a higher threshold dose at more advanced ges-
tational ages. Based on dose-response calculations, diagnostic 
procedures involving radiation do not pose a risk to the fetus 
unless the cumulative dose to the uterus is greater than 10 cGy; 
conservative guidelines suggest that non-urgent radiological test-
ing should be avoided during this time and cumulative exposure 
to the uterus during pregnancy be kept below 5 cGy [3–5].

KEY POINTS

• Cardiac complications in pregnant women with heart dis-
ease occur in 16% of pregnancies and are primarily related 
to maternal arrhythmias and heart failure

• The most sensitive period for embryopathy is between 
5–12 weeks of gestation, and non-urgent radiological test-
ing should be avoided during this time

• The accepted cumulative dose of ionizing radiation during 
pregnancy is 50 mGy

• Echocardiography should be obtained in pregnant women 
who complain of chest pain, syncope, shortness of breath 
out of proportion to pregnancy, and palpitations

• Cardiac MRI can be especially helpful in the assessment 
of complex congenital heart disease and aortic pathology
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Pregnancy may limit the diagnostic accuracy of various imag-
ing modalities. For instance, the appearance of cardiomegaly on 
chest x-ray, QRS axis changes in electrocardiogram, or exagger-
ated transvalvular gradient on echocardiogram can be due to the 
normal structural, physiological, and hemodynamic changes in 
pregnancy [2,6].

Radiation Exposure in Pregnancy

It is estimated that a fetus will be exposed to 1 mGy of background 
radiation in pregnancy [7]. The risk to the fetus from ionizing radi-
ation is dependent on gestational age at the time of exposure and 
dose of radiation. The accepted cumulative dose of ionizing radia-
tion during pregnancy is 50 mGy (equal to 50 mSv or 5 rads). If 
extremely high-dose exposure (in excess of 1 Gy) occurs during 
early embryogenesis, it will most likely be lethal to the embryo. 
The most common adverse effects seen with high-dose radiation 
exposure in humans beyond the period of early embryogenesis 
are growth restriction, microcephaly, and intellectual disability. 
However, for the development of these adverse effects the radia-
tion exposure has to be sufficiently high. Fetal anomalies, growth 
restrictions, and miscarriages have not been reported with radia-
tion exposure of less than 50 mGy (see Table  7.1) [4]. The esti-
mated minimal threshold for an adverse effect is thought to be 
in the range of 60–310 mGy; however, the lowest clinically doc-
umented dose to produce severe intellectual disability has been 
reported to be 610 mGy [8]. Cardiovascular diagnostic imaging 
does not reach these levels, therefore these effects are rarely of 
concern for patients.

Laboratory Tests in Pregnancy

Laboratory tests should be the initial screening modality in 
women presenting with chest pain and shortness of breath out 
of proportion to pregnancy. Serum biomarkers can be used as 
screening tests to aid in diagnosis of cardiovascular disease. 

B-type natriuretic peptides (BNP or its inactive amino terminal 
fragment NT-proBNP) are important biomarkers used in diagno-
sis and management of heart failure. Levels of natriuretic pep-
tides may be elevated based on stage of pregnancy, preeclampsia, 
preexisting cardiomyopathies, congenital heart disease, or peri-
partum cardiomyopathy. Furthermore, BNP can be elevated in 
noncardiac conditions such as sepsis, kidney disease, and anemia 
[9,10]. A complete blood count (CBC) would aid in diagnosing 
anemia or an active infection. High levels of natriuretic pep-
tides are associated with increased risk of cardiovascular events 
and should raise suspicion for cardiac disease and lead to care-
ful supervision during pregnancy and postpartum period [10]. 
Troponin is another serum biomarker used to diagnose cardio-
vascular disease, particularly acute coronary syndrome (ACS) 
and massive PE with hemodynamic compromise. Pregnant 
women with ACS present similar to their female counterparts. 
Coronary artery disease (CAD), and in particular ACS, during 
pregnancy are associated with high risk of mortality and signifi-
cant morbidity. A low threshold to investigate women with chest 
pain is paramount. Elevated troponin level in pregnant women 
with chest pain should be investigated seriously [11].

The plasma level of D-dimer is nearly always increased in the 
presence of acute pulmonary embolism (PE). It is a commonly 
used test with high sensitivity for ruling out venous thromboem-
bolism (VTE) in nonpregnant patients [12]. The diagnosis of PE in 
pregnancy poses a challenge to physicians. Signs and symptoms 
of PE such as dyspnea, lower extremity edema, and tachycardia 
occur as part of normal pregnancy, and diagnostic tests such as the 
D-dimer can be unreliable because the level steadily rises through-
out pregnancy [13]. A negative D-dimer is still reliable in pregnant 
patients with low pretest probability, and especially in the first tri-
mester. However, if suspicion for VTE and pretest probability is 
high, further workup with imaging modalities is necessary. See 
Table 7.2.

Chest Radiograph

The chest radiograph is a commonly used diagnostic modality in 
pregnancy and it provides important information about the lungs, 
airways, blood vessels, and size of the heart and bones of the 
spine and chest.

TABLE 7.1

Effects of Radiation on the Fetus (Gestational Age, 
Dose, and Effects)

Gestational Age
Estimated 

Threshold Dose Effect

Before implantation
 (0–2 weeks)

50–100 mGy Death of embryo or no 
consequence

Organogenesis
 (2–8 weeks after 
fertilization)

200 mGy
200–250 mGy

Congenital anomalies 
(skeleton, eyes, 
genitals)

Growth restrictions

8–15 weeks 60–310 mGy
200 mGy

Severe intellectual 
disability (high risk)

Microcephaly

16–25 weeks 250–280 mGy Severe intellectual 
disability (low risk)

Source: Adapted from Patel SJ et al. Radiographics. 2007;27(6): 
1705–22.

TABLE 7.2

Laboratory Tests

Laboratory Test Indications

BNP/NT-proBNP Assess for cardiomyopathy, women with 
congenital heart disease, severe preeclampsia

Troponin Assess for acute coronary syndromes or 
pulmonary embolism

D-dimer High negative predicative value for pulmonary 
embolism

May be even less sensitive in pregnancy, as level 
increases progressively throughout gestation

CBC Assess for anemia: differential diagnosis of 
dyspnea out of proportion to pregnancy
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Indications for obtaining a chest radiograph in pregnancy are 
no different from those in nonpregnant patients and should be 
considered in any pregnant patient who presents with new-onset 
dyspnea to evaluate for pulmonary edema, cardiomegaly, and 
atrial enlargement [8,14]. A review of 200 chest radiographs from 
pregnant women analyzed lung parenchyma, cardiac contour, 
and vascular markings and found no characteristic changes in 
pregnancy [15]. Thus, abnormal findings in pregnancy should be 
investigated just as they are in nonpregnant patients. Medically 
indicated chest radiograph can be safely performed in pregnancy 
provided that fetal (abdominal) shielding is used.

Electrocardiogram

The electrocardiogram (ECG) is often one of the initial diag-
nostic modalities performed in pregnant women with suspected 
heart disease. The ECG is helpful in identifying conditions such 
as myocardial infarction, arrhythmia, and PE. During normal 
pregnancy there may be some subtle changes in the ECG, such as 
shortening of the PR and QT intervals, left axis deviation [5], and 
nonspecific ST-T wave changes in the left precordial leads [16].

Rhythm Monitors

Palpitations, dizziness, and syncope are common complaints in 
pregnancy and are among the most frequent causes of referral 
to high-risk obstetric clinics [17]. According to the 2018 guide-
lines by the American College of Cardiology, American Heart 
Association, and Heart Rhythm Society, the presence of unex-
plained palpitations, syncope, or dizziness is considered a class 
1 indication for ambulatory electrocardiogram monitoring [18].

Several types of ambulatory cardiac rhythm monitoring are 
available. For symptoms frequent enough to be detected within 
a short period, Holter monitoring can be used, which is a con-
tinuous recording for 24–72 hours but can be as long as 2 weeks 
in the newest models. External patch recorders continuously 
record and store rhythms for up to 14 days and have patient-
trigger capability to allow for symptom rhythm correlation. The 
patch is leadless, can be easily self-applied, and is largely water 
resistant, making it more comfortable and less cumbersome, 
potentially improving patient compliance. In high-risk patients, 
mobile cardiac outpatient monitoring should be considered. This 
device records and transmits data for up to 30 days. If significant 
arrhythmias are detected, the data is automatically transmitted 
to a live central monitoring station, allowing for real-time and 
immediate feedback to a health care provider [18].

Heart rate increases by 25% in pregnancy, making sinus 
tachycardia the most common benign arrhythmia, especially 
in the third trimester. Furthermore, ectopic beats and non-
sustained arrhythmia are encountered in more than 50% of 
pregnant women [19]. Sustained supraventricular tachycardia 
is the most common serious arrhythmia diagnosed in preg-
nancy. Interestingly, obese women (BMI >30) have a fourfold 
increased risk of experiencing a serious rhythm disturbance 
during gestation, and women with a prior history of arrhythmia 
have an eightfold increased risk [17].

Echocardiography

Transthoracic echocardiography can be used to evaluate ven-
tricular function, valvular abnormalities, and pericardial disease. 
It uses high-frequency sound waves to image cardiac structures. 
Ultrasound waves are harmless to the tissues at the intensities 
used in diagnostic imaging. Echocardiography should be obtained 
in pregnant women who complain of chest pain, syncope, short-
ness of breath out of proportion to pregnancy, and palpitations. 
Furthermore, an echocardiogram should be performed on women 
with documented arrhythmia during pregnancy and those with 
known heart disease, stroke, or prior history of chemotherapy or 
radiation [20]. Serial echocardiography may be indicated during 
pregnancy based on the underlying cardiac disease.

It is important to note that significant cardiovascular hemody-
namic changes occur during pregnancy, making clinical diagno-
sis of heart disease challenging. Normal pregnancy is associated 
with increased blood volume and cardiac output that lead to 
increases in left and right ventricular chamber size, an increase 
in left atrial size, and increase in left ventricular wall thickness; 
however, no change in left ventricular ejection fraction is seen. 
Other normal cardiac structural changes that can be seen in 
pregnancy include an increase in aortic root, increase in mitral 
and tricuspid annular size, and increase in stroke volume (see 
Table  7.3) [21,24]. In addition, asymptomatic pericardial effu-
sions during the third trimester occur in approximately 40% of 
pregnant women [22].

TABLE 7.3

Normal Echocardiographic Changes in Pregnancy

Cardiac Chamber 
Dimensions Change in Pregnancy

LV dimension and volume Increases

LA dimension Increases

LV wall and mass Increase

RV dimension and volume Increase

RA dimension Increases mid to late third trimester

LV Systolic Function Change in Pregnancy

Stroke volume Increases

Cardiac output Increases

LV ejection fraction Unchanged

Doppler Parameters Change in Pregnancy

Mitral E velocity Slight increase

Mitral A velocity Significant increase

E/A ratio Decreases

Deceleration Time Increases

Peak pulmonary artery 
pressure

Unchanged

Other Change in Pregnancy

Aortic root diameter Increases

Mitral/tricuspid annular size Increases

Source: Adapted from Adeyeye VO et al. Clin Med Insights Cardiol. 
2016; 10:157–62.

Abbreviations:  LV, left ventricle; RV, right ventricle; LA, left atrium; 
RA, right atrium.
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Due to physiologic and structural changes in pregnancy, echo-
cardiographic imaging can be technically difficult (i.e., limited 
subcostal views due to gravid uterus). The use of echocardio-
graphic contrast agents (ECA) to help discriminate between the 
blood pool and the endocardium has been used in the United 
States in at least 10%−15% of patients. To date there are no 
data about the safety of ECA use in pregnancy, and use of these 
agents in pregnancy should be limited unless clearly needed [23].

Exercise Stress Test

In stable women with symptoms of coronary disease but no 
acute features, it is reasonable to perform exercise stress testing. 
Studies have shown that exercise stressing in pregnancy is safe. 
Stress testing can be either ECG-only, or if imaging is needed, 
exercise echocardiography can be performed. Studies have shown 
that exercise stress testing in inactive, regularly active, and vigor-
ously active healthy women between 28 and 32 weeks of gesta-
tion showed no abnormal fetal bradycardic responses and there 
were no adverse neonatal outcomes [25,26]. In women who are 
not able to exercise, pharmacological stress testing using dobuta-
mine would be an alternative. Animal studies to date have shown 
no evidence of fetotoxicity related to the use of dobutamine, and 
the FDA has classified it as pregnancy category B (although since 
2014 obstetricians no longer classify drugs by categories; rather, 
each case is assessed individually and ultimately if the benefits 
outweigh the risks of the drug, it is advised to pursue its use) [5]. 
Nevertheless, dobutamine stress should only be performed if the 
benefits of the study outweigh the risks to the fetus and there is 
no other safer alternative.

Nuclear Perfusion Studies

Cardiovascular nuclear perfusion scans are performed via tag-
ging a chemical agent with a radioisotope. Nuclear studies 
that may be performed during pregnancy include pulmonary 
 ventilation-perfusion scans that evaluate for PE, and myocardial 
perfusion images used to assess coronary artery disease (CAD) 
and ventricular function. The two common nuclear imaging 
techniques used along with the gamma scintigraphic imaging are 
positron emission tomography (PET) and single photon-emission 
computed tomography (SPECT). The most commonly used com-
pound for PET imaging is fluoro-2-deoxyglucose (18FDG) [3].

In cardiovascular perfusion scans, technetium 99 m, one of 
the most commonly used isotopes, may be combined with other 
compounds that localize to active myocardial cells allowing for 
identification of ischemic areas in the heart. The half-life of tech-
netium 99 m is 6 hours and it releases a mono-energetic gamma 
photon of 140 keV [8].

Not all radioisotopes are safe in pregnancy. Radioactive iodine 
can easily cross the placenta, has a half-life of 8 days, and can 
lead to fetal thyroid abnormalities, especially after 10 weeks of 
gestation, given the timing the fetal thyroid commences function. 
Nuclear T3 receptors can be identified in the brain of 10-week 
old fetuses, and they increase tenfold by 16 weeks’ gestation 
before the fetal thyroid becomes fully functional. Myocardial 
perfusion studies using technetium 99 m result in embryonic 

or fetal exposure of ≤17 mGy [27,46]. If cardiac stress testing 
is indicated in pregnancy, we favor using stress echocardiogra-
phy over myocardial perfusion imaging to limit fetal exposure 
to radiation. However, if there is a real clinical indication for 
the study, such imaging can be performed, and the risk to the 
mother and fetus is minimal. Counseling pregnant women on 
the risks of radiation exposure to the fetus is an important duty 
for the physician. The risk for spontaneous abortions, major 
malformations, mental retardation, and childhood malignancy 
is approximately 286/1000 deliveries in the general population 
[3]; exposing the fetus to 50 mGy of radiation increases that risk 
by only 0.17% [28].

Cardiac Magnetic Resonance Imaging

Cardiac MRI is indicated when echocardiography cannot provide 
adequate diagnostic information and better imaging is required 
to optimize management. Cardiac MRI enables noninvasive 
evaluation of cardiac chambers, great arteries, and veins, and 
provides excellent evaluation of both the left and right ventricle, 
including ventricular size, thickness, wall motion, and ejection 
fraction. Cardiac MRI can be most helpful in the assessment of 
complex congenital heart disease and aortic pathology.

Cardiac MRI has been used safely in pregnancy for over 25 
years, especially in the second and third trimester. There are no 
precautions or contraindications specific to the pregnant woman. 
MRI is free of ionizing radiation and provides high spatial and 
temporal resolution [8]. Cardiac MRI is reasonable as a diag-
nostic modality to assess myocardial function, congenital car-
diovascular abnormalities, and disease of the aorta [27]. The 
main safety concerns include potential teratogenicity during the 
first trimester and acoustic damage to the fetus. A retrospective 
cohort study of 1737 women in their first trimester found that 
maternal exposure to MRI was not associated with a higher risk 
of stillbirth, neonatal death, congenital anomalies, neoplasm, or 
hearing loss [29].

The diagnostic accuracy of MRI can be improved with gado-
linium, an intravenous contrast medium. Gadolinium is used in 
cardiac MRI for the detection of myocardial scar using late gad-
olinium enhancement (LGE) methods and detection of myocar-
dial ischemia using stress/rest perfusion techniques [30]. LGE 
can be useful in identifying myocardial fibrosis and scarring 
(i.e., to distinguish between coronary disease and infiltrative 
diseases such as amyloidosis, sarcoidosis, or hemochromatosis) 
as well as to diagnose pericardial disease. Gadolinium-based 
contrast agents readily cross the placenta, and massive doses 
in experimental animals cause post-implantation fetal loss, 
delayed development, and skeletal and visceral abnormalities 
[31]. The administration of gadolinium in pregnancy is discour-
aged due to the possibility of teratogenicity during organogen-
esis in the first trimester. In one study, gadolinium MRI used 
at any time during pregnancy was associated with increased 
risk of rheumatologic, inflammatory, and infiltrative skin dis-
orders; stillbirth; and neonatal death [29]. Thus, current rec-
ommendations are to avoid use of gadolinium-enhanced MRI 
at any stage of pregnancy unless absolutely essential. The FDA 
classified all gadolinium-based contrast agents as pregnancy 
category C. This category system is frequently misunderstood 
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by health care providers and patients; in 2014 the FDA intro-
duced a new system referred to as the “Pregnancy and Lactation 
Labeling Rule” that removes the letter ratings from all labels 
and replaces them with structured narrative summaries of 
potential risks [5].

Lower Extremity Ultrasound

Lower extremity ultrasound is a noninvasive test that is used 
in the diagnosis of deep venous thrombosis (DVT). The preva-
lence of venous thrombi in pregnancy is estimated to range 
from 0.06% to 8% with a reported predisposition for DVT of 
the left lower extremity (75%–96% of the cases) [32]. In preg-
nant women, iliofemoral thrombi involving the pelvic vein are 
more common than calf vein thrombi, and scanning strategies 
need to be adapted to take these factors into account [33]. Up 
to one-quarter of pregnant patients with untreated DVT may 
develop PE, which is the leading cause of maternal mortality in 
the developed world [34].

Ventilation-Perfusion Scintigraphy

Diagnostic imaging plays an important role for diagnosis of PE 
in pregnancy. Ventilation-perfusion (V/Q) scintigraphy and pul-
monary CT angiography (CTA) have both been used to diagnose 
PE in pregnant women. The available literature on fetal radiation 
remains conflicted, with some authors asserting that both studies 
confer the same amount of radiation [35], whereas others have 
shown that pulmonary CTA provides a substantially lower dose 
[36]. The fetal radiation dose from both studies is approximately 
0.1–0.4 mGy. V/Q scan delivers an effective breast dose of 0.22–
0.28 mGy, significantly lower than pulmonary CTA (see below) 
[34]. Thus, one major advantage to V/Q scanning is the lower 
radiation exposure to the maternal breast tissue, with the major 
disadvantage being inability to provide an alternative diagnosis 
in the absence of PE [32]. The accuracy of V/Q scan has been 
reported to be as high as 96%, although the study can be incon-
clusive in up to 25% of pregnant patients [37].

In order to avoid nondiagnostic results, it is reasonable to 
reserve V/Q scanning in women with normal chest radiographic 
findings and no history of asthma or chronic lung disease. To 
limit fetal radiation exposure, low-dose perfusion-only scans 
(LDQ) are used commonly in pregnant women. Dose reduction 
can be readily achieved by eliminating the ventilation portion 
and decreasing the dose of the perfusion component by 50%. 
A retrospective study of 225 pregnant women who underwent 
LDQ found this imaging modality performed comparably to pul-
monary CTA, with indistinguishable negative predictive values 
(100% and 97.5%, respectively) [32,38].

Pulmonary Computed Tomographic Angiography

Pulmonary CTA is the imaging of choice in the diagnoses of 
PE due to its high sensitivity and specificity. Disadvantages 

include maternal breast radiation exposure of up to 10–70 mGy, 
fetal radiation exposure, and risks related to iodinated contrast 
material [32,34]. The most common side effects associated with 
iodinated contrast media include nausea, vomiting, flushing, and 
anaphylactoid reaction. Iodine contrast media can readily cross 
the placenta; however, animal studies have not shown any tera-
togenic or mutagenic effects with its use [8]. The current recom-
mendation is that contrast may be used when needed and when 
benefits outweigh the risks.

In a pregnant patient requiring the study, reduced-dose pul-
monary CTA is recommended. In addition, other dose reduction 
methods such as thin-layered bismuth breast shield and abdomi-
nal lead shielding for the fetus should always be used [32]. 
A potential disadvantage to the study is the possibility of reduced 
image quality due to less pulmonary artery enhancement in preg-
nancy because a higher percentage of maternal cardiac output is 
shifted to the fetus [39]. While it remains the imaging choice for 
PE, in a small retrospective study, pulmonary CTA was diagnos-
tically inadequate in 35.7% of pregnant patients compared with 
2.1% in nonpregnant patients [40]. A meta-analysis supported the 
overall better performance of pulmonary CTA to V/Q scan in the 
general population [41], whereas an additional study looking at 
pregnant patients found both imaging modalities to be equivalent 
[42]. Thus, the choice of study should be based on other consider-
ations, such as radiation concern, radiographic results, and need 
for an alternative diagnosis.

Coronary Computed Tomographic Angiography

CCTA is used for diagnosis of CAD in patients with chest pain 
and no prior history of CAD. It uses advanced CT technology 
along with intravenous contrast material to obtain high-resolu-
tion 3D images. CCTA can accurately quantify the presence, 
extent, angiographic severity, and composition of coronary ath-
erosclerosis with a reported sensitivity of 91% and specificity of 
92% [43]. CCTA is noninvasive with potentially less risk and 
discomfort compared to cardiac catheterization. Although it may 
provide a safer method to obtain anatomic information, it still 
carries the risks of fetal radiation and a need to use high doses of 
a beta-blocker for appropriate heart rate reduction [44].

Left Heart Catheterization

Coronary angiography/left heart catheterization (LHC) is the 
gold standard diagnostic test in the diagnosis of CAD and man-
agement of acute myocardial infarction (AMI). AMI complicat-
ing pregnancy is relatively uncommon; it is more likely to occur 
in older women and has a mortality rate of 7.3%–20% [20,44]. 
A study of 150 cases of AMI occurring during pregnancy or 
the postpartum period found that two-thirds of the patients had 
an anterior wall MI. Coronary artery dissection, a rare cause 
of AMI in the nonpregnant population, was the most common 
cause, documented in >40% of the pregnant patients in this 
study. AMI secondary to coronary artery dissection occurred 
mostly in late pregnancy or the early postpartum period and 
involved mostly the left main and left anterior descending artery 
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[45]. Clinical presentation of AMI is the same as in the nonpreg-
nant population.

The effects of ionizing radiation should not prevent primary 
percutaneous coronary intervention (PCI) when there is an indi-
cation for revascularization in AMI. The estimated radiation 
exposure from an LHC to the fetus is approximately 1.5 mGy, 
and to the mother is about 7 mGy. When PCI or radiofrequency 
catheter ablation is needed, that exposure increases to 3 mGy 
for the fetus and 15 mGy for the mother [20]. In stable, low-risk 
NSTEMI, a noninvasive approach should be considered.

There is little information regarding recommended drug 
therapy in AMI. Low-dose aspirin appears to be safe in preg-
nancy. There is little information regarding P2Y12 inhibitors, and 
the most recent recommendations by the European Society of 
Cardiology suggest using clopidogrel only when strictly needed 

and for the shortest duration. In the absence of data, they rec-
ommend refraining from the use of glycoprotein IIb/IIIa inhibi-
tors, bivalirudin, prasugrel, and ticagrelor. Beta-blockade may be 
beneficial in reducing shear stress and can be used in pregnancy 
[44,45]. See Table 7.4.

Conclusion

Physiologic changes in pregnancy may alter results of common 
diagnostic modalities. A detailed history and physical examina-
tion in pregnant patients presenting with cardiac symptoms will 
help triage and utilize the appropriate test at a given gestational 
age. Most diagnostic tests and imaging modalities for cardiovas-
cular evaluation are considered safe in pregnancy.

TABLE 7.4

Common Diagnostic Tests

Diagnostic Test Indications Risks Safe in Pregnancy

Chest radiograph Cardiac and pulmonary disease Estimated fetal exposure to radiation 
is <0.0001 mGy

Yes

Electrocardiogram ACS, PE, arrhythmias Safe Yes

Echocardiogram Evaluate cardiac structures and 
function

Safe Yes

Rhythm monitors Palpitations, near-syncope, 
syncope

Safe Yes

Exercise stress test Chest pain, dyspnea Safe Yes

Myocardial nuclear 
perfusion studies

Assess coronary artery disease and 
ventricular function

Radioactive iodine is teratogenic and 
should not be used in pregnancy

Fetal radiation exposure with 
technetium is ≤17 mGy

Avoid if possible
Use stress echocardiography as first 
line

Cardiac MRI Cardiac chambers, great arteries 
and veins, ventricular size, 
thickness, wall motion, and 
ejection fraction

No reported risks in pregnancy without 
gadolinium

Gadolinium readily crosses placenta 
and may be teratogenic in the first 
trimester

May cause hematologic, inflammatory, 
infiltrative skin disorders; stillbirth; 
and neonatal death

Avoid gadolinium

Lower extremity ultrasound DVT Safe Yes

Ventilation-perfusion 
scintigraphy

PE Maternal breast radiation 
0.22–0.28 mGy

Fetal radiation exposure approximately 
0.1–0.4 mGy

Yes (weigh risk vs. benefit)

Pulmonary computed 
tomographic angiography

Imaging of choice for PE Maternal breast radiation exposure 
10–70 mGy

Fetal radiation exposure
Iodinated contrast exposure

Yes
Reduced dose CTPA recommended 
in pregnancy

Coronary computed 
tomographic angiography

Used in patients with chest pain 
but no known coronary disease

Fetal radiation exposure of 1–3 mGy Use as second line if exercise stress 
testing and echocardiogram are 
nondiagnostic

Left heart catheterization Gold standard for diagnosis of 
CAD and management of 
acute MI

Maternal radiation exposure 7 mGy
Fetal radiation exposure 1.5 mGy

Weigh risk vs. benefit. Test of 
choice in STEMI and high-risk 
NSTEMI
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Palpitations in pregnancy

Treat

ECG diagnostic of
arrhythmia

Obtain history
Perform physical exam

Lab work

Perform ECG

ECG nondiagnostic
Assess symptom occurrence

24–48-hour
Holter

Consider 2–4-week
monitoring

Daily A few times a
week

External patch recorder
*Remote cardiac monitoring

(up to 30 days)

FIGURE 7.2 Palpitations in pregnancy algorithm. *Consider on high-risk patients; ECG-electrocardiogram.

Chest pain in pregnancy

Obtain ECG
ST elevations?

Treat as STEMI
Perform LHC

Check serial cardiac enzymes
and repeat ECG

Cardiac enzymes positive
and/or ECG changes

suggestive of ischemia
Treat as NSTEMI

Consider LHC

Negative cardiac enzymes
and no ECG changes

Yes No

Work up other causes: PE,
disease of aorta, preeclampsia,

amniotic fluid embolism

No identifiable causes:
Consider exercise ECG stress test or

exercise stress echocardiography

FIGURE 7.1 Chest pain algorithm.



61Cardiac Diagnostic Testing in Pregnancy

REFERENCES
 1. Silversides CK et  al. Pregnancy outcomes in women with 

heart disease: The CARPREG II study. J Am Coll Cardiol. 
2018;71(21):2419–30.

 2. Wolfe DS et  al. Addressing maternal mortality: The preg-
nant cardiac patient. Am J Obstet Gynecol. 2019;220(2):167 
e1–167 e8.

 3. Ntusi NA et al. Diagnosing cardiac disease during pregnancy: 
Imaging modalities. Cardiovasc J Afr. 2016;27(2):95–103.

 4. Wang PI et al. Imaging of pregnant and lactating patients: Part 
1, evidence-based review and recommendations. AJR Am J 
Roentgenol. 2012;198(4):778–84.

 5. Chambers C, Friedman JM. Teratogenesis and environmen-
tal exposure. In: Resnick R, Lockwood CJ, Moore TR et al., 
editors. Creasy & Resnick’s Maternal-Fetal Medicine, 8th ed. 
Philadelphia: Elsevier; 2019, pp. 539–48.

 6. Schwartz DB, Schamroth L. The effect of pregnancy on the 
frontal plane QRS axis. J Electrocardiol. 1979;12(3):279–81.

 7. Patel SJ et al. Imaging the pregnant patient for nonobstetric 
conditions: Algorithms and radiation dose considerations. 
Radiographics. 2007;27(6):1705–22.

 8. Jain C. ACOG committee opinion No. 723: Guidelines for 
diagnostic imaging during pregnancy and lactation. Obstet 
Gynecol. 2019;133(1):186.

 9. Troughton R, Michael Felker G, Januzzi JL Jr, Natriuretic 
peptide-guided heart failure management. Eur Heart J. 
2014;35(1):16–24.

 10. Balaceanu A. B-type natriuretic peptides in pregnant women 
with normal heart or cardiac disorders. Med Hypotheses. 
2018;121:149–51.

 11. Fryearson J, Adamson DL. Heart disease in pregnancy: 
Ischaemic heart disease. Best Pract Res Clin Obstet Gynaecol. 
2014;28(4):551–62.

 12. Perrier A et  al. D-dimer testing for suspected pulmo-
nary embolism in outpatients. Am J Respir Crit Care Med. 
1997;156(2 Pt 1):492–6.

 13. Borhart J, Palmer J. Cardiovascular emergencies in preg-
nancy. Emerg Med Clin North Am. 2019;37(2):339–350.

 14. Ain DL, Narula J, Sengupta PP. Cardiovascular imag-
ing and diagnostic procedures in pregnancy. Cardiol Clin. 
2012;30(3):331–41.

 15. Turner AF, The chest radiograph in pregnancy. Clin Obstet 
Gynecol. 1975;18(3):65–74.

 16. Oram S, Holt M. Innocent depression of the S-T segment and 
flattening of the T-wave during pregnancy. J Obstet Gynaecol 
Br Emp. 1961;68:765–70.

 17. Cruz MO et al. Ambulatory arrhythmia monitoring in pregnant 
patients with palpitations. Am J Perinatol. 2013;30(1):53–8.

 18. Writing Committee Members et  al. 2017 ACC/AHA/HRS 
guideline for the evaluation and management of patients with 
syncope: A report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Rhythm Society. Heart Rhythm. 
2017;14(8):e155–e217.

Dyspnea out of proportion
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Lower extremity symptoms

Perform lower extremity
ultrasound

Obtain chest x-ray

Treat for
DVT/PE

Positive
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echocardiogram
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or V/Q scan

Treat for PE Work up other causes:
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Exacerbation of underlying
lung disease

Positive Negative

FIGURE 7.3 Shortness of breath algorithm.
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8
Anesthesia and Analgesia in the Pregnant Cardiac Patient

Katherine W. Arendt

Introduction

Over the past 20 years, cardiovascular disease has gradually 
become the leading cause of maternal mortality in the United 
States [1]. Increased survival of congenital heart disease (CHD) 
patients has resulted in more women reaching childbearing age 
and presenting to labor and delivery units [2–4]. Factors such 
as increased maternal age and increased incidence of obesity, 
chronic hypertension, and diabetes has likely led to expansion 
of acquired heart disease seen among the childbearing popula-
tion. Currently, acquired heart disease comprises the majority 
of maternal cardiac deaths [5,6].

Both the European Society of Cardiology and the American 
College of Obstetricians and Gynecologists (ACOG) guidelines 
for pregnancy and heart disease recommend that a pregnancy 
heart team care for pregnant patients with complex cardiovas-
cular disease [7,8]. Such a team involves cardiologists, obstetri-
cians, perinatologists, and anesthesiologists working together 
to achieve the best outcome for the pregnant patient with com-
plex heart disease. The focus of this chapter is on the role of 
the anesthesiologist as a member of the pregnancy heart team. 
Specifically, this chapter will focus on anesthetic risk stratifica-
tion, the physiologic changes of pregnancy, labor and delivery, 
hemodynamic goals for patients as they present for delivery, 
and appropriate anesthetic techniques to achieve those goals.

Anesthetic Risk Stratification

Stratification of the overall risk of pregnancy for women with 
cardiac disease is discussed elsewhere in this text (see Chapter 4). 
Tables 8.1 through 8.3 review tools used for risk-stratifying 
women with cardiac disease who are pregnant [9–11].

Risk stratification is important to the anesthesiologist because 
anesthesiologists are an integral part of the multidisciplinary team 
who help identify pregnancies at high risk for maternal harm dur-
ing childbirth and triage these women to deliver at appropriate 
hospitals. To do this, anesthesia teams should have the ability to 
see high-risk pregnant patients in advance of delivery in a clini-
cal setting to obtain an anesthetic, obstetric, and cardiac history; 
perform a physical exam; and review cardiac testing. The most 
important aspects of this consultation are reviewed in Box 8.1.

Anesthesiologists often prefer to think in physiologic sys-
tems when risk-stratifying patients for surgery or delivery. 
Understanding the hemodynamic changes of pregnancy and 
combining these changes with the physiologic vulnerabilities of 
various cardiac lesions allows the anesthesiologist to understand 
which lesions will perform poorly during pregnancy, under anes-
thesia, or under the physiologic stressors of labor, emergency 
surgery, or obstetric hemorrhage. The physiologic changes of 
pregnancy are reviewed in Table 8.4. How these changes affect 
the hemodynamics of a woman with specific cardiac lesions are 
reviewed in Table 8.5.

The ACOG and the Society for Maternal Fetal Medicine have 
published a consensus statement that has been endorsed by mul-
tiple societies, including the Society for Obstetric Anesthesia and 
Perinatology [12]. These levels of care are reviewed in Table 8.6. 
An anesthesiologist should stratify the patient according to their 
risk of morbidity and mortality in pregnancy and combine that 
with the level maternal care of the hospital, and then provide 
recommendations to facilitate triaging patients to the appropriate 
delivery setting. For example, if an anesthesiologist who works 
at a Level 2 hospital sees a pregnant patient who has a lesion that 
is categorized as a modified World Health Organization (WHO) 
class IV, then the anesthesiologist should recommend and facili-
tate transfer to their class IV Regional Perinatal Center if it is 

KEY POINTS

• The majority of maternal deaths from cardiovascular dis-
ease are from acquired heart disease

• The pregnancy heart team is a multidisciplinary team 
consisting of obstetrician, maternal-fetal medicine, anes-
thesiologist, and cardiologist working together to optimize 
outcome of pregnant cardiac patient

• Women with high-risk maternal cardiovascular disease 
should deliver at a Level 4 Regional Perinatal Health Center

• Neuraxial labor analgesia is an important component of 
labor management in patients with moderate to severe car-
diovascular disease

• In certain circumstances general anesthesia is a safer 
option than a neuraxial technique for surgical anesthesia



64 Cardio-Obstetrics

safe and possible to do so at that time. Overall, women with 
moderate risk maternal cardiovascular disease (e.g., WHO class 
III) should deliver at a minimum of a Level 3 Subspecialty Care 
Hospital and women with high-risk maternal cardiovascular dis-
ease should deliver at a Level 4 Regional Perinatal Health Center.

TABLE 8.1

CARPREG II Risk Score

Risk Factors Points

Prior cardiac event or arrhythmia  3

NYHA class >II or cyanosis 3

Mechanical valve 3

Ventricular dysfunction 2

High-risk left-sided valve disease/
LVOT obstruction

2

Pulmonary hypertension 2

Coronary artery disease 2

High-risk aortopathy 2

No prior cardiac intervention 1

Late pregnancy assessment 1

Total Score Risk of Cardiac Complications

0–1 points 5%

2 points 10%

3 points 15%

4 points 22%

>4 points 41%

Source: Adapted from Silversides CK et  al. J Am Coll Cardiol. 
2018; 71(21):2419–30.

Abbreviations:  NYHA, New York Heart Association; LVOT, left 
ventricular outflow tract.

TABLE 8.2

ZAHARA Risk Score

Risk Factors Points

Mechanical valve prosthesis 4.25

Left heart obstruction 2.5

History of arrhythmia 1.5

Cardiac medication prior to pregnancy 1.5

Cyanotic heart disease (corrected or uncorrected) 1.0

NYHA class ≥II 0.75

Systemic atrioventricular valve regurgitation > Mild 0.75

Pulmonic atrioventricular valve regurgitation > Mild 0.75

Total Score
Risk of Cardiac 
Complications

0–0.5 points 2.90%

0.51–1.5 points 7.50%

1.51–2.5 points 17.50%

2.51–3.5 points 43.10%

>3.51 points 70%

Source: Adapted from Drenthen W et al. Eur Heart J. 2010;31(17): 
2124–32.

Abbreviation: NYHA, New York Heart Association.

TABLE 8.3

WHO Classification for Pregnancy

Risk Classification Cardiac Lesions

Class I
No detectable increased 
risk of maternal 
mortality and no or 
minimal increase in 
maternal morbidity

• Uncomplicated mild pulmonary 
stenosis

• Ventricular septal defect
• Patent ductus arteriosus
• Mitral valve prolapse with no more 

than trivial mitral regurgitation
• Successfully repaired simple lesions 

(atrial or ventricular septal defect, 
patent ductus arteriosus, anomalous 
pulmonary venous drainage)

• Isolated ventricular extrasystoles 
and atrial ectopic beats

Class II
Small increased risk of 
maternal mortality or 
moderate increase in 
morbidity

• Unoperated atrial or ventricular 
septal defect

• Repaired tetralogy of Fallot
• Most arrhythmias

Class II–III
Depends on patient • Hypertrophic cardiomyopathy

• Native or tissue valvular heart 
disease not considered WHO I or IV

• Repaired coarctation
• Marfan syndrome without aortic 

dilatation
• Bicuspid valve with aorta <45 mm
• Mild ventricular impairment
• Heart transplantation

Class III
Significantly increased 
risk of maternal 
mortality or severe 
morbidity, and expert 
cardiac and obstetric 
pre-pregnancy, 
antenatal, and 
postnatal care are 
required

• Mechanical valve
• Systemic RV
• Fontan circulation
• Unrepaired cyanotic heart disease
• Other complex congenital heart 

disease
• Marfan syndrome with aorta 

40–45 mm
• Bicuspid aortic valve with aorta 

45–50 mm

Class IV
Pregnancy is 
contraindicated

• Pulmonary hypertension
• Eisenmenger syndrome
• Systemic ventricular EF <30%
• Systemic ventricular dysfunction 

with NYHA class III–IV
• Severe mitral stenosis
• Severe symptomatic aortic stenosis
• Marfan syndrome with aorta 

>45 mm
• Bicuspid aortic valve with aorta 

>50 mm
• Native severe coarctation
• Prior peripartum cardiomyopathy 

with any residual impairment of 
ventricular function

Source: Adapted from Thorne S et al. Heart 2006;92(10):1520–5.
Abbreviations:  WHO, World Health Organization; EF, ejection frac-

tion; NYHA, New York Heart Association; RV, right 
ventricle.
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Principles of Labor Analgesia in Cardiac Disease

Neuraxial labor analgesia is an important component of labor 
management in patients with moderate to severe cardiovascular 
disease. The principles of neuraxial labor analgesia in women 
with cardiac disease are reviewed in Box 8.2. If neuraxial anal-
gesia is not an option for a high-risk cardiac patient, then the 
pregnancy heart team may need to reconsider vaginal deliv-
ery. Although patient-controlled analgesia (PCA) via intravas-
cular opioid infusion with remifentanil or fentanyl is provided 
to some laboring patients, this is not be a good alternative for 
the moderate- to high-risk cardiac patient. Pain control is typi-
cally suboptimal with intravenous opioid analgesia, leading to 
increased catecholamine release. Furthermore, to achieve even 
mildly effective analgesia, the dose of opioid required could 
suppress ventilation. The resultant carbon dioxide retention 
can cause respiratory acidosis, further catecholamine release, 
and increased pulmonary hypertension leading to arrhythmias, 
 ischemia, or heart failure in the high-risk cardiac patient.

The most common reasons that a neuraxial technique may 
not be possible include conditions that increase the risks of the 
technique causing bleeding, infection, or nerve damage in the 
patient’s spine. In cardiac disease patients, anticoagulation ther-
apy may preclude the ability to perform any neuraxial anesthetic 
techniques. Although the incidence of epidural hematoma is rare, 
the consequences can be devastating. Therefore, anesthesiolo-
gists are guided by the American Society of Regional Anesthesia 
and the Society for Obstetric Anesthesia and Perinatology con-
sensus statements in their management of anticoagulation and 
neuraxial techniques [13,14]. These guidelines are summarized 
in Figures 8.1 and 8.2. If a patient does not meet the criteria for 
safe placement, anesthesiologists will not perform a labor anal-
gesic or surgical anesthetic neuraxial technique.

Neuraxial labor analgesia reduces the catecholamine surges 
from labor pain that can result in tachycardia, arrhythmias, 
hypertension, increases in cardiac output, and ventricular stress. 
Maintaining a dense, functional epidural not only decreases such 
cardiac stress but it also decreases the degree of hemodynamic 
alteration should an urgent cesarean delivery be required and the 
epidural need to be converted to a surgical block quickly.

The specific neuraxial catheter technique chosen by the anesthe-
siologist is less important than simply obtaining an epidural cath-
eter that works well. Epidurals, combined spinal epidurals (CSE), 
and dural puncture epidurals (DPE) are all reasonable techniques. 
Some anesthesiologists recommend a loss of resistance with 
saline technique in patients with intracardiac shunts to minimize 
the chance of paradoxical air embolism in the event of intravascu-
lar needle placement. Others recommend a CSE with opioid-only 
intrathecal drug administration to minimize the effects of a sym-
pathectomy from neuraxial local anesthetic administration. Still 
others recommend a DPE technique for greater reassurance that 
the loss of resistance is, in fact, the epidural space and to facilitate 
coverage of the sacral nerve roots, and others recommend avoid-
ing epinephrine-containing test doses in patients with a history of 
arrhythmias. This author believes that all of these recommenda-
tions are reasonable, but not critical. What is most important is 
a catheter safely placed into the epidural space that completely 
blocks the pain of contractions throughout the entirety of labor.

BOX 8.1 ELEMENTS OF THE PRE-DELIVERY 
ANESTHESIOLOGY CONSULTATION

HISTORY

• Anesthetic history
• Obstetric history
• Cardiac history with special attention to:

• All prior cardiac testing including surgeries, 
echocardiograms, ECGs, Holter monitors, etc.

• Prior or current episodes of heart failure
• Intracardiac shunting and cyanosis
• Prior arrhythmias
• Left heart obstructive lesions
• Left and right heart function
• Pacemaker or defibrillator management
• Anticoagulation therapy

PHYSICAL EXAM

• Airway
• Cardiac exam
• Pulmonary exam
• Exam of the back to assess for ease of neuraxial 

techniques

DISCUSS

• Potential hemodynamic monitoring plans for 
labor or cesarean delivery

• Potential risks, benefits, and alternatives of neur-
axial techniques

• Potential need to manage anticoagulation around 
the time of delivery to facilitate neuraxial 
techniques

• Potential post-delivery plans for monitoring

TABLE 8.4

Normal Cardiovascular Changes during Pregnancy

Variable
Direction of 

Change Average Change

Blood volume ↑ +35%
Plasma volume ↑ +45%
Red blood cell volume ↑ +20%
Cardiac output ↑ +40%
Stroke volume ↑ +30%
Heart rate ↑ +15%
Femoral venous pressure ↑ +15 mmHg
Total peripheral resistance ↓ −15%
Mean arterial blood pressure ↓ −15 mmHg
Systolic blood pressure ↓ −0 to 15 mmHg
Diastolic blood pressure ↓ −10 to 20 mmHg
Central venous pressure ↔ No change

Source: Modified from Bucklin BA, Fuller AJ. Physiologic changes of 
pregnancy. In: Suresh MS et al (eds). Shnider and Levinson’s 
Anesthesia for Obstetrics, 5th ed. Wolters Kluwer Health, Inc. 
2013. Chapter 1, pp. 2.
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The increases in cardiac output during labor are mainly a 
result of pain and catecholamine release. Therefore, as soon as 
the pain of labor begins, so do the swings in cardiac output [15]. 
As labor progresses and becomes more painful, these cardiac 
output swings increase in amplitude. Therefore, in a patient with 
cardiac disease, the epidural should be placed upon the onset of 
labor discomfort and readily replaced if it begins providing sub-
optimal analgesia. Of note, the greatest cardiac output is imme-
diately after delivery as a result of decompression of the vena 

cava and involution of the evacuated uterus contracting and driv-
ing blood back into the venous system.

Neuraxial analgesia and anesthesia cause a sympathectomy and, 
thereby, a decrease in systemic vascular resistance, an increase in 
heart rate, and a decrease in mean arterial pressure [16]. Overall, the 
heart experiences a decrease in both preload and afterload. These 
hemodynamic changes during the onset of neuraxial labor anal-
gesia in patients with cardiovascular disease need to be managed 
appropriately. To understand how to manage a sympathectomy, it 

TABLE 8.5

The Hemodynamic Effects of Pregnancy in Specific Cardiovascular Diseases

Lesion Hemodynamic Effects of Pregnancy and Delivery

Coronary artery disease (−) The decreased SVR of pregnancy can result in lesser coronary perfusion to the myocardium
(−) The increase in HR during pregnancy can result in decreased coronary filling time
(−) Cardiac work can increase significantly during labor, especially painful labor

Severe LV dysfunction 
(e.g., dilated or peripartum 
cardiomyopathy)

(−) The increase in cardiac output and blood volume during pregnancy can result in heart failure/pulmonary edema
(−) The decrease in oncotic pressure during pregnancy can result in greater risk for pulmonary edema
(−) Angiotensive converting enzyme inhibitors must be stopped during pregnancy secondary to teratogenicity
(−) Patients with a prior episode of peripartum cardiomyopathy are at risk for further deterioration in LV function 
with subsequent pregnancies

Pulmonary hypertension (−) The increased cardiac output of pregnancy may not be accommodated by the fixed pulmonary vasculature 
resulting in right heart failure and death

(−) The decreased SVR of pregnancy can decrease coronary filling to a dilating and failing right ventricle
(−) The hypercoagulable state of pregnancy can result in pulmonary emboli which are especially lethal in patients 
with pulmonary hypertension

Unstable arrhythmia history (−) Pregnancy, labor, and delivery can trigger tachyarrhythmias

Aortopathy (e.g., Marfan 
syndrome)

(−) Pregnancy, labor, and delivery may increase dilation of aortic root
(−) Pregnancy, labor, and delivery increase the risk of aortic rupture in women with Marfan syndrome

Valvular lesions

Mechanical prosthetic valve (−) Hypercoagulable state of pregnancy increases risk of valve thrombosis
(−) Vitamin K antagonists (most effective way to prevent valvular clot formation) are teratogenic; often suboptimal 
anticoagulation regimens are used during pregnancy

Mitral stenosis (−) Because of relatively fixed preload to the LV, the heart may not be able to generate increased cardiac output and 
pulmonary edema will develop

(−) Decreased oncotic pressure further increases risk of pulmonary edema
(−) The increase in blood volume and heart rate in pregnancy increases left atrial pressure and may lead to atrial 
fibrillation and pulmonary edema

Aortic stenosis (−) The decreased SVR of pregnancy can result in lesser coronary perfusion pressure to the thickened LV 
myocardium

(−) Because of LV diastolic dysfunction, excess volume can lead to pulmonary edema

Mitral/aortic insufficiency (+) The decreased SVR results in a lesser regurgitant volume
(−) Pregnancy can worsen ventricular dilation

Shunt lesions

R-to-L shunt (e.g., TOF, 
Eisenmenger’s)

(−) The decrease in SVR increases right-to-left shunting and possible cyanosis
(+) In unrepaired TOF and normal RV function, the increase in blood volume is beneficial because adequate RV 
preload is necessary to eject blood past the outflow obstruction and increase pulmonary blood flowa

L-to-R shunt (e.g., VSD or 
ASD)

(+) The decrease in SVR decreases the left-to-right shunting
(−) The increase in blood volume can precipitate failure because the patient is in a state of compensatory 
hypervolemia

Source: Modified from Arendt KW, Lindley KJ. Int J Obstet Anesth. 2019;37:73–85.
Abbreviations:  SVR, systemic vascular resistance; HR, heart rate; CD, cesarean delivery; LV, left ventricle; RV, right ventricle; PEEP, positive end 

expiratory pressure; AICD, automatic implantable cardioverter defibrillator; CCHD, cyanotic congenital heart disease; TOF, tetralogy 
of Fallot; ASD, atrial septal defect; VSD, ventricular septal defect.

a CCHD, Eisenmenger’s, and all pulmonary vascular hypertensive diseases carry a high mortality rate in pregnancy, labor, delivery, and the postpartum 
period; full pregnancy implications and anesthetic management are beyond the scope of this table
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is important to understand the physiology. Local anesthetic agents 
placed in the epidural or intrathecal space (“spinal anesthesia”) 
block motor, sensory, and autonomic nerve fibers. Small, myelin-
ated, easily blocked sympathetic nerve fibers exit the spinal cord 
from T1 to L2, while parasympathetic nerve fibers exit sacrally 
and cranially with the vagus nerve. When local anesthetic is placed 
in the intrathecal space, it spreads through the CSF and rapidly 
blocks nerves. Likewise, when local anesthetic is spread through 
the epidural space, it blocks nerve roots as they exit the dura.

As thoracic level sympathetic nerves are blocked with the 
intrathecal or epidural local anesthetic agent, organs and der-
matomes supplied by these nerve roots experience unopposed 
parasympathetic innervation because the vagus nerve is still 
supplying parasympathetic innervation at these dermatomal 
levels. Both the venous and arterial system dilates resulting in 
a decrease in preload to the heart and a decrease in systemic 
vascular resistance. Overall, this results in a decrease in mean 
arterial pressure. This typically happens within 5 minutes fol-
lowing a spinal block but occurs more slowly with an epidural 
block. Loading an epidural catheter slowly allows the body and 
the anesthesiologist time to compensate.

To counteract the hemodynamic effects of a sympathectomy, 
fluids may be given to compensate for the venodilation. In car-
diac patients, this may be suboptimal if the patient is in heart 
failure or is at high risk for pulmonary edema. There is no evi-
dence that a routine preload of intravenous crystalloid prevents 
hypotension after epidural labor analgesia initiation. Therefore, 
for cardiovascular patients at high risk for pulmonary edema, it is 
reasonable for the anesthesiologist to avoid a fluid bolus prior to 
the epidural placement. For cardiovascular patients not at risk for 
pulmonary edema who may be dehydrated, it is reasonable for the 
anesthesiologist to administer a small fluid bolus to counteract 
the venodilation. Vasopressor medications such as phenylephrine 
and ephedrine should be immediately available. In women with 
cardiovascular disease, close monitoring of heart rate and blood 
pressure during the initiation of neuraxial labor analgesia with 
rapid treatment of hypotension is paramount. Vasopressors are 
used to maintain a blood pressure of within 20% of the patient’s 
baseline and a heart rate between 60 and 100 beats per minute. 
Small doses of intravenous phenylephrine (e.g., 50–100 µg) are 
used for hypotension with higher heart rates, and small doses of 
intravenous ephedrine (e.g., 5–10 mg) are used to treat hypoten-
sion with lower heart rates.

BOX 8.2 PRINCIPLES OF NEURAXIAL 
LABOR ANALGESIA IN CARDIAC DISEASE

• Place epidural early in labor
• Do not use a routine pre-epidural fluid bolus 

patients at risk for pulmonary edema
• Use the epidural technique that the anesthesia 

provider finds most reliable and consistent in 
their hands

• If a CSE is utilized, consider an opioid-only 
technique (e.g., 15 µg fentanyl) in early labor

• Readily replace a suboptimal catheter
• Load epidural catheter slowly with labor epidural 

solution
• Monitor closely (see Table 8.7) during epidural 

onset for hypotension and treat with goal-
directed fluids and vasopressors (e.g., phenyleph-
rine and ephedrine) to maintain normotension

• Keep epidural block dense enough throughout 
labor such that it eliminates pain and catechol-
amine release, and can quickly be converted 
to a surgical block in the event of an obstetric 
emergency        

TABLE 8.6

Maternal Levels of Care

Level Title Patients Examples Capabilities

Birth Center Birth Center Low risk Low risk, singleton, vertex

Level 1 Basic Care Low to moderate 
risk

TOLAC
Uncomplicated twins
Uncomplicated CS

Limited OB US
Blood bank

Level 2 Specialty Care Moderate to high 
risk

Hypertension
Anticipated complicated CS
Placenta previa
Maternal pregestational DM

CT/MRI scan
Maternal echo
Non-obstetric US

Level 3 Subspecialty 
Care

More complex 
maternal, obstetric, 
and fetal conditions

Moderate Maternal CVD
Suspected accreta
Acute fatty liver of pregnancy

Interventional radiology
In-house capability of all 
blood components

Level 4 Regional 
Perinatal 
Health Center

Most complex 
maternal conditions

Severe Maternal CVD
Severe pulmonary HTN
Neurosurgery, cardiovascular surgery, or transplant capabilities

ICU care with MFM 
co-management

Source: Adapted from American Association of Birth Centers et al. Am J Obstet Gynecol. 2019.
Abbreviations:  TOLAC, trial of labor after cesarean; US, ultrasound; CVD, cardiovascular disease; HTN, hypertension; ICU, intensive care unit; 

MFM,  maternal-fetal medicine; OB, obstetrics; CS, cesarean delivery; DM, diabetes mellitus.
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Yes

>4–6 hours since last dose ≥12 hours since last dose ≥24 hours since last dose

UFH SQ low dose UFH SQ intermediate dose UFH SQ high dose

(5000U twice or three times daily) (7500U or 10,000U twice daily)
Total daily dose ≤ 20,000U

(individual dose > 10,000U per dose)
Total daily dose > 20,000U

Yes Yes

YesYes

Consider not proceeding
with neuraxial

May be increased risk for SEH

Anesthesia & analgesia

Assess difficult airway and
balance relative risks of GA

compared to SEH

Based on urgency of clinical situation
 and patient comorbidities

Yes

Coagulation status available:
aPTT within normal range

or anti factor Xa level is
undetectable

Coagulation status available:
aPTT within normal range

or anti factor Xa level is
undetectable

Coagulation status available:
aPTT within normal range

or anti factor Xa level is
undetectable

Likely low risk to
proceed with

neuraxial

No No No

No

Minimal data
to guide

risk
assessment

NoNo

FIGURE 8.1 Neuraxial anesthesia decision aid for pregnant patients receiving unfractionated heparin. Assume normal renal function, body weight >40 kg, 
and no other contraindications to neuraxial anesthesia. Abbreviations: aPTT, activated partial thromboplastin time; GA, general anesthesia; SEH, spinal epi-
dural hematoma; SQ, subcutaneous; UFH, unfractionated heparin. (Adapted from Leffert L et al. Anesth Analg. 2018;126(3):928–44 with permission.)

Low-dose LMWH Intermediate-dose LMWH High-dose LMWH

e.g., enoxaparin ≤40 mg SQ once daily
or 30 mg SQ twice daily or

dalteparin 5,000U SQ once daily

≥12 hours since last dose ≥24 hours since last doseInsufficient published data to recommend a
specific interval between 12–24 hours to

delay neuraxial anesthesia Yes

e.g., enoxaparin: 1 mg/kg SQ twice daily
or 1.5 mg/kg SQ once daily or

dalteparin: 120U/kg SQ twice daily or
200U/kg SQ once daily

e.g., enoxaparin >40 mg SQ once daily or
30 mg SQ twice daily and <1 mg/kg SQ twice

daily or 1.5 mg/kg SQ once daily
or dalteparin >5000U SQ once daily and 
<120V/kg SQ twice daily or 200V/kg SQ

once daily

Yes

Consider not proceeding
with neuraxial

Balance potential increased risk
for SEH with risk of GA

Likely low risk to proceed with
neuraxial

NoNo

FIGURE 8.2 Neuraxial anesthesia decision aid for pregnant patients managed receiving LMWH. Assume normal renal function, body weight >40 kg, 
and no other contraindications to neuraxial anesthesia. Abbreviations: GA, general anesthesia; LMWH, low molecular weight heparin; SEH, spinal epidural 
hematoma; SQ, subcutaneous. (Adapted from Leffert L et al. Anesth Analg. 2018;126(3):928–44 with permission.)
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Because of the hemodynamic effects of labor pain, neurax-
ial analgesia, the Valsalva maneuver during pushing, potential 
bleeding, and the hemodynamic effects of obstetric medications, 
women with cardiovascular disease should be appropriately 
monitored during labor. In general, typical labor monitoring for 
women with moderate to severe cardiac disease is inadequate. 
Appropriate labor monitoring is reviewed in Table 8.7.

Pulse oximetry in laboring women is often incorporated in the 
tocodynamometer machine and provides neither a visible wave-
form nor audible tones. The purpose of this pulse oximeter moni-
tor is to assess for concurrency between the maternal and the 
fetal heart rate indicating that the mother, not the fetus, is being 
monitored. Laboring women with heart disease should have a 
pulse oximeter with a visible waveform and audible alarms dedi-
cated to alarm for maternal bradycardia, tachycardia, or hypox-
emia. If a patient has a history of a tachyarrhythmia, ischemic 
heart disease, aortic stenosis, hypertrophic cardiomyopathy, or is 
otherwise at risk for ischemia or arrhythmia, then it is important 
that five-lead ECG telemetry is employed during labor and deliv-
ery [17]. Specialized nursing may need to be arranged in labor 
and delivery to interpret electrocardiogram monitoring.

For particular high-risk cardiac patients, an arterial line 
should be placed for hemodynamic monitoring during labor. 
This can be critically important in patients at risk for rapid hemo-
dynamic decompensation with hypotension such as severe aortic 
stenosis, severe left ventricular dysfunction, or pulmonary hyper-
tension with right ventricular dysfunction. This is also important 
for cardiac patients at risk for proceeding rapidly to cesarean 
delivery because the beat-to-beat blood pressure measurements 
of an arterial line can help guide the anesthesiologist though the 
hemodynamic fluctuations of a rapid induction of regional or 
general anesthesia. Rarely is a central line or pulmonary artery 
catheter necessary during labor. With an awake, laboring patient, 
the central venous pressure tends to be unreliable.

Principles of Cesarean Anesthesia 
in Cardiac Disease

Anesthesia for cesarean delivery requires complete insensitivity 
to the pain of a surgical stimulation. The anesthesiologist can 
provide general or neuraxial anesthesia for cesarean delivery. 

Overall, neuraxial anesthesia is the technique of choice for cesar-
ean delivery because it avoids manipulation of the maternal air-
way, avoids the uterine relaxation effects of volatile anesthetics, 
and avoids exposure of the fetus to general anesthesia drugs and 
agents. If neuraxial anesthesia is chosen, then the anesthesiolo-
gist must decide between a single-shot spinal, an epidural, a com-
bined spinal-epidural (CSE), or a continuous spinal technique.

The sympathectomy with neuraxial labor analgesia discussed 
previously is far more pronounced in neuraxial techniques for 
cesarean delivery because at least a T6 regional anesthetic level 
is necessary, and the block must be dense enough to block surgi-
cal stimulation [18]. The higher and denser a neuraxial block, 
the greater the sympathectomy. Further, the cardiac acceleration 
fibers exit the spinal cord at the levels of T1−T5. Blockade of 
these can result in the rapid onset of bradycardia. When bra-
dycardia occurs in the setting of a sympathectomy (decreased 
preload and decreased afterload), the cardiac output plummets, 
compromising blood flow to the mother’s organs and the fetus. 
Therefore, the anesthesiologist employs intense vigilance from 
the time of spinal block placement to the time of the block estab-
lishment. The use of vasoactive medications during this time in 
cesarean delivery is nearly universal. Prophylactic phenylephrine 
is the primary drug of choice unless the heart rate drops below 
60 beats per minute, at which time bolus doses of ephedrine are 
added [19,20].

The hemodynamic changes from the rapid onset of a spinal 
anesthetic for cesarean are far more sudden and pronounced 
than an epidural [18]. This may carry additional risk in some 
cardiac lesions (e.g., severe mitral stenosis, severe aortic stenosis, 
aortic coarctation, or patients at risk for right-to-left shunting). 
Nonetheless, whenever possible, anesthesiologists typically pre-
fer spinal anesthesia to epidural anesthesia for cesarean deliv-
ery because of the simplicity of the spinal technique and the 
decreased risk of block failure. While epidural anesthesia can 
provide a more gradual onset of block and far greater hemody-
namic stability, the local anesthetic is not traveling in the free-
flowing CSF and needs to spread through the epidural space to 
each of the nerve roots supplying the surgical field. Therefore, 
epidural anesthesia is far less reliable than spinal anesthesia for 
cesarean delivery. In fact, it is not uncommon to convert an epi-
dural anesthetic to a general anesthetic during a cesarean deliv-
ery as a result of maternal discomfort. Therefore, an arterial 

TABLE 8.7

Cardiovascular Monitoring during Labor

Low Risk for Cardiac 
Compromise

Moderate Risk for Cardiac 
Compromise

High Risk for Cardiac 
Compromise

Pulse oximetry Pulse oximetry without wave form 
attached to tocodynamometer

 1. Pulse oximetry without wave form attached to tocodynamometer along with
 2. Pulse oximetry with visible waveform attached to cardiac monitor

ECG None 5-lead continuous ECG

Blood pressure Noninvasive blood pressure cuff Noninvasive blood pressure cuff with 
q 15-minute cycling throughout labor

Intra-arterial blood beat-to-beat 
pressure monitoring

Central venous pressure Rarely indicated in labor for monitoring purposes

Pulmonary artery pressure Rarely indicated in labor for monitoring purposes
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line placed prior to the spinal anesthetic with a carefully titrated 
phenylephrine infusion initiated at the time of the spinal anes-
thetic may provide adequate hemodynamic stability with a reli-
able anesthetic block.

An alternative to a single-shot spinal or epidural technique is 
a low-dose CSE technique that has been reported successful in 
high-risk cardiac patients [21]. A low-dose CSE technique is per-
formed with an intrathecal dose of 4–5 mg of bupivacaine along 
with 15 µg fentanyl and long-acting opioid. This is followed by 
slow loading of the epidural local anesthetic (e.g., 2% lidocaine) 
to achieve a T4–T6 surgical level. The benefits of the low-dose 
CSE technique include slow onset of the neuraxial block, which 
allows the anesthesiologist to maintain preload and afterload 
during the onset while still achieving the greater block reliability 
of intrathecal local anesthetic administration.

There are circumstances in which general anesthesia is a 
safer option than a neuraxial technique for surgical anesthesia. 
Examples include patients on recently dosed anticoagulation 
therapy (see Figures 8.1 and 8.2), patients requiring the rapid 
provision of surgical conditions because of catastrophic mater-
nal or fetal compromise, in the setting of extreme cardiopulmo-
nary compromise such that the patient cannot lie flat, or in the 
setting of a potential cardiovascular catastrophe during delivery. 
If a general anesthetic is planned and there is time for the place-
ment of an arterial line, this should be performed prior to induc-
tion. This minimizes the time from induction to delivery, thereby 
minimizing the fetal anesthetic exposure. More importantly, 
intra-arterial blood pressure monitoring allows for beat-to-beat 
blood pressure measurements which can guide the anesthesiolo-
gist in titrating the induction agent and the vasoactive medica-
tions used to counteract the effects of the induction agent.

Obstetric Emergencies

The early recognition and rapid treatment of obstetric hemor-
rhage in women with cardiac disease is paramount. Further, it is 

important for the anesthesiologist to understand the cardiovascu-
lar effects of the uterotonic agents that can be used to treat uterine 
atony, the most common cause of postpartum hemorrhage. These 
are summarized in Table 8.8. Overall, oxytocin administered via 
an intravenous pump is the first-line treatment for uterine atony 
and will cause a decrease in systemic vascular resistance which 
may need to be counteracted with phenylephrine in the setting 
of hemorrhage. For cardiac disease patients, misoprostol per 
rectum is a second-line therapy, although it is important to note 
that there have been rare reports of cardiac events and coronary 
vasospasm with its use [22,23]. Because of the significant car-
diovascular effects of methergine and carboprost, which include 
hypertension, coronary vasospasm, and significant increases in 
pulmonary artery pressures, these agents are typically avoided 
in cardiac patients.

Tocolytic therapy may also be administered by the obstetric 
team in the event of fetal compromise and uterine tetany. Drugs 
such as ritodrine or terbutaline are beta agonists that cause pro-
found uterine relaxation. They can also cause significant eleva-
tion in heart rate and decrease in systemic vascular resistance. 
Patients with hypertrophic obstructive cardiomyopathy could 
have infundibular spasm and/or worsen their outflow gradient as 
a result of beta agonism. Likewise, patients who would not toler-
ate tachycardia or patients with a history of tachyarrhythmias 
should not receive beta agonist drugs in labor.

Cardiovascular Emergencies

Maternal arrhythmias with hemodynamic compromise should 
be treated rapidly in pregnancy. Fetal intolerance of an arrhyth-
mia is an indication for rapid cardioversion. Maternal cardiover-
sion can be performed in pregnancy.

If the patient has a fetal scalp electrode, this should be removed 
prior to the cardioversion. Automatic implantable cardioverters 
defibrillators should be left “on” in labor as these provide the 
most rapid response to a tachyarrhythmia. A magnet should be 

TABLE 8.8

Uterotonic Use in Patients with Cardiac Disease

Drug Cardiopulmonary Effects Notes

Oxytocin ↓ MAP
Slight ↑ PAP

• Most effective uterotonic agent
• Administer cautiously and slowly (via pump) 

in patients intolerant of ↓ MAP
• Consider counteracting ↓ MAP with 

phenylephrine infusion
• Do not administer in bolus IV form in 

patients with cardiac disease

Methergine Can cause sudden and profound ↑ SVR, ↑ PVR, and coronary 
vasospasm

• Generally avoided in cardiac patients

Carboprost 
(Prostaglandin F2 alpha)

↑↑↑ PAP
Bronchospasm can cause ventilation/perfusion mismatch

• Do not use in patients who cannot tolerate 
increased PA pressure

Misoprostol Uncommon cardiovascular events reported [23] • The least effective uterotonic agent
• Can be used prophylactically

Abbreviations:  MAP, mean arterial pressure; PAP, pulmonary artery pressure; SVR, systemic vascular resistance; PVR, pulmonary vascular resis-
tance; PAP,  pulmonary arterial pressure; HTN, hypertension.
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BOX 8.3 MODIFICATIONS TO BASIC 
LIFE SUPPORT AND ADVANCED CARDIAC 

LIFE SUPPORT IN PREGNANCY

• Perform manual left uterine displacement and 
focus on excellent chest compressions

• Do not use mechanical chest compression devices
• Place hands on the sternum the same as in the 

nonpregnant state
• Avoid excessive ventilation
• Place intravenous line above diaphragm
• Immediately begin preparations for cesarean at 

the time of arrest
• Have a maternal cardiac arrest team which 

includes the resuscitation team, an obstetric 
team, an anesthesia team, and a neonatology 
team

• Use a smaller endotracheal tube (6.0–7.0) and 
move quickly to a laryngeal mask airway if 
necessary

• Consider magnesium toxicity and treat with 
calcium

• Use epinephrine, and generally avoid vasopressin
• Initiate perimortem cesarean delivery within 

4 minutes of arrest at the site of arrest

immediately available to use in the event of an emergent cesar-
ean delivery requiring unipolar cautery. In the event of cardiac 
arrest, the American Heart Association recommends modifica-
tions to basic life support and advanced cardiac life support in 
pregnancy [24]. These are summarized in Box 8.3.

Conclusion

The anesthetic management of labor and delivery in women with 
cardiac disease requires an understanding of the physiologic 
changes of labor and delivery, the physiologic vulnerabilities 
of the woman’s cardiovascular disease, and the hemodynamic 
implications of the various anesthetic techniques employed. For 
vaginal delivery in moderate- to high-risk cardiac disease, neur-
axial labor analgesia is preferred to reduce the hemodynamic 
consequences of painful labor. For cesarean delivery, neuraxial 
anesthesia is typically recommended but general anesthesia is 
sometimes required because of maternal anticoagulation, the 
emergent nature of the procedure, or the severity of cardiac dis-
ease. Women with moderate- to high-risk cardiac disease require 
additional monitoring for both labor and cesarean delivery. Early 
recognition and rapid treatment of obstetric, cardiac, or anesthetic 
complications is paramount. The cardiovascular implications of 
obstetric medications such as uterotonic or tocolytic medications 
should be taken into consideration by the entire delivery team.
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Anticoagulation in Pregnancy

Rachel A. Newman, Ather Mehboob, and Judith H. Chung

Introduction

Pregnancy is a hypercoagulable state resulting from low-level 
activation of intravascular coagulation. This physiologic adapta-
tion helps in prevention of hemorrhage at the time of implanta-
tion, maintenance of the utero-placental interface, and hemostasis 
in the third stage of labor. However, hypercoagulability of preg-
nancy coupled with stasis related to the gravid state leads to an 
increased risk of venous thromboembolism (VTE) as compared 
to the nonpregnant state.

Physiologic Changes in Pregnancy

VTE occurs in 1–4 per 1000 pregnancies, representing a fivefold 
increase in the risk of VTE as compared to the nonpregnant state 
[1–8]. This increased risk is due to the fact that the three compo-
nents of Virchow’s triad—hypercoagulability, stasis, and endo-
thelial damage—are effected by the physiologic and hormonal 
changes of pregnancy. Hormonal factors increase the quantity of 
coagulation factors while decreasing levels of some natural inhibi-
tors of coagulation [9]. These changes are summarized in Table 9.1.

Markers of platelet activation and low levels of fibrin degrada-
tion products have been documented in maternal circulation [9], 
consistent with pregnancy being a state of low level of intravas-
cular coagulation [9,11,12]. These changes occur at the beginning 
of pregnancy, thus accounting for the increase in VTE occur-
rence as early as the first trimester [1,13]. Stasis is a result of com-
pression of inferior vena cava and pelvic vessels by the growing 
uterus and hormone-mediated venous dilation [14]. Furthermore, 

vascular injury may occur during labor due to fetal descent into 
the pelvis and possible need for an operative delivery, either vagi-
nal or cesarean, which coincides with the increased risk of VTE 
in the postpartum period [15–17].

Maternal Cardiac Lesions That May Require 
Anticoagulation during Pregnancy

Cardiac lesions in which anticoagulation may be considered 
are summarized in Table 9.2 [18]. They range from valve pros-
thesis and structural cardiac defects to arrhythmias. The high-
est risk maternal cardiac condition requiring anticoagulation in 
pregnancy is the presence of a mechanical heart valve, as there 
is elevated risk for valve thrombosis, systemic embolism, and 
even death [19]. In the nonpregnant state, vitamin K antagonists 
(VKAs) are the preferred agents for anticoagulation. Use of VKA 
during pregnancy has also been shown to have the lowest risk of 
valve thrombosis/systemic embolism at a rate of 3.9% [20,21]; 
however, due to their teratogenic potential, alternate treatment 
regimens are utilized in pregnancy [22].

Other Considerations for 
Anticoagulation in Pregnancy

Inherited Thrombophilias

Inherited thrombophilias are a group of genetic disorders that 
result in an increased risk of venous thromboembolism [23]. 

KEY POINTS

• Venous thromboembolism occurs in 1–4 per 1000 preg-
nancies, representing a fivefold increase in the risk of VTE 
as compared to the nonpregnant state

• The highest risk maternal cardiac condition requiring 
anticoagulation in pregnancy is the presence of a mechani-
cal heart valve

• The highest risk thrombophilias include factor V Leiden 
homozygosity and prothrombin gene G20210A mutation 
homozygosity

• Low molecular weight heparin is the anticoagulant of 
choice in pregnancy; however, it is primarily excreted by 
the kidney and therefore is relatively contraindicated in 
significant renal impairment

• The primary advantage for choosing low-dose unfraction-
ated heparin is it the least likely to preclude neuraxial 
anesthesia
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The  most common and well-studied include factor V Leiden 
mutation, prothrombin G20210A mutation, protein C defi-
ciency, protein S deficiency, and antithrombin deficiency [23]. 
Among these, the highest risk thrombophilias include factor V 
Leiden homozygosity and prothrombin gene G20210A  mutation 
homozygosity. In women with these conditions, the risk of 
pregnancy-related VTE is approximately 4% [22]. Compound 
heterozygosity for factor V Leiden and prothrombin gene muta-
tion, in addition to antithrombin deficiency, are also considered 
to be high risk for VTE [23]. Other less important thrombo-
philias are methylenetetrahydrofolate reductase (MTHFR) and 
elevated homocysteine levels. Currently, routine testing is not 
recommended due to insufficient evidence. In addition, while 
elevated homocysteine levels, possibly caused by mutations in 
MTHFR are thought to be a weak risk factor for VTE, MTHFR 
mutations themselves do not appear to be associated with an 
increased risk of VTE [23].

Anticoagulation during pregnancy and postpartum women 
with inherited thrombophilia depends on the underlying diag-
nosis plus personal or family history of prior thromboembo-
lism. Recommendations vary between the American College of 
Obstetrics and Gynecology (ACOG) and the American College 
of Chest Physicians (ACCP) CHEST guidelines summarized in 
Table 9.3.

Antiphospholipid Syndrome

In contrast to inherited thrombophilias, antiphospholipid syn-
drome (APS) is an acquired thrombophilia with an increased 
risk of VTE along with pregnancy complications. It is an auto-
immune disorder characterized by the presence of at least one 
circulating antiphospholipid antibody (present on two or more 
occasions at least 12 weeks apart) in conjunction with at least one 
clinical criterion [24,78]. The requirements for the diagnosis of 
APS is summarized in Table 9.4.

Due to the elevated risk of vascular thrombosis and pregnancy 
complications, it is imperative that women meeting the criteria 
for APS should receive treatment before, during, and after preg-
nancy. Indications for APS testing include a history of venous or 
arterial thrombosis or a history of pregnancy loss, either three 
or more unexplained losses prior to 10 weeks’ gestation, or one 
unexplained death after 10 weeks’ gestation. While clinical cri-
teria for APS also includes early-onset preeclampsia or growth 
restriction requiring delivery prior to 34 weeks, expert opinion 

does not uniformly recommend screening for APS in women 
with this history as there is not enough evidence to suggest that 
diagnosis and treatment of APS in these scenarios improves the 
outcome of subsequent pregnancies [25]. Other conditions often 
associated with APS include hemolytic anemia, autoimmune 
thrombocytopenia, amaurosis fugax, livedo reticularis, systemic 
lupus erythematosus, and false positive rapid plasma regain test 
[25]. However, as these are not among the clinical criteria for 
a diagnosis of APS, the ACOG does not recommend APS test-
ing in these patients for the purposes of pregnancy management. 
Recommendations for anticoagulation in pregnancy with APS 
are summarized in Table 9.5.

TABLE 9.1

Changes in Coagulation Factors during Pregnancy [9,10]

Coagulation Factors Effect
Change in 
Pregnancy

I (fibrinogen), VII, VIII, IX, X Procoagulant Increased

II, V, and XII Procoagulant Unchanged or 
mildly increased

Protein S, plasminogen 
activator

Anticoagulant Decreased

Protein S, antithrombin III Anticoagulant Unchanged

TABLE 9.2

Cardiac Lesions in Which Anticoagulation during 
Pregnancy May Be Considered

Cardiac Lesion
Anticoagulation 

Indicated Treatment

Native valve disease Only in the presence 
of 

Atrial fibrillation or
Atrial flutter or
Left atrial thrombosis 
or
Prior embolism

Therapeutic 
anticoagulation in 
combination or 
without
VKA
UFH
LMWH

Prosthetic heart 
valve

Yes Therapeutic 
anticoagulation
VKA
UFH
LMWH

Cardiomyopathies—
Systolic 
dysfunction

Only in the presence 
of Intracardiac 
thrombus or Atrial 
fibrillation or 
Treatment with 
bromocriptine

Therapeutic 
anticoagulation in 
combination or without 
in Intracardiac 
thrombus or atrial 
fibrillation
VKA
UFH
LMWH

Prophylactic 
anticoagulation in 
patients on 
bromocriptine
UFH
LMWH

Implantable 
cardioverter 
defibrillator (ICD)

No N/A

Pulmonary 
hypertension

Yes, in patients with 
chronic 
thromboembolic 
pulmonary 
hypertension

Therapeutic 
anticoagulation with 
UFH or  
LMWH

Congenitally 
corrected 
transposition of the 
great arteries

Yes, anticoagulation 
should be 
considered

Therapeutic 
anticoagulation with 
UFH or  
LMWH

Note: See further reference [18].
Abbreviations:  VKA, vitamin K antagonist; UFH, unfractionated 

heparin; LMWH, low molecular weight heparin.
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What Are the Options for 
Anticoagulation in Pregnancy?

There is limited high-quality data regarding specific thrombo-
prophylaxis guidelines in pregnancy [26]. However, multiple 
guidelines prefer low molecular weight heparin (LMWH) over 
unfractionated heparin (UFH) in the antepartum outpatient setting 
[22,27,29]. When choosing a treatment plan, maternal and fetal 
safety must be balanced. Considerations include altered pharma-
cokinetics of the drug, concern for teratogenicity to the fetus, and 
management of anticoagulation around the time of delivery.

There are two categories of anticoagulation dosing: prophylac-
tic and therapeutic. Prophylactic dosing reduces the risk of VTE 

while minimizing bleeding complications [30]. Therapeutic anti-
coagulation is utilized for treatment of active thromboembolic 
disease, or when there is a concern that prophylactic dosing will 
be inadequate for a patient at high risk of developing a thrombo-
embolism. If required, both prophylactic and therapeutic prophy-
laxis should be initiated as soon as an intrauterine gestation is 
confirmed [27,31]. Both ACOG and ACCP have published guide-
lines to assist in determining whether a patient requires prophy-
lactic versus therapeutic  prophylaxis [10,27,32].

Patients with a low-risk thrombophilia (factor V Leiden or 
prothrombin gene mutation heterozygosity, protein C or S defi-
ciency), low-risk thrombophilia with a family history of VTE, or 
a prior provoked VTE (associated with a temporary risk factor 
such as surgery, indwelling catheter, prolonged immobilization) 
are considered low risk and do not require antepartum prophy-
lactic or therapeutic anticoagulation. The medium-risk category 
includes:

 1. Prior idiopathic VTE

 2. Prior VTE with pregnancy or estrogen-containing oral 
contraception

 3. Prior VTE with low-risk thrombophilia

 4. Family history of VTE with high-risk thrombophilia

 5. High-risk thrombophilia or antiphospholipid syndrome

High-risk thrombophilias include antithrombin III deficiency, 
factor V Leiden or prothrombin gene mutation homozygosity, or 
compound heterozygosity. Patients who fall into this category 
should receive prophylactic LMWH or UFH throughout their 
pregnancies. Those at high risk of developing a VTE in preg-
nancy include patients with:

 1. Current VTE or multiple prior VTEs

 2. Prior VTE with a high-risk thrombophilia

 3. Prior VTE with antiphospholipid syndrome

These patients should be started on therapeutic dose LMWH 
or UFH as soon as a pregnancy is confirmed. If a patient has 
another medical condition requiring anticoagulation (e.g., 
mechanical heart valve), she should continue on therapeutic 

TABLE 9.4

Required Laboratory and Clinical Criteria for the Diagnosis 
of Antiphospholipid Antibody Syndrome (APS)a

Laboratory Criteriab Clinical Criteria

1. Circulating lupus 
anticoagulant

2.  Medium to high titers of 
anticardiolipin antibodies 
(IgM and/or IgG)

3.  Medium to high titers 
of anti-B2 glycoprotein I 
antibodies (IgM and/or 
IgG)

 1. Vascular thrombosis
• History of one or more episodes 

of arterial, venous, or small vessel 
thrombosis

 2. Pregnancy morbidity
• Prior pregnancy morbidity 

including three or more 
unexplained spontaneous 
pregnancy losses prior to 10 weeks’ 
gestation with other causes 
excluded

• One or more unexplained fetal 
death after 10 weeks’ gestation 
with other causes excluded

• One or more preterm births prior 
to 34 weeks’ gestation due to 
eclampsia, preeclampsia with 
severe features, or evidence of 
placental insufficiency

a For the diagnosis of APS, the patient must have at least one circulat-
ing antibody in conjunction with at least one clinical criterion.

b Laboratory criteria require at least one circulating antiphospholipid 
antibody on two more occasions and at least 12 weeks apart [24].

TABLE 9.5

Anticoagulation Guidelines in Patients with Antiphospholipid Antibody Syndrome (APS)

Prior History of 
Thromboembolism

American College of Obstetrics and 
Gynecology (ACOG) Guidelines

American College of Chest Physicians 
CHEST Guidelines

Antepartum
Anticoagulation

Postpartum 
Anticoagulationa

Antepartum
Anticoagulation

Postpartum 
Anticoagulation

None None or prophylactic dose Prophylactic dose No specific recommendations No specific recommendations

Recurrent pregnancy loss Prophylactic dose and 
low-dose aspirin

Prophylactic 
anticoagulation and 
low-dose aspirin

Prophylactic and low-dose aspirin
Intermediate dose and low-dose 
aspirin

No specific recommendations

History of arterial, venous, 
or small vessel thrombosis

Prophylactic dose ± low-
dose aspirin

Prophylactic 
anticoagulation

a Postpartum treatment level should minimally be at the level of antepartum coagulation.
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thromboprophylaxis throughout her pregnancy. It is recom-
mended that women on therapeutic anticoagulation be co-man-
aged with maternal-fetal medicine and hematology [27].

What Are the Different Options for 
Anticoagulation Therapy?

Low Molecular Weight Heparin

Heparins (LMWH and UFH) are considered safe in pregnancy 
as they do not cross the placenta and have not been found to be 
teratogenic [27]. LMWH is more often recommended as it has a 
more predictable anticoagulant response and does not require as 
intensive monitoring as in in the case of UFH [33,34].

LMWH is administered subcutaneously, either once or twice 
daily, depending on whether therapeutic or prophylactic dosing 
is needed. There are several formulations of LMWH. As enoxa-
parin is most widely used in the United States, it will be the basis 
for the following discussion. For prophylactic dosing, typically 
enoxaparin 40 mg every 24 hours is used. As a patient’s weight 
increases during pregnancy, dosing can be increased to 1 mg/kg 
daily [30]. Therapeutic dosing is based on patient’s weight (in 
kilograms) and anti-factor Xa levels. Therapeutic LMWH is often 
administered as enoxaparin 1 mg/kg every 12 hours. Therapeutic 
dosing can also be achieved with enoxaparin 1.5 mg/kg daily. 
This regimen creates greater fluctuation in heparin levels and is 
avoided in pregnancy [10].

LMWH is metabolized by the liver and is exclusively excreted 
by the kidney. A baseline platelet and creatinine are drawn prior 
to starting prophylactic LMWH. Therapeutic LMWH requires 
regular monitoring. The mechanism of action for LMWH is inhi-
bition of activated factor X (Xa). To assess anticoagulation, an 
anti-Xa assay is drawn after the third dose, measuring the inac-
tivation of the coagulation factor. In general, anti-Xa 0.6–1.0 IU/
mL 4–6 hours after receiving a dose of enoxaparin is considered 
therapeutic. Of note, anti-Xa levels have not been validated in 
pregnancy [22,29]. After a therapeutic dose is achieved, routine 
anti-Xa monitoring is not recommended due to cost and lack of 
high-quality evidence [22,29].

In addition, for patients on therapeutic LMWH, obtain a base-
line platelet count. It should be drawn at regular intervals to 
monitor for development of heparin-induced thrombocytopenia 
(HIT), a rare, potentially life-threatening complication of hepa-
rin use [22,35]. As the risk of HIT is 14-fold higher with use of 
UFH compared to LWMH, it will be discussed further under 
UFH [27]. In heparin-naïve patients, the onset of HIT is typi-
cally 5–10 days after initiation; platelets should be watched most 
closely the first 2 weeks of starting any heparin therapy [36].

Limitations and Benefits of LMWH

• LMWH has a longer half-life than UFH, however it 
cannot be fully reversed with protamine sulfate.

• Regarding delivery planning, the Society for Obstetric 
Anesthesia and Perinatology and the American Society 
of Regional Anesthesia and Pain Medicine (ASRA) 
state that a patient on LMWH cannot receive neurax-
ial anesthesia if she has received a prophylactic dose 

within the last 12 hours or a therapeutic dose within the 
last 24 hours [27,37,38]. To avoid this inconvenience, 
the provider can schedule an induction, or if indicated 
for obstetric reasons, a cesarean section, and instruct 
the patient to take the last dose 12 or 24 hours prior to 
procedure, depending on the dosing.

• LMWH is primarily excreted by the kidney and is rela-
tively contraindicated in significant renal impairment. 
If a patient shows signs of renal damage, she may need 
to be switched to UFH, which is cleared by both the 
kidneys and the liver.

Despite these limitations, LMWH is the preferred anticoagu-
lant for the majority of patients [21,29,41,42]. It is widely avail-
able and cost effective. It has greater bioavailability than UFH 
and does not cross the placenta, minimizing the risk of teratoge-
nicity and fetal anticoagulation. As mentioned, there is a stronger 
association between dose and anticoagulant response, so it does 
not have to be monitored too frequently. In addition, HIT is sig-
nificantly less likely to occur in women using LMWH.

Unfractionated Heparin

UFH has a shorter half-life than LWMH. The majority of women 
are switched to UFH at 36–37 weeks’ gestation, or earlier if there 
is a concern for preterm labor, to increase the likelihood that 
a patient will be able to receive neuraxial anesthesia for deliv-
ery [10,27,31]. The general exception to this is women at a very 
high risk for VTE (e.g., mechanical heart valves, atrial fibrilla-
tion with thrombus) and time without anticoagulation should be 
avoided. Separate guidelines exist for managing anticoagulation 
and delivery planning in these women.

UFH is available as a subcutaneous injection or an intravenous 
drip. Prophylactic dosing of UFH is often started at 5000–7500 
units twice daily and may be titrated up to 10,000 units subcuta-
neously twice a day in the third trimester.

Therapeutic dosing is titrated based on activated partial throm-
boplastin time. Therapeutic range is generally 1.5–2.5 times a 
patient’s baseline aPTT but can change based on why the anti-
coagulation is indicated. Blood sample for aPTT is collected 6 
hours after an injection. Activated partial thromboplastin time 
is measured daily until a therapeutic dose is achieved, and every 
1–2 weeks subsequently.

Limitations and Benefits of UFH

• The incidence of HIT is higher in women on UFH due 
to an autoantibody to the platelet factor 4 heparin com-
plex, which then paradoxically causes thrombosis [27]. 
To diagnose HIT, a patient must display at least one 
of the following: 50% decrease in platelet count after 
administration of heparin, necrosis at the heparin injec-
tion site, general skin necrosis, or heparin-dependent 
platelet-activating IgG antibodies. Obstetric practi-
tioners must consult hematology if there is a concern 
for HIT [27]. In patients who have received any type 
of heparin in the preceding 100 days and are restart-
ing UFH or LMWH, HIT can occur in up to 0.8% of 
patients [36]. A baseline platelet count is drawn within 
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24 hours of restarting therapy [27,36,44,45]. If a hepa-
rin has been used recently, HIT will manifest within 
the first 24 hours rather than the typical 5–10 days post-
heparin initiation [36].

• Studies are inconclusive, though some suggest that pro-
longed use of UFH can lead to decreased bone mineral 
density [46,47].

UFH is preferred in the peripartum period as it is less likely 
to limit a patient’s ability to have neuraxial anesthesia. Variation 
in expert opinion exists regarding time interval between low-
dose UFH and spinal and/or epidural administration; a discus-
sion regarding timing should be held between the anesthesia and 
obstetric teams and the patient [48]. The effects of UFH can be 
reversed with protamine sulfate. As UFH is primarily cleared 
by the reticuloendothelial system, it is a preferred agent in renal 
failure patients with creatinine clearance <30 mL/min.

Heparin Drip

In patients who have been on therapeutic LMWH during preg-
nancy and require anticoagulation in labor, on admission to the 
hospital an intravenous heparin drip is often started. Intravenous 
drip allows for rapid dose adjustments and quicker initiation/ter-
mination of therapy, should emergent circumstances arise.

When a patient requiring therapeutic anticoagulation arrives 
on Labor and Delivery, at minimum, a baseline CBC, PT with 
international normalized ratio (INR), and aPTT should be 
obtained. At many institutions, dosing a heparin drip is done 
by pharmacy. There is a paucity of conclusive evidence regard-
ing the optimal initial dosing of a heparin drip [49]. The 2012 
ACCP recommend either a fixed regimen of an initial 5000 
unit bolus followed by 1300 units/hr or a weight based regi-
men (Raschke regimen) [32,49,50]. One has not been shown 
to be superior to the other regarding VTE prevention in the 
nonpregnant population [51]. This can be extrapolated to the 
obstetric patient.

Once a heparin drip has been started, obtain an anti-factor Xa 
level 6 hours after initiating the treatment. Target therapeutic 
heparin level is 0.3–0.7 unit/mL [52]. Continue monitoring anti-
factor Xa every 4–8 hours while the infusion is running, even if 
therapeutic levels have been achieved. The heparin infusion is 
typically stopped six hours prior to expected delivery [27].

It is also crucial to monitor platelets for signs of HIT (platelet 
drop >50% or decrease <150,000 k/µL).

Limitations and Benefits of UFH Drip

The primary challenge with unfractionated heparin use is the 
nonlinear dose-response relationship [49]. Nevertheless, UFH 
drips are preferred in labor as they allow patients to have the 
option of neuraxial anesthesia more readily than those on 
LMWH.

• Guidelines recommend that the unfractionated heparin 
drip should be stopped 4–6 hours prior to placing an 
epidural [53,54]. A normal aPTT should be verified. 
After the epidural is placed, only 1 hour needs to elapse 
prior to restarting therapy [38,50,54].

• Should delivery be required emergently, unfractionated 
heparin can be fully reversed with protamine sulfate.

Thus, a heparin drip allows for greater flexibility in balancing 
anticoagulation with comfort and control in labor.

Warfarin

Warfarin, an oral vitamin K antagonist, is generally avoided in 
pregnancy as it can cross the placenta and cause fetal antico-
agulation as well as multiple birth defects [55,56]. Exception to 
this is women with mechanical heart valves and risk factors such 
as atrial fibrillation, previous thromboembolic complications, 
or multiple mechanical valves. It is recommended that warfarin 
be continued through 36 weeks of gestation. This places high-
est importance on reducing maternal risk of a thrombotic event. 
If reduction of fetal risk is prioritized, patients should be coun-
seled that warfarin has been associated with poor development 
of bone and cartilage, leading to nasal and limb bone hypopla-
sia and epiphyseal stipping [57]. It may also be associated with 
early miscarriage and late fetal loss [3,56,58,59]. Studies are not 
conclusive as to whether this is due to the warfarin itself or the 
underlying conditions for which it is used.

If warfarin is continued, doses <5 mg/day appear to be the 
safest, though teratogenic effects have been reported [58,60,61]. 
At any dose, risk of fetal complication is highest between the 6th 
and 12th weeks of gestation [57]. If a patient’s pre-pregnancy 
daily dose is >5 mg/day, it is recommended a patient switch to 
therapeutic LMWH for the first trimester [62].

Warfarin is only used for therapeutic purposes. Prior to initi-
ating treatment, a CBC, basic metabolic panel, and coagulation 
panel (PT, aPTT, INR) are obtained to assess for baseline abnor-
malities with platelets, creatinine, liver function, and coagula-
tion. A Cochrane review of randomized trials comparing initial 
doses of 5 or 10 mg did not demonstrate improved outcomes [63]. 
In addition, the 10 mg dose was more likely to result in a supra 
therapeutic INR, increasing the risk of bleeding [64,65]. A start-
ing dose of <5 mg is recommended.

The full anticoagulation effect of warfarin does not occur until 
2 or 3 days after first administration. The first lab value to reflect 
this is PT/INR, as factor VII is quickly depleted [66]. Other vita-
min K−dependent factors take longer to deplete, i.e., another 
2−3 days. The goal INR may vary based on the clinical setting, 
but the recommended range is typically 2.0–3.0 times normal. A 
patient on warfarin must have her INR monitored 3–4 days after 
the first dose and then serially through the pregnancy. Intervals 
may vary depending on the dose and indication as determined by 
the hematology and/or maternal-fetal medicine specialist. Once 
therapeutic level is achieved, warfarin should be continued until 
36 weeks’ gestation, at which time the patient is transitioned to 
therapeutic LMWH or UFH. If a patient is at high risk for early 
delivery, the timing of this transition may vary.

Limitations and Benefits of Warfarin

Warfarin use is less frequent in pregnancy. As mentioned, the 
primary drawback is its ability to cross the placenta, resulting 
in known fetal teratogenicity and increased risk of hemorrhage. 
It is also challenging because of the narrow therapeutic window 
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and frequent monitoring. As it is a vitamin K antagonist, patients 
need to comply to avoid food rich in vitamin K (leafy green veg-
etables, broccoli, liver, etc.).

Despite its limitations, warfarin has distinct advantages. 
Warfarin is inexpensive and widely available. It is possible to 
reverse its anticoagulant effect with vitamin K, fresh frozen 
plasma, or prothrombin complex concentrates. More impor-
tantly, it is taken by mouth, which may appeal to patients with 
a fear of needles.

Other Anticoagulants

There are a multitude of new oral anticoagulants. These include 
direct thrombin inhibitors, such as dabigatran and argatroban, 
as well as direct factor Xa inhibitors, such as rivaroxaban and 
apixaban. In general, they should not be used in pregnancy as 
little is known about efficacy and fetal safety [21]. If a woman is 
on one of these medications and becomes pregnant, she should 
switch to LMWH immediately.

Aspirin

Aspirin (acetylsalicylic acid) is not an anticoagulant but is often 
used in pregnancy as part of a thromboprophylaxis regimen. The 
mechanism of action is to prevent platelet aggregation through 
irreversible inhibition of cyclooxygenase-1 and 2 (COX-1 and 2) 
enzymes [67].

Studies have shown the efficacy of using aspirin in conjunc-
tion with thromboprophylaxis in women with mechanical heart 
valves as well as those with recent strokes or at high risk for 
developing an ischemic event [21].

Low-dose aspirin has also been used in pregnancy to help pre-
vent preeclampsia [68]. The etiology of preeclampsia is multi-
factorial. There is some evidence suggesting that an imbalance 
of prostacyclin and TXA2 may result in preeclampsia [69]. At 
doses <150 mg/day, aspirin may help by preferentially inhibiting 
TXA2 [70,71]. Initially, use of low dose aspirin for preeclamp-
sia prevention was based on results of several small trials. More 
recently, larger randomized controlled trials and multiple meta-
analyses have confirmed these findings [70,72–76]. Treatment is 
generally initiated between 12 and 28 weeks of pregnancy, but a 
recent meta-analysis demonstrated that maximal efficacy only 
occurs when started prior to 16 weeks [73]. While no consen-
sus exists on timing or dosage of treatment, multiple guidelines, 
including the World Health Organization (WHO), ACOG, and 
U.S. Preventative Task Force recommend use of low-dose aspi-
rin for preeclampsia prevention as there is clear benefit and few 
maternal or fetal adverse effects.

Low-dose aspirin has also been used to treat women with 
APS. There are three antiphospholipid proteins assessed as part 
of the diagnosis for APS: lupus anticoagulant, anticardiolipin, 
and anti-β2 glycoprotein. β2 glycoprotein is primarily clinically 
relevant as it may have a regulatory role in coagulation and fibri-
nolysis [77]. In women with APS who have had a thrombotic 
event, prophylactic anticoagulation is recommended throughout 
pregnancy and 6 weeks postpartum [22,25]. Low-dose aspirin is 
also added, though the evidence remains inconclusive about the 
benefit of this treatment [25].

The optimal treatment for women with APS without a pre-
ceding thrombotic event is not well studied. Expert consensus 
recommends either clinical surveillance or prophylactic heparin 
in addition to 6 weeks of postpartum anticoagulation [22,25]. A 
recent meta-analysis found that in women with recurrent preg-
nancy loss and antiphospholipid antibodies, prophylactic heparin 
and low-dose aspirin can reduce pregnancy loss by 50% [79]. 
This combination is superior to low-dose aspirin or prednisone 
alone [79].

To date, there is insufficient evidence to recommend use of 
low-dose aspirin for prevention of stillbirth, fetal growth restric-
tion, or preterm birth [69].

Preconception Period

The majority of women will not require thromboprophylaxis 
during the antenatal period. Women who are already on anti-
coagulation or have a high-risk condition that will necessitate 
thromboprophylaxis in pregnancy require preconception coun-
seling. Patients at high risk can be identified by existing ACOG 
and ACCP guidelines. See Chapter 4 on preconception counsel-
ing for further information.

Delivery Planning

Delivery is a time at which women are at increased risk of hem-
orrhage. Therefore, careful multidisciplinary planning must be 
done for patients on thromboprophylaxis. LMWH is the pre-
ferred anticoagulant during pregnancy; however, the duration of 
its half-life can limit a patient’s ability to receive neuraxial anes-
thesia and theoretically increase her risk of postpartum hemor-
rhage. For this reason, after 36 weeks’ gestation, or earlier if 
preterm labor is suspected, alternative anticoagulation plans are 
made [27,80]. A patient may choose to continue LMWH (either 
prophylactic or therapeutic), transition to low-dose UFH twice 
daily (5000 units), or transition to high-dose UFH twice daily 
(10,000 units, ACOG recommended).

If a patient chooses to continue LWMH, the main advantage 
is the close correlation between dose and anticoagulant effect. In 
addition, monitoring requirements are limited. The primary dis-
advantage is the prolonged length of time between the last dose 
of LMWH and the possibility of neuraxial anesthesia.

The primary advantage for choosing low-dose UFH is that 
it the least likely to preclude neuraxial anesthesia. The poten-
tial disadvantages include twice-daily dosing, increased dose 
requirements in the third trimester, and significant variation in 
guidelines between timing of last dose and neuraxial anesthesia.

High-dose UFH may be advantageous over low-dose UFH for 
providing more effective thromboprophylaxis, but there is no 
high-quality research to substantiate this [10]. Similar to low-dose 
UFH, the primary disadvantages include variable dose-response 
relationship, frequent lab monitoring, and twice-daily dosing.

There is no established gestational age for delivery; it depends 
on indication for anticoagulation. Patients are instructed to take 
the last dose 12–24 hours prior to a planned induction of labor or 
scheduled cesarean delivery [38,48].



81Anticoagulation in Pregnancy

Induction of Labor

For an induction, patients who have been on therapeutic antico-
agulation are started on an unfractionated heparin drip. Close 
monitoring of the therapeutic level is monitored with aPTT. 
When a patient desires neuraxial anesthesia, preliminary ASRA 
guidelines recommend 4−6 hours between administration of a 
therapeutic dose and neuraxial blockade [27,48]. Prior to place-
ment, aPTT should have normalized. If it has not, aPTT is 
rechecked in 1 hour, and repeated until the value has normalized 
before placing the catheter for neuraxial anesthesia.

After the epidural catheter or spinal is placed, the 2018 ASRA 
guidelines recommend that 4 hours elapse prior to restarting the 
UFH drip [53]. If the placement of neuraxial anesthesia is com-
plicated, the obstetric and anesthesia teams must work together 
to balance the need for maternal anticoagulation with the rare 
but serious risk of a spinal hematoma. If a UFH drip has been 
restarted and the patient continues to labor, the clinical expertise 
of the provider is used to determine at what cervical dilation it 
should be stopped. This is often between 6–8 cm dilation. See 
the below section for a discussion of when thromboprophylaxis 
should be restarted in the postpartum period.

Spontaneous Labor

If a patient presents in spontaneous labor, recent anticoagula-
tion use often makes her ineligible for an immediate epidural. 
LMWH effect cannot be reliably reversed with protamine sulfate 
and therefore is not used for reversal purposes in these patients. 
Instead, the patient’s primary pain control in labor will be intra-
venous medication. If, in the course of her labor, anesthesia 
determines that it is safe to place an epidural catheter, it is at the 
discretion of their team. If the patient has been receiving UFH 
for her anticoagulant, it can be reversed with protamine sulfate 
and has a shorter half-life. These patients may be candidates for 
neuraxial anesthesia.

Emergency Cesarean Section

Should a patient who has been fully anticoagulated require an 
emergency cesarean section, protamine sulfate is given regard-
less of whether she has been on LWMH or UFH. All members of 
the team should be aware of the type of anticoagulant the patient 
has been on and have a contingency plan outlined accordingly in 
conjunction with anesthesia and hematology. In the event of post-
partum- or surgery-related hemorrhage, blood products should 
be made available immediately.

Risk of Postpartum Hemorrhage

Use of anticoagulation in pregnancy increasing the risk of post-
partum hemorrhage (PPH) has not been borne out in the litera-
ture. A small retrospective cohort study on the effects of LWMH 
on bleeding at the time of vaginal delivery found that the risk of 
PPH was significantly higher in the cohort of women on thera-
peutic LMWH [39]. However, the risk of severe PPH (>1000 cc 
estimated blood loss) was comparable between the two groups 
[39]. There was no significant difference in PPH for patients who 

delivered by cesarean section, including emergent deliveries [39]. 
Overall, the PPH risk was not increased in women who delivered 
within 24 hours after the last dose of LMWH versus those who 
delivered more than 24 hours after the last dose [39].

Another retrospective cohort study (n = 77) found that ante-
partum anticoagulation had a greater incidence of wound com-
plications, but there were no differences in the mean estimated 
blood loss or women receiving blood products [81]. Although 
these studies are small, the findings have been replicated [40].

Postpartum

There is an absence of high-quality evidence regarding the best 
postpartum prophylactic anticoagulation regimen. For patients 
who have been on UFH prophylaxis, the first dose may be 
administered 1 hour after the spinal needle was placed or the 
epidural catheter has been removed [31,82]. If LMWH has been 
used for prophylaxis, the CMQCC Maternal VTE Task Force and 
ASRA recommends that a minimum of 12 hours elapse between 
removal of the epidural catheter or spinal needle placement and 
administration of LWMH.

For patients who have been on therapeutic anticoagulation 
during pregnancy, ACOG and ASRA recommend waiting at 
least 24 hours after delivery (vaginal or cesarean) prior to ini-
tiating therapeutic LMWH (e.g., enoxaparin 1 mg/kg every 12 
hours) [10,27,48]. The most recent preliminary ASRA guidelines 
also support waiting an hour after neuraxial block or epidural 
catheter removal prior to administration of therapeutic UFH 
(>10,000 units per day) [38,48]. ACOG recommends that the 
dose of therapeutic anticoagulation be equal or greater to that 
required in pregnancy [10].

For women at a high risk of postpartum VTE, anticoagulation 
should continue for 6 weeks postpartum [10,27]. This includes 
women with a high-risk thrombophilia, personal history of 
VTE, or a low-risk thrombophilia with a family history of VTE. 
Women at very high risk of postpartum VTE (antithrombin 
III deficiency, mechanical heart valves, recent VTE) will also 
require 6 weeks of postpartum anticoagulation.

If a patient has had a single prior provoked pulmonary embo-
lism or a low-risk thrombophilia, she does not require antepartum 
coagulation. As the risk for a VTE increases in the postpartum 
period, the National Partnership for Maternal Safety, ACCP, and 
Royal College of Obstetricians and Gynecologists recommend 
postpartum prophylaxis for 6 weeks [15,28,44]. ACOG allows 
for 4 weeks of postpartum treatment [10].

Bridging Anticoagulation

If a patient will not require anticoagulation greater than 6 weeks 
postpartum, she will often choose to remain on LMWH rather 
than bridge to warfarin. For patients on warfarin prior to preg-
nancy or who will require anticoagulation longer than 6 weeks, 
a bridge to warfarin is recommended [15,27,31]. There are vary-
ing opinions on when to (re)start warfarin postpartum. It is not 
uncommon to see warfarin restarted 24–48 hours after deliv-
ery. However, the CMQCC Maternal VTE Task Force does not 
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recommend bridging sooner than 2 weeks postpartum [27]. 
While bridging, a patient typically requires simultaneous warfa-
rin and heparin. This increases a patient’s bleeding risk. Frequent 
monitoring is required until the INR is in therapeutic range. The 
patient should be closely followed by an anticoagulation special-
ist and/or hematologist during this period of transition.

Breastfeeding

Neither heparin nor warfarin is contraindicated in breastfeed-
ing. Should a patient desire to transition to one of the newer oral 
anticoagulants, there is insufficient data to support safety of use 
while breastfeeding.

Contraception

Contraception options depend on the indication for thrombopro-
phylaxis in pregnancy. In general, the risk of a VTE is increased 
during pregnancy and in the postpartum period. The risk is most 
pronounced in the first 3 weeks after delivery, declining to base-
line levels by 42 days postpartum [15,16,28]. Please refer to the 
chapter on contraception for further information.

Conclusion

Pregnancy affords unique challenges in women with an underly-
ing risk of venous and/or arterial thrombosis. Pregnancy itself 
may increase the inherent risk of thrombosis in such women due 
to the hypercoagulable changes that occur as the result of the 
pregnant state. Pregnancy may also require individualization of 
therapy in women on VKA given the potential fetal risks. The 
management of labor and delivery can be particularly complex 
for women requiring anticoagulation given the innate risk of 
hemorrhage during this process. The role of multidisciplinary 
planning with the anesthesiologist and hematologist cannot be 
overemphasized.
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Congenital Heart Disease in Pregnancy

Jeannette P. Lin

Introduction

Congenital heart disease (CHD) refers to structural malforma-
tions of the heart and/or great vessels that result from abnor-
mal cardiac development in utero or persistence of embryologic 
structure(s) beyond the first weeks of life (e.g., patent ductus 
arteriosus). CHD is the most common congenital defect, affect-
ing approximately 0.8% of live births. With improvements 
in diagnostic tools and advances in surgical and transcatheter 
techniques, over 80% of patients born with CHD will survive to 
adulthood. As more women with CHD reach childbearing age, 
care of these patients requires a multidisciplinary approach with 
specialists in maternal-fetal medicine, adult CHD, and obstetric 
anesthesia with expertise in care of this patient population.

When caring for the pregnant patient with CHD, the first step 
is to identify the patient’s congenital cardiac diagnoses. While 
some patients have received cardiac care since childhood for 
their conditions and are well-versed in their diagnoses, others 
may be unfamiliar with the terminology and unable to name or 
describe their cardiac condition to their providers. In the lat-
ter case, review of imaging and knowledge of CHD may help 
clarify their diagnoses. While the majority of patients with CHD 
are diagnosed in childhood, 30% of patients with CHD do not 
receive their diagnoses of CHD until adulthood. For some, the 
hemodynamic changes of pregnancy unmask symptoms or mur-
murs, leading to their congenital cardiac diagnosis.

The second step in caring for the pregnant patient with CHD is 
to understand their prior congenital cardiac interventions. As Dr. 
Perloff, one of the founders of the field of adult CHD, eloquently 
wrote in 1983, nearly all patients with CHD will have either residua 
or sequelae that warrant lifelong cardiac care [1]. Residua refers 
to “physiologically unimportant uncorrected defects,” such as 

bicuspid aortic valve in a patient with coarctation. Sequelae refers 
to the undesired (but often unavoidable) consequence of a surgical 
intervention, such as heart block after subaortic stenosis resection. 
Knowledge of patients’ surgical or procedural history guide sur-
veillance for such residua and sequelae. For example, patients who 
underwent surgical closure of an atrial septal defect are more likely 
to have atrial arrhythmias than patients who underwent transcathe-
ter closure of an atrial septal defect due to the presence of atriotomy 
scars. Finally, providers should seek to understand the patient’s cur-
rent physiology to guide surveillance and management throughout 
pregnancy. Although many patients with CHD carry the belief that 
they were “cured” of their CHD with their childhood surgeries, 
nearly all patients require lifelong cardiac care [2].

In this chapter, we will review common CHD diagnoses and 
common residua and sequelae of each defect, and then review the 
hemodynamic issues often seen in patients with CHD and strategies 
for management in pregnancy. Table 10.1 outlines a basic checklist 
for a cardiology or obstetric visit in the pregnant patient with CHD.

Care of the patient with CHD requires an understanding of 
the hemodynamic burden of their repaired or unrepaired defect. 
Hemodynamic burdens can be understood as one or a combination 
of the following: volume loading, pressure loading, or low cardiac 
output states (Table 10.2). An overview of common congenital 
defects and pregnancy management is summarized in Table 10.3.

Shunts

Atrial Septal Defects

Aside from bicuspid aortic valves, atrial septal defects (ASDs) 
are the most common type of congenital heart defect, accounting 
for 10%–20% of congenital heart defects [3]. Ostium secundum 

KEY POINTS

• Congenital heart disease (CHD) is the most common con-
genital defect, affecting approximately 0.8% of live births

• Over 80% of patients born with congenital heart disease 
will survive to adulthood

• Aside from bicuspid aortic valves, atrial septal defects 
(ASDs) are the most common type of congenital heart 
defect, accounting for 10%–20% of congenital heart defects

• A delivery plan readily accessible to all care providers 
should be outlined for patients who are at moderate or high 
risk for maternal cardiac complications

• Patients with Eisenmenger syndrome are at high risk for 
maternal morbidity and mortality and therefore pregnancy 
is contraindicated



86 Cardio-Obstetrics

ASDs and primum ASDs are the most common, accounting for 
75% and 20% of ASDs, respectively. Sinus venous defects and 
unroofed coronary sinus defects are, strictly defined, not ASDs 
as they do not involve the primum or secundum septum, but 
nonetheless are included here as the result in the same physiology 

as ASDs [4]. Sinus venosus defects occur at the juncture of the 
superior vena cava (SVC) or inferior vena cava (IVC) and the 
right atrium, and account for 15% of ASDs. Unroofed coronary 
sinus defects result from a fenestration in the roof of the coro-
nary sinus as it passes posterior to the left atrium in the atrioven-
tricular groove, allowing oxygenated blood to shunt from the left 
atrium into the coronary sinus, which then drains into the right 
atrium [5]. Unroofed coronary sinus defects are rare, estimated 
to account for 1% of atrial level shunts.

Atrial level shunts result in volume loading of the right atrium 
and right ventricle, which in turn dilate over time. Symptoms of 
exertional dyspnea and palpitations may develop at any stage of 
life, even late in adulthood, as the degree of shunting across the 
defect increases as the left ventricle stiffens with age.

If an ASD is suspected but not clearly seen on transthoracic 
echocardiogram (TTE), a “bubble study” can aid in diagno-
sis of an atrial level shunt. In a bubble study, agitated saline is 
injected into a peripheral IV while an echocardiogram is being 
performed. In patients without shunts, the bubbles are visualized 
on the echocardiogram filling the right atrium and ventricle, and 
are then filtered out in the lungs, with no bubbles appearing in 
the left atrium or ventricle. Appearance of bubbles in the left 
atrium or ventricle suggests right-to-left intracardiac (or intra-
pulmonary) shunting. Notably, a negative agitated saline contrast 
study does not definitively exclude an atrial level communica-
tion, as patients who are shunting predominantly from the left to 
right atrium may have a negative agitated saline contrast study.

Patients with unrepaired atrial level shunts typically shunt blood 
from the left atrium to the right atrium, as left atrial pressure is 
typically higher than right atrial pressures due to greater right ven-
tricular compliance. However, transient increases in right atrial 
pressure or volume can cause transient right to left atrial shunting. 
The risk of paradoxical embolism across the atrial septal defect is 
increased in pregnancy due to the increased volume and hyperco-
agulable state of pregnancy. Labor and delivery is a particularly 
high-risk period due to the increase in venous return with release 

TABLE 10.1

Checklist for CHD Visit in Pregnancy

Past cardiac 
history

Congenital cardiac diagnosis
Prior surgeries and/or catheter-based interventions
Prior arrhythmias and/or electrophysiology study/
ablation

Implantable cardiac device (pacemaker, implantable 
cardioverter-defibrillator, loop recorder) and device 
settings

Antiplatelet/anticoagulation, and indication

Current status Last cardiology visit
Last echocardiogram
Last EKG
Current NHYA functional class

Risk 
assessment

mWHO class
ZAHARA
CARPREG2
Physiologic stage

Pregnancy 
management

Add/hold antiplatelet medications or anticoagulation
Echocardiogram frequency
BNP frequency
EKG frequency
CXR frequency
Additional testing
Additional consultations: Maternal-fetal medicine, 
adult congenital heart disease specialists

Fetal 
surveillance

Risk for anomalies
Fetal anatomy, including fetal echo
Serial growth
Antepartum fetal heart rate testing

TABLE 10.2

Hemodynamic Burdens of Congenital Heart Defects

Hemodynamic 
Burden Example(s) Pregnancy Symptoms

Management 
Strategies Comments

Right heart 
volume loading

Atrial level shunts Exertional dyspnea, increased lower 
extremity edema, atrial arrhythmias

Diuretics Generally well tolerated in pregnancy 
but may require diuretic therapy

Right heart 
pressure loading

Pulmonary valve/
artery stenosis, 
double chambered 
right ventricle

Exertional dyspnea, increased lower 
extremity edema, ventricular 
arrhythmias

Diuretics, beta-blockers Consider transcatheter interventions 
(balloon angioplasty or 
valvuloplasty) if refractory 
symptoms

Left heart volume 
loading

Mitral or aortic 
regurgitation

Exertional dyspnea, orthopnea, 
paroxysmal nocturnal dyspnea, 
atrial arrhythmias. Ventricular 
arrhythmias, especially if LV 
dysfunction

Diuretics, beta-blockers Generally well tolerated in pregnancy 
but may require diuretic therapy

Left heart 
pressure loading

Coarctation of the 
aorta, aortic 
stenosis

Exertional dyspnea, orthopnea, 
paroxysmal nocturnal dyspnea, 
atrial arrhythmias. Ventricular 
arrhythmias, especially if LV 
dysfunction

Diuretics, beta-blockers Consider transcatheter interventions 
(balloon angioplasty or 
valvuloplasty) if refractory 
symptoms
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of Valsalva, and postpartum due to relief of IVC compression and 
increase in systemic venous return to the right atrium. Bubble/
particle filters can decrease the risk of paradoxical embolism and 
should be utilized in all patients with potential right-to-left car-
diac shunts. Providers caring for patients with unrepaired atrial 
level shunts should be vigilant for neurologic signs or symptoms 
that suggest a cerebral vascular accident (CVA) or chest pain/pres-
sure or unexplained dyspnea to suggest myocardial infarction due 
to a coronary artery embolus. Though data are scarce, aspirin is 
generally recommended to minimize this risk. Anticoagulation 
with low molecular weight heparin should be recommended in the 
pregnant patient who experiences an embolic event.

The decision for ASD closure should be made together with 
an experienced adult congenital cardiology team. Patients with 
secundum type ASDs are often candidates for transcatheter ASD 
closure. For the patient at high risk for a recurrent thromboem-
bolic event, closure during pregnancy may be considered but the 
risks of fetal loss or preterm labor with the administration of 
general anesthesia must be weighed against the risk for recur-
rent thromboembolic event. The other types of atrial shunts (pri-
mum, sinus venosus, unroofed coronary sinus) require a surgical 
approach (Figure 10.1) [6].

Ventricular Septal Defects

The incidence of ventricular septal defects (VSDs) varies widely 
in the literature, as many patients are asymptomatic, and many 
small defects close spontaneously but are among the most com-
mon forms of CHD in childhood. Approximately 10,000–11,000 
isolated VSDs are diagnosed in infants in the United States 
annually [7,8]. Ventricular septal defects are divided into four 
types, based on their location within the interventricular septum:

 1. Perimembranous VSDs account for 80%

 2. Muscular VSDs account for 50%–10%

 3. Inlet VSDs account for 5%

 4. Supracristal VSDs account for 5%–7%

VSDs result in pressure loading of the right ventricle and pul-
monary artery due to exposure of the right heart to systemic pres-
sures. VSDs also result in volume loading of the left atrium and 
left ventricle, as the oxygenated blood shunted from the left ven-
tricle to the right ventricle through the VSD is recirculated through 
the lungs and back to the left heart. Patients with small VSDs have 
normal pulmonary artery pressures and normal left atrial and 

Anomalous
right and
upper right
pulmonary
veins

Superior sinus
venosus ASD

Ostium
primum
ASD

Tricuspid valve

Unroofed
coronary
sinus

Inferior sinus
venosus ASD

Ostium
secundum
ASD

IVC

SVC Ao

FIGURE 10.1 Locations of atrial level shunts, en face view. RA view of the interatrial septum demonstrating the location of different types of atrial level 
shunts. ASD, atrial septal defects. (Adapted from Otto CM et al. Textbook of Clinical Echocardiography, 6th ed. Philadelphia: Elsevier; 2019, ch. 1. With 
permission.)
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ventricular size. Patients with moderate VSDs will develop mod-
erate pulmonary arterial hypertension and have dilation of the left 
atrium and ventricle. Patients with large nonrestrictive VSDs will 
develop heart failure symptoms early in life. If left unrepaired, 
patients with large VSDs will begin to have progressive pulmo-
nary arterial hypertension by 2–3 years of age and have severe 
pulmonary hypertension and bidirectional or right to left shunting 
(Eisenmenger physiology) by the time they reach adulthood.

Patent Ductus Arteriosus

The ductus arteriosus is a vessel between the proximal descend-
ing aorta and the main pulmonary artery near the origin of the left 
pulmonary artery. In fetal life, the ductus arteriosus diverts blood 
from the pulmonary artery away from the lungs, into the aorta. 
The ductus arteriosus typically closes after birth; persistence of 
the ductus arteriosus beyond the first few weeks of life is abnor-
mal and represents a congenital heart defect termed patent ductus 
arteriosus (PDA). The incidence of PDA is approximately 1 in 
2000, accounting for 5%–10% of all congenital heart defects [7].

Similar to VSDs, the PDA may be a small, moderate, or large 
shunt, and moderate or large PDAs result in pressure loading of 
the right ventricle and pulmonary arteries, and volume loading 
of the left heart. Small shunts are typically well-tolerated lifelong 
and may never require intervention, while large shunts result in 
heart failure and Eisenmenger syndrome if not addressed early 
in life. Transcatheter device closure is now preferred over surgi-
cal closure, and may be performed in patients of all ages, though 
may be more difficult in adults with calcification of the PDA. 
PDA closure is contraindicated in patients with severe pulmo-
nary arterial hypertension and Eisenmenger syndrome.

Left Ventricular Outflow Tract Obstruction

Subvalvar, Valvar, and Supravalvar Aortic Stenosis

Subvalvar aortic stenosis (SAS) accounts for approximately 30% 
of congenital left ventricular outflow tract obstruction (LVOT) 
lesions, and can be caused by a spectrum of malformations, 
from a discrete fibrous membrane to a tunnel-like fibromuscular 
band encompassing the circumference of the left ventricular out-
flow tract. It can be progressive and cause a significant pressure 
load on the left ventricle, with resultant hypertrophy, diastolic 
dysfunction, and eventual systolic dysfunction if left untreated. 
Surgical treatment of SAS depends on the type of obstruction 
and may range from resection of a discrete fibrous membrane 
to a septomyectomy to enlarge the left ventricular outflow tract 
in patients with tunnel-like obstruction. Recurrence of SAS is 
unfortunately common, with recurrence rates of 14%–27% [9–
12]. Mild to moderate aortic regurgitation is common, seen in 
approximately 60% of patients with subaortic stenosis, as the 
aortic valve leaflets develop fibrous thickening from repeated 
shear stress of the high velocity SAS flow on the leaflets.

Valvar aortic stenosis is typically due to a bicuspid aortic valve 
in young adults, but in rare cases may be due to a unicuspid aor-
tic valve. Bicuspid aortic valve (BAV) is the most common con-
genital heart defect, affecting up to 3% of the population, more 
often in males than females. Patients may present in the neonatal 

period with critical congenital aortic stenosis requiring emergent 
balloon valvotomy; other patients may remain asymptomatic 
with adequate valve function into advanced age. Approximately 
50% of patients with BAV will require valve intervention by their 
fifth or sixth decade of life.

Supravalvar aortic stenosis (SVAS) is the least common cause 
of LVOT obstruction, accounting for 8% cases. Approximately 
60% of patients with SVAS have Williams syndrome, which 
is characterized by elfin facies, stellate iris, short stature, and 
a “cocktail personality.” The remaining 40% of SVAS cases 
may be familiar or sporadic. SVAS is defined by a fixed aortic 
narrowing at the level of the sinotubular junction and is associ-
ated with a generalized arteriopathy which can affect both the 
aorta and its branches, as well as the pulmonary arterial system. 
Surgical intervention is recommended for severe SVAS.

Aortic Coarctation

Aortic coarctation (CoA) is a focal narrowing of the aorta, almost 
always at the junction of the distal aortic arch and descending 
aorta, just below the origin of the left subclavian artery. It is 
associated with a generalized arteriopathy and hypertension. 
CoA accounts for 5%–8% of congenital cardiac disease and is 
associated with bicuspid aortic valves in approximately 70% 
of patients, ventricular septal defects, and mitral valve abnor-
malities. Intracranial aneurysms, typically berry aneurysms of 
the circle of Willis, are seen in 3%–5% of patients with CoA. 
Treatment of CoA in childhood in infants and small children 
is typically surgical; in older children, adolescents, and adults, 
angioplasty and stent implantation is preferred in patients with 
suitable anatomy. Residua and sequelae include hypertension due 
the underlying arteriopathy, residual focal narrowing after stent-
ing or surgical repair, or saccular aneurysms at suture lines after 
surgical repair.

Right Ventricular Outflow Tract Obstruction

Pulmonary Stenosis

Pulmonary valve stenosis (PS) accounts for 7%–10% of congeni-
tal heart defects, and typically occurs in isolation. The pulmo-
nary valve may be fused and have an appearance of “doming” on 
the TTE or may be dysplastic with thickened leaflets. Pulmonary 
stenosis results in right ventricular pressure overload. The treat-
ment of choice for pulmonary stenosis is balloon valvuloplasty. 
Dysplastic valves may require surgical valvotomy if valvulo-
plasty is unsuccessful. Pulmonary regurgitation is a common 
sequela of surgical valvotomy and may require reintervention 
with a pulmonary valve replacement later in life.

Double-Chambered Right Ventricle

Double-chambered right ventricle (DCRV) is an uncommon con-
genital heart defect which occurs when anomalous or hypertro-
phied muscle bundles in the mid ventricle or outflow tract cause 
intraventricular obstruction. The obstructing muscles divide 
the ventricle into a high-pressure proximal inflow chamber that 
communicates with the tricuspid valve, and a low-pressure distal 
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outflow chamber that communicates with the pulmonary valve. 
DCRV accounts for 0.5%–2% of all CHD and is associated with 
VSDs, pulmonary stenosis, and tetralogy of Fallot. Surgical 
resection of the anomalous or hypertrophied muscle bundles is 
an effective cure and is indicated for patients with moderate or 
greater obstruction.

Other Complex Congenital Heart Disease

Ebstein Anomaly

Ebstein anomaly is a congenital malformation of the tricuspid 
valve defined by failure of delamination of the septal leaflet 
from the septum, apical and posterior displacement of the func-
tional tricuspid annulus, and elongation of the anterior leaflet. 
Part of the anatomic right ventricle is “atrialized,” and the right 
atrioventricular junction (true tricuspid annulus) is dilated. The 
right ventricular wall is typically thinned and dilated, and Wolf-
Parkinson-White is often seen due to disruption of the normal 
electrical separation between the right atrium and the right ven-
tricle. Patients with more mild forms of Ebstein anomaly may not 
ever require intervention, whereas those with very severe forms 
may require transplant consideration as infants due to severe 
ventricular dysfunction. Adults with a diagnosis of Ebstein 
anomaly may be unrepaired with chronic tricuspid regurgitation, 
may have had prior tricuspid valve repair with variable degrees 
of residual tricuspid regurgitation, or may have had prior tricus-
pid valve replacement.

Double-Outlet Right Ventricle

Double-outlet right ventricle (DORV) is defined as “a type of 
ventriculoarterial connection in which both great vessels arise 
either entirely or predominantly from the right ventricle” [13]. 
DORV accounts for 1% of all CHD [14] and is often associated 
with other anomalies such as coarctation, heterotaxy, and chro-
mosomal mutations such as trisomy 13, trisomy 18, and chromo-
some 22q11 deletion. Surgical approach to DORV, and thus the 
associated residua and sequelae, depend on the relationship of 
the VSD to the great arteries, the size of the VSD, the size of 
the great arteries, size of the ventricles, and the atrioventricular 
valves. Ventricular-to-pulmonary artery conduits and baffles are 
typically used in two-ventricle repairs, and are associated with 
conduit stenosis or regurgitation, and baffle stenoses or leaks. 
Single-ventricle repairs are discussed below.

Truncus Arteriosus

Truncus arteriosus, also known as persistent truncus arteriosus, 
is an uncommon cyanotic congenital heart defect, accounting for 
1%–4% of cardiac heart defects in a large autopsy series [15] 
and 0.6–1.4 per 10,000 live births [16]. In truncus arteriosus, the 
main pulmonary artery or branch pulmonary arteries arise from 
the aorta, typically the ascending aorta. Patients nearly always 
have a large nonrestrictive ventricular septal defect. The truncal 
(aortic) valve has normal trileaflet morphology in 69%, is quad-
ricuspid in 22%, and bicuspid in 9%. The abnormality, as well as 

dilation of the aorta and valve annulus, predisposes patients with 
truncus arteriosus to aortic regurgitation.

Patients with truncus arteriosus typically present in the neo-
natal period or early infancy with signs of heart failure from 
pulmonary overcirculation. Survival into adulthood without sur-
gical repair is rare; those who survive suffer from severe pulmo-
nary arterial hypertension. Surgical repair for truncus arteriosus, 
known as the Rastelli repair, was first performed in 1967, involv-
ing closure of the VSD, separation of the pulmonary artery from 
the aorta, and placement of a right ventricular to pulmonary 
artery (RV-PA) conduit to separate the venous and arterial cir-
culation [17]. Unfortunately, due to the small size of the RV-PA 
conduits, conduit degeneration, and patient growth, patients with 
truncus arteriosus often require reoperation(s) to replace the 
RV-PA conduits before they reach adulthood.

Care of the repaired patient with truncus arteriosus requires 
an understanding of (i) the degree of stenosis or regurgitation 
across the RV-PA conduit which may impose volume or pres-
sure loading on the right ventricular, respectively; (ii) presence 
of truncal/aortic valve regurgitation which may impose volume 
loading on the left ventricular; and (iii) biventricular function 
which may be normal or abnormal, depending on the severity 
and degree of both prior and current pressure/volume loading. 
Physical exam findings and management strategies in pregnancy 
will vary depending on the presence of the above residua.

D-Transposition of the Great Arteries

In D-transposition of the great arteries (D-TGA), the aorta arises 
from the right ventricle and the pulmonary artery arises from 
the left ventricle. This results in two parallel circulations, with 
the deoxygenated blood traveling via systemic veins to the right 
atrium, right ventricle, aorta, and back to the systemic veins, 
and the oxygenated blood traveling via the pulmonary veins to 
the left atrium, left ventricle, pulmonary artery, back to the pul-
monary veins. Mixing of the systemic and venous circulation is 
necessary for the neonate to be viable, and typically occurs via a 
ventricular septal defect which is present in 40%–45% of cases, 
atrial septal defect, or patent ductus arteriosus. If none of these 
are present, or if they are inadequate, a balloon atrial septostomy 
early in life will permit greater mixing of the circulation.

The first definitive surgical repairs for D-TGA were the 
Senning [18] and Mustard [19] atrial switch procedures. The 
atrial switch procedure is a physiologic correction that uses sur-
gically placed baffles to redirect systemic venous return across 
the atrial septum to the left atrium, thus allowing deoxygenated 
blood to flow to the pulmonary artery; the pulmonary venous 
baffle directs the pulmonary venous return rightward across the 
atrial septum to the right atrium, thus allowing oxygenated blood 
to travel to the aorta. In the atrial switch procedure, the right ven-
tricle thus serves as the systemic ventricle, pumping oxygenated 
blood to the aorta, while the left ventricle is the subpulmonary 
ventricle, pumping deoxygenated blood to the pulmonary artery. 
Long-term sequelae of the atrial switch procedures include baffle 
stenoses which can increase pressures in the systemic or pul-
monary veins, baffle leaks which would result in an atrial level 
shunt, systemic right ventricle systolic and diastolic dysfunction, 
tricuspid regurgitation, atrial tachyarrhythmias, and sinus node 
dysfunction.
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Due to the late complications of the atrial switch operation, 
it was eventually developed and first performed successfully in 
1975 by Jatene and associates [20]. However, due to early opera-
tive complications with coronary ischemia, the arterial switch 
operation was not performed routinely until the early 1990s. In 
the arterial switch operation, the aorta and pulmonary artery 
are transected above the sinuses, and the coronary arteries are 
disconnected from the native aorta. The great arteries are then 
re-anastomosed in a “switched” manner, with the aorta now sur-
gically anastomosed to the native pulmonary root (which arises 
from the left ventricle), and the pulmonary artery now surgically 
anastomosed anteriorly to the native aortic root (which arises 
from the right ventricle). The  coronary arteries are implanted 
into the new constructed aortic (“neoaortic”) root. Long-term 
sequelae of the arterial switch operation include ventricular dys-
function and risk for myocardial ischemia, particularly due to the 
reimplantation of the coronary arteries. Neoaortic dilation and 
neoaortic valve regurgitation may also occur.

Congenitally Corrected Transposition 
of the Great Arteries

In congenitally corrected transposition of the great arteries 
(ccTGA), the positions of the ventricles are reversed, so that the 
right atrium drains systemic venous return into the right-sided 
anatomic left ventricle, which then pumps the deoxygenated 
blood to the pulmonary artery. The pulmonary venous return to 
the left atrium drains across the tricuspid valve to the left-sided 
anatomic right ventricle that functions as the systemic ventricle, 
pumping oxygenated blood to the aorta. Thus, discordance of the 
atrioventricular (i.e., right atrium to left ventricle, and left atrium 
to right ventricle) and ventricular arterial (i.e., left ventricle to 
pulmonary artery, and right ventricle to aorta) results in physi-
ologic connections in spite of abnormal anatomic connections.

A common sequela of these congenital heart defects is heart 
block, which occurs at a rate of approximately 2% per year. The 
tricuspid valve may be abnormal, with Ebstein-like malforma-
tion and associated regurgitation, or may be initially competent 
but develop secondary regurgitation due to tricuspid annular 
dilation. Tricuspid valve replacement should be considered for 
patients with severe tricuspid regurgitation, though the optimal 
timing of this surgery is subject to debate. With increasing age, 
right ventricular dysfunction also becomes more prevalent, and 
significant systemic ventricular dysfunction leading to heart fail-
ure symptoms often presents in the fourth or fifth decade of life.

Single-Ventricle Physiology

Various degrees of ventricular hypoplasia may be seen in many 
of the congenital heart defects discussed in this chapter. True 
single-ventricle anatomy, in which a second hypoplastic ventricle 
is not able to be identified, is unusual but can be seen in some 
cases of double-inlet left ventricle. Single-ventricle physiology is 
more prevalent and refers to a patient who has undergone surgi-
cal Fontan palliation.

In the Fontan surgery, the systemic venous return can be redi-
rected to the pulmonary artery by one of several methods. Early 
Fontan palliations were performed by anastomosing the right 
atrial appendage to the pulmonary artery, thus allowing SVC 

and IVC flow to enter the right atrium and then the main pul-
monary artery. This resulted in right atrial hypertension, right 
atrial dilation, and atrial arrhythmias, so was largely abandoned 
in the early 1990s in favor of the lateral tunnel and extracardiac 
Fontans. The lateral tunnel (LT) Fontan uses an intra-atrial baf-
fle to direct IVC flow superiorly through an atrial tunnel, anas-
tomosing to the inferior aspect of the right pulmonary artery. A 
Glenn shunt is an anastomosis of the SVC to the superior aspect 
of the (usually right) pulmonary artery, thereby directing SVC 
flow directly to the pulmonary arteries. An extracardiac (EC) 
Fontan is similar to the LT Fontan but uses an extracardiac con-
duit rather than an intra-atrial tunnel to direct blood from the 
IVC to the pulmonary arteries.

The Fontan palliation has allowed many patients with cyanotic 
congenital heart defects not amenable to a biventricular repair to 
survive to adulthood. However, their physiology remains markedly 
abnormal. Patients with Fontan physiology depend on a pressure 
gradient, low pulmonary vascular resistance, and negative intra-
thoracic pressure to promote systemic venous return. Preload, or 
filling, of the single ventricle depends on transit of blood through 
the pulmonary vasculature, assisted by diastolic relaxation of 
the single ventricle drawing blood forward from the pulmonary 
venous atrium and pulmonary veins. Diastolic dysfunction, atrio-
ventricular valve regurgitation, pulmonary vein stenosis, pulmo-
nary artery stenosis, or pulmonary vascular disease would further 
impede pulmonary blood flow, ventricular filling, and would result 
in elevated pressures in the Fontan circuit (IVC, SVC, and right 
atrium/intra-atrial tunnel/extracardiac conduit). Chronic hepatic 
congestion is the rule, and patients may develop advanced fibro-
sis or even cirrhosis due to hepatic congestion. Maternal Fontan 
physiology is a major predictor for adverse fetal outcomes of pre-
maturity and small-for-gestational age, likely due to multifactorial 
causes of chronic low cardiac output and, for some patients, vari-
able levels of desaturation from venovenous collaterals.

Eisenmenger Syndrome

Eisenmenger syndrome was first coined by Paul Wood in 1958 
and defined as “pulmonary hypertension due to a high pulmo-
nary vascular resistance with reversed or bidirectional shunt at 
aortopulmonary, ventricular, or atrial level” [21]. The prevalence 
of Eisenmenger syndrome in developed nations has decreased 
by an estimated 50% over the past 50 years due to advances in 
diagnostic and surgical techniques in pediatric cardiology [22] 
that allow for earlier diagnoses and closure of large shunts before 
patients develop pulmonary vascular disease. For those who 
develop Eisenmenger syndrome, survival has improved due to 
advancements in medical management and the development of 
pulmonary vasodilators.

Severe pulmonary arterial hypertension in the presence of an 
intra- or extracardiac shunt results in cyanosis due to right-to-left 
shunting, right ventricular hypertrophy and diastolic dysfunc-
tion, and variable right ventricular systolic dysfunction. However, 
Eisenmenger syndrome is also a multi-organ disease. Patients 
have a bleeding diathesis due to low platelets and dysfunction 
of von Willebrand factor but may also have in situ thrombosis in 
the pulmonary arteries and are predisposed to thromboembolic 
events such as strokes due to paradoxical embolism across the 
shunt. The right-to-left shunt also increases risk for infection, 
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particularly endocarditis and brain abscesses from septic emboli. 
Renal dysfunction can occur due to a nephrotic syndrome, or due 
to cardiorenal syndrome.

Patients with Eisenmenger syndrome are modified WHO 
(mWHO) class IV, and at high risk for maternal morbidity and 
mortality with pregnancy. All patients of reproductive age should 
be counseled to avoid pregnancy. If pregnancy occurs, termina-
tion should be discussed with the patient. For patients who elect 
to continue the pregnancy, a multidisciplinary approach with car-
diologist experienced in the care of Eisenmenger syndrome, car-
diac and obstetric anesthesiologists, and maternal-fetal medicine 
specialists is strongly recommended.

Preconception and Pregnancy Counseling

The patient should be counseled in detail regarding the following:

 1. The risk of maternal and fetal adverse outcomes during 
pregnancy and postpartum period.

 2. The potential for adverse long-term outcomes after 
pregnancy such as the risk of worsening ventricular 
function in patients with systemic ventricular dysfunc-
tion, and the risk for progressive aortic dilation due to 
pregnancy.

 3. Offspring of parents with congenital defects are at a 
higher risk for congenital heart defects. For those with 
de novo mutation, risk of CHD recurrence for most 
lesions is 3%–5%, though the relative risk is higher in 
patients with atrioventricular septal defect and left ven-
tricular outflow tract obstructive lesions. The relative 
risk of recurrence is 80-fold for patients with heterotaxy 
syndrome [23]. Genetic counseling should be offered to 
patients with known heritable conditions, such as Marfan 
syndrome, Holt-Oram, Noonan, Alagille, CHARGE, 
22q11.2 microdeletion, and Williams syndrome.

Management of Congenital Heart Disease 
in Pregnancy, Peripartum, and Postpartum

In addition to the above risk assessment schemes, the 2018 AHA/
ACC Guidelines for the Management of adults with CHD outline 
four physiological classes, A−D, which include consideration of 
residua and sequela (Table 10.4; ref [2]).

Frequency of cardiology visits should be individualized based 
on level of risk as assessed by the risk stratification schemes, 
understanding of the severity of the patient’s hemodynamic 
burden from residual lesions (see Table 10.3), and physiological 
stage of CHD, which accounts for common residua and sequelae. 
Those who are at physiological stage A, such as a patient with a 
bicuspid aortic valve with normal valve function and no aortic 
dilation, may only require a single cardiology visit in the late sec-
ond or early third trimester. Those at physiological stage B, such 
as a patient with a bicuspid aortic valve with normal valve func-
tion but mild aortic dilation, may benefit from cardiology vis-
its and surveillance echocardiograms every trimester. Those in 
physiological stage C, such as a patient with bicuspid aortic valve 
and moderate aortic stenosis and/or regurgitation may require 
visits every 1 or 2 months. Those in physiological stage D, such 

as a patient with bicuspid aortic valve and severe aortic enlarge-
ment, may require more frequent visits, including the possibility 
of weekly visits for close monitoring and medication titration.

Similarly, prenatal obstetric care should be individualized to 
the patient risk. Patients at physiological stage A may be cared 
for by a maternal-fetal medicine specialist but may also be cared 
for by a general obstetrician. However, those at physiological 
stage B, C, or D should be managed by an obstetrician trained in 
maternal-fetal medicine or experienced in the care of pregnant 
patients with CHD. For patients in physiologic stage C or D, a 
multidisciplinary meeting including the obstetric, cardiology, 
and anesthesia teams should be convened once the fetus reaches 
viability at 23−24 weeks.

The rate of fetal loss in CHD patients is approximately 15%–
25%, slightly higher than that of the general population [24,25]. 
Rate of premature delivery (10%–12%) was more common in 
patients with CHD compared with the general population, par-
ticularly in patients with complex CHD [24]. Neonatal events 
such as small for gestational age, respiratory distress syndrome, 
interventricular hemorrhage, and neonatal death also occur at a 

TABLE 10.4

Physiological Stage of Congenital Heart Disease

A

NYHA functional class I symptoms
No hemodynamic or anatomic sequelae
No arrhythmias
Normal exercise capacity
Normal renal, hepatic, pulmonary function

B

NYHA functional class II symptoms
Mild hemodynamic sequelae (mild aortic enlargement, mild 
ventricular enlargement, mild ventricular dysfunction)

Mild valvular disease
Trivial or small shunt (not hemodynamically significant)
Arrhythmia not requiring treatment
Abnormal, objective cardiac limitation to exercise

C

NYHA functional class III symptoms
Moderate or greater valvular disease; moderate or greater 
ventricular dysfunction (systemic, pulmonic, or both)

Moderate aortic enlargement
Venous or arterial stenosis
Mild or moderate hypoxemia/cyanosis
Hemodynamically significant shunt
Arrhythmias controlled with treatment (ablation or medication)
Pulmonary hypertension (less than severe)
End-organ dysfunction responsive to therapy

D

NYHA functional class IV symptoms
Severe aortic enlargement
Arrhythmias refractory to treatment
Severe hypoxemia (cyanosis)
Severe pulmonary hypertension
Eisenmenger syndrome
Refractory end-organ dysfunction

Source: Stout KK et al. J Am College Cardiol. 2019;73(12):1494–
563. With permission.
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higher frequency of 27.8%. Maternal cyanosis, subaortic ventric-
ular outflow tract obstruction, and low cardiac output are known 
predictors of adverse perinatal events [24,25].

Due to the increased incidence of CHD in the offspring of 
patients with CHD, a comprehensive fetal echocardiogram 
should be performed between 18 and 23 weeks’ gestation to 
evaluate the fetus for congenital heart defects if either biological 
parent has CHD.

A delivery plan (Table 10.5) should be outlined for patients who 
are at moderate or high risk for maternal cardiac complications 
and should be readily accessible to all staff caring for the patient.

Maintenance IV fluids are often administered to patients who 
are NPO for an extended period of time but should be used judi-
ciously in patients susceptible to heart failure, particularly those 
requiring diuretics at baseline or during pregnancy. However, 
fluid resuscitation in the event of extensive blood loss is accept-
able and should be administered when clinically necessary.

Medications for cervical ripening are generally consid-
ered safe. Use of tocolytic agents is generally safe, except ter-
butaline, which should be used with caution in patients with 
a history of arrhythmia. Nitrates should be used in caution in 
patients with severe obstructive lesions (e.g., aortic stenosis). 
Hypermagnesemia may result in hypotension and bradycardia 
and should be used with caution in patients with severe obstruc-
tive lesions or at risk for bradyarrhythmias.

Endocarditis prophylaxis is controversial given the scarcity of 
data to guide recommendations. Current recommendations from 
the American College of Obstetricians and Gynecologists [26] 
mirror that of the American Heart Association and American 
College of Cardiology guidelines [27]. In both documents, anti-
biotic prophylaxis for vaginal deliveries is recommended only 
for those at highest risk for endocarditis: those with prosthetic 
valves or prosthetic material used in valve repair, those with 
previous infective endocarditis, those with unrepaired cyanotic 
CHD, those who underwent transcatheter or surgical interven-
tion involving prosthetic material in the first 6 months after the 
intervention, and those with repaired congenital heart defects 
with residual shunt at the prosthetic device. However, this does 
not preclude consideration or usage of antibiotic prophylaxis for 
other patients who are at risk for endocarditis compared with 
the general population (e.g., bicuspid aortic valves, restrictive 
ventricular septal defects). Patients and providers should engage 
in shared decision about use of antibiotics, given the significant 
morbidity associated with endocarditis.

Vaginal delivery is preferred for the majority of patients with 
CHD, with a few exceptions. For patients at high risk for aortic 

TABLE 10.5

Sample Delivery Plan Checklist

Patient risk category
◻ WHO 1 (The risk of maternal morbidity and mortality is not 

detectably higher than that in the general population)
◻ WHO 2 or 3 (WHO 2 conditions carry a small increased risk 

of maternal mortality or morbidity. WHO 3 conditions carry a 
significant increased risk of maternal morbidity or mortality)
• WHO 2 (if otherwise well and uncomplicated) 6.8% 

(Heart 2014)
• WHO 2–3 (depending on individual)
• WHO 3 (24.5% Heart 2014)

◻ WHO 4 (WHO 4 conditions carry an extremely high risk of 
maternal mortality or severe morbidity; pregnancy is 
contraindicated. If pregnancy occurs, termination should be 
discussed. If pregnancy continues, care as for WHO 3) (100% 
Heart 2014)

Patient is at risk for
◻ Atrial arrhythmias
◻ Ventricular arrhythmias
◻ Heart failure/volume overload
◻ Other

Admission
◻ Notify cardiac or adult congenital heart disease (ACHD) team 

of patient admission
◻ No additional monitoring required beyond normal L&D 

monitoring
◻ Continuous telemetry upon admission. Continue telemetry 

until 24 hours postpartum or per ACHD recommendations
◻ Continuous pulse oximetry during active labor and delivery
◻ Cardiac or ICU nurse recommended due to risk for maternal 

cardiac event
◻ Invasive hemodynamic monitoring:

◻ CVP line
◻ Arterial line

◻ EKG on admission
◻ BNP, CMP, magnesium, CBC on admission
◻ PT/INR on admission
◻ Additional labs on admission

Ob anesthesia
◻ No contraindications to epidural placement if desired by the 

patient
◻ Epidural is recommended from cardiac perspective

Inpatient peripartum management
◻ Compression socks
◻ Sequential compression devices
◻ Bubble/particle filters
◻ Avoid volume loading. 0.5 mL/kg/hour maintenance fluids if 

NPO >6 hours. IVF boluses not to exceed 250 mL except if 
resuscitating for significant blood loss

◻ Strict I/Os

Infective endocarditis prophylaxis
◻ None indicated
◻ Ampicillin 2 g IV OR cefazolin or ceftriaxone 1 g IV, 30–60 

minutes prior to anticipated delivery
◻ PCN allergy, use alternative: clindamycin 600 mg IV, 30–60 

minutes prior to anticipated delivery

Delivery management
◻ No cardiac indication for cesarean delivery, but this is 

acceptable if indicated for obstetric reasons
◻ May push during second stage of labor
◻ Minimize pushing during second stage of labor
◻ Cesarean delivery planned for obstetric reasons
◻ Cesarean delivery recommended for cardiac reasons

Recovery/postpartum
◻ Routine postpartum recovery and nursing care
◻ Transfer to CCU for monitoring postpartum
◻ Echocardiogram postpartum, prior to discharge. Please order 

“congenital transthoracic echo” and specify in comments 
“ACHD attending to read”

◻ BNP postpartum

Discharge planning
◻ ACHD team will provide recommendations for f/u testing and 

visit prior to discharge
◻ Contraception management
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dissection, such as those with bicuspid aortic valve and a sig-
nificantly dilated ascending aorta, or Marfan syndrome with a 
dilated aorta, pain control with neuraxial anesthesia, a passive 
second stage of labor, or cesarean delivery are reasonable to min-
imize the aortic stress associated with labor and delivery.

Postpartum, “autotransfusion” of blood from the uterus may 
trigger heart failure in patients susceptible to volume overload. 
In patients at high risk for heart failure or arrhythmias, man-
agement on the cardiac ward or intensive care unit for the first 
24−48 hours after delivery should be considered.

Conclusion

As a majority of patients born with CHD will reach adulthood, 
management of the pregnant patient with CHD will be increas-
ingly important for the obstetrician, cardiologist, and anesthe-
siologist. An understanding of the congenital heart defect, the 
sequelae, and residua helps with maternal risk stratification and 
management. A multidisciplinary approach with a maternal-fetal 
medicine specialist and a congenital cardiac team is strongly rec-
ommended, particularly for the patient with complex CHD.
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Valve Disease in Pregnancy
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Introduction

Cardiovascular disease complicates ∼1%−3% of all pregnancies 
and is a leading cause of maternal mortality [1–3]. With advances 
in cardiovascular medical and surgical care over the last few 
decades, more women with congenital or acquired heart disease 
are reaching reproductive age [4,5], with a wide spectrum of con-
genital and acquired valvular heart disease (VHD) seen in preg-
nant women (Figure 11.1) [6]. Although VHD due to rheumatic 
heart disease (RHD) has declined in industrialized countries, it 
continues to be a major cause of global maternal cardiovascu-
lar morbidity and mortality [4,6–10]. Despite the improvements 
in diagnosis and management, VHD remains associated with 
adverse maternal and fetal events [11,12]. Many patients with sig-
nificant VHD are not aware of their diagnosis until pregnancy, 
when hemodynamic stress precipitates symptoms [12].

Hemodynamic Effects of Valvular 
Heart Disease in Pregnancy

Hemodynamic changes of pregnancy can lead to clinical decom-
pensation of women with VHD due to increases in cardiac output 
(CO), intravascular volume expansion, and a drop in systemic vas-
cular resistance (SVR) [2,13,14]. Early in pregnancy, there is a 30%–
50% increase in CO largely attributable to rises in circulating blood 
volume and heart rate [14,15]. During the later stages of pregnancy, 
increases in heart rate contribute more to increased CO. Pregnancy 
is also accompanied by physiologic anemia with a greater increase 
in plasma volume than red blood cell volume, resulting in increased 
flow and increased gradients across preexisting valvular lesions 

[16]. In addition, SVR decreases toward the end of the second tri-
mester as placental circulation matures and then slowly rises until 
term [17]. The gravid uterus may compress the inferior vena cava in 
the second trimester, decreasing preload to the heart, and increas-
ing afterload by compressing the abdominal aorta. These changes, 
in turn, modulate CO so that it plateaus between the second and 
third trimesters [2,12,18].

Clinical Implications: Pregnancy leads to a series of hemo-
static changes leading to hypercoagulability and risk of thrombo-
embolism, which is of particular concern in patients with known 
VHD or prosthetic heart valves (PHVs). Uterine obstruction to 
vena cava flow may also predispose to increased risk of deep 
venous thrombosis [19]. Importantly, the pharmacokinetics of 
cardiac drugs may be altered during pregnancy, necessitating 
more frequent monitoring and/or dose adjustment in women [20].

During labor and delivery (L&D), maternal hemodynamics are 
influenced by an array of factors including pain, anxiety, mode 
of delivery, analgesia, blood loss, and uterine contractions [21]. 
Abrupt changes can have a significant effect on pregnant women 
with VHD. CO increases by ∼30% in the first stage of labor and 
by ∼80% early postpartum [22]. There are catecholamine-induced 
increases in stroke volume and heart rate, which in turn increase 
CO. Each uterine contraction is accompanied by autotransfusion 
of up to 500 mL of blood from the placental to systemic circulation 
[23,24]. Systemic blood pressure can increase by ∼15–20 mmHg 
with each contraction. The use of epidural and spinal analgesia 
can attenuate some of these hemodynamic alterations associated 
with L&D [25]. Manipulating the intensity and duration of anes-
thesia for optimal vasodilation, decreasing anxiety/stress to reduce 
maternal heart rate and afterload, controlled permissive blood 
loss, and postpartum diuresis are ways to counteract the effects of 
hemodynamic changes on VHD at the time of L&D.

KEY POINTS

• Many patients with significant VHD are not aware of their 
diagnosis until pregnancy when hemodynamic stress pre-
cipitates symptoms

• Stenotic valvular lesions pose a higher risk of maternal 
and fetal adverse events than regurgitant lesions

• Women with severe, symptomatic aortic stenosis (AS) 
should be counseled against pregnancy until the lesion is 
surgically corrected and if pregnant, consider their options 
including termination of pregnancy

• Manipulating the intensity and duration of anesthesia 
improves hemodynamic changes on valvular heart disease 
during labor and delivery

• Hemodynamic changes peak within 24–72 hours after 
delivery, a vulnerable period when women with valvular 
heart disease are most likely to manifest symptomatic 
heart failure
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Cardiac hemodynamics change rapidly in the early postpartum 
period. Delivery is accompanied by loss of intravascular vol-
ume, which can be up to 500 mL with vaginal delivery and up to 
1000 mL with cesarean delivery [24]. The relief of caval obstruc-
tion by the gravid uterus results in redistribution of blood from 
the lower limbs and an increase in preload and circulating volume 
[21]. Also, there is an overall increase in afterload due to loss of 
the low-resistance placental circulation and mobilization of inter-
stitial fluid. Hemodynamic changes peak within 24–72 hours 
after delivery, a vulnerable period when women with VHD are 
most likely to manifest symptomatic heart failure (HF) [10,12].

Stenotic versus Regurgitant Valvular 
Heart Disease in Pregnancy

In general, stenotic valvular lesions pose a higher risk of maternal 
and fetal adverse events than regurgitant lesions [26]. With stenotic 
lesions, the increase in CO associated with pregnancy and labor 
results in increased transvalvular flows and gradients. Increases 
in heart rate are poorly tolerated in pregnant women with stenotic 
valvular lesions such as mitral stenosis (MS), where left ventricu-
lar filling is heavily dependent on the duration of the diastolic fill-
ing period. The combined effect of increased transvalvular flow 
and shortened diastolic filling time can result in symptomatic HF, 
pulmonary edema, and arrhythmias such as atrial fibrillation [27].

Transthoracic echocardiography (TTE) is essential for diagnosis 
and evaluation of stenotic VHD [28–31]. Tachycardia and increased 
CO in pregnancy increase transvalvular gradients on TTE but do 
not affect the calculated valve area by the continuity equation. 
Direct planimetry is a flow-independent measure of valve area and 
is likely more accurate than flow-dependent measures such as pres-
sure half time. Despite this, the mean gradient across a valve is 
likely the best reflection of the hemodynamic significance of valvu-
lar stenosis at that particular point in time [27,32].

Left-sided chronic regurgitant lesions (mitral regurgitation 
[MR] and aortic regurgitation [AR]) are typically well toler-
ated during pregnancy, as the low-resistance placental circula-
tion decreases SVR, and in turn decreases regurgitant volume 

[32,33]. However, severe regurgitant lesions in the context of 
impaired left or right ventricular systolic function or acute val-
vular regurgitation can result in HF [10]. Table 11.1 provides 
details on the commonly encountered valvular lesions in preg-
nant women, their etiology, risk to mother and fetus, manage-
ment, and preferred mode of delivery.

In general, evaluation of VHD should be performed prior to 
pregnancy and significant symptomatic VHD should be cor-
rected beforehand, particularly if surgery is required, as bypass 
increases maternal and fetal risk [34,35]. Treating VHD in 
the setting of symptomatic HF, arrhythmias, or hemodynamic 
deterioration is necessary to prevent maternal and fetal adverse 
events (Table 11.2) [12].

Specific Valvular Heart Disease Lesions

Mitral Stenosis

MS is the most common acquired VHD in pregnant women 
[2,36]. MS is considered clinically important if the valve area 
is ≤1.5 cm2 (Table 11.3) [18]. The gold standard method of esti-
mating MS severity on TTE is direct planimetry; however, this 
method can be technically challenging and is dependent on opti-
mal image quality. Doppler-derived pressure half time depends 
on heart rate, with lower gradients observed at slower heart rates. 
Estimations of transvalvular mean gradients and pulmonary 
artery pressures on Doppler echocardiography are informative 
regarding the hemodynamic effects of MS. The assessment of 
mitral valve anatomy, specifically, leaflet calcification, thicken-
ing, subvalvular apparatus, and concomitant MR, elements cap-
tured by the Wilkins score, is important prior to consideration for 
percutaneous mitral commissurotomy (valvuloplasty) [28,37,38]. 
For asymptomatic women prior to pregnancy, exercise TTE may 
be useful in assessing exertional tolerance, changes in Doppler-
derived gradients, and prognosis [18]. During pregnancy, clinical 
and echocardiographic follow-up is recommended monthly or 
bimonthly with moderate or severe MS [18].

Mild MS is usually well tolerated during pregnancy [32]. HF 
occurs in up to 1/3 of pregnant women with moderate MS and up to 
1/2 with severe MS, even in previously asymptomatic patients, and 
most often during the second or third trimesters [39]. Sustained 
AF occurs in up to 10% of pregnant women with moderate/severe 
MS and can predispose to symptomatic HF and thromboembolism 
[40]. Maternal mortality from MS is reported to vary from 0%–3% 
in the West but may be higher in other parts of the world [8,32,39–
41]. Fetal morbidity includes intrauterine growth restriction and 
premature birth, and is directly proportional to the severity of MS, 
ranging from ∼14% in mild MS to ∼35% in severe MS. Fetal death 
has been reported in 1%–5% with significant MS [32,39,40].

Management:

 1. Exertion should be restricted in patients with symptom-
atic MS [2].

 2. Beta-1 selective blockers are first-line drugs in manage-
ment of MS during pregnancy.

 3. Diuretics are often used to avoid volume overload.

 4. Digoxin may be utilized in those with HF and concomi-
tant AF not rate-controlled with beta-blockers.

2%

6%

6% 22%

Aortic stenosis
and/or regurgitation

Mitral stenosis
and/or regurgitation

Pulmonic stenosis
and/or regurgitation

Tricuspid stenosis
and/or regurgitation

Other/unknown
64%

FIGURE 11.1 Frequency of valvular heart disease in pregnancy. (Compiled 
from references [3,18].)
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 5. Anticoagulation is recommended for paroxysmal or 
permanent AF, left atrial thrombus, or history of prior 
thromboembolism [2,18].

Women with moderate or severe MS should be counseled 
against pregnancy until the lesion is treated, and intervention 

should be performed prior to pregnancy, with preference given to 
percutaneous valvuloplasty if the valve is anatomically favorable 
for the procedure, and termination may be recommended if cur-
rently pregnant [32,37]. During pregnancy, percutaneous mitral 
valvuloplasty should be considered in women with New York 
Heart Association (NYHA) class III/IV HF or with estimated 

TABLE 11.2

Pharmacologic Management of Symptomatic Valvular Heart Disease during Pregnancy

Drug/Class Purpose Comment

Diuretics

Furosemide • Avoidance or treatment of volume overload or 
pulmonary edema

• Use of lowest possible dose

• Can result in uteroplacental hypoperfusion
• Contraindicated in settings in which 

uteroplacental hypoperfusion is already reduced 
(IUGR, preeclampsia)

Antiarrhythmics

Carvedilol, Labetalol, 
Metoprolol, 
Propranolol

• Essential in chronic heart failure
• Agents that are beta-1 selective are preferable

• Generally safe and effective in pregnancy
• Can cause IUGR
• Infants born to mothers on beta-blockers should 

be observed for at least 72 hours after birth

Digoxin • Not considered first-line therapy for heart failure in 
nonpregnant patients

• No improvement in mortality
• Considered useful in pregnancy given toxicities of 

other antiarrhythmics

• Generally considered safe
• Useful in treatment of persistent symptoms 

despite beta-blockers

Vasodilators

Hydralazine • Commonly used oral antihypertensive agent in 
pregnancy

• Common substitute for ACE inhibitor during 
pregnancy

• Demonstrated efficacy in hypertension
• Risk of hypotension
• Pregnancy already reduces SVR
• Avoid large or precipitous decreases in blood 

pressure

ACE inhibitors/ARBs • Proven benefit in treatment of chronic heart failure in 
nonpregnant patients

• Contraindicated throughout pregnancy due to 
teratogenic effects. Associated with 
oligohydramnios, neonatal death secondary to 
renal failure, renal agenesis

Amlodipine • Alternative to ACE inhibitor in pregnancy • Can be used with hydralazine if needed

Nitrates • May be used to treat decompensated heart failure

Aldosterone Antagonists

Spironolactone, 
Eplerenone

• Prolongs survival in selected heart failure patients
• Not routinely used in pregnancy

• Limited data to support safety in pregnancy

Source: Modified with permission from Stergiopoulos K et al. J Am Coll Cardiol. Jul 19 2011;58(4):337–50.
Abbreviations:  ACE inhibitor, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; IUGR, intrauterine growth retardation; 

SVR,  systemic vascular resistance.

TABLE 11.3

Grading Mitral Stenosis (MS) Severity by Transthoracic Echocardiogram

Severity Mitral Valve Area (cm2)
Diastolic Pressure 

Half-Time (ms)
Mean Pressure Gradient 

(mmHg)
Pulmonary Artery Systolic 

Pressure (mmHg)

Mild >1.5 <150 <5 <30

Moderate 1.0–1.5 ≥150 5–10 >30

Severe ≤1.5, ≤1.0 for very severe ≥150, ≥220 for very severe >10 >30

Source: Adapted from Nishimura RA et  al. J Am Coll Cardiol. Jun 10 2014;63(22):2438–88; Zoghbi WA et  al. J Am Soc Echocardiogr. Apr 
2017;30(4):303–71; Baumgartner H et al. J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102.

Note: The revised AHA/ACC grading system adds the category of “at risk for MS” and “progressive MS” to describe mild disease, and divides severe 
MS into Asymptomatic, severe MS, and severe, symptomatic MS.
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pulmonary artery systolic pressures of ≥50 mmHg and pref-
erably delayed until after the 20th week of gestation [18,37]. 
Surgical mitral valve replacement should be considered only in 
pregnant women with medically refractory symptoms when per-
cutaneous valvuloplasty fails or is not an option, as open heart 
surgery is highly morbid for both mother and fetus [42].

Vaginal delivery is often preferred in patients with mild MS and 
in those with moderate or severe MS in the presence of NYHA 
class I/II symptoms without significant pulmonary hyperten-
sion (PH). Cesarean section is often considered for women with 
NYHA class III/IV symptoms, severe PH, or in whom percuta-
neous mitral valvuloplasty has failed or is not possible [18].

Aortic Stenosis

The leading causes of aortic stenosis (AS) in pregnant women 
are bicuspid aortic valve disease, often associated with dilation 
of the ascending aorta, followed by RHD [43]. Most with mild 
or moderate AS can tolerate pregnancy (Table 11.4) [44]. HF is 
infrequent, with an estimated prevalence of <10% in women 
with moderate AS who were asymptomatic pre-pregnancy. Even 
in patients with severe AS, maternal mortality is reported to be 
<1% in presence of close follow-up and treatment [32,33,45,46]. 
Maternal and fetal adverse events are directly proportional to the 
severity of AS. Approximately one-third of women with severe 
AS require hospitalization during pregnancy. Fetal adverse events 
including growth restriction, low birth weight, and preterm birth 
have been reported in 20%–25% of babies of mothers with mod-
erate or severe AS [44,46]. TTE is the gold standard for grading 
severity of AS (Table 11.4) [28,37,38]. Exercise TTE testing can 
be considered for women with asymptomatic, severe AS prior to 
pregnancy. Favorable maternal and fetal outcomes were reported 
for those who remained asymptomatic on exercise testing even in 
the presence of severe AS. However, surgery should be consid-
ered pre-pregnancy for exercise-induced symptoms (like short-
ness of breath, chest pain, dizziness), drop in blood pressure, or 
left ventricular dysfunction [18]. In bicuspid aortic valve disease, 
ascending aortic diameters should be assessed before, during, 
and after pregnancy to rule out worsened dilation. In pregnant 
women with severe AS, monthly or bimonthly clinical and echo-
cardiographic follow-up is recommended [18].

Women with severe, symptomatic AS should be counseled 
against pregnancy until the lesion is surgically corrected and 
if pregnant, consider termination [28,37]. The American Heart 
Association/American College of Cardiology (AHA/ACC) 

guidelines have further subdivided stages of valvular AS [28]. 
Included in these stages are asymptomatic, severe or symptom-
atic, and severe AS with left ventricular dysfunction. Symp-
toms can be self-reported or elicited during exercise stress test 
if asymptomatic. Pregnancy was well tolerated in severe AS 
patients who had a normal prior exercise test, while abnormal 
results were predictive of adverse pregnancy outcomes [47,48]. 
All symptomatic and asymptomatic AS patients with impaired 
left ventricular function should be counseled against pregnancy 
without pre-pregnancy intervention to the lesion, and termina-
tion may be recommended [18,28].

Management:

 1. Pregnant women with severe AS should limit exertion.

 2. HF should be treated with diuresis and afterload reduc-
tion; however, dehydration and nitrates should be 
avoided due to preload dependence.

 3. In patients with medically refractory symptoms during 
pregnancy, balloon aortic valvuloplasty can be consid-
ered [18,49].

 4. Surgical aortic valve replacement can be considered in 
severely symptomatic patients not responding to medi-
cal therapy and who are not candidates for valvulo-
plasty, with careful consideration of maternal and fetal 
morbidity.

 5. Transcatheter aortic valve replacement may be an 
option in pregnant women but the clinical experience 
with this approach is extremely limited [18].

 6. Women proceeding with pregnancy in the context of 
severe, symptomatic AS typically undergo cesarean 
delivery, whereas those with asymptomatic severe AS or 
mild/moderate AS typically undergo vaginal delivery [5].

Mitral and Aortic Regurgitation

The most common cause of MR in pregnant women in devel-
oped countries is mitral valve prolapse, followed by RHD [50]. 
The causes of aortic regurgitation (AR) include bicuspid aortic 
valve disease, aortopathies leading to ascending aorta and aor-
tic annular dilatation (i.e., Marfan’s), infective endocarditis, and 
RHD [2,39,51]. Evaluation for MR or AR should be performed 
prior to pregnancy (Tables 11.5 and 11.6). Exercise testing in 
those without symptoms but with severe valvular regurgitation is 

TABLE 11.4

Grading Aortic Stenosis (AS) Severity by Transthoracic Echocardiogram

Severity Aortic Valve Area (cm2) Mean Pressure Gradient (mmHg) Aortic Jet Velocity (m/s) Indexed AVA (cm2/m2)

Mild >1.5 <20 2.0–2.9 >0.85
Moderate 1.0–1.5 20–39 3.0–3.9 0.6–0.85
Severe ≤1.0 ≥40 ≥4.0 ≤0.6

Source: Adapted from Nishimura RA et al. J Am Coll Cardiol. Jun 10 2014;63(22):2438–88; Zoghbi WA et al. J Am Soc Echocardiogr. Apr 
2017;30(4):303–71; Baumgartner H et al. J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102.

Note: The revised AHA/ACC grading system uses categories of “at risk of AS” and “progressive AS” to describe mild and moderate disease, and 
divides the category of “severe” into asymptomatic, severe AS, and severe, symptomatic AS.
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prognostic [33,37]. Women with severe symptomatic regurgita-
tion or associated left ventricular dysfunction were reported to 
have HF rates of 20%–25% during pregnancy [33,39]. Despite 
this, the reported rate of fetal adverse events is low [39]. Pregnant 
women with mild to moderate MR/AR are recommended to 
get follow-up every trimester with more frequent follow-up for 
severe regurgitant lesions based on symptoms [18].

Women with severe MR or AR with symptoms or left ven-
tricular compromise should ideally undergo surgery prior to 
pregnancy, with repair preferred over replacement for MR if the 
repair is expected to be durable [28,37]. Surgical treatment of 
severe left-sided regurgitation is rarely indicated during preg-
nancy [52]. If surgery is necessary, delivery should be attempted 
before cardiac surgery. Shared decision making for surgery in 
severe MR and AR should be informed by current guidelines 
[28,37,53].

In pregnant women with MR, exertional restriction, diuretics, 
beta-blockers, and vasodilators are recommended (Table  11.2) 
[28]. In contrast, beta-blockers are considered unfavorable for 
AR as they can prolong diastole and increase regurgitation. 
Vaginal delivery with epidural anesthesia and a shortened sec-
ond stage of labor is considered a preferred approach to MR and 
AR with diuresis and afterload reduction [18].

Tricuspid Regurgitation

Tricuspid regurgitation (TR) is commonly secondary to annular 
dilatation due to right ventricular (RV) pressure or volume overload 
related to left-sided heart disease [12]. Primary TR may be second-
ary to RHD, endocarditis, or Ebstein’s anomaly, a congenital down-
ward displacement of the tricuspid valve resulting in an enlarged 
right atrium and small right ventricle, associated with atrial septal 
defect, and predisposing to atrial arrhythmia and right-sided HF 
[18,54,55]. When surgical repair is performed for left-sided valve 
lesions prior to pregnancy, concomitant tricuspid repair is also indi-
cated in those with severe TR (Table 11.7). Isolated severe TR with-
out RV dysfunction is often well tolerated during pregnancy and 
repair is rare prior to pregnancy [18,28,37]. For women with severe, 
symptomatic TR, or already undergoing left-sided valve surgery 
having a tricuspid annulus ≥40 mm or evidence of prior right-sided 
HF, repair is recommended before pregnancy (with replacement an 
option) [18,28,37]. Those with Ebstein’s anomaly and severe TR 
can develop interatrial right-to-left shunting, right-sided dilatation, 
and HF intrapartum, which may prompt correction prior to preg-
nancy [56]. Of the various manifestations of VHD, tricuspid steno-
sis is least common and not reviewed in this chapter.

TABLE 11.6

Grading Aortic Valve Regurgitation (AR) Severity by Transthoracic Echocardiography

Severity
Effective Regurgitant 

Orifice (cm2)
Regurgitant 

Volume (ml/beat)
Regurgitant 
Fraction (%)

Jet Width (% of 
LV Outflow Tract)

Vena 
Contracta (cm)

Mild <0.10 <30 <30 <25 <0.3

Moderate 0.10–0.29 30–59 30–49 25–64 0.3–0.6

Severea ≥3.0 ≥60 ≥50 ≥65 >0.6

Source: Adapted from Nishimura RA et  al. J Am Coll Cardiol. Jun 10 2014;63(22):2438–88; Zoghbi WA et  al. J Am Soc Echocardiogr. Apr 
2017;30(4):303–71; Baumgartner H et  al. J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102; Lancellotti P et  al. Eur Heart J 
Cardiovasc Imaging. Jul 2013;14(7):611–44.

Note: The revised AHA/ACC grading system adds the category of “at risk for AR,” “progressive AR” to describe mild/moderate disease, and divides 
severe AR into the categories of asymptomatic, severe AR, and severe, symptomatic AR.

a Severe also requires evidence of LV dilation.

TABLE 11.5

Grading Mitral Valve Regurgitation (MR) Severity by Transthoracic Echocardiography

Severity
Effective Regurgitant 

Orifice (cm2)
Regurgitant Volume 

(ml) Regurgitant Fraction (%) Jet Width (% of LA) Vena Contractaa (cm)

Mild <0.20 <30 NA <20 <0.3

Moderate <0.40 <60 <50 20–40 <0.7

Severe ≥0.40 ≥60 ≥50 >40 ≥0.7

Source: Adapted from Nishimura RA et  al. J Am Coll Cardiol. Jun 10 2014;63(22):2438–88; Zoghbi WA et  al. J Am Soc Echocardiogr. Apr 
2017;30(4):303–71; Baumgartner H et  al. J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102; Lancellotti P et  al. Eur Heart J 
Cardiovasc Imaging. Jul 2013;14(7):611–44.

Note: The revised AHA/ACC grading system uses categories of “at risk” and “progressive MR” to describe mild and moderate disease, and divides 
the category of “severe” into asymptomatic, severe MR, and symptomatic, severe MR. It also divides criteria according to primary MR (due to 
intrinsic valvular disease) and secondary MR.

Abbreviations: LA, left atrium; NA, not available.
a Vena contracta is the narrowest area of the jet.
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Pulmonic Stenosis and Regurgitation

Pulmonic stenosis (PS) is either congenital or results from homo-
graft degeneration after a prior Ross procedure [12]. PS severity 
is often defined by TTE (Table 11.8), is generally well-tolerated 
during pregnancy, and pregnant women with mild or moderate 
PS are considered at low risk of adverse maternal and fetal events 
as compared to those with AS or MS [57,28,58,59]. Evaluation of 
PS should be performed pre-pregnancy with TTE. Those with 
severe, asymptomatic PS (peak pressure gradient >60 mmHg, 
mean pressure gradient >40 mmHg) or severe, symptomatic 
PS (peak pressure gradient >50 mmHg, mean pressure gradient 
>30 mmHg) should have balloon pulmonary valvuloplasty prior 
to attempting to become pregnant [28,37,58].

Severe PS is associated with adverse fetal outcomes, such as pre-
maturity in ∼20% and fetal mortality of up to 5% [55]. Pregnant 
women with severe PS should be managed with exertional restric-
tion and diuresis to decrease RV volume. Balloon pulmonic val-
vuloplasty during pregnancy is typically for medically refractory 
symptoms [57,60]. Vaginal delivery is considered preferred in 
pregnant women with mild/moderate PS, severe asymptomatic 
PS, or in those with NYHA class I/II symptoms without severe 
PH. Cesarean delivery should be considered in pregnant women 
with severe PS and NYHA class III/IV symptoms in whom per-
cutaneous valvuloplasty is not feasible or has failed [18].

Severe PR can be a consequence of prior balloon valvulo-
plasty, a degenerated homograft, or previously repaired tetralogy 
of Fallot, and is an independent predictor of adverse maternal 
events [12]. In patients with severe, symptomatic PR and RV 
dilatation or HF, surgical replacement should be considered pre-
pregnancy [54].

Risk Assessment

As discussed previously, pregnancy for women with VHD car-
ries increased risk for adverse maternal and fetal events including 
HF, thromboembolism, and mortality [11,12,61–63]. The wom-
an’s risk for adverse events should be assessed as early as pos-
sible by a multidisciplinary team, ideally  preconception (Figure 
11.2). Representation from cardiology, obstetrics, anesthesia, and 
maternal-fetal medicine (MFM) is strongly recommended, and 
additional expertise from other disciplines, including cardiotho-
racic surgery or adult congenital heart disease, should be indi-
vidualized to the patient [18,28,64–66]. Scoring tools can help 
to quantify pre-pregnancy risk of mortality and adverse events 
and may be useful in preconception discussions for patients with 
VHD. The CARPREG I model uses four variables: prior car-
diac event or arrhythmia, NYHA functional class >II or cyano-
sis, left heart obstruction (mitral valve area <2 cm2, aortic valve 
area <1.5 cm2, or peak left ventricular outflow tract gradient 
<30 mmHg by TTE), and reduced LVEF <40% [4]. CARPREG 
II adds general, lesion-specific, and delivery-of-care variables to 
improve prediction [67]. ZAHARA, builds upon the CARPREG 
I to include moderate to severe PR or MR, cyanotic heart disease, 
the previous use of cardiac drugs, and the presence of mechanical 
valve prosthesis as predictors [55]. The WHO score was devel-
oped based on expert consensus and then modified (Modified 
WHO [mWHO]) [18]. Two multicenter cohort studies evaluated 
CARPREG I, ZAHARA, and mWHO models and found mWHO 
to be the most accurate in predicting maternal adverse events 
[3,26]. However, scoring systems are not an absolute method to 
ascertain risks for all patients [63].

The risk associated with each pregnancy is derived from the 
specific underlying cardiac diagnosis and comorbidities, making 
each patient distinctive. Because of the shortfalls of the current 
predictive models and the uniqueness of each patient’s medical 

TABLE 11.7

Limited Criteria for Grading Tricuspid Valve Regurgitation (TR) Severity by Transthoracic Echocardiography

Severity Valve Morphology RA/RV/IVC Size Hepatic Vein Flow EROA (cm2)

Mild Normal, mildly abnormal leaflets Normal Normal systolic flow <0.20

Moderate Moderately abnormal leaflets Mild dilation Flow blunted in systole

Severe Severe abnormalities of valve Dilated Flow reversed in systole ≥0.40

Source: Adapted from Nishimura RA et  al. J Am Coll Cardiol. Jun 10 2014;63(22):2438–88; Zoghbi WA et  al. J Am Soc Echocardiogr. Apr 
2017;30(4):303–71; Baumgartner H et al. J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102; Lancellotti P et al. Eur Heart J 
Cardiovasc Imaging. Jul 2013;14(7):611–44.

Note: The revised AHA/ACC grading system adds the category of “at risk for TR” and “progressive TR” to describe mild/moderate disease, and divides 
severe TR into asymptomatic, severe TR, and severe, symptomatic TR.

Abbreviations: EROA, effective regurgitant orifice area; IVC, inferior vena cava; RA, right atrium; RV, right ventricle.

TABLE 11.8

Grading Pulmonic Stenosis Severity

Severity
Pulmonic Jet 
Velocity (m/s)

Peak Pressure 
Gradient (mmHg)

Mild <3 <36

Moderate 3–4 36–64

Severe >4 >64

Source: Adapted from Nishimura RA et al. J Am Coll Cardiol. Jun 10 
2014;63(22):2438–88; Zoghbi WA et  al. J Am Soc 
Echocardiogr. Apr 2017;30(4):303–71; Baumgartner H et al. 
J Am Soc Echocardiogr. Jan 2009;22(1):1–23. quiz 101–102.

Note: The revised AHA/ACC grading system eliminates mild/mod-
erate categories.
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history and diagnosis, the estimation of the risk for adverse events 
should be individualized. A multidisciplinary team of experi-
enced physicians should ascertain the risk using the medical his-
tory, general cardiac assessments, and diagnostic tools specific to 
the lesion. Based on the timing of the diagnosis and the patient’s 
specific lesion, the team will need to tailor the care to best serve 
the patient’s needs and health. For example, for  preconception 
patients with asymptomatic AS or MS, an exercise stress test can 
be used to better determine symptomatic classification, and thus 
individual pregnancy risk [18,28].

While there is no all-encompassing predictive model, the care 
team can use different tools to guide them in determining the level 
of risk associated with each pregnancy, like NYHA and AHA 
classes of HF. The NYHA and AHA designate functional classes 
defined by the severity of heart failure and the presence of symp-
toms. Moving from NYHA class I−IV and AHA A−C, the symp-
toms increase in severity and impairment of daily  activities. Risk 
scores and the patient’s functional class can be useful in ascertain-
ing and communicating the patient’s risk of adverse events during 
pregnancy and symptomatic progression over time [68,69].

Bioprosthetic versus Mechanical Valves

For patients who must undergo valve replacement prior to preg-
nancy, preconception counseling may include discussion of bio-
prosthetic vs. mechanical valves. While mechanical valves are 

highly durable, they also require consistent therapeutic antico-
agulation and pose a higher risk of major cardiac events dur-
ing pregnancy than bioprosthetic valves [18,70–72]. In contrast, 
bioprosthetic use at a younger age risks structural valve dete-
rioration during the reproductive years of life. Dysfunctional 
bioprosthetic valves have comparable risks during pregnancy 
as native diseased valves [18]. For these reasons, women with 
VHD should make final decisions after careful consideration of 
the risks, benefits, and alternatives associated with all of their 
options and in consultation with the pregnancy heart team.

Preconception Counseling for Women with VHD

Guidelines pertaining to women with VHD support preconcep-
tion counseling with the goal of forming a detailed reproductive 
plan based on the desires of the patient and advice from the spe-
cialists [18,28]. If possible, this should be a longitudinal conver-
sation beginning early in her reproductive years. For patients with 
congenital heart disease, it has been shown that by starting con-
versations in adolescence, girls have a significantly better under-
standing of their disease, their need for lifelong monitoring, and 
that they should have their condition evaluated before becom-
ing pregnant [73]. Preconception counseling should include a 
review of contraception compatible with individual comorbidi-
ties, based on individual preferences, efficacy, the risk/benefit 
of each method, and cost [74]. A patient-centered approach to 

1. Patient history and maternal risk assessment 2. Patient/doctor education 3. Pregnancy planning

VHD diagnosis:

Specific disease: ____________

Time and context of diagnosis

Current medical treatment 

Most recent visit to cardiologist 

Current NYHA functional class

Severity of disease according to AHA/ACC
guidelines 

Recent disease progression?

Past medical history:

Past cardiac events (i.e., arrhythmia, heart failure, 
stroke/TIA)

Obstetric history (gravidity and parity,
vaginal/cesarean birth, complications, etc.)

Comorbidities (hypertension, diabetes mellitus,
history of smoking, etc.)

Surgical history

Risk assessment:

Multidisciplinary assessment of maternal risk for
morbidity and mortality based on past medical
history, clinical evaluation, and current valve
hemodynamics

CARPREG I and II, ZAHARA, and mWHO models
as tools to guide assessment 

Use of disease-specific diagnostic tools to assess
severity 

Things for the patient to understand:

Long-term complications and prognosis living with 
her VHD

Normal hemodynamics of the heart

Effect of her lesion on hemodynamics 

Normal hemodynamic changes that occur during
pregnancy

How her VHD would affect hemodynamic changes
during pregnancy

The risk of maternal morbidity and mortality
associated with her VHD

The fetal risks associated with her VHD

Recommendations according to guidelines on
whether or not she is contraindicated for
pregnancy

Potential long-term effect of pregnancy on her
VHD

How her medications would change during
pregnancy (see Table 11.2)

The difficulty distinguishing between normal
gestational symptoms with signs of progression of 
her VHD and therefore, the need for consistent
follow-up with the pregnancy heart team

Things for the physicians to understand:

Woman’s familial or cultural values

Woman’s life plan

Woman’s social determinants of health affecting
her access to specialized care

Patient decides to avoid risks of pregnancy:

Offer access to safe and appropriate contraception 

Offer information on the safe termination of 
undesired pregnancy

Offer information about adoption or surrogate
pregnancies

Patient decides to continue with pregnancy:

Consultation with cardiology, maternal-fetal
medicine, and anesthesiology as pregnancy heart
team

Determine whether the patient needs
preconception intervention based on guidelines 

Perform preconception counseling with pregnancy
heart team 

Adjust medications to avoid teratogenicity

Arrange schedule of follow-up visits with
pregnancy heart team

Determine location of care based on specialization
needed

Determine location and mode of delivery (see
Table 11.1) and need for telemetry or intensive care

FIGURE 11.2 Multidisciplinary care of women with VHD contemplating pregnancy. ACC, American College of Cardiology; AHA, American Heart 
Association; VHD, valvular heart disease; NYHA, New York Heart Association, CARPREG, Cardiac Disease in Pregnancy score; TIA, transient ischemic 
attack; ZAHARA, Zwangerschap bij vrouwen met een Aangeboren HARtAfwijking score; mWHO, modified World Health Organization score. (Compiled 
from references [4,18,28,53,55,64,75].)



105Valve Disease in Pregnancy

preconception counseling should include education about the 
specific VHD, anticipated effect of hemodynamic changes in 
the setting of VHD, risks associated with the lesion, concern-
ing signs and symptoms, and management options (Table 11.4) 
[75]. This conversation should be accompanied by a thorough 
evaluation of the patient’s current condition and if pregnancy is 
considered contraindicated, as in severe, symptomatic AS, MS, 
or LVEF <40%.

Part of preconception counseling is considering whether to 
carry out an intervention before the pregnancy, or if the patient 
can tolerate the hemodynamic changes that occur during preg-
nancy and peripartum. This conversation should include a list of 
symptoms that may signify deterioration in their clinical status. 
This could include dyspnea, dizziness, syncope, palpitations, and 
others. Oftentimes, these symptoms are very similar to the expe-
rience of pregnant patients who do not have VHD. This makes it 
difficult to distinguish between benign and pathologic symptoms. 
Therefore, it is important to have routine follow-up with cardiol-
ogy and MFM, often with serial TTE, in order to determine if 
evolving symptoms are caused by a change in hemodynamics, 
arrhythmia, or LVEF [28]. If experiencing pregnancy poses too 
great a risk, other options may be appropriate to discuss, such as 
adoption and surrogacy.

Conclusion

Women with VHD, particularly those with moderate to severe 
disease, VHD in the context of HF, arrhythmia, or lower LVEF, 
and mechanical valves or degenerated bioprostheses, are at risk 
of adverse outcomes. A woman’s individual risk for pregnancy 
with her VHD should ideally be addressed with preconception 
counseling. For those pursuing pregnancy, careful monitor-
ing with serial cardiac examination is recommended, at mini-
mum every trimester, but potentially more often with moderate 
to severe disease, with repeat TTE to detect changes in LVEF 
and evaluate gradients, and measurement of BNP for detection 
of HF. Medical therapy is often directed at avoiding volume 
overload and arrhythmia. Percutaneous intervention or surgery 
should be considered when medical therapy is insufficient to 
avoid HF.
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12
Cardiomyopathies in Pregnancy

Joan Briller

What Is a Cardiomyopathy?

The cardiomyopathies are a diverse group of disorders charac-
terized by structural abnormalities of the heart muscle, many of 
which have a genetic component. Abnormalities may be ana-
tomic (dilatation, thickened, or stiff musculature), histologic 
(manifested by fiber disarray, fibrofatty dysplasia, or fibrosis) 
or functional (systolic or diastolic dysfunction). Nonischemic 
cardiomyopathies have several phenotypes that include dilated, 
hypertrophic, restrictive, arrhythmogenic right ventricular, and 
unclassified. Each of these types may have familial and non-
familial forms [1–3]. Several classificatory schemes exist, but 
the most recently endorsed is the MOGE(S) system which incor-
porates morphofunctional phenotype (M), organ involved (O), 
genetic inheritance (G), etiologic annotation (E), and functional 
status [1–4]. Examples of major nonischemic cardiomyopathies 
are shown in Box 12.1.

Dilated cardiomyopathies (DCM) are characterized by left 
ventricular (LV) enlargement and impaired systolic function. 
Dilated cardiomyopathy commonly presents in the third and 
fourth decade of life, which underscores concerns during repro-
ductive years [5]. Etiologies include genetic defects, infections, 
and toxins. For many, the underlying cause is unknown and 
labeled idiopathic [2]. Peripartum cardiomyopathy (PPCM) is a 
specific form of DCM which is associated with pregnancy and 
usually classified under the idiopathic group.

Hypertrophic cardiomyopathies (HCM) differ in that they are 
characterized by ventricular hypertrophy and pressure overload 
but may not result in systolic dysfunction [2].

KEY POINTS

• Cardiomyopathies are a diverse group of disorders char-
acterized by structural abnormalities of the heart muscle, 
many of which have a genetic component

• Counseling on risk of recurrence and review of symptoms 
suggestive of heart failure exacerbation are recommended 
in the preconception period and continued throughout 
pregnancy

• Medications should be switched to those compatible with 
pregnancy and breastfeeding

• Delivery planning requires a multidisciplinary team 
approach

• Well-compensated cardiomyopathy patients may become 
symptomatic during the postpartum period

BOX 12.1 EXAMPLES OF MAJOR 
NONISCHEMIC CARDIOMYOPATHIES

• Dilated
• Idiopathic

– Includes PPCM
• Genetic

– Familial DCM
• Chemotherapy

– Anthracyclines
– Doxorubicin
– Trastuzumab

• Toxin/substance abuse
– Alcoholic
– Cocaine

• Myocarditis
– HIV
– Viral
– Chagas

• Stress induced (Takutsubo)
• Hypertrophic
• Restrictive

• Amyloid
• Infiltrative

• Sarcoid
• ARVC/D
• Ventricular non-compaction
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Heart failure (HF), in contrast, is a clinical syndrome resulting 
from impaired LV ejection or filling [6]. HF may be secondary to 
other underlying pathology such as ischemic disease, hyperten-
sive disease, congenital heart disease, or valvular heart disease 
in addition to the cardiomyopathies.

How Does Pregnancy Affect Cardiomyopathy?

Adaptation to the physiologic requirements of pregnancy can 
challenge women with CMP. Women with baseline reduced 
cardiac reserve may not be able to accommodate demands 
to increase cardiac output by 30%–50%. Pregnancy is a state 
of volume overload [7,8]. Increased volume load may exacer-
bate associated valve lesions such as mitral regurgitation or 
increased ventricular filling pressure precipitating overt HF. 
Pregnancy-related alterations in hemodynamic, hormonal, and 
autonomic systems lead to atrial and ventricular stretch, which 
may increase arrhythmia burden when combined with the 
normal increased heart rate during pregnancy [9]. Pregnancy-
associated CMP complications and management strategies are 
shown in Table 12.1.

How Frequently Are Pregnancies 
Associated with Cardiomyopathy?

The precise frequency of cardiomyopathy during pregnancy is 
not known and varies with geographic location, population, and 
specific cardiomyopathy. The European Registry on Pregnancy 
and Heart Disease (ROPAC) enrolled 1321 women with struc-
tural heart disease from 2001–2011. Cardiomyopathy was 
present in 7% [10]. DCM was seen in 32%, PPCM in 25%, hyper-
trophic nonobstructive cardiomyopathy in 16%, hypertrophic 
obstructive cardiomyopathy in 11%, and 5% other forms [10]. HF 
was the most common cardiovascular event during pregnancy in 
ROPAC [11]. In the United States, DCM predominated, usually 
attributed to peripartum cardiomyopathy, followed by hyper-
trophic etiologies [12,13]. In a CARPREG II study of outcomes 
in 1938 pregnancies in women with heart disease, at least mild 
ventricular dysfunction was present 13.6% but not all were sec-
ondary to cardiomyopathy, as the most common cardiac diagno-
sis was congenital heart disease [14]. Pregnancy-associated HF 
hospitalizations represented 112 cases per 100,000 pregnancy 
hospitalizations in a National Inpatient Sample analysis from 
2001–2011. Cardiomyopathy was the most common comorbidity 
responsible for 39.7% of HF hospitalizations antepartum, 70.8% 
of HF during delivery hospitalizations, and 34.5% of postpartum 
hospitalizations [15]. The reported incidence of PPCM in the 
United States is approximately 1:1000 to 1:4000 live births [16]. 
Analysis of the National Inpatient Sample database suggests 
an increasing PPCM frequency over time with incidence rising 
from 8.5 to 11.8 per 10,000 live births [17]. There is marked geo-
graphic variation with regard to incidence. PPCM is more com-
mon in the southern United States and has been reported to occur 
as frequently as 1:300 live births in Haiti and 1:100 live births in 
Nigeria [18,19].

Dilated Cardiomyopathies

The prevalence of DCM in the United States is estimated at 
36/100,000 population [6]. Etiology is diverse, ranging from 
familial cardiomyopathies which are felt to represent approxi-
mately 20%–35% of DCM to toxin exposure from substance 
abuse (e.g., alcohol, cocaine) to prior cancer therapy for child-
hood leukemia/lymphoma or breast cancer. Idiopathic DCM, 
which comprises about 50% of DCM, is diagnosed when 

TABLE 12.1

Management Strategies for Cardiomyopathy

Primary 
Issue Usual Management

Pregnancy 
Considerations

Systolic 
dysfunction

Beta-blockers, Ace-i, 
ARB, ARNi, MRA, 
diuretics, ivabradine

Advanced intervention: 
LVAD, transplant

Review medications for 
safety in pregnancy and 
during lactation

If medications are 
discontinued due to 
safety, commence 
alternatives

Serial BNPs, echo
Hydralazine/nitrates
Consider digoxin, consider 
bromocriptine for PPCM

HCM/
diastolic 
dysfunction

Beta-blockers, CCB, 
diuretics, occasionally 
disopyramide

Serial BNPs, echo, 
beta-blockers, CCB, 
diuretics

Mitral 
regurgitation

Treat ↓ LVSF, mitral 
clip for some

If LVOTO: septal 
myomectomy or 
ablation

Adjust meds as above 
depending on etiology

May be well tolerated with 
HCM

Atrial 
arrhythmias

Beta-blockers, CCB, 
cardioversion, 
anticoagulation for 
afib/AFl, rate versus 
rhythm control 
strategy, ablation

Increased arrhythmias in 
pregnancy

Consider need for 
anticoagulation and 
cardioversion, occasional 
fluoro-less ablation

Ventricular 
arrhythmias

Beta-blockers, 
antiarrhythmic 
therapy, ICD

Increased arrhythmias in 
pregnancy

Surveillance, wearable 
defibrillator

Consider ICD placement if 
indicated

Genetic CMP Family screening, 
assess SCD risk

Family screening, genetic 
counseling

Abbreviations:  Ace-i, angiotensin-converting enzyme  inhibitor; 
ARB, angiotensin receptor blocker; ARNi, angioten-
sin receptor-neprilysin inhibitor; MRA, mineralocor-
ticoid receptor antagonist; BNP, brain natriuretic 
peptide; PPCM, peripartum cardiomyopathy; CCB, 
nondihydropyridine calcium channel blocker; LVSF, 
left ventricular systolic function; HCM, hypertrophic 
cardiomyopathy; CMP, cardiomyopathy; LVOTO, 
left ventricular outflow tract obstruction; Afib/AFL, 
atrial fibrillation/atrial flutter; ICD, implantable car-
diac defibrillator; SCD, sudden cardiac death.
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detectable causes of cardiomyopathy other than genetic have 
been excluded [6]. Alcoholic cardiomyopathy, another leading 
cause of DCM, is diagnosed in the setting of heavy alcohol con-
sumption for more than 10 years in the absence of another iden-
tified cause. Women represent approximately 14% of alcoholic 
cardiomyopathy [20]. Cancer patients receiving chemotherapy, 
especially anthracyclines, or chest radiation therapy are at risk 
of ventricular dysfunction. In a review of over 1800 survivors of 
childhood cancer, only 5.8% had overt LV dysfunction but over a 
third had reduced global longitudinal strain, a more subtle mea-
sure of ventricular dysfunction than ejection fraction, diastolic 
dysfunction, or both [21].

Pregnancy outcomes with DCM are based on a small cohort 
series [20,22–25]. Grewal examined outcomes in 36 pregnan-
cies in 32 women with DCM. The majority (86%) had idiopathic 
DCM, the remainder chemotherapy induced. Thirty-nine per-
cent of pregnancies were associated with at least one adverse 
maternal event. Moderate to severe LV dysfunction and poor 
functional status were the main determinants of adverse out-
come. Neonatal events were also highest in women with 
increased cardiac risk factors. Sixteen-month event-free sur-
vival was worse in women who had a pregnancy than in women 
who did not [22].

Familial Dilated Cardiomyopathy

Family-based studies suggest a familial relationship in 20%–
35% of patients diagnosed with DCM [26]. Most are transmitted 
as autosomal dominants, although all inheritance patterns are 
described. Genetic studies have identified mutations in more than 
30 genes [26]. Estimated incidence is approximately 1:2500 [1]. 
Most patients will have an initial diagnosis of idiopathic cardio-
myopathy. Diagnosis of familial DCM requires presence of LV 
dilatation and impaired systolic function in one or both ventricles 
in two or more closely related family members [27]. Mutation-
specific genetic testing is recommended for family members 
when a DCM causative mutation is found in the index case even 
in the absence of symptoms [5]. Clinical manifestations of famil-
ial DCM are similar to other idiopathic DCM. General risks to 
be considered include progressive LV dysfunction which can be 
severe enough to require transplantation, arrhythmias including 
sudden cardiac death and, if pregnancy is pursued, transmission 
to offspring. Outcome data on pregnancy in women with familial 
DCM is extrapolated from a small cohort series of women with 
idiopathic DCM [20,22–25,28].

Peripartum Cardiomyopathy

PPCM is a form of DCM in association with pregnancy in 
the absence of structural heart disease or another explana-
tion for DCM. Criteria for diagnosis include LV enlargement 
and dysfunction (typically an ejection fraction <45%) pre-
senting toward the end of pregnancy or in the months post-
delivery in a woman without previously known structural 
heart disease [16,29]. Diagnosis is confirmed by transthoracic 
echocardiography.

Risk factors for development of PPCM are well known. In 
the United States, the incidence is strikingly higher in African 

Americans [16]. Preeclampsia and hypertension (chronic or ges-
tational), age greater than 30, multiple gestations, and higher 
gravidity and parity are other risk factors [16,30–33]. Current 
research suggests that an imbalance in angiogenic factors pro-
motes PPCM in susceptible individuals. Both prolactin and 
soluble FMs-like tyrosine kinase (sFlt1) have been implicated in 
its development [34,35]. Several studies suggest familial cluster-
ing. Moreover, genetic evaluation of DNA in women with PPCM 
found truncating variants in 15%, many in the TTN gene which 
is important in cardiac muscle function similar to a DCM cohort. 
Presence of a TTN gene mutation correlated with lower ejection 
fractions at 1-year follow-up [36].

Maternal prognosis is variable but may be better than many 
other forms of cardiomyopathy [16,37,38]. Mortality is higher, 
presence of cardiac arrest or shock, and length of stay are sig-
nificantly longer in patients with PPCM than normal pregnancy. 
PPCM deliveries were more likely to be by cesarean [33]. Factors 
suggesting worse prognosis include degree of LV dilatation, 
worse ejection fraction at presentation, associated RV dysfunc-
tion, abnormal cardiac biomarkers, family history of heart fail-
ure, and low cholesterol [39–43]. Outcomes are significantly 
worse in African Americans [39,44–46]. Most women improve 
in the first 6 months postpartum but delayed recovery has also 
been reported [38,39]. In the Investigations of Pregnancy-
Associated Cardiomyopathy (IPAC) registry, 71% of women had 
recovered to an ejection fraction >50% by 1 year, mortality was 
4%, advanced mechanical support was performed in 4%, and 
transplantation in 1%. There is a wide variation in published out-
comes ranging from 2% in a German registry to 13% in a recent 
South African study [16,38]. Longer-term mortality is less well 
known [38].

Neonatal outcomes in PPCM are also worse. Babies were 
born earlier, smaller, more likely to be small for gestational age, 
and APGAR scores were lower [47]. In the EURObservational 
Research Programme (EORP), the neonatal death rate was 
3.1% [48].

Should PPCM Patients Receive Bromocriptine?

Bromocriptine stimulates hypothalamic dopaminergic receptors 
inhibiting prolactin production suggesting a potential role in ther-
apy [49]. A randomized trial in 20 South African women showed 
improved ventricular recovery as proof in concept [50]. A non-
randomized German registry found bromocriptine use twice as 
common in women with recovered function, although advanced 
HF interventions were similar regardless of bromocriptine use 
[42]. Further interest has been stimulated by a multicenter trial 
in 63 women with ejection fractions less than 35% who were 
randomized to 1 week versus 8 weeks of bromocriptine, find-
ing a nonsignificant trend toward greater recovery in the 8-week 
therapy group, but both groups improved. No women required 
advanced interventions, right ventricular function improved, 
and there were no deaths at 6 months [51,52]. A major limita-
tion to the study was lack of a placebo arm. Small numbers of 
patients, the validity of comparing outcomes in the German 
study to historical controls in the IPAC registry which had a 
large number of African Americans known to have worse out-
comes, concerns about hypertensive or thrombotic complications 
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with bromocriptine, and loss of the ability to lactate have damp-
ened enthusiasm for use in the United States in the absence of 
a larger placebo-controlled trial [16,53]. European guidelines 
have recommended consideration of bromocriptine in addition 
to guideline directed medical therapy [54]. If bromocriptine 
is used for treatment, anticoagulation is recommended [51]. 
Although approved for other indications, bromocriptine is not 
FDA approved in the United States for treatment of PPCM at the 
time of writing.

Do We Need to Anticoagulate Women with PPCM?

Thromboembolic complications in patients with DCM are 
estimated at 1%–3% per year and correlate with the degree of 
LV dysfunction, presence of atrial fibrillation, or presence of 
thrombus during cardiac imaging [6]. Thromboembolic com-
plications in PPCM are considerably higher: 6.6% and 6.8% 
in a National Inpatient Sample and in EORP [17,48]. Other 
studies noted thrombi in more than 20% of patients with 
PPCM [55]. Precise recommendations for anticoagulation are 
based on expert opinion and vary but generally recommend 
anticoagulation for those with significant LV dysfunction 
(ranging from 30%–40%) at least until the thrombophilia of 
pregnancy has resolved in the absence of another indication 
[5,16,48,54,56,57].

Should a Woman with a Diagnosis 
of PPCM Breastfeed?

Controversy exists about safety of breastfeeding with PPCM. 
Breastfeeding prolongs postpartum prolactin elevation. Since 
prolactin has been proposed in the pathogenesis of PPCM, there 
are fears this will worsen likelihood of recovery. Additional 
concerns include hemodynamic requirements of breastfeed-
ing and transfer of HF medications to the infant in breast milk. 
Fifteen percent of women in the IPAC registry breastfed with-
out observed differences in myocardial recovery despite ele-
vated prolactin levels [39]. A retrospective internet survey noted 
improved recovery in the two-thirds of women who breastfed 
[58]. However, it is unknown if there was a selection bias for 
breastfeeding in healthier women or those with better EFs. In 
another observational study of recurrent pregnancies in women 
with PPCM, a high percentage of women lactated and there were 
similar rates of recurrence in those who did or did not breastfeed 
[59]. Nevertheless, current ESC guidelines discourage breast-
feeding for women with the most severe HF (NYHA class III/
IV) [54].

What Is the Risk of PPCM Recurrence 
with a Subsequent Pregnancy?

Many women with PPCM desire another child. Recurrence risk 
estimations are derived from retrospective analysis of women 
with subsequent pregnancies. These typically divide women 
into those with recovered function in comparison with contin-
ued LV dysfunction. In the largest study, deterioration was seen 
in 21% of gravidas with recovered function in comparison with 

44% of those with persistent dysfunction [60]. Similar results are 
noted in other publications and a meta-analysis [59,61–63]. Some 
women may have subnormal cardiac reserve even in the setting 
of improved function. Additional risk stratification might be con-
sidered using dobutamine or exercise stress prior to proceeding 
[63,64]. Most believe full recovery is associated with improved 
outcomes and lower mortality with a subsequent pregnancy, but 
all patients have a risk of deterioration [38,59,61]. Fett devel-
oped a simple periodic self-assessment tool validated on PPCM 
patients helpful in identifying women who would relapse, shown 
in Table 12.2. Elevated scores should prompt additional evalu-
ation with biomarkers or transthoracic echocardiography. All 
women with PPCM had scores greater than 5 and controls less 
than 4 [65,66].

Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is characterized by LV 
hypertrophy in the absence of another explanatory cardiac or 
systemic disease [67]. The hypertrophy is often asymmetric 
with wall thickness >15 mm, but multiple patterns of hyper-
trophy have been described [67]. Many patients have a normal 
life expectancy and unremarkable clinical course. However, 
a subset develop HF related to outflow tract obstruction, dia-
stolic dysfunction, myocardial ischemia, and mitral regurgi-
tation. A small percentage develop systolic HF. Arrhythmia 
risks include atrial fibrillation, ventricular tachycardia, and 
sudden cardiac death.

HCM is the most common genetic cardiac disease with esti-
mated prevalence as high as 1:200 using the newest techniques 
such as cardiac magnetic resonance and genetic testing [68]. 
HCM is typically caused by mutations in sarcomere genes that 
encode components of the myocardial contraction. Inheritance 
is in an autosomal dominant pattern in the vast majority with 

TABLE 12.2

Clinical Predictors Suggestive of HF Exacerbation in PPCM

Symptom/Sign 0 Points 1 Point 2 Points

Orthopnea None Need to elevate 
head only

Need to elevate 
body >45°

Dyspnea None When climb ≥8 stairs Walking level

Unexplained 
cough

None Nighttime Day and night

Pitting edema None Below knee Above and 
below knee

Weight gain 
(9th Mo)

≤2 lb/week 2–4 lb/week >4 lb/week

Palpitations None When lying down Any position 
day and night

Source: From Fett, JD. Crit Pathw Cardiol. 2011;10(1):44–45. With 
permission.

Scoring and Action:
0–2 Low risk, observe
3–4 Mild risk, consider BNP
≥5 High risk, BNP, echo
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variable expression and age-related penetrance. Over 1500 muta-
tions in 11 genes have been described as of 2015 [69]. HCM is 
estimated to be present in about 1:1000 pregnancies [54].

Diagnosis is usually made by a combination of ECG and echo-
cardiography, with increasing use of cardiac magnetic resonance 
imaging since late gadolinium enhancement provides additional 
information about myocardial fiber disarray, fibrosis, and sudden 
death risk [67,70].

Symptomatic patients may present with fatigue, dyspnea, chest 
pain, palpitations, pre-syncope, or syncope. LV hypertrophy 
often occurs at the expense of cavity size, reducing stroke vol-
ume. Left ventricular outflow obstruction may be dynamic and 
worsen with exercise or reduced systemic vascular resistance of 
pregnancy; however, this may be offset by the increased volume 
of pregnancy. Left atrial enlargement or increased filling pres-
sure can worsen mitral regurgitation and exacerbating arrhyth-
mias such as atrial fibrillation. Despite this, many women with 
HCM often tolerate pregnancy well [28]. With contemporary 
management, mortality is very low (0.5% or less) [71,72]. Major 
adverse cardiac events were present in 23%–29% [71,72], includ-
ing arrhythmias (atrial and ventricular) or HF usually occurring 
in the third trimester or postpartum. Issues to be addressed with 
pregnancy include genetic counseling about risk of transmission, 
medication adjustment, risk of arrhythmia or sudden death, and 
development of HF.

Rare Cardiomyopathies

Arrhythmogenic Right Ventricular Cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC/D), 
sometimes called arrhythmogenic RV dysplasia, is a rare 
inherited cardiomyopathy transmitted as an autosomal domi-
nant disorder characterized by fibro-fatty tissue replacement 
in the right ventricle leading to right ventricular dilatation 
and dysfunction. The left ventricle is also frequently involved. 
Disruption of normal myocardium increases electrical instabil-
ity, so arrhythmias are a prominent problem [73]. Prevalence is 
estimated to be 1:2000 to 1:5000 [73]. ARVC/D is an impor-
tant cause of sudden cardiac death [1]. Diagnosis is based on 
echocardiogram or CMR. Information on outcomes during 
pregnancy is limited. In a single-center French study of 60 
pregnancies in 23 women, major adverse cardiovascular events 
were rare: two (3%) sustained arrhythmias, neither during 
delivery or  postpartum (3%) but no HF exacerbations. Beta-
blocker therapy was  common (16.7%) and associated with lower 
birth weights.  Preterm delivery and cesarean rates were low, 
but premature sudden death was seen in five children before 
age 25 (10%) [74].

Left Ventricular Noncompaction

Left ventricular noncompaction (LVNC) is an uncharacter-
ized type of cardiomyopathy that results in a distinctive spongy 
appearance of the myocardium due to increased trabeculations 
and deep myocardial recesses that communicate with the LV 
cavity increasing the risk for thromboembolism particularly 

in pregnancy. Diagnosis is made by echocardiography,  cardiac 
magnetic resonance imaging, or occasionally LV angiogra-
phy. Clinical manifestations of LVNC include HF (systolic 
or  diastolic), atrial and ventricular arrhythmias, thromboem-
bolic cerebral vascular events, and sudden cardiac death [75]. 
There are only a few case series of women with LVNC and preg-
nancy. There are no specific therapies, and general guidelines for 
 management of CMP during pregnancy should be followed with 
the caveat that patients with LVNC have increased thromboem-
bolic risk which may be enhanced with pregnancy [5,28].

Restrictive Cardiomyopathy

Restrictive cardiomyopathies are characterized by the pres-
ence of “restrictive filling pattern in the presence of normal 
or reduced diastolic volumes, normal or reduced systolic vol-
umes, and normal wall thickness” and may represent various 
pathologies rather than a distinct entity [2]. Primary restrictive 
cardiomyopathy may be inherited due to genetic mutations in 
cardiac proteins, such as troponin, or non-inherited, such as in 
infiltrative disorders including hemochromatosis, amyloidosis, 
or sarcoid or radiation exposure [2]. There are only rare case 
reports of pregnancy outcomes with restrictive cardiomyopathy 
[76–78]. Some recommend that pregnancy be avoided in symp-
tomatic patients [28].

Pregnancy Care for Women with 
Cardiomyopathy (Box 12.2)

Pre-pregnancy counseling is mandatory in all women with 
known cardiomyopathy or at risk of developing cardiomyopathy 
[54,79]. This allows for estimation of maternal and fetal risk, 
assessment of potential transmission to offspring for heritable 
conditions, and modifications of medications compatible with 
pregnancy. Assessment should include:

 1. Detailed medical history including prior cardiac events 
such as overt HF or arrhythmia, family history, stabil-
ity of symptoms over time, and medication history

 2. Physical exam for volume status and associated valvu-
lar insufficiency

 3. A 12-lead ECG

 4. Echocardiography

 5. Other modalities such as magnetic resonance imaging 
as indicated

 6. Baseline exercise tolerance and functional status may 
be estimated by stress testing

 7. Additional testing with regard to arrhythmia risk may 
be warranted

 8. A referral for genetics counseling should be made if a 
heritable disease is present

Estimation of cardiac risk can then be assessed using mWHO 
or CARPREG II criteria. Assessment of mWHO risk with regard 
to cardiomyopathy is shown in Table 12.3 [54]. If decision is 
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made to proceed with a pregnancy, cardiac medications should 
be adjusted to reduce fetal adverse effects. If pregnancy is not 
planned, effective contraception should be utilized.

Pregnancy heart team/multidisciplinary team should be iden-
tified consisting of a cardiologist, obstetrician/maternal-fetal 
medicine specialist, and obstetric anesthesiologist versed in 
management of heart disease in pregnancy. Other members may 
include neonatologist, geneticist, electrophysiologist, or cardio-
thoracic surgeon.

Goals of guideline-directed medial therapy are outlined in in 
Box 12.3. A chart of recommended medical therapy is shown 
in Table 12.4. Beta-blockers are generally considered safe with 
the caveat that fetal growth should be monitored. ACE inhibi-
tors, angiotensin receptor blockers, neprilysin inhibitors, and 
ivabradine are contraindicated [80]. Fluid and sodium restric-
tion is recommended for all patients, and loop diuretics for symp-
tomatic relief of pulmonary congestion or significant edema. 
Digoxin can also be added for symptomatic improvement. 
Antihypertensive therapy is also recommended for hypertensive 
patients. Serial echocardiograms, serial measurement of natri-
uretic peptides, and fetal ultrasounds should be followed during 
pregnancy [54]. Brain natriuretic peptide (BNP) levels appear 
to be stable in uncomplicated pregnancy although may also be 
increased in hypertensive disorders of pregnancy [81,82]. A self-
assessment tool for decompensation with PPCM has been vali-
dated (see Table 12.2) [66].

Delivery Planning

For women with PPCM, it is unknown if early delivery will 
diminish progression or prevent development of LV dysfunc-
tion, but earlier delivery should be considered in the setting of 
worsening heart function or HF. Otherwise timing of delivery 
should be determined by obstetric factors, such as fetal growth 
or development of preeclampsia, using a team approach 
[38,54]. Vaginal delivery is preferred with spinal/epidural 
delivery [54]. In a Canadian review of women with DCM, 
most deliveries were vaginal, and the most frequent form of 

• VTE prophylaxis
• Strict fluid management
• Other precautions
• Multidisciplinary team notification

– List contact information
• Postpartum

• VTE prophylaxis
• Medication review
• Desires tubal ligation
• Contraceptive plan
• Patient education on when to seek care
• Follow-up with heart failure team
• Rehabilitation
• Transportation support
• Social work support
• Depression screening

BOX 12.2 CHECKLIST FOR 
CARDIOMYOPATHY IN PREGNANCY

• Baseline cardiomyopathy history
• Year commenced
• How diagnosis was made
• Etiology of cardiomyopathy
• Medications currently taking
• Date of last visit with cardiologist

– Name, contact information

• Date of last ECHO

• Current NYHA functional class

• Anticoagulation  yes/no/agent/level
• Individualized risk

• Low
• High
• Comorbidities yes/no
• What are the comorbidities

• Medications
• Heart failure pregnancy regimen
• Anticoagulation

• Diagnostic test
• Echocardiogram yes/no

– Repeat every [ ] weeks
• B-type natriuretic peptide

– Repeat every [ ] weeks
• EKG yes/no
• CXR yes/no
• Other tests yes/no

– Arrhythmia monitoring
• Fetus

• Risk for anomalies yes/no
• Detailed fetal anatomy ultrasound yes/no
• Fetal echocardiogram yes/no
• Serial growth yes/no
• Antepartum fetal heart rate testing

• Consultations
• Cardiology yes/no
• Maternal-fetal medicine yes/no
• Anesthesiology yes/no
• Genetics  yes/no
• Neonatology yes/no
• Other  yes/no

• Multidisciplinary meeting for delivery planning 
in the early third trimester
• Recent cardiac studies
• Echo
• Holter/rhythm monitor
• Biomarkers (BNP or Nt-proBNP)
• Location for delivery
• Planned delivery mode
• Need for telemetry
• SBE prophylaxis
• Central line
• Two larger bore IVs
• Arterial line
• IV with filters yes/no
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anesthesia was epidural [22]. In a recent review of recurrent 
pregnancy in women with PPCM, a majority of the patients 
(56%) delivered by cesarean but mostly for obstetric indica-
tions [59]. Lower-risk HCM patients have no contraindication 
to a vaginal delivery, and cesarean should be performed for an 
obstetric indication.

During delivery, noninvasive telemetry monitoring is useful 
to assess for arrhythmias, point-of-care echocardiogram can 
give information about volume status, and arterial line pulse 
wave analysis may provide information on cardiac output and 
stroke volume variation. Placement of a Swan-Ganz catheter 
remains the gold standard for measuring cardiac output and 
filling pressure but has not been shown to have mortality ben-
efit and is not frequently used during delivery, although may 
be used for patient stabilization and assessment. Whether a 
patient should be monitored in L&D or the ICU is patient and 

institution dependent. If medications are being titrated for opti-
mization of hemodynamic status or are rarely used in L&D, this 
may be more readily achieved in an ICU; alternatively, if urgent 
delivery is anticipated, this may be more readily performed on 
L&D with a “borrowed” cardiac/critical-care nurse monitoring 
parameters on L&D.

Conclusion

The cardiomyopathies encompass a wide spectrum of dis-
eases with genetic and phenotypic overlap. All patients are at 
risk of decompensation, especially for symptomatic HF and 
arrhythmias during pregnancy. Overlap of normal symptoms 
of pregnancy can mimic symptoms of HF so it is important to 
maintain a high index of suspicion for cardiac decompensa-
tion. Management is symptomatic based on guideline-directed 
medical therapy regardless of etiology in the setting of DCM, 
with special considerations for PPCM and with modification 
of medications as required during pregnancy. Goals of ther-
apy are maintenance of normal volume status, treatment of 
arrhythmias, and prevention of thromboembolic complications. 
Pre-pregnancy counseling should be performed when possible 
focusing on maternal functional status and ventricular function 
and optimization of medical therapy. When a genetic etiology 
is known, patients should be informed about the risk of trans-
mission to offspring based on the inheritance pattern. During 
pregnancy and postpartum, a multidisciplinary team approach 
is imperative. Transthoracic echocardiography and measure-
ment of plasma natriuretic peptides, along with careful history 
and frequent reassessment, are the mainstays of follow-up dur-
ing pregnancy and the puerperium.

TABLE 12.3

mWHO Classification for Cardiomyopathies in Pregnancy

mWHO 
Class Condition Risk Level Event Rate Care Level

Minimum 
Follow-Up

Delivery 
Location

II−III Mildly ↓ LVSF (EF >45%) Intermediate mortality/moderate to 
severe morbidity

Event rate 
10%–19%

Referral hospital Bimonthly Referral hospital 
if stableHypertrophic CMP

III Moderately ↓ LVSF 
(EF 30%−45%)

Significantly ↑ mortality or severe 
morbidity

Event rate 
19%–27%

Expert center Monthly to 
bimonthly

Expert center

PPCM with recovered 
function

Ventricular arrhythmias

IV PPCM with residual LV 
dysfunction

Extremely high risk of mortality or 
severe morbidity

Pregnancy not recommended
Options counseling including 
pregnancy termination should be 
discussed

Event rate 
40%–100%

If decision to 
proceed care as 
for mWHO III

Monthly Expert center

HCM with severe LVOTO

Severely ↓ LVSF (EF 
<30%)

Moderately ↓ RVSF

Source: Adapted from Regitz-Zagrosek V et al. Eur Heart J. 2018:77(3):245−326.
Abbreviations:  LVSF, left ventricular systolic function; EF, ejection fraction; PPCM, peripartum cardiomyopathy; CMP, cardiomyopathy; HCM, 

hypertrophic cardiomyopathy; LVOTO, left ventricular outflow tract obstruction.

BOX 12.3 GOALS OF GUIDELINE-
DIRECTED MEDICAL THERAPY 

(GDMT) FOR CARDIOMYOPATHY

• Close follow-up
• Fluid management

• Diuresis/fluid restriction for volume overload
• Salt restriction

• Vasodilators
• Beta-blockade
• Treatment of hypertension
• Inotropic/advance heart failure intervention if 

required
• Exercise
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Vascular Disease and Dissection in Pregnancy

Melinda B. Davis

Introduction

Women with vascular diseases are at increased risk for com-
plications during pregnancy and the early postpartum period. 
Unfortunately, the initial presentation for women with underlying 
vascular disease may be with a catastrophic complication, such as 
aortic or coronary dissection, and may present during pregnancy. 
Women at risk for vascular complications include those with 
connective tissue disorders, such as Marfan syndrome, Ehlers-
Danlos syndrome (EDS), and Loeys-Dietz syndrome; other dis-
orders associated with aortopathy, such as bicuspid aortic valve 
(BAV) and Turner syndrome; and other systemic vascular disor-
ders such as fibromuscular dysplasia. These conditions pose high 
risk of maternal, obstetric, and fetal complications, and appropri-
ate management requires multiple subspecialties. In some situ-
ations, pregnancy is contraindicated. This chapter will address 
vascular disorders that may affect women during childbearing; 
major complications, including coronary and aortic dissections; 
and considerations for preconception counseling, antepartum, 
labor and delivery, and postpartum care. Genetic counseling and 
prenatal diagnosis of offspring should be considered.

Epidemiology

Vascular complications that occur in young women of childbearing 
age are most commonly related to underlying conditions. Many of 
these diseases may be undiagnosed in young women during preg-
nancy but only come to attention after an acute presentation of 
vascular dissection [1,2]. The true prevalence of vascular disorders 
and dissections in pregnancy is likely to be underestimated due to 
low suspicion and missed opportunities for diagnosis.

The incidence of aortic dissection in the normal population is 
approximately 6 per 100,000 individuals per year. Women with 

vascular diseases have higher risk. In the absence of pregnancy, the 
incidence of aortic dissection is 170 per 100,000 in Marfan syndrome 
[3], 36 per 100,000 in Turner syndrome [4], and 31 per 100,000 in 
BAV [5]. Pregnancy increases the risk 25-fold [6]. Clearly, aortic 
dissection can have devastating consequences. In a study of mater-
nal mortality in the Netherlands, half of the total maternal deaths 
(3 per 100,000 deliveries) were attributed to aortic dissection [7]. 
Aortic dissections can occur in the first trimester (5%), second tri-
mester (10%), third trimester (50%), and postpartum (20%) [8].

Spontaneous coronary artery dissection (SCAD) may account 
for 1%–4% of all acute coronary syndromes, but 35% of cases 
in women under age 50 [9]. SCAD is the most common cause of 
pregnancy-associated myocardial infarction, accounting for 43% of 
cases [10]. Pregnancy-associated SCAD portends worse outcomes 
with higher troponin, lower LV function, more congestive heart 
failure, and cardiogenic shock [11,12]. Most cases occur during late 
pregnancy or early postpartum, with the highest incidence being the 
first week postpartum; however, pregnancy-associated SCAD has 
been reported as little as 2 weeks after conception and >12 months 
postpartum, especially in women who are breastfeeding [2,13].

Vascular Disorders

Several vascular disorders cause increased risk of cardiovascu-
lar complications during pregnancy, and many have underlying 
genetic abnormalities. Women who present with vascular com-
plications should undergo workup for the presence of underlying 
vascular diseases, and be offered genetic counseling when appro-
priate. Additional risk factors for aortic dissection include prior 
history of cardiac surgery and cardiac catheterization. Stressors 
that can increase the vascular wall stress and precipitate vascular 
dissections include hypertension, pheochromocytoma, cocaine 
and other stimulant drugs, weight-lifting and intense Valsalva, 
trauma, deceleration injury, intense emotional stress, and labor 

KEY POINTS

• Pregnancy increases the risk or aortic dissection by 25-fold 
above the baseline for the general population

• The most common risk factor for aortic aneurysm and dis-
section is hypertension that is most frequently encountered 
in the third trimester of pregnancy

• Spontaneous coronary artery dissection is the most com-
mon cause of myocardial infarction in pregnancy
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and delivery. The most common risk factor for aortic aneu-
rysm and dissection is hypertension. Specific vascular disorders 
include Marfan syndrome, EDS, BAV, Turner syndrome, and 
fibromuscular dysplasia (Table 13.1).

Marfan Syndrome

Marfan syndrome is an autosomal dominant disorder caused by 
various mutations in the gene (FBN-1 on chromosome 15) that 
encode for extracellular matrix protein fibrillin I [14,15]. Marfan 
syndrome has an estimated incidence of 1 in 5000 and involves 
skeletal, ocular, and cardiovascular systems. Most patients have 
cardiovascular involvement, and the presence of aortic dilatation 
confers high risk for morbidity and mortality. Valvular disease, 
including aortic regurgitation and prolapse of the mitral and tricus-
pid valves, can lead to arrhythmias and heart failure, and premature 
rupture of membranes can occur during pregnancy [16,17]. Clinical 
heterogeneity, even among individuals with the same genetic muta-
tion, can add to the complexity of diagnosis. The original diagnos-
tic criteria, known as the Ghent Nosology, was published in 1996, 
which was later revised to include many patients who do not have 
the fibrillin 1 mutation. The diagnosis can be challenging, and a 
multidisciplinary team should be involved, including clinical 
genetics. The diagnosis is sometimes only considered after a life-
threatening complication occurs during pregnancy [17,18].

Vascular Ehlers-Danlos Syndrome

Vascular Ehlers-Danlos syndrome (EDS) (type IV) is inherited 
in an autosomal dominant pattern related to mutations in the 
COL3A1 gene. Patients with EDS are at high risk of early death 
due to arterial, intestinal, and uterine rupture. Arterial compli-
cations occur in an unpredictable manner, even without arterial 
dilatation, and surgical repair is challenging due to the friable 
nature of the vascular tissue. Vascular EDS poses a high risk of 
obstetric complications, and deaths can occur from arterial dis-
section or uterine rupture. In a study of 81 pregnancies, 12 women 
died (14.8%) [19]. A subsequent study of 565 pregnancies reported 
arterial dissection in 9.2%, uterine rupture in 2.6%, and mater-
nal deaths in 6.5% [20]. Other obstetric complications in women 
with all types of EDS include separation of the symphysis pubis, 
severe postpartum hemorrhage, and preterm delivery. Pregnancy 
is considered contraindicated in women with vascular EDS due to 
the high risk of mortality, but shared decision making is essential, 
and women who choose to pursue pregnancy should be followed 
by a multidisciplinary team at a specialized center [20,21].

Bicuspid Aortic Valve

Bicuspid aortic valve (BAV) is one of the most common con-
genital heart defects and is present in about 1% of the popula-
tion. BAV is associated with histopathologic abnormalities of the 
ascending aorta leading to dilation and aneurysm [22]. Among 
young patients <40 years with aortic dissection, BAV was pres-
ent in 9% [23]. Patients with BAV should be screened for the 
coexistence of aortic coarctation by clinical examination and 
imaging, since coarctation can compound the risk of aortic aneu-
rysms [24]. First-degree relatives of patients with BAV should 
also be offered screening echocardiogram to assess for valve dis-
ease and aortopathy (class IIa) [24].

Turner Syndrome

Turner syndrome is caused by the loss of part or all of the X 
chromosome and occurs in 1 in 2500 girls. Pregnancy in women 
with Turner syndrome can occur spontaneously in women with 
mosaic pattern (0.5%–10%), but otherwise occurs with assisted 
fertility treatment. Women should undergo cardiovascular evalu-
ation prior to beginning fertility therapy [25] because Turner 
syndrome is associated with congenital heart disease, aortic 
dilatation, hypertension, diabetes, and atherosclerotic disease, as 
well as preeclampsia [26]. Blood pressure control and diabetes 
management are important. During pregnancy, the risk of death 
from aortic dissection may be 2%, and the risk may increase with 
concomitant BAV and/or aortic coarctation [27].

Fibromuscular Dysplasia

Fibromuscular dysplasia (FMD) is a vascular disease associated 
with arterial tortuosity, stenosis, and aneurysms in any arterial 
bed, but most commonly in the renal arteries, carotid arteries, 
and intracranial arteries [28]. Coronary dissections and aortic 
aneurysms can occur. Patients who present with SCAD are fre-
quently diagnosed with FMD in another arterial circulation. 
Due to the high incidence of arterial aneurysms and dissections, 
every patient with FMD is recommended to undergo one-time 
head-to-pelvis cross-sectional imaging with CTA or MRA. 
FMD should also be suspected in young women with hyper-
tension, severe persistent headache, TIA or stroke, aneurysms, 
renal infarction, or in the presence of an abdominal or carotid 
bruit [29].

Vascular Complications during Pregnancy

The hemodynamic stress of pregnancy (increase in blood vol-
ume, heart rate, stroke volume, and cardiac output) [30,31], 
partially offset by decreased peripheral vascular resistance and 
diastolic blood pressure, may contribute to increased risk of vas-
cular complications during pregnancy. In addition, histologic 
changes in the aorta that predispose to vascular fragility that are 
related to the hormonal changes of pregnancy include decreased 
acid mucopolysaccharides, loss of normal corrugation of elastic 
fibers, and fragmentation of the aortic reticulin fibers [32,33]. 
The hemodynamic and hormonal changes increase susceptibility 
to vascular dissections, particularly in women with preexisting 
abnormal structure of the vasculature related to connective tis-
sue diseases or fibromuscular dysplasia. Labor and delivery may 
cause increased aortic and coronary shear stress. Complications 
can occur at any time during pregnancy, but after the second tri-
mester or postpartum are the highest risk [34]. Among women 
with SCAD, the highest incidence occurs in the first month post-
partum, particularly in the first week, suggesting a contribution 
from uterine contraction and the massive increase in blood vol-
ume post-delivery [12].

Women with vascular diseases can suffer from several types 
of complications during pregnancy, including myocardial infarc-
tion, cardiogenic shock, hemorrhage, heart failure, arrhythmias, 
and venous thromboembolism. Two of the most feared complica-
tions are aortic dissection and coronary artery dissection.
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Aortic Dissection

Aortic dissection occurs when an interruption in the medial layer 
of the aorta allows intramural hemorrhage and propagation of 
blood, resulting in a sudden, severe, tearing type of pain with 
radiation to the back. The dissection can propagate to the aortic 
valve causing aortic regurgitation, or blood may enter the peri-
cardial space causing cardiac tamponade. If branch vessels are 
involved, ischemia of the coronary, carotid, spinal, or visceral 
arteries can occur.

Precise classification of thoracic aortic dissections is impor-
tant. The Stanford classification scheme includes type A dis-
sections (involving the ascending aorta) and type B dissections 
(involving the descending aorta, and not the ascending aorta) 
(Figure 13.1). The DeBakey classification scheme describes 
dissections in the ascending aorta, arch, and descending aorta 
(type I); those that are confined to the ascending aorta (type II); 
and those that involve the descending aorta (type III). Early and 
accurate diagnosis of aortic dissection is essential (Figure 13.2).

Symptoms of Aortic Dissection

 1. Pain: Abrupt, acute onset of pain in the chest or back 
occurs in 90% of patients characterized as sharp, knife-
like, worst-ever pain, unlike any pain previously expe-
rienced, that leads patients to seek medical attention 
within minutes to hours. Symptom constellation corre-
lates to the involved segments of the aorta. Symptoms 
may also include those of heart failure, stroke, acute cor-
onary syndrome, pericardial tamponade, or abdominal 
pain. Painless dissection is uncommon but can occur.

 2. Syncope: Loss of consciousness occurs in 5%–10% and 
often indicates involvement of the brachiocephalic ves-
sels or cardiac tamponade [35].

Physical Exam Findings of Aortic Dissection

 1. Pulse and blood pressure deficit: Bilateral pulses 
should be rapidly examined at bedside. Impaired blood 
flow to peripheral vessels can manifest as asymmet-
ric or decreased pulsations in carotid, brachial, radial, 
or femoral pulses. Systolic blood pressure in bilateral 
arms may differ by >20 mmHg.

 2. Blood pressure: While hypertension is a risk factor for 
developing aortic dissection, hypotension occurs in 
12% of patients with type A ascending aorta dissec-
tions [36] and may be due to acute aortic regurgitation, 
cardiac tamponade, or malperfusion of the brachioce-
phalic vessels resulting in low brachial cuff pressures.

 3. Heart murmur: Aortic regurgitation causes a diastolic 
decrescendo murmur and occurs when the aortic dis-
section extends to involve the aortic valve and compli-
cates half to two-thirds of ascending dissections [36]. 
Other associated findings include wide pulse-pressure, 
hypotension, and/or heart failure.

 4. Focal neurologic deficits: When branch arteries are 
involved in the dissection, neurologic deficits can 
include stroke or altered consciousness (from carotid 
artery involvement), hoarseness (from compression of 
the laryngeal nerve), or acute paraplegia (from spinal 
cord ischemia).

Diagnostic Testing for Aortic Dissection

Initial Testing

 1. Electrocardiogram (ECG): If the aortic dissection has 
extended to include the coronary arteries, findings con-
sistent with acute myocardial infarction may be pres-
ent, but this is not always evident on the ECG [37].

Left circumflex
(20%)

Obtuse marginal

Left anterior
descending
(40%–70%) 

Right coronary
artery
(30%)

Sinus of 
Valsalva

Sinotubular junction

Type A

Type B

Left main (10%)

Diagonal

Diaphragm

Arch

Descending

Abdominal

PDA

Ascending

FIGURE 13.1 Classification of aortic anatomy and coronary anatomy with incidence of dissection.
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 2. Chest radiograph (CXR): Widening of the aortic sil-
houette may be seen on CXR but sensitivity is limited, 
and additional imaging is needed.

 3. D-dimer: A low or negative D-dimer may be helpful in 
ruling out an aortic dissection if the level is less than 
500 ng/mL [38].

 4. Troponin: An elevated troponin level indicates myocar-
dial ischemia from propagation of the dissection into 
the coronary arteries or subendocardial ischemia from 
hypotension.

 5. Transthoracic echocardiogram (TTE): A surface TTE 
may demonstrate a dissection flap at the aortic root, 
aortic valve regurgitation, or tamponade but lacks the 
necessary specificity and does not adequately image 
the entire aorta.

Diagnostic Vascular Imaging

 1. Magnetic resonance angiography (MRA): MRA of 
the aorta with gadolinium contrast has a sensitivity 
and specificity of 95%–100% [39]. MRA can only be 
used in hemodynamically stable patients with adequate 
monitoring. Although gadolinium contrast is often 
avoided during pregnancy, there are times when the 
benefit outweighs the risk [40,41].

 2. Computed tomographic angiography (CTA): The advan-
tage of CTA is the widespread availability and speed. 
During pregnancy, ionizing radiation is often avoided 
but may be needed for the diagnosis of aortic dissection, 
which carries high mortality for both the mother and fetus.

 3. Transesophageal echocardiography (TEE): TEE can be 
useful during pregnancy or in hemodynamically unsta-
ble patients who cannot safely be transported to a scan-
ner. However, limitations include operator availability, 
level of expertise, and the need for esophageal intuba-
tion requiring sedation, which may worsen hypotension.

Management of Acute Aortic Dissection

Aortic dissection of the ascending aorta is a surgical emergency 
and early consultation is necessary. Descending aortic dissec-
tions may also require emergency surgery, particularly if there is 
involvement of branch vessels or other evidence of malperfusion.

Initial medical management includes large bore intravenous 
access and continuous monitoring for heart rate and blood pres-
sure, preferably with an arterial line. Standard treatment of aortic 
dissection involves controlling the heart rate to <60 beats per 
minute and systolic blood pressure to between 100−120 mmHg. 
Involvement of a maternal-fetal medicine specialist is needed 
to monitor the effects on the fetus. Beta-blockers decrease both 

• Sudden onset; chest or back; sharp, knife-like, worst-ever pain

• Syncope, heart failure, stroke, shortness of breath, abdominal painSymptoms

Physical
exam

Initial
testing

Vascular
imaging

Management

Surgical
consultation

• Pulse and blood pressure deficit

• Diastolic murmur of aortic regurgitation

• Focal neurologic deficits

• ECG may show coronary ischemia

• CXR may show wide mediastinum

• Transthoracic echocardiogram may show dissection flap or associated findings but does not adequately image the aorta

• Magnetic resonance angiography (MRA)

• Computed tomographic angiography (CTA)

• Transesophageal echocardiography (TEE)

• 2 large bore IV

• Beta-blocker medication, goal HR < 60 bpm; consider esmolol or labetalol infusions

•  After maximal beta-blockade, lower blood pressure with IV nitroglycerin or nicardipine (avoid nitroprusside)

• Ascending aortic dissections (type A) require emergent surgery

• If dissection isolated to the descending aorta and no evidence of ischemia, leakage, progressive dilatation, then may
  medically manage in intensive care unit

FIGURE 13.2 Algorithm for diagnosis and management of aortic dissection.
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hypertension and the pulsatile wall stress that can increase shear 
forces. Esmolol or labetalol infusions are first-line choices. If the 
systolic blood pressure is still >100 mmHg after maximal beta-
blockade with heart rate <60 beats per minute, infusion of vaso-
dilators such as nitroglycerin or nicardipine can further lower 
the blood pressure. Nitroprusside can cause fetal cyanide toxicity 
and should be avoided. Additional management includes IV opi-
oids for pain control and a foley catheter to monitor urine output 
and renal perfusion. Only patients who do not require emergent/
urgent surgery or stent-grafting can be managed medically in an 
intensive care unit. Transfer to a center with readily available 
surgical services may be necessary.

If acute type A dissection occurs during pregnancy, the surgi-
cal strategy depends on the gestational age of the fetus. Before 
28 weeks’ gestation, cardiac surgery with the fetus in utero is 
typically recommended. If the fetus is viable, a primary cesarean 
section followed directly by surgical repair of the aorta can be 
considered.

For type B dissection, the initial management strategy typically 
involves strict antihypertensive treatment. Surgery is indicated 
for type B dissections if there is evidence of leakage, rupture, 
progressive aortic dilatation, uncontrolled hypertension, com-
promise of an arterial trunk, extension of the dissection while on 
adequate medical therapy, or continued or recurrent pain.

Spontaneous Coronary Artery Dissection

Spontaneous coronary artery dissection (SCAD) occurs when an 
intimal tear or bleeding of the vasa vasorum causes an intra-
medial hemorrhage and a false lumen that fills with intramural 
hematoma and expands under pressure. SCAD can occur with or 
without atherosclerosis. The most frequently affected vessel is 
the left anterior descending artery in approximately 40%–70% 
of cases [13,42] (Figure 13.1). Dissection often occurs in a single 
coronary artery, but multiple vessels and noncontiguous seg-
ments can be involved [10,43]. Patients may present with STEMI, 
NSTEMI, or life-threatening arrhythmias.

Symptoms of SCAD

Diagnosis of an acute coronary syndrome and SCAD should 
be considered in any pregnant woman with chest pain or other 
angina equivalents, particularly in the absence of classic athero-
sclerotic risk factors. Signs and symptoms of SCAD are similar 
to those of acute myocardial infarction, with chest pain in 96% 
of cases. Other symptoms include pain in the neck, back, one or 
both arms, nausea and vomiting, diaphoresis, and shortness of 
breath.

Diagnostic Testing for SCAD

 1. Electrocardiogram (ECG) should be performed imme-
diately in women with chest pain or other symptoms 
concerning for acute coronary syndrome. SCAD may 
manifest as STEMI or NSTEMI. Even without evi-
dence of ischemia on the ECG, a high index of suspicion 
should be maintained. Often repeat ECG is required 
to detect dynamic ECG changes and life-threatening 
arrhythmias.

 2. Troponin elevation is indicative of coronary ischemia. 
Troponin should be serially measured in any woman 
presenting with chest pain or an angina equivalent.

 3. Coronary angiography is the first-line diagnostic test 
for ACS, including pregnant women, with attempts to 
minimize the dose of radiation if possible. Several angi-
ographic types of SCAD can be identified by an expe-
rienced operator [9]. Additional imaging techniques 
include optical coherence tomography and intravas-
cular ultrasound; however, additional instrumentation 
carries high risk of propagation of the dissection.

 4. Coronary computed tomography angiography (CCTA) 
can be considered as a noninvasive approach to diagno-
sis in women who are at low risk, but may lack sensitiv-
ity [9]. CCTA also involves radiation and contrast and 
may require high doses of beta-blockade.

Management of SCAD

After diagnosis by limited angiography, conservative therapy is 
often recommended (Figure 13.3). Stable patients with low-risk 
NSTEMI, normal TIMI grade 3 flow, and no critical stenosis 
can be treated conservatively. There are limited data to support 
follow-up stress testing or coronary angiography. Patients pre-
senting with STEMI, NSTEMI with ongoing ischemia, unstable 
features, or hemodynamic instability should be revascularized 
with primary percutaneous coronary intervention (PCI) or 
bypass surgery. Instrumentation of the coronary arteries risks 
further propagation of the dissection due to fragility of the ves-
sel wall. Other technical challenges include difficulty advancing 
wires through the true lumen, occlusion of side branches, dis-
section at the edges of stents, dissection in small caliber distal 
vessels, and extensive dissections that require long stents result-
ing in higher risk of stent thrombosis [9,29]. If there is any con-
cern for cardiogenic shock, transfer to a facility with emergency 
mechanical circulatory support and close monitoring of mother 
and fetus is necessary. A delivery strategy should be in place in 
case of deterioration.

Medical management after SCAD includes long-term aspirin, 
beta-blocker, and 1 year of clopidogrel. Statin medications are 
used if the patient has dyslipidemia. Beta-blocker treatment has 
been associated with a lower risk of recurrent SCAD [44].

Management of Women with Vascular Disease

Preconception Management

Preconception counseling is essential for women with vascular 
disease given the known risks associated with pregnancy. Women 
need to be counseled differently based on their underlying dis-
ease condition. Women with aortopathy should undergo MRI (or 
CT) of the entire aorta prior to conception. Aortic dimensions 
for consideration of surgical repair prior to pregnancy are shown 
in Table 13.1. Additional risk factors include family history of 
aortic dissection or sudden death, the rate of growth (increase 
in diameter is ≥5 mm/year), and/or worsening aortic regurgita-
tion [21,45]. Even after aortic replacement, risk for dissection in 
the distal aorta or other vascular beds remains [46]; however, 
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the level of risk is unclear and depends largely on the underly-
ing connective tissue disorder. Preconception counseling should 
also include discussion of the possible need for cardiothoracic 
surgery during pregnancy, and education about the symptoms of 
aortic dissection and the need for emergent medical attention. 
Pregnancy is not recommended for women with a prior aortic 
dissection or vascular EDS [21].

For women with SCAD, there are scant data about the safety 
of subsequent pregnancies, and this is generally considered to be 
contraindicated, regardless of whether or not the SCAD occurred 
in association with pregnancy. Women with ejection fraction 
<40% are at high risk during pregnancy and should be counseled 
to avoid pregnancy due to risk of heart failure and deterioration 
in LV function [21].

Medications need to be reviewed during preconception 
counseling. Angiotensin-converting enzyme inhibitors (ACE) 
and angiotensin-receptor blocker (ARB) medications are often 
discontinued as soon as contraception is stopped. Fetal mal-
formations have been linked to first trimester exposure [47], 
although no increase in risk was reported in a more recent 
study [48]. Beta-blockers may slow the rate of aortic dilatation 
and decrease aortic complications, but data are limited [49]. 
Beta-blockers are typically continued during pregnancy if 
already prescribed, or may be initiated in women with Marfan 
syndrome, vascular EDS, heritable thoracic aortic disease, or 
Loeys-Dietz. Beta-blockers may also be considered for women 
with BAV or Turner syndrome with aortic dilatation, and for 
women with history of SCAD. Metoprolol is typically preferred 
during pregnancy. Counseling should include discussion of the 

association between beta-blockers and intrauterine growth 
restriction [50].

Genetic counseling is important since certain conditions will 
increase the risk of subsequent complications and there may be 
a 50% chance of passing an inherited condition to offspring (see 
Counseling section below). After discussion between the patient 
and providers, if the maternal or fetal risks are felt to be prohibi-
tive, discussion of effective birth control is essential.

Antepartum Management

Imaging

Surveillance of aortopathies during pregnancy depends on the 
diameter of the aorta and level of risk. The ESC pregnancy 
guidelines suggest monitoring by echocardiography every 4–12 
weeks throughout pregnancy and 6 months postpartum, more 
frequently if the aortic diameter is larger or if the underlying 
diagnosis confers increased risk [21]. The 2010 ACC/AHA 
thoracic aortic disease guidelines recommend monthly or 
bimonthly echocardiographic imaging of the ascending aorta 
until delivery [45]. If the dilatation of the ascending aorta is 
not well-seen on echocardiography, or if the dilatation is in the 
aortic arch or the descending or abdominal aorta, serial moni-
toring should be done using MRI without gadolinium [45]. 
Measurements of the aortic size will vary depending on the 
technique used and there may be mild inter-observer variabil-
ity. Fetal echocardiogram can be performed to diagnose inher-
ited conditions.

Low-risk ACS or  NSTEMI

STEMI or  NSTEMI with high-
risk features

Cardiogenic shock,
hemodynamically unstable,

VT/VF

Cardiac cath

Cardiac cath

Cardiac cath
or may consider CCTA

Stable, no high-risk features,
no ongoing ischemia by ECG,

TIMI 3 flow on cath

Medical management
inpatient 3–5 days

Consider CABG (or possibly
medical management, but

not studied)

PCI if feasible or urgent
CABG

Stable; left main disease and
LAD/LCx, or severe proximal
2-vessel dissection, or long

dissection

If active ischemia by ECG or
ongoing chest pain or

hemodynamically unstable

Consider PCI if feasible or
urgent CABG

May need advanced therapy:
IABP, ECMO, LVAD

FIGURE 13.3 Algorithm for management of spontaneous coronary artery dissection (SCAD). Abbreviations: ACS, acute coronary syndrome; VT/VF, 
ventricular tachycardia/ventricular fibrillation; CCTA, computed coronary tomography angiography; ECG, electrocardiogram; LAD, left anterior descend-
ing; LCx, left circumflex; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; IABP, intra-aortic balloon pump; ECMO, 
extracorporeal membrane oxygenation; LVAD, left ventricular assist device.



125Vascular Disease and Dissection in Pregnancy

Medications

Women with aortopathies, high-risk vascular disorders, or prior 
SCAD are recommended to take beta-blocker medication during 
pregnancy, with close follow-up to detect fetal growth restriction. 
In women with Marfan syndrome, the beta-blocker dose may be 
adjusted to achieve a reduction in heart rate by at least 20 beats/
minute [51]. Strict blood pressure control is important for women 
with aortic disease; gestational hypertension and preeclampsia 
may increase the risk of aortic dissection [8].

Surgery during Pregnancy

Acute complications, such as ascending aortic dissection or 
severe SCAD, may require emergent surgery during pregnancy. 
Elective surgery could be considered during pregnancy if the 
aorta is >45 mm and increasing rapidly (class IIA recommen-
dation) [21]. If the fetus is viable, cesarean section can be per-
formed followed directly by cardiothoracic surgery. If the fetus is 
not yet viable, surgical treatment for the mother is recommended. 
Several modifications and precautions can be implemented dur-
ing cardiothoracic surgery to improve fetal outcomes, including 
the use of continuous fetal monitoring, high-pressure perfusion 
with pulsatile flow, and avoidance of hypothermia [52]. Cardiac 
surgery performed during pregnancy generally carries a 3% 
risk of maternal mortality, up to 30% risk of fetal mortality, 
and 3%–6% risk of neonatal morbidity [53,54]. An experienced 
multidisciplinary team should include cardiothoracic surgery, 
cardiology, obstetrics, maternal-fetal medicine, and cardiac 
anesthesiology.

Management for Labor and Delivery

Several connective tissue disorders are associated with increased 
risk of miscarriage and preterm delivery. Women may be 
advised to be near the delivery center in last month of pregnancy. 
Management of women at high risk for vascular complications 
should involve a multidisciplinary team.

Labor and Delivery

The goal during labor and delivery in women with aortopathies 
is to avoid excessive aortic wall stress. During vaginal deliv-
ery, the systolic and diastolic blood pressure increase during 
each uterine contraction; however, much of these hemodynamic 
changes are driven by pain and anxiety and mitigated by high-
quality anesthesia. Neuraxial anesthesia can be difficult in the 
setting of dural  ectasia or scoliosis, commonly seen in patients 
with Marfan syndrome, Loeys-Dietz, or EDS. Cesarean delivery 
carries risks of hemodynamic fluctuations, increased blood loss 
and hemorrhage, infection, and thromboembolic complications. 
Although no studies have compared vaginal versus cesarean 
delivery in women with vascular disorders, cesarean delivery 
should be considered in women with a history of aortic dissec-
tion, vascular EDS, or when the ascending aorta is >45 mm [21]. 
Vaginal delivery is recommended if the ascending aorta diam-
eter is <40 mm (class I recommendation). If the ascending aorta 

diameter is 40–45 mm, vaginal delivery with expedited second 
stage and regional anesthesia should be considered (class IIA), 
but cesarean may also be considered (class IIB) [21]. Postpartum 
hemorrhage after cesarean delivery in women with Marfan syn-
drome should be anticipated [51]. Women with SCAD may have 
vaginal delivery with goals of minimal maternal effort, passive 
second stage of labor, and delayed Valsalva [9]. The ESC guide-
lines recommend (class I) women with aortic dilatation or his-
tory of aortic dissection deliver in an experienced center with 
a pregnancy heart team and with cardiothoracic surgery avail-
ability [21].

Intrapartum Monitoring

Continuous electrocardiogram monitoring can be considered 
for high-risk patients and concern for myocardial ischemia or 
arrhythmias. Arterial monitoring can be used to instantly detect 
blood pressure fluctuations. In high-risk patients, the arterial line 
should be placed prior to induction of either neuraxial or gen-
eral anesthesia to mitigate blood pressure fluctuations. A central 
venous catheter line may be useful for administration of vasoac-
tive drugs, volume resuscitation, and estimating high or low cen-
tral venous pressure; however, a minority of patients require this 
level of invasive monitoring, such as those with active dissection, 
hemodynamic instability, pulmonary edema, or active hemor-
rhage. Pulmonary artery catheter monitoring is not indicated. 
If a patient is at high risk for aortic dissection, or if the neces-
sary level of invasive monitoring is not available in the labor and 
delivery unit, alternative delivery locations such as the cardiac 
intensive care unit should be explored.

Medications for Labor and Delivery

Certain medications used during labor and delivery for various 
obstetric indications may be contraindicated or used with cau-
tion in women with vascular disorders (Table 13.2). Terbutaline, 
methylergonovine (Methergine), carboprost tromethamine 
(Hemabate), and epinephrine can cause hypertension and vaso-
constriction and should not be used. Oxytocin (Pitocin) can 
cause decreased systemic blood pressure and peripheral vascular 
resistance and should only be used as a dilute solution in a con-
tinuous infusion, since a large bolus can cause a sudden decrease 
in afterload and reflex tachycardia. Magnesium sulfate, if admin-
istered in high doses, can cause respiratory depression, hypoxia, 
and cardiac dysfunction, but can be used with caution.

Postpartum Care

Aortic Disease

Imaging

The first 4–6 weeks postpartum confers a high-risk time for aor-
tic dissection. Depending on the individual’s risk and size of the 
aorta, follow-up could range from weekly visits with imaging 
to just one postpartum visit. Prior to a subsequent pregnancy, 
the entire aorta should be imaged, preferably with MRI with 
gadolinium.
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Contraception

Reliable contraception is essential for women at high risk for a 
subsequent pregnancy. Evidence linking hormonal contraception 
with aortic dilatation and dissection is unclear. Side effects of 
hypertension should be treated.

Prognosis and Recurrence

Long-term survival should be considered when counseling about 
subsequent pregnancy. The natural history of aortic disease tends 
to involve progressive dilatation over time but reported outcomes 
are variable and the overall risks depend on the underlying condi-
tion, size of the aorta, and associated risk factors. Pre-pregnancy 
aortic root repair does not eliminate the risk of dissection dur-
ing pregnancy, and other sites in the aorta can become involved. 
Unrelated to pregnancy, overall survival among patients with 
acute aortic dissection has been reported at 37%–88% at 10 years 
[55–57]. Pregnancy in women with a prior aortic dissection is not 
advised [21]. Preconception consultation should occur with a car-
diologist, geneticist, and obstetrician, and possibly a cardiotho-
racic surgeon depending on the severity of the aortic aneurysm.

Genetic Counseling

Presentation with aortic disease at a young age suggests a higher 
risk of genetically mediated thoracic aortic disease. Providers 
should take a family history for all first-degree relatives related 
to history of aortic aneurysm, brain aneurysm, aortic dilatation, 
aortic dissection, and abdominal aortic aneurysm. Consultation 
with a geneticist is often recommended [45]. The risk of trans-
mission of inherited conditions to the child must be addressed, 
particularly given the 50% transmission risk with Marfan syn-
drome, Loeys-Dietz, and vascular EDS, all of which are auto-
somal dominant conditions. The genetic transmission of BAV 

and coarctation are less well defined [58]. If the parental genetic 
mutation is known, prenatal diagnosis with chorionic villous 
sampling or amniocentesis can be used to detect the mutation 
in the fetus. These procedures carry a 1% risk of miscarriage 
[59] and are only indicated if the results will lead to termination. 
Alternatively, in vitro fertilization in conjunction with preim-
plantation genetic diagnosis can be used to select embryos unaf-
fected by a known mutation.

SCAD

Imaging

Postpartum, women with SCAD should undergo full-body cross-
sectional imaging (preferably with computed tomographic angi-
ography) to diagnose concomitant fibromuscular dysplasia and 
diagnose additional dissections or aneurysms [9].

Contraception

The presumed pathophysiologic association of female sex hor-
mones with SCAD has led to concerns about hormonal contra-
ception and hormone replacement therapy in women following 
SCAD. Avoiding hormonal contraception may be reasonable if 
other reliable options exist [9,29].

Prognosis and Recurrence

Patients with SCAD have a high rate of recurrence. One prospec-
tive study reported recurrent SCAD in 10.4% of patients [44], 
while another cohort reported a recurrence rate of 17.2%, and the 
estimated 10-year rate of combined major adverse cardiac events 
(death, heart failure, myocardial infarction, and SCAD recur-
rence) was 47% [42]. In a small case series of eight women with 
subsequent pregnancy after prior SCAD, one woman suffered 

TABLE 13.2

Medications Used during Labor and Delivery and Considerations for Women with Vascular Disease

Medication Indication Side Effects Recommendations

Magnesium sulfate • Seizure prophylaxis
• Neonatal neuroprotection

• High levels can cause respiratory depression, 
hypoxia, and cardiac dysfunction

• Increased risk when used with calcium-
channel blocker

Use with caution

Oxytocin (Pitocin) • Labor augmentation
• Prevention of postpartum 

hemorrhage

• Decrease in mean arterial pressure
• Decrease in peripheral vascular resistance
• Large bolus can cause sudden decrease 

afterload and reflex tachycardia

No bolus
Can be used cautiously 
as a dilute solution in a 
continuous IV infusion

Terbutaline • Stop premature labor, prolonged 
or frequent uterine contractions

• Hypertension and tachycardia (1%–10%) Extreme caution, 
contraindicated

Methylergonovine 
(Methergine)

• Stop postpartum hemorrhage • Vasoconstriction leading to hypertension and 
myocardial ischemia

Contraindicated

Carboprost tromethamine 
(Hemabate)

• Prostaglandin used for refractory 
postpartum uterine bleeding or 
pregnancy termination

• Hypertension Avoid in women with 
vascular disease or 
aortic aneurysms

Epinephrine • For combined spinal-epidural 
anesthesia or epidural

Intense vasoconstriction and hypertension and 
tachycardia

Avoid in women with 
aortic disease and 
coronary dissection
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recurrent SCAD of the left main artery at 9 weeks postpartum 
resulting in a large MI and emergent CABG [60]. Although the 
data are limited, many experts advise against pregnancy due to 
the high risk of recurrence and complications [21]. Women who 
choose to proceed with pregnancy should be followed closely by 
a multidisciplinary team that includes maternal-fetal medicine 
and cardiology specialists [9].

Conclusion

During and after pregnancy, women with vascular diseases are 
at increased risk for catastrophic complications including aortic 
and coronary artery dissections. A high index of suspicion should 
be maintained to prevent missed diagnosis and ensure early and 
accurate treatment. Aortopathy or SCAD should prompt inves-
tigation for underlying connective tissue diseases, and genetic 
counseling may be appropriate.

Women with vascular diseases are at increased risk for com-
plications during pregnancy and the early postpartum period. 
Unfortunately, the initial presentation for women with underly-
ing vascular disease may be with a catastrophic complication, 
such as aortic or coronary dissection, and may occur during 
pregnancy. Women at risk for vascular complications include 
those with connective tissue disorders, such as Marfan syn-
drome, EDS, and Loeys-Dietz syndrome; other disorders asso-
ciated with aortopathy, such as BAV and Turner syndrome; and 
systemic vascular disorders, such as fibromuscular dysplasia. 
These conditions pose high risk of maternal, obstetric, and fetal 
complications, and appropriate management requires multiple 
subspecialties. This chapter addresses vascular conditions that 
affect women during childbearing, with particular attention to 
major complications including aortic dissection and spontane-
ous coronary artery dissection. Recommendations for precon-
ception counseling and management during antepartum, labor 
and delivery, and postpartum have been reviewed. Genetic 
counseling and prenatal diagnosis of offspring should also be 
considered.
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Acute Coronary Syndromes in Pregnancy

Pavan Reddy, Gassan Moady, and Uri Elkayam

Introduction

The term acute coronary syndrome (ACS) refers to any group 
of clinical symptoms compatible with acute myocardial isch-
emia and includes unstable angina (UA), non-ST segment eleva-
tion myocardial infarction (NSTEMI), and ST-segment elevation 
myocardial infarction (STEMI). Pregnancy-associated myocar-
dial infarction (PAMI) is defined as myocardial infarction (MI) 
occurring during pregnancy or within 6–12 weeks postpartum [1].

Incidence

Recent systemic review and meta-analysis of population-based 
studies including over 66 million pregnancies reported a pooled 
PAMI incidence of 1:30,000 worldwide and the U.S. incidence of 
1:20,500 [2]. When compared to nonpregnant women in similar 
age, the incidence in pregnancy is three- to fourfold higher [2–6].

Etiology of Acute Coronary 
Syndromes in Pregnancy

In a large series published in 2014 by Elkayam et al., the main 
mechanisms of PAMI were spontaneous coronary artery dis-
section (SCAD), accounting for 43% of cases, atherosclerotic 
plaques in 27%, coronary artery thrombosis without atheroscle-
rosis in 17%, normal coronary arteries in 9%, Takotsubo car-
diomyopathy in 2%, and suspected coronary spasm in 1% of the 
cases [7]. Increased incidence of SCAD in this group of women 
is likely due to the increased estrogen and progesterone levels in 

pregnant women, which tends to accelerate degenerative changes 
in the vessel wall with the potential for coronary artery dis-
section [8,9]. The left anterior descending (LAD) artery is the 
most involved vessel (more than 70%), followed by the left main 
coronary artery, circumflex, and then the right coronary artery. 
Involvement of multiple coronary vessels in the dissection pro-
cess is not an uncommon finding in pregnancy [9].

Risk Factors

Older age is a known risk factor, with over 70% of women with 
PAMI being older than 30 years and 40% over the age of 35 years. 
For women older than 40 years of age, the risk of ACS during 
pregnancy increases by 20% with each advancing year [10]. The 
incidence of conventional atherosclerotic risk factors is relatively 
low in the young female population, ranging between 10%–25% 
[7]. Incidence of PAMI has been also reported to be higher in 
pregnant women with thrombophilia, history of postpartum 
infections, anemia requiring transfusions, multiparity, non-His-
panic whites, and African Americans [3,4]. Notably, pregnancy 
and postpartum periods are known hypercoagulable states in part 
due to alterations in the coagulation cascade [11]. Table 14.1 sum-
marizes the reported risk factors in women with PAMI.

Complications and Mortality

A recent review of 150 contemporary cases reported 7% mater-
nal and 5% fetal mortality [7]. Top causes of maternal mortality 
were cardiogenic shock and ventricular arrhythmias. The rate 
of significant complications was strikingly high and included a 
markedly reduced LVEF (≤40%) in 54% of the patients. This 

KEY POINTS

• The incidence of myocardial infarction in pregnancy is 
three- to fourfold higher than age-matched nonpregnant 
women occurring during pregnancy or within 6–12 weeks 
in the postpartum period

• The most common cause of myocardial infarction in preg-
nancy is spontaneous coronary artery dissection

• Left anterior descending artery is the most commonly 
involved vessel in spontaneous coronary artery dissection 
in pregnancy

• As in nonpregnant women, coronary angiography with the 
goal of opening the infarct related artery is the standard 
of care in pregnant women with STEMI and in most high-
risk patients with NSTEMI

• Thrombolytic therapy should be avoided in SCAD because 
of the reported harm and clinical deterioration due to 
extension of intramural hematoma and dissection
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degree of LV dysfunction was associated with a high incidence 
of heart failure, cardiogenic shock, ventricular arrhythmias, and 
mortality. Clinical deterioration required mechanical support, 
including the use of intra-aortic balloon pump, LV assist device, 
and extracorporeal membrane oxygenation in 28% of the patients 
with PAMI due to SCAD [9].

Diagnosis of Myocardial Infarction in Pregnancy

Diagnosis of PAMI is made when STEMI or NTSEMI occur 
during pregnancy or within 6–12 weeks postpartum. The term 
ACS encompasses a spectrum of pathology pertaining to the 
degree of coronary occlusion.

• STEMI is defined as ST elevation or left bundle branch 
block on ECG with evidence of myocardial injury, i.e., 
troponin elevation. STEMI almost invariably repre-
sents complete acute occlusion of a coronary artery 
with resultant transmural infarct (involving the entire 
ventricular wall segment).

• NSTEMI is present when there is troponin elevation but 
without ST elevation on ECG. ST depression or T wave 
inversion may or not be present and are not required 
for diagnosis. Pathologically, NSTEMI often represents 
subtotal occlusion of a coronary artery resulting in less 
severe injury (subendocardial).

• Unstable angina is characterized by cardiac chest pain 
without troponin elevation [12]. UA is denoted as such 
given the propensity to evolve into more severe forms 
of MI.

• Angina, considered apart from the ACS spectrum of 
disease, is defined as chest pain that occurs with stress 
and is relieved with rest or nitroglycerin [13]. Angina 
specifically pertains to stable ischemic heart disease 
for which the treatment mainly involves conservative 
measures such as lifestyle modifications and anti-angi-
nal medications (i.e., beta-blockers or calcium channel 
blockers).

Most reported PAMI cases occur either late in pregnancy or in 
the postpartum period, primarily presenting as STEMI involving 
the anterior ventricular wall [7–9].

As in nonpregnant women, PAMI is diagnosed when the above 
definitions of STEMI and NSTEMI are met in the right clini-
cal setting. The leading presenting symptoms are chest pain and 
dyspnea (Table 14.2) [7–9]. Differential diagnosis includes pul-
monary embolism, aortic dissection, and preeclampsia.

Cardiac troponin is still the preferred biomarker for evalu-
ation of acute MI. In general, troponin levels are not altered 
in normal pregnancy. Mild elevations of cardiac troponin lev-
els may be seen in hypertensive women and individuals with 
preeclampsia [14,15]. Of note, minor electrocardiographic 
changes involving the ST segment and T wave have been 
reported in otherwise healthy pregnant women during labor 
and delivery [16].

Echocardiogram (ECG) is a very useful tool that is safe in the 
diagnostic workup of pregnant patients with chest pain or sus-
pected MI. Nearly all patients with MI demonstrate wall motion 
abnormalities.

Exercise stress test, with or without ECG, can be used in preg-
nancy to diagnose inducible ischemia after ruling out MI and 
when the patient’s hemodynamic condition is stable. The use 
of submaximal test (70% of maximal predicted heart rate) is 
recommended due to previous reports of fetal bradycardia and 
reduced fetal heart rate variability during maternal moderate to 
heavy exercise [17].

Computed coronary tomography angiography can be useful 
for ruling out acute coronary syndrome in questionable cases, but 
it carries the risk of radiation exposure and has lower sensitivity 
for lesions in small distal vessels. In addition, for optimal visual-
ization of the coronary tree, high doses of beta-blockers may be 
needed for lowering heart rate [18].

Management of Myocardial 
Infarction in Pregnancy 

Women with PAMI should be managed in intensive care units. 
Similar to nonpregnant individuals, coronary angiography with 
the goal of opening the infarct-related artery is the standard 
of care in pregnant women with STEMI and in most high-risk 
patients with NSTEMI.

TABLE 14.1

Risk Factors for Pregnancy-Associated Myocardial Infarction

Age >30 years

African American race

Hypertension

Diabetes
Obesity
Dyslipidemia

Physical inactivity

Smoking
Cocaine use

Preeclampsia

Thrombophilia
Multiparity

Postpartum hemorrhage

Postpartum infection

TABLE 14.2

Diagnostic Modalities

Features

Symptoms Chest pain, shortness of breath

Electrocardiogram ST segment elevation/depression
T wave inversion
Loss of R wave
New Q wave

Biomarker Elevated troponin level

Echocardiogram Wall motion abnormalities
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Medical Therapy

Medical therapy used in MI includes beta-blockers, calcium 
channel blockers (CCB), nitrates, anticoagulants, statins, and 
antiplatelet therapy. Beta-blockers should be used when benefits 
outweigh risks; the use of selective beta-1 agents is preferred due 
to fewer effects on uterine activity [19,20]. Currently only nife-
dipine, a dihydropyridine CCB, has been shown to be safe during 
gestation [21]. Oral and intravenous nitrates have been used dur-
ing pregnancy for treating hypertension, but careful titration is 
needed to avoid maternal hypotension [22]. Angiotensin convert-
ing enzyme inhibitors and angiotensin receptor blockers are con-
traindicated during pregnancy due to multiple teratogenic effects 
[23]. Information about the use of statins during pregnancy is 
limited, however, there are conflicting reports of teratogenicity 
[24]. The use of statins has been classified as contraindicated in 
pregnancy [23]. Both heparin and low molecular weight heparin 
(LMWH) do not cross the placenta and are considered safe in 
pregnancy [25]. Use of low-dose aspirin is also considered safe 
for use in pregnant women. Limited information is available 
regarding the fetal safety of standard antiplatelet drugs, includ-
ing clopidogrel (category B), prasugrel (category B) and ticagrelor 
(category C) [26]. Clopidogrel use was reported in 56 patients in 
two contemporary studies and should be considered the preferred 
P2Y12 receptor antagonist in pregnancy [7,9]. Although its use 
decreased substantially in the era of percutaneous coronary inter-
vention, thrombolytic therapy should be considered in pregnant 
women in appropriate conditions similar to nonpregnant women. 
However, caution should be exercised given the lack of controlled 
clinical trials including pregnant women and the nature of the 
weak evidence level of the cumulative data available [27]. The 
role of heparin for SCAD is controversial because of the potential 
risk of extending the dissection with anticoagulation, which on 
the other hand may be beneficial for resolving overlying thrombus 
and improving true lumen patency. Thrombolytic therapy should 
be avoided in SCAD because of the reported harm and clinical 
deterioration due to extension of intramural hematoma and dis-
section [28]. Beta-blockers play an important role in the pharma-
cological armamentarium for SCAD because of their reducing 
effect on the coronary arterial wall stress.

Coronary Angiography

Coronary angiography in pregnancy is associated with increased 
risk of catheter-induced coronary artery dissection, especially 
in the left main artery; this iatrogenic risk together with the 
documented high rates of spontaneous healing of the dissected 
arteries leads to the suggestion of conservative management in 
stable low-risk patients [9,29]. Nonselective contrast injection in 
the aortic root, avoidance of deep catheter intubation (especially 
with the radial approach), and minimal use of low-pressure injec-
tions are recommended to decrease the risk of dissection. A sug-
gested algorithm for the treatment of PASCAD is given in Figure 
14.1. Fetal radiation exposure remains a significant concern dur-
ing cardiac catheterization of pregnant women, as the average 
amount of radiation exposure to the fetus is estimated at 3 mSv. 
External abdominal shielding, lower magnification, low fluoros-
copy frame rates, and using the radial approach are acceptable 
methods to reduce risk of radiation exposure [26].

Management of Complications

 1. Cardiogenic shock: PAMI-associated heart failure or 
cardiogenic shock should be managed according to 
guideline recommendations [30]. Diuretics and vaso-
dilators such as nitroglycerin are the cornerstone of 
therapy. Inotropes and mechanical circulatory support 
should be employed as needed and emergent revascular-
ization with either PCI or CABG should be considered.

 2. Arrhythmias: In managing arrhythmias with associ-
ated hemodynamic compromise, electrical cardiover-
sion is a reasonable option in all stages of pregnancy. 
In cases where a trial of medications is possible, cau-
tion must be exercised to avoid teratogenic medications 
[23]. Lidocaine is classified as a category B medication 
and should be considered first among medical therapy 
options. Amiodarone is category D and therefore should 
be avoided except in life-threatening situations refrac-
tory to safer medications. In cases of symptomatic bra-
dycardia, medications such as atropine, epinephrine, 
and dopamine are considered safe. Transvenous pac-
ing is thought to be safe with minimal risk of radiation 
exposure to the fetus.

 3. Recurrent angina or acute MI occurs in 20% patients 
and is managed along the same principles outlined in 
Figure 14.1.

Delivery Planning

A multidisciplinary approach is essential in the care of the preg-
nant patient with PAMI. Multidisciplinary team members gener-
ally consist of an obstetrician, cardiologist, anesthesiologist, and 
neonatologist. Delivery details discussed at the meeting should 
include time of delivery, mode of delivery, location, and type of 
monitoring, and should be shared with all patient care providers. 
Patient care should be individualized and based on the risk fac-
tors, extent of myocardial damage, gestational age, and risk of 
anticipated complications.

Mode of Delivery

The mode of delivery in a patient with pregnancy-associated MI 
should be determined by obstetric considerations and the clinical 
status of the mother. Vaginal delivery can be accomplished rela-
tively safely in the stable patient with a non-SCAD pregnancy−
associated acute myocardial infarction (AMI) when measures 
aimed to reduce cardiac workload and oxygen demands are taken 
[8]. Assisted vaginal delivery is recommended to avoid excessive 
maternal efforts and prolonged labor.

 1. Optimize cardiac output: Positioning the patient in the 
left lateral position can help to improve cardiac output 
during labor and delivery. In addition, the patient’s pain, 
fear, and apprehension, which may lead to tachycardia 
and hypertension and thus to increase in myocardial 
oxygen demand, should be prevented and treated. Vital 
signs as well as oxygen saturation, electrocardiogram, 
and fetal heart rate should be monitored continuously. 
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STEMI

(a)

(b)

Coronary angiogram

No SCAD

Guideline recommended
therapy

SCAD

Stable

Stable vitals
TIMI flow 2/3

Preserved 
global EF

Conservative therapy 

Unstable
Hemodynamic compromise

Arrhythmias
Chest pain
Ischemia

TIMI flow 0/3

PCI if feasible or
CABG surgery

NON-STEMI

Stable

Stable vitals
TIMI flow 2/3

Preserved global EF

Conservative therapy
Exercise testing  prior to 

discharge

Consider coronary 
angiogram if markedly 

positive

Unstable

Hemodynamic
compromise
Arrhythmias
Chest pain
Ischemia

TIMI flow 0/3

Coronary
angiogram 

No SCAD

Guideline
recommended

therapy

SCAD

Stable
Stable vitals
TIMI flow 2/3

Preserved
global EF 

Conservative
therapy 

Unstable

Hemodynamic
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Arrhythmias
Chest pain
Ischemia

TIMI flow 0/3

PCI if feasible or
CABG surgery

FIGURE 14.1 Suggested algorithms for the management of patients with PAMI: (a) STEMI; (b) non-STEMI. Abbreviations: STEMI, ST-segment eleva-
tion MI; SCAD, spontaneous coronary dissection; VS, vital signs; TIMI flow 0, complete coronary artery occlusion; TIMI flow 1, penetration of the 
obstruction by contrast but no distal perfusion; TIMI flow 2, perfusion of the entire artery but delayed flow; TIMI flow 3, full perfusion, normal flow; PCI, 
percutaneous coronary intervention; CABG, coronary artery bypass graft.
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For prevention or treatment of myocardial ischemia 
during labor, intravenous nitroglycerin, beta-blockers, 
and calcium antagonists can be used. It should be noted 
that nitroglycerin and calcium antagonists have some 
tocolytic effects and may prolong labor. Cesarean sec-
tion delivery is advisable in women with MI due to 
SCAD in order to avoid increase in coronary wall stress 
and recurrent dissection.

 2. Pain relief: Neuraxial analgesia and anesthesia are 
preferred for both vaginal and cesarean delivery. 
Anesthesia-related hypotension can be minimized with 
use of low-dose local anesthetic techniques, admin-
istration of intravenous fluid, and careful titration of 
vasoconstrictors. Neuraxial anesthesia can be per-
formed safely in women receiving low-dose aspirin, but 
clopidogrel should be discontinued 5–7 days prior to 
the procedure, intravenous unfractionated heparin 4–6 
hours after (and verifying a normal aPTT), and LMWH 
≥24 hours before performing neuraxial anesthesia [31].

Recurrence Risk in Future Pregnancy

Limited information is available regarding the risk of pregnancy 
in women with a history of AMI. Pregnancy is generally well tol-
erated in asymptomatic patients with normal ejection fraction, but 
may be associated with complications such as arrhythmias, heart 
failure, and chest pain, especially in patients with prior history 
of angina, heart failure, and LV dysfunction. Mortality is rare, 
and most of these complications are manageable [32–35]. Patients 
with a history of MI should ideally be evaluated prior to the sub-
sequent pregnancy. Such an evaluation should include a detailed 
history and physical examination, an ECG, and exercise test-
ing. Cardiac drugs which are contraindicated during pregnancy 
including angiotensin-converting enzyme inhibitors or angioten-
sin receptor blockers, aldosterone receptor antagonists, statins, 
ivabradine, and new oral anticoagulants should be discontinued 
prior to pregnancy or as soon as pregnancy is diagnosed.

Women with evidence for ongoing myocardial ischemia, heart 
failure, or severe LV dysfunction prior to pregnancy should be 
advised against pregnancy, and those who are already pregnant 
should consider early pregnancy termination. Information on the 
risk of subsequent pregnancy in women with a history of preg-
nancy-associated SCAD is also anecdotal [36]. However, because 
of the high incidence of recurrent SCAD reported in women with 
SCAD in prior pregnancy and pregnancy-related vulnerability 
of the coronary arteries, subsequent pregnancy does not seem 
advisable [7,9].
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Pulmonary Hypertension in Pregnancy

Nisha Garg and Stephanie Martin

Introduction

Pulmonary hypertension is one of the highest risk medical condi-
tions encountered in pregnancy. This rare, progressive condition 
has a prevalence of 9.7 cases per 100,000 that preferentially affects 
young women of child-bearing age [1] with a female to male ratio 
of almost 2:1 [2,3]. The physiologic burden of pregnancy in pul-
monary hypertension is an area of great concern and is associ-
ated with high rates of maternal and fetal morbidity and mortality. 
Given the complexity of pulmonary hypertension in pregnancy, it 
is important to manage it with a multidisciplinary approach.

Definition

Pulmonary hypertension is defined as an elevated mean pulmo-
nary arterial pressure (mPAP) ≥25 mmHg at rest confirmed by 
right heart catheterization, and is considered severe when mPAP 
is ≥50 mmHg [4].

Pulmonary hypertension encompasses a group of diseases with 
various pathophysiologies, including pulmonary arterial hyper-
tension (PAH), pulmonary hypertension related to left heart dis-
ease, pulmonary hypertension related to lung disease, chronic 
thromboembolic pulmonary hypertension, and pulmonary hyper-
tension with unclear and/or multifactorial mechanisms. PAH is 
characterized by precapillary pulmonary hypertension, that is, 
pulmonary artery wedge pressure of <15 mmHg and pulmonary 
vascular resistance of >3 Wood units in the absence of underly-
ing lung parenchymal or thromboembolic/vascular disease [4]. 
The World Health Organization (WHO) has classified pulmonary 
hypertension into five groups based upon etiology (Table 15.1).

Genetic Factors

Familial or inherited PAH constitutes less than 10% of cases. 
Mutations in two genes in the transforming growth factor beta-
receptor pathway, BMPR2 and activin-like kinase 1, have been 
linked to this condition, with the majority (50%–90%) attributed 
to BMPR2 mutations. Familial PAH is characterized by incom-
plete penetrance, however when expressed it is associated with 
earlier onset and more severe disease.

Drugs

Drug-induced PAH is associated with certain appetite suppres-
sants that increase serotonin release, such as fenfluramine and 
dexfenfluramine. Pulmonary hypertension is also associated 
with use of illicit drugs such as cocaine and methamphetamine.

Connective Tissue Diseases

Certain connective tissue diseases are associated with a primary 
pulmonary arteriopathy. This most commonly occurs in patients 
with CREST syndrome, or the limited cutaneous form of sys-
temic sclerosis. At autopsy, up to 80% of patients have histologic 
evidence of pulmonary arterial hyperplasia, however less than 
10% actually develop clinical disease.

Autoimmune Disorders

Pulmonary hypertension has also been associated with other 
autoimmune disorders such as systemic lupus erythematosus, 
mixed connective tissue disease, and rheumatoid arthritis.

KEY POINTS

• Pulmonary hypertension is defined as an elevated mean 
pulmonary arterial pressure >25 mmHg at rest confirmed 
by right heart catheterization

• Pulmonary hypertension in pregnancy should be managed 
closely by a pulmonary hypertension specialist as part of 
a multidisciplinary team approach at an appropriate level 
of maternal care

• Pregnancy is contraindicated in all patients with pulmo-
nary hypertension

• Epoprostenol is the most commonly used drug for pulmo-
nary hypertension in pregnancy

• Both BNP and pro-BNP levels have been shown to corre-
late with survival in patients with pulmonary hypertension
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Infections

In patients with HIV, studies have suggested an incidence of pul-
monary hypertension of 0.5%, which is significantly higher than 
the general population. In these cases, the development of pul-
monary hypertension appears to be independent of CD4 count or 
opportunistic infections, and is directly proportional to the dura-
tion of HIV infection. The mechanism of action of PAH in HIV 
patients is unclear, and routine screening is not recommended.

Portal Hypertension

Pulmonary artery hypertension also appears to be associ-
ated with portal hypertension with an estimated prevalence of 
2%–6%, and the risk of developing disease increases with the 
duration of portal hypertension.

Pulmonary Arterial Hypertension

Finally, PAH is a well-recognized complication of uncorrected 
congenital heart disease involving increased pulmonary blood 
flow and systemic to pulmonary shunts. Common examples 
include unrepaired ventricular or atrial septal defects, and pat-
ent ductus arteriosus. These conditions may progress into 
Eisenmenger syndrome, that is, the reversal of left-to-right shunt 
flow due to elevation of pulmonary artery pressures above that 
of systemic pressures. Pulmonary hypertension is a known com-
plication of sickle cell disease, with an estimated prevalence of 
10%–30%. The etiology of pulmonary hypertension in these 
patients is felt to be pulmonary vasculopathy, but also may be 
secondary to thromboembolic events, restrictive lung disease, 
and/or left heart disease [5].

TABLE 15.1

World Health Organization Classifications of Pulmonary Hypertension

Etiologies

Group 1 Pulmonary arterial 
hypertension

Idiopathic
Hereditary
Drug/toxin-induced
Associated with:

• Connective tissue diseases
• HIV infection
• Portal hypertension
• Congenital heart disease
• Schistosomiasis

Group 2 Pulmonary hypertension 
due to left heart disease

Left ventricular systolic dysfunction
Left ventricular diastolic dysfunction
Valvular disease
Cardiomyopathies
Left heart inflow/outflow tract obstruction
Pulmonary vein stenosis

Group 3 Pulmonary hypertension 
due to lung disease and/or 
hypoxia

Chronic obstructive pulmonary disease
Interstitial lung disease
Restrictive/obstructive lung disease
Sleep-disordered breathing

Group 4 Chronic thromboembolic 
pulmonary hypertension

Chronic thromboembolic pulmonary 
hypertension

Other pulmonary artery obstructions

Group 5 Pulmonary hypertension 
with unclear multifactorial 
mechanisms

Hematologic disorders
• Hemolytic anemia
• Myeloproliferative disorders
• Splenectomy

Systemic disorders
• Sarcoidosis
• Pulmonary histiocytosis
• Lymphangioleiomyomatosis
• Neurofibromatosis

Metabolic disorders
• Thyroid disorders
• Glycogen storage disease

Fibrosing mediastinitis
Chronic renal failure with or without 
dialysis

Source: Adapted from Galiè N et al. Comments on the 2015 ESC/ERS Guidelines for the Diagnosis 
and Treatment of Pulmonary Hypertension. Rev Esp Cardiol. 2016;69(2):102–8.
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Diagnosis

The diagnosis of pulmonary hypertension is established based 
on clinical presentation, physical examination, and the results of 
diagnostic testing summarized in Table 15.2.

Symptoms

Clinical manifestations of pulmonary hypertension can be non-
specific and include exertional dyspnea and fatigue. The condi-
tion is progressive, and therefore symptoms typically worsen 
over time. As the disease progresses, increasing pulmonary 
pressures lead to right heart failure and symptoms become 
more pronounced. These include chest pain, syncope, periph-
eral edema, and right upper quadrant pain due to hepatic con-
gestion. Because of the nonspecific nature of early symptoms, 
delays are common, and the diagnosis of pulmonary hyperten-
sion may not even be established prior to pregnancy. In fact, 
24% of pulmonary hypertension due to congenital heart dis-
ease is diagnosed during pregnancy, often presenting in the 
second or third trimester with shortness of breath [8,9].

Physical Examination

Findings of pulmonary hypertension include increased P2, 
prominent a-wave in the jugular venous pulse, right-sided S4, 
and right-sided murmurs.

Diagnostic Testing

Further evaluation includes EKG and B-type natriuretic peptide 
(BNP) level. If these are normal, then pulmonary hypertension 
is unlikely [10]. Both BNP and pro-BNP levels have been shown 
to correlate with survival, and possibly with right ventricular 
enlargement and dysfunction [5].

If pulmonary hypertension is suspected, an echocardiogram 
is indicated. Echocardiography can estimate pulmonary artery 
pressures. Additional findings on echocardiogram related to 
severe pulmonary hypertension include right ventricular enlarge-
ment and tricuspid regurgitation. However, it is important to 
recognize that echocardiography is a screening tool and does 
not definitively diagnose pulmonary hypertension. It may espe-
cially have a higher false positive rate in detecting pulmonary 
hypertension in pregnant patients [11,12]. This may be related to 

TABLE 15.2

Diagnosis of Pulmonary Hypertension

History Physical Examination Diagnostic Tests

Fatigue
Weakness
Shortness of 
breath

Dry cough
Hemoptysis
Exercise-induced 
nausea/vomiting

Hoarseness
Wheezing
Chest pain
Syncope
Abdominal 
distention

Ankle edema

• Loud pulmonary component 
of second heart sound (P2)

• Third heart sound (S3)
• Left parasternal lift
• Systolic murmur of tricuspid 

regurgitation
• Diastolic murmur of 

pulmonary regurgitation
• Elevated jugular venous 

pressure
• Hepatomegaly
• Ascites
• Peripheral edema

◻ EKG
 Tall P waves—P pulmonale, right axis deviation, right ventricular hypertrophy, 

prolonged QTc, atrial arrhythmias—flutter/fibrillation in 25% patients with 
longstanding disease [6]

◻ CXR
 Central pulmonary arterial dilation with peripheral “pruning” of vessels
◻ Pulmonary function test
 Reduced lung volume
 Decreased lung diffusion capacity
 Peripheral airway obstruction
◻ Sleep study
 Nocturnal hypoxemia and central sleep apnea 70%–80% [7]
◻ Arterial blood gas
 Hypoxemia with normal/decreased arterial carbon dioxide pressure
◻ Echocardiography
 Elevated pulmonary artery systolic pressure
 Dilated right ventricle
 Flattening of the interventricular septum
◻ Ventilation/perfusion lung scan
◻ High resolution computed tomography and pulmonary angiography
◻ Cardiac magnetic resonance imaging
◻ Laboratory

• Hepatitis serology
• HIV
• ANA, dsDNA, anti-Ro, U3 RNP, U1 RNP
• Antiphospholipid antibodies
• NT pro-BNP

◻ Abdominal ultrasound
◻ Right heart catheterization with vasoreactivity testing
◻ Minute walk test
◻ Cardiopulmonary exercise testing
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the increased blood volume and decrease in systemic vascular 
resistance that are associated with pregnancy. This may lead to 
an increase in size of the inferior vena cava, thus exaggerating 
the estimated right atrial pressure and pulmonary artery systolic 
pressure. Right heart catheterization is required for definitive 
diagnosis of pulmonary hypertension and to accurately deter-
mine the severity. However, cardiac catheterization is an invasive 
procedure that carries a 1%–5% risk of complications includ-
ing pneumothorax, bleeding, and infection [11]. Therefore, the 
indications for right heart catheterization are based on initial 
echocardiographic findings. If echocardiogram shows findings 
suggestive of pulmonary hypertension (elevated peak tricuspid 
regurgitation velocity, flattening of the interventricular septum, 
increased pulmonary artery diameter, etc.), then further investi-
gation of pulmonary hypertension with right heart catheteriza-
tion is indicated [3,10].

Pregnancy Risks and Antepartum Care

Pulmonary hypertension in pregnancy carries a high mater-
nal mortality rate estimated at 17%–33%, which represents an 
improvement in recent years, particularly in patients with severe 
pulmonary hypertension and Eisenmenger syndrome [13]. 
Mortality is mostly the result of the inability of the right ven-
tricle to accommodate the increased pulmonary artery pressure, 
leading to right heart failure [2]. The risk of right heart failure 
is particularly high during the intrapartum and postpartum peri-
ods due to the changes in intravascular volume and pressure 
during these stages [14]. A retrospective review of 49 pregnant 
women with pulmonary hypertension reported a mortality of 
16% [2]. Nearly all of these fatalities occurred in the postpartum 
period, with the primary cause of death being heart failure, fol-
lowed by sudden death and thromboembolism. In addition, fetal 
risks include mortality (11%–28%), premature birth, and growth 
restriction [14] (Table 15.3). Because of the excess maternal 
morbidity and mortality risks, pregnancy is contraindicated in 
patients with PAH. Women who choose to continue pregnancy 
despite these risks should be followed closely throughout the 
pregnancy by a multidisciplinary team with expertise in this 

area [9]. Better outcomes are anticipated in patients who main-
tain a long-term favorable response to calcium channel blockers 
(CCBs) [15]. Poor outcomes have been reported in patients with 
decreased lung diffusion capacity at <45% of normal [3].

Management Strategies

A management approach proposed by the ESC/ERS for patients 
with pulmonary hypertension is outlined below [3].

• Step I

• Avoid pregnancy

• Influenza and pneumococcal vaccines

• Supervised exercise training

• Psychosocial support

• Treatment adherence

• Genetic counseling

• Travel accommodations

• Supportive therapy—anticoagulants, diuretics, oxy-
gen, digoxin

• Referral to expert center for vasoreactivity testing

• Step II

• Therapy with high-dose CCBs in vasoreactive 
patients and other approved drugs for treatment of 
pulmonary hypertension in non-vasoreactive patients

• Step III

• Assess response to initial therapy

• Combination drugs and lung transplantation are 
considered for refractory cases

Medications

Medical management of pulmonary hypertension in pregnancy 
should be done carefully by a pulmonary hypertension specialist 
as part of a multidisciplinary team approach [9]. Management is 
guided by the etiology of the pulmonary hypertension, severity 
of disease, and the functional status. Most pregnant women with 
pulmonary hypertension are treated with a prostanoid, usually 
epoprostenol. Other medication classes include phosphodiester-
ase 5-inhibitors and CCBs (Table 15.4). Data on the benefits of 
each option are primarily limited to the nonpregnant patient. It 
is important to note that endothelin receptor antagonists (bosen-
tan, macitentan, ambrisentan) and guanylate cyclase stimulants 
(riociguat) are contraindicated in pregnancy due to concern for 
teratogenicity [16]. As a result, access to these medications is 
restricted for female patients and must be through a registry with 
outlined contraception and sterilization recommendations [16].

Prostanoids

Prostanoids have no known teratogenic effects and are often uti-
lized in pregnant patients with pulmonary hypertension. They are 
potent pulmonary vasodilators, and may also enhance right ven-
tricular function [17]. They are available in parenteral or inhaled 
formulations. Currently available parenteral prostaglandins 

TABLE 15.3

Maternal and Fetal Complications in Pulmonary 
Hypertension

Maternal Complications
Fetal 

Complications

Right heart failure Preterm birth

Bronchial artery rupture—hemoptysis Growth restriction

Pulmonary artery dilation leading to
• Dissection/rupture
• Left recurrent laryngeal nerve 

compression (hoarseness)
• Compression of left main coronary artery 

(ischemia)
• Compression of large airways (wheezing)

Fetal demise

Maternal mortality
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include epoprostenol, treprostinil, and iloprost [17]. Selexipag is a 
selective prostacyclin receptor agonist that is available in an oral 
formulation. It has recently been approved in the United States for 
treatment of PAH and has been shown to decrease pulmonary vas-
cular resistance and improve morbidity [3]. Pre-pregnancy use of 
these medications may be an indicator of more severe disease [17].

Typical indications for starting prostaglandin treatment 
include worsening functional class (WHO functional class III or 
IV) and deteriorating right ventricular function. Earlier introduc-
tion of targeted therapy has also been described, with daily nebu-
lized iloprost being administered in the first trimester in patients 
in WHO functional class II [9]. In patients who are deteriorat-
ing, have worsening functional class, or have inadequate clinical 
response, treatment should be escalated with rapid conversion to 
parenteral forms (such as IV epoprostenol) or with addition of 
a phosphodiesterase 5-inhibitor [9,17]. Continuous IV epopros-
tenol use is expensive and cumbersome, as it requires an indwell-
ing central venous catheter and continuous infusion pump and 
requires daily preparation [3]. However, it has been shown to 
improve cardiac indices, functional class, and is the only ther-
apy for PAH that has been shown to prolong survival [3,5]. A 
meta-analysis of three randomized control trials of epoprostenol 
showed a risk reduction for mortality of 70%, and long-term effi-
cacy has also been shown [3,18,19].

Phosphodiesterase 5-Inhibitors

Phosphodiesterase 5-inhibitors have been utilized successfully 
in pregnancies complicated by pulmonary hypertension, either 
alone or in combination with prostanoids [8,9,17]. Sildenafil and 
tadalafil may be used in pregnancy, although data are limited. 
Side effects are usually mild to moderate and are related to vaso-
dilation (headaches, flushing, epistaxis) [3].

Calcium Channel Blockers

CCBs are useful in certain patients with pulmonary hyper-
tension for vasodilation of the pulmonary vasculature. Upon 

initial diagnosis of pulmonary hypertension, many patients will 
undergo vasoreactivity testing. Patients who are responders are 
candidates for treatment with CCBs, and these patients have a 
substantially improved prognosis compared to patients without 
an acute vasodilator response [17,20,21]. In certain patients, 
CCBs may be dangerous because of their nonselective vasodila-
tory effects, leading to decreased systemic vascular resistance. 
The most commonly used CCBs in patients with pulmonary 
hypertension are long-acting nifedipine, diltiazem, or amlodip-
ine. Verapamil should be avoided due to its potential negative 
inotropic effects [5].

Diuretics

Diuretics are used to manage signs of right ventricular fluid over-
load, such as elevated jugular venous pressure, lower extremity 
edema, and abdominal distension or ascites [5]. Diuretics may 
be administered orally or intravenously; however, renal function 
and serum electrolytes should be monitored.

Supplemental Oxygen

Supplemental oxygen is recommended to maintain oxygen satu-
ration above 90%, since hypoxemia is a potent vasoconstrictor 
[5]. Data are lacking on the ideal SpO2 target during pregnancy 
for patients with pulmonary hypertension, but it should be main-
tained at least 90%.

Anticoagulation

Patients with pulmonary hypertension may already be on anti-
coagulation, which should continue during the pregnancy. 
Candidates for anticoagulation are those with pulmonary hyper-
tension associated with congenital cardiac shunts in the absence 
of significant hemoptysis, or those with associated connective 
tissue disorders. In pulmonary hypertension associated with 
portal hypertension, anticoagulation is not recommended for 
patients with increased risk of bleeding [13].

TABLE 15.4

Medical Therapy for Pulmonary Hypertension*

Medication Mechanism of Action Comments Examples

Prostanoids • Potent vasodilator
• Inhibits platelet 

aggregation
• Antiproliferative effects

Indicated in patients who are 
deteriorating and/or with worsening 
functional class (WHO functional 
class III/IV)

Parenteral/inhaled: Epoprostenol
Treprostinil
Iloprostol
Oral: Selexipag

Phosphodiesterase 
5-inhibitors

• Pulmonary vasodilator
• Antiproliferative effects

Usually used in combination with a 
prostanoid

Sildenafil
Tadalafil (no reports of use in pregnancy)

Calcium channel blockers • Peripheral/pulmonary 
vasodilator

Those with acute response to inhaled 
vasodilators via vasoreactivity testing 
are candidates

Nifedipine
Diltiazem
Amplodipine
Note: Avoid Verapamil

Endothelin receptor agonists Pulmonary vasodilator Contraindicated in pregnancy Bosentan
Macitentan
Ambrisentan

Guanylate cyclase stimulants Pulmonary vasodilator Contraindicated in pregnancy Riociguat

* See further reference [3].
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In patients with advanced or decompensated PAH, right heart 
failure can occur. This is a potentially lethal process, which may 
require escalation to more aggressive therapies including atrial 
septostomy, extracorporeal membrane oxygenation (ECMO), 
and lung and/or heart transplantation [3].

Considerations in Pregnancy

Preconception Counseling

All women with known pulmonary hypertension should be 
offered preconception counseling from a specialist, often a 
maternal-fetal medicine physician. Because cardiopulmonary 
disease in pregnancy is associated with such morbidity and mor-
tality, experts have classified cardiac conditions into four risk-
stratified categories, modeled after the WHO classification of 
risk for contraceptive options (Table 15.5) [22,23].

Pulmonary hypertension is classified as WHO class IV [22]. 
Therefore, these women should be counseled accordingly about 
the very high risk of maternal mortality and morbidity, and 
offered appropriate contraception. After patients are counseled 
about their risk associated with pregnancy, should they still 
decide to conceive, medical optimization should be pursued. 
Many commonly prescribed medications for cardiac conditions 
have teratogenic potential and/or suspected adverse fetal effects. 
These should be discontinued or changed prior to conception, 
as the greatest risk for medication-related birth defects is from 
exposure during the first trimester [23]. Examples include war-
farin, angiotensin-converting enzyme inhibitors, angiotensin 
II receptor blockers, atenolol, and amiodarone. Patients should 
also be prescribed a prenatal vitamin that includes sufficient 
folic acid supplementation. Finally, all patients with hereditary 
or idiopathic pulmonary hypertension should be offered genetic 
counseling, as these types can be associated with known genetic 
mutations [17]. Preconception counseling should include discus-
sions regarding expectations for the antepartum, intrapartum, 
and postpartum period (discussed below).

First Trimester

Once pregnancy is diagnosed, the patient should be counseled 
regarding the risks of continuing the pregnancy including mater-
nal and fetal morbidity and mortality. Pregnancy termination and 
appropriate contraception should be offered for all women with 
pulmonary hypertension regardless of functional class, given the 
high maternal mortality rates [13]. Given the risks of anesthe-
sia, termination procedures should be performed in a tertiary 
center that is experienced in the management of patients with 

pulmonary hypertension and has potential for advanced life sup-
port capabilities. Most series suggest pregnancy termination may 
be accomplished with minimal risk of maternal mortality, how-
ever some recent series report mortality rates approaching 50% 
[2,15,24].

If the decision is made to continue the pregnancy, management 
should be carefully coordinated with a multidisciplinary team 
that includes a pulmonary hypertension specialist, cardiologist, 
high-risk obstetrician, anesthesiologist, and neonatologist [9]. 
The following should be obtained:

• Genetics consultation

• Baseline echocardiogram

• BNP/NT pro-BNP level

• Medications review

If the patient is already taking targeted medications for pul-
monary hypertension that are considered safe in pregnancy, she 
should be advised to continue them. However, those with tera-
togenic potential should be substituted with more appropriate 
alternatives for use in pregnancy.

Second Trimester

Major cardiovascular changes occur during the second trimester, 
including volume expansion and an increase in cardiac output. 
Because patients with pulmonary hypertension may have dif-
ficulty accommodating to these changes, right ventricular vol-
ume overload and failure often tends to occur during this time. 
Follow-up echocardiogram and repeat BNP levels should be 
obtained every 2–4 weeks [17]. If the patient develops symptoms 
of right heart failure (dyspnea, dizziness, chest pain, syncope), 
there is a need for prompt evaluation and treatment. Patients 
are frequently hospitalized in the late second trimester due to 
worsening of symptoms, as discussed above. In the Registry of 
Pregnancy and Cardiac Disease (ROPAC) cohort of 151 patients 
with pulmonary hypertension in pregnancy, 50% of them 
required at least one hospitalization, the majority for cardiac 
indications, with the median gestational age at admission being 
27 weeks [24].

Third Trimester

By the third trimester, maternal cardiac output and plasma vol-
ume have increased by 30%–50% above baseline. The main 
concern during this time is preparation for delivery. Repeat 
echocardiograms and BNP levels should be obtained as indi-
cated [17]. Importantly, consider administering betamethasone 

TABLE 15.5

Risk Stratification of Cardiac Conditions in Pregnancy

WHO Class I WHO Class II WHO Class III WHO Class IV

Pregnancy risk Average risk Small increased risk of 
mortality and morbidity

Significant increased risk of 
mortality and morbidity

Pregnancy contraindicated; very high risk 
of maternal mortality and morbidity
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for fetal benefit given the high risk of preterm delivery for mater-
nal indications.

Delivery Planning

• Multidisciplinary team: As with prenatal care, intra-
partum care should be multidisciplinary and include 
the obstetrician, maternal-fetal medicine specialist, 
anesthesiologist, intensivist, and pulmonary hyperten-
sion specialist.

• Monitoring: Continuous cardiovascular monitoring 
during labor and delivery or during cesarean delivery 
is of utmost importance. It should include telemetry, 
pulse oximetry, and blood pressure assessment. In 
some patients, invasive assessment with central venous 
pressure catheter and/or arterial line may be required.

• Timing/mode of delivery: The decision of timing of 
delivery and mode of delivery remain controversial, and 
ultimately should be individualized to each case. Both 
vaginal and cesarean deliveries pose potential risks for 
the patient to deteriorate. Elective preterm cesarean 
delivery (between 32–36 weeks) has been advocated in 
patients with severe pulmonary hypertension, as this may 
offer the benefit of known availability of resources and 
personnel, as well as control of location and potential for 
delivery prior to maternal decompensation [17,25].

Vaginal delivery typically requires the Valsalva maneuver, 
increasing intrathoracic pressure and decreasing venous return. 
This may lead to decreased cardiac output. In addition, labor-
induced vasovagal responses have similar effects on venous return 
and can lead to cardiopulmonary collapse. For these reasons, 
many experts recommend cesarean delivery, though there is little 
evidence to support this recommendation. The European Society 
of Cardiology favors a planned cesarean or vaginal delivery 
over emergent cesarean delivery [13]. The Pulmonary Vascular 
Research Institute recommends cesarean delivery, as this bypasses 
the hemodynamic complications associated with labor, including 
decreased venous return with pain and Valsalva [17]. However, 
non-obstetric surgery in patients with pulmonary hypertension is 
associated with increased risks, including mortality, so it is reason-
able to extrapolate that cesarean section may carry similar risks.

In the ROPAC registry of the European Society of Cardiology, 
of the 151 pregnancies complicated by pulmonary hypertension, 
63% of patients underwent cesarean section—90% of these were 
planned, mainly for cardiac indications. Of the five maternal 
deaths in the series, none occurred following vaginal birth, two 
occurred after emergency cesarean delivery, two occurred after 
scheduled cesarean delivery, and one occurred after pregnancy 
termination. In addition, peripartum heart failure occurred in 
3.8% of vaginal deliveries compared to 13% of cesarean deliver-
ies [24]. In a recent retrospective review of 49 pregnant patients 
with pulmonary hypertension, 61% of them were allowed a trial 
of labor with a 76% success rate. Of those, 52% had an assisted 
second stage, thereby minimizing maternal Valsalva efforts. 
Mortality rates were higher in the cesarean delivery group (18%) 
compared to the vaginal delivery group (5%). Interestingly, the 
greatest mortality risk appears to be for patients with severe 

pulmonary hypertension in WHO group 1 who undergo intra-
partum cesarean delivery. This suggests that those patients may 
have a higher likelihood for decompensation in labor and may be 
better candidates for scheduled cesarean delivery.

Current evidence suggests the greatest maternal risk follows 
an intrapartum cesarean delivery. Ultimately, the decision for 
mode of delivery should be individualized based on the patient’s 
obstetric history, likelihood of successful vaginal delivery, type 
and severity of pulmonary hypertension, functional status, and 
hemodynamic indices.

Anesthesia

The choice of anesthesia during delivery is extremely important 
in patients with pulmonary hypertension. Adequate pain control 
during labor and delivery minimizes the significant changes in 
heart rate and cardiac output. The goals of anesthesia for patients 
undergoing cesarean delivery should be to avoid increased pul-
monary vascular resistance, decreased systemic vascular resis-
tance, and increased venous return, all while maintaining normal 
cardiac function and oxygenation [26].

Indiscriminate use of fluid bolus administration should be 
avoided, with focus on gradual onset of analgesia and/or anesthe-
sia. Neuraxial anesthesia is generally preferred over general anes-
thesia due to concerns for increased maternal mortality risks with 
general anesthesia compared to neuraxial anesthesia [8,15,19]. 
General anesthetics may depress cardiac contractility, and positive 
pressure ventilation increases pulmonary vascular resistance [8]. 
In the ROPAC registry, patients receiving general anesthesia were 
four times more likely to die compared with patients receiving 
neuraxial anesthesia [24]. However, these results should be inter-
preted cautiously, as a selection bias may be shown toward a sicker 
population requiring general anesthesia. Some have reported on 
the successful use of general anesthesia in these patients with good 
maternal outcome [27]. However, if severe right heart failure is 
present, general anesthesia is often unavoidable [1].

Importantly, single-shot spinal anesthesia is considered con-
traindicated in patients with pulmonary hypertension because of 
the risk of rapid rise in block height and subsequent systemic 
hypotension [17,28,29]. Therefore, epidural anesthesia with 
incremental doses is often advocated as the best regional tech-
nique [1,17,26,28]. However, with the development of modern 
techniques and technologies, many anesthesiologists prefer using 
a combined spinal-epidural technique because of its superior 
sensory block compared with epidural alone, with no conceiv-
able additional risk of hypotension when a very low dose is used 
spinally [17,28,30].

Medications

Certain medications that are used in the peripartum period 
should be used with caution in patients with pulmonary hyper-
tension. Carboprost (PGF2α) is often used as a uterotonic medi-
cation for management of uterine atony; however, it may lead to 
bronchoconstriction or worsening pulmonary hypertension. Beta 
blockers are commonly employed antihypertensive medications 
that should be used cautiously in patients with heart failure.

See Table 15.6 for a summary of principles of management of 
pregnant patients with pulmonary hypertension.
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Fetal and Neonatal Outcomes

Rates of pregnancy loss and neonatal complications are higher in 
patients with pulmonary hypertension. Women with more severe 
forms of the disease have the highest risk of an adverse fetal 
or neonatal outcome. The most common complications include 
pregnancy loss, decreased birth weight or fetal growth restriction, 
preterm birth, and congenital cardiac disease [8,24,28,31,32].

Postpartum

The postpartum period poses the greatest risk for maternal 
decompensation in women with pulmonary hypertension. The 
first postpartum week is a particularly vulnerable period, and the 
majority of maternal deaths occur during this time [2,8,24,32]. 
Therefore, these patients should be monitored closely in the 
intensive care unit for several days. Providers should remain vig-
ilant for any signs of right heart failure and treat appropriately 
with diuretics. Pharmacologic prophylaxis for venous thrombo-
embolism prevention is required in the postpartum period.

Contraception

All patients with a diagnosis of pulmonary hypertension should 
be counseled against pregnancy. A discussion of the contracep-
tive options should take place and preferably implemented prior 
to the patient’s discharge to home. Common options are briefly 
reviewed (see Chapter 5).

• Long-acting reversible contraceptive (LARC) methods, 
such as intrauterine devices or subdermal hormonal 
implants, and permanent sterilization may be the most 
appropriate options with the lowest maternal risks.

• Permanent sterilization at time of cesarean delivery (if 
indicated).

• Estrogen-containing contraception is not recommended 
because of the increased risk of venous thromboem-
bolic events (Medical Eligibility Criteria Category 4) 
[33]. In addition, exogenous estrogens may contribute 
to the pathogenesis of pulmonary hypertension [17].

• Progestin-only pills are not contraindicated, however 
have a relatively high “typical use” failure rate and are 
therefore are not an ideal choice.

• Injectable progestins (depo-provera) are Medical 
Eligibility Criteria Category 1 and therefore accept-
able, although some evidence suggests risk of throm-
botic events may be increased [17,33].

A recent meta-analysis reviewed eight studies and showed 
that depo-provera was associated with a twofold increase risk 
of venous thromboembolism. This same analysis showed no 
increased risk with progestin-only pills [34].

Clinical Implications:

• Bosetan may reduce the efficacy of oral contraceptives

• Intrauterine device placement may lead to vasovagal 
reaction poorly tolerated by a patient with pulmonary 
hypertension [22]

Follow-Up

Once patients are discharged from the hospital, they should be 
followed closely as an outpatient by a pulmonary hypertension 
specialist.

Conclusion

Pulmonary hypertension in pregnancy is a potentially life threat-
ening condition that should be managed in a specialty center 
with a multidisciplinary team experienced in the care of such 

TABLE 15.6

Principles of Management of Pulmonary Hypertension in Pregnancy [9,13,17,25–27]

Measure Comments

Establish multidisciplinary team early in the course 
of pregnancy

Pulmonary hypertension specialist, cardiologist, MFM, anesthesiologist, neonatologist, 
geneticist

Discontinue ERA immediately Risk of teratogenicity

Discontinue vitamin K antagonists and replace with 
low molecular weight heparin

Risk of teratogenicity with vitamin K antagonists; avoid oral anticoagulants in pregnancy

Initiate prostanoids +/− PDE 5-inhibitors as 
mainstay of treatment

Also CCB if determined to be responders to acute vasodilators

Arrange regular follow-up visits at monthly intervals Including clinic, echocardiogram, and BNP evaluation. Increase frequency to weekly visits 
in third trimester

Elective preterm delivery at 32–36 weeks Via vaginal delivery with assisted second stage, or scheduled cesarean delivery

Neuraxial anesthesia during delivery CSE or epidural anesthesia, with GETA as a last resort. Single-shot spinal is contraindicated

ICU monitoring postpartum Postpartum period poses greatest risk for maternal decompensation

Contraception planning LARC or BTL at time of delivery. Estrogen-containing methods contraindicated

Abbreviations:  PH, pulmonary hypertension; MFM, maternal fetal medicine; ERA, endothelin receptor antagonists; CCB, calcium channel blockers; 
BNP, brain natriuretic peptide; CSE, combined spinal epidural; GETA, general endotracheal anesthesia; ICU, intensive care unit; 
LARC, long-acting reversible contraception; BTL, bilateral tubal ligation.
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patients. Pregnancy is considered a contraindication in patients 
with pulmonary hypertension; however, if pregnancy is pursued, 
patients should be monitored closely for signs of deterioration 
and treated appropriately by experienced professionals.
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Introduction

Palpitations account for 16% of the outpatient medical visits [1] 
and cardiac arrhythmias seen in 60% of otherwise healthy young 
adults [2]. Arrhythmias are relatively uncommon in  pregnancy as 
evidenced by the prevalence rate of 166 per 100,000 hospital 
admissions [5]. Interestingly, palpitations in pregnancy often do 
not correspond to arrhythmias [4], with only 10% of symptomatic 
episodes of palpitations due to an arrhythmia [3]. Arrhythmias 
and palpitations occur more frequently during pregnancy prob-
ably due to the hemodynamic, hormonal, and autonomic changes 
[6]. Pregnancy may precipitate new-onset arrhythmia or can 
exacerbate preexisting stable arrhythmia. The vast majority of 
arrhythmias are benign in a structurally normal heart [5]; how-
ever, they may be related to an underlying structural cardiac 
defect, which if diagnosed in a timely manner may decrease the 
associated mortality and/or morbidity.

Common Causes of Palpitations in Pregnancy

Tachycardia is common in pregnancy given the physiologic 
changes that occur during a normal pregnancy (see Chapter 3). 
Bradycardia, on the other hand, is uncommon, occurring only 
in 1% of pregnant patients presenting with cardiac complaints. 
Benign ectopic beats are seen in 59% of symptomatic and 50% of 
asymptomatic pregnant women [3,4], and the most common sus-
tained arrhythmia in pregnancy is supraventricular tachycardia. 
Arrhythmias may range from more benign ectopic beats to more 
serious ones such ventricular tachycardia (Table 16.1) [3].

KEY POINTS

• Only 10% of symptomatic episodes of palpitations in preg-
nancy are due to an arrhythmia

• Premature ventricular or atrial contractions are seen in 59% 
of symptomatic and 50% of asymptomatic pregnant women

• The incidence of arrhythmia is highest among pregnant 
women with underlying heart disease

• Symptoms of arrhythmia in pregnancy often mimic nor-
mal pregnancy symptoms

• Extent of evaluation should be based on frequency and 
severity of symptoms, risk factors, and physical examina-
tion findings

TABLE 16.1

Overview of Arrhythmias in Pregnancy [8–11]

Arrhythmia Frequency Treatment Prognosis

Premature atrial 
contractions

Most common 
in pregnancy

Usually 
asymptomatic

Beta-blockers for 
symptom control 
only

Excellent

Supraventricular 
tachycardia

Most common 
sustained 
arrhythmia

Vagal maneuvers
Adenosine
Cardioversion
Beta-blockers
Calcium channel 
blockers

Ibutilide

Good

Atrial 
fibrillation and 
flutter

Uncommon
Usually 
underlying 
structural 
cardiac defect

Beta-blockers
Calcium channel 
blockers

Digoxin
Cardioversion
Ibutilide
Flecainide
Anticoagulation

Good

Ventricular 
Tachycardia

Rare
Usually 
underlying 
structural 
cardiac defect

Beta-blockers
Cardioversion
Flecainide
Amiodarone
ICD

Fair

Bradycardia and 
heart blocks

Rare Pacemaker for 
symptoms

Good
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An Approach to the Pregnant Patient with 
a Suspected or Known Arrhythmia

Palpitations may represent a physiologic response in pregnancy; 
however, the goal is to rule out an underlying cardiac disease in 
a symptomatic patient, as its presence may be associated with 
adverse maternal and neonatal outcomes. Differential diagnosis 
is extensive and is summarized in Key Points. Evaluation of a 
patient with palpitations begins with:

 1. Detailed history and physical examination

 2. Electrocardiogram (EKG)

 3. Laboratory testing: Complete blood count (CBC), 
 thyroid function tests, potassium and magnesium levels

 4. Rhythm monitoring in select patients

 5. Echocardiogram in select patients

Specific diagnosis can be achieved in one-third of patients 
with palpitations based solely on a combination of history and 

physical examination, limited laboratory testing, and an EKG 
[17]. Should the patient have a concerning history, physical exam, 
laboratory, or EKG finding, the obstetrician must refer the patient 
to cardiology for further evaluation (Box 16.1 and Figure 16.1).

High-Risk Features in Pregnancy 
That Warrant Evaluation

Most palpitations in pregnancy are self-limiting and benign; 
however, there is a higher likelihood of an underlying structural 
cardiac defect if palpitations are accompanied by dizziness, chest 
pain, shortness of breath or syncope, history of structural/con-
genital heart disease, or prior cardiac surgery [3,12,13]. If the 
patient has a prior history of arrhythmia, there is an increased 
likelihood of recurrent arrhythmias [14] and therefore the patient 
should be referred to a cardiologist. A family history of sud-
den death may also identify a patient at risk for a potentially 
lethal arrhythmia. Physical exam can also help identify palpita-
tions favoring cardiac referral as listed in Box 16.2. However, 
it is important to be aware of the limitations of physical exam 
in pregnancy (Chapter 6). In general, high-risk patients include 

BOX 16.1 DIFFERENTIAL DIAGNOSIS 
FOR PALPITATIONS IN THE 

GENERAL POPULATION [17,18]

 1. Cardiac (43%)
 a. Arrhythmias
 b. Other cardiac causes
 i. Valvular heart disease including mitral 

valve prolapse
 ii. Pericarditis
 iii. Heart failure
 iv. Cardiomyopathy
 v. Atrial myxoma
 2. Psychiatric (31%)
 a. Anxiety or panic disorder
 b. Depression
 c. Somatization
 3. Medications
 a. Sympathomimetics
 b. Vasodilators
 c. Anticholinergics
 d. Beta-blocker withdrawal
 e. Substance use
 f. Cocaine
 g. Amphetamines
 h. Nicotine
 4. Other
 a. Vasovagal syncope
 b. Hypoglycemia
 c. Thyrotoxicosis
 d. Pheochromocytoma
 e. Electrolyte imbalance
 f. Pulmonary embolism
 g. Infection
 h. Hemorrhage
 i. High output states including pregnancy

Palpitations

Cardiac testing indicated

Event recorder
3 days to 30 days

Exercise testing24-hour Holter monitor

Daily symptoms Infrequent symptoms If related to physical activity

Likely cardiac if:
Dizziness
Chest pain
Shortness of breath

FIGURE 16.1 Approach to the patient with palpitations.

BOX 16.2 PHYSICAL EXAM SIGNS 
CONCERNING FOR PATHOLOGIC 

PALPITATIONS WARRANTING 
REFERRAL TO CARDIOLOGY

• Non-physiologic murmur (any diastolic murmur 
or holosystolic murmur)

• Marked jugular venous pressure elevation
• Marked edema
• Rales
• Right ventricular heave
• Palpable thrills



146 Cardio-Obstetrics

sustained arrhythmias and those with structural heart disease 
[15]. Those with very frequent premature ventricular contrac-
tions (PVCs) may also be at risk for developing a reversible car-
diomyopathy [16].

Common Arrhythmias in Pregnancy

As noted, arrhythmias may manifest for the first time in preg-
nancy or be exacerbated in those with underlying structural 
heart disease. Recognition and subsequent workup in pregnant 
women at risk is crucial in preventing morbidity and even mor-
tality. Commonly encountered arrhythmias in pregnancy are as 
follows.

Premature Ventricular Contractions and 
Premature Atrial Contractions

PVCs and premature atrial contractions (PACs) are common in 
pregnancy [3,4] and typically run a benign course. The exception 
may be very frequent PVCs. Rhythm monitoring is indicated to 
establish the burden of arrhythmia to help guide therapy. PACs 
are quite common in both symptomatic (59%) and asymptom-
atic pregnant patients (50%) [3]. However, treatment is only 
recommended if symptoms are intolerable. Symptoms typically 
improve or resolve in the postpartum period.

High-burden PVCs (>5%) have an association with maternal 
cardiac events (but no death) and low birth weight babies [19], 
while even higher burden (certainly identified in patients with as 
low as 10% but felt to be more likely >20% [20]) may be associ-
ated with PVC mediated cardiomyopathy which is felt to be a 
reversible.

Atrial Fibrillation

There is an increasing incidence of atrial fibrillation in preg-
nancy, with recent literature citing it as being the leading cause 
of hospital admissions among sustained arrhythmias in preg-
nancy [21]. Risk factors include older age, obstructive sleep 
apnea, underlying congenital heart disease, and hypertension 
[21]. Pregnancy-associated atrial fibrillation is also known as 
lone atrial fibrillation, that is, without a prior history of atrial 
fibrillation outside of pregnancy and no structural heart disease. 
These episodes of atrial fibrillation are usually self-limited with 
low risk of embolic events. There appears to be a high variability 
in the interventions and care in this group [22]. The general basis 
of treatment of atrial fibrillation is heart rate/rhythm control, and 
prevention of stroke.

Atrial fibrillation among pregnant patients with structural heart 
disease may be a marker of increased risk for maternal mortal-
ity as well as intrauterine growth restriction [23], which may be 
predictable based upon the severity of preexisting disease.

Supraventricular Tachycardia

Supraventricular tachycardia (SVT) is reported as the most com-
mon sustained arrhythmia in pregnancy [21,22], i.e., 22/100,000 
pregnancy related hospitalizations in the United States.

Wolff-Parkinson-White Syndrome

Wolff-Parkinson-White syndrome is characterized by the 
presence of an extra electrical pathway that provides a source 
for reentry (“short circuit”). The overall incidence of Wolff-
Parkinson-White is not well delineated in the general population, 
or in pregnancy. In one study, it made up 2.5% of arrhythmias 
in pregnancy in patients with maternal cardiac disease [21]. The 
classic resting ECG has a delta wave.

Reentrant Arrhythmias

The reentrant arrhythmia is usually orthodromic, i.e., narrow 
QRS complex SVT. Impulse travels from atrium to ventricle and 
then retrograde through the accessory pathway. Usual agents 
used to treat SVT can safely be used in pregnancy [8].

On the other hand, if the electrical impulse travels antegrade 
down the accessory pathway it is called antidromic; this can be 
potentially life threatening with wide QRS complex and special 
care has to be taken in the selection of medications used [8].

Supraventricular tachycardia during pregnancy had higher 
adjusted odds for severe maternal morbidity, cesarean delivery, 
low birth weight, preterm delivery, and fetal abnormalities. This 
population-based cohort study found that prophylactic ablation 
pre-pregnancy, while decreasing incidence of SVT during preg-
nancy, did not seem to change this risk [24].

Ventricular Tachycardia

Ventricular tachycardia (VT) is rare in pregnancy (16 per 100,000 
pregnancy-related admissions) [25] and is usually associated with 
structural heart disease with a reported 1.4% incidence in those 
with structural heart disease [26]. Patient history with empha-
sis on prior arrhythmias and syncope along with family history 
of arrhythmia and/or sudden death should be reviewed. EKG 
should be done at rest to assess QT interval and if possible, during 
arrhythmia to identify source/site of origin. The most common 
source of idiopathic ventricular tachycardia in this age group is 
right ventricular outflow tract, which is identified by ECG by left 
bundle branch block pattern and inferior axis deviation.

Ventricular tachycardia if associated with structural heart dis-
ease is associated with both increased maternal mortality and 
poor fetal outcomes [25]. That being said, new-onset ventricular 
tachycardia in pregnancy is likely of right ventricular outflow 
tract origin, possibly associated with borderline low magnesium 
or potassium levels and seems to improve postpartum [27].

Arrhythmias with Genetic Basis

Brugada Syndrome

Brugada syndrome is a rare autosomal dominant genetically 
transmitted disorder of sodium/calcium channels with varying 
phenotypic presentations and pathognomonic EKG findings 
(right bundle like with coved ST segment elevation) that may be 
intermittent. Its greatest risk is the risk of sudden death and cur-
rent definitive treatment in the at-risk group is automatic implant-
able cardioverter defibrillator (AICD) placement [28]. Syncope 
during pregnancy does not identify a patient as higher risk [29].
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In Brugada syndrome, many medications that an obstetrician, 
cardiologist, or anesthesiologist might normally use may have 
dire consequences and should be avoided, such as bupivicaine, 
procaine, flecainide, ergonovine, and procainamide. Drugs to 
preferably avoid include amiodarone, verapamil, ketamine, tra-
madol, and propranolol. A full list and discussion of these medi-
cations can be found on line at www.brugadadrug.com [28].

Congenital Long QT Syndrome

Congenital long QT syndrome is associated with a repolarization 
abnormality with a significant risk of sudden death. Diagnosis is 
made by a combination of patient history, family history, and EKG 
findings. Long QT syndrome can be associated with a significant 
risk of sudden death in the postpartum period [31]. Patients gener-
ally have successful pregnancy and delivery; however, there may be 
increased risk of sudden death reported up to 9 months postpartum 
which may be attenuated with use of beta-blockers from delivery 
through the postpartum period [16,30,31]. Serum potassium and 
magnesium should be checked and optimized to keep on the high 
end within the normal range. A calm environment is important. 
Avoidance of QT-prolonging drugs both during the pregnancy and 
during the peripartum and delivery is important. See below for 
anesthesia considerations. There have been some recommenda-
tions to consider assisted delivery to prevent prolonged second 
stage or Valsalva, which may potentially increase QTC. An up-
to-date list of potentially harmful drugs is available at www.credi-
blemeds.org. Pharmacy consult should be obtained on admission.

Catecholaminergic Biventricular Tachycardia

Catecholaminergic biventricular tachycardia is a rare genetic dis-
ease that has limited data in pregnancy. Many of these patients 
have AICDs in place and are on beta blockade, the dose of which 
may need maximization during pregnancy. We have had an expe-
rience similar to a report in the literature with a pregnant patient 
developing worsening tachycardia with subsequent induced car-
diomyopathy that improved with the addition of flecainide [32].

Arrhythmogenic Right Ventricular Cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy is another 
inherited disease with limited data, but with successful preg-
nancy outcomes and low incidence of maternal arrhythmias 
(3%–13% of pregnancies). Interventions reported in one series 
included adjustment of beta-blockers, short term use of diuretics, 
and flecainide [33,34].

Bradyarrhythmias

Atrioventricular Conduction Heart Block

Successful pregnancy outcomes have been reported in asymp-
tomatic patients with heart block with or without pacemakers. 
Therefore, in asymptomatic women without structural heart 
disease, prophylactic temporary pacing is not necessary [35]. 
Thaman et al. noted heart block may worsen during pregnancy 
but also reported two patients in whom heart block resolved post-
partum [36].

Transient Postpartum Bradycardia

Transient bradycardia has been reported in postpartum period that 
does not require intervention [37]. Anecdotally, our experience 
and case reports in the literature demonstrate that most of these 
patients had preeclampsia or relatively elevated blood pressures.

Management Options in Pregnancy

For the Cardiologist: Obstetrician’s Perspective

The majority of cardiologists are not used to discussions with 
pregnant patients. Not only is the physiology different [37], but 
usually the priorities, worries, and concerns of the individu-
als involved including the future mother, the spouse/loved one, 
and referring doctors vary considerably from what is generally 
encountered by a cardiologist. Their concerns include:

 1. Fetal morbidity and mortality.

 2. Maternal morbidity, days in the hospital, route of deliv-
ery, anesthesia, breast feeding, etc. The top priority 
in the mother’s mind is safety of her future baby and 
reassurance about various testing, even something as 
simple as EKGs or echocardiography.

 3. There is a lack randomized trials or large studies in 
the pregnant population. Data are often limited to case 
series, retrospective studies, and some prospective 
descriptive research.

 4. Counseling should be tailored to the specific needs of 
the pregnant woman.

In general, if symptom treatment is the goal, the first line of treat-
ment is reassurance. If symptoms are disruptive enough to affect 
lifestyle and nonpharmacologic interventions fail, every effort 
should be made to use the lowest dose of medications for the short-
est duration that will control symptoms. There is limited evidence 
of antiarrhythmic drugs in pregnancy, therefore providers must 
weight risks and benefits and take into consideration the stage of 
pregnancy, severity of the arrhythmia, and possible teratogenicity. 
Cardiac drugs in pregnancy are discussed in detail in Chapter 20.

Treatment of Specific Arrhythmias

Management of arrhythmias in pregnancy is based on the results 
extrapolated from observational studies, and generally similar to 
that in the nonpregnant state.

Frequent PVCs

High burden of PVCs, that is, 20% or greater, is considered an 
indication for therapy. Beta-blockers are first-line therapy after 
shared decision making with the patient [25]. If beta-blockade is 
not effective, flecainide or sotalol may be considered as the next 
line therapy. It should be noted that beta-blockers are associated 
with intrauterine growth restriction [39,40]. In addition, there is risk 
of neonatal hypoglycemia and bradycardia, i.e., 4.3% with beta-
blocker exposure group versus 1.2% no exposure and 1.6% versus 
0.5%, respectively. Beta-blocker properties are listed in Table 16.2.

https://www.crediblemeds.org
https://www.crediblemeds.org
https://www.brugadadrug.com
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Atrial Fibrillation

The treatment in pregnancy is similar to nonpregnant patients 
(Figure 16.2). There is no benefit of rhythm control over rate 
control except when still symptomatic after rate control. In 
addition, in the majority of those presenting with a structurally 
normal heart, the first episode of atrial fibrillation typically con-
verts quickly prior to any intervention, or within 24 hours with 
rate control [10,30]. And although pregnancy is thought to be 

a hypercoagulable state, a large retrospective study at Kaiser 
Permanente Southern California showed no cases of stroke 
despite low use of aspirin or anticoagulants in a relatively low 
risk group (average CHADVASC score 1.2) [22]. (See Table 16.3.)

 1. Rate control: First-line therapy is beta blockade. If 
hemodynamically stable, metoprolol IV 5 mg every 
5 minutes up to 15 mg is used for heart rate control. If 
patient seems relatively dry, with history of poor oral 
intake, emesis, or marginal blood pressure, intrave-
nous saline boluses are given. Second-line treatment 
includes intravenous diltiazem or digoxin [10,30]. 
Intravenous verapamil is typically not recommended 
due to potential to induce hypotension, which may lead 
to fetal hypoperfusion [30]. While digoxin has a large 
amount of safety data, it has a limited role as primary 
rate control and requires increased dosing in pregnancy 
and monitoring of levels. Nondihydropyridine calcium 
channel blockers have limited information, but some 
use verapamil as a third-line agent.

TABLE 16.2

Properties of Different Beta-Blockers in Pregnancy 
[25,38,41,42]

Type Selectivity
Dose Adjustment 

Required? Comment

Metoprolol β1-selective Yes
May require 
increased 
frequency of 
dosing due to 
increased maternal 
metabolism in the 
2nd and 3rd 
trimesters

Long history of 
use in pregnancy 
and the 
peripartum 
period

Propranolol Nonselective No Reports of 
association with 
neonatal 
hypoglycemia 
and bradycardia; 
beneficial if 
hyperthyroidism

Atenolol β1-selective Stronger 
association with 
fetal growth 
restriction than 
other beta-
blockers 
therefore 
typically avoided

Atrial fibrillation

Atrial fibrillation

IVF bolus

Metoprolol IV 5 mg
every 5 minutes up

to 15 mg

Electrical
cardioversion

Rate control

Metoprolol

Add rhythm
control with
Flecainide Enoxaparin 1 mg/kg q12 h, monitor

with anti Xa levels q1–2 weeks with
a goal of 0.1–1.2 u/mL

CHADSVASc

Anticoagulation

ASA

Evaluate and treat
underlying etiology

If still
symptomatic

3+
2, plus ART

or high
burden

+ Signs of
dehydration

Stable Unstable

1–2

(a) (b)

FIGURE 16.2 Management of atrial fibrillation.

TABLE 16.3

CHADSVASc Scoring System for Risk Stratification 
for Anticoagulation

CHA2DS2-VASc Score

Congestive heart failure 1

Hypertension 1

Age >75 years (n/a to OB) 2

Diabetes 1

Stroke/TIA/thromboembolic 2

Vascular disease (myocardial infarction, peripheral arterial 
disease, aortic plaque)

1

Age 65–74 years (n/a to OB) 1

Sex category (female) 1

Source: From data in Lee MS et al. J Am Heart Assoc. 2016; 5(4): 
e003182.
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 2. Rhythm control: Rhythm control is indicated if patient 
remains symptomatic despite rate control. Flecainide 
has been used a great deal in the treatment of fetal SVT 
[20], with overall fetal safety demonstrated; therefore, 
we recommend it as the primary rhythm control agent 
in maternal atrial fibrillation with a structurally normal 
heart. We recommend starting low at 50 mg twice daily 
and increasing if needed. We usually will load while on 
maternal telemetry and will check a 12-lead ECG after 
the third dose. As expected, based on its use in fetal SVT, 
it does cross the placental barrier. Propafenone and sotalol 
can also be used in this situation, although propafenone 
has less data in pregnancy in the literature compared with 
flecainide, and sotalol is less preferable due to its effects 
on maternal blood pressure and heart rate. Amiodarone 
should be avoided due to potential fetal toxicity [30].

 3. If hemodynamically unstable, electrical cardioversion 
is the treatment of choice. Synchronized cardioversion 
is considered safe for the fetus in the same doses used 
in the nonpregnant state [43]. We typically use antico-
agulation, either unfractionated heparin or low molecu-
lar weight heparin, if the duration of atrial fibrillation is 
unclear.

One approach is to use prophylactic aspirin 81 mg in atrial 
fibrillation that are CHADVASC 1 and most CHADVASC 2 while 
using full anticoagulation with some patients with CHADVASC 
score of 2 (ART pregnancies, high burden of atrial fibrillation/
PAF) and those with a CHADVASC score 3 or greater. The novel 
anticoagulants (NOACS) have limited data and thus are not rec-
ommended in pregnancy. Warfarin should not be used early in 
pregnancy due to embryopathy, or near delivery due to potential 
bleeding complications; however, it can be used second and third 
trimester. My practice has been to use enoxaparin, starting at 
1 mg/kg subcutaneous every 12 hours with monitoring of anti-Xa 
every 1–2 weeks with monitoring of peak 4–6 hours post dose 
(goal level .01 to 1.2 u/mL) and trough (>0.6 u/mL) withholding 
prior to delivery [44].

Supraventricular Tachycardia

If hemodynamically unstable, electrical cardioversion is the 
treatment of choice. For stable patients, first line intervention is 

vagal maneuvers, followed quickly if necessary by adenosine 
IV 6–12 mg [30]. If adenosine is ineffective, the patient’s history 
suggests she has been going in and out of the arrhythmia that 
day, or there is clinical suspicion of hyperthyroidism, intrave-
nous beta-blocker (metoprolol 5 mg or propranolol 1 mg) may 
be used. If these fail, intravenous procainamide or verapamil 
may be used [24]. However, as previously stated, verapamil 
should be avoided if possible due to potential for hypotension 
and fetal hypoperfusion. Aside from avoidance of verapamil, 
this management strategy is similar to the nonpregnant patient. 
The European Society of Cardiology recommends beta-blocker 
or verapamil for preventive therapy in this group [30]. If mater-
nal blood pressure is marginal or relatively low, digoxin is safe 
and can be used as first line. Dosing with digoxin usually is 
twice a day during pregnancy and at higher doses than usual 
while following therapeutic effects and levels. (See Figure 16.3.)

Wolff-Parkinson-White

If stable, therapy is based on whether orthodromic or antidromic. 
The patient who presents with a narrow QRS complex SVT 
(orthodromic, travels the normal pathway from atrium to ventri-
cle and then retrograde the accessory pathway) can be treated in 
the same manner as SVT above. If the patient presents with wide 
complex tachycardia (probable antidromic SVT) or extremely 
rapid atrial fibrillation and is hemodynamically stable, procain-
amide (20–50 mg/min to 10–17 mg/kg) can be used for either 
heart rate control or conversion. The drip should be continued 
until therapeutic goals are met (rate control or cardioversion), 
maximum dose, hypotension, or QRS widens by 50%. In anti-
dromic, flecainide can be used to prevent recurrence. Ablation 
should be undertaken postpartum or if recalcitrant arrhythmias 
are occurring [22]. (See Figure 16.4.)

Ventricular Tachycardia

If hemodynamic compromised, an electrical cardioversion 
should be performed. If stable, intravenous lidocaine may be 
used. Beta blockade with metoprolol is most commonly used for 
chronic prophylaxis. Amiodarone should be preserved for when 
no other options are available. Idiopathic RVOT can be treated 
with metoprolol or verapamil. If these fail, flecainide may be 
used. (See Figure 16.5.)

Electrical
cardioversion

If ineffective

If ineffective

Stable Unstable

(a) (b)
Supraventricular tachycardia Supraventricular tachycardia

Severe or frequent symptoms?

No

No

No tx indicated Low BP?

Digoxin

Beta-blocker
or Verapamil

Yes
Yes

Vagal maneuver

Adenosine IV 6–12 mg

Metoprolol 5 mg or
Propranolol 1 mg

FIGURE 16.3 Management of supraventricular tachycardia in pregnancy.
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Genetic Syndromes

Brugada

In the acute setting of electrical storm, treatment includes cardio-
version and isoproterenol (1-2 µg bolus intravenously followed 
by continuous infusion of 0.15–2.0 µg/min). Brugada mainstay 
is avoiding certain medications (listed previously) and defini-
tive treatment in the at-risk group is AICD placement. However, 
quinidine can be used for prophylaxis [28,29].

Prolonged QT Syndrome

The specific interventions for acute arrhythmia in the setting of 
prolonged QT include intravenous magnesium, beta-blockade, 
and if needed, defibrillation. In some cases, temporary overdrive 
pacing is indicated. The risk of cardiac event and death is largely 
attenuated with use of beta-blockers [31]. Fetal safety of beta-
blocker therapy within this group has been documented and the 
patient can be reassured [39]. If the patient has been on success-
ful prophylaxis with a beta-blocker prior to pregnancy, she should 
continue the same beta-blocker that she has been on (possibly with 
exception of atenolol). This is one setting in pregnancy that non-
selective beta-blocker may be preferred as there have been docu-
mented differences in efficacy among the beta-blockers [41,42].

Recurrence

Patients with prior history of some arrhythmias have been docu-
mented to have an increased recurrence rate. Those with a history 
of symptomatic SVT were found to have a recurrence rate of 22%–
50% with further increased prevalence in those with structural 
heart disease [15,45]. More than 50% of patients with prior history 
of atrial fibrillation will have a symptomatic recurrence during 

pregnancy warranting prompt evaluation. The risk of recurrent 
ventricular tachycardia is nearly 30% during  pregnancy [15].

Cardiac Procedures for 
Arrhythmias in Pregnancy

Electrical Cardioversion

Direct current cardioversion is used in the setting of hemody-
namic instability and is considered safe for the fetus. There is 
no alteration in the defibrillation protocol recommended for 
the pregnant patient as compared to the nonpregnant patient. 
Anterolateral pad positioning is felt to be a reasonable default. 
Airway protection and management may be problematic, and 
therefore experienced personnel should be readily available [46].

Implantable Cardioverter-Defibrillator

In the limited reported literature available, the presence of an 
implantable cardioverter-defibrillator (ICD) does not seem to 
influence the outcomes of pregnancy nor does pregnancy nega-
tively affect its function [47,48]. No ICD adjustment is necessary 
for vaginal delivery. There are various recommendations avail-
able regarding ICD management during surgery. Knowledge 
of the device and whether the patient is pacemaker dependent 
should be obtained from the last device clinic note. This allows 
surgical planning should delivery be done by cesarean section. It 
is important to consider electromagnetic interference of the pace-
maker secondary to monopolar cautery. If monocautery must be 
used, it is recommended to use short bursts. The pacemaker can 
be programmed ahead of time to avoid inactivation, or a magnet 
can be used to convert the pacemaker to an asynchronous mode 

(a) (b)
Wolff-Parkinson-White (stable) Wolff-Parkinson-White

Manage per SVT
algorithm

Procainamide drip
(20–50 mg/min to

10–17 mg/kg)

Metoprolol or
Digoxin

Flecainide

Narrow QRS
(orthodromic)

Wide QRS (likely
antidromic)

Narrow QRS
(orthodromic)

Wide QRS (likely
antidromic)

FIGURE 16.4 Management of Wolff-Parkinson-White syndrome in pregnancy.

(a) (b)

Electrical
cardioversion

IV Lidocaine

Stable Unstable

Ventricular tachycardia

Ventricular tachycardia

Metoprolol

Flecainide

If ineffective

FIGURE 16.5 Management of ventricular tachycardia.
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[49]. Since cesarean section is below the umbilicus (>6 inches 
from the device), it is not required to deactivate the device preop-
eratively [50]. Placement of an ICD, if required during pregnancy, 
should be performed after the first 8 weeks to minimize risks of 
radiation [30]. Use of non-radiation- exposing techniques such 
as echocardiographic guidance is recommended. ICD placement 
using electroanatomic techniques and no fluoroscopy have been 
reported [51].

Life Vest

Also known as a wearable cardioverter-defibrillator (WCV), life 
vest has been utilized as a way of limiting risk of sudden death 
that may resolve with time. A good example is newly diagnosed 
peripartum cardiomyopathy with low ejection fraction felt to be 
at high risk for sudden death but with good odds of recovery. 
There is limited literature on this, but one series reported 12% 
of the patients with ventricular tachyarrhythmia, including one 
with partial recovery of ejection fraction. Additional possible 
uses include while awaiting placement of a permanent defibrilla-
tor due to inheritable arrhythmias diagnosed in pregnancy, while 
pending referral to a center with experience with non-radiation-
based techniques in ICD placement, or even in cases where 
placement of permanent defibrillator is being delayed until after 
pregnancy [52,53].

Radiofrequency Catheter Ablation

Catheter ablation in pregnancy is considered safe and effective 
for both SVT and ventricular arrhythmias using electroanatomi-
cal mapping and catheter navigation systems. Although ablation 
in general should be deferred until postpartum, there has been 
reported ablation in pregnancy using low or no radiation tech-
niques in patients with recalcitrant arrhythmias. Regardless, if 
necessary, procedure should be delayed until after the first tri-
mester when most of organogenesis is complete [8,54]. However, 
it should be used as a last resort effort to control recalcitrant ven-
tricular tachycardia and recalcitrant poorly tolerated SVT [30,55].

Antepartum Follow-Up

Cardiology Follow-Up

Cardiology follow-up is indicated for all patients with significant 
arrhythmia and/or structural heart disease. Stable arrhythmias 
without significant risk (i.e., SVT, AF) may see cardiology twice 
during pregnancy, whereas the higher risk arrhythmias (unsta-
ble SVT or VT, those with ICDs) and those with more potential 
adjustment of medications require closer cardiology follow-up, 
anywhere from every month to every trimester [30]. If the patient 
has a device in place, information about the device is made read-
ily available and any special care is planned pre-delivery. In 
patients with a high burden of PVCs [19,20]:

• Burden of >5% but <10% may benefit from an addi-
tional visit late pregnancy in the 34–36 week range

• Burden of >10% may benefit from monthly cardiol-
ogy visit with low threshold for checking a BNP and/
or follow-up echo

• Burden of 20% or more should have follow-up echo-
cardiograms every 4–8 weeks and clinic visit monthly 
with aggressive PVC suppression with first signs of LV 
dysfunction

Obstetrical Follow-Up

Obstetrical follow-up is largely determined by obstetrical indi-
cations; however, close tracking for growth may be indicated 
in patients on beta-blockers given their association with IUGR. 
SVT in pregnancy has an association with preterm delivery in 
one study [24], and quinidine can increase risk for preterm labor.

Commonly Used Medications on Labor 
and Delivery to Use with Caution or 
Avoid in a Patient with Arrhythmia

• Pitocin if used with a patient who has a congenital 
arrhythmia such as prolonged QT:  Oxytocin, although 
potentially harmful and death reported with a high dose 
bolus, it is probably safe if given as a slow infusion [56]

• Magnesium sulfate

• Terbutaline

• Methergine

• Hemabate

Delivery Planning

Who Needs Telemetry?

In general, stable arrhythmias without significant risk do not 
need telemetry postpartum. In women with PVC burden greater 
than 5%, we recommend maternal telemetry peripartum. While 
if asymptomatic PVCs and low burden of arrhythmia, telemetry 
is not necessary [19,20]. For atrial fibrillation, telemetry may 
be useful postpartum but it is not absolutely necessary if rate is 
stable and controlled. If unable to achieve rate control, however, 
telemetry should be used, especially while loading medications 
used for rhythm control such as flecainide. Patients with congeni-
tal prolonged QT syndrome should remain on telemetry for the 
intrapartum and postpartum period.

Multidisciplinary Team Approach

In general, arrhythmias can safely be managed in a multidisci-
plinary manner with input from maternal-fetal medicine, anes-
thesia, and cardiology.

One Special Note about Congenital 
Prolonged QT Syndrome

All local anesthetics have been used successfully for regional 
anesthesia. Some drugs which are commonly used peripartum 
that should be avoided include many of the inhalation anes-
thetics, ketamine, and thiopental. Acceptable medications 
commonly used include etomidate, propofol, nitrous oxide, 
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and methohexital. Fentanyl, morphine, and midazolam are all 
acceptable. Droperidol and ondansetron have been associated 
with prolonged QT [57].

Anticoagulation Considerations

See Chapter 9 for details.

Postpartum Follow-Up

Follow-up in the postpartum period is highly dependent on the 
type of arrhythmia. PVCs often improve in the postpartum period 
[3]. In cases of new-onset pregnancy-associated lone atrial fibril-
lation, it is reasonable to give a trial off of rate and/or rhythm 
control after 6–8 weeks postpartum. For patients on anticoagula-
tion at that point, one may consider placing a 30-day monitor to 
exclude silent atrial fibrillation prior to discussion with patient 
about discontinuing anticoagulation. Patients who are potential 
candidates for catheter ablation therapy, such as those with SVTs 
and certain ventricular arrhythmias, should be evaluated in the 
postpartum period for potential intervention.

Conclusion

Palpitations are extremely common in pregnancy and the incidence 
of cardiac arrhythmias is higher during pregnancy, and highest in 
pregnant women with a history of heart disease. It can be chal-
lenging to manage symptoms of arrhythmia in pregnancy, such as 
palpitations and shortness of breath, as they often mimic normal 
pregnancy symptoms. Fortunately, most arrhythmias during preg-
nancy are benign and do not require therapy. However, all patients 
should be evaluated based on frequency and severity of symptoms, 
risk factors, and physical examination findings. The goal is not to 
miss potentially harmful arrhythmias that can be safely managed 
in pregnancy, ideally in a multidisciplinary manner with input 
from maternal-fetal medicine, anesthesia, and cardiology.
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Pulmonary Embolism

Epidemiology

Both pulmonary embolism (PE) and deep venous thrombosis 
(DVT) occur more frequently in pregnancy. In a pooled meta-anal-
ysis, the overall prevalence of DVT and PE in pregnancy were 1.1% 
and 0.2%, respectively [1]. Although PE occurs less frequently, its 
associated morbidity and mortality is higher than DVT [2]. Despite 
the significant decrease in maternal mortality secondary to throm-
boembolic events, PE still remains a leader of maternal hospital 
cost, severe maternal morbidity, and prolonged hospital stay, and 
accounts for 10% of maternal deaths [3]. See Figure 17.1.

Risk Factors

Obesity, hypertensive disorders, postpartum hemorrhage, and 
inherited thrombophilia are all risk factors for PE in pregnancy 
[4]. In fact, the physiologic and anatomic changes of pregnancy 
further augment these risks by increasing clotting factors and 
compression of the inferior vena cava (IVC) causing decreased 
venous flow and stasis [4]. Although all of these factors increase 
the risk of a PE or thromboembolic event, the most important 
risk factor is a history of prior venous thromboembolic event 
(VTE). The risk of recurrent VTE during pregnancy increases 
by fourfold, and one-quarter of all VTEs in pregnancy are recur-
rences [5]. Many women with VTE do not get a diagnosis of 
thrombophilia during pregnancy; however, these mutations cer-
tainly increase the risk and likelihood of having a clot. Routine 
screening for thrombophilia is not recommended; however, it is 
reasonable to screen if there is history of multiple VTE in a given 
woman, a strong family history, or if the VTE was severe (i.e., 
massive pulmonary embolism) [6].

Diagnosis

Diagnosis of pulmonary embolism may be challenging in preg-
nancy, as shortness of breath and tachycardia are common fea-
tures of normal pregnancy. (See Chapter 3 for more details of 
physiologic changes.)

Symptoms

Classic clinical signs and symptoms of PE include but are not 
limited to hypoxemia, tachypnea, changes in cardiac imaging 
studies, mild elevations of troponin levels, and tachyarrhythmia. 
Common presenting symptoms are listed in Table 17.1. It is impor-
tant to note that symptoms of PE are neither sensitive nor specific, 
and therefore the obstetric practitioner should continue to have a 
wide differential when diagnosis of PE is being entertained.

Differential Diagnosis

Includes pneumonia, myocardial infarction, preeclampsia, car-
diac failure, and non-cardiogenic pulmonary edema.

Diagnostic Testing

Oddly enough, significant hypoxemia was a rare finding in PE, 
with many patients with oxygenation >95% [7]. Cardiac arrhyth-
mias are present in approximately 10% of patients diagnosed with 
a PE, usually a tachyarrhythmia. Although sinus tachycardia is 
the most common tachyarrhythmia, others can present with atrial 
fibrillation, atrial flutter, and multifocal atrial tachycardia [8].

Arterial blood gas is also clinically useful. Often blood gases 
will show a respiratory alkalosis and hypoxemia or normal oxy-
genation. Other lab parameters abnormally elevated in PE are 

KEY POINTS

• Pulmonary embolism accounts for 10% of maternal deaths
• The gold standard for diagnosis of pulmonary embolism 

in pregnancy is computed tomographic angiography of the 
pulmonary arteries

• Pulmonary embolism is considered massive (10%) if it is 
accompanied by systemic arterial hypotension resulting in 
shock

• Treatment considerations for massive pulmonary embo-
lism include systemic thrombolytic therapy, catheter-
directed thrombolysis, or emergent thrombectomy

• Amniotic fluid embolism occurs in 2–6 per 100,000 deliver-
ies characterized by cardiovascular collapse, disseminated 
intravascular coagulopathy, and refractory hypoxemia 
resulting from acute respiratory distress syndrome
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D-dimer, cardiac troponins, and brain natriuretic peptide (BNP) 
levels. It should be noted that D-dimer levels increase in preg-
nancy and are not considered reliable in diagnosing PE during 
pregnancy [4,7–10]. Likewise, false negative results for D-dimer 
have been reported, and therefore D-dimer test is not used as part 
of the workup for PE [11].

Although not used to diagnose PE, cardiac troponins and BNP 
can be helpful in the risk stratification of patients with PE. Overall, 
approximately 50% of patients with PE will have a “positive” or 
elevated cardiac troponins [12]. Further, approximately 30% of 
the patients exhibit right ventricular dysfunction that is associated 
with worsened short- and long-term mortality [13]. BNP has also 
been shown to help stratify patients with PE into lower and higher 
risk categories. In particular, nonpregnant patients with pro-BNP 

levels >600 pg/mL were at increased risk of short-term mortality 
secondary to PE [14]. Therefore, it is reasonable to check cardiac 
troponins and BNP levels at diagnosis of PE. High levels can help 
stratify patients into low- and high-risk categories which could 
aid practitioners in obtaining additional imaging (i.e., echo), con-
sultation (cardiology, hematology, cardiac surgery), and transfer 
to higher levels of care (critical care, hospital transfer).

Although practitioners can use physical exam and lab data to 
aid in the diagnosis of PE, the gold standard for diagnosis is 
computed tomographic angiography (CTA) of the pulmonary 
arteries, even in pregnancy [4]. In clinical practice, practitioners 
may argue against CTA for fear of radiation exposure to the fetus; 
however, this exposure is very low and rarely if at all causes fetal 
harm from just one CTA [4]. Further, the fetus can be shielded 
by placing the lead on the maternal abdomen if there is concern. 
In clinical scenarios of renal injury, failure, or severe contrast 
allergy, ventilation-perfusion scan is a reasonable alternative; 
however, this imaging modality also has radiation exposure [15]. 
Fetal radiation exposure from CTA is lower than ventilation-
perfusion scan (0.32–0.64 mGy vs. 0.003–0.1398 mGy); how-
ever, the maternal radiation exposure to the breast is lower with 
ventilation-perfusion scan [16]. See Table 17.2.

After a PE is diagnosed it should be categorized appropriately 
to help delineate severity, treatment options, and reduce maternal 
morbidity.

Types of Pulmonary Embolism

The three types of PE are subsegmental, submassive, and massive. 
Many PEs experienced in obstetric practice are subsegmental and 

Suspected Pulmonary Embolism
(PE)

(Dyspnea, chest pain, tachycardia,
hypotension, etc.)

Hemodynamically
stable

Unclear or low
probability

High probability of PE

Start anticoagulation

Pulmonary CTA

Negative PE  confirmed

Hemodynamically
unstable

Echocardiography

Right ventricular
dysfunction

PE confirmed

No right ventricular
dysfunction

Alternate diagnosis

Immediate CTA if
feasible

Assessment of clinical
probability

FIGURE 17.1 Management of suspected pulmonary embolism in pregnancy.

TABLE 17.1

Clinical Features and Diagnostic Testing in Pulmonary 
Embolism

Signs and Symptoms Diagnostic Testing

Dyspnea (73%) Arterial blood gas

Tachypnea (54%) Electrocardiography

Arrhythmia/Tachycardia (24%) Chest CT angiography

Pleuritic chest pain (66%) Ventilation/perfusion scan

Cough (37%) Lower extremity Doppler

Hemoptysis (13%) Echocardiography

Wheezing (21%) Pro-brain natriuretic peptide 
or B-type natriuretic peptideFever (3%)
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can be treated with careful therapeutic anticoagulation. However, 
massive and submassive PE account for 5–10% and 20%–25% of 
cases, respectively, in the general population and carry an increase 
in morbidity and mortality [17–19]. A PE is considered massive if 
it is accompanied by systemic arterial hypotension resulting in 
shock [19]. A PE is considered submassive when systemic hemo-
dynamics are preserved but there is evidence of right ventricular 
dysfunction on either electrocardiogram, echocardiography, or 
CTA. The 90-day mortality for a massive PE can reach as high as 
50%, and up to 19% for submassive PE. Therefore, when a PE is 
diagnosed proper categorization should be undertaken.

Management of Pulmonary Embolism

Prevention

One could argue that the mainstay of treatment of PE in preg-
nancy is prevention. Ideally, personal or family history of throm-
boembolism should be reviewed for each and every pregnant 
patient to identify those at high risk of complications. Patients 
without current PE but with risk factors should be considered for 
prophylactic, intermediate, or adjusted dose low molecular weight 
heparin (LMWH) or unfractionated heparin (UFH) per ACOG 
guidelines [4]. When selecting an appropriate dose of LMWH or 
UFH for prevention, maternal weight, past medical history, sever-
ity of previous disease (i.e., massive PE), thrombophilia workup 
(high-risk thrombophilia vs. low-risk thrombophilia), and other 
hypercoagulable comorbidities (nephrotic syndrome, ulcerative 
colitis, antiphospholipid antibody) should be considered.

Anticoagulation

Women diagnosed with a PE should be treated with full anticoag-
ulation for at least 3–6 months and for at least 6 weeks postpartum. 

Although many practitioners will keep patients on full anticoagu-
lation, it is reasonable to decrease this dose to intermediate or 
prophylactic dosing after the initial 3–6 months of therapy into 
the postpartum period [4]. Acceptable therapeutic dosing for 
LMWH and UFH are 1 mg/kg every 12 hours or 250 units/kg 
every 12 hours, respectively. Usually, patients receiving LMWH 
do not need anti-factor Xa levels tested. However, patients with 
renal injury, morbid obesity, and antithrombin III deficiency 
should be considered for level testing which is 4–6 hours after 
LMWH administration. An anti-factor Xa level of 0.6–1.0 u/mL 
is considered therapeutic range [20]. When using UFH, a goal 
aPTT 1.5–2.5 times control 6 hours after injection is considered 
therapeutic (see Chapter 9 for more details).

One of the central issues the obstetrician faces is managing full 
anticoagulation around the timing of delivery. Full anticoagula-
tion is not a contraindication to vaginal delivery or neuroaxial 
blockade but timing and coordination with obstetric anesthesia is 
paramount. Decisions regarding delivery timing should be based 
on usual obstetric and maternal indication; however, it is reason-
able to time an induction for coordination purposes after 39 weeks. 
In general, for women receiving prophylactic LMWH, discontin-
uation is recommended 12 hours before neuroaxial blockade and 
24 hours before an adjusted dose regimen [21]. Concerning UFH, 
doses greater than 7500 units twice daily need a 12-hour interval 
from the most recent dose as well as coagulation studies before 
induction or neuroaxial blockade placement [21].

The optimal time to resume full anticoagulation therapy post-
partum is unknown. Obstetricians must weigh severity of dis-
ease burden and risk of hemorrhage or bleeding. A reasonable 
approach to minimize bleeding is to resume therapy no sooner 
than 4–6 hours after vaginal delivery and 6–12 hours after cesar-
ean section [4,22]. Although it is safe to use LMWH in the post-
partum period, it is reasonable to use intravenous UFH protocol 
to avoid further hemorrhage.

Warfarin is a vitamin K antagonist that easily crosses the pla-
centa. In the setting of acute VTE and PE in pregnancy, warfarin 
is seldom used secondary to increased fetal risks which include 
fetal embryopathy (nasal bone hypoplasia and stippled epiphy-
ses), fetal bleeding (intracranial, intraabdominal hemorrhage), 
and fetal loss [23,24]. Although warfarin is shown to be terato-
genic, it is dose dependent and a dose of less than 5 mg/daily is 
rarely associated with poor fetal outcome. Although warfarin is 
infrequently used antenatally, it can be used in the postpartum 
period as it safe in breastfeeding [25,26].

New oral anticoagulants (NOAC) have shown great promise in 
the nonpregnant populations. They are preferred over LMWH in 
the prevention and treatment of VTE and PE, as there is no tran-
sition therapy needed for many NOACs; they are also superior in 
reducing the recurrence in VTE and PE, and the risk of bleeding 
appears less when compared to warfarin [27,28]. Despite these 
advances, LMWH is still the preferred anticoagulant in preg-
nancy and postpartum. There are no randomized trials on NOAC 
versus LMWH in pregnancy or in the immediate postpartum 
period. Further, fetal effects are unknown, and the medication 
is in breast milk [28]. There are also treatment failures noted 
in case reports with use postpartum. The pharmacologic fail-
ure is thought to be secondary to a shared hypermetabolic renal 
and hepatic system in the pregnant and immediate postpartum 
woman [29].

TABLE 17.2

Risks and Benefits of Imaging Modalities in Pulmonary 
Embolism

Modality Benefits Risks

CT Pulmonary Arteries
Sensitivity of 90%–95%

Detects other pulmonary 
abnormalities, i.e., 
pneumonia, fibrotic 
disease

Radiation 
exposure

Contrast allergy

Ventilation/Perfusion
Sensitivity varies on 
probability

 Low: 4% risk of PE
 Intermediate: 15% 

risk of PE
 High: 16% risk of PE
Scoring further changes 

based on clinical 
probability

No contrast Radiation 
exposure

Intermediate 
results

1-hour test 

Echocardiography
Sensitivity 30%–40%

No contrast
No radiation
Diagnosis right 
ventricular dysfunction

Not gold standard
Needs 
confirmatory test
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Treatment of Massive and Submassive 
Pulmonary Embolism

As stated earlier, submassive and massive PE are associated with 
high mortality; this is increasingly complex and morbid in the 
setting of a third trimester pregnancy. Although systemic throm-
bolysis with tissue plasminogen activator (tPA) improves pulmo-
nary perfusion and improves right-sided heart failure, it is not 
without risk [30]. In fact, systemic tPA use has a major bleed-
ing risk of 10% and a 3%–5% risk of hemorrhagic stroke [31]. 
Therefore, use of systemic tPA is FDA approved for massive PE, 
but use for submassive PE remains controversial. In addition, tPA 
is “relatively” contraindicated in the setting of pregnancy and 
recent surgery (cesarean section) because of risk of urgent deliv-
ery and hemorrhage [32]. Therefore, other targeted options in the 
setting of pregnancy may be preferred if available.

In a systematic review of pregnant patients, 83 severe PE in 
pregnancy received systemic thrombolytic therapy; 61 were 
antenatal and 9 were treated with catheter-directed thromboly-
sis (CDT) or emergent thrombectomy. Of the cohort, 80% were 
massive PEs and 20% underwent cardiac arrest. Among all mas-
sive PEs, maternal survival was 93%, with 96% survival ante-
partum and 85% postpartum [33]. Systemic thrombolysis was 
efficacious in hemodynamic improvement, and the five women 
who died received thrombolysis during or after cardiac arrest 
[33]. Major maternal bleeding occurred in approximately 30% 
of pregnant cases treated with systemic thrombolysis, with the 
greatest risk in the immediate postpartum period. In antenatal 
massive PE, fetal and neonatal death was 12%, and spontaneous 
preterm labor occurred in 14% of pregnancies [33].

In the review, 36 pregnancies underwent surgical thrombec-
tomy, of which 13 had cardiac arrest. In this cohort, maternal 
survival was 84%, and major bleeding was prevalent at 20%. 
When thrombectomy occurred in the antepartum period without 
combined delivery, fetal loss reached 20%.

CDT represents an alternative to systemic thrombolysis and 
surgical thrombectomy as it acutely preserves right ventricular 
function as well as immediate pulmonary perfusion [30]. CDT 
with thrombectomy is reported in the literature, with seven 
cases reported. In these seven cases, two had suboptimal results 
and required use of extracorporeal membranous oxygenation 
(ECMO) [33]. However, maternal survival in this group was 
100%, with only one episode of major bleeding, or 20%; fetal 
loss was 25%.

In the setting of massive PE, practitioners should consider sys-
temic thrombolysis, CDT thrombolysis, and thrombectomy as 
well as surgical thrombectomy and ECMO.

All of these therapeutic options carry high risk of major hemor-
rhage, stroke, and fetal loss. However, overall outcomes are prom-
ising, with survival reaching 90% in the pregnant population. The 
obstetric specialist must balance risk and benefits in these settings 
optimally with a multidisciplinary team, including intensivist, 
cardiac surgery, and skilled interventional radiologist if available.

Amniotic Fluid Embolism

Amniotic fluid embolism (AFE) is a rare and usually lethal con-
dition characterized by cardiovascular collapse, disseminated 

intravascular coagulopathy (DIC), and refractory hypoxemia 
resulting from acute respiratory distress syndrome (ARDS). The 
exact incidence of AFE is unknown but is estimated to affect 
2–6 women per 100,000 deliveries [34]. In the past, diagnostic 
criteria were lacking; however, the Society of Maternal Fetal 
Medicine and the Amniotic Fluid Embolism Foundation created 
criteria. The diagnostic criteria are intended for research pur-
poses but can also aid in clinical diagnosis (Table 17.3) [35].

The true pathogenesis of AFE is still not clear; however, it is 
theorized that entry of amniotic fluid into the maternal circula-
tion causes an anaphylactic and hyperimmune response leading 
to shock and other above-mentioned sequela [35].

The remainder of the chapter will focus on organ systems most 
affected by AFE, and the treatment of these systems: cardiovas-
cular, pulmonary, and hematologic.

Cardiovascular Collapse

Cardiovascular collapse in AFE is unique to the disease. In AFE, 
there is transient acute pulmonary hypertension from pulmonary 
artery vasoconstriction, resulting in right ventricular dysfunction 
and eventually failure. There is also concomitant left ventricular 
function and failure [35,36]. Aside from profound cardiogenic 
shock, there is also distributive shock from the massive vasople-
gia of the systemic circulatory system.

The harbinger of treatment of cardiovascular collapse relies on 
urgent, immediate delivery in the setting of current pregnancy 
and high-quality cardiopulmonary resuscitation per ACLS 
guidelines [35]. When return of spontaneous circulation (ROSC) 
is achieved, the cardiovascular system must be maintained. 
Resuscitative efforts are multidisciplinary and employ maternal-
fetal medicine, intensive care, cardiac surgery, and pulmonary 
medicine. In the setting of acute right-sided failure, inotropic 
support with milrinone and dobutamine may be of great use. 
Both agents aid in right-sided cardiac contractility, and also mil-
rinone has pulmonary artery vasodilatory effects which allows 
further optimization of preload in biventricular failure resulting 

TABLE 17.3

Diagnostic Criteria for Amniotic Fluid Embolism

 �Sudden onset of cardiorespiratory arrest or refractory hypotension

Overt disseminated intravascular coagulopathy (Score ≥3)

Platelet count

>100,000/mL 0 points

<100,000/mL 1 point

<50,000/mL 2 points

PT or INR

<25% increase 0 points

25–50% increase 1 point

>50% increase 2 points

Fibrinogen >200 mg/L 0 points

<200 mg/L 1 point

Clinical onset during labor or within 30 minutes of placental delivery

Absence of fever (38°C) during labor
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in an increased cardiac output [37,38]. However, care must be 
taken with these medications because they can be arrhythmo-
genic and cause systemic hypotension, which is undesirable with 
the combined distributive shock of an AFE.

Concomitant pulmonary vasodilators (inhaled prostacyclin, 
inhaled nitric oxide, intravenous prostacyclin) can be useful, as 
the right-sided heart failure is usually transient and lasts for a few 
hours after initial presentation. These partially selective dilators 
can provide the patient with a decrease in pulmonary vasculature 
resistance in an effort to improve right ventricular systolic func-
tion [37,39,40].

Acute Respiratory Distress Syndrome

Patients experiencing AFE also have rapid and refractory hypox-
emia. On imaging, patients usually have components of both car-
diogenic and noncardiogenic pulmonary edema. For this reason, 
many of these patients are intubated and do not tolerate noninva-
sive ventilation strategies [35]. In this setting, urgent intubation is 
necessary and should be undertaken by the most skilled provider. 
In the setting of cardiac arrest, ventilation should be done per 
ACLS guidelines. When ROSC is obtained, if applicable, patients 
may benefit from lung protective ventilation per ARDSnet guide-
lines and systemic pharmacologic paralysis [41,42]. Although 
shown to change overall mortality, inhaled nitric oxide can be 
used with refractory hypoxemia to help patients get through the 
first 48 hours of ARDS from AFE [43].

Hemorrhage and Disseminated 
Intravascular Coagulation

Hemorrhage and disseminated intravascular coagulation (DIC) 
are present in the majority of cases of AFE, and usually in con-
junction with severe hemorrhage. Hemorrhage is usually pres-
ent in the forms of uterine atony, large-bore intravenous access 
sets, and needed incision or tears. Bleeding should be controlled 
with surgical and compressive maneuvers, and blood should be 
aggressively replaced with massive transfusion protocols [35]. 
Adjuncts to massive transfusion such as tranexamic acid, fibrino-
gen concentrate, and factor VIIa can also be used; however, these 
should be used in the setting of controlled bleeding and aggres-
sive ongoing resuscitation [44].

Conclusion

PE and AFE can be rapidly progressing and highly morbid events. 
Obstetricians should be aware of not only standards of care for 
treatment but salvage therapies for both of the disease processes, 
which include thrombectomy and mechanical circulatory support. 
A multidisciplinary approach and transition to higher levels of 
care when appropriate reduce maternal morbidity and mortality.
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Endocarditis in Pregnancy

Ann K. Lal and Thaddeus P. Waters

Introduction

Infective endocarditis (IE) is defined as an infection of a heart 
valve (native or prosthetic), the endocardial surface, or an 
indwelling cardiac device [1–4]. The yearly incidence of IE is 
estimated at 3-10/100,000 in the general population [4], similar 
to that reported in pregnancy [5–8] (see Figure 18.1). IE can be 
a life-threatening infection associated with significant morbidity 
and mortality. Hospitalization rates for IE in the United States 
have increased from 28,195 in 1998 to 43,419 in 2009 in keep-
ing with the increasing comorbidities and aging in the general 
population. While the majority of cases of IE during pregnancy 
are identified antepartum, it can also present up to 6 weeks post-
partum or after an abortion [9].

Pregnancy imposes significant challenges to the cardiovas-
cular system. Any compromise of the cardiac structure and/or 
function related to IE may accelerate maternal cardiovascular 
decompensation [11] with an increased risk of both maternal and 
fetal mortality, i.e., 22.1% and 14.7%, respectively [10]. In addi-
tion, cardiac surgery, which may sometimes be required, may 
lead to significant maternal mortality between 1.5%–5%, and 
fetal mortality of 14%–38% [11–13].

Risk Factors

While the risk factors for IE have remained overall unchanged, 
the distribution has evolved over time (see Table 18.1), as is true 
for pregnant and nonpregnant adults. Previously, rheumatic heart 
disease was a major contributing factor for IE, the prevalence 

of which has fallen significantly in developed countries and its 
contribution to IE is negligible. In pregnancy, the most common 
risk factors are intravenous (IV) drug use and congenital heart 
disease that constitute 14%–43% and 12%–38% of cases of IE, 
respectively [9,17].

Pathogens

The microbes causing IE have also changed over the last 
20 years. Currently, 50% of IE is health care–associated, with 
42.5% being community-acquired and 7.5% nosocomial [16]. 
The vast majority of cases of IE (80%–90%) are caused by gram-
positive cocci, staphylococcus, streptococcus, or enterococcus, 
with 5% reported as no identifiable organism and less than 2% 
are polymicrobial [2,14]. Staphylococcus aureus (26%–38%) and 
Streptococcus viridans (19%–43%) are the most common organ-
isms isolated in cases of IE in pregnancy [9,17] (see Table 18.2).

KEY POINTS

• In pregnancy, the most common risk factors for infec-
tive endocarditis (IE) are intravenous drug use and con-
genital heart disease

• For early diagnosis and treatment, endocarditis should 
be considered in the differential diagnosis for any patient 
presenting with fever along with relevant risk factors

• Any compromise of the cardiac structure and/or func-
tion related to IE may accelerate maternal cardiovascu-
lar decompensation

• Endocarditis prophylaxis in pregnancy is indicated 
for the same non-obstetric procedures as nonpregnant 
patients in the highest risk patients (see Table 18.7)

• Prophylaxis for IE is not recommended at the time of 
delivery (either vaginal or cesarean) in the absence of 
infection

TABLE 18.1

Predisposing Risk Factors for Infective Endocarditisa

Prosthetic cardiac valve

Congenital heart disease

Immunosuppression

IV drug use

Diabetes

Rheumatic heart disease

a See further references [9,14,15].
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Clinical Features of Endocarditis

The clinical features of IE are varied and nonspecific, caus-
ing a diagnostic challenge in most cases [20–22]. Nonspecific 
symptoms may include low-grade fever, chills, weight loss, poor 
appetite, or low-grade sepsis. Typical physical examination find-
ings are a new-onset cardiac murmur, splinter hemorrhages, 
microscopic hematuria, embolic complications, or heart failure. 
Electrocardiogram may reveal new-onset conduction system 
abnormalities. Atypical presentation is more likely to occur in 
older and immunocompromised patients including pregnant 
population [23]. To avoid delays in diagnosis and treatment, IE 
should be in the differential diagnosis for any pregnant patient 
presenting with fever along with relevant risk factors.

Diagnosis

The diagnosis of IE is straightforward in patients with a consistent 
history and classic Oslerian manifestations, including sustained 
bacteremia or fungemia, evidence of acute valvulitis, peripheral 
emboli, and immunologic vascular phenomena [24]. However, as 
the majority of cases do not present with these classic signs and 
symptoms, initial evaluation of suspected IE includes both expe-
ditious cardiac imaging and laboratory assessment, including:

 1. Three sets of blood cultures should be taken from dif-
ferent venipuncture sights, with the first and last sam-
ples drawn at least 1 hour apart.

 2. Echocardiogram is the main diagnostic test for the diag-
nosis of IE.

 a. Transthoracic echocardiogram (TTE) should be 
done initially in all suspected IE cases.

 b. Transesophageal echocardiogram (TEE) is recom-
mended for cases with poor visualization on TTE 
or in patients with negative TTE, but high suspi-
cion for IE [24].

The majority of cases in pregnancy involve a left-sided, either 
mitral or aortic valve, abnormality [9]. Duke criteria for IE were 
proposed in 1994 to aid both clinicians and researchers to make 
this challenging diagnosis [25]. Modified Duke criteria were sub-
sequently published in 2000 in an attempt to decrease the num-
ber of patients classified as possible IE; these criteria are still 
used today [26] (see Tables 18.3 through 18.5).

A recent systematic review summarized maternal and fetal 
outcomes of pregnant or postpartum women with IE [9]. In total, 
72 articles were identified with 90 cases of IE (56.7% (n = 51) 
pregnant versus 43.3% (n = 39) postpartum. The modified Duke 
criteria [26] were applied to all cases included in the publication. 
IV drug use was the most common identified risk factor for IE 
(n = 13), followed by congenital heart disease (n = 11) and rheu-
matic heart disease (n = 11). These observed frequencies were 
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TABLE 18.2

Organisms Associated with Infective Endocarditisa

Staphylococcus Both Staphylococcus aureus, including 
methicillin-resistant strains, and coagulase-
negative organisms (S. epidermidis, 
S. lugdunensis, S. capitis)

Streptococcus
(oral, gastrointestinal 
tract, and 
genitourinary tract)

Streptococcus mutans, S. salivarius, 
S. anginosus, S. mitis, S. sanguinis

Enterococcus Enterococcus faecalis is most common

HACEK Haemophilus, Aggregatibacter, 
Cardiobacterium, Eikenella corrodens, 
Kingella

Fungus Candida species

Other rare organisms Coxiella burnetii, Brucella, Bartonella, 
Chlamydia psittaci, Enterobacteriaceae, 
Propionibcaterium acnes, Lactobacillus, 
Acinetobacter, Pseudomonas aeruginosa, 
Legionella, Mycoplasma, Tropheryma 
whippelii

a See further references [2,14,18,19].
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slightly lower than reported previously in pregnancy [17]; how-
ever, IV drug use and congenital heart disease were the most fre-
quent identifiable causes in both studies on IE in pregnancy. The 
most commonly identified pathogens were streptococcal (n = 39) 
and staphylococcal species (n = 23), with 8 patients being 
culture-negative (8.9%). Other identified pathogens included 
Neisseria species (n = 4), gram stain-positive cocci (n = 3), 
Escherichia coli (n = 3), Listeria species (n = 2), Pseudomonas 
species (n = 2), Salmonella species (n = 1), Rickettsia species 
(n = 1), Enterobacter species (n = 1), Enterococcus species 
(n = 1), and Haemophilus species (n = 1) with 4 not reported and 
3 being polymicrobial. Surgical interventions were performed in 
48 cases, with 7 of these occurring during pregnancy. Maternal 
mortality was 11% overall (n = 10) with a relative equal dis-
tribution of deaths antepartum or postpartum (11.5 vs. 10.5%). 
Mortality was highest for the 16 non-staphylococcal and non-
streptococcal cases (25%) with no observed deaths in the culture-
negative group. Other complications included septic pulmonary 
emboli for 21 patients (23.3%), CNS emboli in 11 (12.2%), and 
other embolic complications in 7 women (7.8%). For the 51 preg-
nant women, IE involved native valves in 98% (n = 50) with the 
mitral valve being the most commonly affected (n = 21). Seven 
fetal deaths were observed (13.7%) with 41 deliveries with sur-
vival to discharge (80.4%), with the remaining 3 pregnancies lost 
to follow up (n = 2) and 1 termination of pregnancy.

See further Figure 18.2.

What Is the Rationale for Infective 
Endocarditis Prophylaxis?

Due to the morbidity and mortality of IE, significant efforts 
have been focused on prevention of IE particularly with antibi-
otic prophylaxis. Healthy cardiac tissue is resistant to bactere-
mia. However, after endothelial injury, bacterial adherence can 
occur, resulting in IE [27]. Endocarditis usually occurs in three 
steps [14]:

 1. Endothelial damage: Bacteremia, from a multitude 
of sources, including oral (chewing, toothbrushing), 
gastrointestinal (GI), or genitourinary (GU), is the 

TABLE 18.4

Modified Major Duke Criteria for the Diagnosis of Infective 
Endocarditisa

Blood culture positive for IE
• Typical microorganisms consistent with IE from 2 separate 

blood cultures
• Viridans streptococci, Streptococcus bovis, HACEK group, 

Staphylococcus aureus, or community-acquired 
enterococci, in the absence of a primary focus; or

• Microorganisms consistent with IE from persistently 
positive blood cultures, defined as follows: At least 2 
positive cultures of blood samples drawn 112 h apart; or all 
of 3; or a majority of >4 separate cultures of blood (with 
first and last sample drawn at least 1 h apart)

• Single positive blood culture for Coxiella burnetii or 
antiphase I IgG antibody titer 1:800

Evidence of endocardial involvement

Echocardiogram positive for IE (TEE recommended in patients 
with prosthetic valves, rated at least “possible IE” by clinical 
criteria, or complicated IE [paravalvular abscess]; TTE as first test 
in other patients), defined as follows
• Oscillating intracardiac mass on valve or supporting structures, 

in the path of regurgitant jets, or on implanted material in the 
absence of an alternative anatomic explanation; or

• Abscess; or
• New partial dehiscence of prosthetic valve

New valvular regurgitation (worsening or changing of preexisting 
murmur not sufficient)

a See further reference [26].

TABLE 18.5

Modified Minor Duke Criteria for the Diagnosis of Infective 
Endocarditisa

Predisposition, predisposing heart condition, or injection drug use

• Fever, temperature >38°C
• Vascular phenomena, major arterial emboli, septic pulmonary 

infarcts, mycotic aneurysm, intracranial hemorrhage, 
conjunctival hemorrhages, and Janeway lesions

• Immunologic phenomena: Glomerulonephritis, Osler nodes, 
Roth spots, and rheumatoid factor

• Microbiological evidence: Positive blood culture but does not 
meet a major criterion as noted above or serological evidence 
of active infection with organism consistent with IE

a See further reference [26].

TABLE 18.3

Modified Duke Criteria for the Diagnosis of Infective 
Endocarditisa

Definitive IE

Pathologic criteria
 1. Microorganisms demonstrated by culture or histologic 

examination of a vegetation, a vegetation that has embolized, 
or an intracardiac abscess specimen

 2. Pathologic lesions; vegetation or intracardiac abscess confirmed 
by histologic examination showing active endocarditis

Clinical criteria
 1. 2 major criteria or
 2. 1 major criterion and 3 minor criteria or
 3. 5 minor criteria

Possible IE

 1. 1 major criterion and 1 minor criterion
 2. 3 minor criteria

Rejected IE

 1. Firm alternate diagnosis explaining evidence of infective 
endocarditis or

 2. Resolution of infective endocarditis syndrome with antibiotic 
therapy for ≤4 days or

 3. No pathologic evidence of infective endocarditis at surgery or 
autopsy, with antibiotic therapy for ≤4 days or

 4. Does not meet criteria for possible infective endocarditis, as 
above

a See further reference [26].
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initial inciting event [15]. Bacteria are able to adhere to 
 damaged endothelium, which can be caused by valve 
sclerosis, rheumatic valvulitis, or direct bacterial 
 activity [15].

 2. Colonization: After adhesion, colonization occurs,  followed 
by endothelial injury, thrombosis formation, and inflam-
mation, which lead to an infected vegetation, IE.

 3. Biofilm: Biofilm development, which is seen with several 
of the common IE organisms, including staphylococci, 
streptococci, and enterococci, is an important part of the 
pathophysiology of IE. Biofilms are a multilayer of bac-
teria within a matrix, which provides resistance from 
host defenses and reduces antimicrobial effectiveness, 
thereby facilitating “bacterial persistence.” [14–15]

However, despite the appreciated pathophysiology of IE, 
guidelines aimed at reducing IE from interventions such as 
prophylaxis have not demonstrated clear benefit. As such, sev-
eral revisions have been made over time to the American Heart 
Association (AHA) guidelines for IE prophylaxis. In general, 
these revisions have conveyed a lack of clear evidence for IE 
prophylaxis and have limited the situations where prophylaxis is 
recommended (Table 18.6) [28].

What Cardiac Conditions Need Infective 
Endocarditis Prophylaxis?

The list of cardiac conditions that require endocarditis prophy-
laxis has evolved over time, with the most recent AHA guidelines 
published in 2007 [28]. Since the first released AHA guidelines 
in 1955, there have been 10 revisions [28–37]. The goal of the 
2007 publication is to use IE prophylaxis only in patients with 
the greatest chance of developing IE and the highest risk of 
adverse outcomes (Table 18.7) [28].

The British Society for Antimicrobial Chemotherapy has also 
published guidelines on prevention of IE. While acknowledg-
ing that evidence is limited regarding the benefit of antibiotic 
prophylaxis for the prevention of IE and that prevention should 
not be based on antibiotics alone, a list of conditions for which 

TABLE 18.6

Primary Reasons for Revision of the Infective Endocarditis 
Prophylaxis Guidelines

IE is much more likely to result from frequent exposure to random 
bacteria associated with daily activities than from bacteremia 
caused by dental, GI tract, or GU tract procedure

Prophylaxis may prevent an exceedingly small number of cases of 
IE, if any, in individuals who undergo a dental, GI tract, or GU 
tract procedure

The risk of antibiotic-associated adverse events exceeds the benefit, 
if any, from prophylactic antibiotic therapy

Maintenance of optimal oral health and hygiene may reduce the 
incidence of bacteremia from daily activities and is more 
important than prophylactic antibiotics for dental procedure to 
reduce the risk of IE

Source: Wilson W et al. Circulation 2007 October 9;116(15):1736–
54. With permission.

TABLE 18.7

Cardiac Conditions Associated with the Highest Risk of 
Adverse Outcome from Endocarditis for Which Prophylaxis 
with Dental Procedures Is Reasonable

I Prosthetic cardiac valve or prosthetic material used for 
cardiac valve repair

II Previous infective endocarditis

III Congenital heart disease (CHD)

Unrepaired cyanotic CHD, including palliative shunts and 
conduits

Completely repaired congenital heart defect with prosthetic 
material or device, whether placed by surgery or by catheter 
intervention, during the first 6 months after the procedure

Repaired CHD with residual defects at the site or adjacent 
site to the site of a prosthetic patch or prosthetic device 
(which inhibit endothelialization)

IV Cardiac transplantation recipients who develop cardiac 
valvulopathy

Source: Wilson W et al. Circulation 2007 October 9;116(15):1736–
54. With permission.

Suspect endocarditis

3 sets of blood cultures from 3 sites
with first and last drawn at least 1

hour apart

Transthoracic  echocardiogram (TTE)
Transesophageal only if inadequate

visualization by TTE or with
negative TTE with

high suspicion for IE

2 separate positive blood cultures
+

Echocardiographic findings
(Modified Duke criteria)

ENDOCARDITIS CONFIRMED
Consultations with infectious disease,
cardiology, maternal-fetal medicine, 

and cardiothoracic surgery as indicated

Treatment of endocarditis
Determine type, dose, and

duration of antibiotics

FIGURE 18.2 Endocarditis algorithm.
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antibiotic prophylaxis is recommended was proposed, including 
previous IE, prosthetic cardiac valves, and surgically constructed 
shunts and/or conduits [38]. The National Institute for Health and 
Care Excellence (NICE) currently does not recommend any anti-
biotic prophylaxis for the prevention of IE [39].

What Procedures during Pregnancy 
Require Endocarditis Prophylaxis?

Current recommendations for endocarditis prophylaxis dur-
ing pregnancy are, in general, similar to those for nonpreg-
nant patients. The 2007 AHA guidelines for the prevention of 
IE  recommend that high-risk pregnant women (summarized in 
Table 18.7) receive prophylaxis. Procedures include:

 1. Dental procedures with involvement of the gingival tis-
sue or the periapical region of teeth or perforation of the 
oral mucosa [28]. However, this recommendation was 
also accompanied by a statement reiterating the lack of 
clear data establishing the efficacy of this approach.

 2. Invasive respiratory tract procedures with incision or 
biopsy of respiratory mucosa or undergoing an inva-
sive procedure to treat an established infection. For 
these situations, the authors recommended antibiotic 
coverage should include Viridans group streptococci. 
Prophylaxis was also recommended to include cover-
age for Staphylococcus aureus when suspected.

 3. When surgical procedures for infected skin, skin 
structure, or musculoskeletal tissues is performed, it 
is reasonable to include antibiotics that would target 
staphylococcus and streptococcus. Limitations of these 
recommendations include a lack of a clear consensus 
for which patients are truly at increased risk for IE, as 
well as conflicting recommendations from different 
organizations regarding which patients should receive 
antibiotic prophylaxis, and for which procedures [40]. 
As majority of the cases of IE related to seeding from 
the oral microflora is likely from random bacteremia 
caused by routine daily activities, emphasis should be 
placed on optimal dental hygiene and good oral health.

 4. For GI or GU procedures, including vaginal delivery 
and cesarean section, antibiotic prophylaxis is not rec-
ommended. While other procedures such as cerclage, 
amniocentesis, chorionic villous sampling, D&C, or 
D&E are not addressed in the currently published guide-
lines, IE prophylaxis would not be indicated for these 
procedures in the absence of infection. The 2007 AHA 
guidelines suggest antibiotics should include coverage 
of enterococci for the situation of a GI or GU procedure 
with a suspected enterococcus infection, but no studies 
specifically address if this will prevent enterococcal IE.

 5. IE prophylaxis was also not recommended for the 
majority of skin or non-infected surgical procedures.

The 2007 AHA guidelines did not address specific issues of IE 
prophylaxis or treatment in pregnancy but these were addressed 
in the 2017 AHA scientific statement on the management of 

pregnancy in women with complex congenital heart disease [41]. 
These recommendations were recently summarized in an ACOG 
Practice Bulletin [42]. As neither a vaginal delivery nor cesarean 
delivery is associated with significant bacteremia, IE prophylaxis 
is not recommended for pregnant women with acquired or con-
genital structural heart disease at the time of delivery (either vag-
inal or cesarean) in the absence of infection. The ACOG practice 
bulletin supplements these recommendations with the additional 
suggestion that IE prophylaxis may be of benefit for vaginal 
delivery in patients with the “highest risk” of adverse cardiac 
outcomes. Women at highest risk were defined as those with cya-
notic cardiac disease, prosthetic valves, or both [42]. Importantly, 
these recommendations were not within the 2007 AHA guide-
lines or the 2017 AHA scientific statements [28,40,41]; however, 
the use of antibiotics for these situations based solely upon expert 
opinion was noted. If antibiotic prophylaxis for IE is considered 
at the time of delivery for this subset of high-risk patients, ACOG 
suggests antibiotic prophylaxis can be given 30–60 minutes prior 
to the anticipated vaginal delivery. For this subset of highest risk 
women not already receiving antibiotics that would provide cov-
erage for IE prophylaxis, options for prophylaxis would be the 
same as those used for IE prophylaxis at the time of dental proce-
dures (Table 18.8). A separate circumstance is pregnant women 
at high risk for IE (see Key Points) with a concomitant infec-
tion (such as chorioamnionitis, endometritis, or pyelonephritis, 
etc.) that could result in bacteremia. In this situation, ACOG 
suggested the underlying infection should be treated without 
additional coverage for IE prophylaxis if adequate coverage is 
included in the treatment regimen already administered.

What Are the Prophylactic Regimens 
for Infective Endocarditis?

If prophylaxis is warranted, antibiotic choice should be governed 
by clinical factors including the patient’s relevant allergies and 
current medication and antibiotic use. Prophylaxis should be 
given as a single dose 30–60 minutes prior to the anticipated 
procedure but may be given up to 2 hours after a procedure if 
needed (Wilson). Current recommended antibiotic prophylaxis 
regiments are summarized below (Table 18.8). If the patient is 
already receiving antibiotics intrapartum for another indication, 
coverage for IE is often provided by the antibiotic(s) adminis-
tered for the obstetric indication.

Management of Endocarditis in Pregnancy

Current recommendations for both the diagnosis and treatment 
of pregnant women with IE do not vary from nonpregnant adults. 
The complete summary of the approach to IE is beyond the scope 
of this chapter and can be found in the AHA Scientific Statement 
regarding the diagnosis, treatment, and management of adults 
with IE [24].

As no randomized controlled data exist for pregnant women with 
IE, management continues to rely on current evidence-based guide-
lines for nonpregnant adults with a multidisciplinary approach 
including involvement of maternal-fetal medicine, infectious dis-
ease, cardiology, and cardiovascular surgery. As noted earlier, the 
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recommendations and protocols for the evaluation, treatment, and 
management of IE in nonpregnant adults is the current recom-
mended care for the pregnant patient with IE. While variation from 
these established protocols are not endorsed based upon pregnancy 
status, this view needs to be balanced with limited information dur-
ing pregnancy. This may particularly apply to the risks of appro-
priate interventions for the nonpregnant adult, including surgery, 
which likely carries a different risk-to-benefit tradeoff for the preg-
nant patient when including both maternal and fetal risks.

In general, the basic principles once the diagnosis of IE is 
established include the following.

 1. Bactericidal antibiotics are preferred that target spe-
cific pathogens identified.

 2. The dose and duration of parenteral antibiotics use is 
based on the identified pathogen and the site of infection.

 3. Most patients require 6 weeks of parenteral antibiotics.

 4. Patients with complications related to IE may require 
surgical intervention, and therefore a multidisciplinary 
team approach is mandatory.

The specific role of cardiovascular surgery in the treatment 
of IE during pregnancy poses particular challenges given the 
controversial role of surgery for IE, the risks of cardiac surgery 
during pregnancy, and the paucity of data regarding cardiac sur-
gery for pregnant women with IE. Surgical intervention may 
be indicated for select cases in pregnancy [24]. The 2018 ESC 
Guidelines recommend urgent surgery for cardiogenic shock 
or refractory heart failure due to acute regurgitation [43]. Other 
scenarios where an individualized approach is advisable include 
need for valve surgery, uncontrolled infection, and prevention 
of embolism [43]. Considerations include the current gestational 
age prior to surgery and the consequential risks due to prematu-
rity if intervention is urgent versus the option of expectant care 
which may impose an increased maternal risk. As in most com-
plex obstetric situations, the “best” plan of care is individualized 
to the specific patient needs, balancing all of the above.

Conclusion

Infective endocarditis, although rare, is a serious cardiac com-
plication that may lead to significant maternal and fetal morbid-
ity and mortality. Predominant risk factors for the development 
of IE in pregnancy are IV drug use and a preexisting cardiac 
abnormality. Similar to nonpregnant patients, the majority of 
pregnant women with IE do not present in a clear and straight-
forward manner. Therefore, the diagnosis can be elusive and 
requires a high degree of clinical suspicion. The modified Duke 
criteria is the most commonly used and is the recommended tool 
to assist with the diagnosis. Once diagnosed, the management in 
pregnancy is similar to the nonpregnant patient with a multidis-
ciplinary approach including maternal-fetal medicine, infectious 
disease, cardiology, and cardiovascular surgery.
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Cardiac Surgery in Pregnancy

Kathryn Lindley

Introduction

Cardiopulmonary bypass during pregnancy carries similar risk 
to the mother as their nonpregnant counterparts; however, fetal 
mortality remains high [1]. Fortunately, the need for cardiac sur-
gery during pregnancy is relatively rare. However, with a grow-
ing number of women of childbearing age with congenital heart 
disease and underlying cardiovascular risk factors such as hyper-
tension and diabetes, these numbers may increase in the future 
[2]. While most cardiovascular conditions can be adequately 
temporized with medical therapy throughout the pregnancy, 
there are a variety of conditions which may necessitate urgent 
or emergent surgery in a pregnant or immediately postpartum 
woman.

Cardiac Surgery during Pregnancy

Cardiac surgery during pregnancy carries the risk of morbid-
ity and mortality for both the mother and the fetus. In the cur-
rent era, maternal perioperative mortality is comparable to 
that in the nonpregnant women unless the surgery occurs in an 
emergent setting [3]. Though prior studies reported mortality 
between 3%–15%, current estimates of maternal mortality are 
approximately 5%–9% [4–6]. For women who undergo cardiac 
surgery immediately following cesarean delivery, additional 
blood products are often required during surgery, but excessive 
uterine bleeding is not typically reported [5]. Some of the com-
mon indications for cardiac surgery in pregnancy are reviewed 
in Table 19.1.

Valve Disease

While regurgitant valvular heart conditions are generally well 
tolerated during pregnancy, severe left-sided stenotic lesions may 
become symptomatic as the hemodynamic load of pregnancy 
increases throughout the second and third trimester. This is most 
commonly related to congenital heart defects such as bicuspid 
aortic valve or Shone complex, or rheumatic heart disease [7]. 
Severe prosthetic valve dysfunction may also present in this 
manner [8].

If the patient cannot be temporized with medical therapy or 
percutaneous interventions, surgery may be required to relieve 
symptomatic heart failure during pregnancy or the immedi-
ate  postpartum period [7,9]. Mechanical heart valves require 
meticulous care throughout pregnancy to avoid thrombotic 

KEY POINTS

• Multidisciplinary planning is essential for optimal 
maternal and fetal care

• Maternal mortality is comparable to the nonpreg-
nant setting, unless surgery is emergent

• Fetal loss is ∼33% and increases with earlier ges-
tational age, emergent surgery, deep hypothermia, 
and prolonged cardiopulmonary bypass time

• Beyond 28 weeks’ gestation, cesarean delivery 
followed by cardiopulmonary bypass is typically 
preferred

• Continued postoperative fetal monitoring is impor-
tant to identify sustained contractions and preterm 
labor

TABLE 19.1

Indications for Cardiac Surgery during Pregnancy

Surgical Indications

Valvular lesions • Severe symptomatic aortic stenosis
• Severe symptomatic mitral stenosis
• Mechanical valve thrombosis
• Valvular endocarditis

Aortopathies • Acute aortic dissection
• Expanding aortic aneurysm
• Severely dilated aortic aneurysm

CABG coronary dissection • Myocardial infarction with 
cardiogenic shock
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and bleeding complications. In the setting of mechanical valve 
thrombosis, emergent valve replacement may be required:

• If the patient is too unstable for or otherwise deemed 
not a candidate for thrombolysis [9]

Valvular endocarditis may also require surgical intervention 
during pregnancy in the setting of

• Large, mobile vegetations

• Recurrent embolic phenomena

• Severe valvular destruction causing heart failure

• Highly resistant organisms

• Abscess formation [9]

Aortopathies

Aortic enlargement, particularly in the setting of underlying con-
nective tissue disorders such as Marfan syndrome, Loeys-Dietz 
syndrome, Ehlers-Danlos IV, Turner syndrome, coarctation 
of the aorta, and bicuspid aortic valve, can be associated with 
significant maternal morbidity and mortality [10]. These risks 
are further elevated among women with additional risk factors 
such as a family history of aortic dissection, hypertension, prior 
personal history of aortic dissection, and tobacco use. Patients 
with underlying aortopathy may require emergent aortic repair 
or replacement in the setting of an aortic dissection during preg-
nancy [10]. Semi-elective aortic root replacement may be under-
taken in women with severely dilated aortic root discovered 
during pregnancy if termination is declined, or if progressive 
dilatation occurs during pregnancy [10].

Coronary Artery Bypass Grafting

Coronary artery dissection is the most common cause of myo-
cardial infarction in pregnant and postpartum women [11]. This 
is most commonly managed conservatively [11]. However, in 
the setting of cardiogenic shock, such as in the setting of left 
main coronary artery dissection or mechanical complications of 
myocardial infarction, or after technical failure or complication 
of attempted percutaneous intervention, coronary artery bypass 
grafting may be elected [11].

While atherosclerotic coronary disease is less common among 
women of childbearing age, it may occur in women with risk 
factors such as diabetes, familial hyperlipidemia, hypertension, 
obesity, or tobacco use [12,13]. In the setting of coronary isch-
emia with severe three-vessel disease or high-risk features for 
percutaneous intervention, such as left main disease, surgical 
revascularization may be selected during pregnancy or immedi-
ately following delivery in select patients [12,14].

Surgery Timing

Preconception

Ideally, cardiovascular evaluation including imaging will occur 
prior to conception, and surgery may be considered at that time 
to potentially reduce the risk of cardiovascular complications of 
pregnancy [7]. This approach also reduces the potential risks of 

exposure to cardiopulmonary bypass to the fetus during preg-
nancy. However, prophylactic preconceptual surgery must be 
weighed against the intrinsic risks of the surgical procedure 
itself and the long-term sequelae of the surgery. For example, 
it is reasonable for preconceptual patients with asymptomatic 
severe aortic stenosis with aortic velocity ≥4.0 m/s or mean pres-
sure gradient ≥40 mmHg to undergo prophylactic aortic valve 
replacement [9]. However, if a bioprosthetic valve is placed, the 
patient will inevitably require a repeat valve surgery in the future. 
If a mechanical valve is placed, the pregnancy will be compli-
cated by anticoagulation management and the risk for warfarin 
embryopathy [7,10]. Preconceptual surgical intervention should 
be performed for symptomatic severe aortic or mitral stenosis [9].

Pre-pregnancy surgical intervention is also recommended for 
patients with aortopathy and Marfan or related disorders with 
ascending aorta size ≥45 mm [10]. For other patients, such as 
those with a bicuspid aorta, surgery should be performed when 
the aorta size is ≥50 mm [10]. For patients with Turner syndrome 
or an otherwise small body surface area, surgery should be done 
prior to pregnancy when the aorta exceeds ≥27 mm/m2 [10].

Pregnancy

If the patient is already pregnant and surgery is being contem-
plated, optimal timing of surgery presents challenges for both 
the mother and the fetus. Shared decision making in a multidis-
ciplinary manner is preferred. Surgical decisions must be tai-
lored to the specific needs of the patient based on the underlying 
lesion, maternal status, and the gestational age of the fetus. The 
best time period for cardiac surgery in pregnancy is between 
13–28 weeks.

Role of the Multidisciplinary Team

The decision for cardiac surgery in pregnancy should always be 
made in the context of an experienced multidisciplinary team, 
including maternal-fetal medicine specialists, cardiologists, 
obstetric and cardiac anesthesiologists, cardiac surgeons, and 
neonatologists.

Timing of Surgery

The ideal surgical timing depends partially on the urgency of the 
procedure.

 i. In the setting of life-threatening conditions requiring 
urgent surgical intervention, such as aortic dissection 
or mechanical valve thrombosis, surgery should be 
undertaken as soon as possible.

 ii. For less urgent procedures, the procedure may be 
delayed for fetal benefit, as it has been shown that fetal 
mortality declines as gestational age progresses [15].

 iii. Prior to fetal viability around 24 weeks’ gestation, preterm 
labor or delivery would lead to demise of the fetus, thus 
delay until closer to viability may be of some benefit for 
fetal survival. Subsequent to fetal viability, preterm labor 
or fetal distress requiring delivery will be associated with 
increased infant morbidity and mortality proportionate to 
degree of prematurity [16]. Thus, consequences of very 
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premature birth must be considered in women undergo-
ing cardiac surgery in the late second trimester.

 iv. For patients in the third trimester, cesarean delivery 
immediately followed by initiation of cardiopulmonary 
bypass for cardiac surgery is usually the preferred strat-
egy, as the fetus is typically developed well enough for 
reasonably good survival after delivery [5].

Maternal and Fetal Complications 
of Cardiac Surgery

Maternal complications are reported in 15% of patients, with 
persistent heart failure (6%), cardiac arrhythmia (2%), and post-
operative bleeding (2%) being most common [4]. Maternal com-
plications are higher in women undergoing urgent or emergent 
cardiac surgeries [4]. Fetal complications are reported in 12%, 
with respiratory distress syndrome (5%) and developmental 
delay (3%) being most common [4].

Risk of fetal demise related to cardiac surgery has been 
reported as between 14% and 33% [3–6]. The risk appears to be 
higher if there are additional maternal risk factors for fetal loss, 
or if the surgery occurs in an emergent setting or at an early ges-
tational age [5]. Most of this risk is related to cardiopulmonary 
bypass, and not the anesthesia itself [5].

Cardiopulmonary Bypass in Pregnancy

Physiologic changes during cardiopulmonary bypass:

 i. During cardiopulmonary bypass, there is a decrease 
in mean arterial blood pressure and flow pulsatility, 
which tends to decrease uteroplacental perfusion and 
may lead to onset of uterine contractions [5]. Uterine 
blood flow is not auto regulated, but depends entirely 
on maternal blood pressure and uterine vascular resis-
tance [3]. Animal studies demonstrate that nonpulsatile 
flow leads to significant placental dysfunction due to 
severe vasoconstriction [3].

 ii. Hypothermia increases the risk of fetal arrhythmias 
and acid−base imbalance [3].

 iii. Both cooling and warming during cardiopulmonary 
bypass are also associated with sustained contractions 
[3]. The deeper the hypothermia, the greater the risk of 
fetal death [3].

Sustained contractions are the most common cause of fetal 
demise, which may occur after the conclusion of cardiopulmo-
nary bypass and cardiac surgery [3,5]. Stillbirth and fetal demise 
have been reported to occur up to several days after surgery [5]. 
Sustained contractions lead to a reduction in uteroplacental blood 
flow, causing fetal hypoxia and subsequent fetal demise [3]. One 
proposed mechanism for this is dilution of progesterone in the 
setting of cardiopulmonary bypass, and post-cardiopulmonary 
bypass progesterone administration has been used to stop pre-
mature labor [3]. Reports of successful tocolysis with magnesium 
have also been reported [5].

Optimizing Fetal Outcomes during 
Cardiopulmonary Bypass

When possible, if surgery is not urgent, it should be delayed until 
the second trimester for women with early gestation pregnancies. 
For all pregnant women undergoing cardiac surgery, the following 
recommendations can help optimize fetal outcomes (Table 19.2). 
Maintenance of normothermia reduces fetal loss [3,5,17,18]. 
Attempts should be made to minimize blood loss and maintain 
normokalemia (<5 mmol/L) [5]. Avoid maternal hypoxemia and 
hypoglycemia to reduce the risk of fetal bradycardia [5,19,20]. 
Attempts should be made to minimize cardiopulmonary bypass 
times and maintain pulsatile flow, a high flow rate (>2.5 L/min/
m2), and a mean arterial pressure >70–75 mmHg [5]. Blood 
pressure should ideally be managed via flow rates of cardiopul-
monary bypass rather than through sympathomimetic drugs, 
though these can be used if needed, preferably phenylephrine 

TABLE 19.2

Measures to Optimize Outcomes in Pregnant Women 
Undergoing Cardiopulmonary Bypass

How to Optimize Outcomes?

Maternal Avoid emergent surgery if possible

  Heart 
failure

• Monitor volume status
• Judicious fluid use
• Diuresis to attain a euvolemia

 Arrhythmia • Monitor and replete electrolytes as needed
• Use beta-blockers and antiarrhythmic drugs as 

needed

 Bleeding • Vertical skin incision for cesarean delivery
• Ensure obstetric incision hemostasis before 

proceeding with cardiopulmonary bypass
• Uterotonic medications as needed

Fetal Delay cardiac surgery to later gestational age if 
possible

Avoid emergent surgery if possible

  Fetal 
demise

• Avoid hypothermia
• Maintain normal potassium levels
• Avoid hypoxemia
• Minimize blood loss
• Avoid hypoglycemia
• Minimize cardiopulmonary bypass time
• Maintain high flow rate (>2.5 L/min/m2) and 

pulsatile flow
• Fetal heart rate monitoring intraoperatively 

(goal 110–160 bpm)
• Post-operative progesterone administration
• Magnesium administration in select cases

  Preterm 
birth

• Avoid hypothermia
• Pulsatile flow to the uterus
• Maintain adequate mean arterial pressure 

(70–75 mmHg)
• Minimize cardiopulmonary bypass time
• Postoperative progesterone administration and 

magnesium administration have been proposed 
with limited data

 RDS Preoperative administration of steroids for fetal benefit

Abbreviation: RDS, respiratory distress syndrome.
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and ephedrine [3,5]. Pregnancy is intrinsically a hypercoagu-
lable state, so antifibrinolytic agents such as tranexamic acid 
should be limited to patients with concern for ongoing bleed-
ing [5]. For women beyond 20 weeks’ gestational age, uterine 
displacement by placement in the left lateral recumbent position 
is recommended [5]. For women beyond 24 weeks gestational 
age, it is reasonable to administer preoperative steroid for fetal 
lung maturation [3]. Fetal heart rate monitoring is recommended, 
with adjustment in hemodynamics for a goal fetal heart rate of 
110–160 bpm. Following surgery, continuous and frequent fetal 
monitoring is recommended due to the high risk of fetal demise 
in the early postoperative period [3]. Preoperative neonatology 
consultation is also advised, in the event of premature delivery.

Clinical Scenarios That May Benefit 
by a Combined Cesarean Delivery and 
Cardiopulmonary Bypass Surgical Procedure

There are times when a combined cesarean delivery and car-
diac surgery is the most appropriate management plan for the 
patient. This typically involves a cesarean delivery in the cardiac 
operating room, with immediate institution of cardiopulmonary 
bypass following closure of the uterine incision and packing of 
the abdominal wound [5]. After completion of the cardiac pro-
cedure and chest closure, the abdominal wound is inspected and 
closed after hemostasis is established [5]. This combined proce-
dure should be considered when the patient requires an emergent 
surgical intervention in the setting of a viable fetus.

• Viability: If the fetus is viable (more than 24 weeks’ 
gestation), one must balance the risk of exposing the 
fetus to cardiopulmonary bypass (undelivered) versus 
proceeding with preterm delivery immediately prior to 
cardiac surgery.

• Gestational age: If the fetus is more than 28 weeks’ 
gestation, it is typically lower risk for the baby to 
deliver immediately prior to initiation of cardiopul-
monary bypass than to proceed with surgery while the 
patient is still pregnant. This reduces the exposure of 
the baby to cardiopulmonary bypass.

• Risk versus benefit: A combined procedure reduces fetal 
exposure to cardiopulmonary bypass, though additional 
blood products may be required during surgery. Overall 
this strategy has been reported as safe for mother and 
baby [5].

Anesthesia Considerations

The rate of failed intubation in pregnant patients is higher in the 
pregnant patient than in the general population due to physiologic 
and anatomic change associated with pregnancy [21]. Cricoid 
pressure is often applied during airway intubation, and assis-
tance of videolaryngoscopy may be useful [21]. Pregnant women 
are also at higher risk of aspiration and have reduced functional 
capacity, increased minute ventilation, and the potential for rapid 

desaturation [21]. Pregnant women undoing general anesthesia 
are generally preoxygenated, and an induction agent such as pro-
pofol or ketamine is administered in addition to a muscle relaxant 
such as succinylcholine or rocuronium [21]. Due to lipid solubil-
ity, all inhaled and most intravenous anesthetic agents cross the 
placenta [1]. Volatile anesthetics also may reduce placental blood 
flow and cause uterine relaxation [1].

Multidisciplinary team planning plays a crucial role in suc-
cessful outcome of the mother and the fetus, as shown in the 
checklist in Box 19.1.

Conclusion

Cardiac surgery can be safely performed in pregnant women, 
however, it should be reserved for cardiac conditions refractory 
to medical therapy, without an option for an interventional pro-
cedure in a mother whose life is at stake. Maternal risks are com-
parable to surgical risks in the nonpregnant state unless surgery 
is emergent. Fetal risks are optimized through careful multidisci-
plinary planning, management of cardiopulmonary bypass, and 
intraoperative fetal heart rate monitoring. Gestational age must 
be taken into account when determining the timing of cardiac 
surgery and the need for cesarean delivery, as fetal outcomes are 
undoubtedly better at later gestational ages. In these situations, 
preterm delivery may be a safer option for the baby prior to pro-
ceeding with cardiac surgery for the mother.

BOX 19.1 CHECKLIST FOR PREGNANT 
WOMEN UNDERGOING CARDIAC SURGERY

PREOPERATIVE

◻ Multidisciplinary consultation
• Maternal-fetal medicine
• Cardiology
• Cardiac surgery
• Obstetric anesthesia
• Cardiac anesthesia
• Neonatology
• Nursing

◻ Fetal steroid administration (if >24 weeks’ 
gestation)

◻ Fetal magnesium sulfate administration (if 
<32 weeks’ gestation)

OPERATIVE

◻ Airway: Videolaryngoscopy
◻ Positioning: Left uterine displacement
◻ Fetal heart monitoring
◻ Cesarean delivery tray available
◻ Obstetrician available

POSTOPERATIVE

◻ Continuous fetal monitoring
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Cardiovascular Medications in Pregnancy
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Introduction

Cardiovascular disease (CVD) is currently one of the leading 
causes of mortality in pregnant women [1–4], affecting 1%–2% of 
pregnancies [5]. Having a good understanding of the use of cardiac 
medications during this time is important to ensure appropriate 
management of these patients. However, pharmacological therapy 
for CVD during pregnancy can be challenging because the effects 
of the medications often change throughout gestation. The phar-
macokinetics of the cardiovascular medications is affected by the 
physiological changes in pregnant women; the metabolism and the 
efficacy of the medications are usually altered [4]. Most cardiac 
conditions require use of medications. According to the Registry 
of Pregnancy and Cardiac Disease (ROPAC), up to one-third of 
women with CVD use cardiac medications during pregnancy, and 
this use was associated with increased fetal risk such as intrauter-
ine fetal growth restriction (IUGR) [6]. The majority of data on the 
safety of medication use during pregnancy rely on observational 
studies and expert opinion. It should be kept in mind that drug use 
in pregnancy affects both the mother and the fetus, and therefore 
pharmacologic agents are chosen to address those concerns.

Drug Risk Categorization

The U.S. Food and Drug Administration (FDA) previously used 
pregnancy risk categories A, B, C, D, and X, with most cardio-
vascular drugs categorized as B (no animal studies have shown 
risk/no controlled studies in humans) or C (animal studies have 
shown adverse effect/no controlled studies in humans). In 2015, 
the FDA introduced new risk guidelines for various medications 
in pregnancy and lactation [7]. This new categorization pro-
vides narrative sections for pregnancy and lactation, an overall 

risk based on known data, and the effects on women and men of 
reproductive potential. However, implementation of these guide-
lines will occur in stages over a 5-year period. Even though most 
providers continue to use the U.S. FDA-approved pregnancy risk 
categories as outlined above [4], the new system should be fol-
lowed as much as possible, as it is a more detailed description of 
effects of drugs on pregnancy and lactation.

Pharmacokinetics in Pregnancy

The physiological changes in pregnancy affect many body organs, 
including the cardiac, hepatic, and renal systems (Table  20.1). 
Important changes include:

 1. Delayed gastric emptying and motility

 2. Prolonged small bowel transit time

 3. Gastroesophageal reflux

 4. Increased plasma volume and fat accumulation

 5. Increased volume of distribution

 6. Decreased albumin and plasma binding proteins

 7. Increased minute ventilation

 8. Increased hepatic clearance

 9. Increased renal clearance

 10. Hypercoagulability

All of these changes may affect drug distribution and clearance 
[5]. For instance, the glomerular filtration rate (GFR) increases 
by 25% during pregnancy leading to an increase in the clearance 
rate on medications that are primarily excreted by the kidneys 
[5,8]. The increase in the amount of body fat and plasma volume 
can also affect the medication’s concentrations [4]. These factors 

KEY POINTS

• Pharmacokinetics of the cardiovascular medications are 
affected in pregnancy due to physiologic changes that 
affect metabolism and efficacy of various drugs

• Hydralazine and nitrates can be substituted for ACE inhib-
itors in treatment of heart failure in pregnancy

• Beta-blockers are the most commonly used cardiac medi-
cation in pregnancy

• Drugs that easily cross the blood–brain barrier usually 
enter breast milk more readily

• Nifedipine and propranolol have similar drug concentra-
tions in the breast milk as in the maternal plasma
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are important to keep in mind when prescribing medications to 
women during their pregnancy. The hormonal influences during 
pregnancy on the liver increase or decrease metabolism of some 
drugs without clear patterns. It should also be kept in mind that 
pregnancy is a hypercoagulable state associated with increased 
risk of thromboembolism.

The dynamic physiological changes of pregnancy clearly 
affect the pharmacokinetic processes. Increased activity of liver 
enzyme systems, GFR, plasma volume, protein binding changes, 
and decreased serum albumin levels contribute to changes in 
the pharmacokinetics of many medications [9,10]. The hormon-
ally induced alterations in receptor and transport expression may 
affect drug activity at receptor sites, and therefore pregnancy 
introduces unpredictability to the body’s handling of medications.

Absorption

Increased progesterone levels can delay intestinal motility in the 
small bowel while nausea and emesis can inhibit the absorption 
of medications. Many changes in medication absorption during 
pregnancy remain mostly theoretical and not proven.

Volume of Distribution (Vd)

There is an ∼50% increase in plasma volume and total body 
water during pregnancy, increasing the Vd of hydrophilic and 
lipophilic substances. As Vd rises throughout pregnancy, the 
concentrations of a drug may decrease, requiring an increase 
in drug dosage. The concentration of drugs during pregnancy 
depends not only on the Vd but also on the clearance of the drug 
by the different organ systems (i.e., lungs, kidneys, and liver). 
Vd is also affected by the amount of drug bound to plasma pro-
teins (e.g., albumin). Therefore, the net exposure of a drug during 
pregnancy depends on the interplay between Vd, degree of bind-
ing to serum proteins, extraction ratio, and clearance [11].

Hepatic Clearance

Hepatic extraction ratio refers to the fraction of drug removed 
from the circulation by the liver. Some drugs like propranolol, 
verapamil, and nitroglycerin are rapidly taken up into hepa-
tocytes, and their clearance depends on the rate of blood flow 
to the liver. In pregnancy, perfusion to the liver stays stable or 
increases, causing some drugs to be metabolized faster, which in 
turn may require an increase in drug dosing. Clearance of those 
drugs that are not affected by hepatic clearance, such as warfa-
rin, depends on the intrinsic hepatic activity as well as on the 
unbound fraction of the drug in plasma [12].

Renal Clearance

Effective renal plasma flow increases as much as 50%–85% in 
pregnancy [8]. GFR increases by 45%–50% by the end of the 
first trimester [8] and continues to rise until term, with a pos-
sible  downtrend in the last few weeks. The tubular function 
remains variable [13].

Medications in Pregnancy

Some cardiovascular medications may be continued in preg-
nancy, but others are teratogenic and will need to be changed 
during pregnancy. Medications such as beta blockers, digoxin, 
and furosemide are safe in pregnancy [4], whereas angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin receptor 
blockers (ARBs) are contraindicated in pregnancy (Table 20.2). 
Patients on ACEI or ARB for treatment of heart failure and/or 
hypertension would need to switch these medications to a safer 
alternative because of their teratogenic potential once pregnancy 
is confirmed, or ideally, prior to anticipated pregnancy [1,4]. 
Table 20.3 lists commonly used cardiovascular medications.

Hypertension

Hypertension is one of the most common comorbidities seen 
in pregnant women, affecting approximately 5%–10% of 

TABLE 20.1

Pharmacology and Hemodynamic Changes in Pregnancy

Renal Circulation Hematology

Increased 
reabsorption

Decreased urinary 
motility

Increased glomerular 
filtration rate

Increased secretion
Increased renal 
clearance

Hemodilution
Decreased in 
binding proteins

Increased in 
volume of 
distribution

Increased tissue fat
Increased plasma
Increased red 
blood cells

Increase in fibrinogen
Increased von 
Willebrand factor

Decreased 
fibrinolysis

Increased coagulation
Decreased protein C
Decrease in protein S
Increased clotting 
factors

Gastrointestinal Hepatic Pulmonary

Increase in gastric pH
Decreased absorption
Decreased bowel 
motility

Increased hepatic 
clearance

Increased hepatic 
perfusion

Increased 
enzymatic 
activity

Decreased total lung 
capacity

Hyperventilation
Increased minute 
ventilation

TABLE 20.2

Medications Contraindicated in Pregnancy

Medication 
Classification

FDA 
Category

Safety in 
Pregnancy

Safety in 
Lactation

Aldosterone 
antagonists

Variable Contraindicated Contraindicated

Statin X Contraindicated Contraindicated

DOACs Variable Contraindicated Contraindicated

ERAs X Contraindicated Contraindicated

ACEIa D Contraindicated Use with caution

ARB D Contraindicated Unknown

Abbreviation:  DOACs, direct oral anticoagulants; ERAs, endothelin 
receptor antagonists; ACEI, angiotensin converting 
enzyme inhibitor; ARB, angiotensin receptor blocker.

a Some ACEI medications such as enalapril, captopril, and benaz-
epril are safe in lactation.
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TABLE 20.3

Common Cardiac Medications in Pregnancy

Medication FDA Teratogenicity Fetal Effects Safety in Lactation

Antiarrhythmic

Amiodarone D No Fetal thyroid toxicity Contraindicated

Procainamide C No Use with caution Use with caution

Sotalol B No Human data suggests risk Possibly hazardous

Lidocaine B No Safe Safe

Flecainide C No Limited human information Use with caution

Phenytoin C No Hemorrhagic disease of newborn Safe

Atrioventricular nodal blocking drugs

Adenosine C No information Safe Use with caution

Digoxin C No Safe Safe

Beta-blockers

Metoprolol C No Potential growth restriction Use with caution

Atenolol D No Potential growth restriction Use with caution

Esmolol No Beta blockade in the fetus Unknown

Labetalol C No Safe Use with caution

Carvedilol C Limited information Potential growth restriction Unknown

Propranolol C No Safe Use with caution

Calcium channel blockers

Nifedipine C No Safe Safe

Amlodipine C No Use with caution Use with caution

Diltiazem C No Safe Use with caution

Verapamil C No Safe Safe

Inotropic drugs

Dopamine C No Safe May inhibit prolactin release

Dobutamine B No Safe Unknown

Norepinephrine C No Safe Unknown

Vasodilators

Hydralazine C No Safe Safe

Ephedrine sulfate C No Safe Caution with chronic use

Nitroglycerin C No Use with caution Unknown

Isosorbide dinitrate C No Use with caution Unknown

Nitroprusside C No Potential fetal cyanide toxicity 
with high doses

Use with caution

Antiplatelet

Aspirin C No Use with caution Use with caution

Clopidogrel B No Use with caution Use with caution

Ticagrelor C Limited information Use with caution Unknown

Anticoagulation

Heparin C No Safe Safe

Enoxaparin B No Safe Safe

Warfarin D Limb defects, nasal hypoplasia Fetal hemorrhage Safe

Argatroban B No Use with caution Unknown

Direct factor Xa inhibitors
(rivaroxaban or apixaban)

No Crosses placenta, bleeding risk No information

Alpha blockers

Alpha-methyldopa B No Safe Safe

Clonidine C No Use with caution Unknown

(Continued)
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pregnancies globally [1,5]. In the United States, high blood pres-
sure (BP) during pregnancy is a serious concern since it contrib-
utes to maternal and fetal morbidity and mortality [14]. Maternal 
complications can include strokes, organ failure, and placental 
abruption [1,14,15]. The fetal complications can include preterm 
delivery, growth restriction or retardation, and fetal death [1,14].

Pharmacological management is needed for hypertensive preg-
nant patients, but the medication used will depend on the patient’s 
condition and its effect on the fetus [1]. Studies show labetalol, 
methyldopa, and nifedipine can safely be used during pregnancy 
[1,5,15,16]. Although frequently used in nonpregnant patients, 
treatment with diuretics for hypertensive disorders in pregnancy 
requires balancing BP control with adequate placental perfusion. 
There is a theoretical risk of decreased uterine blood flow and fetal 
growth restriction due to decreased blood volume when starting 
hydrochlorothiazide, so initiation during pregnancy is generally not 
advised [14]. A review of 11 randomized controlled trials on thia-
zide diuretics in the treatment of hypertension during pregnancy 
showed an overall reduction in risk of progression to preeclampsia 
and proteinuria (RR 0.66, p  =  0.001, and 0.86, p < 0.005) with-
out a statistically significant change in fetal mortality or stillbirths. 
In addition, women taking hydrochlorothiazide before pregnancy 
were not found to have changes in maternal or fetal outcomes com-
pared with those who were not on the medication [17].

Beta blockers are an additional option for BP control. Although 
literature notes that fetal exposure to beta blockers may be asso-
ciated with low birthweight, labetalol is a pregnancy class-C 
alpha- and beta-adrenergic antagonist that has traditionally been 
a first-line agent against hypertensive disorders in pregnancy. 
Labetalol has been shown to effectively reduce maternal BP 
and decrease both maternal and fetal morbidity and mortality 
in mild to moderate hypertension [18]. Metoprolol succinate 
is a beta-selective adrenergic antagonist in pregnancy class C. 
An open controlled trial for its use in moderate hypertension in 
pregnancy showed significantly better BP control than placebo 
without increases in preterm labor or maternal and fetal compli-
cations [19]. Carvedilol is dependent on renal elimination, which 

can lead to greater amounts of drug excretion and thus higher 
doses during pregnancy given increases in GFR. Atenolol is a 
pregnancy class-D beta-adrenergic antagonist, which should be 
avoided in pregnancy, especially in the first trimester [20,21].

Methyldopa is a pregnancy class-B alpha-2 receptor ago-
nist traditionally used in hypertensive pregnant women. Its use 
shows no observed differences in fetal morbidity and mortality 
compared with placebo and similar maternal BP control and 
outcomes to labetalol. Methyldopa use against hypertension in 
pregnancy is thus both safe and effective [22].

Nifedipine is also a dihydropyridine calcium channel antag-
onist in pregnancy class C, available in long- and short-acting 
formulations [23]. Diltiazem and verapamil are non-dihydropyr-
idine calcium channel antagonists, and also fall into pregnancy 
category C [24].

Nitroglycerin is the drug of choice for women who have pre-
eclampsia with pulmonary edema [1]. Hydralazine has been used 
in pregnancy for maintenance therapy as well as for the treatment 
of hypertensive emergencies [16]. An increased risk of fetal cyanide 
poisoning has been shown with sodium nitroprusside so it should 
be avoided when possible. In general, according to the American 
College of Cardiology/American Heart Association Task Force 
clinical practice guideline recommendations on the management of 
pregnant patients with high BP, women should be switched over to 
nifedipine, methyldopa, or labetalol if they are currently pregnant 
or plan to become pregnant in the near future [25].

ACEIs are a mainstay of hypertension and heart failure treat-
ment in nonpregnant populations. In pregnant women, they have 
been associated with complications, including renal dysplasia, 
pulmonary hypoplasia, and growth restriction [26]. As approxi-
mately 50% of pregnancies are unplanned, ACEIs should be 
avoided not only in pregnant women but also in all women of 
childbearing age using no contraception, given their severe side 
effects [22]. ARBs such as losartan and valsartan, also com-
monly used to treat hypertension and heart failure, are classed 
pregnancy category D due to congenital abnormalities similar to 
those for ACEI use [26].

TABLE 20.3 (Continued)

Common Cardiac Medications in Pregnancy

Medication FDA Teratogenicity Fetal Effects Safety in Lactation

Diuretics

Furosemide C No Safe Caution

Hydrochlorothiazide B No Use with caution Safe

Metolazone B No Use with caution Unknown

Torsemide B No Use with caution Unknown

Pulmonary hypertension drugs

Sildenafil B No Use with caution Use with caution

Treprostinil C No Unknown Unknown

Epoprotenol B No Use with caution Unknown

Source: Data derived from Halpern DG et al. J Am Coll Cardiol. 2019;73(4):457; ACOG Practice Bulletin #212 2019; https://chemm.nlm.nih.
gov/pregnancycategories.htm.

FDA Categories:  (A) Well-controlled studies have not shown fetal risk. (B) Animal studies have not shown fetal risk. (C) Animal studies have 
shown side effects on the fetus. (D) Human studies have shown side effects on the fetus. However, use of the medications 
may be warranted if there are potential benefits. (X) Human and animal studies have shown fetal risk or abnormalities, which 
outweigh potential benefits.

Abbreviation: FDA, Food and Drug Administration.

https://chemm.nlm.nih.gov/
https://chemm.nlm.nih.gov/
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Heart Failure

One of the causes of morbidity and mortality in pregnant women 
and their fetus is heart failure. However, due to its nonspecific 
symptoms, it is sometimes difficult to diagnose. Women experi-
ence swelling to their lower extremities, dyspnea on exertion, and 
fatigue, but all of these symptoms can be considered normal in 
pregnancy [4]. Patient complaints need to be assessed carefully 
based on the heart failure guidelines. Once it is diagnosed, the 
management is not significantly different from patients who are 
not pregnant, except teratogenic medications need to be avoided. 
The goal of managing heart failure is improving prognosis and 
symptoms. Heart failure should be treated according to guide-
lines on acute and chronic heart failure. During pregnancy, 
ACE inhibitors, ARBs, and renin inhibitors are contraindicated 
because of fetotoxicity.

Medications with proven mortality benefit include beta-
blockers, ACEIs, ARBs, and aldosterone antagonists [27]. These 
medications include mineralocorticoid receptor antagonists, 
angiotensin receptor neprilysin, ACEI, ARB, and atenolol [1]. 
Diuretics can be used if needed for pulmonary congestion, but 
since it can decrease cardiac output and placental blood flow, 
avoiding them would be preferable [1,5].

Heart failure with pulmonary congestion is treated with loop 
diuretics and thiazides if required; however, diuretics should 
be avoided in the absence of pulmonary congestion, due to the 
potential reduction in placental blood flow [28]. Hydralazine and 
nitrates can be used instead of ACEIs/ARBs for afterload reduc-
tion. Dopamine and levosimendan can be used if inotropic drugs 
are needed. Beta blockers can also be used in pregnancy but 
should be prescribed with careful titration to the tolerated dose 
[1]. Beta-blocker treatment is indicated for all patients with con-
gestive heart failure if it is tolerated, with the preference of using 
B1-selective drugs (i.e., metoprolol). Atenolol should not be used. 
Diuretics should only be used if pulmonary congestion is pres-
ent since they may decrease blood flow over the placenta [29]. 
Furosemide and hydrochlorothiazide are the two most frequently 
used. Aldosterone antagonists such as spironolactone should also 
be avoided since it can be associated with antiandrogenic effects 
in the first trimester. Data for eplerenone are lacking [30].

Management of acute heart failure and cardiogenic shock in 
pregnancy is based on current heart failure guidelines. Diuretics 
such as furosemide, bumetanide, and hydrochlorothiazide are 
used for symptomatic pulmonary edema and, as mentioned 
before, hold the risk of decreasing placental perfusion and caus-
ing an electrolyte imbalance in the fetus. For afterload reduction, 
hydralazine plus nitrates are used in place of ACE inhibitors 
and ARBs. After initial stabilization, beta blockers should be 
initiated, and digoxin can be considered. Postpartum, neurohor-
monal blockade can be restarted [1]. Paucity of data and lack of 
guidelines exist in regard to inotrope and vasopressor use for 
the critically ill pregnant patient. For inotrope support, dopa-
mine and dobutamine have been safely used in pregnancy (119). 
Levosimendan, a calcium sensitizer, is recommended in the 
setting of postpartum cardiomyopathy, as dobutamine may be 
associated with heart failure progression in these patients [31].

Digoxin is a pregnancy class-C sodium/potassium ATPase 
inhibitor and direct suppressor of atrioventricular nodal 

conduction. It crosses the placenta readily during later preg-
nancy, but no adverse effects have been observed to the mother 
or fetus. Digoxin is generally used in pregnant women with per-
sistent heart failure symptoms on beta-blockers, nitrate/hydrala-
zine, and diuretic therapy [32].

Overall, review of the literature showed that when beta block-
ade is indicated, metoprolol is the most effective and safest option 
of beta-blockers studied. Furosemide is effective for volume con-
trol in heart failure, but with limited outcome data for mothers 
and fetuses, its use should be sparing and carefully monitored. 
Digoxin is safe for patients with persistent symptoms despite 
beta blockade, nitrate/hydralazine therapy, BP control, and fluid 
status optimization. ACEIs, ARBs, aldosterone antagonists, and 
newer agents such as sacubitril should be avoided.

Medication Safety during Lactation

All medications can enter breast milk, but how readily the drug 
passes into mature milk depends on several factors including:

 1. Drug molecular weight

 2. Lipid solubility

 3. Protein binding

 4. Volume of distribution

 5. Half-life

 6. Acid dissociation constant (pKa)

Generally, agents that easily cross the blood–brain barrier 
usually enter breast milk more readily [1,33]. Many women need 
to continue with their medications postpartum for the manage-
ment of cardiomyopathies and hypertension so it is important for 
providers to consider the effects these medications may have on 
breastfeeding [4].

Patients on medications during lactation should be informed 
that their cardiac medications can be passed on to their breast 
milk, but fortunately, the small quantity that enter the breast 
milk are usually insignificant. Medications that are catego-
rized as safe have a relative infant dose of less than 10%, and a 
majority of the cardiac medications have a relative infant dose 
of less than 1% [4]. The two antihypertensive medications that 
have similar drug concentrations in the breast milk as maternal 
plasma are nifedipine and propranolol. Most of the other antihy-
pertensives have very low drug concentrations when they reach 
the breast milk [1].

It is also important to note the possible adverse effects asso-
ciated with each of the different classification of medications. 
Diuretics can reduce the amount of milk produced in lactating 
women, which can lead to dehydration and lethargy in their 
infants. For women taking calcium channel blockers or beta-
blockers, their infants should be assessed for drowsiness, pal-
lor, weight gain, and poor feeding, as well as lethargy. The use 
of ACEIs such as enalapril appears to be safe in women who 
are lactating and breastfeeding, as long as the fetal weight is 
monitored routinely (every 4 weeks). ARB use during lactation, 
however, is not well described and their use postpartum is not 
advised with breastfeeding since little data is known about its 
effects [4,33].
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Conclusion

Patients with cardiovascular disease who have higher-risk pregnan-
cies should be followed with a multidisciplinary team that includes 
maternal-fetal medicine, obstetrics, cardiologists, anesthesia, pri-
mary care providers, and pharmacology experts [4,34–36]. Certain 
hypertension and heart failure medications are safe during preg-
nancy and play an important role in the management of high-risk 
patients, mitigating the rise in maternal mortality. Nevertheless, 
continued research evaluating safety and efficacy profiles of other 
cardiac medications in pregnancy is critical to reversing the trend 
of increasing maternal mortality in the United States.
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Cardiopulmonary Resuscitation in Pregnancy
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Incidence

The incidence of cardiac arrest in pregnancy is between 1:12,000 
and 1:36,000 pregnancies. Population-based estimates of the 
incidence of maternal cardiac arrest show about 8–8.5 cases per 
100,000 delivery hospitalizations in North America [1,2]; how-
ever, these data do not distinguish between antepartum, intra-
partum, and postpartum cardiac arrests. Similar rates have been 
reported in the United Kingdom, i.e., 6.3 per 100,000 (1:16,000).

Etiology

Maternal cardiac arrest may result from any of the factors associ-
ated with adult cardiac arrest. Pregnancy-specific etiologies must 
be included in the differential, such as amniotic fluid embolism, 
magnesium toxicity, and local anesthetic systemic toxicity.

Survival Rates

Analysis of 56 million U.S. delivery hospitalizations between 
1998 and 2011, containing 4843 cases of maternal cardiopulmo-
nary arrest [1], showed that overall survival to hospital discharge 
was 59%, which is about three times higher than the cardiac arrest 
survival of women of childbearing age who are not pregnant (19%) 
[4]. Survival varies with the etiology of cardiac arrest, with high-
est rates (86%) noted in arrest due to magnesium toxicity and 82% 
due to anesthesia-related causes. Maternal survival after cardiac 
arrest due to anesthetic complications from the UK was reported 
excellent (100%), while lower in etiologies [3]. Furthermore, sur-
vival was much lower when the arrest occurred at home or in an 
ambulance rather than in the hospital (summarized in Box 21.1).

A direct comparison of women who received CPR in- hospital, 
drawn from the U.S. National Inpatient Sample, showed that 

KEY POINTS

• Maternal cardiac arrest occurs in 8–8.5 per 100,000 deliv-
ery hospitalizations

• Manual chest compressions with rescue breaths is inherently 
inefficient with respect to generating adequate cardiac output

• Additional differential diagnosis of maternal cardiac 
arrest includes amniotic fluid embolism, magnesium tox-
icity, and local anesthetic systemic toxicity

• In most cases of maternal cardiac arrest, the initial rhythm 
is not shockable

• Preparations for early resuscitative cesarean delivery should 
occur in parallel to maternal resuscitation to affect delivery 
within 5 minutes of maternal cardiac arrest

BOX 21.1 ETIOLOGY AND SURVIVAL 
OF MATERNAL CARDIAC ARRESTc

Cause

Proportion of 
Maternal 

Cardiac Arrests 
(% of total)

Survival to 
Hospital 

Discharge (%)

Obstetric hemorrhage 45–60 43–73

Heart failure 13–32 71–74

Amniotic fluid embolism 12–13 52–67

Sepsis 9–11 47–60

Anesthesia complication 8–13 82–100

Venous embolisma 6–14 12–53

Eclampsia 6–7 76–85

Cerebrovascular disorder 4–5 0–40

Trauma 2–3 23–56

Pulmonary edema 2–5 71–77

Myocardial infarction 1–3 33–56

Magnesium toxicityb 1 86

Asthma 1–2 0–54

Anaphylaxis <1–2 100

Aortic aneurysm, 
dissection, or rupture

<1–2 0–25 (this 25% 
represents 1 of 4 

reported)

Hypoxiab 7 100

Hypovolemiab 22 62

Cardiac causeb 12 86

Note: Rounded to nearest integer; may not sum to 1 because 
 differentially partitioned in different datasets.

a Category as “obstetric embolism” in [2], where it includes both 
venous and air embolism.

b Category appears in only one reference.
c Compiled from references [1–3].
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pregnant women who received CPR were more likely to survive 
than nonpregnant women in the same age cohort (71% vs. 49%) 
[5]. There was no survival advantage to pregnancy when the 
arrest was due to trauma or traumatic injuries [6]. In a separate 
analysis of the American Heart Association’s voluntary registry, 
survival for in-hospital maternal cardiac arrest was 41% [7].

Out-of-Hospital Cardiac Arrest

Limited information is available specifically on out-of-hospital car-
diac arrest (OHCA) in pregnancy. In a Toronto database of OHCA 
between 2010 and 2014, there were six maternal OHCAs, all in 
the third trimester, out of a total of 1085 reproductive age women 
[8]. Only one woman (17%) and two newborns (33%) survived to 
hospital discharge, even though return of spontaneous circulation 
(ROSC) was achieved in 50% of pregnant women, a rate three 
times higher than in nonpregnant counterparts. A retrospective 
study identified two survivors among 16 pregnant women who sus-
tained OHCA between 2009 and 2014; both women were in their 
first trimester who had arrested due to a cardiac cause with ROSC 
prior to arrival at the hospital [9]. The sole fetal survivor was born 
at term to one of these women. These small studies suggest that the 
outcome for OHCA in pregnancy is poor for both mother and baby. 
Nonpregnant young adults who experience OHCA also have a poor 
prognosis, with 6%–10% probability of survival [10,48].

Etiology and Risk Factors for 
Maternal Cardiac Arrest

Leading causes of maternal cardiac arrest are summarized in 
Box 21.2 [11,12].

• In most cases of maternal cardiac arrest, the initial 
rhythm is non-shockable, with 50% being pulseless 
electrical activity and 25% being asystole [7].

• African American women are overrepresented, com-
prising 25%–35% of cases of maternal cardiac arrest 
despite being about 10% of the population in the United 
States [1,7].

• Preexisting medical conditions are associated with 
higher odds of maternal cardiac arrest [1].

• The majority of cases of maternal cardiac arrest are pre-
ceded by respiratory insufficiency and/or hypotension [7].

Challenges in Performing CPR Pregnancy

Conventional cardiopulmonary resuscitation (CPR) is inherently 
inefficient with respect to generating cardiac output [13], and that 
is without the additional challenges imposed by pregnancy. In 
addition, there may be legal, sociologic, or cultural factors at play 
when a pregnant woman suffers a cardiac arrest [14].

Physiology

Normal pregnancy requires maternal physiologic adaption in all 
organ systems. The growing uterus, fetus, and placenta impose 

mechanical and metabolic demands, which have the potential to 
complicate critical situations such as cardiac arrest and resuscita-
tion. An understanding of pregnancy anatomy and physiology is 
crucial in recognizing and responding to critical situations (see 
Box 21.3).

A key point in pregnancy physiology is the decrease in cardiac 
output (CO) in the supine position past mid-pregnancy because 
of compression of the IVC by the enlarged uterus, which has 
been known for over 50 years [15]. More recently, cardiac mag-
netic resonance imaging (MRI) studies demonstrate an incre-
mental effect of pregnancy-induced IVC compression in later 
gestation and the variation in cardiac output from supine to left 
lateral position. There is an increase in ejection fraction by 11%, 
left ventricular end diastolic volume by 21%, stroke volume by 
35%, left atrial volume by 41%, and cardiac output by 24% by 
shifting the patient from supine to left lateral position [16]. MRI 

BOX 21.2 ETIOLOGIES OF 
MATERNAL CARDIAC ARREST

A Anesthesia-
related

Airway loss
Aspiration
Local anesthetic systemic injury
High spinal

  Accidents Trauma
Drowning
Suicide

B Bleeding Placental abruption
Uterine rupture
Placenta previa/accreta
Uterine atony
Retained placenta

C Cardiovascular Arrhythmia
Aortic dissection or rupture
Myocardial infarction
Cardiomyopathy
Congenital heart disease

D Drugs Licit (oxytocin, magnesium, insulin, opioids)
Illicit (opioids, others)
Anaphylaxis
Drug error

E Embolism Amniotic fluid embolism
Pulmonary embolism
Venous air embolism
Cerebral embolism

F Fever Infection

G General
H’s & T’s

Hypovolemia
Hypoxia
Hypothermia
Hydrogen ion (acidosis)
Hypo/hyperkalemia
Toxins
Tamponade
Tension pneumothorax
Thrombosis (coronary or pulmonary)

H Hypertension Preeclampsia/eclampsia
HELLP syndrome (hemolysis, elevated liver 
enzymes, low platelets)

Stroke

Source: Jeejeebhoy FM et  al. Circulation. 2015;132:1747–73; 
Zelop CM et al. Am J Obstet Gynecol. 2018;219(1):52–61.
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shows the inferior vena cava is almost completely occluded in the 
supine position when a pregnancy is at term [17], which can be 
remedied by lateral tilt positioning to a minimum of 30 degrees 
or more [16–18], a position which tends to see patients sliding 
off the underlying surface. Indirect methods also show a mod-
est variation in CO [19]; however, these methods have not been 
validated for use in pregnancy [20,21].

CPR in a tilted position results in inefficient compressions [22], 
whereas CO is compromised in the supine position. Proposed 
solutions range from the Cardiff wooden wedge [22], preformed 
foam wedge [23], and the “human wedge” in which the patient is 
supported on the thighs of a kneeling rescuer [24]. The American 
Heart Association (AHA) and European Resuscitation Council 
(ERC) recommend that an additional rescuer manually displace 
the uterus, either pulling it from the left or pushing it from the 
right, with upward and lateral pressure [11,25,26] (see Figures 
21.1 and 21.2). The International Consensus on Cardiopulmonary 
Resuscitation (ILCOR) guidelines, however, differ from most 
others, stating that there is inadequate evidence to make a rec-
ommendation about left lateral tilt or uterine displacement dur-
ing CPR in a pregnant patient [27].

Fetoplacental Perfusion and Oxygenation

In humans, the uterine arteries dilate during pregnancy and 
increase in diameter by nearly fivefold [28], which makes pla-
cental perfusion largely dependent on a pressure head, with very 
limited or absent vasoreactivity. Oxygen (O2) and carbon dioxide 

(CO2) transfer across the placenta along the pressure gradient 
between maternal intervillous blood and the fetal blood in vil-
lous capillaries [29]. As CO2 diffuses into maternal blood, its 
decreasing pH favors release of O2 and enhances O2 transfer to 
the fetus. Fetal hemoglobin has inherently higher O2 affinity, fur-
ther favoring uptake.

The fetal response to impaired perfusion and asphyxia mani-
fests by bradycardia and redistribution of blood flow [30], which 
are compensatory responses to allow defense against moder-
ate hypoxia. The preterm fetus has a less robust cardiovascu-
lar response to interruption of blood flow, however, and may 
be able to survive longer primarily due to greater cardiac gly-
cogen reserve compared to the term fetus [30]. Human studies 
are not feasible, but fetal lambs show a failure of compensatory 
responses by about 12 minutes following complete umbilical 
cord occlusion [30]. The fetus is clearly at risk of injury and/
or death when uteroplacental blood flow is interrupted; however, 
maternal CPR takes precedence and delivery is advisable as a 
resuscitative measure for the mother.

Approach to Cardiac Arrest 
in the Pregnant Patient

ILCOR and AHA guidelines were revised in 2010 to emphasize 
circulation (rather than airway or breathing) as the initial step in 
resuscitation after cardiac arrest [31], and the most recent guide-
lines in 2015 [32] reiterate this focus. After verifying the scene 

BOX 21.3 PREGNANCY PHYSIOLOGY THAT AFFECTS MATERNAL RESUSCITATIONa

  Physiologic Changes Clinical Implications

Cardiovascular Total cardiac output increases by 30%–50% with 20% of 
this directed to the uterus

Following delivery, this portion of cardiac output is redirected 
away from the uterus into maternal circulation that 
potentially may contribute to maternal resuscitation

  Increased venous capacitance and vasodilation leading to 
decrease in systemic vascular resistance

Decrease in blood pressure and contributing to dependent 
edema 

  Decreased sensitivity to both endogenous and exogenous 
vasopressor substances

May affect response to vasopressors

Respiratory Increased anteroposterior diameter of the chest May affect efficacy of chest compressions

  Increased airway edema and mucosal capillary fragility Difficult intubation

  Increased minute ventilation and oxygen consumption, 
and decreased functional residual capacity

Increased oxygen demand and quick desaturation when 
oxygenation is interrupted

  Decreased thoracic compliance due to elevation of 
diaphragm and mammary growth during pregnancy

May affect efficacy of chest compressions

  Compensated respiratory alkalosis with decrease in carbon 
dioxide, serum bicarbonate, and buffering capacity

May affect acid−base balance during resuscitation

Gastrointestinal Relaxation of the lower esophageal sphincter and slowed 
transit time through the stomach and intestine

Increased risk of aspiration

  Decreased production of binding proteins Increase in free concentration of protein-bound drugs

Renal Increased renal blood flow and glomerular filtration rate Drug clearance may be affected

  Decreased tubular absorption of protein and glucose Protein and glucose spills in the urine at lower thresholds

  Relaxation of ureteric smooth muscle, compression of 
ureters at the pelvic brim by enlarging uterus

Urinary stasis

Hematologic Hemodilution Decreased colloid oncotic pressure and decrease in hematocrit

Neurologic Increased sensitivity to local anesthetics Dose adjustment may be necessary

a Compiled from references [11,70,109–112].
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is safe and the patient is unresponsive, the health care provider 
should call for help, activate the emergency response team, and 
either get the AED or send someone else to do so. The uterus 
should be displaced manually as soon as a second rescuer is 
available [11], but another method of uterine displacement is 
needed when there is only one rescuer.

If the patient has no pulse and respiratory effort is absent or 
gasping, the immediate intervention is to begin CPR, cycling 
30 compressions and 2 breaths. A firm underlying surface is 
required, such as a backboard. The AHA considers that actions 
in the basic life support (BLS) sequence should be simultaneous 
rather than sequential in maternal cardiac arrest [11], so the order 
of ventilation versus defibrillation is unclear in this population. 
In adults generally, immediate defibrillation is indicated if the 
rhythm is shockable [32,33]. Ventilations are delivered by bag-
valve-mask with FIO2 of 1.0 at an O2 flow rate of ≥15 L/min, at 
a rate of 2 ventilations to every 30 compressions; or an advanced 
airway is inserted (endotracheal or supraglottic device) and ven-
tilations are delivered at a rate of 10 per minute, without coordi-
nating or interrupting chest compressions (see Figure 21.3).

Old iterations of BLS suggested an A-B-C (Airway-Breathing-
Circulation) order of tasks, but since 2010 the recommendation 
has been C-A-B (Circulation-Airway-Breathing) [34,35]. When 
the arrest victim is pregnant, experts have suggested C-A-B-U 
(Circulation-Airway-Breathing-Uterine displacement) [11] or 
C-A-B-D (Circulation-Airway-Breathing-Delivery). A shockable 
rhythm should always be defibrillated.

How Should CPR Be Modified in Pregnancy?

There are no randomized trials focused on cardiac arrest care 
modifications for pregnancy. A 2011 systematic review of car-
diac arrest in pregnancy only addressed maternal physiology as 
it pertains to resuscitation [36]. They identified five pertinent 
articles: two on perimortem CS [37,38], two on the effect of 
lateral tilt on chest compressions [22,24], and one on thoracic 
impedance during pregnancy [39], from which they concluded 
that defibrillation energy requirements should not be altered in 
pregnancy.

Basic Life Support

Chest Compressions

The importance of high-quality chest compressions remains 
the utmost priority in national and international guidelines 
[32,49,50], as survival rates are directly linked to good-quality 
chest compressions.

The Society for Obstetric Anesthesia and Perinatology [35] 
and the European Resuscitation Council [26] had previously 
suggested hand placement higher on the sternum in pregnancy 
because of the elevation of the diaphragm. The current 2015 
AHA guidelines [11,25] do not recommend higher hand place-
ment on the sternum, nor do the ILCOR guidelines [27]. Cardiac 
MRI demonstrates no difference in cardiac position in a woman’s 
third trimester compared to 3 months postpartum [52].

Chest compressions should be performed at a rate of 100–120 
times per minute, with a compression depth 5–6 min, and recoil 

FIGURE 21.2 Method of manual left uterine displacement, performed from the patient’s left (a) and right (b).

FIGURE 21.1 A method of manual left uterine displacement from the 
patient’s left side. (From Kikuchi J, Deering S. Semin Perinatol. 2018;42:33–
8. With permission [113].)
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of the chest wall should be allowed between compressions, 
which means the rescuer cannot lean his/her weight on the chest 
[32,49,50]: inadequate recoil interferes with right heart filling 
and coronary perfusion [50]. These recommendations are not 
altered in pregnancy.

Ventilation and Oxygenation

The airway must be kept open during CPR either with head-tilt 
chin-lift, or jaw-thrust maneuver, or with the use of an oral air-
way; nasal airways are avoided in pregnancy because of edema 
and friability of nasal mucosa.

Hypoventilation or apnea causes hypoxemia faster in a preg-
nant woman, because of increased oxygen demand and reduced 
functional residual capacity. It takes only about 4 minutes of 
apnea for SaO2 to drop below 90% (compared to more than 
7 minutes in a nonpregnant adult) when neither preoxygenation 

nor passive oxygen insufflation is provided [53]. Options for oxy-
genation and ventilation are listed below.

• Bag-valve-mask ventilation does not protect the airway, 
and therefore there is risk of aspiration in pregnancy.

• Endotracheal intubation is more difficult in a preg-
nant woman because of anatomic alterations and air-
way edema, and therefore it must be undertaken by the 
most experienced provider. Cricoid pressure is neither 
required nor recommended for intubation [11].

• Supraglottic airway devices (e.g., laryngeal mask air-
way) should be considered if intubation cannot be eas-
ily accomplished.

Excessive attention to ventilation may compromise high-
quality CPR, and therefore chest compressions should continue 

Maternal cardiac arrest:
No pulse, no respirations

BLS and ACLS
in pregnancy

Start immediate chest
compressions

Manual left uterine
displacement and
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Every 2 min

Pulseless electrical
activity/asystole

Ventricular tachycardia
(pulseless)/

ventricular fibrillation

Resume chest
compressions
Epinephrine

IV/IO Q 3–5 min

Defibrillation

Resume chest compressions
Epinephrine IV/IO Q 3–5 min

IV amiodarone 300 mg
(after 2nd shock)

Perimortem cesarean delivery4–5 minutes

Bag-mask ventilation
Immediate intubation

(if skilled provider
available)

Call for help (Maternal code blue)
Call for defibrillator

FIGURE 21.3 Suggested algorithm for maternal resuscitation following cardiac arrest. (From Zelop CM et al. Am J Obstet Gynecol. 2018;219(1):52–61. 
With permission.)
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without interruptions for ventilation [54]. ILCOR recommends 
that <10 seconds be allotted for interruption of chest compres-
sions in order to deliver 2 breaths, if no advanced airway is in 
place [50]. Guidelines continue to recommend a compression-to-
ventilation ratio of 30:2 if no advanced airway is in place. Once 
an advanced airway has been achieved, ventilations should be 
delivered at a rate of 10 per minute (every 6 seconds) in parallel 
to chest compressions [54]. The ideal tidal volume during CPR 
is unknown.

A high-flow rapid-insufflation device used to preoxygenate 
prior to a general anesthetic for emergency cesarean delivery is 
thought to be useful in delaying time to oxygen desaturation [55]. 
Apneic oxygenation is an established way of maintaining oxygen 
saturation without ventilation, albeit accompanied by respiratory 
acidosis, and in a validated computational model of pregnancy 
physiology, delivering high-flow FIO2 of 1.0 during a period of 
apnea increased to nearly 60 minutes, the time required for SaO2 
to fall below 90% [56]. Thus, it would seem that providing at 
least a high flow of oxygen by facemask or high-flow nasal can-
nula might be helpful in maternal cardiac arrest until a more 
secure airway can be achieved.

Defibrillation

Most initial rhythms in maternal cardiac arrest are non-
shockable, either pulseless electrical activity or asystole [7]. 
Nevertheless, quick rhythm analysis and defibrillation where 
indicated are important components of resuscitation. Both the 
pre-shock and post-shock pause in chest compressions should 
be limited to less than 5 seconds [35]. Shocks should be single 
rather than stacked, and defibrillators with a biphasic rather than 
monophasic waveform are preferred [54]. Manufacturer’s recom-
mended energy dose should be used for the first shock if known; 
if it is not known, the responder may provide the initial shock 
at the maximum dose [54]. Similarly, if the manufacturer’s rec-
ommendation for fixed versus escalating energy in a subsequent 
shock is known, guidance should be followed; if not known, a 
higher-energy subsequent shock should be used [27,54].

There has been no study of the efficacy of various defibril-
lation strategies in pregnancy. Thoracic impedance and trans-
myocardial current delivered is unchanged in pregnancy [11,39]. 
The fibrillation threshold of the fetal heart is unknown [57], and 
it is unlikely that much of a transthoracic current delivered to the 
mother would be transmitted to the uterus.

Electronic fetal monitors if already in place should not be 
removed for the purpose of electrical safety in defibrillation 
[11,51]. Either the standard hospital defibrillator or an automated 
external defibrillator (AED) may be used with pads or paddles 
placed in the anterolateral position, with care taken to ensure the 
lateral pad is placed under the left breast [11].

Advanced Cardiac Life Support

In addition to BLS interventions (chest compressions, defi-
brillation, ventilation), advanced cardiac life support (ACLS) 
involves additional monitoring (such as capnography), endotra-
cheal intubation, and pharmacologic therapies. Despite known 
alterations in volume of distribution, protein binding, and other 

pharmacokinetics of pregnancy, ACLS drug doses are no differ-
ent. The potential for transplacental passage or fetal effects of 
ACLS drugs is irrelevant. These drugs are given IV, so venous 
access should be established, preferably large-bore venous access 
above the diaphragm. Any drugs that may have contributed to 
or precipitated maternal cardiac arrest such as oxytocin or mag-
nesium should immediately be discontinued. If the arrest is 
attributed to magnesium toxicity, 1 gram of calcium should be 
administered IV, usually as 10 mL of 10% calcium gluconate [12].

Vasopressors require central rather than peripheral access. 
Standard-dose epinephrine (1 mg every 3–5 min) is a common 
intervention for patients in cardiac arrest and should be con-
sidered [11,27,54]. Benefits include both ROSC and improved 
survival with standard-dose epinephrine [54,59] in adult car-
diac arrest. High-dose epinephrine (0.1 mg/kg and above) is not 
recommended.

Vasopressin has fallen out of favor, as it provides no benefit 
over epinephrine and has been removed from the 2015 AHA, 
ERC, and ILCOR guidelines [27,54,59].

Sodium bicarbonate is not a routine part of ACLS. Indications 
may include hyperkalemia or tricyclic overdose [59]. It may 
cause intracellular acidosis in both the maternal and fetal com-
partment [12,59].

Antiarrhythmic drugs are used when ventricular fibrillation 
or pulseless ventricular tachycardia is refractory to one or more 
defibrillation attempts. In contrast to effective CPR and defibril-
lation, antiarrhythmic drugs have not been shown to increase 
survival, though they may increase the probability of ROSC [54].

• Amiodarone (300 mg) is the first-line agent for refrac-
tory VF or pulseless VT [11,12,27,54,59]

• Lidocaine (100 mg) is an alternative [59]

Note that both these drugs cross the placenta with potential 
fetal/neonatal side effects. Amiodarone may affect the fetal thy-
roid [60], and fetal plasma lidocaine levels may exceed mater-
nal, especially when acidosis is present [61]. Neither of these is a 
reason to avoid giving the drug when it is indicated in maternal 
cardiac arrest.

Intravenous lipid therapy may be used when cardiac arrest is 
attributed to local anesthetic systemic toxicity (LAST), though 
there are neither experimental nor observational studies in 
humans [27], let alone in pregnancy. The Society for Obstetric 
Anesthesia and Perinatology recommends lipid emulsion as 
adjunctive therapy in the case of local anesthetic-induced mater-
nal cardiac arrest [35], dosed as a bolus of 1.5 mL/kg 20% lipid 
emulsion (Intralipid®), followed by 0.25–0.5 mL/kg/min infu-
sion [12]. The majority of maternity units in both the United 
Kingdom and the United States keep lipid emulsion in stock for 
this indication [62,63] recommended by both the Association of 
Anesthetists’ of Great Britain and Ireland [64] and the American 
Society of Regional Anesthesia and Pain Medicine [65]. 
Successful resuscitation from LAST-induced cardiac arrest may 
take 1 hour or more. Lidocaine must be avoided as an antiar-
rhythmic when LAST is suspected.

Opioid overdose, either from prescribed or illicit use, may pre-
cipitate maternal cardiac arrest. Several cases have been reported 
in association with remifentanil patient-controlled analgesia 
(PCA) in labor [66,67].
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Fetal Assessment

Not Recommended

The primary focus of resuscitation is the pregnant woman, not 
the fetus. Fetal monitoring is irrelevant in the setting of maternal 
arrest as it will not contribute to maternal resuscitation and may 
well distract the team from proper resuscitation performance [35].

Perimortem Cesarean Delivery (Resuscitative 
Hysterotomy) and the 5-Minute “Rule”

• AHA recommends consideration of perimortem cesar-
ean delivery or resuscitative hysterotomy [73] if the initial 
maternal resuscitative measures are unsuccessful in the 
presence of uterine size greater than or equal to 20 weeks.

• Guidelines for resuscitation in pregnancy commonly 
refer to a 5-minute rule or a 4-minute rule: after 4 (or 5) 
minutes of CPR without return of spontaneous circula-
tion, perform perimortem cesarean (PMCD) with the 
goal of effecting delivery in the next minute [68].

Perimortem cesarean, or more precisely “resuscitative delivery,” 
is primarily performed as a last-ditch attempt to resuscitate the 
mother. Decompressing the IVC by emptying the uterus has the 
potential to return CPR to its baseline effectiveness, which may be 
enough for return of spontaneous circulation and maternal survival. 
In addition, extraction of the fetus and placenta lowers maternal 
oxygen demand, increases functional residual capacity and chest 
wall compliance, and shifts that portion of circulating volume pre-
viously diverted to the uterus back into the central circulation. As 
a way of emphasizing the maternal effects of the procedure, some 
authors describe it as “resuscitative hysterotomy.” [41,43,45,72–74]

• Maternal survival is clearly better when the interval from 
cardiac arrest to delivery is shorter. A systematic review 
of cases in English and German found that maternal 
survival was inversely correlated with time from arrest 
to delivery, in a gradual stepwise fashion [70] but there 
was no specific breakpoint; the time which marked 50% 
injury-free survival was 25 minutes. Even after 4 min-
utes (or more) of CPR without ROSC, there still appears 
to be maternal benefit in PMCD. The role of contem-
porary post-arrest care in improving injury-free survival 
after maternal cardiac arrest remains unexplored.

• PMCD may be associated with survival of the new-
born. In a recent review, overall neonatal survival was 
76%, and intact survival 57% [70]. Neonatal survival 
after maternal cardiac arrest is affected by the time 
elapsed between arrest and PMCD: in the UKOSS 
CAPS study [3], 96% of infants survived when PMCD 
was performed within 5 min, while 70% survived when 
PMCD was performed at later than 5 min. Infant sur-
vivors have, however, been reported when PMCD was 
performed as late as 30 [75,76] and even 43 [77] min-
utes after maternal cardiac arrest. In the 2016 review, 
just as for maternal survival, there was no sharp drop in 

newborn survival at 4 or 5 minutes after maternal arrest: 
the threshold for 50% injury-free neonatal survival was 
almost the same as the mothers at 26 min [70].

• PMCD should be performed at the site of arrest, 
because transport reduces success [3]. Transport to 
hospital is, of course, indicated when the arrest has 
occurred out of hospital. Little information is available 
about performing PMCS out of hospital [39,41], and 
no recommendation can be made here. The technique 
of PMCD is simple [11,78,79] (see Figure 21.4). If an 
obstetrician is not available, a general surgeon, fam-
ily medicine physician, or emergency medicine physi-
cian may have the required surgical skills. Speed is of 
the essence. Though a cesarean tray with instruments 
should be used if one is at the site, no time should be 
wasted waiting for one: the operator may proceed with 
nothing more than a scalpel.

• Antiseptic preparation of the abdomen should 
be abbreviated or eliminated altogether (“splash 
and crash”). Either a vertical midline incision or a 
Pfannenstiel incision may be used at the operator’s 
preference; the uterus may be opened vertically or via 
a transverse lower segment incision; ideally, delivery 
will be effected within 1 minute of abdominal incision. 
The cord may be clamped in one location or two so 
the infant can be handed off. Manual uterine displace-
ment is released once the infant is delivered. A neona-
tal resuscitation team or provider should take charge of 
the newborn. Little or no maternal bleeding is expected 
in the absence of effective circulation. If circulation 
is restored, however, bleeding may be brisk. In some 
cases, the successfully resuscitated patient will require 
transport to an operating room for closure and hemor-
rhage control [12].

Extracorporeal Life Support

Extracorporeal life support (ECLS) during CPR is a way of sup-
porting perfusion while reversible etiologies of cardiac arrest are 
being corrected. Analysis of data from an international registry 
showed that utilization of extracorporeal CPR (ECPR) increased 
between 2003 and 2014, but there was no improvement in survival 
(27%–30%) during those years [80]. Recent national and interna-
tional guidelines on CPR are cautious in recommending ECPR but 
allow that there may be a place for it as a rescue therapy in selected 
patients with a reversible cause of cardiac arrest [27,54,59]. A few 
cases of postpartum ECPR have been reported [81–84], largely third 
trimester presentations of respiratory distress due to pulmonary 
embolus, in which the maternal arrest occurred in the operating 
room after cesarean delivery. The duration of CPR in these cases 
was surprisingly long (45 to 65 min) before ECPR was instituted. 
Maternal complications included coagulopathy with massive trans-
fusion in all three, relaparotomy in two, compartment syndrome in 
two, renal insufficiency, hepatic insufficiency, and sepsis. Of the 
three cases in which the fetus was alive at the time, two newborns 
and all three mothers survived. Although ECLS in maternal arrest 
is possible, current experience is inadequate to make conclusive 
recommendations.
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Post-Arrest Care

Survival is not the only outcome of interest after cardiac arrest, 
as survivors may experience significant morbidity. The post- 
cardiac arrest syndrome includes:

• Post-arrest brain injury

• Myocardial dysfunction

• Ischemia-reperfusion response manifested as inflam-
mation

• Impaired vascular regulation

• Altered coagulation

• Temperature dysregulation

• Hemodynamic instability

• Hyperglycemia

• Immune dysfunction

• Multi-organ failure [33]

Treatment strategies for post-cardiac arrest syndrome can 
reduce morbidity and improve quality of life. Current [85] 
 recommendations are:

 1. Avoid/correct hypotension

 2. Targeted temperature management (therapeutic hypo-
thermia) followed by active measures to prevent fever

 3. Detect and treat seizures

 4. Maintain PaCO2 in the physiologic range

 5. Maintain peripheral oxygen saturation ≥94% while 
avoiding hyperoxia

In the majority of cases of maternal cardiac arrest, underlying 
etiology is typically ameliorated by delivery, e.g., obstetric hem-
orrhage, eclampsia, and amniotic fluid embolism, and therefore 
there is less contribution to the post-cardiac arrest syndrome.

Limited data are available on outcome for survivors of mater-
nal cardiac arrest. The UKOSS CAPS study reported on 38 sur-
vivors, of whom 42% suffered additional morbidity during their 
hospital stay: 16% neurologic, 18% hemorrhage or coagulopathy, 
5% renal, and 3% cardiac [3]. Unfortunately, no information was 
available on these survivors after hospital discharge; some have 
gone to term and been normal [9], others appeared to do well at 
the time of maternal resuscitation, only to be delivered weeks 
later with evidence of hypoxic ischemic encephalopathy [86].

The AHA 2015 guidelines explicitly state, “There are essen-
tially no patients for whom temperature control somewhere in the 
range between 32°C and 36°C is contraindicated,” and recom-
mends targeted temperature management (TTM) for at least 24 
hours following return of spontaneous circulation after cardiac 
arrest [85]. Data specific to TTM in pregnancy remain limited to 
case reports [87–92], but there have been some successful mater-
nal outcomes. Information on the perinatal outcome with post-
arrest TTM use in an ongoing pregnancy is more limited. Fetal 

Uterus

(a) (b) (c)

(d) (e)

Bladder

Uterus

Bladder

FIGURE 21.4 Technique of perimortem cesarean delivery, performed via vertical abdominal and uterine incision. (a) Vertical incision through the abdom-
inal wall from the level of the uterine fundus to the symphysis pubis. (b) Retraction to expose the anterior surface of the uterus and retract the bladder infe-
riorly. (c) Small vertical incision through the lower uterine segment. (d) Extension of the incision superiorly to the fundus by bandage scissors. (e) Delivery 
of the fetus (suction the nose and mouth; clamp and cut the cord). (From Healy M et al. J Emerg Med. 2016;51:172−7. With permission.)
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heart rate monitoring may show fetal bradycardia in response 
to maternal hypothermia [91], but this is likely to resolve as 
rewarming occurs.

Pregnancy is no contraindication to implantable cardioverter 
defibrillator (ICD) implantation or continuation [11]. Limited 
case reports and case series [93–96] show ICDs to be safe 
during pregnancy. The majority of reports describe devices 
implanted prior to pregnancy, but implantation during preg-
nancy imposes no particular challenge, nor does the required 
fluoroscopy [97]; general principles of diagnostic imaging in 
pregnancy apply [98].

Maternal Prognosis and Long-Term 
Outcome after Cardiac Arrest

Long-term outcome after maternal cardiac arrest is unclear. In 
general, adults who have survived cardiac arrest often display 
a degree of cognitive impairment, post-traumatic stress disor-
der, and possibly anxiety and depression [99]. Risk score and a 
nomogram has been developed to predict the probability of sur-
vival with good neurological status after adult in-hospital cardiac 
arrest [100]. Although it has not been validated in pregnancy, 
the more favorable outcomes associated with younger age and 
absence of preexisting conditions suggest that pregnant patients 
who survive a cardiac arrest in hospital are not likely to do worse 
than other adults.

Neonatal Outcomes after Maternal Cardiac 
Arrest and Factors Influencing Infant Survival

Placental perfusion requires adequate maternal cardiac output 
and therefore it is not surprising that fetal bradycardia or even 
asystole commonly follows maternal cardiac arrest and during 
CPR [71].

When resuscitative cesarean delivery is performed, infant sur-
vival is inversely related to time elapsed from maternal arrest to 
delivery. In only a minority of cases has PMCD been effected 
within the 4 or 5 minutes commonly recommended, but a 50% 
probability of intact survival has been calculated even at 22 min-
utes [70], and neonatal survival has been reported with arrest-to-
PMCD intervals as long as 30 [75,76] and 43 [77] minutes.

Neonatal survival is also highly predicated on gestational 
age at birth and the availability of neonatal resuscitation and 
intensive care services, which makes it difficult to incorporate 
cases from older literature or under-resourced areas. The largest 
datasets on maternal cardiac arrest seldom have information on 
neonatal outcomes. The UKOSS CAPS study provided informa-
tion on 58 babies born to 66 women who had suffered cardiac 
arrest [3]. Of these 58, 12 were stillborn, and 5 of those born alive 
nevertheless died in the neonatal period, for a perinatal mortal-
ity rate of 29%. The survivors had much higher birthweights, 
indicating a more advanced gestational age. Neurologic, respira-
tory, and infectious complications are reported among 32% of 
the liveborn babies, but no further analysis was offered, and no 
information was provided about outcomes after discharge from 
the neonatal intensive care unit.

Institutional Planning

Hospitals that treat adults should have plans in place for maternal 
cardiopulmonary arrest and resuscitation. At the minimum, staff 
should know how to activate a team to respond to a maternal car-
diac arrest, how to access the algorithms, and have the requisite 
equipment available [11]. (See Box 21.4 for a sample checklist.)

Simulation and Drills

Team training is mandatory to improve team performance in 
response to obstetrical emergencies. In a review of obstetric 
team performance during simulation of maternal cardiac arrest, 
authors from Stanford showed significant deficiencies in the per-
formance of important tasks: not one of the teams performed all 
the recommended interventions properly, despite all team mem-
bers being current in ACLS certification [101]. Teams were more 
likely to fail at the basics of adult resuscitation (firm surface, 
defibrillation, correct ventilation, and compression rate) and suc-
ceed at swift delivery of the fetus. Surprisingly, fewer than half 
the teams implemented left uterine displacement during CPR.

Early Warning and Rapid Response Systems

Women with preexisting disease or comorbidities including men-
tal health issues are at increased risk of maternal death. Indirect 

BOX 21.4 CHECKLIST (PERSONNEL 
AND EQUIPMENT) WHEN A RISK OF 

CARDIAC ARREST IS IDENTIFIED 
IN A PREGNANT PATIENT

Personnel  

□ Anesthesiologist

□ Obstetrician OB team

□ Labor & delivery nurse

□ Internist, intensivist, or ED physician: code leader

□ Additional physician(s)

□ Nurses: ED or critical care Arrest team

□ Respiratory therapist

□ Recorder

□ Neonatologist or pediatrician Pediatric team

□ Nurse with neonatology expertise

Equipment

□ Posted algorithms (maternal and neonatal resuscitation)

□ Airway management supplies

□ Defibrillator or AED

□ Crash cart with emergency drugs

□ Cesarean tray

□ Infant warmer

□ Neonatal resuscitation supplies
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maternal deaths (conditions aggravated by pregnancy-related 
physiologic changes) now constitute about two-thirds of all mater-
nal deaths in the UK, with cardiac disease and sepsis being the 
most prevalent [102]. A review of maternal deaths in the United 
States identified 63% as being preventable. Common themes are:

• Missed or delayed diagnosis

• Delays in care or ineffective treatment

• Failure to seek specialty consultation

• Inadequate training of personnel/health care providers

• Lack of existing policies to identify or triage pregnant/
postpartum women

• Lack of coordination and/or communication between 
health care providers [103]

Regardless of underlying condition, all women are at risk of an 
acute event during pregnancy, birth, and the postpartum period. 
Analysis of 462 cases of in-hospital maternal cardiac arrest showed 
that 36% exhibited respiratory insufficiency and 33% signs of 
hypotension or hypoperfusion prior to the event [7]. The majority 
of adults who suffer in-hospital cardiac arrest demonstrate one or 
more abnormal vital signs in the preceding 1–4 hours, which under-
scores the utility of clinical warning signs [104]. The Royal College 
of Obstetricians & Gynecologists recommends that a obstetric early 
warning score be routinely used for all pregnant/postpartum women 
[69]. The National Partnership for Maternal Safety has made a 
similar recommendation in the United States [105]. Their proposed 
maternal early warning criteria include:

• Hypotension (systolic BP <90 mmHg)

• Hypertension (systolic BP >160 mmHg or diastolic BP 
>100 mmHg)

• Abnormal heart rate (<50/beats per minute or >120 
beats per minute)

• Abnormal respiratory rate (<10/min or >30/min)

• Oxygen desaturation (<95% on room air)

• Oliguria

• Altered mental status

To date, maternal early warning systems have not been vali-
dated to prevent maternal cardiac arrest or to improve survival.

Rapid response teams or medical emergency teams are meant 
to respond to the patient’s bedside if a patient exhibits clinical 
deterioration short of cardiac arrest [106]. There are several pub-
lished reports on “obstetric emergency teams” but most of these 
seem to focus on obstetric emergencies [107,108]; only 2%–3% 
of team activations came from maternal cardiac or respiratory 
instability. The AHA endorses “bundling” of teams [11] by 
simultaneous activation of maternal (obstetric and acute care 
medical team) and neonatal resuscitation teams when maternal 
cardiac arrest is diagnosed.

Conclusion

Maternal cardiac arrest, though fortunately rare, is an emergency 
that threatens two lives, and therefore both the hospital and 

prehospital services must be prepared. A few modifications of 
basic and advanced life support are required to optimize mater-
nal resuscitation such as manual displacement of the uterus, and 
early resuscitative hysterotomy or perimortem cesarean delivery; 
however, the sequence of defibrillation and drugs does not dif-
fer. Airway management may be challenging. Algorithms and 
checklists are likely to be helpful. Simulation drills and team-
based training are crucial in maintaining knowledge and skills 
in a low-frequency, high-stakes situation such as maternal car-
diac arrest. The role of early warning systems and rapid response 
teams as a means of preventing maternal cardiac arrest needs 
further investigation.
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