MATERNAL-FETAL
EVIDENCE BASED

GUIDELINES
THIRD EDITION

v Ao rfn: JMH‘!J‘T

n-.'."} ?“J =11

’u-\' pity 0INOMy .
. w I IMVQlH‘-“”f M“C"?*) ‘-‘\"____

’1 oNNY - — ] widy

EDITED BY

VINCENZO BERGHELLA

CRC Press

Taylor & Francis Group




MATERNAL-FETAL
EVIDENCE BASED
GUIDELINES



SERIES IN MATERNAL-FETAL MEDICINE

Published in association with the
Journal of Maternal-Fetal & Neonatal Medicine

Edited by
Gian Carlo Di Renzo and Dev Maulik

Howard Carp, Recurrent Pregnancy Loss, ISBN 9780415421300

Vincenzo Berghella, Obstetric Evidence Based Guidelines,
ISBN 9780415701884

Vincenzo Berghella, Maternal-Fetal Evidence Based Guidelines,
ISBN 9780415432818

Moshe Hod, Lois Jovanovic, Gian Carlo Di Renzo, Alberto de Leiva,
Oded Langer, Textbook of Diabetes and Pregnancy, Second Edition,
ISBN 9780415426206

Simcha Yagel, Norman H. Silverman, Ulrich Gembruch,
Fetal Cardiology, Second Edition, ISBN 9780415432658

Fabio Facchinetti, Gustaaf A. Dekker, Dante Baronciani,
George Saade, Stillbirth: Understanding and Management,
ISBN 9780415473903

Vincenzo Berghella, Maternal-Fetal Evidence Based Guidelines,
Second Edition, ISBN 9781841848228

Vincenzo Berghella, Obstetric Evidence Based Guidelines, Second Edition,
ISBN 9781841848242

Howard Carp, Recurrent Pregnancy Loss: Causes, Controversies, and
Treatment, Second Edition, ISBN 9781482216141

Moshe Hod, Lois G. Jovanovic, Gian Carlo Di Renzo, Alberto De Leiva,
Oded Langer, Textbook of Diabetes and Pregnancy, Third Edition,
ISBN 9781482213607

Vincenzo Berghella, Maternal-Fetal Evidence Based Guidelines,
Third Edition, ISBN 9781841848228

Vincenzo Berghella, Obstetric Evidence Based Guidelines, Third Edition,
ISBN 9781841848242



MATERNAL-FETAL
EVIDENCE BASED

GUIDELINES
THIRD EDITION

EDITED BY

VINCENZO BERGHELLA, MD, FACOG

Director, Division of Maternal-Fetal Medicine
Professor, Department of Obstetrics and Gynecology
Sidney Kimmel Medical College of Thomas Jefferson University
Philadelphia, Pennsylvania, USA

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway N'W, Suite 300
Boca Raton, FL 33487-2742

© 2017 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works

Printed on acid-free paper
Version Date: 20161111

International Standard Book Number-13: 978-1-4987-4744-8 (Pack - Book and Ebook)

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 medi-
cal 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 electronic,
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, please access www.copyright.com (http://www.copyright.com/) or contact
the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. CCC is a not-for-profit organization that provides
licenses and registration for a variety of users. For organizations that have been granted a photocopy license by the CCC, a separate system of payment
has been arranged.

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

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com


http://www.copyright.com
http://www.copyright.com/
http://www.taylorandfrancis.com
http://www.crcpress.com

To Paola, Andrea, Pietro, Mamma, and Papd,

For giving me the serenity, love, and strength at home now, then,
and in the future to fulfill my dreams and spend my talents as best as possible.

To all those who loved the first and second editions

To my mentors and to my mentees who have been so passionate
and supportive about these books

To the health of mothers and babies

And—as I often toast—to the next generation!



Contents

Introduction

List of Abbreviations

COMEFIDULOTS. ...
1. Hypertensive diSOrders............ccooviiimiiiiiiiiiicccccccnccc s 1
Amanda Roman
2. Cardiac diSEASE ..........cccouvuiuiiiiiiiiiiiicc e 24
Meredith Birsner and Sharon Rubin
3. ODESIEY ..o 32
Kathryn Shaia and Maria Teresa Mella
4. Pregestational diabetes ............cccocooiviniiiiiiiiiiiiiiniiiii s 50
A. Dhanya Mackeen and Michael |. Paglia
5. Gestational diabetes ............ccccooiiiiiiiiiniiiiiiiii e 59
A. Dhanya Mackeen and Melisa Lott
6. HYyPOthyroidiSm .....c.c.ceuiiiiiiiiiiiiiiiiiieiiiciieieceieeceee ettt senene 73
Sushma Jwala
7. HyPertRYroIdiSI ........coovviiiiiiiiiiiicieceee et 80
Sushma Jwala
8. ProlactiNOmIa......c.ccceueuiiiiiiiiiiiiiiieieieieieieieeiee ettt et ettt nene 86
Katherine Husk
9. Nausea/vomiting of pregnancy and hyperemesis gravidarum............cccccceceueveuererennee. 92
Rupsa C. Boelig
10. Intrahepatic cholestasis Of Pregnancy ... 103
Giuliana Simonazzi and Steven K. Herrine
11. Inflammatory bowel diSase............ccocovveueiiiiiiieiiiiiiiiieieieiieececeeeee e 110
Priyadarshini Koduri
12. Gallbladder diSEASeE ...........ccceuvururiiiriiieiieiiieieieieieeeete et 119
Priyadarshini Koduri
13. Pregnancy after liver and other transplantation ...............cccccceeeeeenniieicecceecnnns 124
Ignazio R. Marino, Lucio Mandala, and Augusto Lauro
14, Maternal QNemUIa........cccoouvirieiiiiiiieiieieieeee et 131
Marcela C. Smid and Robert A. Strauss
15. SicKIe CeIl diS@ASE........cocveuiiiiiiiiciciee e 139
Mariam Naqui and Jeffrey Ecker
16. von Willebrand diS@ase...........cccceuvuririeiriiiiiiiiiiiiicieiciciie s 145
Dawnette Lewis and Srikanth Nagalla
17. RENAL AISEASE ...ttt ettt b ettt sttt ene 150
Rebekah McCurdy
18, HEAACKE .....cuoiiiiic ettt ettt 162

Stephen Silberstein and Shuhan Zhu



viii

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

CONTENTS
S@IZUTES ..o s 167
Sally Mathias and Meriem K. Bensalem-Owen
SPinal cord INJUIY ... 173
Megan Gooding and Leonardo Pereira
MOOd diSOTAETS .........coiiiiiiiiii s 177

Madeleine A. Becker, Tal E. Weinberger, Ann Chandy, Nazanin E. Silver,
and Elisabeth |. S. Kunkel

SIMOKING ..ottt 196
Jorge E. Tolosa and David M. Stamilio

DIUG ADUSE ... 206
Neil S. Seligman

Respiratory diseases: asthma, pneumonia, influenza, and tuberculosis.................. 225
Lauren A. Plante and Ryan K. Brannon

Systemic lupus erythematosus ...t 246
Maria A. Giraldo-Isaza

Antiphospholipid syndrome.............ccccccooiiiiiiiiiiis 254
Tracy A. Manuck

Inherited thrombophilia.........ccccooiiii s 260
Robert M. Silver and James A. Airoldi

Venous thromboembolism and anticoagulation ..o, 269

Melissa Chu Lam and James A. Airoldi

Hepatitis A ..o s 283
Neil Silverman and Steven K. Herrine

Hepatitis B........ooomiii s 285
Neil Silverman and Steven K. Herrine

Hepatitis C ... 291
Neil Silverman, Raja Dhanekula, and Jonathan M. Fenkel

5 1 L 0SSP 297
William R. Short

(€03 0] 54 1 L=T: NSO PR 305
A. Marie O’Neill

ChIamydia.......cccooiiiiiiiii e 310
Rebecca |. Mercier

SYPRILIS ..ot 315
A. Marie O’Neill

THICHOMIONIASIS. .....ceviieiceieeiceeecee ettt e et et eete e teeeteeteeaeenteeneessseeseeereenns 322
Tino Tran

Group B STreptoCcOCCUS ..o 325
Laura Carlson and M. Kathryn Menard

VaCCINATION.....c.oiiiiiiiciece et ettt e e e e e e et e eeateeetaeeeseeeeaeeeesseeenseeeeseeeenseennns 332
Amber S. Maratas, Edward M. Buchanan, and Joshua H. Barash

THAUINIA ..ot e ettt e e e e ta e e e e e taaee e eeataaeeeeesbaeeeeessaaeeeanssseeesasssaeesenseeeans 339
Lauren A. Plante

(@055 (e ) I § TSRO 349
Lauren A. Plante

Amniotic fluid emMDBOLISIN...........ooviiiiiicieeceeeeeceeeeee ettt 365

Antonio F. Saad and Luis D. Pacheco



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

CATICOT ..o s 373
Elyce Cardonick

Dermatoses of Pregnancy ... s 386
Dana Correale, Joya Sahu, and Jason B. Lee

Multiple gestations ............ccooeiiiiiiiiii s 398
Edward ]. Hayes and Michelle R. Hayes

Fetal growth restriction............ccooooiiiiii 412
Shane Reeves and Henry L. Galan

Fetal MmacroSOmia.........cccoooiuiiiiiiiiiiiiiiiiccc e 432
Oscar A. Viteri and Suneet P. Chauhan

CytomegalovVirus. .........oooviiiiiiiiiiiiic s 436
Timothy J. Rafael

TOXOPIASINOSIS ...t 442
Corina N. Schoen and Timothy |. Rafael

ParVOVITUS ..ot 447
Timothy J. Rafael

HETPES....ooiiii s 451
Timothy |. Rafael
VariCella........ooiiiiiiiiiiii 456
Timothy |. Rafael

Fetal and neonatal alloimmune thrombocytopenia..........cccccceceeueeeecereeeenenerenenen 460
Kelly M. Orzechowski

Hemolytic disease of the fetus/neonate.............c.ccoceceueueueieieieieeeneieeeeeeeeeeeeenenes 467
Danielle L. Tate, Jacques E. Samson, and Giancarlo Mari

Nonimmune hydrops fetalis.........ccoociiiiinniiiiccceeeeeeeeeeenes 477
Katherine Connolly and Joanne Stone

Fetal death ... 488
Nahida Chakhtoura and Uma M. Reddy

Antepartum teSting.........ccooiiiiiiiiniiiiiii s 496
Nora Graham and Christopher R. Harman

Sonographic assessment of amniotic fluid: oligohydramnios

and polyhydramnios..........c.cccoiiinii s 513
Ibrahim A. Hammad and Suneet P. Chauhan

Fetal maturity testing ...........ccccocoviiiiiiii e 521
Paniz Heidari and Sarah Poggi

CONTENTS

ix



Introduction

Welcome to the third edition of our evidence-based books on obstetrics and maternal-fetal
medicine! I am indebted for your support! I can’t believe how much praise we have gotten
for these companion volumes. Your words of encouragement have kept me and all the col-
laborators, past and present, going now for well over a decade (we are indebted to contribu-
tors to previous editions of this text for their work). It has been extremely worthwhile and
fulfilling. You are making me happy! In return, I hope we are helping you and your patients
toward ever better evidence-based care of pregnant women and their babies and, therefore,
better outcomes. Indeed, maternal and perinatal morbidities and mortalities throughout the
world are improving.

To me, pregnancy has always been the most fascinating and exciting area of interest
as care involves not one, but at least two persons—the mother and the fetus—and leads
to the miracle of a new life. I was a third-year medical student when, during a lecture, a
resident said, “I went into obstetrics because this is the easiest medical field. Pregnancy is a
physiologic process, and there isn't much to know. It is simple.” I knew from my “classical”
background that “obstetrics” means to “stand by, stay near,” and that indeed pregnancy
used to receive no medical support at all.

After more than 25 years of practicing obstetrics, I now know that although physi-
ologic and, at times, simple, obstetrics and maternal-fetal medicine can be the most complex
of the medical fields: Pregnancy is based on a different physiology than for nonpregnant
women, can include any medical disease, require surgery, etc. It is not so simple. In fact,
ignorance can kill—in this case, with the health of the woman and her baby both at risk.
Too often, I have gone to a lecture, journal club, rounds, or other didactic event to hear pre-
sented only one or a few articles regarding the subject without the presenter reviewing the
pertinent best review of the total literature and data. It is increasingly difficult to read and
acquire knowledge of all that is published, even just in obstetrics, with about 3000 scientific
manuscripts published monthly on this subject. Some residents or even authorities would
state at times that “there is no evidence” on a topic. We indeed used to be the field with the
worst use of randomized trials [1]. As the best way to find something is to look for it, my
coauthors and I searched for the best evidence. On careful investigation, indeed there are
data on almost everything we do in obstetrics, especially on our interventions. Indeed, our
field is now the pioneer for numbers of meta-analyses and extension of work for evidence-
based reviews [2]. Obstetricians are now blessed with lots of data and should make the best
use of it.

The aims of this book are to summarize the best evidence available in the obstetrics
and maternal-fetal medicine literature and make the results of randomized controlled tri-
als (RCTs) and meta-analyses of RCTs easily accessible to guide clinical care. The intent
is to bridge the gap between knowledge (the evidence) and its easy application. To reach
these goals, we reviewed all trials on effectiveness of interventions in obstetrics. Millions of
pregnant women have participated in thousands of properly conducted RCTs. The efforts
and sacrifice of mothers and their fetuses for science should be recognized at least by the
physicians’ awareness and understanding of these studies. Some of the trials have been
summarized in more than 600 Cochrane reviews with hundreds of other meta-analyses
also published on obstetrical topics (Table 1). All of the Cochrane reviews, as well as other
meta-analyses and trials in obstetrics and maternal-fetal medicine, were reviewed and
referenced. The material presented in single trials or meta-analyses is too detailed to be
readily translated to advice for the busy clinician who needs to make dozens of clinical deci-
sions a day. Even the Cochrane Library, the undisputed leader for evidence-based medicine
efforts, has been criticized for its lack of flexibility and relevance in failing to be more easily
understandable and clinically readily usable [3]. It is the gap between research and clini-
cians that needed to be filled, making sure that proven interventions are clearly highlighted
and are included in today’s care. Just as all pilots fly planes under similar rules to maximize
safety, all obstetricians should manage all aspects of pregnancy with similar, evidenced-
based rules. Indeed, only interventions that have been proven to provide benefit should
be used routinely. On the other hand, primum non nocere: interventions that have clearly
been shown to be not helpful or indeed harmful to mother and/or baby should be avoided.



Table 1 Obstetrical Evidence

More than 600 current Cochrane reviews
Hundreds of other current meta-analyses
More than 1000 RCTs

Millions of pregnant women randomized

Another aim of this book is to make sure the pregnant woman and her unborn child are
not marginalized by the medical community. In most circumstances, medical disorders of
pregnant women can be treated as in nonpregnant adults. Moreover, there are several effec-
tive interventions for preventing or treating specific pregnancy disorders.

Evidence-based medicine is the concept of treating patients according to the best
available evidence. Although George Bernard Shaw said, “I have my own opinion, do not
confuse me with the facts,” this can be a deadly approach, especially in medicine, and com-
promise two or more lives at the same time in obstetrics and maternal-fetal medicine. What
should be the basis for our interventions in medicine? Meta-analyses of RCTs provide a
comprehensive summary of the best research data available. As such, they provide the best
guidance for “effective” clinical care [4]. It is unscientific and unethical to practice medicine,
teach, or conduct research without first knowing all that has already been proven [4]. In
the absence of trials or meta-analyses, lower-level evidence is reviewed. This book aims at
providing a current systematic review of all the best evidence so that current practice and
education as well as future research can be based on the full story from the best-conducted
research, not just the latest data or someone’s opinion (Table 2).

These evidence-based guidelines cannot be used as a “cookbook” or a document dic-
tating the best care. The knowledge from the best evidence presented in the guidelines needs
to be integrated with other knowledge gained from clinical judgment, individual patient
circumstances, and patient preferences to lead to best medical practice. These are guidelines,
not rules. Even the best scientific studies are not always perfectly related to any given indi-
vidual, and clinical judgment must still be applied to allow the best “particularization” of the
best knowledge for the individual, unique patient. Evidence-based medicine informs clini-
cal judgment but does not substitute it. It is important to understand, however, that greater
clinical experience by the physician actually correlates with inferior quality of care if not
integrated with knowledge of the best evidence [5]. The appropriate treatment is given in
only 50% of visits to general physicians [5]. At times, limitations in resources may also limit
the applicability of the guidelines but should not limit the physician’s knowledge. Guidelines
and clinical pathways based on evidence not only point to the right management, but also
can decrease medicolegal risk [6]. We aimed for brevity and clarity. Suggested management
of the healthy or sick mother and child is stated as straightforwardly as possible for everyone
to easily understand and implement (Table 3). If you find the Cochrane reviews, scientific
manuscripts, and other publications difficult to “translate” into care of your patients, this
book is for you. We wanted to prevent information overload.

Table 2 Aims of This Book

Improve the health of women and their children

“Make it easy to do it right”

Implement the best clinical care based on science
(evidence), not opinion

Education

Develop lectures

Decrease disease, use of detrimental
interventions, and therefore costs

Reduce medicolegal risks

Table 3 This Book Is For

Obstetricians

Midwives

Family medicine and others (practicing obstetrics)
Residents

Nurses

Medical students

Maternal-fetal medicine attendings
Maternal-fetal medicine fellows

Other consultants on pregnancy

Lay persons who want to know “the evidence”
Politicians responsible for health care

INTRODUCTION
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Xii INTRODUCTION

On the other hand, “everything should be made as simple as possible, but not simpler”
(A. Einstein). Key management points are highlighted at the beginning of each guideline
and in bold in the text. The chapters are divided into two volumes, one on obstetrics and
one on maternal-fetal medicine; cross-references to chapters in Obstetric Evidence Based
Guidelines have been noted in the text where applicable. Please contact us (vincenzo.berghella
@jefferson.edu) for any comments, criticisms, corrections, missing evidence, etc.

I have the most fun discovering the best ways to alleviate discomfort and disease.
The search for the best evidence for these guidelines has been a wonderful, stimulating
journey. Keeping up with evidence-based medicine is exciting. The most rewarding part,
as a teacher, is the dissemination of knowledge. I hope, truly, that this effort will be helpful
to you, too.

REFERENCES
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profession. In: Medicines for the Year 2000. London: Office of Health Economics, 1979:
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How to “Read” This Book

The knowledge from RCTs and meta-analyses of RCTs is summarized and easily available
for clinical implementation. Relative risks and 95% confidence intervals from studies are
quoted sparingly. Instead, the straight recommendation for care is made if one intervention
is superior to the other with the percentage improvement often quoted to assess degree of
benefit. If there is insufficient evidence to compare to interventions or managements, this is
clearly stated.

References: Cochrane reviews with 0 RCT are not referenced, and instead of refer-
encing a meta-analysis with only one RCT, the actual RCT is usually referenced. RCTs that
are already included in meta-analyses are not referenced for brevity and because they can
be easily accessed by reviewing the meta-analysis. If new RCTs are not included in meta-
analysis, they are obviously referenced. Each reference was reviewed and evaluated for
quality according to a modified method as outlined by the U.S. Preventive Services Task
Force (http://www.ahrq.gov):

I Evidence obtained from at least one properly designed randomized con-
trolled trial.

II-1 Evidence obtained from well-designed controlled trials without
randomization.

112 Evidence obtained from well-designed cohort or case-control analytic
studies, preferably from more than one center or research group.

1I-3 Evidence obtained from multiple time series with or without the interven-

tion. Dramatic results in uncontrolled experiments could also be regarded
as this type of evidence.

III (Review) Opinions of respected authorities, based on clinical experience, descriptive
studies, or reports of expert committees.

These levels are quoted after each reference. For RCTs and meta-analyses, the number of
subjects studied is stated, and, sometimes, more details are provided to aid the reader to
understand the study better.
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ADP
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antibody
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anticardiolipin antibody
American College of
Critical Care Medicine
angiotensin-converting
enzyme
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Gynecologists

acute cellular rejection
American College of
Rheumatology

acute chest syndrome
attention deficit
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antiepileptic drug

absent end-diastolic flow
atopic eruption of
pregnancy

amniotic fluid

amniotic fluid embolism
amniotic fluid index
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community-acquired
pneumonia

complete blood count
congenital cystic
adenomatoid
malformation
computerized
cardiotocography
cesarean delivery
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Clinical Laboratory
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Amendments
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continuous positive airway
pressure
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resuscitation
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capsular polysaccharide
complex partial seizure
chronic renal failure
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crown-rump length
corticosteroid
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depression
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cerebrospinal fluid
continuous subcutaneous
insulin infusion
contraction stress test
computerized tomography
connective tissue
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computed tomography
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direct-acting antiviral
agent
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Department of Health and
Human Services
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coagulation

direct immunofluorescence
diabetes mellitus

depot
medroxyprogesterone
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dysplastic nevus syndrome
dry powder inhaler
diagnostic peritoneal
lavage
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Disease Prevention and
Control
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oxygenation
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external cephalic version
emergency department
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confinement

estimated date of delivery
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estimated fetal weight
enzyme immunoassay
electrocardiogram
enzyme-linked
immunosorbent assay
electron microscopy
expectant management
enteral nutrition
European Prospective
Cohort on Thrombophilia
Edinburgh Postnatal
Depression Scale
extrapyramidal symptom
expedited partner therapy
endoscopic retrograde
cholangiopancreatography
end-stage liver disease
end-stage renal disease
focused abdominal
sonogram for trauma
fetal blood sampling

fetal distress

Food and Drug
Administration
fixed-dose combination
forced expiratory volume
in one second

fetal fibronectin

fetal growth restriction
familial hemiplegic
migraine

fetal heart rate

fetal heart tracing
fluorescent in situ
hybridization

fetal kinetocardiogram/
tissue Doppler
echocardiography

fetal lung maturity

fetal maternal alloimmune
thrombocytopenia

fetal and neonatal
alloimmune
thrombocytopenia

father of baby

fasting plasma glucose
false positive rate

fetal scalp blood sampling
fetal scalp electrode

foam stability index
first-trimester screening
forced vital capacity
factor V Leiden

grams

gestational age

group B streptococcus
Guillain-Barré syndrome
gestational diabetes
gastroesophageal reflux
disease

glomerular filtration rate
gamma-hydroxybutyrate
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GHTN
GI
GISP

GTC
GTT
GWG
HAART

HAV
HBsAg

HBV
HC
HCG

Hct
HCV
HD
HD
HDU
HELLP

HES
HFA
HG
Hgb
HIE

HIT
HIV

HLA
HPA

HPA
HR
HSV
HTN
IAAT

IALE
IBD

IBW
ICH
ICP

ICS

ICS
ICU
IDSA

IGRA

IH
IM
INR

IOL
IPAA

PV
ISS
IUD
IUFD

LIST OF ABBREVIATIONS

gestational hypertension
gastrointestinal
Gonococcal Isolate
Surveillance Project
generalized tonic clonic
glucose tolerance test
gestational weight gain
highly active antiretroviral
therapy

hepatitis A virus
hepatitis B surface
antigen

hepatitis B virus

head circumference
human chorionic
gonadotroponin
hematocrit

hepatitis C virus
hemodialysis

Hodgkin’s disease
high-dependency unit
hemolysis, elevated liver
enzymes, and low platelet
count

hydroxyethyl starch
hydrofluoroalkane
hyperemesis gravidarum
hemoglobin
hypoxic-ischemic
encephalopathy
heparin-induced
thrombocytopenia
human immunodeficiency
virus

human leukocyte antigen
hypothalamic—pituitary—
adrenal

human platelet antigen
heart rate

herpes simplex virus
hypertension
immunosorbent
agglutination assay test
International League
Against Epilepsy
inflammatory bowel
disease

ideal body weight
intracranial hemorrhage
intrahepatic cholestasis of
pregnancy
immunochromatographic
strip

Intensive Care Society
intensive care unit
Infectious Diseases Society
of America

interferon gamma-release
assay

impetigo herpetiformis
intramuscular
international normalized
ratio

induction of labor

ileal pouch-anal
anastomosis

inactivated polio vaccine
injury severity score
intrauterine device
intrauterine fetal demise

IUGR

IUPC

IvC
IVDU
IVF
IVH

L&D
L/S
LA
LABA
LAGB

LB
LBW
LBW
LCR
LFT
LGA
LGV

LMP
LMW
LMWH

LR
LSD
LSD
LTRA

MA/MC
MAC

MAOI
MAS

MC/DA
MCA
MCV
MD
MDD
MDI
MDI
MDQ

MDR
MFM
MHC

MI
MM
MMF
MMR
MOM
MPA
MRCP

MRI
MRU
MSAFP

MSH

intrauterine growth
restriction (synonym of
FGR)

intrauterine pressure
catheter

intravenous

inferior vena cava
intravenous drug use
intravenous fluids
intraventricular
hemorrhage

labor and delivery
lecithin/sphingomyelin
lupus anticoagulant
long-acting f-agonist
laparoscopic adjustable
gastric baning

lamellar body

low birth weight

low birth weight (infants)
ligase chain reaction
liver function tests

large for gestational age
lymphogranuloma
venereum

last menstrual period
low molecular weight
low-molecular-weight
heparin

likelihood ratio

lysergic acid diethylamide
lysosomal storage disease
leukotriene receptor
antagonist
monoamniotic
mycobacterium avium
complex

monoamine oxidase
inhibitor

meconium aspiration
syndrome
monochorionic diamniotic
middle cerebral artery
mean corpuscular volume
mean difference

major depressive disorder
metered-dose inhaler
multiple-dose insulin
Mood Disorders
Questionnaire
multidrug-resistant
maternal-fetal medicine
major histocompatibility
complex

myocardial infarction
malignant melanoma
myco-phenolate mofetil
measles-mumps-rubella
multiple of the median
mycophenolic acid products
magnetic resonance
cholangiopancreatography
magnetic resonance
imaging

magnetic resonance
urography

maternal serum
alpha-fetoprotein
melanocyte-stimulating
hormone



MTHEFR
MTX

MVI

MVP

MZ

n/v

NA
NA-ACCORD
NAAED
NAAT

NAEPP

NAIT
NAS
NBPP
NCHS
NEC
NG
NHL
NICU
NIH
NIH
NIS
NNRTI
NODM

NOTES

NPH

NRFHR

NRFHT

NRFS
NRI

NRT
NRTI
NS

NS
NSAIDS
NSCIA

NST
NSVD

NT
NTD
NTDB

NTPR

methylenetetrahydrofolate
reductase

methotrexate

prenatal multivitamin
maximum vertical pocket
monozygotic

nausea and/or vomiting
not available

North American AIDS
Cohort Collaboration on
Research and Design
North American
Antiepileptic Drug
nucleic acid amplification
test

National Asthma
Education and Prevention
Program

neonatal alloimmune
thrombocytopenia
neonatal abstinence
syndrome

neonatal brachial plexus
palsy

National Center for Health
Statistics

necrotizing enterocolitis
nasogastric
Non-Hodgkin’s lymphoma
neonatal intensive care
unit

National Institutes of
Health

nonimmune hydrops
National Inpatient Sample
non-nucleoside reverse
transcriptase inhibitor
new-onset diabetes
mellitus

natural orifice
translumenal endoscopic
surgery

neutral protamine
Hagedorn

nonreassuring fetal heart
rate

nonreassuring fetal heart
testing

nonreassuring fetal status
norepinephrine reuptake
inhibitor

nicotine replacement
therapy

nucleoside reverse
transcriptase inhibitor
nephrotic syndrome
normal saline
nonsteroidal anti-
inflammatory drugs
National Spinal Cord
Injury Association
nonstress test

normal spontaneous
vaginal delivery

nuchal translucency
neural tube defect
National Trauma Data
Banks

National Transplantation
Pregnancy Registry

NVP

OB
OCT
OoCT
OGTT
orv
OR

OR
OSA
OTC
PAPP-A

PC
PC
PCA

PCI

PCP
PCP

PCR
PCWP

PD
PDA
PE
PEA
PEFR
PEP

PER
PET

PFP

PFT
PG
PG
PG
PGL

PGM

PI
PI
PICC

PID

PK

PL
PIGF
PMCD

PN
PNC
PNM
po

PP
PP-13
PPD
PPH
PPHN

PPI
PPROM

LIST OF ABBREVIATIONS

nausea and vomiting of
pregnancy

obstetrician

oxytocin challenge test
oxytocin contraction test
oral glucose tolerance test
oral live polio vaccine
odds ratio

operating room
obstructive sleep apnea
over the counter
pregnancy-associated
plasma protein-A
platelet count

protein C
patient-controlled
analgesia

percutaneous coronary
intervention
phencyclidine
Pneumocystis carinii
pneumonia

polymerase chain reaction
pulmonary capillary
wedge pressure
peritoneal dialysis
patent ductus arteriosus
pulmonary embolus
pulseless electrical activity
peak expiratory flow rate
polymorphic eruption of
pregnancy

prophylaxis effective rate
positron emission
tomography

pruritic folliculitis of
pregnancy

pulmonary function tests
pemphigoid gestationis
phosphatidylglycerol
plasma glucose
persistent generalized
lymphadenopathy
prothrombin gene
mutation

protease inhibitor
pulsatility index
peripherally inserted
central catheter

pelvic inflammatory
disease

pharmacokinetic
pregnancy loss

placental growth factor
perimortem cesarean
delivery

parenteral nutrition
prenatal care

perinatal mortality

“per os,” i.e., by mouth
prurigo of pregnancy
placental protein-13
purified protein derivative
postpartum hemorrhage
persistent pulmonary
hypertension of the
newborn

proton-pump inhibitor
preterm premature
rupture of membranes

xvii



xviii

PR
pRBC
PRCD

PROM

PS
PS
PSI
PSV
PT
PTB
PTL
PTT

PTU
PUBS

PUPPP

PUQE

PVR

PW
qd
ghs
qid
Qs
RBC
RCT

RCVS
RDS
RDW

REDF
RI
RNA
ROM
ROSC

RPR
RR
RR
RR

S/D
SAB
SABA
SBP
SC
SCI
SCRN

SD
SDA

SDP
SEE
SFDT
SG
SGA
SIDS

SJS

LIST OF ABBREVIATIONS

per rectum

packed red blood cells
planned repeat cesarean
delivery

preterm rupture of
membranes

protein S

pulmonic stenosis
Pneumonia Severity Index
peak systolic velocity
prothrombin time
preterm birth

preterm labor

partial thromboplastin
time

propylthiouracil
percutaneous umbilical
blood sampling

pruritic urticarial papules
and plaques of pregnancy
pregnancy-unique
quantification of emesis/
nausea

pulmonary vascular
resistance

pulsed wave

once a day

before bedtime

four times per day
quadruple screen

red blood cell
randomized controlled
study

reversible cerebral
vasoconstriction syndrome
respiratory distress
syndrome

red blood cell distribution
width

reverse end-diastolic flow
resistive index
ribonucleic acid

rupture of membranes
return of spontaneous
circulation

rapid plasma reagin
relative risk

respiratory rate

risk ratio

treatment
systolic/diastolic
spontaneous abortion
short-acting B-agonist
systolic blood pressure
subcutaneous

spinal cord injury
Stillbirth Collaborative
Research Network

striae distensae
strand-displacement
amplification

single deepest pocket
Syphilis Elimination Effort
Sabin-Feldman dye test
striae gravidarum

small for gestational age
sudden infant death
syndrome
Stevens—Johnson
syndrome

SLE

SLICC

SNRI

SPTB

SQ
SSC

SSKI
SSRI
STD

STI

STS
SUDEP

SvC
SVR

SVR

TB
TBG
TBII

TCA
TDD
TG
TH
THC
tid
TIV

TMA

TNF
TOL
TOLAC
TPO
TRADb
TRALI

TRAP
TSH
TSI

TST
TTTS

TVU

U/S (or u/s)
UA

ucC

UDCA
UFH

UPC
USPSTF

UTI
VIQ

systemic lupus
erythematosus

Systemic Lupus
International Collaborating
Clinics
serotonin-norepinephrine
reuptake inhibitor
spontaneous preterm birth
subcutaneous

Surviving Sepsis
Campaign

saturated solution of
potassium iodide
selective serotonin
reuptake inhibitor
sexually transmitted
diseases (synonym of STI)
sexually transmitted
infections
second-trimester screening
sudden unexpected death
in epilepsy

superior vena cava
systemic vascular
resistance

sustained virologic
response

tuberculosis
thyroid-binding globulin
thyroid-stimulating
hormone-binding
inhibitory
immunoglobulin

tricyclic antidepressant
total daily dose
Toxoplasma gondii
therapeutic hypothermia
tetrahydrocannabinol
three times per day
trivalent inactivated
vaccine
transcription-mediated
amplification

tumor necrosis factor
trial of labor

trial of labor after cesarean
thyroid peroxidase

TSH receptor antibody
transfusion-related acute
lung injury

twin reversal arterial
perfusion
thyroid-stimulating
hormone
thyroid-stimulating
immune globulins
tuberculin skin testing
twin-twin transfusion
syndrome

transvaginal ultrasound
ultrasound

umbilical artery
ulcerative colitis
ursodeoxycholic acid
unfractionated heparin
urinary protein creatinine
U.S. Preventative Services
Task Force

urinary tract infection
ventilation/perfusion



VAS
VBAC

vC
VDRL

VEGF

VIG
VKA
VL
VPA
VSD

vibroacoustic stimulation
vaginal birth after
cesarean

vital capacity

venereal disease research
laboratory

vascular endothelial
growth factor

vaccinia immune globulin
vitamin K antagonist
viral load

valproic acid

ventricular septal defect

VTE
AAY%
vWD
vWF
VZIG

\7AY%
WBC
WHO
WIHS

XDR

LIST OF ABBREVIATIONS

venous thromboembolism
vein-to-vein

von Willebrand disease
von Willebrand factor
varicella zoster immune
globulin

varicella zoster virus
white blood cell

World Health
Organization

Women’s Interagency HIV
Study

extensively drug-resistant

Xix



Contributors

James A. Airoldi Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, St Luke’s University Health Network, Bethlehem, Pennsylvania

Joshua H. Barash Department of Family and Community Medicine, Thomas Jefferson
University Hospital, Philadelphia, Pennsylvania

Madeleine A. Becker Department of Psychiatry and Human Behavior, Division of
Consultation-Liaison Psychiatry, Psychosomatic Medicine Fellowship, Thomas Jefferson
University Hospital, Philadelphia, Pennsylvania

Meriem K. Bensalem-Owen University of Kentucky, Lexington, Kentucky

Vincenzo Berghella Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia,
Pennsylvania

Meredith Birsner Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia,
Pennsylvania

Rupsa C. Boelig Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Sidney Kimmel Medical College of Thomas Jefferson University, Philadelphia,
Pennsylvania

Ryan K. Brannon Drexel University College of Medicine, Philadelphia, Pennsylvania

Edward M. Buchanan Department of Family and Community Medicine, Thomas Jefferson
University Hospital, Philadelphia, Pennsylvania

Elyce Cardonick Division of Maternal-Fetal Medicine, Robert Wood Johnson Medical
School New Brunswick, New Jersey

Laura Carlson Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina

Nahida Chakhtoura Eunice Kennedy Shriver National Institute of Child Health and
Human Development, Bethesda, Maryland

Ann Chandy Department of Psychiatry and Human Behavior, Thomas Jefferson University
Hospital, Philadelphia, Pennsylvania

Suneet P. Chauhan Eunice Kennedy Shriver NICHD Maternal-Fetal Medicine Units
Network, Bethesda, Maryland and McGovern Medical School, University of Texas Health
Science Center, Houston, Texas

Melissa Chu Lam Department of Obstetrics and Gynecology, St. Luke’s University Health
Network, Bethlehem, Pennsylvania

Katherine Connolly Department of Obstetrics, Gynecology and Reproductive Sciences,
Division of Maternal Fetal Medicine, Icahn School of Medicine at Mount Sinai, New York,
New York



Dana Correale Private Practice, Cheshire Dermatology, Cheshire, Connecticut

Raja Dhanekula Department of Medicine, Division of Gastroenterology, Sidney Kimmel
Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania

Jeffrey Ecker Department of Obstetrics and Gynecology, Division of Maternal Fetal
Medicine, Massachusetts General Hospital, Boston, Massachusetts

Jonathan M. Fenkel Department of Medicine, Division of Gastroenterology, Sidney
Kimmel Medical College, Thomas Jefferson University, Philadelphia, Pennsylvania

Henry L. Galan Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Colorado Institute for Maternal and Fetal Health, University of Colorado
Hospital, Aurora, Colorado

Maria A. Giraldo-Isaza Florida Perinatal Associates, Obstetrix Medical Group, Inc,
Tampa, Florida

Megan Gooding College of Health and Human Services, George Mason University,
Fairfax, Virginia

Nora Graham Department of Obstetrics and Gynecology, Thomas Jefferson University
Hospital, Philadelphia, Pennsylvania

Ibrahim A. Hammad Department of Obstetrics and Gynecology, Division of Maternal Fetal
Medicine, University of Utah Health Sciences Center, Salt Lake City, Utah

Christopher R. Harman Department of Obstetrics, Gynecology and Reproductive Sciences,
University of Maryland Medical Center, Baltimore, Maryland

Edward J. Hayes Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Aurora Baycare Medical Center, Greenbay, Wisconsin

Michelle R. Hayes Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Aurora Baycare Medical Center, Greenbay, Wisconsin

Paniz Heidari Department of Obstetrics and Gynecology, Sidney Kimmel Medical College
of Thomas Jefferson University, Philadelphia, Pennsylvania

Steven K. Herrine Division of Gastroenterology and Hepatology, Thomas Jefferson
University, Philadelphia, Pennsylvania

Katherine Husk Department of Urogynecology and Reconstructive Pelvic Surgery,
University of North Carolina, Chapel Hill, North Carolina

Sushma Jwala Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Obstetrix Medical Group of Washington, Seattle, Washington

Priyadarshini Koduri Division of Maternal-Fetal Medicine, Antenatal Resource Center,
Advocate Illinois Masonic Medical Center, Chicago, Illinois

Elisabeth J. S. Kunkel Division Consultation-Liaison Psychiatry, Department of Psychiatry
and Human Behavior, Thomas Jefferson University, Philadelphia, Pennsylvania

Augusto Lauro Liver and Multiorgan Transplant Unit, St. Orsola University Hospital,
Bologna, Italy

Jason B. Lee Department of Dermatology and Cutaneous Biology, Sidney Kimmel Medical
College, Thomas Jefferson University, Philadelphia, Pennsylvania

Dawnette Lewis Division of Maternal-Fetal Medicine, Department of Obstetrics and
Gynecology, Mount Sinai St. Luke’s Hospital, New York

CONTRIBUTORS

xxi



xxii CONTRIBUTORS

Melisa Lott Division of Maternal-Fetal Medicine, Women’s and Children’s Institute,
Geisinger Health System, Danville, Pennsylvania

A. Dhanya Mackeen Division of Maternal-Fetal Medicine, Women’s and Children’s
Institute, Geisinger Health System, Danville, Pennsylvania

Lucio Mandala HPB Unit, La Maddalena Cancer Center, Palermo, Italy

Tracy A. Manuck Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, University of North Carolina, Chapel Hill, North Carolina

Amber S. Maratas Department of Family and Community Medicine, Thomas Jefferson
University Hospital, Philadelphia, Pennsylvania

Giancarlo Mari Department of Obstetrics and Gynecology, University of Tennessee Health
Science Center, Memphis, Tennessee

Ignazio R. Marino Department of Surgery, Sidney Kimmel Medical College, Thomas
Jefferson University, Philadelphia, Pennsylvania

Sally Mathias Department of Neurology, University of Kentucky, Lexington, Kentucky

Rebekah McCurdy Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia,
Pennsylvania

Maria Teresa Mella Department of Obstetrics, Gynecology and Reproductive Sciences,
Division of Maternal Fetal Medicine, Icahn School of Medicine at Mount Sinai, New York

M. Kathryn Menard Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, University of North Carolina School of Medicine, Chapel Hill, North Carolina

Rebecca J. Mercier Department of Obstetrics and Gynecology, Division of General
Obstetrics and Gynecology, Sidney Kimmel Medical College Thomas Jefferson University,
Philadelphia, Pennsylvania

Srikanth Nagalla Department of Medicine, Division of Hematology/Oncology, UT
Southwestern Medical Center, Dallas, Texas

Mariam Naqvi Department of Obstetrics and Gynecology, Division of Maternal Fetal
Medicine, Massachusetts General Hospital, Boston, Massachusetts

A. Marie O’Neill Rowan University School of Osteopathic Medicine, Stratford, New Jersey

Kelly M. Orzechowski Department of Obstetrics and Gynecology, Division of Maternal
Fetal Medicine, Virginia Hospital Center, Arlington, Virginia

Luis D. Pacheco Department of Obstetrics/Gynecology, Division of Maternal Fetal
Medicine and Department of Anesthesiology, Division of Surgical Critical Care, The
University of Texas Medical Branch, Galveston, Texas

Michael J. Paglia Division of Maternal-Fetal Medicine, Women’s and Children’s Institute,
Geisinger Health System, Danville, Pennsylvania

Leonardo Pereira Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Oregon Health and Science University, Portland, Oregon

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

Sarah Poggi The Brock Perinatal Diagnostic Center Alexandria, Virginia



Timothy J. Rafael Division of Maternal-Fetal Medicine, Department of Obstetrics and
Gynecology, Mount Sinai Beth Israel Hospital, New York

Uma M. Reddy Eunice Kennedy Shriver National Institute of Child Health and Human
Development, Bethesda, Maryland

Shane Reeves Division of Maternal-Fetal Medicine, Colorado Institute for Maternal and
Fetal Health, University of Colorado, Aurora, Colorado

Amanda Roman Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia,
Pennsylvania

Sharon Rubin Department of Internal Medicine, Division of Cardiology, Pennsylvania
Hospital, University of Pennsylvania, Philadelphia, Pennsylvania

Antonio F. Saad Department of Obstetrics/Gynecology, Division of Maternal Fetal
Medicine, The University of Texas Medical Branch, Galveston, Texas

Joya Sahu Department of Dermatology and Cutaneous Biology, Sidney Kimmel Medical
College, Thomas Jefferson University, Philadelphia, Pennsylvania

Jacques E. Samson Department of Obstetrics and Gynecology, University of Tennessee
Health Science Center, Memphis, Tennessee

Corina N. Schoen Department of Obstetrics and Gynecology, Division of Maternal Fetal
Medicine, Baystate Medical Center, Springfield, Massachusetts

Neil S. Seligman Division of Maternal Fetal Medicine, Strong Memorial Hospital, University
of Rochester, Rochester, New York

Kathryn Shaia Department of Obstetrics, Gynecology and Reproductive Sciences, Icahn
School of Medicine at Mount Sinai, New York

William R. Short Division of Infectious Diseases, Perelman School of Medicine, University
of Pennsylvania, Philadelphia, Pennsylvania

Stephen Silberstein Jefferson Headache Center, Thomas Jefferson University, Philadelphia,
Pennsylvania

Nazanin E. Silver Department of Psychiatry and Human Behavior, Thomas Jefferson
University Hospital, Philadelphia, Pennsylvania

Robert M. Silver Department of Obstetrics and Gynecology, University of Utah, Salt Lake
City, Utah

Neil Silverman Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, David Geffen School of Medicine at UCLA, Los Angeles, California

Giuliana Simonazzi Department of Medical and Surgical Sciences, Division of Obstetrics
and Prenatal Medicine, St. Orsola Malpighi Hospital, University of Bologna, Bologna, Italy

Marcela C. Smid Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, University of North Carolina, Chapel Hill, North Carolina

David M. Stamilio Department of Obstetrics and Gynecology, Division of Maternal Fetal
Medicine, University of North Carolina, Chapel Hill, North Carolina

Joanne Stone Department of Obstetrics, Gynecology and Reproductive Sciences, Division
of Maternal Fetal Medicine, Icahn School of Medicine at Mount Sinai, New York, New York

CONTRIBUTORS

xxiii



XXiv CONTRIBUTORS

Robert A. Strauss Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, University of North Carolina, Chapel Hill, North Carolina

Danielle L. Tate Department of Obstetrics and Gynecology, University of Tennessee Health
Science Center, Memphis, Tennessee

Jorge E. Tolosa Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Oregon Health and Science University, Portland, Oregon and Departamento
de Obstetricia y Ginecologia, Centro Nacer, Salud Sexual y Reproductiva, Facultad de
Medicina, Universidad de Antioquia, Medellin, Colombia

Tino Tran Department of Obstetrics and Gynecology, Crozer-Keystone Medical Center,
Chester, Pennsylvania

Oscar A. Viteri Department of Obstetrics, Gynecology and Reproductive Sciences, Division
of Maternal-Fetal Medicine, McGovern Medical School, University of Texas Health Science
Center, Houston, Texas

Tal E. Weinberger Thomas Jefferson University Hospital, Philadelphia, Pennsylvania

Shuhan Zhu Department of Neurology, Boston University School of Medicine, Boston,
Massachusetts



Hypertensive disorders*

Amanda Roman

CHRONIC HYPERTENSION

Key Points

e  Chronic hypertension (CHTN) is defined as either a his-
tory of hypertension preceding the pregnancy or a blood
pressure (BP) >140/90 prior to 20 weeks gestation.

* Severe CHTN has been defined as systolic blood pres-
sure (SBP) 2160 mmHg or diastolic blood pressure (DBP)
2110 mmHg.

e  High-risk CHTN has been defined in pregnancy as that
associated with secondary hypertension, target organ
damage (left ventricular dysfunction, retinopathy, dys-
lipidemia, microvascular disease, prior stroke), maternal
age >40, previous pregnancy loss, SBP >180, or DBP
2110 mmHg.

* Maternal complications of CHTN include worsening
HTN, superimposed preeclampsia, severe preeclampsia,
eclampsia, HELLP (Hemolysis, Elevated Liver enzymes,
and Low Platelet count) syndrome, cesarean delivery, and
(uncommonly) pulmonary edema, hypertensive enceph-
alopathy, retinopathy, cerebral hemorrhage, and acute
renal failure.

¢ Fetal complications of CHTN: fetal growth restriction
(FGR), oligohydramnios, placental abruption, preterm
birth (PTB), and perinatal death.

e  Prevention (mostly preconception) consists of exercise,
weight reduction, proper diet, and restriction of sodium
intake.

¢ In addition to history and physical examination, initial
evaluation may include liver function tests (LFTs), plate-
let count, creatinine, urine analysis, and 24-hour urine
for total protein (and creatinine clearance). Women with
high-risk, severe, or long-standing HTN may need an
electrocardiogram (EKG) and echocardiogram as well. If
hypertension is newly diagnosed and has not been evalu-
ated previously, a medical consult may be indicated to
assess for possible etiologic factors (renal artery stenosis,
pheochromocytoma, hyperaldosteronism, etc.).

®  Thereisinsufficient evidence to assess bed rest for man-
aging CHTN in pregnancy.

¢ Blood pressure decreases physiologically in the first and
second trimester in pregnancy, especially in women with
CHTN. As blood pressure is usually <140/90 mmHg at
the first visit for hypertensive women, often antihy-
pertensive drugs do not need to be increased. BP will
usually increase again in the third trimester, leading to a
workup for preeclampsia and, if absent, restarting of anti-
hypertensive drugs.

* Hypertensive disorders of pregnancy include chronic hyperten-
sion, gestational hypertension, preeclampsia, HELLP syndrome, and
eclampsia.

e  Antihypertensive medications in pregnancy are recom-
mended in cases with severe HTN: SBP >160 or DBP
2100 on two occasions. The goal is usually to maintain
a BP of around 140-150/90-100 mmHg. With end-organ
damage, such as renal disease, diabetes with vascular
disease, or left ventricular dysfunction, these thresholds
should probably be lowered to <140/90.

®  On the basis of limited trial data, labetalol and nifedip-
ine are the current antihypertensive drugs most used
by experts. Labetalol dosing can start at 100 mg twice a
day with a maximum dose of 2400 mg a day. Nifedipine
is started at 10 mg twice a day or 30 mg XL once a day
with a maximum dose of 120 mg/day. Angiotensin-
converting enzyme (ACE) inhibitors are contraindicated
in pregnancy.

Diagnosis/Definition (Table 1.1)

Chronic hypertension in pregnancy (CHTN) is defined
as either a history of hypertension preceding the preg-
nancy or a blood pressure 2140/90 prior to 20 weeks ges-
tation. Though controversial, the 5th Korotkoff sound is
used for the diastolic reading. Blood pressure measure-
ments can be obtained using a manual or an automated
cuff with the patient in the sitting position. Severe CHTN
is defined as SBP 2160 mmHg or DBP 2110 mmHg. In non-
pregnant adults, BP <120/80 mmHg is normal, BP 120-
139/80-89 mmHg is prehypertension, BP 140-159/90-99
is stage 1 hypertension, and BP >160/100 mmHg is stage 2
hypertension.

Epidemiology/Incidence

CHTN occurs in about 1% to 5% of pregnant women. CHTN
in pregnancy is the second leading cause of maternal mor-
tality in the United States, accounting for about 15% of such
deaths. Hypertensive disorders, such as CHTN, gestational
hypertension, preeclampsia with or without severe features,
or HELLP syndrome, occur in 12% to 22% of pregnancies.

Etiology/Basic Pathophysiology

CHTN mostly develops as a complex quantitative trait affected
by both genetic and environmental factors. Most women have
essential or primary hypertension, and around 10% may have
underlying renal or endocrine disease.

Classification

Severe CHTN has been defined as SBP 2160 mmHg or DBP
2110 mmHg [1]. High-risk CHTN has been defined in preg-
nancy as that associated with secondary hypertension,
target organ damage (left ventricular dysfunction, retinop-
athy, dyslipidemia, maternal age >40 years, microvascular
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Table 1.1

Chronic hypertension in pregnancy

Definitions and Diagnostic Criteria for Hypertensive Disorders of Pregnancy

Either a history of hypertension (HTN) preceding the pregnancy with or without antihypertensive medication or a blood pressure

>140/90 prior to 20 weeks gestation.
Gestational Hypertension

Sustained (on at least two occasions, six hours apart) BP =140/90 after 20 weeks without proteinuria, other signs or symptoms of

preeclampsia, or a prior history of HTN.
Preeclampsia without severe features (“mild preeclampsia”)

Sustained (at least twice, six hours but not >7 days apart) BP =140/90 mmHg and proteinuria (=300 mg in 24 hours in a woman without
prior proteinuria) after 20 weeks of gestation in a woman with previously normal blood pressure.

Superimposed preeclampsia
One or more of the following criteria:

* New onset of proteinuria (=300 mg in 24 hours without prior proteinuria) after 20 weeks in a woman with chronic HTN or
sudden increase in proteinuria in a woman with known proteinuria before or early in pregnancy
* A sudden increase in hypertension previously well controlled or escalation of antihypertensive medication to control BP

Superimposed preeclampsia with severe features

Superimposed preeclampsia and one or more of the following criteria:

* Severe range of BP (=160/110 mmHg) despite escalation of antihypertensive medication

¢ Platelet count <100,000/mm?3

¢ Increased hepatic transaminases (AST and/or ALT) two times the upper limit of normal concentration at a particular laboratory
* New onset or worsening renal insufficiency (creatinine =1.1 mg/dL or a doubling of the serum creatinine)
L]

Pulmonary edema

¢ Persistent neurological symptoms (e.g., headache, visual changes)

Preeclampsia with severe features (“severe preeclampsia”)
Preeclampsia with any one of the following criteria:
BP >160/110 mmHg (two occasions, >4 hours apart)

in absence of other renal disease

Thrombocytopenia (platelets <100,000/mm?) and/or evidence of microangiopathic hemolytic anemia
Increased hepatic transaminases (AST and/or ALT) two times of the upper limit of normal concentration for the particular laboratory
Progressive renal insufficiency (creatinine =1.1 mg/dL or a doubling of the serum creatinine or oliguria (<500 mL urine in 24 hours))

* Persistent headache or other cerebral or visual disturbances (including grand mal seizures)

¢ Persistent epigastric (or right upper quadrant) pain
¢ Pulmonary edema or cyanosis

HELLP syndrome
Tennessee Classification (most commonly used)

* Hemolysis as evidenced by an abnormal peripheral smear in addition to either serum LDH >600 IU/L or total bilirubin >1.2 mg/dL

(=20.52 pmol/L)

¢ Elevated liver enzymes as evidenced by an AST or ALT two times the upper limit of normal concentration at a particular laboratory

¢ Platelets <100,000 cells/mm?3.

If all the criteria are met, the syndrome is defined “complete”; if only one or two criteria are present, the term “partial HELLP” is

preferred.
Subclassification: Mississippi HELLP Classification System

¢ Class 1: HELLP syndrome (severe thrombocytopenia): platelet count 50,000 cells/mm? + LDH >600 IU/L and AST or ALT =70 IU/L
¢ Class 2: HELLP syndrome (moderate thrombocytopenia): platelet count >50,000 but <100,000 cells/mm? + LDH >600 IU/L and

AST or ALT =70 IU/L

¢ Class 3: HELLP syndrome (mild thrombocytopenia): platelet count >100,000 but <150,000 cells/mm?3 + LDH >600 IU/L and AST

or ALT =40 IU/L
Eclampsia

¢ Seizures (grand mal) in the presence of preeclampsia and/or HELLP syndrome.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; HELLP, hemolysis, elevated liver enzymes,

low platelets; LDH, lactase dehydrogenase.

disease, prior stroke), previous loss, SBP 2180 mmHg or
DBP 2110 mmHg or other maternal diseases, such as obe-
sity [2] and/or diabetes mellitus. For gestational HTN, see
below.

Risk Factors/Associations

Renal disease (the most common cause of secondary CHTN);
collagen vascular disease; antiphospholipid syndrome; dia-
betes; and other disorders such as thyrotoxicosis, Cushing’s
disease, hyperaldosteronism, pheochromocytoma, or coarc-
tation of the aorta.

Complications

Maternal

Worsening CHTN, superimposed preeclampsia (20%) with
or without severe features, eclampsia, HELLP syndrome,
and cesarean delivery. Pulmonary edema, hypertensive
encephalopathy, retinopathy, cerebral hemorrhage, and
acute renal failure are uncommon but are more common
with severe CHTN [3].

Fetal
Growth restriction (8%-15%); oligohydramnios, placental
abruption (0.7%-1.5%, about a twofold increase), PTB



(12%-34%), and perinatal death (two- to fourfold increase).
All of these complications have higher incidences with severe
or high-risk CHTN.

Management

Principles

Pregnancy is characterized by increased blood volume,
decreased colloid oncotic pressure (see also Chapter 3 in
Obstetric Evidence Based Guidelines). Physiologic BP decreasing
in the first and second trimester may mask CHTN.

Initial Evaluation/Workup

History. Antihypertensive drugs, prior workup, end-organ
damage, prior obstetrical history, family history of renal or
cardiac disease.

Physical examination. Blood pressure, cardiac murmurs,
edema.

Laboratory tests. Baseline values may be useful to be able
to compare in cases of possible later preeclampsia, liver func-
tion test (LFT), platelets, creatinine, urine analysis, 24-hour
urine for total protein (and creatinine clearance) (see also
Chapter 23). An early glucose challenge test may be indicated.
Coagulation studies (especially fibrinogen) are usually not
indicated except in specific severe cases. Creatinine clearance
(mL/min) is calculated as follows:

Urine creatinine (mg/dL) x Total urine volume (mL)
Serum (mg/dL) x 1440 minutes

Other tests. Maternal EKG, echocardiogram, and oph-
thalmological examination are suggested, especially in
women with long-standing, high-risk, or severe hyperten-
sion. Renal ultrasound to rule out polycystic kidney disease
or obstructive disease causing renal failure may be consid-
ered in cases of suspected obstructive uropathy or strong
family history of kidney disease.

Workup

It is important to identify cardiovascular risk factors or any
reversible cause of hypertension and assess for target organ
damage or cardiovascular disease. Reversible causes include
chronic kidney disease, coarctation of the aorta, Cushing’s
syndrome, drug-induced/related causes, pheochromocytoma,
hyperaldosteronism, renovascular hypertension (renal artery
stenosis), thyroid/parathyroid disease, and sleep apnea. If
hypertension is newly diagnosed and has not been evaluated
previously, a medical consult may be indicated to assess for
any of these factors. Secondary hypertension, target organ
damage (left ventricular dysfunction, retinopathy, dyslip-
idemia, renal disease, microvascular disease, prior stroke),
maternal age >40 years, previous loss, SBP 2180 or DBP
2110 mmHg are associated with higher risks in pregnancy.

Prevention

A baby aspirin is recommended starting at 12 week or at
least before 24 week to decrease the incidence of preeclamp-
sia.In women with mild hypertension, gestational hyperten-
sive disorders, or a family history of hypertensive disorders,
30 minutes of exercise three times a week may decrease DBP,
as per a very small trial [4]. Maintaining ideal body weight
and preconception weight reduction is recommended
for overweight or obese women. A proper diet should
be rich in fruits, vegetables, and low-fat dairy foods with
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reduced saturated and total fats. Restriction of sodium
intake to <2.4 g sodium daily intake, recommended for
essential hypertension, is beneficial in nonpregnant adults.
Use of alcohol and tobacco is strongly discouraged.

Screening/Diagnosis

Initial BP evaluation may help to identify women with chronic
hypertension, and third-trimester blood pressure readings
aid in preeclampsia screening. A BP of 2120/80 mmHg in the
first or second trimester is not normal and associated with
later risks of preeclampsia. Blood pressure should be taken
properly. Appropriate measurement of BP includes using
Korotkoff phase V, appropriate cuff size (length 1.5 x upper-
arm circumference, or a cuff with a bladder that encircles
280% of the arm), and position so that the woman’s arm is at
the level of the heart (sitting up) at rest.

Preconception Counseling

There are significant risks associated with hypertension and
preeclampsia in pregnancy. All women should be counseled
appropriately regarding the possible complications and pre-
ventive and management strategies for hypertensive disor-
ders in pregnancy. ACE inhibitors and angiotensin type II
(AII) receptor antagonists should be discontinued. A complete
evaluation and workup, as described above, should be done,
especially if she has a several-year history of hypertension
and/or hypertension never fully evaluated. Baseline tests can
also be obtained for later comparison. Abnormalities should
be addressed and managed appropriately (see specific chap-
ters). If, for example, serum creatinine (Cr) is >1.4 mg/dL,
the woman should be aware of increased risks in pregnancy
(pregnancy/fetal loss, reduced birth weight, preterm delivery,
and accelerated deterioration of maternal renal disease). Even
mild renal disease (Cr = 1.1-1.4 mg/dL) with uncontrolled
HTN is associated with 10 times higher risk of fetal loss (see
Chapter 17).

Prenatal Care

Often BP monitoring at home is suggested in pregnancies
with CHTN. At present, the possible advantages and risks
of ambulatory blood pressure monitoring during pregnancy,
in particular in hypertensive pregnant women, cannot be
defined because there is no randomized controlled trial (RCT)
evidence to support the use of ambulatory BP monitoring
during pregnancy [5].

Therapy

Lifestyle changes and bed rest. There are no trials to assess life-
style changes other than bed rest in pregnancy. Weight reduc-
tion is not recommended. The diet should be rich in fruits,
vegetables, and low-fat dairy foods with reduced saturated
and total fats and with sodium intake restricted to <24 g
sodium daily.

There is insufficient evidence to demonstrate any dif-
ferences between bed rest (in or out of the hospital) for
reported outcomes overall. Compared with routine activity
at home, some bed rest in the hospital for nonproteinuric
hypertension is associated with a 42% reduced risk of severe
hypertension and a borderline 47% reduction in risk of PTB in
one trial [6]. The trial did not address possible adverse effects
of bed rest. Three times more women in the bed rest group
opted not to have the same management in future pregnan-
cies, if the choice is given. There are no significant differences
for any other outcomes [6].
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Antihypertensive drugs
Common types

Labetalol (alpha- and beta-blocker): On the basis of lim-
ited trial data (see below), labetalol is the current drug
of choice of many experts [1,7]. It has a rapid onset of
action (within two hours). Dosing can start at 100 mg
twice a day with maximum dose of 2400 mg a day. As
with other drugs, generally a different agent should
not be added until maximum doses of the first drug are
achieved. Labetalol has been associated with elevated
liver enzymes in rare cases (which may be confused
with HELLP syndrome) as well as lethargy, fatigue, sleep
disorders, and bronchoconstriction. Labetalol should be
avoided in women with asthma, heart disease, or con-
gestive heart failure.

Calcium channel blockers: Calcium channel blockers are
frequently used as first or second option for CHTN in
pregnancy. There is no known association with birth
defects with reassuring long-term follow-up of babies up
to 1.5 years. Nifedipine is not associated with adverse
perinatal outcome [8]. Nifedipine can be started at 10 mg
twice a day with a maximum dose of 120 mg/day. Long-
acting nifedipine XL can be started at 30 mg with 120 mg
as a maximum dose. Very rare cases of neuromuscular
blockade have been reported when nifedipine is used
simultaneously with magnesium sulfate. This blockade
is reversible with 10% solution of calcium gluconate.
Although amlodipine is widely used in nonpregnant
individuals with hypertension, there are sparse data of
its use in pregnancy [9]. Other calcium antagonists, such
as verapamil and diltiazem, have been used.
Beta-blockers: The safety of beta-adrenergic blockers is
somewhat controversial due to reports of premature labor,
FGR, neonatal apnea, bradycardia, and hypoglycemia in
pregnancy compared to placebo and with higher mortal-
ity in nonpregnant adults compared to other agents and
should probably be avoided. There is insufficient evi-
dence to assess if other drugs in this class (or even other
classes) are associated with the same effect (see below).
Diuretics: Women who use diuretics from early in preg-
nancy do not have the physiologic increase in plasma
volume, which poses a theoretical concern because pre-
eclampsia is associated with reduced plasma volume.
Nonetheless, the reduction in plasma volume associ-
ated with diuretics has not been associated with adverse
effects on outcomes. Diuretics are not contraindicated
in pregnancy except in settings in which uteroplacen-
tal perfusion is already reduced (i.e., preeclampsia and
FGR). This is usually the drug of first choice for some
nonpregnant adults and should be considered as a sec-
ondary option in pregnant women. The initial dose of
hydrochlorothiazide is usually 12.5 mg twice a day with
a maximum dose of 50 mg/day. Dose should be adjusted
to prevent hypokalemia.

ACE inhibitor (or All receptor antagonists): These drugs are
contraindicated in the first trimester because they might
be associated with a twofold increase in malformations
and are contraindicated also later in pregnancy because
they are associated with FGR, oligohydramnios, neona-
tal renal failure, and neonatal death. Postpartum compli-
cations include oliguria and anuria.

Methyldopa (Aldomet): This drug was the preferred first-
line agent historically because it is associated with stable

uteroplacental blood flow and fetal hemodynamics, and
no long-term adverse effects are seen in exposed chil-
dren (up to 7.5 years; best documentation of fetal safety of
any antihypertensive drug). It is a mild antihypertensive
agent and has a slow onset of action (three to six hours).
Liver disease is a contraindication. Initial dose is usu-
ally 250 mg two to three times a day with the highest dose
500 mg four times a day (2 g/day). Side effects include
dry mouth and drowsiness/somnolence.

Effectiveness

Mild-to-moderate HTN. Mild-to-moderate HTN is usually
defined in trials as a SBP of 140 to 159 mmHg or a DBP of 90 to
109 mmHg. A Cochrane review published in 2014 included 49
trials (4723 women) to evaluate the management in pregnant
women with mild-to-moderate hypertension (all diagnoses
included). Antihypertensive drugs vs. placebo were associ-
ated with a 50% reduction in the risk of developing severe
hypertension but no differences in the risk of developing
preeclampsia, PTB, small for gestational age (SGA), perina-
tal death, or any other outcomes [10]. Of the included stud-
ies, only six had dedicated inclusion of women with CHTN:
Similar to the overall findings, in this subgroup of women,
there was a 43% reduction in the risk of developing severe
hypertension but no changes in other maternal or perinatal
outcome. Beta-blockers and calcium channel blockers used
together instead of methyldopa have a 46% reduction in the
risk of severe hypertension and a 27% overall risk of devel-
oping proteinuria/preeclampsia. However, there is insuf-
ficient evidence to conclude that one antihypertensive is
better than another [10]. Other meta-analyses have suggested
that women receiving beta-blockers had a significant 38%
increase risk in SGA and a threefold increase in birth weight
<5th percentile [11-13] A recent multicenter international RCT
compared “less tight control” to “tight control” of BP for preg-
nant women with mild-to-moderate hypertension [14]. The
study reported outcomes for 987 women who were enrolled at
14-33 weeks of gestation; participants had either chronic (75%)
or gestational (25%) nonproteinuric hypertension. Women
were randomized to either less tight control (target DBP 100
mmHg) or tight control (target DBP 85 mmHg) during preg-
nancy. The primary outcome of pregnancy loss or need for
high-level neonatal care for >48 hours did not differ between
groups (31.4% vs. 30.7%). The frequency of severe hyperten-
sion was higher with less-tight control but was not associated
with any adverse pregnancy outcome, such as preeclampsia,
abruption, or composite of “serious maternal complications.”
The overall risk of SGA (<10th percentile) was not different
between groups, aOR:0.78; (0.56-1.08). In the subgroup with
chronic hypertension, the risk of SGA was 34% lower with
less-tight control (13.9% vs. 19.7%; aOR:0.66; 95% CI 0.44-1.00)
although this study was underpowered to examine subgroup
differences [14]. In the absence of strong evidence of benefits
and risks of pharmacologic treatment and SGA, management
of pregnant women with mild-to-moderate chronic hyperten-
sion remains uncertain [1,7].

The task force of hypertension in pregnancy recom-
mends that women with mild to moderate hypertension
(SBP 2140 mmHg but <160 mmHg or DBP 290 mmHg but
<110 mmHg) without end-organ damage should not be
treated with pharmacologic agents [1].

In women with known CHTN well controlled on anti-
hypertensive medications, discontinuation of the medication
during the first trimester is a reasonable alternative as blood



pressure is usually <140/90 at the first visit. Often BP will
increase again in the third trimester, leading to a workup for
preeclampsia, and if preeclampsia is absent, antihypertensive
drugs can be restarted.

For women with CHTN and end-organ damage (renal
disease, diabetes with vascular disease, or left ventricular
dysfunction), these thresholds should probably be lowered
to <140/90 mmHg to avoid progression of the disease dur-
ing pregnancy and associated complications.

Severe HTN. Severe HTN is defined as SBP 2160 mmHg
or DBP 2110 mmHg [1]. There is insufficient evidence to assess
the benefits and risks of different antihypertensive drugs
for severe CHTN as most studies that address this question
have not been limited to women with CHTN and also have
included gestational HTN and preeclampsia. A Cochrane
systematic review of 35 trials, 3573 women, evaluated the
drug treatment for severe HTN during pregnancy [15]. Drug
therapy was initiated for DBP >100-110 mmHg mostly during
the third trimester. They included a few women with CHTN,
but subgroup analysis was not performed. The task force on
hypertension in pregnancy recommends starting antihyper-
tensive therapy at SBP >160 mmHg or DBP >105 mmHg on
at least two occasions with a goal of SBP between 120 and
160 mmHg and DBP between 80 and 105 mmHg, avoiding
overly aggressive BP lowering due to concerns of decreased
uteroplacental blood flow [1]. This is to decrease the risk of
cerebrovascular accidents and cardiovascular (e.g., conges-
tive heart failure) and renal complications. The goal is to
maintain BP around 140-150/90-100 mmHg.

There are two indications of antihypertensive medi-
cations for women with CHTN: 1) acute lowering of severe
HTN in the hospital (Table 1.3), or 2) chronic treatment in
an outpatient setting (Table 1.4). Based on findings of the
Cochrane systematic review [15], there is no clear evidence
that one antihypertensive is preferable to the others for
improving outcomes for women with very high blood pres-
sure during pregnancy. Therefore, the choice of antihyper-
tensive should depend on the experience and familiarity of
an individual clinician with a particular drug and on what
is known about adverse maternal and fetal side effects.
Three drugs—high-dose diazoxide [16], ketanserin, and
nimodipine—have serious disadvantages and so should
probably be avoided for women with very high blood pres-
sure during pregnancy.

Antepartum Testing
Increased perinatal morbidity and mortality is mainly attri-
buted to severe CHTN and high-risk CHTN with end-organ
damage or secondary HTN. The risk of FGR with uncom-
plicated CHTN is 8% to 15%, and with severe and high-risk
CHTN, the risk increases up to 40%. Early detection of FGR
can decrease the risk of stillbirth by 20% [17], and the addi-
tion of umbilical artery Doppler on those with suspected FGR
decreases perinatal mortality by 29% [18]. Initial dating ultra-
sound, preferably in the first trimester (FTS at 11-14 weeks),
anatomy ultrasound at around 18 to 20 weeks, and ultra-
sound for growth at 28 to 32 weeks are suggested for women
with uncomplicated CHTN and every month after anatomy
ultrasound on those with severe and high-risk CHTN (see
also Chapter 4 in Obstetric Evidence Based Guidelines).
Antenatal testing (usually with weekly nonstress
tests) is suggested starting around 32 weeks, especially if
poorly controlled, severe HTN, high-risk CHTN, FGR, or
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superimposed preeclampsia is indicated. Umbilical artery
Doppler is recommended in cases of FGR (see Chapter 44). For
uterine artery Doppler, see the section titled “Preeclampsia.”

Delivery

Often PTB (either spontaneous or iatrogenic) occurs because of
complications. In the uncomplicated pregnancy with CHTN,
the pregnancy should probably be delivered by the estimated
date of confinement (EDC). Unfortunately, there are no RCTs
evaluating timing of delivery for women with chronic HTN.
In a large population-based cohort study, among women with
otherwise uncomplicated chronic hypertension, delivery at 38
or 39 weeks appears to provide the optimal trade-off between
the risk of adverse fetal and adverse neonatal outcomes. The
risk of stillbirth is significantly higher at 41 weeks [19].

Anesthesia
See the section titled “Preeclampsia” and also Chapter 11 in
Obstetric Evidence Based Guidelines.

Postpartum/Breast-Feeding

Methyldopa, labetalol, beta-blockers, calcium channel block-
ers, and most other agents are safe with breast-feeding, with
the possible exception of ACE inhibitors, because even low
concentrations in breast milk could affect neonatal renal
function.

GESTATIONAL HYPERTENSION

Definition (Table 1.1)

Gestational hypertension (GHTN), formerly known as
pregnancy-induced hypertension, is defined as sustained
(on at least two occasions, 6 hours apart) BP 2140/90 after 20
weeks, without proteinuria, other signs or symptoms of pre-
eclampsia, or a prior history of HTN. Severe GHTN is defined
similarly except that the cutoffs are >160/110 mmHg.

Incidence
About 6% to 17% healthy nulliparous women.

Risk Factors
Most risk factors are similar to preeclampsia (Table 1.2).

Complications

Progression to preeclampsia usually is seen in 1-3 weeks.
Severe GHTN is associated with higher morbidities than mild
preeclampsia with incidences of abruption, PTB, and SGA,
similar to severe preeclampsia. If GHTN develops before 30
weeks or is severe, there is a high (50%) rate of progression to
preeclampsia.

Antenatal Management

GHTN is usually associated with good outcomes, similar to
low-risk pregnant women [20], so that close surveillance for
development of preeclampsia but no other intervention is
usually needed. Before 37 weeks, in the absence of severe
GHTN, preeclampsia with severe features or preterm labor
and in the presence of reassuring fetal testing, expectant
management is suggested. Outpatient management with
close surveillance of maternal symptoms, BP (suggest daily as
outpatient with personal BP cuff), proteinuria, and laboratory
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Table 1.2 Selected Clinical Risk Factors for Preeclampsia

Primiparity

Primipaternity

Previous preeclamptic pregnancy
Chronic hypertension

Chronic renal disease

History of thrombophilia

In vitro fertilization

Family history of preeclampsia
Pregestational diabetes mellitus
Obesity

Systemic lupus erythematosus
Advanced maternal age (>40 years)

tests is suggested. Antihypertensive medications for BP <160/
110 mmHg or bed rest are not recommended. Antepartum
surveillance also should include daily fetal kick counts, ultra-
sonographic fetal growth assessment every 3—4 weeks, BPP or
modified BPP every week starting at the onset of diagnosis.

Severe GHTN usually requires admission to the hos-
pital at diagnosis to increase maternal fetal surveillance.
Antihypertensive medications are recommended in women
with SBPs 2160 mmHg or DBPs 2110 mmHg to avoid mater-
nal complications (stroke, cardiac failure, pulmonary edema,
renal impairment, and death). Drugs of choice for both oral or
intravenous administration, and doses, are described in Table
1.3 and Table 1.4 (same recommendations as above in CHTN
section).

Delivery

For women at or beyond 37 weeks with GHTN, delivery is
recommended rather than continued observation. Compared
to expectant management, induction of labor in women
with mostly (about 66%) gestational hypertension (or pre-
eclampsia without severe features) at 36 to 41 weeks gesta-
tion is associated with a trend for lower incidence of maternal

Table 1.3 Antihypertensive Medications for Urgent Blood
Pressure Control in the Hospital

Drug Dose Comments
Labetalol 10-20 mg 1V, then Considered first-line
20-80 mg every agent

20-30 minutes to a

maximum dose of 300

mg or constant adverse effects

infusion 1-2 mg/min  Contraindicated in

\Y) patients with asthma,
heart disease, or
congestive heart failure

Tachycardia is less
common and fewer

Hydralazine 5 mg IV or IM, then Higher or frequent
5-10 mg IV every dosage associated with
20-40 minutes to maternal hypotension,
maximum dose of headaches, and fetal
30 mg or constant distress—maybe more
infusion 0.5-10 mg/h common than other

agents
Nifedipine 10-20 mg orally, repeat May observe

in 30 minutes if
needed; then 10-20
mg every 2—6 hours

tachycardia and
headaches

Source: American College of Obstetricians and Gynecologists, Task
Force on Hypertension in Pregnancy. Obstet Gynecol, 122, 5, 1122—
31, 2013.

Abbreviations: IM: intramuscular; IV, intravenous.

Table 1.4 Oral Antihypertensive Medications in Pregnant
Patients (Outpatient)

Drug Dosage Comments

200—2400 mg/d
orally in two or
three divided
doses

Labetalol Well tolerated

Partial broncho-
constrictive effects

Avoid in patients
with asthma and

congestive heart

failure
Nifedipine 30-120 mg/day Do not use
orally of a sublingual form
slow release
preparation
Methyldopa 0.5-3 g/day Childhood safety
orally in two to data up to 7 years
three divided of age
doses May not be as
effective in control
of severe
hypertension
Thiazide diuretics Depends on Not first line agent
the agent Risk of hypokalemia

Associated with
fetal anomalies

Contraindicated in
pregnancy and
preconception
period

Postpartum oliguria
and anuria

Angiotensin-converting
enzyme inhibitors/
angiotensin receptor
blockers

Source: American College of Obstetricians and Gynecologists, Task
Force on Hypertension in Pregnancy. Obstet Gynecol, 122, 5, 1122—
31, 2013.

complications (e.g., HELLP, severe HTN, and pulmonary
edema) (RR 0.81, 95% CI 0.63-1.03), and lower incidence of
neonatal pH <7.05 with induction of labor 237 weeks [21].
Trends were seen for benefit of induction associated with less
cesarean delivery and maternal ICU admission. Magnesium
sulfate for seizure prophylaxis is not indicated in GHTN.
There is no strict recommendation of when to deliver
women with severe GHTN in absence of severe features.
If any of the criteria for severe features of preeclampsia are
present, delivery is indicated at 34 weeks or after (see below).

Postpartum management of women with GHTN
requires continued observation of BPs for 72 hours post-
partum and outpatient follow up in 7-10 days as there is an
increased risk of postpartum preeclampsia/eclampsia and
CHTN in these women [1].

PREECLAMPSIA

Key Points

* Preeclampsia is defined as sustained (at least twice,
6 hours but not >7 days apart) new onset of SBP >140
mmHg or DBP 290 mmHg and new onset of protein-
uria (2300 mg in 24 hours or protein creatinine ratio
20.3 or dipstick reading of more than 1+ only if other
methods are not available), after 20 weeks of gestation
in a woman with previously normal blood pressure.

*  Preeclampsia can be diagnosed as well if there is new
onset of SBP >140 mmHg or DBP >90 mmHg in absence



of proteinuria but with new onset of any of the follow-
ing: platelets <100,000/mm?, serum creatinine level >1.1
mg/dL or doubling of the previous creatinine level in
absence of other renal disease, elevated aspartate ami-
notransferase (AST) and/or alanine aminotransferase
(ALT) twice the reference level, pulmonary edema or per-
sistent headache or other cerebral or visual disturbances.
Superimposed preeclampsia (in a woman with known
well-controlled CHTN) is defined as the new onset of
proteinuria (2300 mg in 24 hours or protein/creatinine
ratio >0.3) after 20 weeks or significant increase in pre-
existing proteinuria or sudden exacerbation of BPs or
worsening HTN requiring increased dose of antihyper-
tensive medications on more than two occasions.
Preeclampsia with severe features (“severe preeclamp-
sia”) is defined as preeclampsia with any of the follow-
ing: SBP 2160 mmHg or DBP 2110 mmHg or higher in
two occasions at least 4 hours apart while on bed rest,
platelets <100,000/mm3, progressive renal disease as
diagnosed by elevated serum creatinine level >1.1 mg/dL
or doubling of the previous creatinine level in absence
of other renal disease, impaired liver function as indi-
cated by elevated AST and/or ALT twice the reference
level, severe right upper quadrant or epigastric pain not
accounted for by other etiologies, pulmonary edema or
new onset of persistent headache, or other cerebral or
visual disturbances.

HELLP syndrome is defined as hemolysis, elevated
liver enzymes (AST or ALT) twice the reference level,
and platelets <100,000/mm?.

Eclampsia is defined as new onset of grand mal seizures
in the presence of preeclampsia and/or HELLP syndrome.
Eclampsia can occur before, during, and after labor.
Maternal complications of preeclampsia include (mater-
nal) HELLP syndrome, disseminated intravascular coag-
ulation (DIC), pulmonary edema, abruptio placentae,
renal failure, cardiac failure, seizures (eclampsia), cere-
bral hemorrhage, liver hemorrhage, and maternal death.
Fetal complications of preeclampsia include FGR, PTB,
perinatal death, hypoxemia, or neurologic injury.
Low-dose aspirin (75-150 mg/day) given to women
with risk factors for preeclampsia is associated with a
17% reduction in the risk of preeclampsia, a small (8%)
reduction in the risk of PTB <37 weeks, a 10% reduction
in SGA babies, and a 14% reduction in perinatal deaths.
If low-dose aspirin is given anyway because of a history
of preeclampsia, then uterine artery Doppler screening
may not be necessary or beneficial. It is recommended
to start low-dose aspirin early (<16 weeks) in women
with high risk for preeclampsia as it is associated with
a 90% reduction in severe preeclampsia, a 69% reduc-
tion in gestational hypertension, and a 49% reduction
in intrauterine growth restriction (IUGR).

Calcium supplementation is associated with a 35%
reduction in the incidence of high blood pressure and
a 55% reduction in the risk of preeclampsia. This effect
is greatest in women with low baseline calcium intake or
high risk of preeclampsia, in which calcium supplemen-
tation (1.5-2 g/day) may be indicated.

Antioxidant therapy with vitamin C 1000 mg/day and
vitamin E 400 IU/day starting in the early second tri-
mester is not associated with a reduction in the risk of
preeclampsia. Antioxidant therapy is not recommended
for prevention of preeclampsia.
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Diuretics or dietary salt restriction during pregnancy
are not associated with reduction in the incidence of
preeclampsia.

Bed rest or the restriction of other physical activity should
not be used for the primary prevention of preeclampsia
and its complications.

In women with risk factors for preeclampsia, the baseline
values should be obtained at first prenatal visit: complete
history and physical examination (BP), AST and ALT,
platelets, creatinine, 24-hour urine for total protein (and
creatinine clearance), and/or protein/creatinine ratio.
Indications for delivery: Preeclampsia without severe
features at 237 weeks. Preeclampsia with severe fea-
tures (severe preeclampsia) at >34 weeks warrants expe-
ditious delivery after maternal stabilization. Before
34 weeks, delivery within 48 hours after completion of
corticosteroid administration is suggested for uncon-
trollable BP in spite of continuing increase in antihy-
pertensive drugs, persistent headache and/or visual/
CNS symptoms, epigastric pain, vaginal bleeding,
persistent oliguria, preterm labor, premature preterm
rupture of membranes (PPROM), platelets <100,000/
mm? or elevated liver enzymes (partial or complete
HELLP syndrome), nonreassuring fetal heart rate, or
reversed umbilical artery end-diastolic flow 232 weeks.
Immediate delivery even before completion of steroids is
recommended in case of eclampsia, pulmonary edema,
acute renal failure, DIC, suspected abruptio placentae,
or nonreassuring fetal status.

Magnesium is the drug of choice for prevention of
eclampsia, as it is superior to phenytoin and diazepam.
Magnesium is associated with a 59% reduction in the risk
of eclampsia, a 36% reduction in abruption, and a nonsta-
tistically significant but clinically important 46% reduction
in maternal death. The reduction is similar regardless of
severity of preeclampsia with about 400 women who need
to be treated to prevent eclampsia for mild preeclampsia,
71 for severe preeclampsia, and 36 for preeclampsia with
central nervous system (CNS) symptoms.

Magnesium is recommended in women with preeclamp-
sia with severe features. The intravenous route is recom-
mended, initiating with a loading dose of 4-6 g followed
by maintenance dose of 1-2 g/hr, usually given at least
in active labor and 24 hours postpartum without man-
datory serum monitoring. When cesarean delivery is
indicated, it is recommended to continue magnesium
during the procedure as discontinuing magnesium may
increase the risk of postpartum eclampsia.
Antihypertensive drugs for the treatment of preeclamp-
sia with severe HTN (SBP >160 and/or DBP >110) are
usually labetalol, nifedipine, or hydralazine.
Antihypertensive therapy may decrease progression to
severe hypertension by 50%, but there is no effect on the
risk of developing severe preeclampsia and it may also
be associated with impairment of fetal growth.

There is insufficient evidence to recommend the use of
dexamethasone or other steroids for therapy specific
for HELLP syndrome.

In about 15% of cases, hypertension or proteinuria
may be absent before eclampsia. A high index of sus-
picion for eclampsia should be maintained in all cases
of hypertensive disorders in pregnancy, in particular
those with CNS symptoms (e.g., headache and visual
disturbances).
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e In eclampsia (see below), the first priorities are airway,
breathing, and circulation.

*  Women with prior preeclampsia or its complications
are not only at increased risk of recurrence, but also at
increased risk of cardiovascular disease in the future.

Diagnoses/Definitions (Table 1.1)

Preeclampsia

Sustained (at least twice, 6 hours but not >7 days apart) BP
2140 or 290 mmHg and new onset of proteinuria (2300 mg
in 24 hours or urinary protein creatinine ratio [UPC] 20.3)
after 20 weeks of gestation in a woman with previously nor-
mal blood pressure and normal protein in the urine [1,22,23].
BP should be measured with adequate cuff size, position of
the heart at arm level, and with calibrated equipment. The
accuracy of dipstick urinalysis with a 1+ (0.1 g/L) threshold
in the prediction of significant proteinuria by 24-hour urine
is poor [24]. Preeclampsia without severe features (“mild
preeclampsia”) is usually defined as preeclampsia not meet-
ing severe criteria (see below). “Toxemia” is a lay term. The
“30-15 rule” and edema have been eliminated as criteria to
diagnose preeclampsia [23].

Superimposed Preeclampsia
One or more of the following criteria:

*  New onset of proteinuria (2300 mg in 24 hours without
prior proteinuria) after 20 weeks ina woman with chronic
HTN or sudden increase in proteinuria in a woman with
known proteinuria before or early in pregnancy.

* A sudden increase in hypertension previously well con-
trolled or escalation of antihypertensive medication to
control BP.

Superimposed preeclampsia with severe features
One or more of the following are present

*  Severe range of BP (2160/110 mmHg) despite escalation
of antihypertensive medication

e Platelet count <100,000/mm?3

® Increased hepatic transaminases (AST and/or ALT) two
times of the upper limit of normal concentration at a par-
ticular laboratory

* New onset or worsening renal insufficiency (creatinine
>1.1 mg/dL or a doubling of the serum creatinine)

* Pulmonary edema

*  DPersistent neurological symptoms (e.g., headache, visual
changes)

Severe preeclampsia or preeclampsia with severe features
Any of the following criteria:

e  BP >160/110 mmHg (two occasions, >4 hours apart)

e  Thrombocytopenia, Platelets <100,000/mm? (and/or evi-
dence of microangiopathic hemolytic anemia)

* Increased hepatic transaminases (AST and/or ALT) two
times of the upper limit of normal concentration at a par-
ticular laboratory

e  Progressive renal insufficiency (creatinine > 1.1 mg/dL or
a doubling of the serum creatinine or oliguria (<500 mL
urine in 24 hours) in absence of other renal disease

e  Persistent headache or other cerebral or visual distur-
bances (including grand mal seizures)

e  DPersistent epigastric (or right upper quadrant) pain
¢  Pulmonary edema or cyanosis

Proteinuria >5 g/24 hours was removed as criteria of
severe preeclampsia as expectant management was not asso-
ciated with worsening maternal or neonatal outcome, and
resolution of renal dysfunction occurred in all women after
delivery [25,26].

HELLP Syndrome

HELLP syndrome can have an antepartum or postpartum
onset, and it is associated with increased maternal morbid-
ity and mortality. For HELLP syndrome to be diagnosed,
there must be micro-angiopathic hemolysis, thrombocyto-
penia, and abnormalities of liver function. There is no con-
sensus, however, on the classification criteria and the specific
thresholds of hematologic and biochemical values to use in
establishing the diagnosis of HELLP syndrome. The follow-
ing criteria are most commonly used (Tennessee Classification):
hemolysis as evidenced by an abnormal peripheral smear in
addition to either serum lactate dehydrogenase (LDH) >600
IU/L or total bilirubin >1.2 mg/dL (>20.52 pmol/L); elevated
liver enzymes, (AST and/or ALT) two times of the upper
limit of normal concentration at a particular laboratory, and
platelets <100,000 cells/mm? [27]. If all the criteria are met,
the syndrome can be also called “complete”; if only one or two
criteria are present, the term “partial HELLP” is preferred.

Eclampsia
New onset of grand mal seizures in the presence of pre-
eclampsia and/or HELLP syndrome.

Symptoms

Persistent headache or other cerebral or visual disturbances,
altered mental status (including grand mal seizures), persis-
tent epigastric (or right upper quadrant) pain, severe range of
BPs. Massive proteinuria and/or edema may be present.

Epidemiology/Incidence
In healthy nulliparous women, about 7% (most occur at term
and are mild).

Etiology/Basic Pathophysiology

Preeclampsia is a systemic disease of unknown etiology. It is
associated with endothelial disease with vasospasm and sym-
pathetic overactivity. Trophoblastic invasion by the placenta
into the spiral arteries of the uterus is incomplete, resulting
in reduced perfusion. Hypoxia, free radicals, oxidative stress,
and activation of endothelium are characteristic. Thromboxane
(which is associated with vasoconstriction, platelet aggregation,
and decreased uteroplacental blood flow) is increased, and pros-
tacyclin (which has opposite effects) is decreased. FGR is also
theorized to develop as a result of defective placentation and the
imbalance between prostacyclin and thromboxane.

Alterations of the immune response.

®  Vascular: vasospasm and subsequent hemoconcentration
are associated with contraction of intravascular space;
capillary leak and decreased colloid oncotic pressure
may predispose to pulmonary edema.

*  Cardiac: usually reduced cardiac output, decreased
plasma volume, increased systemic vascular resistance.



®  Hematological: thrombocytopenia and hemolysis with
HELLP syndrome (also elevated LDH), disseminated
intravascular coagulation (DIC).

®  Hepatic: elevated AST, ALT; subcapsular hematoma and
liver rupture.

e CNS: eclampsia, intracranial hemorrhage, headache,
blurred vision, scotomata, hyperreflexia, temporary
blindness.

®  Renal: vasospasm, hemoconcentration, and decreased
renal blood flow resulting in oliguria (rarely leading to
acute tubular necrosis, possibly leading to acute renal
failure), proteinuria, and hematuria.

e Fetal: impaired uteroplacental blood flow (FGR, oligohy-
dramnios, abruption, and nonreassuring fetal heart rate
testing [NRFHT]).

Classification
See without severe features (“mild”) versus with severe fea-
tures (“severe”), discussed above.

Risk Factors/Associations

Nulliparity, limited sperm exposure, primipaternity, “danger-
ous father” (for preeclampsia), donor eggs and/or sperm, mul-
tifetal gestation, prior preeclampsia, chronic HTN, diabetes,
vascular and connective tissue disease, nephropathy, antiphos-
pholipid syndrome (APS), obesity, insulin resistance, young
maternal age or advanced maternal age, African-American
race, family history of preeclampsia, maternal low birth weight,
low socioeconomic status, increased soluble fms-like tyrosine
kinase 1 (sFlt-1), reduced placental growth factor, and higher
fetal cells in maternal circulation (Table 1.2). A change in part-
ner is usually associated with a protective effect if prior preg-
nancy had preeclampsia. Previous pregnancy with the same
partner seems to be protective, albeit for a short (one to three
years) time. Smoking is associated with decreased incidence of
preeclampsia. The presence of inherited thrombophilias, such
as factor V Leiden, prothrombin 20210, and Methylene tetra-
hydrofolate reductase (MTHFR), has not been associated with
preeclampsia when the best studies (prospective, large, etc.) are
evaluated (see Chapter 27 and Table 27.3). Although antiphos-
pholipid antibodies, in particular ACA, are associated with an
increased risk of preeclampsia, screening is not suggested as
no therapy has been evaluated in these cases (see Chapter 26).

Prediction
Despite the variety of methods studied, there are still no sen-
sitive prediction tests for preeclampsia shown to alter out-
come. No single test or combination of tests reliably predicts
preeclampsia, early onset of preeclampsia, or progression of
GHTN or mild preeclampsia into severe preeclampsia.
Uterine artery Doppler velocimetry has been studied,
especially in pregnant women who are at high risk for pre-
eclampsia [28]. Abnormal uterine artery Doppler findings in
the second trimester have a sensitivity of 20% to 60% and a
positive predictive value of 6% to 40%, depending on preva-
lence of preeclampsia. According to recent meta-analyses, an
increased pulsatility index alone or combined with notching
is the best predictor of preeclampsia in women with risk fac-
tors (positive likelihood ratios = 21.0 in high-risk women), but
it is not so predictive in low-risk populations (positive likeli-
hood ratio = 7.5) [29]. Uterine artery Doppler evaluation alone
has a low predictive value for the development of early onset
of preeclampsia. Furthermore, the studies included in the
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meta-analysis are heterogeneous in severity of disease and
outcomes, timing of uterine artery Doppler assessment, and
inclusion of other screening tests.

A variety of blood tests to predict the risk of pre-
eclampsia have been studied. Some of the metabolites that
have been proposed as early biochemical markers of pre-
eclampsia are beta-human chorionic gonadotropin (B-hCG),
a-fetoprotein; first-trimester serum levels of the biomarkers
placental protein-13 (PP-13), pregnancy-associated plasma
protein-A (PAPP-A), soluble Flt-1 (soluble vascular endothe-
lial growth factor receptor-1), placental growth factor (PIGF),
vascular endothelial growth factor (VEGF), and soluble endo-
glin. Some of these markers are altered 4-5 weeks prior to the
onset of preeclampsia and cannot be detected earlier in preg-
nancy. An algorithm developed by logistic regression that
combined the logs of uterine artery pulsatility index, mean
arterial pressure, PAPP-A, serum-free PIGF, body mass
index, and presence of nulliparity or previous preeclamp-
sia revealed that at a 5% false positive rate, the detection rate
for early preeclampsia was 93.1%; more impressively, the pos-
itive LR was 16.5, and the negative LR was 0.06 [30]. However,
none of these studies have demonstrated improvement in
maternal or fetal outcome or both in women who had under-
gone uterine artery Doppler assessment or biomarker testing
or both. Some of these biomarkers are not approved in the
United States by the Food and Drugs Administration (FDA),
and they are not endorsed by ACOG [31].

Currently, there is no reliable predictive test for pre-
eclampsia. Further research is needed to identify the ideal
timing of uterine artery Doppler and the possible combina-
tion with other predictors of preeclampsia, such as measure-
ment of maternal serum biomarkers, to improve perinatal
outcomes. A complete medical history and physical exam to
evaluate for risk factors and strict surveillance and educa-
tion are currently the only strategies for clinical prediction.

Complications

Complications depend on gestational age at time of diagno-
sis, severity of disease, presence of other medical conditions,
and, of course, management. Most cases of mild preeclamp-
sia, at term, do not convey significant risks. Rates of compli-
cations for severe preeclampsia are given in the following
subsections in the parentheses [32].

Maternal

HELLP syndrome (20%), DIC (10%), pulmonary edema
(2%—5%), abruptio placentae (1%—4%), renal failure (1%-2%),
seizures (eclampsia, <1%), cerebral hemorrhage (<1%), liver
hemorrhage (<1%), death (rare).

Fetal/Neonatal

PTB (15%-60%), FGR (10%-25%), perinatal death (1%-2%),
hypoxemia-neurologic injury (<1%), long-term cardiovascu-
lar morbidity (rate unknown—fetal origin of adult disease).

Management
(Figures 1.1 and 1.2) [32-35]

Principles

Preeclampsia is one of the most common and perhaps most
typical obstetric complications. The only interventions
associated with significant prevention of preeclampsia are
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antiplatelet agents, primarily low-dose aspirin, and calcium
supplementation. It is important to understand that pre-
eclampsia’s only cure is delivery. As such, preeclampsia is
a temporary disease, which resolves usually 24 to 48 hours
after delivery. Remember that there are two patients: delivery
is always good for the mother but not always for the baby,
especially if very premature. In general, most patients with
preeclampsia are otherwise healthy.

Prevention

Aspirin. Aspirin acts to inhibit thromboxane synthesis
while maintaining vascular wall prostacyclin synthesis,
which could theoretically improve uteroplacental blood flow
and fetal growth.

Compared to placebo or no treatment, antiplatelet agents,
such as low-dose aspirin (75-150 mg/day), given to women
with risk factors for preeclampsia (especially early onset or
severe preeclampsia in previous pregnancies) are associated
with a 17% reduction in the risk of preeclampsia [36]. Low-
dose aspirin is also associated with a small (8%) reduction in
the risk of PTB <37 weeks, a 10% reduction in SGA babies,
and a 14% reduction in perinatal deaths [36].

Compared with trials using 75 mg or less of aspirin,
there is a significant reduction in the risk of preeclampsia in
trials using higher doses (e.g., 150 mg). Although there is evi-
dence that higher doses of aspirin may be more effective, this
requires careful evaluation as risks may also be increased
[36]. Low-dose aspirin use has been shown to be safe for the
fetus even in the first trimester [37].

There is some evidence that the earlier low-dose aspi-
rin is started in pregnancy, the greater the benefits are, as
shown in a meta-analysis of 34 RCTs [38]. Low-dose aspirin
initiated before 16 weeks is associated with a significant
decrease in the incidence of gestational hypertension (69%),
preeclampsia (53%), severe preeclampsia (90%), IUGR (54%),
and PTB (78%) in women identified to be at risk for preeclamp-
sia; therefore, it is recommended to start prior to 16 weeks
of gestation. However, other two meta-analyses (Cochrane
[36] and USPSTF [39]) found no difference in outcome when
the gestational age at the initiation of ASA was evaluated.
There is still benefit when ASA is started later in pregnancy.
According to ACOG and the United States Preventive service
task Force (USPSTF), indications for low-dose aspirin include
women with a history of preeclampsia, multifetal gestation,
CHTN, Type I or II diabetes mellitus, renal disease, and
autoimmune disease (antiphospholipid syndrome, systemic
lupus erythematosus). The American Heart Association and
American Stroke Association for women recommend low-
dose aspirin >12th week of gestation until delivery to women
with CHTN or history of preeclampsia [40].

Low-dose aspirin appears to be of little or no benefit
in women who already have developed preeclampsia [41-43].
Aspirin does not prevent progression to severe features and
may increase the risk of bleeding in patients with HELLP
syndrome.

Aspirin prophylaxis should be discontinued before
delivery by 37 to 38 weeks.

Prevention with abnormal uterine Doppler ultrasound.
Impedance to flow in the uterine arteries normally decreases
as pregnancy progresses. Increased impedance for gesta-
tional age reflects high downstream resistance due to defec-
tive differentiation of trophoblast, leading to preeclampsia
and placental insufficiency. Abnormal uterine artery Doppler
in the second trimester has been associated with an increased

risk of preeclampsia. The only intervention studied if this
screening test is abnormal is low-dose aspirin. If low-dose
aspirin is given anyway because of a history of preeclamp-
sia or other indications (see above), then uterine artery
Doppler screening may not be necessary or beneficial.

A meta-analysis of nine RCTs (n = 1317) comparing
low-dose (50-150 mg/day) aspirin to placebo or no treatment
in women with abnormal uterine Doppler ultrasound at 14
to 24 weeks reveals that preeclampsia is decreased by 52%
when aspirin treatment starts before 16 weeks with no sig-
nificant reduction when started later in pregnancy. Early start
of the treatment in women with abnormal uterine Doppler
also significantly reduces the incidence of severe preeclamp-
sia by 90%, gestational hypertension by 69%, and IUGR by
49% [44]. There are insufficient data to assess other impor-
tant outcomes, such as abruption and perinatal death.

The combination of abnormal uterine artery Doppler at
22 and 24 weeks of gestation and low dose aspirin in nul-
liparous women without risk factors for preeclampsia versus
no Doppler and placebo was evaluated in a large French trial
[45] trying to assess this intervention with a different study
design from the others; this trial is not included in the meta-
analysis. Women in this trial were randomized to having the
uterine Doppler examination between 22 and 24 week of ges-
tation and always getting aspirin if abnormal or not receiv-
ing the Doppler screening. This trial confirmed the predictive
value of uterine artery Doppler for preeclampsia but failed to
demonstrate the value of routine screening followed by low-
dose aspirin therapy for a positive test compared to routine
prenatal care [45]. The late initiation of treatment reported in
this trial may explain the negative results obtained, confirm-
ing that aspirin treatment may not be effective in preventing
preeclampsia if started late in pregnancy. A meta-analysis
including only women with abnormal uterine artery Doppler
at first trimester who were randomized to low-dose aspirin
vs. placebo at or before 16 weeks of gestation (three trials, 346
women) showed that aspirin reduced the risk of preeclamp-
sia by 40% and severe preeclampsia by 70% [46]. These data
require further investigation as the sample sizes were small,
and they included some women with increased risk for pre-
eclampsia as CHTN, pregestational diabetes, etc.

Heparin. A meta-analysis including eight studies com-
paring heparin (alone or in combination with dipyridamole
or low-dose aspirin) versus no treatment showed no signifi-
cant differences in the risk of developing preeclampsia in
women at risk of placental dysfunction. The use of heparin
was associated with 60% reduction in risk of perinatal mor-
tality; 54% and 28% reduction in preterm birth before 34 and
37 weeks gestation, respectively; and 50% reduction in SGA.
However, there is no information regarding serious adverse
events in infants and long-term childhood outcomes [47].
Further trials are needed to evaluate the potential benefits of
heparin in preventing preeclampsia. Therefore, LMWH is not
recommended at this time as a prophylaxis for recurrence for
women with a history of preeclampsia [48,49].

Calcium. Compared with placebo or no treatment, cal-
cium supplementation is associated with a 35% reduction in
the incidence of high blood pressure and a 55% reduction
in the risk of preeclampsia as shown in a meta-analysis of 13
studies, 15,730 women [50]. The reduction is greater among
women at high risk of developing hypertension (78%) and in
those with low baseline calcium intake (64%). Although the
risk of preeclampsia is reduced, this is not clearly reflected
in any reduction in severe preeclampsia, eclampsia, or



admission to intensive care. One of the largest trials reported
no reduction in the rate or severity of preeclampsia and no
delay in its onset [51]. Optimum dosage and the effect on
some substantive outcomes require further investigation.

Calcium supplementation is also associated with a 24%
reduction in the risk of PTB overall and by 55% in women at
high risk of preeclampsia. There is no evidence of any effect
on admission to NICU, fetal death, or death before discharge
from the hospital. The risk ratio of the composite outcome
“maternal death or severe morbidity” is reduced by 20% for
women receiving calcium supplementation. Maternal death
alone was not significantly different. In one study, childhood
systolic blood pressure >95th percentile is reduced by 41%.

Overall, these results support the use of calcium sup-
plementation during pregnancy, especially for women at
high risk of developing preeclampsia and for those with
low dietary intake [50]. For most studies, the intervention
was 1.5 to 2 g/day of calcium. Nonetheless, some experts still
doubt calcium benefit in these settings as the data and the
selection factors are not homogeneous (e.g., several different
risk factors for preeclampsia included), and final results are
mostly due to the influence of smaller and lower quality stud-
ies [52].

Antioxidant therapy. Preeclampsia has been associated
in some studies (but not in others) with oxidative stress.
Antioxidative therapy (in particular vitamins C and E) has
been tested as a preventative intervention. Evidence from a
meta-analysis of 10 trials does not support routine antioxi-
dant supplementation during pregnancy to reduce the risk of
preeclampsia and its complications [53]. Comparing antioxi-
dant use with placebo or no treatment, there is no significant
difference in the risk of preeclampsia, PTB, SGA infants, or
fetal or neonatal death. Two more recent meta-analyses con-
firmed previous results [54-56], which do not show any mater-
nal or fetal benefit, including no reduction in preeclampsia,
eclampsia, or gestational hypertension among high- and low-
risk women receiving daily supplementation with 1000 mg of
vitamin C and 400 IU of vitamin E, starting in the early sec-
ond trimester. In one of the trials [56], the intervention is asso-
ciated with an increased risk of fetal loss or perinatal death,
PROM, and PPROM (an increased risk of PPROM is observed
in another previous trial) [57]. Given these results, antioxi-
dant therapy should not be recommended for prevention of
preeclampsia. In two studies in which women already had
preeclampsia [58,59], antioxidants were not associated with
any clinical benefit.

Magnesium. There is insufficient evidence to assess
magnesium as a preventive intervention for preeclampsia.

Diuretics. There is insufficient evidence to support the
use of diuretics on prevention of preeclampsia and its compli-
cations. Diuretics for preventing preeclampsia are not associ-
ated with benefits but have adverse effects, and so their use
for this purpose cannot be recommended [60].

Salt intake. Compared to advice to continue a normal
diet, advice to reduce dietary salt intake is associated with
similar outcomes, including incidence of preeclampsia [61].
In the absence of evidence that advice to alter salt intake
during pregnancy has any beneficial effect for prevention
of preeclampsia or any other outcome, either reliance on the
nonpregnancy data on a beneficial salt-restricted diet or per-
sonal preference can guide salt intake.

Fish oil. The use of omega-3 fatty acids contained in fish
oil is not associated with significant prevention of preeclamp-
sia in a meta-analysis of four studies [62].
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Garlic. There is not enough evidence to recommend
increased garlic intake for preventing preeclampsia and its
complications [63].

Rest/exercise. There is insufficient evidence to support
recommending rest or reduced activity to women for pre-
venting preeclampsia and its complications [64]. It has been
suggested that exercise may help prevent preeclampsia in
women at moderate-to-high risk, but current evidence is
insufficient to draw reliable conclusions about this effect [65].

Progesterone. There is insufficient evidence for reliable
conclusions about the effects of progesterone for preventing
preeclampsia and its complications. Therefore, progesterone
should not be used for this purpose in clinical practice at
present [66].

Nitric oxide. There is insufficient evidence to draw reli-
able conclusions about whether nitric oxide donors and pre-
cursors prevent preeclampsia or its complications [67].

Preconception Counseling

Preventive measures are as per chronic hypertension, iden-
tification of secondary CHTN, decrease weight as described
above, plus avoidance of risk factors if feasible.

Diagnosis
Diagnosis is described above (see Table 1.1).

History
Headache, blurry vision, “spots in front of eyes,” abdominal
pain.

Physical Examination

Vital signs (BP, HR, RR, O, saturation, urinary output), aus-
cultate lungs: look for pulmonary edema, RUQ tenderness,
edema (especially in hands, face, lower abdomen; excessive
quick weight gain), increased reflexes. Period when hyperten-
sion is first documented (before or after 20 weeks) is important.

Workup

Laboratory tests: CBC (hemoconcentration/hemolysis, plate-
let count), AST and ALT, creatinine, 24-hour urine for total
protein (and creatinine clearance). It is important to know
the baseline values of these tests in the woman when either
not pregnant or at least in the beginning of the pregnancy to
be able to compare in women being evaluated for preeclamp-
sia or its complications. Therefore, these tests should be
obtained at first prenatal visit in women with significant risk
factors (e.g., chronic hypertension, diabetes, renal disease,
collagen disorders, APS, prior preeclampsia, and HELLP).
Coagulation studies (especially fibrinogen) can be obtained
only in severe cases. Uric acid is neither sensitive nor specific
and has not been shown to be helpful in management. Repeat
laboratory tests can be performed at least once a week or as
clinically indicated. Fetal assessment: dating ultrasound,
biometry (to rule out IUGR); if IUGR is diagnosed, include
umbilical artery Doppler, amniotic fluid, nonstress test, bio-
physical profile as needed.

Evaluate for symptoms and laboratory tests to distin-
guish preeclampsia from superimposed preeclampsia in
patients with chronic HTN and to assess disease progression
and severity.

Counseling
Delivery (the only definite treatment) is always appropriate
for the mother but may not be so for the fetus. The woman
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should be instructed on the signs and symptoms of pre-
eclampsia and severe preeclampsia. The management plan
should always consider gestational age, maternal and fetal
status, and presence of labor or PPROM. Expectant manage-
ment aims to palliate the maternal condition to allow fetal
maturation and cervical ripening. Consider corticosteroid
administration to accelerate fetal lung maturity between 24
and 33 6/7 weeks. BP (several times a day), urine for protein,
fluid input and output, weight, laboratory tests (as above),
and fetal status should be closely monitored.

Admission

Management of gestational hypertension or preeclampsia
without severe features (proteinuric and nonproteinuric hyper-
tension) in day care units has similar clinical outcomes and
costs but greater maternal satisfaction compared to hospi-
tal admission [68-70]. Admission for 24 hours observation
is acceptable to establish diagnosis and rule out severe fea-
tures. Hospitalization may be indicated in cases in which the
woman is unreliable. Admission is indicated in cases of pre-
eclampsia with severe features (Figure 1.2).

Magnesium Prophylaxis

Magnesium is the drug of choice for prevention of eclamp-
sia; it is superior to phenytoin and diazepam. Compared with
placebo or no anticonvulsant, magnesium sulfate is associ-
ated with a 59% reduction in the risk of eclampsia (number
needed to treat for an additional beneficial outcome: 100), a
36% reduction in abruption, and a nonstatistically significant
but clinically important 46% reduction in maternal death [71].

The reduction of the risk of eclampsia is consistent
across the subgroups. In particular, the reduction is simi-
lar regardless of severity of preeclampsia. As eclampsia is
more common among women with severe preeclampsia than
among those with mild preeclampsia, the number of women
who would need to be treated to prevent one case of eclamp-
sia is greater for (mild) preeclampsia without severe features
(i.e, 400 for mild preeclampsia, 71 for severe preeclampsia,
and 36 in those with CNS symptoms) [72]. In women with
mild preeclampsia, the incidence of eclampsia may be only
<1/200, and magnesium has not been shown to affect perina-
tal outcome, possibly because too few (n = 357) women with
mild preeclampsia have been enrolled in the two specific tri-
als [72]. In women with severe preeclampsia, the incidence
of eclampsia decreases 61%, from 2% in the placebo group to
0.6% in the magnesium group (four trials) [71,72].

Magnesium is also associated with a trend for a 33%
decrease in abruption in women with severe preeclampsia.
Women allocated to magnesium sulfate have a small increase
(5%) in the risk of cesarean section. There is no overall dif-
ference in the risk of fetal or neonatal death.

Side effects, in particular flushing, occur in 24% of
women on magnesium, compared to 5% of controls. Almost
all the data on side effects and safety come from studies that
used either the intramuscular (IM) regimen for maintenance
therapy or the intravenous (IV) route with 1 g/hr and for
around 24 hours. One trial compared a low-dose regimen
with a standard-dose regimen over 24 hours. This study was
too small for any reliable conclusions about the comparative
effects [73]. Other toxicities and their associated magnesium
serum levels are shown in Table 1.5.

Intravenous administration is preferable, where there
are appropriate resources, as side effects and injection site
problems are lower. Magnesium is recommended in women

Table 1.5 Maternal Serum Magnesium Concentrations
Associated with Toxicity

mmol/L mEq/L mg/dL
Loss of patellar reflexes 3.5-5 7-10 8.5-12
Respiratory depression 5-6.5 10-13 12-16
Altered cardiac conduction >75 >15 >18
Cardiac arrest >12.5 >25 >30

with preeclampsia with severe features and usually given at
least in active labor, initiating with a loading dose of 4-6 g
followed by a maintenance dose of 1-2 g/hr and for 12
to 24 hours postpartum but can be given for a shorter or
longer period depending on the severity of preeclampsia
(maintenance dose depends on renal function and mater-
nal urine output). Three trials compared short maintenance
regimens postpartum (e.g., 12 hours), continuing for 24 hours
after the birth, but even taken together, these trials were too
small for any reliable conclusions [73]. Most trials managed
magnesium without serum monitoring but with clinical
monitoring of respiration, tendon reflexes, and urine output.
If serum levels are used, Table 1.5 shows the correlations with
side effects. Monitoring of patellar reflexes can be used to
avoid toxicity. The use of higher doses and longer duration
cannot be supported by trial data. Magnesium sulfate for pre-
eclampsia prophylaxis does not significantly affect labor but
is associated with higher use of oxytocin [74].

Compared to phenytoin, magnesium sulfate is associ-
ated with a 92% better reduction in the risk of eclampsia
with a 21% increased risk of cesarean section [71]. Compared
to nimodipine, magnesium sulfate is associated with a 67%
better reduction in the risk of eclampsia. There is insuffi-
cient evidence on other agents, such as diazepam or methyl-
dopa [71].

Magnesium sulfate does not appear to affect blood loss
intrapartum and postpartum in women with preeclampsia.
A recent meta-analysis including five trials showed that the
incidence of postpartum hemorrhage was similar between
the two groups (magnesium sulfate: 17% vs. no magnesium
sulfate: 18%, RR 0.97, 95% CI 0.88-1.06). There was no statisti-
cal difference between any of the other blood loss outcomes
reported in the included studies. The rate of eclampsia with
magnesium sulfate was decreased by 60% when compared to
placebo. Magnesium sulfate, therefore, should be continued
during CD, given the benefit of seizure prophylaxis without
any increased risk of hemorrhage [75].

Plasma Volume Expansion

Blood plasma volume increases gradually in women during
pregnancy. The increase is usually greater for women with
multiple pregnancies and less for those with small babies.
Plasma volume is reduced in women with preeclampsia.
There is insufficient data to assess any effect of plasma vol-
ume expansion on outcomes in women with preeclampsia.
Three small trials compared a colloid solution with no plasma
volume expansion. For every outcome reported, the confi-
dence intervals are very wide and cross the no-effect line [76].

Antihypertensive Therapy

Patients with SBP consistently 2160 mmHg and/or DBP >110
(severe HTN) should be placed on antihypertensive medi-
cation; this includes those women with preeclampsia or its
complications (HELLP, etc.). As stated above, it is appropriate



to initiate therapy at lower blood pressures in patients with
evidence of end-organ damage (renal, cardiovascular, etc.)
and diabetes. Target BP should be 140-150 mmHg systolic
and about 90 mmHg diastolic. ACE inhibitors are contraindi-
cated in pregnancy. Any patient requiring antihypertensive
agents may be placed on home BP monitoring if managed
as an outpatient. There are no trials on this intervention in
preeclampsia.

Most antihypertensive drugs are effective at reducing
blood pressure with little evidence that one is any better or
worse than another [15,77]. Types of medications for acute
management of hypertension include the following: (Table
1.3)

e Labetalol: 20-mg IV bolus, then 40, 80, 80 mg as needed,
every 10 minutes (maximum 220 mg total dose).

®  Hydralazine: 5 to 10 mg IV (or IM) every 20 minutes.
Change to another drug if no success by 30 mg (maxi-
mum dose). Hydralazine may be associated with more
maternal side effects and NRFHT than IV labetalol or
oral nifedipine [78].

*  Nifedipine: 10 to 20 mg orally, may repeat in 30 minutes.
This drug is associated with diuresis when used post-
partum. Nifedipine and magnesium sulfate can prob-
ably be used simultaneously.

*  Sodium nitroprusside (rarely needed): start at 0.25 p/kg/
min to a maximum of 5 p/kg/min.

Antiplatelet Agents

Five trials compared antiplatelet agents with placebo or no
antiplatelet agent for the treatment of preeclampsia. There
are insufficient data for any firm conclusions about the pos-
sible effects of these agents when used for treatment of pre-
eclampsia [79] (meta-analysis, now withdrawn).

Antepartum Testing

Antenatal testing (usually with nonstress tests) is done at
diagnosis and repeated once or twice weekly; twice weekly
for FGR or oligohydramnios. Umbilical artery Doppler ultra-
sound is recommended at least weekly if FGR is present.
Ultrasound for fetal growth and amniotic fluid assessment
should be performed at diagnosis and every three weeks if
still pregnant.

Anesthesia

(See also Chapter 11 of Obstetric Evidence Based Guidelines.)
Regional anesthesia is preferred but contraindicated with
coagulopathy or platelets <75,000/mm?. Patients with hyper-
tension may benefit from epidural analgesia as it may
improve uterine perfusion through several pathways (local-
ized neuraxial vasodilatory effect, reduced catecholamine
release). Epidural analgesia is the analgesia of choice in
hypertensive pregnant women. Patients with hypertension,
preeclampsia, and eclampsia are at increased risk for hemo-
dynamic instability during both labor and surgical anesthe-
sia. Some, but not all studies, have found a higher incidence
of hypotension in parturients receiving a spinal versus epi-
dural anesthesia. Methods to prevent hypotension should be
employed. The prevention, rather than treatment, of hypoten-
sion has been associated with better outcomes for the fetus. In
women with severe preeclampsia, a careful approach is nec-
essary for either regional or general anesthesia. Provided this
is followed, they are associated with similar good outcomes
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in a small trial [80]. Women with severe preeclampsia who
must undergo general anesthesia are at risk for an extremely
exaggerated hypertensive response to intubation and often
benefit from pretreatment with an antihypertensive, such as
labetalol, immediately prior to induction. Prophylaxis with
magnesium sulfate for preeclampsia/eclampsia can poten-
tiate neuromuscular blockade in patients receiving general
anesthesia, so care must be taken in using intermediate- to
long-acting nondepolarizing muscle relaxants.

Delivery (Figures 1.1 and 1.2)

Timing

Before 37 weeks, in the absence of severe criteria or preterm
labor and in the presence of reassuring fetal testing, expect-
ant management is suggested with delivery for development
of any severe criteria (see below).

Compared to expectant management, induction of labor
in women with gestational hypertension or mild preeclamp-
sia at 36 to 41 weeks gestation is associated with a 29% reduc-
tion in composite maternal outcome (e.g., HELLP, severe
HTN, severe preeclampsia, eclampsia, abruptio placentae,
and pulmonary edema) and lower incidence of neonatal pH
<7.05 with induction of labor 237 weeks but no differences in
rates of neonatal complications or cesarean delivery [21].

Therefore, even with gestational hypertension and
“mild” preeclampsia, delivery (usually by induction) at
237 weeks is recommended.

Mode

Vaginal delivery is preferred with induction of labor if nec-
essary [81]. Women with GHTN or preeclampsia without
severe features benefit most from induction if the cervix is
unfavorable [82]. With severe preeclampsia, the chances of
a successful induction vary from 34% to more than 90% in
different studies [83—89]. Table 1.6 shows the rate of cesar-
ean delivery in induced labors at different gestational ages
and should be helpful with counseling and management. If
the woman is stable and accepts a low incidence of success,
induction may be reasonable, especially in a woman desiring
a large family.

Hemodynamic Monitoring

Invasive hemodynamic monitoring in preeclamptic women,
even with severe cardiac disease, renal disease, refractory
HTN, pulmonary edema, or unexplained oliguria, is usually
unnecessary, especially because Swan-Ganz catheters have
been associated with complications and no improvements in
outcomes in nonpregnant critically ill adults (see Chapter 40).
There are no trials on this intervention in pregnancy.

Table 1.6 Rate of Cesarean Delivery in Induced Labors in
Women with Severe Preeclampsia at 24 to 34 Weeks Gestation

24-28 Weeks  28-32 Weeks 32-34 Weeks
Author % (n) % (n) % (n)
Nassar [64] 68 (13/19) 55 (47/86) 38 (15/40)
Blackwell [61] 96 (26/27) 65 (33/51) 31 (23/73)
Alanis [58] 93 (14/15) 53 (84/158) 31 (34/109)
Mashiloane [63] 35 (14/40)
Overall 87 (53/61) 53 (178/335) 32 (72/222)
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PREECLAMPSIA COMPLICATIONS
Superimposed Preeclampsia

Prognosis may be much worse for mother and fetus than
with either diagnosis (chronic hypertension or preeclampsia)
alone. Complications are similar to preeclampsia but more
common and severe (e.g., PTB 50%—60%, FGR 15%, abruption
2%-5%, perinatal death 5%). There are no specific trials to
guide management; therefore, management should follow as
per preeclampsia (Figures 1.1 and 1.2) with even more caution
given the higher morbidity and mortality [90,91].

Management [1]
CHTN with superimposed preeclampsia without severe
features

e Antihypertensive medications for SBP >160 mmHg or
>105 mmHg

* Maintain BPs between >120/80 mmHg and <160/105
mmHg

e Consider outpatient management in selected popula-
tions with easy access to the health system [90]

Gestational hypertension or preeclampsia
without severe features

>=37 0/7 weeks
or
>= 34 0/7 weeks with:
« Labor or rupture of membranes
« Severe features of preeclampsia
« Suspected abruptio placentae

¢ Home BP measurement

*  Close follow-up in clinic every week with NST

¢  Fetal growth evaluation every 3 weeks

¢ Delivery no less than 37 weeks

¢ Close postpartum BP surveillance for first 72 hours
e Close follow-up 7-10 days after delivery

CHTN with superimposed preeclampsia with severe
features

* Admission to the hospital for evaluation

¢ Antihypertensive medications for SBP >160 mmHg or
>105 mmHg

*  Magnesium sulfate for maternal seizure prevention

¢ Expectant management until no more than 34 weeks

*  Delivery by 34 weeks

*  Close postpartum BP surveillance for first 72 hours

¢ Close follow-up 7-10 days after delivery

Preeclampsia with Severe Features
See also the section titled “Preeclampsia.”

Yes

Delivery

No

<37 0/7 weeks
Inpatient or outpatient management
Maternal evaluation: twice weekly
Fetal evaluation
« With preeclampsia: twice weekly NST
- With gestational hypertension: weekly NST

>=37 0/7 weeks

A 4

A

Yes

Figure 1.1

Suggested management of gestational hypertension and preeclampsia without severe features. *Developing any of the

severe features. (Adapted from American College of Obstetricians and Gynecologists, Task Force on Hypertension in Pregnancy.

Obstet Gynecol, 122, 5, 1122-31, 2013.)
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Observe in labor and delivery for first 24-48 hours

Corticosteroids, magnesium sulfate prophylaxis, and
antihypertensive medications

Ultrasonography, monitoring of fetal heart rate, symptoms, and
laboratory tests

A4

Yes

Delivery once maternal condition
is stable

A

Contraindications to continued expectant management
« Eclampsia

+ Pulmonary edema

« Disseminated intravascular coagulation

+ Uncontrollable severe hypertension

+ Nonviable fetus

- Abnormal fetal test results

« Abruptio placentae

« Intrapartum fetal demise

A 4

Yes

Corticosteroids for fetal
maturation
Delivery after 48 hours

Are there additional expectant complications?

+ >=335/7 weeks of gestation

« Persistent symptoms

+ HELLP or partial HELLP syndrome

<4—— - Fetal growth restriction (less than fifth percentile)

« Severe oligohydramnios

- Reversed end-diastolic flow (umbilical artery Doppler studies) > 32 weeks
« Labor or premature rupture of membranes

- Significant renal dysfunction

Expectant management

- Facilities with adequate maternal and neonatal intensive care resources
« Inpatient only and stop magnesium sulfate

« Daily maternal-fetal tests

- Vital signs, symptoms, and blood tests

« Oral antihypertensive drugs

A4

Delivery [«

Yes Achievement of 34 0/7 weeks of gestation

P « New-onset contraindications to expectant management
« Abnormal maternal-fetal test results

- Labor or premature rupture of membranes

Figure 1.2 Suggested management of severe preeclampsia <34 weeks. (Adapted from American College of Obstetricians and
Gynecologists, Task Force on Hypertension in Pregnancy. Obstet Gynecol, 122, 5, 1122-31, 2013.)

Diagnostic Criteria (Table 1.1)

If one or more of the following are present: (1) BP >160/110 mm
on two occasions at least four hours apart while the patient is
onbed rest (unless antihypertensive therapy is initiated before
this time); (2) thrombocytopenia <100,000 platelets/mL;
(3) impaired liver function AST or ALT twice normal concen-
tration, severe persistent right upper quadrant or epigastric
pain unresponsive to medication and not accounted for by
alternative diagnoses or both; (4) progressive renal insuffi-
ciency (serum creatinine concentration >1.1 mg/dL or a dou-
bling of the serum creatinine concentration in the absence of
other renal disease); (5) pulmonary edema; and (6) cerebral or
visual disturbances.

Severe proteinuria (>5 g) has been eliminated from
the consideration of preeclampsia as severe feature as
several studies indicated that expectant management
was not associated with worse maternal or fetal outcome
[92-94]. As fetal growth restriction is managed similarly
in pregnant women with and without preeclampsia, it
has been removed as well as criteria of severe features of
preeclampsia.

Management (Figure 1.2)
Magnesium sulfate. See section titled “Preeclampsia.”

Plasma volume expansion. The addition of plasma vol-
ume expansion as a temporizing treatment does not improve
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maternal or fetal outcome in women with early preterm
severe preeclampsia [95].

Timing of delivery (Figure 1.2). In the presence of pre-
eclampsia with severe features at 234 weeks, expeditious
delivery is recommended given the high maternal incidence
of complications with expectant management. Timing the
delivery of a very premature infant <34 weeks in the presence
of severe preeclampsia is a difficult clinical decision. When
the mother’s life is in danger, there is no doubt that delivery is
the only correct course of action. This situation is rare. More
usually, the risks of maternal morbidity if the pregnancy is
continued have to be constantly balanced against the haz-
ards of prematurity to the fetus if it is delivered too early. The
options are expeditious delivery, delivery after competi-
tion of corticosteroids, or expectant management to improve
perinatal outcome, but there are only three trials comparing
these approaches at 28 to 32-34 weeks [96-98]. In general, an
interventionist approach with immediate delivery before 48
hours and before completion of corticosteroid administra-
tion (“aggressive management”) is suggested with eclamp-
sia, pulmonary edema, DIC, abruptio placentae, abnormal
fetal testing, uncontrollable BP in spite of continuing increase
in antihypertensive drugs, fetal demise, or nonviable fetus.
Delivery after 48 hours after completion of corticosteroids
is suggested in women with persistent headache and/or
visual/CNS symptoms, epigastric pain, renal dysfunction
(Cr >1.1, double creatinine value or persistent oliguria),
preterm labor, PROM, AST/ALT more than twofold normal
value, platelets <100,000/mm? (partial or complete HELLP
syndrome), severe oligohydramnios, or reversed umbilical
artery end-diastolic flow 232 weeks [33,99].

There are insufficient data for reliable conclusions com-
paring these policies for outcome for the mother. For the baby,
there is insufficient evidence for reliable conclusions about
the effects on fetal or neonatal death. Babies whose mothers
are allocated to an interventionist group have 2.3-fold more
hyaline membrane disease and 5.5-fold more necrotizing
enterocolitis and are 32% more likely to need admission to
neonatal intensive care unit (NICU) than those allocated to
an expectant policy [99]. Nevertheless, babies allocated to the
interventionist policy are 64% less likely to be SGA. There are
no statistically significant differences between the two strate-
gies for any other outcomes.

In observational studies, expectant care of severe pre-
eclampsia <34 weeks is associated with pregnancy prolonga-
tion of 7 to 14 days and few serious maternal complications
(<5%), similar to interventionist care [100].

Expectant management. Expectant management (pro-
longing pregnancy beyond 48 hours) is possible only if
none of the conditions described above is present. At any
time during expectant management, the development of
any sign described above necessitates delivery (Figure 1.2)
[33]. Expectant management is not recommended beyond
34 weeks because maternal risks outweigh perinatal benefits.

Expectant management of severe preeclampsia
remote from term warrants hospitalization at a tertiary
facility [101], daily antenatal testing, and laboratory stud-
ies at frequent intervals with the decision to prolong preg-
nancy determined day to day. Expectant management was
associated with increased risk of abruptio and SGA in an
RCT from Latin America [98].

In cases of severe HTN, such as those with severe pre-
eclampsia, in which expectant management is appropriate, we
suggest adding labetalol 200 to 800 mg orally every eight hours

to the antihypertensive therapy described above. An alternative
is nifedipine 10 to 20 mg orally every four to six hours (Table 1.4).

Women with renal disease, systemic lupus erythemato-
sus, insulin-dependent diabetes, or multiple gestations require
very careful management if expectantly managed. Massive
proteinuria, even >10 g in 24 hours, is not associated per se with
worse maternal or neonatal outcomes compared with protein-
uria of <10 or even <5 g and so should probably not be a crite-
rion for delivery by itself. The presence of FGR requires even
closer monitoring and is associated with worse outcomes but is
usually not in itself a criterion for delivery [102,103].

HELLP Syndrome

Epidemiology

HELLP syndrome is a severe manifestation of preeclampsia
and complicates approximately 0.5% to 0.9% of all pregnan-
cies and 10% to 20% of cases with severe preeclampsia [104].
Approximately 72% of cases are diagnosed antepartum and
28% postpartum (of which 80% <48 hours and 20% 248 hours
postpartum). Of the antepartum cases, about 70% occur at
28 to 36 weeks, 20% >37 weeks, and about 10% <28 weeks.
HELLP syndrome detected before fetal viability may identify
a pregnancy complicated by partial mole/triploidy, trisomy
13, antiphospholipid syndrome, autoantibodies to angioten-
sin AT(1)-receptor or severe preterm preeclampsia with “mir-
ror” syndrome [27].

Diagnosis

See above and Table 1.1. Patients presumptively diagnosed with
HELLP syndrome can have other disorders concurrent with
HELLP syndrome or other disorders altogether. The diseases
that may imitate HELLP syndrome and that have to be consid-
ered in the differential diagnosis are shown in Table 1.7 [27].

Signs and Symptoms

The presenting symptoms are usually right upper abdominal
quadrant or epigastric pain, nausea, and vomiting. Headache
and visual symptoms can occur. Malaise or viral syndrome-
like symptoms may be present with advanced HELLP syn-
drome. It is important to note that 15% have no hypertension
and 13% no proteinuria (Table 1.8) [105].

Complications

Complications (Table 19) of HELLP syndrome are some-
what similar in incidence and severity to those of severe
preeclampsia once gestational age is controlled [105]. If pro-
found hypovolemic shock occurs, suspect liver hematoma. If
confirmed, liver hematoma is best managed conservatively.
Contributing factors to deaths of women with HELLP syn-
drome are, in order of decreasing frequency, stroke, cardiac
arrest, DIC, adult respiratory distress syndrome, renal fail-
ure, sepsis, hepatic rupture, hypoxic encephalopathy [27].

Management
See Figure 1.3 for management [106].

Workup. Laboratory tests as per severe preeclampsia,
plus peripheral smear evaluation.

Corticosteroids. Eleven trials (550 women) have assessed
corticosteroids versus placebo/no treatment for HELLP syn-
drome and are summarized in a meta-analysis [107]. The
dose of dexamethasone was usually 10 mg IV every six to
12 hours for two to three doses, followed by 5 to 6 mg IV
six to 12 hours later for two to three more doses. There is no



Table 1.7 Differential Diagnosis of HELLP Syndrome

Acute fatty liver of pregnancy (AFLP)

Lupus flare: Exacerbation of systemic lupus erythematosus
Thrombotic thrombocytopenic purpura (TTP)
Hemolytic uremic syndrome (HUS)

Immune thrombocytopenic purpura (ITP)
Thrombophilias (e.g., antiphospholipid syndrome)
Severe folate deficiency
Cholangitis/cholecystitis/pancreatitis/ruptured bile duct
Gastric ulcer

Cardiomyopathy

Dissecting aortic aneurysm

Systemic viral sepsis (herpes, cytomegalovirus)
SIRS/sepsis

Hemorrhagic or hypotensive shock

Stroke in pregnancy or puerperium

Paroxysmal nocturnal hemoglobinuria
Pheochromocytoma

Advanced embryonal cell carcinoma of the liver
Acute cocaine intoxication

Myasthenia gravis

Pseudocholinesterase deficiency

Source: Martin JN Jr., Rose CH, Briery CM. Am J Obstet Gynecol,
195, 4, 914-34, 2006.

Table 1.8 Signs and Symptoms of HELLP Syndrome

Condition Frequency (%)
Hypertension 85

Proteinuria 87

Right upper quadrant or epigastric pain 40-90
Nausea or vomiting 30-85
Headaches 35-60

Visual changes 10-20
Mucosal bleeding 10

Jaundice 5

Source: Sibai BM. OBG Management, 4, 52—69, 2005.
Abbreviation: HELLP, hemolysis, elevated liver enzymes and a low
platelet count.

difference in the risk of maternal death, maternal death or
severe maternal morbidity, or perinatal/infant death. The
only significant effect of treatment on individual outcomes is
improved platelet count: This effect is strongest if the treat-
ment is started antenatally.

In two trials comparing dexamethasone with beta-
methasone, there is no clear evidence of a difference
between groups in respect to perinatal morbidity or mor-
tality. Maternal death and severe maternal morbidity is not
reported. Regarding platelet count, dexamethasone is supe-
rior to betamethasone when treatment is commenced both
antenatally and postnatally [108,109].

The two largest and only placebo-controlled trials
[110,111] failed to show any significant difference between
dexamethasone and placebo with respect to duration of hos-
pitalization, recovery time for laboratory or clinical param-
eters, complications, or need for blood transfusion. These
results remained unchanged, even following analysis strati-
fied according to whether the patients were still pregnant or
postpartum. A subgroup analysis according to the severity
of disease shows a shorter platelet recovery and duration
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Table 1.9 Complications of HELLP Syndrome

Complication Frequency (%)

Maternal death

Adult respiratory distress syndrome (ARDS)
Laryngeal edema

Liver failure or hemorrhage

Acute renal failure

Pulmonary edema 6-8

-2
-2

W= = =2

Pleural effusions 10-15
Abruptio placentae 10-15
Disseminated intravascular coagulopathy 10-15
Marked ascites 10-15
Perinatal death 7-20

PTB 70

Source: Sibai BM. OBG Management, 4, 52—69, 2005.
Abbreviations: HELLP, hemolysis, elevated liver enzymes and low
platelets; PTB, preterm birth.

of hospitalization in the subgroup with class 1 HELLP who
received dexamethasone [72].

There is only one randomized placebo-controlled trial
evaluating the effect of prolonged administration of high-
dose prednisolone in 31 pregnant women with early-onset
(<30 weeks) HELLP syndrome during expectant management
(mean prolongation of about seven days) [112]. The results
show a reduced risk of recurrent HELLP syndrome exacerba-
tions (presence of at least two of the following three criteria:
right upper abdominal or epigastrical pain, a platelet count
decrease below 100,000/mm?3, and an increase of AST/ALT
more than twofold normal value) in the prednisolone group
as compared to the placebo group (hazard ratio 0.3, 95% CI
0.3-0.9). Nevertheless, expectant management for >48 hours
in women with HELLP syndrome, even with early onset, is
not recommended.

Given no significant improvements in important mater-
nal and fetal outcomes, there is still insufficient evidence to
recommend the routine use of steroids for therapy specific
for HELLP syndrome, and this approach should be consid-
ered experimental. The use of corticosteroids may be justified
in clinical situations in which increased rate of recovery in
platelet count is considered clinically worthwhile.

Anesthesia

Regional anesthesia is usually allowed by anesthesiologists
in cases with platelet counts >75,000/mm?. General anesthesia
may be safer in cases with lower platelet counts.

Delivery

Timing (Figure 1.3). Prompt delivery is indicated if HELLP
is diagnosed at 234 weeks or even earlier if multiorgan dys-
function, DIC, liver failure or hemorrhage, renal failure, pos-
sible abruption, or NRFHT are present. Delivery can only be
delayed for a maximum of 48 hours between 24 and 33 6/7
weeks to give steroids for fetal maturity, but even this man-
agement is not tested in trials. Although some women may
have improvement in laboratory values in these 48 hours,
delivery is still indicated in most cases.

Mode. Mode of delivery should generally follow
obstetrical indications with HELLP syndrome not being an
indication for cesarean per se. No randomized trial com-
pared maternal and neonatal outcome after vaginal deliv-
ery or cesarean section in women with HELLP syndrome.
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Admit to labor and deli

IV magnesium sulfate

Refer to tertiary care facility (<35 weeks)

very area

Fetal non-reassuring status

« Eclampsia

-DIC

« Renal failure

« Abruptio placentae

« Pulmonary edema

« Suspect liver hematoma

Antihypertensives if BP = 160/105
y A 4 A4
<23 weeks 24-34 weeks >34 weeks
A4
No

Maternal non-reassuring status

Complete steroid course
24-48 hours latency

\4

A 4

Yes

A 4

Delivery |«

Figure 1.3 Suggested management of HELLP syndrome. (Adapted

Counseling and management should include the information
that the incidence of cesarean delivery in the trial of labor
with HELLP at <30 weeks is high.

With platelet count <100,000/mm?, a drain may be
indicated under and/or over the fascia in cases of cesarean
delivery.

Eclampsia

Incidence

The incidence is about two to three cases per 10,000 births in
Europe and other developed countries and 16 to 69 cases per
10,000 births in developing countries [113]. The onset can be
antepartum (40%-50%), intrapartum (20%-35%), or postpar-
tum (10%—40%). Late postpartum eclampsia (>48 hours but
<4 weeks after delivery) is rare but can occur.

Definition
Eclampsia is the occurrence of new onset of 21 grand mal
seizure(s) in association with preeclampsia.

from Sibai BM. Obstet Gynecol, 103, 5 Pt. 1, 981-91, 2004.)

Complications

The risk of maternal death is around 1% to 2% in the devel-
oped world and up to 10% in developing countries. An esti-
mated 50,000 women die each year worldwide having had
an eclamptic convulsion. Perinatal mortality is 6% to 12% in
the developed world and up to 25% in developing countries.
Other complications are similar and possibly more severe
than severe preeclampsia cases (maternal abruption 7%-10%,
DIC 7%-11%, HELLP 10%-15%, pulmonary edema 3%-5%,
renal failure 5%-9%, aspiration pneumonia 2%-3%, cardio-
pulmonary arrest 2%—-5%; perinatal PTB 50%) [72].

Management

Principles. In about 15% of cases, hypertension or protein-
uria may be absent before eclampsia. A high index of sus-
picion for eclampsia should be maintained in all cases of
hypertensive disorders in pregnancy, in particular those
with CNS symptoms (headache, visual disturbances). Up to
50% or more of cases of eclampsia, occurring in women with



no diagnosis of preeclampsia or only mild disease preterm or
before hospitalization, may not be preventable.

The first priorities are airway, breathing, and circula-
tion. Multidisciplinary care is essential as several people are
needed for immediate stabilization. Interventions include air-
way assessment and placing the patient in the lateral decubi-
tus position (to avoid aspiration). Maintain oxygenation with
supplemental oxygen via 8 to 10 L/min mask. Obtain vital
signs and assess pulse oximetry. Supportive care includes
inserting a tongue blade between the teeth (avoiding induc-
ing a gag reflex) and preventing maternal injury.

Workup. Cerebral imaging is usually not necessary for
the diagnosis and management of most women with eclamp-
sia. It might be helpful in cases complicated by neurologic
deficits, coma, refractory to magnesium, or seizures >48
hours after delivery.

Therapy. Magnesium sulfate is the drug of choice to
treat eclampsia and prevent recurrent convulsions as it is
associated with maternal and fetal/neonatal benefits com-
pared to all interventions against which it has been tested.
The standard intravenous regimen widely used in many
countries consists of a loading dose of 4 g, followed by an
infusion of 1 g/hr [73]. Increasing the loading dose to 6 g and
the infusion rate to 2 g/hr has also been suggested [72].

Trials comparing alternative treatment regimens (load-
ing dose alone vs. loading dose plus maintenance therapy for
24 hours or low-dose regimen vs. a standard-dose regimen
over 24 hours) are too small for reliable conclusions [73].

Serum monitoring of magnesium levels is not abso-
lutely necessary. The effectiveness and safety of magnesium
sulfate has been demonstrated with clinical monitoring alone
[73].

Trials comparing magnesium sulfate with other anti-
convulsants for treating eclampsia demonstrate that it is more
effective than diazepam, phenytoin, or lytic cocktail [114-116].

Magnesium vs. diazepam. Compared with diazepam,
magnesium sulfate is associated with reductions in maternal
death by 41%, in further convulsions from eclampsia by 57%,
in Apgar scores <7 at five minutes by 30%, in the need of
intubation at the place of birth by 33%, and in length of stay
in special care baby unit >7 days by 34% [114]. There was no
clear difference in perinatal deaths.

Magnesium vs. phenytoin. Compared with phenytoin,
magnesium sulfate is associated with reduction in mater-
nal complications, such as the recurrence of convulsions by
66%, maternal death by 50% (nonsignificant because of small
numbers: RR 0.50, 95% CI 0.24 to 1.05), pneumonia by 56%,
ventilation by 32%, and admission to the intensive care unit
by 33%. For the baby, magnesium sulfate is associated with
27% fewer admissions to a special care baby unit and 23%
fewer babies who died or were in special baby care unit for
>7 days [115].

Magnesium wvs. lytic cocktail. Lytic cocktail is usually a
mixture of Thorazine (chlorpromazine), Phenergan (pro-
methazine), and Demerol (meperidine). Compared to a lytic
cocktail, magnesium sulfate is associated with an 86% reduc-
tion in maternal death and a 94% reduction in subsequent
convulsions. Magnesium sulfate is also associated with 88%
less maternal respiratory depression and 94% less coma
without any clear difference in the risk of neonatal death
[116].

Other issues About 10% of women will have a second
seizure even after receiving magnesium sulfate. In that
case, another bolus of 2 g of magnesium sulfate can be then
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given intravenously over three to five minutes, and, rarely,
if another convulsion occurs, sodium amobarbital 250 mg IV
over three to five minutes is necessary [72].

Blood pressure should be maintained at about 140-
159/90-109 by antihypertensive agents as described for
preeclampsia.

Antepartum Testing

NRFHT occurs in many cases of eclampsia, but it usu-
ally resolves spontaneously in three to 10 minutes by fetal
in utero resuscitation with maternal support. Therefore,
NRFHT is not an indication for immediate cesarean deliv-
ery in case of eclampsia unless it continues >10 to 15 minutes
despite normal maternal oxygenation.

Delivery

Delivery should occur expeditiously, but only when the
mother is stable. This requires a multidisciplinary, efficient,
and timely effort.

Postpartum Management

Eclampsia prophylaxis. Magnesium should be continued for
at least 12 hours and often for about 24 hours or at least
improvement in maternal urinary output (e.g., >100 mL/hr).
In some cases of severe preeclampsia, eclampsia, HELLP
or continuing oliguria, or other complications, magnesium
may need to be continued for >24 hours. Preeclampsia can
worsen postpartum. Edema always worsens, and the woman
should be aware of this. Eclampsia can still occur, especially
in the first 48 hours post-delivery and even up to 214 days
postpartum.

Management of hypertension. There are no reliable data to
guide management of women who are hypertensive postpar-
tum or at increased risk of becoming so. Women should be
informed that they will require long-term surveillance (and
possible therapy) for hypertension at their postpartum visit.

For prevention in women who had antenatal pre-
eclampsia, there is insufficient data to assess outcomes com-
paring furosemide or nifedipine with placebo/no therapy
[117]. Compared to no therapy, postpartum furosemide
20 mg orally for five days does not affect any outcomes in
women with mild or superimposed preeclampsia [118]. In
women with severe preeclampsia, this intervention normal-
izes blood pressure more rapidly and reduces the need for
antihypertensive therapy but does not affect the incidence of
delayed complications or the length of hospitalization [118].
L-Arginine therapy does hasten recovery in postpartum pre-
eclampsia [119]. Therefore, for women with antenatal hyper-
tension, even that of preeclampsia, it is unclear whether or
not they should routinely receive postpartum antihyper-
tensive therapy. Although blood pressure peaks on days 3 to
6 postpartum, whether or not routine postpartum treatment
can prevent transient severe maternal hypertension and/or
prolongation of the maternal hospital stay has not been estab-
lished [117].

For treatment, there is insufficient data to assess the
antihypertensives studied: these are oral timolol or hydrala-
zine compared with oral methyldopa for treatment of mild-
to-moderate postpartum hypertension, and oral hydralazine
plus sublingual nifedipine compared with sublingual nife-
dipine [117]. Oral nifedipine (10 mg every eight hours short-
acting or 30 mg daily long-acting; maximum dose 120 mg/
day) is a reasonable choice, with ACE inhibitors for women
with diabetes or nephropathy. If a clinician feels that
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hypertension is severe enough to treat, the agent used
should be based on his or her familiarity with the drug.

Long-Term Counseling

Because a history of early-onset hypertensive disorders of
pregnancy increases the risk of recurrence in subsequent
pregnancies, long-term counseling should involve review of
recurrence and preventive measures (see above). The risk of
complications in the subsequent pregnancy depends on how
early in gestation and how severe the complications were,
other underlying medical conditions, age of the woman at
future pregnancy, same versus different partner, and many
other variables (see section titled “Risk Factors” above). Several
studies tried to identify prediction tests for recurrent hyper-
tensive disease in pregnancy, but there is insufficient evidence
to assess the clinical usefulness of these tests [120].

In a large cohort study, the recurrence risk of pre-
eclampsia is around 15% in the second pregnancy for women
who had preeclampsia in their first pregnancy and 30% for
women who had preeclampsia in the previous two pregnan-
cies [121,122]. In a systematic review of seven studies, the
pooled risk of recurrence of hypertension, preeclampsia, or
HELLP syndrome resulting in a delivery before 34 weeks
is 7.8% [123]. In two recent large cohort studies, the recur-
rence rate of preeclampsia associated with delivery before 34
weeks’ gestation is 6.8% and 17%, respectively [122,124].

Women with a history of the HELLP syndrome have an
increased risk of at least 20% (range 5%-52%) that some form
of hypertension will recur in a subsequent gestation [104],
about 5% for recurrence of HELLP, 30% to 40% of PTB, 25% of
SGA, and up to 5% to 10% of perinatal death [125].

Moreover, women with prior preeclampsia and related
hypertensive disorders are at increased risk of cardio-
vascular disease in the future, even premenopause if the
preeclampsia occurred early in pregnancy, is recurrent,
associated with IUGR, as a multipara, or in menopause if it
happened at term in a primipara. These cardiovascular risks
equal the risk associated with obesity or smoking. In 2011,
the American Heart Association added preeclampsia to risk
factors to cardiovascular disease. For prevention of this car-
diovascular disease and its complications, early intervention
is suggested [126].
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Cardiac disease

Meredith Birsner and Sharon Rubin

KEY POINTS

e Normal pregnancy physiology—particularly increased
intravascular volume, hypercoagulability, and decreased
systemic vascular resistance—can severely exacerbate
cardiac disease during pregnancy.

¢ For many cardiac conditions, especially pulmonary
hypertension and aortic stenosis, relative hypervolemia,
rather than fluid restriction, and avoidance of hypoten-
sion are the key intrapartum management principles.
Mitral stenosis and some cases of cardiomyopathy are
the main exceptions to this principle.

¢  Women with congenital heart disease should have a
fetal echocardiogram at around 22 weeks.

e  Most cardiac diseases in pregnancy do not benefit from
cesarean delivery, and this can be reserved for usual
obstetrical indications.

¢  Pulmonary hypertension, Marfan syndrome with aor-
tic root >4 ¢m, and severe cardiomyopathy are asso-
ciated with high maternal mortality, and should be
counseled prepregnancy of this risk and provided alter-
natives to their own pregnancy.

BACKGROUND

For “cardiac disease in pregnancy,” this guideline reviews
maternal cardiac disease. These women are at higher risk for
cardiovascular complications, neonatal complications, and
even maternal death [1,2]. Concern for cardiac decompensa-
tion occurs when the heart, either from acquired or congenital
physiologic or structural defects, is unable to accommodate
pregnancy physiology or dynamics of parturition. There
are no trials of intervention specific for cardiac disease in
pregnancy.

SYMPTOMS/SIGNS

Symptoms can include fatigue, limitation of physical activity,
palpitations, tachycardia, shortness of breath, chest pain, dys-
pnea on exertion, and cyanosis. These symptoms and signs
of cardiac disease can often be confused with common preg-
nancy complaints.

EPIDEMIOLOGY/INCIDENCE

Cardiac disease complicates 1% to 4% of pregnancies, but
accounts for 10% to 25% of maternal mortality [3-5]. Cardiac
diseaseis aleading cause of ICU admission in the obstetric pop-
ulation [6]. In the United States, congenital heart defect (CHD)
is more common than rheumatic heart disease as a result of
medical care and surgical advances. Despite significant medi-
cal and surgical advances over the past two decades, cardiac
disease remains a significant cause of maternal mortality.

GENETICS

When the mother has a congenital heart defect, the fetus
is at increased risk for a congenital heart defect (gener-
ally 3%-5%, but ranges from 1% to 15%). Therefore, fetal-
echocardiography (best if done at around 22 weeks) is
recommended. DiGeorge syndrome (chromosomal deletion
in 22ql1), Marfan syndrome, and hypertrophic obstructive
cardiomyopathy are all autosomal dominant.

ETIOLOGY/BASIC PATHOPHYSIOLOGY/
PREGNANCY CONSIDERATIONS
The main function of the heart is to provide oxygen (and other
nutrients) and remove carbon dioxide (and other wastes)
to and from all end organs of the body, which include the
uterus and fetus during pregnancy. The chief determinants
of oxygen delivery include the amount carried by the blood
(determined by the amount of hemoglobin and degree of sat-
uration) and the delivery of that blood: primarily cardiac out-
put (determined by preload, afterload, cardiac contractility,
and heart rate). Any disease process or pregnancy physiology
that interferes with this main function of the heart can result
in maternal and fetal morbidity and mortality.

Five principal physiologic changes of pregnancy
can complicate cardiac disease during pregnancy. See also
Chapter 3 of Obstetric Evidence Based Guidelines [7]:

1. Decreased systemic vascular resistance (SVR). For example,
ventricular septal defects (VSDs) result in the shunting of
blood from the left ventricle to the right ventricle because
the systemic blood pressure is greater than the pulmonary
blood pressure. Over time, this will result in pulmonary
hypertension that can approach systemic blood pressures.
Pregnancy, with its associated 20% decrease in SVR, can
allow pulmonary pressures to equal or exceed systemic
pressures resulting in a reversal or right to left shunting of
blood. This would result in deoxygenated right ventricular
blood entering the left ventricle, resulting in decreased oxy-
gen delivery to the body and even cyanosis and death [8].

2. Increase in intravascular volume. This occurs throughout
pregnancy (50% increase), and is maximal by 32 weeks
gestation. Women with severe myocardial dysfunction,
such as cardiomyopathy, may not be able to accommo-
date this physiologic demand and may experience con-
gestive heart failure and pulmonary edema.

3. Postpartum increase in intravascular volume from “autotrans-
fusion” of blood from the contracted uterus and mobilization
of third spaced fluid. Women with mitral stenosis have
restricted left ventricular filling. This postpartum vascu-
lar load could result in pulmonary edema [9].

4. Hypercoagulability. This well-characterized pregnancy
adaptation can dramatically heighten the risk for throm-
boembolism in at-risk patients. Pregnant women with



artificial mechanical heart valves, for example, can
develop fatal thromboses despite adequate anticoagula-
tion as a result of this physiology [10,11].

5. Marked increase in cardiac output during parturition [12].
This increase occurs during pregnancy and is both nec-
essary for and partly “worsened” by labor and delivery
and the postpartum volume shift described above. In
women whose cardiac output is fixed and very depen-
dent on preload, such as aortic stenosis, these volume
shifts are poorly tolerated. A negative volume shift from
postpartum hemorrhage can result in a precipitous drop
in cardiac output and lead to inadequate coronary and
cerebral perfusion [13].

Understanding these pathophysiologic interactions
forms the basis for understanding, anticipating, and manag-
ing patients with cardiac disease during pregnancy.

CLASSIFICATION

Patients with heart disease are symptomatically classified by
their clinical functional class (New York Heart Association
[NYHA] system). Women who have prepregnant NYHA III
or IV functional capacity tend to tolerate pregnancy poorly,
but even less symptomatic women are at risk during preg-
nancy because up to 40% of those who develop congestive
heart failure during gestation begin their pregnancy without
symptoms (class I) [14] (Table 2.1), and 15% to 55% of pregnant
women with heart disease show deterioration by this system.

RISK FACTORS

Predictors of maternal complications include prior cardiac
events, NYHA class III or IV (Table 2.1), left heart obstruction
(mitral stenosis, aortic stenosis), mechanical heart valve,
Marfan syndrome, aortic root dilatation, and significant left
ventricular systolic dysfunction [15-17]. The modified WHO
classification (Table 2.2) [18] is the best available assessment
model for estimating cardiovascular risk in pregnant women
with congenital heart disease; this model integrates all knowl-
edge about maternal risk, including known contraindications
for pregnancy that are not addressed in other risk scores as well
as known predictors found in other studies, underlying heart
disease, and other morphological and clinical variables [19].

Table 2.1 New York Heart Association Classification

Class |
No symptoms or limitations.
Ordinary physical activity does not cause undue fatigue,
dyspnea, or palpitations.
Class I
Slight limitation of physical activity.
Comfortable at rest.
Ordinary physical activity (e.g., carrying heavy packages)
may result in fatigue, palpitations, or dyspnea.
Class lll
Marked limitation of physical activity.
Comfortable at rest.
Less than ordinary physical activity (e.g., getting dressed)
leads to symptoms.
Class IV
Severe limitation of physical activity.
Symptoms of heart failure or angina are present at rest and
worsen with any activity.
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Expert knowledge is sometimes required for use of this model,
especially when choosing between WHO class I and III

COMPLICATIONS

Today, with proper management, maternal mortality is pre-
dominantly restricted to patients with severe pulmonary
hypertension, coronary artery disease (CAD), cardiomy-
opathy, endocarditis, and sudden arrhythmia [4,20]. These
groups can be used to determine general treatment prin-
ciples. Neonatal complications mostly derive from preterm
birth, miscarriage, and growth restriction.

MANAGEMENT
Preconception Counseling
Women with cardiac diseases that can be ameliorated (inva-
sively or noninvasively) should be advised to do so before
pregnancy to decrease their pregnancy-related morbidity and
mortality. These include severe mitral, aortic, or pulmonic ste-
nosis; uncorrected tetralogy of Fallot; CAD; coarctation of the
aorta; large intracardiac shunt from atrial septal defect (ASD);
or VSD with mild or moderate pulmonary hypertension [21].
Coexisting disorders, such as anemia, thyroid disease, or hyper-
tension, should be treated and controlled before pregnancy.
On the other hand, certain women should be advised
to complete their childbearing before their cardiac condition
requires repair, which could further complicate pregnancy
management. For example, a woman with moderately severe
valvular disease may ultimately require a prosthetic valve
in the future. During pregnancy, some of these valves carry
very high thromboembolic and anticoagulant risk [10,11].
Counseling should include diet and activity modifica-
tions, infection prevention and control, and review of prognosis,
possible complications, and management in a future pregnancy.
Patients with group III lesions or significant dilated
cardiomyopathy (including peripartum cardiomyopathy
with residual left ventricular dysfunction) should be advised
not to conceive because they have an increased risk of mor-
tality. Contraception and sterilization counseling should be
offered. If such patients present postconception, pregnancy ter-
mination should be offered [21].

Prenatal Care/Antepartum Testing

The patient should be questioned and examined during fre-
quent prenatal visits for cardiac failure. Maternal echocar-
diogram allows assessment of heart function. Pulmonary
hypertension is often unreliable when estimated noninva-
sively by echocardiogram and may need to be confirmed
by cardiac catheterization. EKG shows physiologic changes
such as QRS axis shift to left (because of elevated diaphragm),
and minor ST and T-wave changes in lead III. Fetal growth
ultrasounds should be performed every four to six weeks
when there is concern for developing intrauterine growth
restriction. This can be coupled with serial antenatal testing
at 34 weeks [22]. Finally, future contraceptive plans, including
sterilization, should be reviewed [23,24].

General Management
Certain general principles apply to most women with cardiac
disease:

1. Antepartum activity restriction. This can be used to mini-
mize maternal exertion and oxygen demand in the
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Table 2.2 Maternal Risk Associated with Pregnancy: Modified WHO Classification (see further ref. [18])

WHO | WHO Il WHO II-l1l WHO llI WHO IV
Caveat If otherwise well and Depending on
uncomplicated individual
Definition No detectable Small increased risk Significantly Extremely high risk
increased risk of of maternal increased risk of of maternal
maternal mortality mortality or maternal mortality or mortality or severe
and no/mild moderate increase severe morbidity; morbidity;
increase in in morbidity. expert counseling pregnancy is
morbidity. required. If contraindicated. If
pregnancy is pregnancy occurs,
decided upon, termination should
intensive specialist be discussed. If
cardiac and obstetric pregnancy
monitoring needed continues, care as
throughout for class lII.
pregnancy,
childbirth, and the
puerperium.
Conditions  Uncomplicated, Unoperated atrial or Mild left ventricular Mechanical valve Pulmonary arterial

small or mild:
Pulmonary stenosis
Patent ductus

arteriosus
Mitral valve prolapse
Successfully repaired

simple lesions

(atrial or ventricular

septal defect, patent

ductus arteriosus,
anomalous
pulmonary venous
drainage)

Atrial or ventricular
ectopic beats,
isolated

ventricular septal
defect

Repaired tetralogy of
Fallot

Most arrhythmias

impairment

Hypertrophic
cardiomyopathy

Native or tissue
valvular heart
disease not
considered WHO |
orlV

Marfan syndrome
without aortic
dilatation

Aorta <45 mm in
aortic disease
associated with
bicuspid aortic valve

Repaired coarctation

Sytemic right ventricle

Fontan circulation

Cyanotic heart
disease (unrepaired)

Other complex
congenital heart
disease

Aortic dilatation
40-45 mm in Marfan
syndrome

Aortic dilatation
45-50 mm in aortic
disease associated
with bicuspid aortic
valve

hypertension of any
cause

Severe systemic
ventricular
dysfunction (LVEF
<30%, NYHA llI-1V)

Previous peripartum
cardiomyopathy
with any residual
impairment of left
ventricular function

Severe mitral
stenosis, severe
symptomatic aortic
stenosis

Marfan syndrome
with aorta dilated
>45 mm

Aortic dilatation
>50 mm in aortic
disease associated
with bicuspid aortic
valve

Native severe
coarctation

pregnant patient with limited cardiac output or cyanotic
heart disease [24]. Strict bed rest should be avoided to
prevent thromboembolism.

. Treat coexisting medical conditions. The morbidity of cardiac
disease can be compounded by medical conditions such
as anemia, hypertension, or thyroid disease. Therefore,
these conditions should be optimized to minimize their
comorbidity [21].

. Collaborative care by multiple specialists. Pregnant patients
with cardiac disease are very complex, and should be
managed by a multidisciplinary team of specialists
from a variety of areas, including obstetrics, maternal-
fetal medicine, cardiology, and anesthesiology [25].

. Labor in the lateral decubitus position. This maximizes
blood return to the heart by decreasing vena caval com-
pression by the gravid uterus and, therefore, maximizes
cardiac output [26,27]. This preload preservation can be
critical to women with cardiac compromise [23,24].

. Epidural anesthesia. This minimizes pain, sympathetic
stress, oxygen utilization, and fluctuations in cardiac

output. Sometimes “just” a narcotic epidural should be
used, avoiding the sympathetic blockade (and conse-
quent hypotension) of local anesthetics. Spinal anesthe-
sia should be avoided, and epidural should be dosed
slowly with adequate prehydration (intravenous fluids)
to minimize risk of hypotension and its consequent drop
in preload leading to decreased cardiac output [24,28-30].

. Oxygen, particularly during labor and delivery, as necessary.

Keeping maternal PaO, >70 mmHg allows for adequate
maternal and fetal hemoglobin oxygen saturation [23,30].

7. Bacterial endocarditis prophylaxis. Antibiotics are recom-

mended only for those patients deemed to be at highest risk
for infective endocarditis: prosthetic heart valve, prior
infective endocarditis, unrepaired CHD, repaired CHD
with prosthetic material during the first six months
after the procedure (during endothelialization), and
repaired CHD with residual defect(s) (Table 2.3) [31].
Some experts have even suggested that no prophylaxis
is needed at all [32]. The usual recommended antibi-
otic regimen for cardiac prophylaxis is a single dose of



Table 2.3 Cardiac Conditions for Which Antibiotic Prophylaxis
for Bacterial Endocarditis is Reasonable (see further ref. [31])

Prosthetic cardiac valve or prosthetic material used for cardiac
valve repair
Previous infective endocarditis
Congenital heart defect (CHD):
Unrepaired cyanotic CHD, including palliative shunts
and conduits
Completely repaired CHD with prosthetic material or conduits
(where placed by surgery or catheter intervention within
six months of procedure)
Incompletely repaired CHD with residual defects at or near
the site of prosthetic patch or device

ampicillin 2.0 g IV preprocedure. Cefazolin, ceftriax-
one, or clindamycin can be substituted in the penicillin-
allergic patient [33].

8. Cesarean delivery is usually reserved for obstetrical indica-
tions. Operative delivery is associated with greater blood
loss, increased pain, thromboembolism, and prolonged
bed rest compared to vaginal delivery and therefore can
complicate the gravida with heart disease. Although labor
induction and/or assisted second stage may be necessary
for certain maternal or fetal indications, cesarean delivery
should be used for usual obstetrical reasons [22,23,29].
Contraindications to trial of labor to be considered are
Marfan syndrome with root >4 cm, aortopathy, and mater-
nal therapeutic anticoagulation with warfarin that cannot
be interrupted.

9. Invasive hemodynamic monitoring with a pulmonary artery
catheter. Although the safety and utility of pulmonary
artery catheters in critically ill nonpregnant patients
have been questioned [34-36], they may be helpful in
managing certain high-risk conditions that are preload
dependent, such as critical aortic stenosis or pulmonary
hypertension [23,24].

10. Most patients benefit from avoiding hypotension during labor
and delivery. Although not true for all patients, most with
group II and III cardiac lesions will benefit from avoid-
ing hypotension or hypovolemia. To avoid hypotension,
keep the woman on the “wetter” side, avoid hemor-
rhage, replenish blood loss adequately, avoid spinal
anesthesia, hydrate at least 1 L of intravenous fluids
before “slow” epidural, and avoid supine hypotension.

11. Postpartum contraceptive management is imperative. Many
women with cardiac disease use inadequate or inappro-
priate contraception [37]. The widely available Medical
Eligibility Criteria for Contraceptive Use document from
the World Health Organization can assist in reproductive
planning [38].

Pregnancy Management of Specific Diseases
Palpitations

Workup should be similar to the nonpregnant patient and
include thyroid function and ruling out drugs, alcohol, caf-
feine, or smoking as well as an EKG and echocardiogram.
The woman can be counseled that premature atrial and ven-
tricular contractions are increased in pregnancy and usually
benign.

VSD
Pregnancy outcome is usually good. Rule out pulmonary
hypertension, especially in large, long-standing cases. In the
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absence of pulmonary hypertension, mortality is unlikely
[39]. Intrapartum, avoid fluid overload [24].

Pulmonary Hypertension

It is important to avoid false positive diagnosis of pulmonary
hypertension by echocardiogram as up to 30% of women
with this diagnosis (pulmonary artery systolic pressure >30—
40 mmHg) by echocardiography have normal pulmonary
pressures by pulmonary artery catheterization.

Over time, in women with unrepaired VSD, ASD, or pat-
ent ductus arteriosus (PDA), the congenital left to right shunt
leads to pulmonary hypertension, right to left shunt, and
consequently decreased pulmonary perfusion and hypox-
emia. Although recent data suggests improved outcomes [40],
even with modern management, a high risk of maternal death
remains [41]. Some of this mortality is secondary to thrombo-
embolic events [42]. Delayed postpartum death can be seen
four to six weeks after delivery, possibly secondary to loss
of pregnancy-associated hormones and increased pulmonary
vascular resistance (PVR) [24,42].

The main physiologic difficulty in pulmonary hyper-
tension is maintenance of adequate pulmonary blood flow.
Any situation that decreases venous return to the heart
decreases right ventricular preload and consequently pul-
monary blood flow. Therefore, as hypovolemia and hypo-
tension can fatally precipitate decreased pulmonary
perfusion and oxygenation (and reverse the left to right
cardiac shunt in cases of Eisenmenger’s syndrome; see sec-
tion titled “Etiology/Basic Pathophysiology/Pregnancy
Considerations”), leading to sudden death, it must be
avoided. Such situations are common intrapartum (vaso-
dilation from regional anesthesia or pooling of blood in
the lower extremities from vena caval compression) and
sometimes unanticipated (hemorrhage). As such, patients
are better managed on the “wet” side even at the expense
of mild pulmonary edema. This allows a margin of safety
against unexpected hemorrhage or drug-induced hypoten-
sion [42]. Pulmonary artery catheterization may be useful
in this regard [24]. Avoid increase in PVR and myocardial
depressants. Anticoagulant prophylaxis may be useful in
preventing thromboembolic risk, and intravenous prostacy-
clin (or its analogues) or inhaled nitric oxide may be helpful
in reducing PVR while sparing the SVR [43,44].

Route of delivery for women with severe pulmonary
hypertension remains controversial. Although vaginal deliv-
ery is associated with less risk of hemorrhage, infection,
and venous thromboembolism, emergency cesarean with-
out proper cardiac anesthesia personnel or maternal hemo-
dynamic monitoring is associated with an increased risk of
complications; scheduled cesarean can allow optimization of
delivery conditions with multidisciplinary team involvement
and resources [45].

Coarctation of the Aorta

If surgically corrected, maternal outcome is good. Women
with smaller aortic dimensions are more likely to experi-
ence hypertensive complications related to pregnancy, and
conversely, those with larger aortic dimensions have a lower
risk of adverse cardiovascular, obstetric, and fetal/neonatal
events; cardiovascular magnetic resonance imaging can aid
in risk stratification [46]. There is increased risk for maternal
mortality when associated with aneurysmal dilation or asso-
ciated cardiac lesions (VSD, PDA) [47]. Avoid hypotension,
myocardial depression, and bradycardia [48].
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Tetralogy of Fallot

It consists of VSD, pulmonary stenosis, hypertrophy of right
ventricle, and overriding aorta. Corrected lesions do well,
but uncorrected ones are still associated with high mater-
nal mortality [49]. Because of the VSD-associated shunting
in uncorrected cases, hypotension, myocardial depressants,
and bradycardia should be avoided [24].

Mitral Stenosis

Women with >1.5 cm? mitral valve area usually have good
outcomes. When significant (valve area <1.5 ¢m? mitral
stenosis is present, left ventricular filling is limited, which
leads to fixed cardiac output. If the pregnant patient is unable
to accommodate the volume shifts that occur during gesta-
tion and puerperium, pulmonary edema can result (see
pathophysiology above). Antenatally, this risk is greatest at
30 to 32 weeks when maternal blood volume peaks. In that
scenario, percutaneous balloon valvuloplasty may be rela-
tively safely performed in certain patients [50]. Although it
appears safer for the fetus than open mitral commissurot-
omy, it should be reserved for women who are unresponsive
to aggressive medical therapy [51,52]. As cardiac output is
dependent on adequate diastolic filling time, tachycardia can
result in hemodynamic decompensation (hypotension and
fall in cardiac output) and should be avoided. Intrapartum,
therefore, short-acting beta-blockers should be considered
when pulse exceeds 90 to 100 bpm [24,53]. Although inad-
equate preload will decrease cardiac output, too much will
result in pulmonary edema, particularly postpartum when
pulmonary capillary wedge pressure (PCWP) can rise up to 16
mmHg [9]. Invasive hemodynamic monitoring via pulmonary
artery catheterization with cautious, individualized intrapar-
tum diuresis to a predelivery target of 14 mmHg (although
normal is 6 to 9 mmHg, mitral stenosis patients often need
elevated wedge pressures to maintain left ventricular filling)
may be desirable in some patients [24]. Patients with moderate
stenosis with only mild fluid overload can often be managed
with just fluid restriction to complement their insensible loss
during labor [24]. Avoid decrease in SVR and increase in PVR.

Aortic Stenosis

The major issue is fixed and limited cardiac output through a
restricted valve area. Mortality is related to degree of stenosis
with >100 mmHg of mean shunt gradient associated with
15% to 20% mortality. Congestive heart failure (CHF), syn-
cope, and previous cardiac arrest are other contraindications to
pregnancy. Hypotension and decreased preload can lead to a
precipitous drop in cardiac output. Consequently, hypotension
should be avoided [54]. Intrapartum, invasive hemodynamic
monitoring may be helpful to increase the PCWP to the range
of 15 to 17 mmHg to maintain a margin of safety against unex-
pected blood loss or hypotension (although the data is insuffi-
cient for an evidence-based recommendation) [23,24]. This range
of PCWP minimizes risk of frank pulmonary edema even with
normal postpartum fluid shifts, and furthermore, hypovolemia
is potentially more dangerous in these patients than pulmonary
edema. Avoid decrease in venous return and tachycardia.

Pulmonic Stenosis

Congenital pulmonic stenosis (PS) is a lesion for which sur-
vival to adulthood is high. It is generally well tolerated dur-
ing pregnancy. Balloon valvuloplasty should be considered
prior to conception in patients with asymptomatic severe PS
(peak gradient >60 mmHg) or symptomatic patients with

peak gradient >50 mmHg (in association with less than mod-
erate pulmonic regurgitation) [55]. In patients with functional
capacity NYHA class I-II, pulmonic stenosis does not appear
to adversely affect maternal outcomes [56]. Adequate preload
is needed to maintain right ventricular cardiac output. Very
severe PS (>80 mmHg) may be associated with maternal and
fetal complications, including hypertension-related disorders,
preterm delivery, and offspring mortality [57]. Percutaneous
pulmonary valvuloplasty has been successfully performed in
cases of severe symptomatic obstruction during pregnancy.

Mitral and Aortic Insufficiency

These lesions are usually well tolerated in pregnancy unless
associated with NYHA III or IV symptoms at baseline. Avoid
arrhythmia, bradycardia, increase in SVR, and myocardial
depressants.

Mechanical Heart Valves

Women with mechanical heart valves are at increased risk
of adverse outcomes in pregnancy, including valve thrombo-
sis (4.7%), hemorrhage (23.1%), and death (1.4%), making pre-
pregnancy counseling and centralization of care imperative
[58]. Those women who anticipate ultimately needing valve
replacement surgery should be encouraged to complete
childbearing before valve replacement. For women with
mechanical heart valves, optimal anticoagulation during
pregnancy is controversial. The highest risk is with first-gen-
eration mechanical valves (Starr-Edwards, Bjork-Shiley) in
the mitral position, followed by second-generation valves (St.
Jude) in the aortic position. These women need to be therapeu-
tically anticoagulated throughout pregnancy and postpar-
tum with blood levels frequently (usually weekly) checked
to ensure therapeutic levels of anticoagulation. The 2012
CHEST Guidelines [59] indicate, “For pregnant women with
mechanical heart valves, the decision regarding the choice of
anticoagulant regimen is so value- and preference-dependent
(risk of thrombosis vs. risk of fetal abnormalities) that we con-
sider the decision to be completely individualized.” Women
of childbearing age and pregnant women with mechanical
valves should be counseled about potential maternal and
fetal risks associated with various anticoagulant regimens.
The Guidelines specify one of the following regimens over no
anticoagulation for pregnant women with mechanical valves:

1. Adjusted-dose bid low-molecular weight heparin (LMWH)
throughout pregnancy with dose adjusted to achieve
peak anti-Xa four hours postinjection.

2. Adjusted-dose unfractionated heparin (UFH) through-
out pregnancy administered subcutaneously every
12 hours in doses adjusted to keep the mid-interval
aPTT at least twice control or attain an anti-XA heparin
level of 0.35-0.70 units/mL.

3. UFH or LMWH (as above) until the 13th week with sub-
stitution by vitamin K antagonists until close to delivery
when UFH or LMWH is resumed.

In women judged to be at very high risk of thromboem-
bolism in whom concerns exist about the efficacy and safety
of UFH or LMWH as dosed above (e.g., older generation pros-
thesis in the mitral position or history of thromboembolism),
the Guidelines suggest vitamin K antagonists throughout
pregnancy with replacement by UFH or LMWH (as above)
close to delivery rather than one of the regimens above;
women who place a higher value on avoiding fetal risk than



on avoiding maternal complications (e.g., catastrophic valve
thrombosis) are likely to choose LMWH or UFH over vitamin
K antagonists. Warfarin throughout pregnancy and postpar-
tum may be the regimen associated with the least maternal
risks of thromboembolism, but in the first trimester, warfarin
is associated with a 10% to 15% teratogenic risk (nasal hypo-
plasia, optic atrophy, digital anomalies, mental impairment).
On the other hand, UFH throughout can be ineffective [10,11].
Regarding delivery, therapeutic anticoagulation should be
stopped during active labor and for delivery, with therapeu-
tic heparin restarted about 6 to 12 hours after delivery when
adequate hemostasis is assured, and warfarin restarted in an
overlapping fashion (to avoid paradoxical thrombosis) 24 to
36 hours after delivery. Last, for pregnant women with pros-
thetic valves at high risk of thromboembolism, the addition of
low-dose aspirin, 75 to 100 mg/day, is suggested.

Marfan Syndrome

Marfan syndrome is an autosomal-dominant generalized con-
nective tissue disorder with 80% of affected women having a
family history of this condition. Its main risk in pregnancy is
aortic aneurysm, leading to rupture and dissection. Women
with personal or family history of Marfan syndrome should
have an echocardiogram, possibly a slit lamp examination
to look for ectopia lentis, and genetic counseling. Prognosis
is reasonable when there is no aortic root involvement (<5%
mortality) although mortality can still occur. There is a risk of
aortic rupture, dissection, and mortality (up to 50%) in preg-
nancy when the aortic root is dilated beyond 4 cm, such that
pregnancy is contraindicated in these women before repair.
This may result from the “shearing force” of normal preg-
nancy because of increase in blood volume and cardiac output
[60-62]. Prenatally, serial maternal echocardiograms to fol-
low the cardiac root should be performed [61]. Hypertension
should be avoided, and beta-blockade therapy should be
considered. Although pregnancy data are limited for this
last recommendation, long—term use in nonpregnant patients
has been shown to slow the progression of aortic root dila-
tion [63]. Avoid positive inotropic drugs, and plan epidural
(watch for dural ectasia, present in about 90% of patients with
Marfan syndrome) to reduce cardiovascular stress. If cesarean
delivery is required, retention sutures should be considered
because of generalized connective tissue weakness [24].

Hypertrophic Cardiomyopathy

(Previously called idiopathic hypertrophic subaortic steno-
sis.) It can be inherited as autosomal dominant with variable
penetrance. It can result in left ventricular hypertrophy, lead-
ing to obstruction of the left ventricular outflow. The decrease
in SVR of pregnancy can worsen outflow obstruction. Also,
tachycardia decreases diastolic filling time, compromising
cardiac output. Peripartum management focuses on avoiding
tachycardia (treatment with beta-blockade), hypovolemia,
and hypotension [64,65].

Dilated Cardiomyopathy

Patients with preexisting dilated cardiomyopathy with symp-
tomatic, moderate to severe left ventricular dysfunction (ejec-
tion fraction <45%) have an increased risk of cardiovascular
events during pregnancy and postpartum. Therefore pre-
pregnancy counseling is imperative. Additionally, pregnancy
may negatively impact ventricular function possible due to
the hemodynamic burden of pregnancy or discontinuation of
medical therapy during pregnancy [66].
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Peripartum Cardiomyopathy

This is defined as cardiomyopathy (with EF <45%) occurring
during last four weeks of pregnancy or within five months
postpartum (peaks at 2 months postpartum) without other
cause. The incidence is 1/3000 to 4000 live births. Risk fac-
tors are older maternal age, multiparity, African-American
race, multiple gestations, and hypertensive disorders of
pregnancy. Serial echocardiography, medical management
(digoxin, diuretics, afterload reduction—hydralazine and/
or beta-blockers in pregnancy, ACE inhibitors postpartum),
anticoagulation if EF is <35%, and possible intrapartum PAC
in severely decompensated patients may be needed for man-
agement [24,67-70]. The addition of bromocriptine to standard
heart failure therapy appears to improve left ventricular EF
and a composite clinical outcome in women with acute severe
peripartum cardiomyopathy, but the number of patients stud-
ied was too small to make any recommendation [71].

The majority of patients with peripartum cardiomy-
opathy have favorable outcomes. Severity of left ventricular
dysfunction and the degree of left ventricular enlargement at
presentation are associated with less likelihood of recovery of
ventricular function [72].

Regarding future pregnancies after a diagnosis of peri-
partum cardiomyopathy, persistent dilated cardiomyopathy
with abnormal EF predicts a high risk (19%) of mortality and
symptoms of cardiac failure (44%) with subsequent gesta-
tion and should be discouraged. Of women with EF <25%, 57%
require a cardiac transplant or are on a transplant list because
of progressive symptoms of heart failure at a mean of 3.4 years
of follow-up postpartum [73]. Even women with “normal”
echocardiograms (EF 245%-50%) after recovering from peri-
partum cardiomyopathy can have persistent “subclinical”
low contractile reserve [68] with up to 21% risk of developing
symptoms of CHF but no mortality reported in one study [70].

Coronary Artery Disease

Underlying risks factors, such as diabetes, obesity, hyper-
cholesterolemia, smoking, hypertension, and stress, should
be individually addressed and treated, ideally before con-
ception. Women with pre-established coronary artery dis-
ease or an acute coronary syndrome/myocardial infarction
prior to pregnancy are at risk for serious adverse maternal
cardiac events (10%) during pregnancy; the highest rates of
nonfatal ischemic cardiac complications during pregnancy
occur in women with atherosclerotic coronary disease [74].
Stable angina can be treated with nitrates, calcium channel
blockers, and/or beta-blockers in pregnancy. With unstable
angina, the woman should be counseled regarding severe
risks and offered termination if early enough in pregnancy.
Myocardial infarction (MI) is rare in reproductive-age women
with a 1/10,000 incidence in pregnancy. When it occurs in
the third trimester or within two weeks of labor, there is a
high (20%) maternal mortality risk [75]. Women with prior
MI with recovered heart function and optimally controlled
coronary artery disease can anticipate a successful preg-
nancy [76]. Management of MI during pregnancy is similar
to management principles in nonpregnant patients, including
percutaneous coronary intervention (PCI) with placement of
coronary stents or coronary angioplasty; thrombolytic ther-
apy is a relative contraindication [23,75,77] but may be used
in hospitals with no PCI capability [78]. Heparin and beta-
blockers are recommended. If labor occurs within four days of
an MI, cesarean delivery is often advocated [79]. Women with
a prior MI should wait at least one year and ensure normal
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cardiac function before pregnancy. In such circumstances, a
future pregnancy is associated with low risk of maternal or
fetal morbidity or mortality.

CONCLUSION

With medical and surgical advances and advancing mater-
nal age, heart disease complicating pregnancy is increasingly
common. Understanding the physiologic changes of preg-
nancy and their effect on specific cardiac conditions forms
the basis for management during pregnancy. Prepregnant
cardiavascular assessment and counseling should be a pri-
mary goal. Heightened awareness to optimize cardiac status,
close perinatal surveillance, and a coordinated management
team are critical to improve maternal and fetal outcome.
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Y POINTS

The preconception visit may be the single most impor-
tant health care visit when viewed in the context of its
effect on pregnancy. Height in meters and weight in
kilograms should be recorded for all women at each
doctor visit to allow for calculation of BMI. The BMI
category should be reviewed with the patient, making
sure she understands that her category is not normal.
Obesity is a risk factor for cardiovascular disease; dia-
betes; hypertension; stroke; osteoarthritis; gall stones;
increased incidence of endometrial, breast, or colon
cancer; cardiomyopathy; fatty liver; obstructive sleep
apnea; urinary tract infections; other complications; and,
most importantly, mortality. Prepregnancy obesity and
excessive gestational weight gain are associated with
increased risk of childhood obesity.

Preconception weight loss with diet, exercise, behav-
ior change, and, if necessary, pharmacotherapy is rec-
ommended. Weight loss of at least 5% to 10% will help
reduce the incidence of obesity-related comorbidities.
Preconception (and at first prenatal visit), check BP with
a large cuff, fasting lipid profile and blood sugar,
thyroid function tests, and overnight polysomno-
gram. In obese patients with chronic hypertension or
type 2 diabetes, it is advisable to obtain an EKG and an
echocardiogram.

Women with BMI 240 kg/m? or >35 kg/m? with comor-
bidities are candidates for bariatric surgery in the pre-
conception or interconception period. Incidences of
gestational diabetes and hypertension are reduced after
gastric bypass surgery, especially if BMI is back to less
than obese levels. Pregnant patients with bariatric sur-
gery can be started on vitamin B12, folate, iron, and
calcium if deficient.

Obesity is strongly correlated with impaired fertility,
miscarriage, congenital malformations, gestational dia-
betes, hypertension, preeclampsia, stillbirth, cesarean
birth, labor abnormalities, macrosomia, anesthesia com-
plications, wound infection, and thromboembolism.
Discussion and education about obesity and its comor-
bidities and poor perinatal outcomes are recommended.
Optimal gestational weight gain in the obese remains
unclear. Some data suggest no weight gain or even
some weight loss in obese (especially class III obesity)
gravidas for optimal obstetric outcomes.

Serial fetal growth ultrasounds should be performed
starting at 28 to 32 weeks.

Obese women with a BMI >35 kg/m? should undergo a
screening fetal echo between 20 and 24 weeks.

At cesarean, the subcutaneous layer should be closed
with sutures if depth is >2 cm, and the subcuticular
layer should be closed with suture in order to reduce
wound infection and separation.

e  Early mobilization after delivery and graduated com-
pression stockings during and after cesarean are
recommended.

*  Postpartum, women should be strongly encouraged and
helped to return to a normal BMI through counseling,
diet, exercise, and breast-feeding.

DEFINITION AND CLASSIFICATION

Obesity is defined as BMI 230 kg/m?, and extreme obesity
is defined as BMI 240.0 kg/m? (Table 3.1) [1]. Super obesity
is a term originally used by bariatric surgeons to describe
patients with BMIs of 250 kg/m? or more than 225% above
ideal body weight [2]. BMI is defined as weight in kilograms
divided by height in meters squared. BMI correlates best
with body fat mass. It is a simple clinical tool with online
calculators available (http://www.nhlbisupport.com/bmi/).
Increasing severity of class of obesity in pregnancy is associ-
ated with greater risks of adverse perinatal outcomes (Table
3.2) [3-67] and other health risks (Table 3.3) [4]. A waist cir-
cumference >88 cm or 35 inches measured at the level of the
iliac crest in expiration is an indicator of central obesity that
identifies obese women at higher risk for cardiovascular dis-
ease and metabolic disorders.

EPIDEMIOLOGY/INCIDENCE

WHO describes obesity as “one of the most blatantly visible,
yet neglected, public-health problems that threatens to over-
whelm both more and less developed countries.” As of 2014,
the WHO estimates that more than 1.9 billion adults are over-
weight, including 600 million who are obese [68]. By 2030,
more than 2.16 billion people worldwide are projected to be
overweight with an additional 1.12 billion people projected
to be obese [69,70]. In 2008, obesity-related health care utiliza-
tion cost an estimated $147 billion. Medical costs for obese
patients were $1429 higher than those of normal weight [71].
At all ages and throughout the world, women are generally
found to have higher mean BMI and higher rates of obesity
than men [72]. These numbers are increasing as the obesity
epidemic explodes on the public health stage.

The prevalence of overweight, obese, and extremely
obese women aged 20-74 has continued to increase since 1960.
As of 2012, the prevalence of obesity and extreme obesity in
women was 36.6% and 8.6%, respectively, compared to 15.8%
and 1.4% in 1960 [73]. Population data indicates that 50% of
women are overweight or obese at the start of pregnancy [74].
The incidence of super obesity is estimated to be 1.8%-2.2% in
the obstetric population [2,75,76].

There are racial differences with non-Hispanic black
women having the highest prevalence of obesity (56.6%)
when compared to Hispanic (44.4%), non-Hispanic white
(32.8%), and non-Hispanic Asian (11.4%) women [73].


http://www.nhlbisupport.com/bmi/

Table 3.1 The International Classification of Adult Underweight,
Overweight, and Obesity According to BMI, WHO

Classification BMI (kg/m?)
Underweight <18.5

Normal range 18.5-24.9
Overweight 25.0-29.9

Obese >30.0

Obese class | 30.0-34.9

Obese class Il 35.0-39.9

Obese class Il >40.0

Source: World Health Organization. Obesity: Preventing and managing
the global epidemic. Geneva, Switzerland: World Health Organization:
2000. WHO Technical Report Series 894: 1-253, 2000.

GENETICS

A heritability of about 50% to 90% has been shown in adop-
tive and biological relationships [77]. Role of chromosome 2
p 21 with serum leptin levels in human pregnancies has been
identified in some ethnic groups [77]. The risk of childhood
obesity is significantly increased if one parent is obese, but
the risk is even higher if both parents are affected (adjusted
odds ratio [aOR] 10.4, 95% confidence interval [CI] 5.1-21.3)
[78]. Many other single mutations in different genes have
been identified [79-81]. Maternal obesity results in in utero
programming and childhood obesity due to the effects of a
maternal high-fat diet leading to insulin resistance, hyperin-
sulinemia, and increased fat accumulation in the offspring.
Additionally, environmental factors, such as diet, play a role
in obesity [79].

ETIOLOGY/BASIC PATHOPHYSIOLOGY

White adipose tissue produces proteins with endocrine func-
tion called adipokines. A state of relative hypoxia occurs in
the adipocytes in obesity, which sets a chronic inflammatory
response, causing the release of adipokines. Leptin, adiponec-
tin, resistin, and ghrelin are the most studied adipokines [82].

The name “leptin” is derived from the Greek, which
means the “thinning factor.” Leptin is a neuroendocrine hor-
mone that acts as a satiety factor, inducing a reduction in food
intake and an increase in energy utilization [83]. Leptin is pro-
duced by the adipocytes, placenta, and fetal adipose tissue.
Endometrium and ovarian follicles also have leptin receptors.
Adiponectin is an endogenous insulin sensitizer that is pres-
ent in lower circulating concentrations in obesity [83].

Maternal leptin levels increase throughout pregnancy
from six weeks onward and decrease rapidly after partu-
rition. Conversely, adiponectin levels appear to decrease
throughout pregnancy and are especially low in patients
with prepregnancy obesity [83]. High levels of serum leptin
in pregnancy are similar to that seen in obesity [84]. Leptin
appears to be an independent regulator of fetal growth, and
leptin levels are a marker for fetal fat mass. The majority of
leptin (98%) produced by the placenta is released into mater-
nal circulation. This increased level stimulates increased pro-
duction of cytokines, such as interleukin-6, interleukin-1, and
alpha tumor necrosis factor, that lead to a chronic inflamma-
tory state, further resulting in structural and vascular dam-
age [85,86]. Epigenetic modification in the preimplantation
stage, alteration in very early metabolism of the embryo, and
endometrial abnormalities seen on biopsy in obese patients
could result in low implantation rates, birth defects, and fetal
growth aberrations [87].
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RISK FACTORS

Older, multiparous women from lower socioeconomic back-
grounds, limited resource environments especially for good
nutrition, unsafe neighborhoods for unrestricted physical
activity, lack of access to medical care, minority status, and
family history, all are risk factors for obesity in general and
for its associated complications in pregnancy [86].

PREGNANCY COMPLICATIONS

Table 3.2 summarizes the long list of pregnancy complica-
tions associated with obesity in pregnancy. The higher the
patient’s BMI, the greater the chance of complications.

Obesity is associated with an increased risk of con-
genital anomalies. Maternal obesity is an independent risk
factor for congenital heart defects (CHD) with an aOR of 1.16
(95% CI 1.05-1.29), 1.15 (95% CI 1.00-1.32), and 1.31 (95% CI
1.11-1.56) for overweight, obese, and morbidly obese (>35 kg/
m?) patients, respectively [34,88]. Prepregnancy BMI >25 kg/
m? and increasing levels of obesity are associated with sev-
eral phenotypes of CHD, such as conotruncal defects, total
anomalous pulmonary venous return, hypoplastic left heart
syndrome, right ventricular outflow tract defects, and sep-
tal defects [34,35]. Maternal obesity (BMI >30 kg/m?) also
increases the risk for other congenital anomalies including
neural tube defects (NTD) (OR 4.08; 95% CI 1.87-7.75), hydro-
cephaly, orofacial clefts (OR 1.90; 95% CI 1.27-2.86), anal atre-
sia, hypospadias, cystic kidney, talipes, omphalocele, and
diaphragmatic hernia [37,89]. Neural tube defects may be due
to folate deficiency or local endometrial and placental factors,
leading to altered angiogenesis related to leptin or altered
carbohydrate metabolism with undetected hyperglycemia.
This higher rate of anomalies persists in obese women even
after controlling for diabetes.

Excluding women with hypertension, the risk of pre-
eclampsia is doubled with each 5 to 7 kg/m? increase in
prepregnancy BMI [12]. When compared to a BMI of 21 kg/
m?, the risk is doubled with a BMI of 26 kg/m? and almost tri-
pled when the BMI is >30 kg/m? [90,91]. Women with class III
obesity had a higher incidence of preeclampsia, antepartum
stillbirth, cesarean delivery, instrumental delivery, shoulder
dystocia, meconium aspiration, fetal distress, early neona-
tal death, and large babies as compared to normal-weight
women [13,90,91].

Increased BMI is a risk factor for impairment of carbo-
hydrate tolerance. Fasting and postprandial plasma insulin
concentrations are higher in obese pregnant women than in
those who are not obese.

Each 1-unit increase in pregravid BMI (5 1b) increases
the risk of cesarean delivery by about 7% [92]. Success rates of
vaginal birth are low in the obese population and infectious
morbidity, such as chorioamnionitis, is increased particularly
after labor [29,30,93]. Antepartum complications of obesity
largely account for this higher cesarean delivery rate as well
as macrosomia-associated cephalopelvic disproportion, non-
reassuring fetal testing, and failed induction.

Operative risks are also high in obese patients, includ-
ing increased total operative time, blood loss, endometritis,
and wound disruptions and infections [94]. Fetal deaths
are mostly unexplained and are thought to be secondary
to placental dysfunction and related comorbidities [40,41].
Suggested pathophysiological mechanisms include placental
dysfunction, placental inflammation, impaired glucose toler-
ance and insulin resistance, and excessive hyperlipidemia.
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Table 3.2 Complications of Obesity Related to Pregnancy (see also text) [4—67]

Risk (%) or OR Comments Ref.
Infertility OR 1.7-2 Smoking is a risk factor in 4-6
the obese
Miscarriage rates OR 1.31 4,7 8,50
Recurrent miscarriage OR 1.71 50
Prenatal/medical
Chronic hypertension OR2-3 4,9,10
Gestational hypertension OR2.5-3.2 11, 51
Preeclampsia OR 1.44-14.14 Risk increases with increasing 8, 11-15, 51-54
class of obesity
Gestational diabetes OR 1.4-20 4,9, 16, 17, 51
Venous thromboembolism OR 1.30-2.65 4,55, 56
Obstructive sleep apnea OR 1.12 18-21
Respiratory issues (e.g., asthma OR 1.3 22
exacerbations)
Depression OR 1.12 OR 4.9 class Il 23,24
Urinary tract infections OR 1.4 5
Obstetric
Spontaneous pregnancy loss OR 17 7,16
Indicated preterm birth OR 1.3 Includes overweight 25
Spontaneous preterm birth OR 124 25
Lower accuracy of ultrasound 25%—48% detection Progressively worse with 26
Residual anomaly risk after increasing BMI
ultrasound in obese 1%
Difficulty with fetal testing (e.g., FH No definite recommendation 27
monitoring) for invasive monitoring
Failure to progress OR 2.6 Class Il 28
Induction of labor OR2.2 9,14
Fetal distress OR 1.3 Class Il (BMI >35) 28
Lower success of TOLAC OR 0.53-2.0 Excessive weight gain lowers 29, 30
success—Class I
Rupture/dehiscence after TOLAC OR 5.6 30
Post-term birth (less likely to go into OR 17 31
spontaneous labor)
Lower rates of breast-feeding (Failure to OR 2.6 Class Il 5
start and sustain)
Late prenatal care OR 1.56 9
Fetus/neonate
Congenital fetal defects
NTD OR 1.7-2.8 OR 3—4 class II-llI 32, 33, 57
CHD OR 1.3-15 33-37
Cleft lip/palate OR 1.2-1.9 33,37
Anorectal atresia OR 15 33, 37
Hydrocephalus OR 17 37
Limb reduction defects OR 1.3 33
Down syndrome 1.12-1.56 58
IUGR 2.1 59
Gastroschisis OR 0.17 Reduced risk in the obese 33
Macrosomia (>4000 g) OR 1.7-2.36 5,9, 10, 38, 39
Birth injury, shoulder dystocia OR 1.51-3.1 Associated most with 13, 39, 61
macrosomia
Low Apgar scores OR 1.4-13.4 5, 52, 62
Fetal death OR 2.0-3.6 13, 40, 41-43
Neonatal mortality OR 1.15-1.3 OR 3.4 class Il 13, 33, 63
Childhood obesity BMI >95th percentile and OR 1.62-2.2 Increases with increasing 5, 64
metabolic syndrome levels of obesity and GWG
NICU admission OR 1.28-1.34 9, 10, 61
Intrapartum
Earlier admission
Longer labor 7 hours (obese) vs. Slow labor to 7 cm 44
5.4 hours (normal)
Anesthesia complications 8.4% composite morbidity 6/8 maternal deaths were in 45-47
obese gravida
Difficult regional anesthesia placement OR 19.4 48
Difficult intubations (general anesthesia) OR 2.1 48

(Continued)
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Table 3.2 (Continued) Complications of Obesity Related to Pregnancy (see also text) [4—67]

Risk (%) or OR Comments Ref.

Need for cesarean delivery OR 1.46-3.0 47% in class II-lll (especially 11, 51-53, 60, 61, 65

failure to progress)
Increase operative time >60 minutes; OR 9.3 13, 46, 48
Emergency cesarean OR4.7 48
Wound infections/disruptions OR2.24-34 9, 66
Hemorrhage OR5.2 Morbid obesity >300 Ib 48
Postpartum hemorrhage OR 1.4-2.11 9, 44, 67
Longer hospitalization OR 1.48 9
ICU admissions OR 3.8 BMI >50 15
Hormonal contraceptive failure OR 1.91 BMI >25; limited studies, 49

may still be the best if used

properly

Abbreviations: BMI, body mass index; CHD, congenital heart disease; GWG, gestational weight gain; NTD, neural tube defect; OR, odds ratio;

TOLACG, trial of labor after cesarean.

Table 3.3 Health Risks Associated with Obesity

* Premature death » Cancer

* Type 2 diabetes » High cholesterol

* Metabolic syndrome e Hirsutism

* Heart disease e Stress incontinence
» Stroke * Surgical risk

* Hypertension ¢ Osteoarthritis

* Gallbladder disease ¢ Asthma

* Sleep apnea ¢ Social stigma

* Depression

Source: U.S. Department of Health and Human Services. The Surgeon
General’s Call to Action to Prevent and Decrease Overweight and
Obesity. Rockville, MD: U.S. Department of Health and Human Services,
Public Health Service, Office of the Surgeon General, 2001.

Prepregnancy obesity and excessive gestational weight
gain are associated with indicated preterm birth, and obe-
sity seems to protect against spontaneous preterm birth
[25,31,95-100]. Nulligravid obese women are likely at greater
risk than the multiparous women.

Obstructive sleep apnea (OSA) has a higher incidence
in obese women, especially with neck circumference >38 cm.
OSA has been associated with preeclampsia, gestational diabe-
tes, and pulmonary hypertension [101-103]. It is also associated
with fetal heart rate decelerations during periods of maternal
hypoxia. Lower Apgar scores, low birth weight, and increased
admission to neonatal intensive care units are seen in infants of
obese women with OSA [102,104]. OSA may complicate anesthe-
sia and postoperative care [18-20]. Continuous positive airway
pressure (CPAP) has been shown to improve blood pressure
control in pregnant women with chronic hypertension [105].

Prepregnancy obesity is an independent risk factor for
large for gestational age (LGA) fetuses and macrosomia and
is correlated with increasing categories of obesity and gesta-
tional weight gain. Maternal excess weight with BMI >25 kg/
m? before pregnancy has been shown to be a determinant of
fetal macrosomia (OR 2.0; 95% CI 1.72, 2.32) [106]. Macrosomic
fetuses are at high risk for childhood obesity and adult meta-
bolic syndrome. Excessive weight gain during pregnancy
can increase the risk of macrosomia by 30%. The incidence of
shoulder dystocia remains undefined with some reporting a
higher incidence and others no difference in the obese popula-
tion versus the nonobese. Shoulder dystocia is associated with
birth weight rather than increasing levels of obesity [38,39].

Obesity is associated with greater health care usage with
more prenatal visits with physicians, fetal testing, obstetrical

ultrasound, medications, telephone calls, longer length of stay,
increased cesarean deliveries, and medical conditions associ-
ated with obesity [69]. It is estimated that 5.7% of the total U.S.
health expenditure is from obesity-related illness [70].

Close to 300,000 deaths annually are attributed to a
diagnosis of obesity [2]. About 24% deaths in adult women
aged 25 to 64 years are due to obesity [71].

PRECONCEPTION CARE/PREVENTION
Preconception Evaluation

The preconception visit may be the single most impor-
tant health care visit when viewed in the context of its
effect on pregnancy (Chapter 1 of Obstetric Evidence Based
Guidelines). Height in meters and weight in kilograms
should be recorded for all women at each doctor visit to
allow for calculation of BMI (http://www.nhlbisupport
.com/bmi) (Figure 3.1). Identification and awareness by both
patient and health care worker of obesity is the first step in
prevention of complications and appropriate management.
The BMI category should be reviewed with the patient,
making sure she understands that her category is not nor-
mal (Table 3.1).

Once obesity is confirmed, a waist circumference can
be measured at the end of expiration at the level of the iliac
crest. This, as well as the exact BMI, should be documented. A
risk assessment of cardiovascular disease by taking BP with
alarge cuff, dyslipidemia by obtaining a fasting lipid profile
and diabetes evaluation with a fasting blood sugar, thyroid
disease with thyroid function tests, and OSA requiring a
standard overnight polysomnogram should be initiated. In
obese patients with chronic hypertension or type 2 diabe-
tes, it is advisable to obtain an EKG and an echocardiogram
[107]. Obese women are more likely to experience congestive
heart failure and cardiomyopathy. Family history should be
elicited. History of weight cycling is important and indicates
poor compliance and may be associated with an increased
risk of comorbidities.

Discussion and education about obesity and its comor-
bidities and poor perinatal outcomes should be provided
(e.g., give a copy of Tables 3.2 and 3.3). An assessment should
be made to see if the patient is ready for intervention with
diet and exercise. Motivational interviewing is defined as
a “directive, client-centered counseling style for eliciting
behavior change by helping clients explore and resolve ambiv-
alence” (Table 3.4) [108,109].


http://www.nhlbisupport.com/bmi
http://www.nhlbisupport.com/bmi

e

Class Il obesity

Periodic weight assessment

35-39.9

l

>40

l

Class Ill obesity

With comorbidities

No
Bariatric surgery
referral
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Preconception workup
http://www.nhlbisupport.com/bmi
Calculate BMI (kg/m?2)
25-29.9 30-34.9
Overweight Class | obesity
Motivational assessment
Yes
Start diet and physical activity
Success No
Provide support for  Drug therapy,
weight loss diet,
maintenance physical activity
Figure 3.1 Algorithm.

Table 3.4 Stages of Change Model to Assess Readiness for Weight Loss

Stage Characteristic

Appropriate Intervention

Sample Dialogue

Precontemplation Unaware of problem, no interest

in change health risks

weight loss

Contemplation Aware of problem, beginning to Help resolve
think of changing

Realizes benefits of making
changes and thinking about
how to change

Actively taking steps toward

change

Preparation

Action

term

Maintenance Initial treatment goals reached

Provide information about

discuss barriers
Teach behavior modification;
provide education

Provide support and guidance
with a focus on the long

Relapse control

“Would you like to read some information

and benefit of about the health aspects of obesity?”

ambivalence; “Let’s look at the benefits of weight loss as
well as what you may need to change.”

“Let’s take a closer look at how you can
reduce some of the calories you eat and
how to increase your activity during the day.”

“It’s terrific that you are working so hard.
What problems have you had? How have
you solved them?”

“What situations continue to tempt you to
overeat? What can be helpful for the next
time you face the situation?”

Source: Modified from ACOG Committee Opinion No. 319 and from American Medical Association—Roadmaps for Clinical Practice series:
Assessment and management of adult obesity. Available at http://www.ama-assn.org/ama/pub/category/10931.html.

Women with increased BMI are known to have a three-
fold greater risk of infertility due to disturbances in the
hypothalamic-pituitary axis, menstrual cycle alterations, and
anovulation [110]. An abnormal BMI is associated with signif-
icantly reduced live-birth rate and increased miscarriage rate
after IVF treatment [110]. Fertilization rates and clinical preg-
nancy rates are reported to be lower in obese women [111].

The most effective intervention in the adult obese pop-
ulation is diet, physical activity, and behavior modification
(http://www.nhlbi.nih.gov/guidelines/obesity/ob_home
.htm). The most important interventions in the manage-
ment of obesity in reproductive-age women are weight
reduction prior to conception and prevention of excessive
gestational weight gain (Table 3.5) [38,112].


http://www.nhlbi.nih.gov/guidelines/obesity/ob_home.htm
http://www.nhlbi.nih.gov/guidelines/obesity/ob_home.htm
http://www.nhlbisupport.com/bmi
http://www.ama-assn.org/ama/pub/category/10931.html

OBESITY 37

Table 3.5 Suggested Management of the Obese Gravida

Preconception
Calculate and record BMI and category
Review history and comorbidities
Counseling of pregnancy complications (show, review, and give a copy of Table 3.2)
Counseling of medical long-term complications (show, review, and give a copy of Table 3.3)
Glucose screen with 2-hour glucose tolerance test or hemoglobin A1c
Consider lipid screening
Counsel and plan regarding weight loss and exercise before considering pregnancy—behavior modification
Nutrition counseling
Exercise counseling
Document blood pressure
Baseline 24-hour urine for proteinuria; LFTs, platelets
Evaluation for possible long-term complications
(especially if BMI >35)
Echocardiogram
EKG
Sleep apnea evaluation
Consider referral to bariatric surgery program

Pregnancy
First trimester
All recommendations as Preconception except weight loss
Confirm pregnancy with first-trimester ultrasound for dating
Nuchal translucency and serum screening for chromosomal abnormalities
Early 1-hour glucose screen
Review weight gain goals (Table 3.7) and address throughout prenatal care
Second/third trimester
Counsel regarding limitations of fetal ultrasound
Fetal echocardiogram, if pregestational diabetes or BMI >35
Consider fetal growth ultrasound in third trimester (e.g., 32 weeks)
Repeat as needed if suspected macrosomia
Repeat 1-hour glucose screen if negative in first trimester
Begin antepartum testing =32 weeks
Anesthesia consult in third trimester

Intrapartum
Secure early venous access
Ultrasound to confirm fetal presentation
Early placement of regional anesthesia with extra-long spinal/epidural needles and fiberoptic bronchoscope
Cross for appropriate blood products
Consider AROM and IUPC to assess contractions
Early application of FSE if unable to evaluate FHT externally
Large blood pressure cuff
Large speculums
OR tables that accommodate =160 kg (standard OR tables support 130-160 kg)
Lithotomy stirrups with capacity of 230 kg (i.e., Yellofins® Stirrups and Yellofins Elite®, respectively, Allen Medical Systems, Acton, MA, USA)
Long instrument tray
Closure of subcutaneous fat >2 cm with sutures during cesarean
Closure of subcuticular layer with stitches
Appropriately sized graduated compression stockings
Extra staffing to assist with patient transfer
Labor beds and stretchers rated for morbidly obese patients
Bariatric wheelchairs

Postpartum
Incentive spirometry
Graduated compression stockings and prophylactic heparin until ambulation
Early mobilization and hydration
Compression boots and/or prophylactic heparin during prolonged bed rest
75-mg, 2-hour glucose challenge test >6 weeks postpartum
Referral to nutritional and behavioral counselors for weight loss
Contraceptive counseling
Encourage breast-feeding
Establish a plan for postpartum weight loss

Source: Di Lillo M, Hendrix N, O’'Neill M et al. Cont Obstet Gynecol, 11, 48-53, 2008.

Note: Routine screening offered to all pregnant women (e.g., sequential screening) not included.

Abbreviations: AROM, artificial rupture of membranes; BMI, body mass index; DM, diabetes mellitus; FHT, fetal heart tracing; FSE, fetal scalp
electrode; IUPC, intrauterine pressure catheter; LFT, liver function test.
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Prepregnancy Weight Reduction

Diet

Use of a low-calorie diet that creates a deficit of 500 to 1000 kcal/
day will cause a weight loss of 1 to 2 Ib/week and a 10% weight
loss over six months [108]. There is good evidence that such
a weight loss can be sustained over long periods of time, at
least one year. This level of weight loss will improve the BP,
lipid profile, and blood glucose levels. Patients can be referred
to a nutritionist or can visit websites such as http://www.my
pyramid.gov.

Physical Activity

Exercise contributes only modestly to weight loss, but it may
decrease visceral fat; it increases cardiorespiratory fitness and
helps with all weight loss maintenance programs. Moderate
exercise for 30 to 45 minutes for at least three to five days
initially and followed by accumulation of at least 30 min-
utes daily on most days should be an integral part of weight
loss and weight maintenance [108].

Behavior Therapy

Specific strategies include self-monitoring of eating habits and
physical activity, stress management, stimulus control, problem
solving, contingency management, cognitive restructuring, and
social support [108].

Pharmacotherapy

Weight loss drugs should only be used when concomitant
lifestyle modifications have not obtained sufficient results.
Orlistat (Xenical) and Chitosin are two drugs currently mar-
keted for weight loss with questionable efficacy [113-115].
Indications for use are BMI >30 kg/m? or BMI >27 kg/m?
with comorbidities despite maximal efforts at diet, exercise,
and behavior therapy. Weight loss produced by antiobesity
drugs has not been shown to be any better than weight loss
through lifestyle modification in reducing related comorbidi-
ties. However, weight loss pharmacotherapy is contraindi-
cated in pregnancy.

Bariatric Surgery

Women with BMI >40 kg/m? or BMI >35 kg/m? with comor-
bidities are candidates for bariatric surgery when diet,
physical activity, and behavior modification (and possible
drug therapy) have failed (Table 3.6). The weight loss follow-
ing surgery is in the range of 10 to 105 kg and is sustained for
as long as eight years. Approximately 80% of bariatric sur-
gery recipients are of reproductive age [116].

Bariatric surgery procedures are generally categorized
into three groups: 1) restrictive procedures, 2) malabsorp-
tive procedures, and 3) restrictive and malabsorptive pro-
cedures. Restrictive procedures (e.g., laparoscopic adjustable
gastric banging [LAGB], sleeve gastrectomy) reduce gastric
capacity, which consequently restricts energy intake [117-119].
Malabsorptive procedures (e.g., biliopancreatic diversion,
jejunoileal bypass) cause weight loss by restricting absorption
of nutrients; however, these procedures are rarely performed
as they have been associated with long-term complications
such as hepatic failure [120,121]. Last, malabsorptive and
restrictive procedures (e.g., Roux-en-Y gastric bypass) reduce
stomach capacity causing malabsorption and a restriction of
food intake. Intragastric balloon appears to have little benefit
in weight loss therapy over diet, behavior modification, and

Table 3.6 Special Considerations for Preconception
and Prenatal Care after Bariatric Surgery

Preconception
 Fertility often resumes after bariatric surgery
» Bariatric surgery should not be considered a treatment
for infertility
¢ Oral contraception is often ineffective because of
potential malabsorption; consider injectable forms of
hormonal contraception as needed. Use reliable
contraception until period of maximal weight loss
(at least 12 months) is over
¢ Consider waiting 12 months or more after bariatric
surgery before conception
¢ Evaluate and treat comorbidities
Prenatal
¢ Monitor for nutritional deficiencies (especially after
Roux-en-Y) such as
* Vitamin B12 (if needed, 500—1000 pg daily)
¢ Folate (up to 5 mg daily)
* Iron (check ferritin; if needed, ferrous fumarate)
e Vitamin D (if needed, do not exceed pregnancy RDA
of 400 IU maximum)
* Calcium (if needed, 1200 mg calcium citrate)

* Be aware that nausea, vomiting, abdominal pain, etc., may
be signs of bariatric surgery complications, such as intestinal
obstruction, Gl hemorrhage, anastomic leaks, hernias,
band erosions and migrations, and even maternal death.
Early consultation with bariatric surgeon is suggested.

* Avoid glucola screening given risk of dumping syndrome.
Use fasting and 2-hour postprandial blood sugar monitoring
as an alternative.

e If BMl is still 30 kg/m?, risks remain as in Tables 3.2 and 3.3,
and management in general as in Table 3.5.

 Bariatric surgery is not an indication for cesarean delivery.

motivation [122]. Adjustable gastric band management dur-
ing pregnancy is not well defined, but almost 20% may need
adjustment or removal of band for nausea and vomiting [123].

A weight maintenance program consisting of diet,
physical activity, and behavior therapy should be a prior-
ity after the initial 6 to 12 months of weight loss therapy.
Lifelong medical surveillance after surgical therapy is a
necessity. Almost 20% of patients who undergo bariatric sur-
gery experience some complication although they are usually
minor, and the postoperative mortality is <1%. There is a 5%
failure rate from use of OCP following bariatric surgery [124].
After the surgical procedure, there is typically a rapid weight
loss in the first 6-18 months [125]. Thus, pregnancy during
this period may be complicated by nutritional deficiencies
that could be detrimental to the growing fetus [126-129].
Patients should be advised to delay pregnancy for at least
12 months [16,130]. There is little evidence to support the
duration of delay for conception with regard to birth weight,
cesarean delivery, or congenital malformation. Weight loss
usually plateaus after 12 to 18 months.

Prognosis for a future pregnancy depends mostly on
the BMI that has been attained. There is a significant decrease
in incidence of gestational diabetes (OR 0.31; 95% CI 0.15-0.65),
hypertensive disorders (OR 0.42; 95% CI 0.23-0.78), and mac-
rosomia (OR 0.40; 95% CI 0.24-0.67) following bariatric sur-
gery, especially for women capable of starting the pregnancy
with a BMI <30 kg/m? compared to before bariatric surgery or
to obese (often morbidly) women who have not had bariatric
surgery [117,123,130-133]. Often the studies are not matched
for BMI, a major shortcoming.
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Nutritional supplementation should be recommended
because there is good evidence of increased incidences of
maternal and neonatal deficiencies of vitamin B12, vita-
min D, iron, and calcium in women post bariatric surgery
[134] (Table 3.6). Preconception issues mentioned above
should be reviewed, including an increased likelihood of
small-for-gestational age newborns among bariatric surgery
recipients (OR 2.16; 95% CI 1.28-3.66) [117,131,132] as well as
possible increased risk of stillbirth or neonatal death [131]
(Table 3.6). Patients with bariatric surgery should be started
on vitamin B12, folate, iron, and calcium if deficient [130].
Vitamin D supplement 10 mg daily during pregnancy and
breast-feeding can be recommended as per the Royal College
of Obstetricians and Gynaecologists (RCOG) guidelines
[135]. A bariatric surgeon should be involved during pre-
natal care should the gastric band need some adjustments.
Seemingly insignificant or normal prenatal complaints war-
rant attention as patients who have had bariatric surgery are
at risk for postoperative complications. During pregnancy,
patients who present with signs and symptoms of intestinal
obstruction, perforation, or hemorrhage should have a CT
scan done to establish diagnosis because this can be associ-
ated with 20% maternal mortality.

Folic Acid Supplementation

and Other Necessary Vitamins

Proper general preconception care should be provided (Chapter 1
of Obstetric Evidence Based Guidelines). Because almost 50% of
pregnancies are unplanned, all patients capable of childbear-
ing should be placed on folic acid 0.4 to 0.8 mg (400-800 pg)
supplementation at least one month before conception and
continue daily supplements through the first two to three
months of pregnancy [136]. Folate levels have been noted to
be low in the obese population [137]. Although obesity is con-
sidered a risk factor for a NTD, the folic acid supplementation
in the United States has remained the same [136]. However,
both the RCOG [135] and the Society of Obstetricians and
Gynaecologists of Canada (SOGC) [27] have recommended
a dose of 5 mg daily for the obese population (BMI >35 kg/m?)
starting from one to three months preconception through
the first trimester. The use of periconception multivitamins
has not been associated with reduction of the increased
risk of CHD in the overweight and obese population [13].
Drug history should be reviewed to identify any potential
teratogens.

PRENATAL CARE

Preconception management, except for large weight loss,
should be followed (Table 3.5) [112,138].
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Ideal Weight Gain

There is lots of evidence to make recommendations regard-
ing weight changes in the obese gravida. One should remem-
ber that the total weight of an average fetus, placenta, and
amniotic fluid at term is about 4 to 5 kg. In the last 20 years,
both the Institute of Medicine (IOM) and American College
of Obstetricians and Gynecologists (ACOG) have suggested 5
to 9 kg (11-20 1b) as total weight gain in pregnancy for obese
women [139]. This suggestion does not account for differences
in class of obesity. Significant weight loss during pregnancy
is not recommended by ACOG and IOM.

More recent data suggest that lower weight gain in the
obese gravida is associated with maternal and fetal benefits
[38,140-144]. For obese women, weight gain has no benefit.
The lowest risks for mother and baby seem to occur with
weight gain of 0 to 9 1b for class II obese women (or even
some minimal weight loss), and weight loss of 0 to 9 1b for
class III obese women [14,28,140,142,145]. On the basis of
these data, new guidelines should be considered for obese
women (Table 3.7).

Nutritional consult may be sought to prevent exces-
sive gestational weight gain. Charts to outline the patient’s
progress should be a permanent part of the prenatal record.
Excessive weight retention self-perpetuates the obesity cycle
for subsequent pregnancies [38]. Almost three fourths of all
women will weigh more at a subsequent pregnancy [146].
Excessive gestational weight gain is associated with child-
hood obesity [147].

Diet

A balanced diet, rich in high fiber and complex carbohydrates
with low glycemic intake, is suggested. Up to 5 mg of folic
acid should be continued from the prepregnancy period until
at least 10 weeks gestation [27,135]. Education about weight
gain, healthy eating, and exercise decreases the percentage of
women who exceed weight gain recommendations [148]. The
evidence for antenatal dietary and lifestyle interventions in
overweight and obese pregnant women to decrease complica-
tions is still insufficient to make recommendations [149].

Exercise

Physical activity during pregnancy is successful in restrict-
ing gestational weight gain [150]. Physical activity inter-
vention assessed by pedometer is associated with lower
gestational weight gain compared to controls [151]. Physical
activity should be encouraged as per ACOG recommenda-
tions [152]. During pregnancy, women can be encouraged to
maintain an active lifestyle as long as there are no risks to the
pregnancy. Class III obesity is considered a relative contrain-
dication to aerobic exercise during pregnancy [152].

Table 3.7 Weight Gain Suggestions for Overweight and Obese Women

Prepregnancy Weight Category

Our Suggested Total Weight Gain Range (Lb)

IOM Recommendations (Ib)

Overweight (BMI 25—29.9 kg/m?)
Class | Obesity (BMI 30-34.9 kg/m?)
Class Il Obesity (BMI 35—-39.9 kg/m?)
Class Il Obesity (BMI >40 kg/m?)

6—20 (2.7-9.0 kg)
5-15 (2.3-6.8 kg)
—-91t0 9 (4.0 to 4.0 kg)
-1510 0 (6.8 to 0 kg)

15-25 (6.8—11.4 kg)
11-20 (5-9.1 kg)
11-20 (5-9.1 kg)
11-20 (5-9.1 kg)

Sources: Bianco AT, Smilen SW, Davis Y et al. Obstet Gynecol, 91, 97-102, 1998; Siega-Riz AM, Viswanathan M, Moos MK et al. Am J Obstet
Gynecol, 201, 4, 339.e1-14, 2009; Livingston EH. Am J Surg, 184, 2, 103—13, 2002; Fernandes MAP, Atallah AN, Soares BG et al. Cochrane
Database Syst Rev, 1, CD004931, 2007; Maggard M, Li Z, Yermilov | et al. Evid Rep Technol Assess (Full Rep), 169, 1-51, 2008; Robinson JA,
Burke AE. Women'’s Health (London, England), 9, 5, 453-66, 2013; Wax J, Cartin A, Wolff R et al. Obes Surg, 18, 12, 1517-21, 2008.
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General Issues

Diabetic screening should be done at the first visit. If this is
negative, it should be repeated at 24 to 28 weeks [153]. Baseline
data to evaluate renal function and liver status, such as liver
function tests (LFTs), 24-hour urine for protein and creatinine
clearance can be obtained. Reassessment of risk and the need
for EKG and echocardiogram can be made. Excess weight
has an effect on biochemical serum aneuploidy screening, so
adjustment has to be made according to maternal weight to
achieve similar detection rates as in other women.

Equipment in the office or clinic to accommodate the
needs of this population, such as wide chairs, sit-on weigh-
ing scales, tables, and large BP cuffs, should be available.
The professional team should undertake a discussion of
pregnancy and maternal and fetal outcomes. Educational
materials should be provided. Pharmacotherapy for obesity
is contraindicated in pregnancy. Although the RCOG recom-
mends more frequent prenatal visits every 3 weeks from 24
to 32 weeks and then every 2 weeks until delivery, there is
insufficient level I data to make this an evidence-based rec-
ommendation [154].

Fetal Ultrasound

Gestational age should be established with early (e.g,, first tri-
mester is optimal) ultrasound (Chapter 4 of Obstetric Evidence
Based Guidelines).

Data from the FaSTER trial found that the ability to
obtain a nuchal translucency (NT) is significantly decreased
with increasing BMI. In women with Class II obesity, the fail-
ure rate for NT is 7.8% compared to 1.0% in normal weight
gravida [155]. Multiple techniques can be used by the ultra-
sonographer to improve visualization, including changing
ultrasound probes to improve resolution and penetration,
adjusting the tissue harmonics index and frequency, increas-
ing the gain, elevating the patient’s pannus, placing the
patient on their side, or scanning through the umbilicus [156].

A detailed fetal survey is recommended between 20
and 24 weeks to rule out any fetal anomalies. Ultrasound
detection of fetal abnormalities is limited in obese women
because of the increased depth of abdominal adipose tissue
and increased angle of insonation [157-159]. This leads to
lower prenatal detection of fetal anomalies via ultrasonog-
raphy (@OR 0.77; 95% CI 0.60-0.99) [33,160]. For normal BML
overweight; and class I, II, and III obesity, detection with
standard ultrasonography was 66%, 49%, 48%, 42%, and 25%,
respectively, and with targeted ultrasonography 97%, 91%,
75%, 88%, and 75%, respectively [26]. Obese gravida should
also be counseled that the ultrasound duration will be longer
with a high likelihood of having to return for repeat ultra-
sounds [155]. Women with a BMI >35 kg/m? should undergo
a screening fetal echo between 20 and 24 weeks.

Because obese gravidas are at an increased risk for
LGA infants, and fetal growth is difficult to assess clinically,
ultrasounds are recommended every 4 weeks from 28 to
36 weeks to assess fetal growth and amniotic fluid [161].

Antepartum Fetal Testing

There is insufficient evidence that fetal heart rate testing
would benefit the perinatal outcomes in the obese popula-
tion; however, because the risk of fetal demise is high, ante-
partum testing may be considered. Fetal kick counts are also
encouraged.

INTRAPARTUM CARE

A multidisciplinary approach to the intrapartum manage-
ment of an obese gravida should be undertaken. The RCOG
recommends that women with a prepregnancy BMI of
230 kg/m? have an informed and clearly documented dis-
cussion about the possible complications that can occur as
a result of obesity [162]. The hospital facility should be noti-
fied so that appropriate equipment, pneumatic compression
devices, beds, transfer equipment, hoists, wide corridors, and
stretchers are available. Early venous access is suggested. The
obese gravida is at an increased risk for induction of labor
(26.2% in normal weight and 34.4% in obese women), failed
induction (13% in normal weight vs. 29% in obese women),
prolonged first stage of labor (up to 5 hour difference while
second stage length is not dependent on BMI), greater oxy-
tocin requirements, operative vaginal deliveries, failed
anesthesia, and postpartum hemorrhage (two- to threefold
increase) [67,163-171].

There may be limitations to monitoring uterine
contractions and fetal heart rate in labor. Invasive toco-
monitoring may become necessary if there are no other con-
traindications. Active management of the third stage would
help reduce the incidence of postpartum hemorrhage.

For the neonate, there is an increased risk of shoulder
dystocia (two- to threefold increase), malpresentation, lower
Apgar scores, and greater risk of NICU admission [27172].

Vaginal birth after cesarean (VBAC) section rates are
also lower in obese women with a failure rate of 45% com-
pared to 30% in nonobese gravida with a greater risk of uter-
ine rupture [30,173].

A planned cesarean section in the morbidly obese does
not decrease maternal or neonatal morbidity and is not rec-
ommended [174]. A scheduled cesarean at 39 weeks, how-
ever, should be planned if the estimated fetal weight is
>4500 g in a diabetic patient and >5000 g in a nondiabetic
obese patient [16].

ANESTHESIA

If an anesthesia consult was not obtained antepartum, then
it should be obtained early in labor. Regional anesthesia
is the anesthetic of choice. A combined spinal epidural is
preferred. Distorted anatomic landmarks, difficult mater-
nal positioning, and excessive layers of adipose tissue make
regional anesthesia more challenging. Obesity is associ-
ated with increased regional anesthesia failure rates, higher
incidences of dural puncture, and greater need for general
anesthesia [175]. More attempts at placement of epidural
or spinal anesthesia have to be made in the obese popula-
tion as compared to the nonobese. The initial failure rate
of epidural catheter placement can be as high as 42% in the
morbidly obese. Obese women can be a challenge because of
related OSA and asthma. Positioning and placement of the
panniculus can impair respiratory function [45]. In a mor-
bidly obese patient (BMI >40 kg/m?) undergoing a planned
cesarean delivery, the overall conductive anesthesia compli-
cation rate is about 8%. General anesthesia in the obese preg-
nant woman also poses its own challenges including difficult
endotracheal intubation due to excessive tissue and edema
and intraoperative respiratory events from failed or difficult
intubation [176]. General anesthesia is used more frequently
in morbidly obese patients and intraoperative hypotension
can be a problem [46]. Of about 1% maternal deaths that were



anesthesia related, 75% were noted to be obese [47]. The inci-
dence of partially obliterated oropharyngeal anatomy among
obese parturients is double that among nonobese parturi-
ents. This leads to an increased risk of difficult intubations,
gastric aspiration, and difficulty in maintaining adequate
mask ventilation [45]. Mask ventilation tends to be difficult
because of low chest wall compliance and increased intra-
abdominal pressure. The anesthesiologist should have long
epidural needles and equipment such as a laryngeal mask
ventilation or ultrasound available for these challenging
cases [16,177].

Cesarean Delivery

Obesity is a risk factor for complications from cesarean sec-
tion. As BMI increases, the time from incision to delivery
and total operative time (43 vs. 48 and 55 minutes in normal
weight, obese, and morbidly obese, respectively, p < 0.001) also
increases. Increased operative time leads to worse outcomes
[66,178]. Wound complications (separation and infection) are
as high as 30% in obese women compared to a 3%-17% over-
all population risk with the vast majority occurring 8-10 days
post cesarean section [179]. Tissue oxygenation is poor in
the obese population. Increased oxygen supplementation
perioperatively may enhance wound healing, as per non-
pregnancy data, but there is insufficient evidence to recom-
mend it in the obese obstetric population [180-183]. (See also
Chapter 13 in Obstetric Evidence Based Guidelines.)

Surgical techniques that have been proven to reduce
wound infection and separation include closure of the subcuta-
neous layer with suture if the depth is >2 cm and subcuticular
closure with suture over staples [184-186]. A more controver-
sial recommendation includes placement of the skin incision
either vertically or transverse although the literature states that
a transverse skin incision is likely preferred and associated
with less morbidity [179,187-190]. This decision should be
individualized as this may differ depending on the category
and type (e.g., central) of obesity. Placing the incision above
the panniculus, which at times means above the umbilicus,
may be necessary in the woman with extreme obesity [185].

Prophylactic antibiotics should be administered (e.g., with
cefazolin 2 g IV) at least 30 minutes prior to the skin incision.
Some studies suggest that 4 g of IV cefazolin leads to higher
tissue concentrations than 2 g, which may result in decreased
surgical site infections and endometritis [191-193]. A recently
published double-blind RCT demonstrated that although 3 g of
cefazolin administered preoperatively results in significantly
higher adipose tissue concentrations at the time of hysterotomy
and fascial closure and greater umbilical cord blood concentra-
tions compared to 2 g, both doses achieved sufficient adipose
tissue concentrations to provide prophylaxis against Gram-
positive and Gram-negative bacteria [194]. Other recent studies
have produced conflicting data in regards to reaching adequate
adipose tissue concentrations with higher doses of prophylac-
tic cefazolin (2 g vs. 3 g) in obese women [195,196]. Further
studies are needed to evaluate alterations in maternal dosing
before changing the currently recommended dose of 2 g.

POSTPARTUM

Venous Thromboembolism

Obese women have an up to fourfold increased risk of venous
thromboembolism compared to normal-weight women [197].
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Because of this increased risk, ACOG recommends early
mobilization and placement of pneumatic compression
devices before surgery in all cases of anticipated prolonged
labor and then continued until ambulation is established
postpartum [16,198,199]. More recently, non-RCT evidence
supports the use of pharmacologic thrombophrophylaxis
for seven days postpartum in obese women with additional
risk factors for thromboembolism (age >35, weight >80 kg,
>para 4, preeclampsia, immobility >4 days prior to surgery,
major illness, emergency cesarean section, current infec-
tion, antiphospholipid syndrome, prior thromboembolic
event, or family history of thromboembolism) or in all
women who are morbidly obese (BMI >40 kg/m?) [200-202].
One study suggests that weight-based dosing of low-dose
heparin, e.g., enoxaparin (0.5 mg/kg SQ every 12 hours) to be
better than traditional prophylactic dosing (40 mg SQ daily);
however, this has not been sufficiently studied [203]. Women
who meet criteria for pharmacologic prophylaxis should at
the very least be started on enoxaparin (lovenox) 40 mg SQ
daily for 1 week postpartum although weight-based dosing
is also acceptable.

Other Complications

In the postpartum period, obese women are also at a greater
risk of requiring longer hospital stays, resulting in increased
medical costs, maternal ICU admissions (OR 3.50; 95% CI
2.72-4.51), wound infections (OR 3.4; 95% CI 1.4-1.8), post-
partum endometritis, emergency department visits (@OR 2.2;
95% CI 1.03-4.9), and maternal death (OR 2.9; 95% CI 1.1-8.1)
[15,66,166,177,204]. Specifically, one study found that for every
9091 obese pregnant patients, one patient will experience
death at delivery hospitalization. About 24% of deaths in adult
women aged 25 to 64 years are due to obesity [205]. Because
of these increased postpartum risks, special care should be
given to the postpartum obese patient by experienced physi-
cians and nursing staff.

Psychological Implications: Compared to normal-
weight women, obese gravida are at an increased risk of
depression during pregnancy and postpartum (OR 1.43; 95%
CI 1.27-1.61 and OR 1.30; 95% CI 1.20-1.42, respectively). They
are also at an increased risk for anxiety (OR 1.68; 95% CI 1.34—
2.12) [206]. Eating disorders and arthritic pain together with
psychosocial factors (e.g., social stigmatization) could account
for this increase [23]. The patient should be provided with
resources for counseling and social work prior to discharge
home with consideration to have them return sooner than the
routine six-week postpartum visit.

Breast-Feeding

Women should be strongly encouraged and helped to return
to a normal BMI through counseling, diet, exercise, and
breast-feeding. Breast-feeding is encouraged because it ben-
efits both the mother and infant. In particular, it helps acceler-
ate the return to prepregnancy weight and decreases the risk
of chronic diseases such as type 2 diabetes and breast and
ovarian cancer. For the infant, breast-feeding reduces the risk
of obesity [207,208].

Obese women are less likely to initiate breast-feeding
or exclusively breast-feed compared to normal-weight women.
In order to increase the rates of breast-feeding, obese women
would benefit from consultation with a lactation specialist [209].
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CONTRACEPTION

The contraceptive intrauterine device (IUD), implant, ring,
depot medroxyprogesterone acetate injectable contraception,
and the progestin-only contraceptive pill appear to be as effec-
tive in obese and nonobese women and should be encouraged
for postpartum use. Some studies indicate that oral hormonal
contraception may not be as effective as in the nonobese
[49,210]. Oral contraceptives may also not be as effective in
women who undergo bariatric surgery because of the mal-
absorptive effects. Pregnancy rates are high after weight
loss surgery; therefore, effective contraception should be
discussed prior to the procedure [211]. Additionally, body
weight >90 kg is a risk factor for failure of the contracep-
tive patch and should thus not be offered [212].

LONG-TERM MATERNAL

AND OFFSPRING RISKS

Obesity during pregnancy is an independent risk factor for
long-term cardiovascular morbidity (aHR 2.6; 95% CI 2.0-
3.4), specifically ischemic stroke (aHR 2.63; 95% CI 1.41-1.91)
and myocardial infarction (aHR 1.89; 95% CI 1.25-2.84). So
too, there is a greater risk of all-cause mortality in obese
women (HR 1.35; 95% CI 1.02-1.77) compared to women of
normal pregnancy BMI [213-216].

Offspring of obese mothers are at increased risk for
significant health conditions later in life as a result of in
utero programming, which may work through environmen-
tal, genetic, and epigenetic mechanisms. The biggest risks
include obesity, lower childhood cognitive scores, autism
(OR 1.58; 95% CI 1.26-1.98), type 2 diabetes mellitus, cancer,
and cardiovascular disease [217-221]. The key is to identify and
intervene early and to potentially reverse the known future
adverse consequences associated with maternal obesity.

FUTURE

Future research should assess the degree of intensiveness
and contact with a health care provider during management
with diet and exercise, drug therapy to target different bio-
logical pathways to obesity, the mechanisms of fetal macro-
somia, fetal demise secondary to obesity, and childhood
obesity, among many others. Controlling maternal prepreg-
nancy obesity and excessive gestational weight retention will
help control the obesity epidemic. Food industry companies,
insurance companies, public education, school education, tax
breaks, premium breaks, fitness programs, and many oth-
ers should work together to end this vicious cycle, leading
to now earlier mortality than previous generations because
of obesity.

RESOURCES

ACOG Committee Opinion #319 [107]

ACOG Committee Opinion #315 [16]

ACOG Practice Bulletin #120 [191]

ACOG Practice Bulletin #123 [198]

American Medical Association. Roadmaps for Clinical Practice Series:
Assessment and management of adult obesity: http://www.ama
-assn.org/ama/pub/category/10931.html

American Society for Bariatric Surgery: http://www.asbs.org

ACOG Clinical Updates in Women’s Health Care-Weight control:
Assessment and management: http:/ /www.clinicalupdates.org

National Heart, Lung, and Blood Institute—Clinical guidelines on the
identification, evaluation, and treatment of overweight and obe-
sity in adults: http:/ /www.nhlbinih.gov/guidelines/obesity/ob
_home.htm

The Surgeon General’s call to action to prevent and decrease over-
weight and obesity: http:/ /www.surgeongeneral.gov /topics
/ obesity

U.S. Preventive Services Task Force-Screening for obesity in adults:
http:/ /www.ahrq.gov/clinic/uspstf/uspobes.htm

Patient Resources

American Obesity Association: http://www.obesity.org

American Society of Bariatric Physicians: http:/ /www.asbp.org

MedlinePlus: Weight loss and dieting: http://www.nlm.nih.gov/med
lineplus/weightlossanddieting.html

National Heart, Lung, and Blood Institute. Obesity education initia-
tive: http:/ /www.nhlbi.nih.gov/about/oei/index.htm

Overeaters Anonymous: http://www.overeatersanonymous.org

TOPS: Take Off Pounds Sensibly: http:/ /www.tops.org

Weight-control Information Network: http://www.win.niddk.nih.gov
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Pregestational diabetes

A. Dhanya Mackeen and Michael J. Paglia

KEY POINTS

¢ Poorly controlled diabetes in pregnancy is associated with
increased risks of first-trimester miscarriage, congenital
malformations (especially cardiac defects and CNS anom-
alies), fetal death, preterm birth, preeclampsia, ketoacido-
sis, polyhydramnios, macrosomia, operative (both vaginal
and cesarean) delivery, birth injury (including brachial
plexus), delayed lung maturity, respiratory distress syn-
drome, jaundice, hypoglycemia, hypocalcemia, and peri-
natal mortality as well as long-term consequences for the
children, such as obesity, type II diabetes, and lower IQ.

®  Preconception counseling should include weight loss,
exercise, appropriate diet, and optimization of blood
sugar control. Normalization of glucose levels (hemo-
globin Alc <6%) prevents most, if not all, of the com-
plications of diabetes in pregnancy.

* In pregestational diabetics, fasting glucose <95 mg/dL
and two-hour postprandial <120 mg/dL (or one-hour
postprandial <140 mg/dL) should be achieved and
maintained at all times with diet, exercise, and insulin
therapy as necessary.

® There is insufficient evidence to assess the efficacy of
oral hypoglycemic agents in pregestational diabetes.

e Diabetic ketoacidosis is treated with aggressive hydra-
tion and intravenous insulin.

* In pregestational diabetics with good glycemic control,
timing of delivery should occur between 39 0/7-39 6/7
weeks; cesarean delivery should be offered if estimated
fetal weight is 24500 g.

Diagnosis/Definition

Diabetes mellitus (DM) is defined as a metabolic abnormality
characterized by elevated circulating glucose. The diagnoses
of diabetes and impaired glucose tolerance outside of preg-
nancy are established on the basis of formal laboratory crite-
ria (Table 4.1) [1-4]. As different countries use either mmol/L or
mg/dL for glucose values, a comparison is provided (Table 4.2).

Symptoms
Often asymptomatic, but classic symptoms of uncontrolled
diabetes are polydipsia, polyuria, and polyphagia.

Epidemiology/Incidence

Though the prevalence of pregestational DM continues to
increase in many high-income countries, specific incidence is
difficult to calculate due to the inconsistent inclusion of ges-
tational diabetes. Diabetes was noted to complicate 6% of all
pregnancies in the United States in 2013 although the major-
ity of these are likely gestational [5,6].

Basic Pathophysiology

The etiology of the disease varies and includes a primary
insulin production defect, insulin receptor abnormalities,
end-organ insulin resistance, and diabetes secondary to
another disease process, such as cystic fibrosis [3]. Type I
diabetics are insulin deficient secondary to the autoimmune
destruction of the pancreatic islet beta cells [3]. These indi-
viduals develop disease early in life, require insulin replace-
ment, and become acutely symptomatic with ketoacidosis if
no therapy is initiated. In contrast type II diabetics continue
to produce insulin, but do so at diminished levels. They are
often hyperinsulinemic, at least in the early stages; rela-
tive hypo-insulinemia may (or may not) develop later [3].
Insulin resistance is the cardinal feature of type II diabet-
ics and many exhibit insulin resistance at the level of the
end-organ receptor. The onset of disease is usually later
in life, the course is gradual but progressive, and the dis-
ease is linked to obesity [3]. The onset of disease is rapidly
changing: type II diabetes is now being seen at earlier ages,
including childhood and adolescence. Both groups can be
further subclassified on the basis of the presence of vascu-
lar complications, such as hypertension, renal disease, and
retinopathy. The same physiologic changes of pregnancy
that cause gestational diabetes (see Chapter 5) also compli-
cate the achievement of optimal glucose control in the pre-
gestational diabetic. In a meta-analysis, women with type II
diabetes had a 1.5 times increased risk of perinatal mortality,
decreased risk of diabetic ketoacidosis, and decreased cesar-
ean delivery rate as compared to those with type I diabetes;
however, there were no significant differences between the
two groups in the frequency of major congenital malforma-
tion, stillbirth, or neonatal mortality [7].

Classification

To facilitate the management of these patients, the classifi-
cation of diabetes has undergone recent revisions to reflect
the physiology and implications of the disease process.
Classification as type I and type II diabetes (as defined above)
is still commonly used, especially in nonpregnant patients.
Presence of vascular disease, defined as chronic hypertension
(HTN), renal insufficiency, retinopathy, coronary artery dis-
ease, or prior cerebrovascular accident, is a better predictor
of adverse pregnancy outcome than is White’s classification
[8,9]. Therefore, the White’s classification is no longer recom-
mended for management.

Risk Factors/Associations

Obesity, hypertension, advanced maternal age, non-white
race, family history (type II diabetes), metabolic syndrome,
among others.



Table 4.1
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Criteria for the Diagnosis of Diabetes Mellitus in the Nonpregnant State

Impaired Fasting Glucose or

Normal Values

Impaired Glucose Tolerance

Diabetes Mellitus

FPG: <100 mg/dL
75 g, 2-hour OGTT: 2-hour
PG <140 mg/dL

FPG: 100-125 mg/dL

140-199 mg/dL

Hemoglobin A1c 5.7%—6.4%

75 g, 2-hour OGTT: 2-hour PG

FPG: =126 mg/dL (7.0 mmol/L)2

75 g, 2-hour OGTT: 2-hour PG =200 mg/dL
(11.1 mmol/L)2

Hemoglobin A1c =6.5%2

Symptoms of hyperglycemia and PG
(without regard to time since last meal)
=200 mg/dL (11.1 mmol/L)

Source: American Diabetes Association. Diabetes Management guidelines 2015. 2015, http://www.ndei.org/ADA-diabetes

-management-guidelines-diagnosis-A1C-testing.aspx.

Abbreviations: FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; PG, plasma glucose.
aUnless unequivocal hyperglycemia is present, the diagnosis of diabetes mellitus should be confirmed on a separate day by

any of these three tests.

Table 4.2 Glucose Equivalents

mmol/L mg/dL
5.9 105
6.7 120
78 140
8.0 144
11.0 198

Complications

Incidence of complications is inversely proportional to
glucose control with minimal complications if glucose
control is optimal [10]. Pedersen first proposed that the
exaggerated fetal response to insulin is provoked by fetal
hyperglycemia that results from maternal hyperglycemia
[11]. Poorly controlled DM is associated with increased
risks of the following: first-trimester miscarriage; congenital
malformations [12] (most common malformations are car-
diac defects and CNS anomalies, especially neural tube
defects [13]; most pathognomonic are sacral agenesis/
caudal regression); intrauterine fetal demise; preterm birth
(both iatrogenic and spontaneous); preeclampsia; ketoacido-
sis; polyhydramnios; macrosomia (increased fetal insulin acts
as growth factor; the degree of macrosomia is correlated
with fasting and postprandial blood glucose values out-
side of the suggested parameters); operative delivery (both
vaginal and cesarean) and birth injury (including brachial
plexus) (both related to macrosomia); delayed lung maturity;
respiratory distress syndrome; jaundice (because of polycy-
themia), hypoglycemia, hypocalcemia and polycythemia in the
neonate, all related to elevated glucose levels and conse-
quent hyperinsulinemia antenatally; and perinatal mortal-
ity [14,15]. Long-term follow-up has shown higher rates of
obesity, type I DM, and lower IQ in children of mothers with
poorly controlled DM in pregnancy [14-18].

Pregnancy Considerations

It is always important to consider the effect of maternal dis-
ease on pregnancy and, conversely, the effect of pregnancy on
maternal end organs (Table 4.3), especially because pregesta-
tional diabetes affects the micro- and macrovascular systems.
Diabetic retinopathy is the leading cause of blindness in
reproductive years. Background retinopathy is characterized
by retinal microaneurysms and dot-blot hemorrhages and
proliferative retinopathy by neovascularization. Proliferative

Table 4.3 Diabetes Workup in Pregnancy

Workup

e Careful history (review of glucose control and therapy;
history of end-organ disease)
* Laboratory tests (preconception or first trimester if feasible):
¢ Hemoglobin A1c
* Metabolic profile (glucose, creatinine)
¢ Urine culture: repeat each trimester
* 24-hour urine collection for protein and creatinine
clearance
e TSH for type | diabetics
» Consider EKG, especially if concomitant hypertension
* Consider ophthalmologic consult to assess for any
retinopathy, especially if long-standing or poorly controlled
diabetes mellitus

Abbreviation: EKG, electrocardiogram.

diabetic retinopathy may progress as tightened glycemic
control is achieved [19]. However, clinicians should not be
deterred from achieving optimal glucose control as the risk
of subsequent progression of retinopathy is overall decreased
as compared to patients not managed with intensive therapy
[19]. Diabetic nephropathy occurs in 5% to 10% of pregesta-
tional diabetics and can progress to end-stage renal disease,
especially in women with creatinine of >1.4 mg/dL or 24-hour
proteinuria of >3 g (see Chapter 17). Proteinuria increases
in diabetic patients as they approach term, particularly in
those who have baseline nephropathy. Women with baseline
nephropathy are at increased risk of iatrogenic preterm birth
and uteroplacental insufficiency. Progression of renal insuf-
ficiency is not clearly linked to the physiologically increased
glomerular filtration rate of pregnancy although those with
nephrotic range proteinuria and moderate-to-severe renal
insufficiency may progress to end-stage renal disease [20,21].
Diabetic neuropathy is not worsened, per se, in pregnancy
although decreased gastrointestinal motility related to pro-
gesterone and mechanical factors may exacerbate underlying
gastroparesis [21]. The presence of hypertension (in 5%-10%
of women with pregestational DM) further increases the risks
of preeclampsia, fetal growth restriction, and fetal death [20].
Progression of cardiovascular disease in the diabetic preg-
nant patient has not been reported, but symptomatic coro-
nary artery disease is a contraindication to pregnancy in
these diabetic women [21].


http://www.ndei.org/ADA-diabetes-management-guidelines-diagnosis-A1C-testing.aspx
http://www.ndei.org/ADA-diabetes-management-guidelines-diagnosis-A1C-testing.aspx
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Management (Table 4.4)
Principles
Strict glycemic control, aiming for HgbAlc of <7%.

Workup
See Table 4.3.

Table 4.4 Management of the Pregestational Diabetic

Preconception counseling

* Weight loss
* Exercise
¢ Glucose testing
¢ Treatment of hyperglycemia as appropriate
» Strict glucose control
Preconception evaluation (Table 4.5)
* Normalization of the hemoglobin A1c to within 1% of
normal (<7%)
¢ Evaluate the presence of vascular disease
* Ophthalmologic exam with retinal evaluation
* 24-hour urine for protein and creatinine clearance
* EKG
* Nutritional counseling (Table 4.7)
e 30-35 kcal/kg/day if normal weight
* Institute glucose testing to include fasting and postprandial
values (Table 4.8)
* Incorporate exercise regimen
¢ Start or refine insulin regimen (Figures 5.1 and 5.2)
Antepartum management
¢ Insulin therapy adjusted by weight and pregnancy trimester
as guided by glucose monitoring (Tables 4.8 and 5.4;
Figures 5.1 and 5.2)
* Viability/dating scan
* Fetal surveillance and antepartum testing (Table 4.11)
» Alpha-fetoprotein screening at 16—20 weeks
* Detailed anatomic survey at 18-20 weeks
» Fetal echocardiogram (at 14—16 weeks especially if
hemoglobin A1c >8%) and at 20—22 weeks
» Serial ultrasounds for growth in the second and third
trimester
* Antenatal assessments with NST or BPP weekly or twice
weekly from 32 to 35 6/7 weeks, then twice weekly until
delivery
» Start at 28 weeks if diabetes is poorly controlled
Intrapartum management (Figure 4.1)
e Trial of labor unless clinical or ultrasound estimated fetal
weight greater than 4500 g
¢ Delivery at: 39 0/7—-39 6/7 weeks if pregestational diabetes
is well controlled; 37 0/7—-39 6/7 weeks if pregestational
diabetes is complicated by vascular disease; 34 0/7-39 6/7
weeks (individualized to situation) if diabetes is poorly
controlled [22]
¢ |V insulin therapy to maintain blood sugar between 70 and
110 mg/dL
* |V dextrose solution if blood sugars fall <70 mg/dL or with
development of ketonuria
¢ For scheduled cesarean section, administer the dose of
long-acting insulin in p.m. and withhold the a.m. short-
acting dose
¢ Monitor blood glucose hourly
Postpartum management
* Reduce the antepartum insulin dose by half and administer
it with the resumption of oral intake
¢ Supplement breast-feeding mothers with extra 500 kcal
compared to nonpregnant levels

Prevention

Weight loss, exercise, and optimization of blood sugar control
can prevent most, if not all, of the complications of DM in
pregnancy.

Preconception Counseling

The care of the pregestational diabetic is best instituted in
the preconception period. The objectives of prepregnancy
care are shown in Table 4.5. The frequency of maternal hos-
pitalizations, length of NICU admission, congenital malfor-
mations, and perinatal mortality are reduced in women with
DM who seek consultation in preparation for pregnancy;
unfortunately, only about one third of these women receive
such consultation [23].

The evaluation should emphasize the importance of
tight glycemic control with normalization of the hemoglobin
Alc (aim for at least <7%) (Tables 4.4, 4.5, and 4.6) [8,24,25].
Decreased spontaneous miscarriage, congenital anomalies,
and other complications have been demonstrated in multiple
studies, including RCTs, when optimal glucose control is
attained via multiple daily insulin doses adjusted to glucose
monitoring >4 times per day [26,27]. Optimal glucose control
also prevents future obesity, DM, and its complications in the
offspring. In addition to advocating the use of at least 400
micrograms of folic acid for at least one month prior to con-
ception, this consultation affords the opportunity to screen
for end-organ damage (Table 4.3). Ophthalmologic evalua-
tion, EKG, and renal evaluation via a 24-hour urine collection
for total protein and creatinine clearance will ascertain end-
organ damage and determine ancillary pregnancy risks. As
40% of young women with type I diabetes have hypothyroid-
ism, thyroid-stimulating hormone (TSH) should be checked.
Proliferative retinopathy should be treated with laser before
pregnancy. Women compliant with insulin pumps may con-
tinue this regimen. Sexually active diabetic adolescents ben-
efit from preconception counseling [28,29].

Prenatal Care

Optimizing health outcomes can be achieved by a combina-
tion of diet, exercise, glucose monitoring, and insulin therapy.
Women with type I DM and glucose levels of >200 mg/dL

Table 4.5 The Objectives of Diabetes Prepregnancy Care

* Patient education

* Assessment of patient’s medical condition

¢ Optimize glycemic control (hemoglobin A1c <6% prior to
conception)

e Folic acid supplementation (at least 400 pg) for at least one
month prior to conception

Table 4.6 Risk of Congenital Malformations Based
on Hemoglobin Alc

HbA1c (%) Risk

<7 No increased risk
7-10 3%—7%

10-11 8%—10%

>11 10%—20% or more

Abbreviations: BPP, biophysical profile; EKG, electrocardiogram; IV,
intravenous; NST, nonstress test.

Source: Guerin A, Nisenbaum R, Ray JG. Diabetes Care, 30, 7, 1920-5,
2007.



should check their urine ketones and immediately alert their
health care provider if positive [8]. A glass of milk is prefer-
able to juice for hypoglycemia. Glucagon should be immedi-
ately available.

Diet

Nutritional requirements are adjusted on the basis of mater-
nal body mass index (BMI); women with normal BMI require
30 to 35 kcal/kg/day (Table 4.7) [8]. Individuals <90% of their
ideal body weight (IBW) may increase this by an additional
5 kcal/kg/day, and those >120% of their IBW should decrease
this value to 24 kcal/kg/day [8]. The content should be distrib-
uted as 45% complex, high-fiber carbohydrates, 20% protein,
and 35% primarily unsaturated fats (Table 4.7) [8,23]. The cal-
ories are distributed over three meals and three snacks with
breakfast receiving the smallest allotment at 15%, and the
other two meals receiving near equal distribution. Saccharin,
aspartame, acesulfame-K, maltodextin, and sucralose may
be used safely in moderate amounts. Carbohydrate count-
ing and the assistance of a registered dietitian may provide
benefit, but these two interventions have been insufficiently
studied in pregnancy [30].

Exercise

Moderate exercise decreases the need for insulin therapy in
type II diabetics by increasing the glucose uptake in skeletal
muscle and, therefore, should be strongly encouraged for
diabetic patients although it is important to take into con-
sideration any preexisting comorbidities, including class III
obesity [31].

Glucose Monitoring

Frequent home glucose monitoring, both pre- and post-
prandially, has been associated with enhanced glucose
control and shorter interval to achieve target blood sugars.
Capillary blood glucose (“finger stick”) measurements using
a glucometer should be obtained at least four times a day—
fasting and two hours (or one hour) postprandial [32,33].
There are no RCTs comparing one- versus two-hour post-
prandial glucose monitoring in pregnancy. Target levels are

Table 4.7 Diabetic Diet

30-35 kcal/kg/day (usually 2000—2400 kcal/day)
3 meals, 3 snacks

Composition
Carbohydrate (complex) 45%
Protein 20%
Fat (<10% saturated) 35%

Source: ACOG practice bulletin. Pregestational diabetes mellitus.
Obstet Gynecol, 105, 675-84, 2005.
Table 4.8 Target Venous Plasma Glucose Levels

Timing of Measurement Ideal Glucose Range (mg/dL)

Fasting 60-90
Preprandial 60-100
One-hour postprandial <140
Two-hour postprandial <120
3am. 60-90

Source: Landon MB, Catalano PM, Gabbe SG. Diabetes mellitus com-
plicating pregnancy. In: Gabbe SG, Niebyl JR, Simpson JL, eds.
Obstetrics: Normal and problem pregnancies. 5th ed. Elsevier, 976—
1005, 2007.
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in Table 4.8 [34]. Some women will require another assessment
at 3 a.m. for prevention of hypoglycemic episodes.

Glycosylated hemoglobin Alc <6% is normal [35].
Hemoglobin Alc of 6% reflects a mean glucose level of
120 mg/dL; each 1% increment in hemoglobin Alc is equal
to a change in mean glucose level of 30 mg/dL. There is
evidence that blood sugars (and hemoglobin Alc mea-
surements) should be maintained within normal limits
throughout gestation and not just in a particular trimes-
ter to decrease the risk of poor pregnancy outcomes [36].
Although earlier studies [37,38] suggested some benefit
to continuous glucose monitoring, more recent studies
showed noimprovementin glycemic control or in maternal/
fetal outcomes in women using continuous (measurements
every 10 seconds for up to 288 measurements daily) glu-
cose monitoring intermittently (for six days at various time
points in pregnancy) versus routine monitoring [39] or con-
stant continuous monitoring [40].

Oral Hypoglycemic Agents

Although overall considered safe to use in pregnancy [41,42],
there is insufficient evidence to assess the effectiveness of
oral hypoglycemic agents in women with pregestational
diabetes. Therefore, even in women on oral hypoglycemic
control before pregnancy, insulin therapy is suggested for
glucose control. Occasionally, a woman well controlled on
either glyburide or metformin prepregnancy and with a nor-
mal hemoglobin Alc can be managed by continuing these
medications as long as glycemic control remains optimal
[2741,43]; although newer evidence suggests that metformin
is preferred over glyburide when oral hypoglycemic agents
are employed (at least for GDM management) [44]. Improved
maternal glycemic control and reduced neonatal hypogly-
cemia, respiratory distress syndrome, and NICU admission
were noted when metformin was added to an insulin regi-
men in women with poor control despite daily insulin dose
of 21.12 units/kg [45].

Insulin
Multiple-dose insulin (MDI) injection therapy is the main-
stay in the management of pregestational diabetes. All sub-
cutaneous insulin types have been approved during pregnancy.
A review of the types of insulin, their onset, and dura-
tion of action are listed in Table 4.9. Human insulin is pre-
ferred to animal insulin [46]. Women, particularly those new
to insulin therapy, need to be counseled about the differences
in the various insulins in order to use them to their greatest
efficacy. Close monitoring with at least weekly contact with
a provider is suggested to maximize insulin adjustment.
The goals of therapy are shown in Table 4.8 [34]. Both fast-
ing and postprandial blood sugars are correlated with fetal

Table 4.9 Types of Insulin and Their Pharmacokinetics
[see further Ref. 47]

Type Onset Peak Duration
Lispro/ 15-30 minutes 0.5-3 hours <5 hours
aspart

Regular 30 minutes 2.5-5hours  4-12 hours

NPH 1-2 hours 4-12 hours 14—-24 hours
Detemir 3—4 hours 3-9 hours 6—23 hours

(dose dependent)

Glargine  3-4 hours none 24 hours
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macrosomia, especially elevated postprandials (see Chapter
5) [48,49]. Hypoglycemia can cause significant maternal mor-
bidities but has not been associated with embryopathy [50].
Glucagon should be available for home use in emergency
situations.

Although satisfactory glucose control may be obtained
solely with an intermediate-acting insulin rather than a
short-acting insulin [51], we suggest optimizing metabolic
control with one evening injection of long-acting insulin
(e.g., insulin glargine) and meal-time (three daily) injec-
tions of short-acting insulin (e.g., lispro or aspart) (Figures
5.1 and 5.2). Glargine cannot be mixed in the same syringe
with other insulins. Intermediate-acting insulin (e.g., neu-
tral protamine Hagedorn [NPH]) twice daily can also be
used instead of insulin glargine. Studies have shown that
short-acting insulin is as effective as regular insulin and
may result in improved postprandial glucose control and
less preterm deliveries [52,53]. Insulin lispro should be
given immediately before eating. As compared to two daily
insulin injections, additional doses are associated with
improved glycemic control [54]. A meta-analysis of cohort
studies comparing insulin glargine to NPH did not reveal
any significant differences in outcomes, including infant
birth weight, congenital anomalies, and respiratory distress
[55]. A large randomized trial, including 310 pregnancies
compared insulin detemir with NPH and found no dif-
ferences between maternal HgAlc, the frequency of major
hypoglycemic episodes [56], early fetal loss, congenital anoma-
lies or adverse events [57].

Subcutaneous insulin pump therapy (continuous
subcutaneous insulin infusion therapy [CSII]) may be con-
tinued in women already compliant with this mode of ther-
apy. In nonpregnant adults, women compliant with insulin
pumps have increased satisfaction, decreased episodes of
severe hypoglycemia, and better control of hyperglycemia
[8]. Basal infusion rates tend to increase, and carbohydrate-
to-insulin ratios decrease during the course of pregnancy
[58]. There is currently insufficient evidence to recommend
CSII versus MDI in pregnancy in women not already on
pumps [59,60]. Inhaled insulin has been tested in nonpreg-
nant adults, but there are yet insufficient data for pregnancy
management [61].

Carbohydrate counting and the use of an insulin-to-
carbohydrate ratio of 1 unit of insulin for every 15 g of car-
bohydrate in early gestation can allow for greater flexibility
in eating but has not been studied in a trial. As pregnancy
advances with its concomitant increased insulin resistance,
an increased ratio is required with 1 unit covering a lower
amount of carbohydrates, for example, 1 unit/3 g of carbohy-
drate [58].

Useful sample calculations for the total daily insulin
requirement and insulin regimen are in Table 5.4 and Figures
51and 5.2.

Very Tight vs. Tight Control

There are limited data to assess the effect of moderately tight
versus very tight glycemic control in women with type I pre-
gestational diabetes, but there is some evidence to suggest very
tight control (either fasting and 2 hour pp <5.6 mmol/L or
fasting <4.4 mmol/L and 1.5 hour pp <6.7 mmol/L) improves
neonatal metabolic outcomes including hypoglycemia [62].
Loose control (fasting blood glucose above 7.0 mmol/L)
is associated with increased incidences of preeclampsia,

cesarean deliveries, and infants that were large for gesta-
tional age [63]. There are no data to assess the clinical impact
for prevention of significant long-term neonatal morbidity.
Patients with type I diabetes may be at increased susceptibil-
ity to hypoglycemia during pregnancy than in the prepreg-
nant state; early pregnancy hypoglycemia was not associated
with an increased risk of early pregnancy loss or malforma-
tions, which is consistent with other studies [50].

Diabetic Ketoacidosis

Diabetic ketoacidosis occurs in 5% to 10% of pregnant women
with pregestational type I diabetes. It is defined by elevated
glucose (usually >250 mg/dL), positive serum ketones, and
acidosis. Risk factors include type I diabetes, new onset dia-
betes, infections (e.g., urinary or respiratory tract infections),
poor compliance, insulin pump failure, and treatment with
beta-mimetics or steroids [8]. Symptoms include abdominal
pain, nausea, vomiting, and altered sensorium. Laboratory
tests should include an arterial blood gas (pH <7.3), electro-
lytes (serum bicarbonate <15 mEq/L and elevated anion gap),
serum and urinary ketones (elevated). Aggressive hydration,
intravenous insulin, and correction of the underlying etiol-
ogy are the most important interventions, with close elec-
trolyte (especially glucose and potassium) monitoring (Table
4.10) [8,64,65]. Fetal mortality may be up to 10%, even with
aggressive management.

Table 4.10 Management of Diabetic Ketoacidosis
in Pregnancy

IV hydration: Use isotonic saline (0.9% NS)
* First hour: Give 1 L NS
* Hours 2—4: 0.5-1 L NS/hour
* Thereafter (24 hours): Give 250 mL/hour 0.45% NS until
80% deficit corrected
* Body water deficit = {[0.6 body weight (kg)] + [1—-(140/
serum sodium)]} = 100 mL deficit’kg body weight
Insulin: Mix 50 units of regular insulin in 500 mL of NS and
flush IV tubing prior to infusion
* Loading: 0.2—0.4 units/kg
¢ Maintenance: 2—10 units/hour
¢ Continue insulin therapy until bicarbonate and anion gap
normalize
Potassium replacement: Maintain serum K+ at 4-5 mEq/L
e If K+ is initially normal or reduced, consider an infusion of
up to 15-20 mEg/hour
¢ |f K+ is elevated, do not add supplemental potassium until
levels are within normal range, then add 20-30 mEq/L
Phosphate: Consider replacement if serum phosphate <1.0 mg/
dL or if cardiac dysfunction present or patient obtunded
Bicarbonate: If pH is <7.1, add one ampule (44 mEq) of
bicarbonate to 1 L of 0.45% NS
Laboratory tests: Check arterial blood gas on admission; check
serum glucose, ketones, and electrolytes every one to two
hours until normal
* Consider doubling insulin infusion rate if serum glucose
does not decrease by 20% within the first two hours
¢ When blood glucose reaches 250 mg/dL, change IVF to
D5NS
¢ Continue insulin drip until ketosis resolves and the first
subcutaneous dose of insulin is administered

Sources: Carroll MA, Yeomans ER. Crit Care Med, 33, 10 Suppl.,
S347-53, 2005; ACOG practice bulletin. Pregestational diabetes mel-
litus. Obstet Gynecol, 105, 675-84, 2005.

Abbreviations: IVF, intravenous fluids; kg, kilograms; K*, potassium;
NS, normal saline.




Antepartum Testing

Fetal surveillance is required to determine whether con-
genital anomalies are present and to minimize perinatal
mortality (Table 4.11). The nature of this surveillance is by
convention and expert consensus rather than supported by
well-performed trials. Because of the increased risk of birth
defects, particularly cardiac and neural tube defects, patients
should be offered alpha-fetoprotein screening at 16 to 18 weeks
gestation, targeted ultrasonography at 18 to 20 weeks, and
fetal echocardiography at 20 to 22 weeks. Some suggest an
earlier first anatomic fetal sonographic survey at around 14 to
16 weeks as well as early fetal echocardiography at this time,
especially in women with poor glycemic control in the first tri-
mester (e.g., hemoglobin Alc >10 mg/dL). Serial ultrasounds
in the third trimester to evaluate fetal growth and frequent
prenatal visits to review glucose control are also advocated.
The use of fetal surveillance with nonstress test (NST) and/
or biophysical profile is recommended by expert opinion [23],
but the frequency and nature of the testing cannot be deter-
mined, since there is no randomized trial to direct effective
screening. For women with good glycemic control, antepar-
tum testing can start at 32 weeks with once or twice weekly
NSTs, increased to twice weekly at 36 weeks, and continued
until delivery [8]. For women with poor glycemic control,
antepartum testing may need to begin earlier [8].

Delivery

Timing

Timing of delivery in women with pregestational DM in
good control is usually at about 39 0/7-39 6/7 weeks (unless
maternal or fetal factors dictate earlier intervention) as peri-
natal mortality increases after 40 weeks. In general, indi-
cated delivery before 39 weeks, if truly indicated, should not
require assessment of fetal maturity. If assessment of fetal
maturity is done, laboratory tests are interpreted as in non-
diabetic patients, with phosphatidylglycerol 23% accepted by
most authorities as the lab value indicating the least risk for
fetal respiratory insufficiency in diabetic women; patients

Table 4.11 Antepartum Testing

A. Assessment of viability and exact GA: first-trimester
ultrasound
B. Detection of congenital malformations
1. If hemoglobin A1c is elevated, consider transvaginal
ultrasound at about 14 weeks to rule out structural defects,
including cardiac
2. Maternal serum alpha-fetoprotein level at 16 weeks
3. Level Il ultrasound at 18—20 weeks
4. Fetal echocardiogram at 20-22 weeks
C. Assessment of fetal growth
1. Serial growth ultrasounds in third trimester every
3—4 weeks
D. Assessment of fetal well-being
1. Maternal assessment of fetal activity (“fetal kick counts”)
2. Once or twice weekly NSTs/BPPs starting at 32 weeks until
36 weeks, then twice weekly until delivery. Begin at
32 weeks if maternal glycemic control is satisfactory, fetal
growth is appropriate, and there are no coexisting maternal
medical or obstetric complications. Begin earlier
(~28 weeks) with increased frequency if the above
conditions are not met

Abbreviations: BPP, biophysical profile; NST, nonstress tests.
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should be cautioned that a positive test does not preclude
infant morbidities (see Chapter 57). Compared to expectant
management until 42 weeks, induction of labor at 38 com-
pleted weeks in women with insulin-dependent diabetes
(of which >90% were gestational) is associated with reduced
incidences of macrosomia [66,67]. However, the sample size
was too small to evaluate the impact on perinatal mortality,
which is a concern in women with diabetes who are delivered
prior to 39 weeks [66].

Mode

Mode of delivery is generally vaginal. Cesarean is indicated
if estimated fetal weight is 24500 g (see Chapter 45) [8]. The
diagnosis of macrosomia is inexact by ultrasound and clini-
cal estimation, confounding the ability to make a clear recom-
mendation. Induction for macrosomia is not recommended
due to lack of evidence for benefit [68,69].

Intrapartum Glucose Management

The usual subcutaneous long-acting (e.g., glargine) or
intermediate-acting insulin (e.g., NPH) is given at bed-
time the evening before delivery, and the usual subcuta-
neous morning insulin is withheld on the day of delivery.
Intrapartum management (Figure 4.1) [34] is targeted to
maintain maternal glucose levels between 70 and 110 mg/
dL. Often the insulin requirement is decreased because
of the energy requirements of labor. Intravenous insulin,
dextrose solution, frequent (usually every one hour) glu-
cose monitoring, and evaluation of urinary ketones are
required to prevent a catabolic state and the development
of ketoacidosis. Once active labor begins or glucose is
<70 mg/dL, IV 5% dextrose at 125 cc/hour can be started.
Once glucose level is 2100 mg/dL, short-acting (e.g., lispro
or regular) IV insulin should be started. IV 5% dextrose
and insulin infusions should be separate and often should
occur at the same time to prevent ketonuria. Adjustments
to the basal infusion rates are based on hourly finger stick
blood sugars while in labor. The use of the insulin pump,
maintaining the basal rate, rather than using an IV insulin
infusion, is an accepted alternative. A small, randomized
controlled trial did not show any benefit to using real-time
continuous glucose monitoring versus hourly monitoring
during labor to reduce the likelihood of neonatal hypogly-
cemia [70].

With cesarean delivery, use of a single injection of long-
acting insulin, an IV insulin infusion, or subcutaneous pump
at a low basal rate are equal alternatives until oral intake
is assured and more standard dosing can be reinstituted.
Insulin requirements are diminished postpartum and are
generally half of the antepartum requirement.

Anesthesia
No specific adjustments necessary.

Postpartum/Breast-Feeding

Usual diabetic diet should be restarted after delivery with one
half of the predelivery dose or the full prepregnancy dose (if
this achieved euglycemia) restarted [34]. If food intake cannot
be restarted soon, then glucose levels of >140 mg/dL should
be treated with proper coverage. Breast-feeding has increased
maternal caloric demands and an additional 500 kcal/day
needs to be added to the diet to avoid hypoglycemia. All
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| Check blood sugar on admission
<70 mg/dL 70-99 mg/dL =100 mg/dL
D5NS D5NS D5NS
No insulin Consider insulin Start insulin infusion:
Blood sugar (mg/dL) Initial insulin dose (U/hr)
100-140 1.0
141-180 1.5
>180 20
No insulin Startinsulin at 0.5 U/hr Check accuchecks at least hourly
<70 70-99 100-140 =140
mg/dL mg/dL mg/dL mg/dL
Stop dinsulin by No change Tinsulin by
insulin 0.5-1 U/hr ininsulin 0.5-1 U/hr
A\ 4 A4 A4 A4 A4 A4 A4
Accucheck every 1-2 hours Accucheck hourly
Please note:

« These are suggestions, and patients should be managed on a case-by-case basis.

+ Insulin should be mixed as follows: Mix 10 units of short-acting insulin in 1000 mL of D5NS.

« Intravenous fluids should be infused at a rate of 100-150 cc/h (2.5 mg/kg/min).

- If patients persistently have blood sugars >180 mg/dL, consider normal saline (NS) instead of D5NS and evaluate for DKA.

+ We suggest having two lines, one running NS and one running D5NS, so that rate of NS infusion can be changed as per L&D needs and D5NS can be
consistently infused.

Figure 4.1

Intrapartum management of diabetes (GDMA2 and pregestational). Abbreviations: DKA, diabetic ketoacidosis; L&D, labor

and delivery; NS, normal saline. (Adapted from ACOG practice bulletin. Obstet Gynecol, 105, 675-84, 2005; Landon MB, Catalano
PM, Gabbe SG. Diabetes mellitus complicating pregnancy. In: Gabbe SG, Niebyl JR, Simpson JL, eds. Obstetrics: Normal and prob-
lem pregnancies. 5th ed. Elsevier, 976-1005, 2007.)

forms of contraception are available to diabetics, provid-
ing they have no contraindications, such as hypertension or
vascular disease (see Chapter 27 of Obstetrics Evidence Based
Guidelines).

Future
New therapeutic approaches include pancreatic islet cell
transplant.
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Gestational diabetes

A. Dhanya Mackeen and Melisa Lott

KEY POINTS

Poorly controlled gestational diabetes (GDM) in preg-
nancy is associated with increased risks of fetal death,
preterm birth, preeclampsia, polyhydramnios, macroso-
mia, operative (both vaginal and cesarean) delivery and
birth injury (including brachial plexus), delayed lung
maturity, respiratory distress syndrome, jaundice, hypo-
glycemia, hypocalcemia, and perinatal mortality.

*  Prevention of GDM can be achieved with optimization
of maternal health and body mass index prior to preg-
nancy, which often involves weight loss by proper diet
and exercise.

e Optimization of blood glucose control with diet and
insulin to achieve fasting glucose <95 mg/dL and two-
hour postprandial <120 mg/dL (or one-hour postpran-
dial <140 mg/dL) is associated with reduced macrosomia,
perinatal morbidity, and maternal comorbidities, includ-
ing preeclampsia and depression.

® Insulin is superior to glyburide as it results in less
fetal macrosomia and less neonatal hypoglycemia.
Compared to glyburide, metformin is preferred
given lower maternal weight gain and neonatal birth
weight.

e In GDM, exercise is associated with a similar rate of
macrosomia as compared to insulin, improvement in
glycemic control when done in combination with diet as
compared to diet alone, and improvement in cardiovas-
cular fitness.

*  Women with GDM should be screened for diabetes six
to eight weeks postpartum.

SCREENING/DIAGNOSIS

The term “gestational” before “diabetes” means that the
hyperglycemia is first recognized or diagnosed during
pregnancy [1]. If hyperglycemia is detected before 20 weeks,
pregestational diabetes is probably present. The importance
of screening for GDM and treatment to optimize glycemic
control to reduce hyperglycemia-associated complications
has been established [2-7]. Who, when, and how to screen,
and the diagnostic glucose cutoffs to establish the diagnosis
of GDM are controversial.

Who to Screen

The population that should be offered screening has not been
uniformly identified. Low-risk women in whom screening
may not be necessary (selective screening) must meet all of
the following criteria: age <25 years; ethnic origin of low risk
(not Hispanic, African, native American, south or east Asian,
or Pacific Islander); BMI <25; no previous personal or fam-
ily history of impaired glucose tolerance; no previous history
of adverse obstetric outcomes associated with GDM [1-6,8].

However, universal screening is most commonly adopted
and is endorsed by USPSTF [9]. The risk of developing GDM
is directly associated with prepregnancy BMI [10].

When to Screen

To balance sensitivity and specificity with adequate treat-
ment duration, screen women at 24 to 28 weeks. However,
the incidence of GDM (related to placental mass and hormone
production) increases with gestational age. Women with risk
factors (Table 5.1) should be screened preconception or at
first prenatal visit. About 5% to 10% of women with these
risk factors will have early GDM, and these represent 40% of
all GDM diagnosed later at 24 to 28 weeks [11]. If the early
screen is negative, a repeat screen should be performed at
24 to 28 weeks gestation. Typically, if a patient fails the early
one-hour glucose screen and passes the early three-hour glu-
cose tolerance test, the three-hour test should be repeated at
24-28 weeks.

How to Screen

Screening for GDM is somewhat controversial and can be
performed either with a one-step or two-step process. One
large trial has shown that two-step screening is more cost-
effective than the one-step screening [12,13].

One-Step Process

The International Association of Diabetes and Pregnancy
Study Groups (IADPSG), recommends using the 75-gram,
one step screening test at 24-28 weeks gestation for all women
not known to have diabetes. The finding of one abnormal
value is diagnostic of GDM: fasting 292 mg/dL (5.1 mmol/L),
one hour 2180 mg/dL (10.0 mmol/L) or two hour 2153 mg/
dL (8.5 mmol/L). [5]. This approach diagnoses twice as many
women as having GDM than the two-step process generally
employed in North America [14,15].

These recommendations were based on the finding of a
multicenter study of 23,316 women that revealed an increased
incidence of large for gestational age (LGA) infants, prema-
ture delivery, shoulder dystocia/birth injury, NICU admis-
sion, hyperbilirubinemia, and preeclampsia in women with
glucose levels >75 mg/dL (fasting), 133 mg/dL (one hour),
or 109 mg/dL (two hours) [16]. On the basis of the HAPO
study [16], the IADPSG developed diagnostic cutoffs for the
75 g glucose load at the level shown to increase the odds of
adverse outcomes by at least 1.75 as compared to the women
with mean glucose measurements, i.e., fasting, 1 and 2 hour
postprandials greater than or equal to 92, 180 and 153 mg/
dL respectively. However, these have not been systematically
reviewed [5,17]. No trial has evaluated the efficacy of any
therapy based on these new values, and so they cannot be
used yet for clinical care.
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Table 5.1 Risk Factors for GDM

* Prior unexplained stillbirth

* Prior infant with congenital anomaly (if not screened in that
pregnancy)

Prior macrosomic infant

History of gestational diabetes
Family history of diabetes

Obesity

Chronic use of steroids

Age >35 years

Glycosuria

Known impaired glucose metabolism

Two-Step Process

The first (screening) step involves a 50-g, one-hour oral glu-
cose load (glucose challenge test), applied in the nonfasting
state [18] with a venous glucose value obtained one hour after
consumption. Glucose polymer solutions are better tolerated
than monomeric solutions [19]. Jelly beans have not been suf-
ficiently tested to be a valid alternative [20]. Candy twists
have recently been studied and may prove to be an option;
however, data is currently insufficient to support its use [21].
Although studies have compared different GDM screening
approaches including glucose polymer, glucose monomer,
candy bars, and food, there is insufficient evidence to com-
pare the effects of these different ways to glucose load and
the subsequent management of GDM thereafter [12].

A positive result on the first part of the screening test is
defined as 130, 135, or 140 mg/dL. The lower threshold identi-
fies 90% of gestational diabetics but subjects 20% to 25% of
those screened to the second diagnostic test. In contrast, the
higher value has a lower sensitivity of 80%, but subjects fewer
women, 14% to 18%, to further testing. ACOG recommends
choosing 135 mg/dL or 140 mg/dL as the cutoff [1]. More than
80% of women with values >200 mg/dL will fail the three-
hour glucose tolerance test (GTT), so many use this cutoff as
meeting the diagnosis of GDM [22].

Definitive diagnosis of GDM is then made on the basis
of the results of a 100-g, three-hour oral GTT (administered
after an overnight fast [8-14 hours], ideally following three
days of unrestricted diet [including carbohydrate loading]
and activity) while the patient remains seated and refrains
from smoking.

Unfortunately, the criteria to establish diagnosis by this
test are not universally accepted. The two competing crite-
ria and their diagnostic levels are listed in Table 5.2. Two or
more abnormal values on these tests establish the diagnosis
of GDM. The Carpenter—Coustan stricter criteria increase by
about 50% the number of women with a diagnosis of GDM
compared to the NDDG criteria, and these pregnancies have
elevated incidences of macrosomia and neonatal insulinemia
[23]. Therefore, we suggest using Carpenter—Coustan criteria

Table 5.2 Criteria for Standard 100-g Glucose Load
to Diagnose Gestational Diabetes

National Diabetes Carpenter—Coustan

Data Group Criteria
mg/dL mmol/L mg/dL mmol/L
Fasting 105 5.8 95 5.3
1 hour 190 10.6 180 10.0
2 hours 165 9.2 155 8.6
3 hours 145 8.0 140 7.8

as opposed to those of NDDG. In fact, there is evidence to
suggest that hyperglycemia below the cutoff of even the
Carpenter—Coustan criteria result in poor outcomes [16,24].

If GDM is diagnosed <20 weeks, counseling and
management should be as for pregestational diabetes. The
presence or absence of fasting hyperglycemia further subdi-
vides this category.

If one abnormal value in the three-hour GTT is pres-
ent, the patient should be counseled to avoid excess glucose
consumption. Studies have shown that in these women bet-
ter glycemic control, achieved with either diet + insulin or
even just nutritional counseling, was associated with fewer
neonatal complications and decreased incidence of LGA and
cesarean when compared with no such therapies [25-29].

INCIDENCE

There is an overall 7% incidence of GDM [30] using two-step
screening and Carper—Coustan criteria in the United States,
representing one of the most common medical complica-
tions facing obstetricians. Of cases of DM in pregnancy, 88%
are GDM [1,31]. Incidence obviously depends on the screen-
ing strategy used with some suggesting that stricter criteria
would result in 18% of pregnant women being diagnosed
with GDM [16,17].

PATHOPHYSIOLOGY

The pathophysiology of GDM is insulin resistance caused
by circulating hormonal factors: increased maternal and
placental production of human placental lactogen, proges-
terone, growth hormone, cortisol, and prolactin. Increased
body weight and caloric intake also contribute to the insulin
resistance associated with pregnancy and may offset the nor-
mally increased insulin production in the pregnant woman
[31]. Women with GDM have been found to have lower basal
islet cell function in addition to insulin resistance when com-
pared to a nondiabetic cohort. The combination of the two
factors contributes to the development of GDM. This insulin
resistance and decreased insulin production persists in the
postpartum state and leads to the development of type II
diabetes in this population. Low adiponectin levels may be
a predictive biomarker for the development of GDM in obese
women, but further studies are needed to ascertain the utility
of this before clinical application [32]. Specific genes related to
GDM and response to therapy are under investigation [33,34].

RISK FACTORS/ASSOCIATIONS

Pregnancy, obesity, hypertension, age greater than or equal
to 35 years at delivery, metabolic syndrome, family history of
type II DM, nonwhite ethnicity, previous macrosomia.

COMPLICATIONS

Incidence of complications is inversely proportional to
glucose control. In poorly controlled DM, increased glu-
cose in the mother causes abnormal metabolism while in
the fetus it causes hyperinsulinemia and its consequences.
However, treatment of even mild GDM reduced birth weight
percentiles and neonatal fat mass [35]. Other complications
are hypertensive disorders and preeclampsia, macroso-
mia, congenital malformations (OR 1.2-1.4) [36], operative
delivery, and birth injury (confounded by maternal obesity;
both related to macrosomia) [6,16,37]. Apart from transient



neonatal hypoglycemia, no other metabolic derangement has
been reported in the infant of the GDM mother. Long-term
adult disorders, such as glucose intolerance and obesity, have
been postulated to occur as frequently in these neonates as
in neonates of women with pregestational diabetes, but this
has not been verified by observational studies [38]. Elevated
fasting glucose is associated with fetal macrosomia and with
elevated C-peptide (which is correlated with increased fetal
fat deposition) [39]. Approximately 50% of women identi-
fied as having GDM will develop frank diabetes within
10 years if followed longitudinally [40].

PREVENTION

Low-glycemic diet [41], a diet with adequate (not excessive)
caloric intake, and achieving and maintaining a normal BMI
are probably beneficial, especially preconception, in prevent-
ing GDM, but have been insufficiently studied in RCTs so
far. Structured moderate physical exercise programs during
pregnancy decrease the risk of GDM and diminish maternal
weight gain [42,43].

Myo-inositol has also been shown to be safe and effec-
tive in preventing GDM. Myoinositol (2 grams bid) improves
insulin resistance [44] and reduces the incidence of GDM in
nonobese Caucasian Italians [45], obese Italians [46], and in
women with fasting glucose 92-126 mg/dL and BMI <35 [47].
Further studies are needed to determine safety regarding
neonatal outcomes, efficacy in a diverse patient population,
and whether there are increases in the diagnosis of GDM
later in gestation.

TREATMENT OF GDM (TABLES 5.3 AND 5.4)
Treatment of GDM consists of diet, exercise, and glucose
monitoring; medications, such as oral hypoglycemic agents
and/or insulin are reserved for use when glycemic control is
not achieved with diet and exercise.

Compared to wusual prenatal care, treatment as
described above is associated with significantly decreased
incidences of birth weight >4000 g, perinatal morbidity
(death, shoulder dystocia, bone fracture, and nerve palsy),
and preeclampsia in women with GDM [3,48-50]. Incidence
of CD is not significantly affected [3].

Diet

Dietary therapy consists of approximately 30 kcal/kg/day
for the average patient and +5 kcal/kg/day for underweight
and overweight women, respectively [22]. Calories should be
divided between three meals and three snacks: 45% carbohy-
drate, 20% protein, and 35% unsaturated fat. Because about
30% to 40% of gestational diabetics fail to achieve glucose
control with diet alone, other interventions may be necessary.
If two glucose levels are >99 mg/dL (fasting) or 2126 at <35
weeks or 2144 after 35 weeks (two-hour postprandial) or
ever 2162 mg/dL (two-hour postprandial), despite diet and
exercise, medical therapy should be considered [6].

Dietary counseling has been shown to improve
dietary intake in patients at risk for GDM [51] and may result
in lower neonatal birth weight (133 g) and decreased inci-
dence of LGA [52]. Although a diet with a low-glycemic index
(e.g., decreased consumption of white bread, processed cere-
als, and potatoes) was felt to decrease the need for insulin
in women with GDM [53], this recommendation was recently
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Table 5.3 Management of the Gestational Diabetic Gravida

Preconception prevention
* Weight loss
* Exercise
Antepartum management
* Nutritional counseling for dietary control
* Finger stick blood sugar assessments: fasting values should
be <95 mg/dL and two-hour postprandial values should
be <120 mg/dL (or one-hour postprandial values should be
<140 mg/dL)
* Exercise program
* Insulin or oral hypoglycemic agent if diet not sufficient to
optimize blood sugars
* Fetal surveillance
¢ Diet controlled: NSTs weekly (or twice weekly) after
40 weeks until delivery
* Medication controlled: NSTs weekly (or twice weekly) from
32-36 weeks; twice weekly from 36 weeks until delivery
Intrapartum management (see Figure 4.1)
* Induction of labor
¢ Diet controlled: at 41 weeks
* Medication controlled: between 39 0/7 and 39 6/7 weeks
* Cesarean delivery if EFW =4500 g
* Frequent glucose assessment
* Every one hour if required medication
» Every four hours if diet controlled
¢ Target blood sugars 70-110 mg/dL
* |V insulin therapy if blood sugars greater than target blood
sugars or with ketonuria
* |V saline infusion at 125 cc/hour unless ketonuric, then
add 5% dextrose solution at rate to keep blood sugar in
target range
Postpartum management
» Standard 75-g glucose challenge test at 6 weeks
postpartum visit (see Figure 5.3 and Table 4.1)

Abbreviations: EFW, estimated fetal weight; IV, intravenous; NSTs,
nonstress tests.

challenged by a larger study which showed no benefit [54].
There is no difference in neonatal and adverse pregnancy
outcomes for women on a low glycemic index diet versus a
high fiber diet [55], and a low glycemic index diet compared
to healthy eating did not show differences in birth weight,
fetal percentile, or ponderal index [56]. A DASH diet has dem-
onstrated improved glucose tolerance, lipid profiles, diastolic
blood pressures, and serum insulin levels and decreased
insulin requirement in small RCTs; however, large trials are
needed to further assess effectiveness [57-59]. An oil-rich diet
(45-50 g sunflower oil daily) versus a low-oil diet (20 g daily)
did not have an effect on pregnancy outcomes [60].

Exercise

Exercising three times a week for 20 to 45 minutes is ben-
eficial for women with GDM and those at risk for GDM [61].
In small RCTs, in women with GDM, exercise (as defined by
30 minutes of non-weight-bearing activity at 50% of aerobic
capacity) has been associated with less gestational weight
gain in obese gravida [62], a similar rate of macrosomia
compared to insulin [63], improvement in glycemic con-
trol when done in conjunction with diet compared to diet
alone [64,65], and improvement in cardiovascular fitness
[66]. Although exercise later in pregnancy did not decrease
the risk of developing GDM, it did reduce the GDM-related
risk of neonatal macrosomia [61]. Improvement in maternal
triglycerides [67,68], insulin sensitivity [67], and postprandial



Table 5.4 Randomized Controlled Trials of Medication for Treatment of Gestational Diabetes Mellitus

Study Details Testing Intervention Control Outcomes
Casey [86] n =375 Screening test: 50 g 1-hour (n=189) (n=186) Primary: 200-g birth weight decrement in neonates of
GA: 24-30 test =140 mg/dL Glyburide 2.5 mg daily Placebo mothers treated with glyburide was not found.
Diagnostic test: 100 g titrated to a maximum dose  All women with mild GDM Secondary: No difference in gestational hypertension,
3-hour test with two or more of 20 mg daily received nutritional chorioamnionitis, shoulder dystocia, operative delivery,
abnormal values with cutoff Insulin initiated to achieve education and dietary or third- or fourth-degree lacerations. Neonatal
fasting =105 mg/dL; 1-hour eugylcemia if needed counselling hyperbilirubinemia and hypoglycemia were uncommon.
>190 mg/dL; 2-hour =165 mg/ Glyburide in addition to diet improves glycemic control
dL; 3-hour =145 mg/dL as compared to diet plus placebo.
Ibrahim [96] n=90 Included GDM and (n = 46) (n=44) Primary: Those treated with insulin were more likely to
GA: 20-34 preexisting diabetes with Oral metformin without Oral metformin with achieve proper glycemic control.
insulin resistance (defined increasing insulin dose increasing insulin dose Secondary: As compared to increasing the insulin dose,
as poor glycemic control at If glycemic control not the addition of metformin was associated with
a daily dose of achieved then patient reductions in hospitalization rates, treatment cost, and
1.12 units/kg) switched to conventional frequency of maternal and neonatal hypoglycemia,
insulin dose-raising NICU admission, and neonatal RDS. There were no
regimen differences in mode of delivery, fetal macrosomia,
gestational age at delivery, or birth weight.
Obesity negatively affected achievement of euglycemia
with metformin.
Tertti[95] n=217 Screening test: none (n=111) (n =107) Primary: No differences in birth weight.
GA: 22-34 Diagnostic test: 75-g OGTT  Metformin 500 mg daily to Insulin treatment was Secondary: No differences in macrosomia, LGA, or
diagnostic cutoff values of maximum 1000 mg twice initiated using NPH insulin neonatal complications.
plasma glucose up to daily Protaphane®, and/or Patients whose OGTT was performed earlier, who were
December 2008 were the Insulin added if necessary rapid-acting insulin lispro older, and required oral medication earlier in pregnancy
following: fasting for glycemic control (Humalog® or insulin were more likely to need supplemental insulin in
>4.8 mmol/L, 1 h aspart (Novorapid®) addition to metformin therapy.
>10.0 mmol/L and 2 h
>8.7 mmol/L, and thereafter
>5.3, 210.0, and
>8.6 mmol/L, respectively
Spaulonci n=92 Screening test: none (n =46) (n =46) Primary: Mean glucose levels were higher in the insulin
[105] GA: any Diagnostic test: 100-g or 75-g  Metformin Insulin group.

glucose with two or more
abnormal values and cutoff:
fasting =95 mg/dL,

1-h =180 mg/dL, 2-h

>155 mg/dL, 3-h =140 mg/dL

Initial dose 1700 mg daily
increased to 2550 mg daily

Supplemental insulin added
if needed for glycemic
control

All patients received
nutritional counseling and
daily caloric intake of
25-35 kcal/kg (based on
BMI) was recommended

Human NPH insulin starting
dose was 0.4 u/kg/day, with
1/2 dose before breakfast,
1/4 dose before lunch, and
1/4 dose at 10 p.m.

Regular insulin was added
for elevated postprandial
values

Secondary: Patients in the metformin group gained less
weight than those in the insulin group; there was no
difference in frequency of preeclampsia, prematurity, or
cesarean delivery; there was more neonatal
hypoglycemia in those treated with insulin; no
significant differences between the two groups were
observed regarding neonatal outcomes, including
gestational age at birth, Apgar scores, umbilical artery
pH, or newborn weight.

Supplemental insulin was required in 12 women (26%)
in the metformin group.

(Continued)
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Table 5.4 (Continued) Randomized Controlled Trials of Medication for Treatment of Gestational Diabetes Mellitus

Study Details Testing Intervention Control Outcomes
Tempe [85] n==64 Screening test: 50-g 1-hour (n=32) (n=32) Primary: No difference in glycemic control.
GA: 0-28 test 2130 mg/dL Glyburide 2.5 mg titrated to Insulin treatment 2/3 of the Secondary: No difference in maternal or neonatal
Diagnostic test: 100-g maximum dose 20 mg daily total dose administered in complications.
3-hour with two or more Switched to insulin if needed the morning and 1/3 at
abnormal values and cutoff: for glycemic control night; Lente and plain
fasting =95 mg/dL, 1-h =180 insulin were administered
mg/dL, 2-h =155 mg/dL, 3-h at a ratio of 2:1 in the
=140 mg/dL morning and 2:1 or 1:1 at
night
Waheed [106] n =68 Screening test: none (n=34) (n=34) Primary: No differences in glycemic control
GA:>14 Diagnostic test: Fasting Metformin 500 mg daily up Insulin (dosage and insulin
blood sugar >100 mg and to 1500 mg maximum daily type not specified)
random blood sugar dose
>140 mg
Hickman [91] n=28 Screening: not applicable (n=14) (n=14) Primary: No difference in average fasting glucose levels
GA: <20 Inclusion: pregestational Metformin 500 mg once or Weight-based insulin (0.7 U/ between groups.
diabetes mellitus type 2 on twice per day kg/d) using NPH regular Secondary: Women managed with metformin required
an oral hypoglycemic agent  Insulin initiated to achieve insulin less insulin for euglycemia and had less hypoglycemic
or GDMAZ2 diagnosed prior eugylcemia if needed after Nutrition counseling and events; metformin was preferred by participants; there
to 20 weeks maximum dose of diabetes education was were no complications of shoulder dystocia,
metformin (2500 mg) provided to all participants postpartum hemorrhage, stillbirths, or major congenital
attained in both groups malformations.
Supplemental insulin was required in six women (43%)
in the metformin group.
Niromanesh n =160 Screening test: 50-g 1-hour (n =80) (n =80) Primary: No differences in maternal glycemic control;
[107] GA: 20-34 test =130 mg/dL Metformin 500 mg twice Insulin. NPH insulin with neonates born to mothers in the metformin group had

Diagnostic test: 100-g
3-hour with two or more
abnormal values and cutoff:
fasting =95 mg/dL, 1-h =180
mg/dL, 2-h =155 mg/dL, 3-h
>140 mg/dL

daily increased by 500—
1000 mg one or two weeks
to a maximum daily dose of
2500 mg, divided with each
meal

Insulin was needed if
glycemic control was not
achieved despite maximum
metformin dose

regular insulin as needed
for elevated postprandial
levels titrated to individual
need

All women were given
counseling on diet and
regular physical exercise.

lower birth weight than those in the insulin group.

Secondary: Neonates from the metformin group had
significantly lower anthropometric measurements
(including head, arm, and chest circumference) and
less LGA as compared to insulin group; there was no
difference in incidence of birth defects, neonatal
hypoglycemia, hyperbilirubinemia, or need for
phototherapy; metformin was associated with less
maternal weight gain compared to insulin.

Supplemental insulin was required in 11 women (14%)
in the metformin group.

(Continued)
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Table 5.4 (Continued) Randomized Controlled Trials of Medication for Treatment of Gestational Diabetes Mellitus

Study Details Testing Intervention Control Outcomes
Balaji [108] n =320 Screening test: 75 g OGTT (n=163) (n=157) Primary: No differences in LGA
GA: 12-28 with diagnosis when 2-hour  BIAsp 30 six units before BHI30 six units before Secondary: No differences in overall glycemic control
glucose =140 mg/dL breakfast and adjusted as breakfast and adjusted as between groups (fasting and 2-hour postprandial, hgb

Diagnostic test: Inability to needed needed A1c). The final mean insulin dose was significantly

maintain euglycemia Biphasic insulin aspart Biphasic human insulin lower for BIAsp30 than BHI30.
2 weeks after medical (BlAsp) 30 contains 30% (BHI) 30 contains 30%
nutritional therapy rapid-acting insulin aspart short-acting and 70%
with 70% protamine intermediate acting neutral
crystallized insulin aspart to protamine hagedorn
be used up to three times (NPH), to be used up to
daily twice daily
ljas [94] n=97 Diagnostic test: 75-g OGTT  (n =47) (n=50) Primary: No differences in macrosomia or LGA.
GA: 12-34 with one or more abnormal Metformin 750 mg once Insulin with long-acting Secondary: No differences in NICU admissions,
and cutoff values fasting 5.3 daily for first week, twice insulin (Protaphan) and neonatal hypoglycemia, phototherapy treatment, or
mmol/L, 11.0 mmol/L; 9.6 daily for second week, and rapid-acting (Humalog) birth injuries; mean maternal weight gain,
mmol/L three times daily from third preeclampsia, and preterm delivery were not different
week onward. Discontinued between groups. In the metformin group, there was a
if significant side effect higher incidence of vacuum extraction and cesarean
such as diarrhea. deliveries as compared to the insulin group.
Supplemental insulin added Women that required additional insulin had higher BMI,
if needed. higher fasting glucose, and required medication earlier
in gestation than those controlled with metformin alone.
Supplemental insulin was required in 15 women (32%)
in the metformin group.
Moore [109] n =149 Screening test: 50-g 1-hour (n=74) (n=75) Primary: Metformin had a failure rate 2.1 times higher
GA: 11-33 test =130 mg/dL Glyburide 2.5 mg twice daily ~ Metformin 500 mg per day in than glyburide.

Diagnostic test: 100 g initial dose titrated to divided doses to maximum Secondary: No differences in macrosomia, NICU
3-hour test with cutoff of maximum 20 mg daily dose dose of 2000 mg per day admission, birth trauma, five minute Apgar score,
fasting =95 mg/dL, 1-h =180  Daily caloric intake of 25 to If failure to control glucose in preeclampsia, maternal or neonatal hypoglycemia, and
mg/dL, 2-h =155 mg/dL, 3-h 30 kcal/kg (depending on either group, oral route of delivery. Mean birth weight was lower in those
>140 mg/dL with two or BMI) was recommended. medication was treated with metformin as compared to glyburide.
more abnormal values discontinued and insulin Metformin was associated with a higher rate of

was initiated. cesarean delivery compared to glyburide.
Rowan [110] n=733 Diagnosis of gestational (n =363) (n=370) Primary: No difference in composite neonatal
GA: 20-33 diabetes mellitus according ~ Metformin =+ insulin Insulin complications

to the criteria of the
Australasian Diabetes in
Pregnancy Society (ADIPS)

Metformin 500 mg once or
twice daily with food and
titrated to maximum dose
2500 mg.

If blood glucose not
controlled insulin was
added

Secondary: Neonatal anthropometric measures and
umbilical-cord serum insulin concentrations were not
different between the groups. Severe neonatal
hypoglycemia occurred less often in the metformin
group, although the rates of neonatal hypoglycemia
were similar. Preterm birth was more common in the
metformin group. Metformin was preferred by the
participants.

Supplemental insulin was required in 168 women (46%)
in the metformin group.

(Continued)
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Table 5.4 (Continued) Randomized Controlled Trials of Medication for Treatment of Gestational Diabetes Mellitus

Study Details Testing Intervention Control Outcomes
Di Cianni [111] n =96 Screening test: unclear Insulin aspart (ASP) n = 31 Human regular insulin (HI) Primary: Short-acting insulin may be associated with
GA: not Diagnostic test: 100-g Insulin lispro (LIS) n = 33 n=32 better glycemic control and newborn anthropometric
specified glucose tolerance test with Bedtime NPH insulin added measures than regular insulin.
two or more abnormal if elevated fasting glucose Secondary: There were no hypoglycemic episodes in
values with cutoff: fasting values any of the groups; there were no differences in insulin
=95 mg/dL, 1-h =180 mg/dL, dose, duration of insulin therapy, fasting glucose, hgb
2-h =155 mg/dL, 3-h Aic or maternal weight gain.
>140 mg/dL Higher one-hour postprandial glucose levels were noted
in HI group compared to ASP and LIS groups after
patients were provided a standardized breakfast.

LIS and ASP patients had lower birth weights compared
to HI. The rates of macrosomia were not different
between the two groups.

Anthropometric measurements to evaluate for
disproportionate growth were lower in the HI group.

Langer [84] n =404 Screening test: 50-g 1-hour (n=201) (n =2083) Primary: No difference in glycemic control
GA: 11-33 test =130 mg/dL Glyburide 2.5 mg titrated to Insulin starting dose Secondary: No differences in perinatal outcomes

Diagnostic test: 100-g
3-hour with cutoff of 2 or
more abnormal values:
fasting =95 mg/dL, 1-h =180
mg/dL, 2-h =155 mg/dL, 3-h
>140 mg/dL

maximum 20 mg daily dose

0.7 unit/kg of actual body
weight and increased as
necessary

including LGA, fetal macrosomia, neonatal respiratory
distress, hyperbilirubinemia, hypocalcemia,
hypoglycemia, or need for IV glucose therapy.

Cord serum analysis did not demonstrate the presence
of glyburide in any of the infants’ samples.

Abbreviations: BMI, body mass index; GA, gestational age (weeks); GDM, gestational diabetes mellitus; GDMA2, gestational diabetes mellitus — medication controlled; IUGR, intrauterine growth restric-
tion; 1V, intravenous; LGA, large for gestational age; n, sample size; NICU, neonatal intensive care unit; NPH, neutral protamine Hagedorn; OGTT, oral glucose tolerance test; RDS, respiratory distress

syndrome.
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glucose [68] have been demonstrated with exercise in preg-
nancy. Diet or exercise, or both, during pregnancy can reduce
the risk of excessive gestational weight gain and decreases
maternal hypertension [69]. The combined interventions have
been shown to decrease neonatal respiratory morbidity. The
amount and safety of exercise requires further research for
the creation of safe guidelines [69]. If an exercise program is
to be prescribed, early counseling regarding frequency and
healthy practices is important to combat declining physical
activity as pregnancy progresses [70-72]. Due to low compli-
ance with exercise programs [73,74], the evidence support-
ing the beneficial effects of exercise in women with GDM
with regards to maternal and neonatal outcome varies [4].
However, data seems to show that overall exercise is benefi-
cial in this population although the frequency and intensity
of the regimen must be individualized, taking into consider-
ation the patient’s comorbidities.

Glucose Monitoring

With a glucometer, fasting and two-hour (or one-hour) post-
prandial glucose levels should be followed daily. Although
not in widespread use, studies have shown that continuous
glucose monitoring may reveal more postprandial hypergly-
cemia than is detected by checking two-hour postprandial
values [75,76]. Compared to preprandial monitoring, post-
prandial monitoring is associated with improvement in gly-
cosylated hemoglobin, less CD for dystocia, smaller birth
weights, and less neonatal hypoglycemia [77]. Because the
risk of macrosomia appears to be linked with postprandial
hyperglycemia, following these values appears to be reason-
able and is what trials have tested [6,25,78,79]. Target goals
(euglycemia) are fasting glucose between 60 and 95 mg/dL
and two-hour postprandial <120 mg/dL (or one-hour post-
prandial <140 mg/dL). Fasting glucose <90 mg/dL in the
third trimester may be associated with a lower risk of macro-
somia, but trials were overall not high quality [80]. Achieving
euglycemia decreases neonatal complications. If all values
are within normal limits for extended periods, less frequent
monitoring can be considered. Electronically reminding
patients to transmit their blood glucose log data to their phy-
sicians did not influence maternal glucose values or infant
birth weight, but did increase maternal reporting of blood
sugars; however, sample size may have been too small to
truly determine efficacy of these reminders [81].

Oral Hypoglycemic Agents

Oral hypoglycemic agents are safe in pregnancy. The second-
generation sulfonylurea agents have been demonstrated
to have low transplacental passage in both in vitro and in
vivo models although glyburide has been detected in cord
blood [82].

Glyburide

Although glyburide used to be considered equally efficacious
to insulin with regards to pregnancy outcomes [83—86], recent
evidence suggests that insulin is superior to glyburide with
a lower neonatal birth weight (109 g), less fetal macrosomia
(RR 0.38), and less neonatal hypoglycemia (RR 0.49) [87,88].
Approximately 10% to 20% of women on this regimen do not
achieve euglycemia, especially women with a BMI >30. Obese
women with GDM requiring medication to achieve euglyce-
mia should probably be treated with insulin rather than with

oral agents [89]. If an oral hypoglycemic agent is chosen, met-
formin is preferred to glyburide [87]. If used, glyburide is
started at 2.5 mg orally in the morning with a maximum dose
of 20 mg daily.

Metformin

Metformin (Glucophage) is commonly used in women with
polycystic ovarian syndrome to treat infertility related to
anovulation. The incidence of miscarriage is decreased in
women who are continued on this therapy throughout preg-
nancy [90], and there is evidence to suggest a decreased risk
of GDM when metformin is continued [90]; however, this out-
come is misleading as the medication may be masking the
disease. No attributable birth defects or adverse outcomes in
this patient population have been reported [1].

Compared to insulin therapy, metformin (+ insulin if
necessary) is associated with less maternal hypoglycemia
[91], more preterm births (RR 1.5), less gestational hyper-
tension (RR 0.53), less severe neonatal hypoglycemia (RR
0.62), and nonclinically significant differences of less mater-
nal weight gain (1 kg) and lower gestational age at delivery
(0.16 weeks) [87,92]. About one-third of patients failed metfor-
min treatment. Metformin has no added benefit for postpar-
tum weight loss [93]. Women with GDM who are obese, have
a high fasting glucose, or need pharmacologic therapy early
(e.g., <24 weeks) in pregnancy may be more suitable for insu-
lin therapy or may require insulin as an adjunct to metformin
therapy [94,95]. In women whose total insulin dose is >1.12
1U/kg, the addition of metformin has been shown to improve
glycemic control, decrease maternal hypoglycemia, reduce
neonatal hypoglycemia and decrease NICU admission [96].
Vitamin B12 stores are not affected by metformin [97].

Compared to glyburide, those treated with metformin
had less maternal weight gain (2 kg), lower neonatal birth
weights (206 g), less macrosomia, and fewer LGA infants [87].

In summary, insulin is overall superior to oral glyce-
mic agents for prevention of the complications of GDM. If
an oral hypoglycemic agent is chosen, it appears that metfor-
min may be preferred over glyburide. Additionally, consid-
eration can be given to the addition of metformin to an insulin
regimen rather than continued increase of insulin dose.

Insulin
Useful sample calculations for the total daily insulin require-
ment and insulin regimen are in Table 5.5 [98-100] and Figures
51and 5.2.

As with pregestational DM, insulin glargine, neutral
protamine Hagedorn (NPH), and insulin lispro can be used

Table 5.5 Total Insulin Requirements

Trimester Units/kg/day
1 0.7-0.8
2 0.8-1.0
3 0.9-1.2

Sources: Summaries for patients. Screening for gestational diabetes
mellitus: U.S. preventive services task force recommendation state-
ment. Ann Intern Med, 160, 6, 2014; Grant SM, Wolever TM, O’Connor
DL, Nisenbaum R, Josse RG. Diabetes Res Clin Pract, 91, 1, 15-22,
2010; Wang H, Jiang H, Yang L, Zhang M. Asia Pac J Clin Nutr, 24, 1,
58-64, 2015.

Note: Patients with multifetal gestations or who have received steroids
or betamimetics often require higher doses.



1/3 with
breakfast
1/2 insulin
lispro or 1/3 with lunch
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Total daily 1/3 with dinner
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1/2 insulin Dose in the
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Figure 5.1. Distribution of insulin dose throughout the day if

using insulin glargine and insulin lispro/aspart.

2/3 NPH insulin

2/3ina.m.
1/3 insulin lispro
Total daily or aspart
insulin dose
1/2 NPH insulin
1/3in p.m.

1/2 insulin lispro
or aspart

Figure 5.2 Distribution of insulin dose throughout the day if
using NPH and insulin lispro/aspart.

for glucose control. Compared to regular insulin, insulin lis-
pro is associated with a lower incidence of maternal hypo-
glycemic episodes in women with GDM [101]. Although early
studies did not demonstrate benefit [102], it has been clearly
established that in women with GDM, compared to no treat-
ment or diet only, diet and glucose monitoring with insu-
lin, if needed, are associated with reduced macrosomia [103]
and shoulder dystocia; similar incidences of cesarean, NICU
admission, and neonatal hypoglycemia [104]; and no birth
trauma (bone fracture, nerve palsy) (vs. 1%) or perinatal
death (vs. 1%) [3,6]. Mood and quality of life are improved,
and the incidence of depression decreases with the above
interventions and the optimization of glycemic control [6].

Table 5.5 shows characteristics of randomized trials
comparing treatment of GDM with metformin, glyburide,
and insulin.

Nutritional Supplementation

Calcium with vitamin D may have beneficial effects on glu-
cose metabolism, lipid profiles [112,113], and biomarkers of
oxidative stress [112], although the effect on blood glucose lev-
els has been disputed [114]. Probiotic treatment (capsules or
yogurt) [59,115,116] and DHEA supplementation [117,118] have
not been shown to be beneficial.

Antepartum Testing
Antepartum fetal testing and ultrasound evaluations
have not been standardly applied to the management of
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gestational diabetics as there is no clear literature to provide
direction.

*  Euglycemia with diet only: Although there is limited data,
no testing seems to be necessary. Consider weekly or
twice weekly nonstress tests (NSTs) starting at 40 weeks.

®  Hyperglycemia or medication necessary: Consider man-
agement similar to pregestational diabetics: weekly or
twice weekly NSTs from 32 to 35 6/7 weeks, then twice
weekly NSTs from 36 weeks until delivery, which is
usually accomplished between 39 and 40 weeks (see
Chapter 4).

Ultrasound assessment of fetal weight is commonly
employed, but because of the inherent inaccuracy of predict-
ing macrosomia, it has not been supported by any studies,
despite application of customized or normalized population
growth curves [119].

Delivery

Timing, Mode, and Lung Maturity

There is insufficient evidence to assess the timing and mode
of delivery in gestational diabetics. Compared to expectant
management until 41-42 weeks, induction of labor at 38 weeks
in women with insulin-dependent diabetes (of which >90%
were gestational) is associated with reduced incidences of
macrosomia [2,120]. However, the sample size was too small
to evaluate the impact on perinatal mortality, which is a
concern in women with diabetes who are delivered prior to
39 weeks [2]. A secondary analysis of an RCT on those with
mild gestational diabetes supports IOL prior to EDC as it
reduces the risk of CD [121].

In women requiring medication, management is usu-
ally similar to that of the pregestational diabetic, and deliv-
ery is advocated at around 39 0/7-39 6/7 weeks. In general,
indicated delivery before 39 weeks, if truly indicated, should
not require assessment of fetal maturity. If assessment of fetal
lung maturity is done, laboratory tests are interpreted as in
nondiabetic patients with phosphatidylglycerol 3% accepted
by most authorities as the lab value indicating the least risk
for fetal respiratory insufficiency in diabetic women; patients
should be cautioned that a positive test does not preclude
infant morbidities (see Chapter 57). While recognizing that
macrosomia remains a difficult antenatal diagnosis both
clinically and by ultrasound, delivery via cesarean is sug-
gested for fetuses estimated to be >4500 g [1] (see Chapter
45). Operative deliveries should be avoided in women with
fetuses estimated to be >4000 g and prolonged second stage
of labor.

Intrapartum Glucose Management

Intrapartum management requires frequent assessment of
blood glucose levels during labor (see Figure 4.1). For patients
who have required insulin therapy, perform hourly assess-
ments of blood sugars to maintain them between 70 and
120 mg/dL. Intravenous insulin may be necessary to main-
tain the above glucose levels, but is seldom required in these
patients. Patients managed with diet alone may not need as
frequent evaluations during labor and can have assessments
every four hours.

Anesthesia
No specific adjustments necessary unless woman is obese.



68 MATERNAL-FETAL EVIDENCE BASED GUIDELINES

| Gestational diabetes |

y

A

| FPG or 75-g 2 hr OGTT at 6-12 weeks postpartum |

A

/ ‘

Diabetes mellitus | | Impaired fasting

glucose or IGT or both

|\‘|

Normal

A4 A

A 4

Refer for diabetes management

Consider referral for management

Advocate for healthy diet and exercise that promote weight

loss

Consider metformin if combined impaired fasting glucose
and IGT

Yearly assessment of glycemic status

Assess glycemic status
every 3 years

Weight loss and physical
activity counseling as
needed

Figure 5.3 Postpartum screening of patients who had GDM. Abbreviations: FPG, fasting plasma glucose; IGT, impaired glucose
tolerance; OGTT, oral glucose tolerance test. (Adapted from American College of Obstetricians and Gynecologists. Obstet. Gynecol

2013; 122: 406-16.)

Postpartum/Breast-Feeding
In the postpartum period, women with GDM do not, in
general, require medication to control their blood sugars.
Checking a fasting and postprandial value prior to discharge
can be employed, especially if pregestational diabetes is sus-
pected. Because these women have an increased risk of devel-
oping frank diabetes, screening with a 75-g glucose challenge
or other nonpregnant tests (see Table 4.1) is advocated when
the woman is six to eight weeks postpartum (Figure 5.3) [1]
and every two to three years thereafter [40,122-124]. This can
be accomplished by either the obstetrician with referral if val-
ues are abnormal or by referral for the screening to a medicine
specialist. Breast-feeding, diet, and exercise should be encour-
aged in these women, particularly if they are obese. All forms
of contraception are available to diabetics, providing they have
no contraindications, such as hypertension or vascular disease.
Patients should be informed that they are at increased risk
for developing diabetes during their lifetime, up to 50% over the
next 10 years [40]. Women who are obese, diagnosed with GDM
early in gestation, and have significantly abnormal screening
results during and after pregnancy have the highest chance of
adult onset diabetes. Prepregnancy obesity and fasting glucose
>100 mg/dL (from 100-g glucose tolerance test) are associated
with increased risks of development of metabolic syndrome
[125]. Some suggest that women with an abnormal one-hour
result are also at increased risk of metabolic derangements later
in life despite a normal three-hour GTT [126]. Counseling regard-
ing diet and exercise, maintenance of normal BMI, and surveil-
lance with periodic screening are indicated. Cesarean delivery
and gestational weight gain were associated with increases in
depressive symptoms at six weeks postpartum [127].
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Hypothyroidism

Sushma Jwala

KEY POINTS

Hypothyroidism is characterized by inadequate thyroid
hormone production and usually requires for diagnosis
elevated thyroid-stimulating hormone (TSH) and low
free thyroxine (FT4) (or free triiodothyronine [FT3]).

®  Subclinical hypothyroidism requires for diagnosis an
elevated TSH but normal FT4.

e Hashimoto’s thyroiditis is the most common cause of
hypothyroidism in pregnancy with thyroid peroxidase
antibodies in >90% of these women.

*  Untreated or partially treated hypothyroidism is asso-
ciated with increased risk of preeclampsia, abruption,
preterm birth, low birth weight, fetal death, and long-
term impaired psychomotor function.

e All physiologic changes and placental transfer should
be known by the physician caring for thyroid disease in
pregnancy (Table 6.1).

¢ Women at high risk for hypothyroidism (Table 6.3)
should be screened with TSH and FT4.

*  Goal of levothyroxine treatment in pregnancy is mater-
nal serum TSH 0.5 to 2.0 mp/L, and FT4 in upper third
of normal range. Most women with hypothyroidism
need an increase in thyroxine replacement dose.

¢ Inwomen with overt hypothyroidism, TSH and FT4 lev-
els should be checked preconceptionally, at first prena-
tal visit in the first trimester, four weeks after altering
the doses (therefore, every four weeks until TSH is nor-
mal, especially in the first 20 weeks), and at least every
trimester in pregnancy.

¢ Todine supplementation in a population with high levels
of endemic cretinism results in a reduction in deaths dur-
ing infancy and early childhood with decreased endemic
cretinism at four years of age and better psychomotor
development scores between four and 25 months of age.

® There is no evidence that screening and treatment
of subclinical hypothyroidism during pregnancy
improves maternal or fetal outcomes.

® Screening and treating for hypothyroxinemia is also
unnecessary as it is not associated with any maternal or
child benefits.

¢  Every woman with a thyroid nodule should have fine-
needle aspiration and TSH checked.

CLINICAL HYPOTHYROIDISM
Definitions (Figure 6.1)

e Clinical (or overt) hypothyroidism: Inadequate thyroid hor-
mone production of any cause. Usually requires elevated
TSH and low FT4 (or FT3).

®  Subclinical hypothyroidism: Elevated TSH and normal FT4.
Elevated TSH reflects the sensitivity of the hypothalamic-
pituitary axis to small decreases in thyroid hormone;

as the thyroid gland fails, the TSH level may rise above
the upper limit of normal while the FT4 is still within
the normal range.

*  Hypothyroxinemia: Normal TSH and low FT4.

e TSH is also called thyrotropin, T4 is also called thyrox-
ine, T3 is also called triiodothyronine; FT4 stands for free
T4 and FT3 stands for free T3.

Incidence

1% in general population; about 0.3% in pregnant women
[1,2]. General screening of obstetric patients reveals an inci-
dence of 2.5% of elevated serum TSH [2]. There is an increased
incidence with concurrent autoimmune disease, that is, 5% to
8% incidence in patients with type I diabetes [3]. Up to 25%
of patients with type I diabetes develop postpartum thyroid
dysfunction [3]. In the United States, 10% to 15% of pregnant
women are iodine deficient (urinary iodine concentration
<5 pg/dL) [4].

Signs/Symptoms

Thyroid disease may be masked by a hypermetabolic state of
pregnancy. The most common signs include dry skin, weak-
ness, facial puffiness, and mild-to-moderate weight gain
[5]. Fatigue, constipation, cold intolerance, muscle cramps,
insomnia, hair loss, goiter, prolonged relaxation phase of
deep tendon reflexes, carpal tunnel syndrome, intellectual
slowness, voice changes, myxedema, and (extremely rarely)
coma are less common.

Pathophysiology

The thyroid maintains the metabolism in cells by stimulat-
ing transcription and translation. It also stimulates oxygen
consumption and regulates lipid and carbohydrate metabo-
lism and is necessary for normal growth and maturation.
The thyroid is under the control of TSH from the anterior
pituitary. TSH induces thyroid growth, differentiation, and
iodine metabolism.

A majority (>99%) of cases of hypothyroidism are due
to primary thyroid abnormality. Secondary hypothyroidism
is pituitary in origin following irradiation or hypophysec-
tomy or Sheehan’s syndrome (postpartum pituitary necrosis).
Tertiary hypothyroidism (hypothalamic) is rare.

Hashimoto’s thyroiditis is the most common cause of
hypothyroidism in pregnancy. It is a chronic autoimmune
lymphocytic thyroiditis, characterized by antithyroid anti-
bodies (thyroid peroxidase [TPO] antibodies 90%, thyro-
globulin antibodies 20%-50%), and usually firm, painless
goiter as a presenting symptom [6]. TPO antibodies are pres-
ent in 6% of the general population. Less common causes are
subacute viral thyroiditis; iodine deficiency (median urinary
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Table 6.1 Thyroid Physiology Changes in Pregnancy
and Transplacental Passage
Change in Placental
Pregnancy Transfer

Thyroid-binding globulin (TBG) 1 +
Total thyroxine (TT4) 1 — (minimal)
Total triiodothyronine (TT3) 1 -
Resin triiodothyronine uptake l -

(RT3U)
Thyroid-stimulating hormone (TSH) - -
Free thyroxine (FT4) - ++
Free triiodothyronine (FT3) - ++
TRH - —(<1%)
lodide | ++
Thyroid-stimulating immunoglobulin - ++

(TSI)
Antithyroid peroxidase antibody l ++
Levothyroxine replacement NA — (minimal)
Thioamide (PTU or methimazole)  NA ++

therapy
Free thyroxine index (FTI) - NA

= Primary Secondary
T hyperthyroid hyperthyroid

Subclinical
hypothyroid

Subclinical

. Euthyroid
hyperthyroid

Free thyroxine or FT4
Normal

Secondary
hypothyroid

Non thyroid
illness-NTI

Primary
hypothyroid

Normal High
Thyroid stimulating hormone-TSH

Figure 6.1 Basic thyroid evaluation.

iodine level <100 pg/L); “burned-out” Graves’ disease, after
radioiodine therapy, thyroidectomy, or antithyroid drugs;
other head and neck surgery; other radiation therapy to the
head, neck, or chest area; medications—Ilithium, iodine, ami-
odarone; rarely hypothalamic dysfunction, that is, Sheehan’s
syndrome.

Complications

Untreated or partially treated clinical hypothyroidism is
associated with increased risk of infertility, miscarriage,
preeclampsia (44%), abruption (19%), preterm birth, low
birth weight (31%), or fetal death (12%) [7-9]. Fetal goiter does
not develop in women with hypothyroidism unless they had
previous hyperthyroidism and thyroid-stimulating immuno-
globulins (TSIs) are still >200%. Infants whose mothers had
serum FT4 below the 10th percentile may have a high inci-
dence of impaired psychomotor function [10].

Management

Prevention

Recently, trace element selenium has been shown to reduce
the incidence of hypothyroidism during pregnancy and post-
partum periods [11]. Selenoproteins act as antioxidants and
decrease thyroid inflammation in autoimmune thyroiditis
by reducing TPO antibody titers. Up to 30% of women with
TPO antibodies develop permanent hypothyroidism follow-
ing postpartum thyroid dysfunction [12]. This may suggest a
preventive role of selenomethionine supplementation in auto-
immune thyroid dysfunction.

Preconception

In a small RCT, it was shown that preconception adjustment
with increased dosage of levothyroxine supplementation in
hypothyroid women of reproductive age results in better con-
trol by TSH and FT4 at first prenatal visit [13].

Pregnancy Considerations

Anatomy/Radiology

In pregnancy, moderate glandular hyperplasia and increased
vascularity in the thyroid are physiologic. Thyroid volume by
ultrasound increases a mean of 18% during pregnancy and
returns to normal size in the postpartum period [4,14]. Any
significant goiter should be worked up.

Maternal physiology
Several changes occur as shown in Table 6.1 (Chapter 3 of
Obstetric Evidence Based Guidelines). Thyroid-binding glob-
ulin (TBG) increases about 200% secondary to estrogen-
stimulated hepatocyte production and altered glycosylation,
which inhibits degradation. High levels of HCG, which
peak at 10 to 12 weeks, have some TSH-like activity and
stimulate thyroid hormone secretion, which in turn sup-
presses TSH. Normal TSH levels in pregnancy are shown
in Table 6.2. TSH suppression is even more marked for twins
[15]. Peripheral metabolism of thyroid hormones is also
altered by placental deiodinases, more in the second half of
pregnancy [16].

Throughout pregnancy, there is an approximately
30% to 50% increase in T4 requirement [17,18]. Plasma iodide
levels decrease during pregnancy because of fetal use of
iodide and increased maternal renal clearance of iodide [19].
Pregnancy does not appear to alter the course of thyroid
cancer [20].

Fetal Thyroid Physiology

In the fetus, the small amount of thyroxine that crosses
the placenta provides all the thyroid hormone until 10 to
12 weeks. Before 12 weeks (time period for initiation of
fetal brain development), the fetus is entirely dependent on
maternal transfer of thyroid hormones. Upon beginning of
activation of the fetal hypothalamic/pituitary—thyroid axis at
this gestational age, the fetal thyroid begins to concentrate
iodine and synthesize iodothyronines. At 18 to 20 weeks, the
fetal thyroid is controlled by fetal pituitary TSH and mature
hormone synthesis begins. TSH, T4, and T3 all begin to
increase throughout gestation as there seems to be minimal
negative feedback mechanism [19].

Placenta Physiology
It is important to be aware of which molecules cross the pla-
centaand can affect the fetus. FT4, FT3, thyrotropin-releasing



Table 6.2 Thyroid-Stimulating Hormone Percentiles According
to Gestational Age in Singleton Pregnancies

Gestational 2.5th 50th 975th
Age (Weeks) Percentile Percentile Percentile
6 0.23 1.36 4.94
7 0.14 1.21 5.09
8 0.09 1.01 4.93
9 0.03 0.84 4.04
10 0.02 0.74 3.12
1 0.01 0.76 3.65
12 0.01 0.79 3.32
13 0.01 0.78 4.05
14 0.01 0.85 3.33
15 0.02 0.92 3.40
16 0.04 0.92 2.74
17 0.02 0.98 3.32
18 0.17 1.07 3.48
19 0.22 1.07 3.03
20 0.25 1.1 3.20
21 0.28 1.21 3.04
22 0.26 1.15 4.09
23 0.25 1.08 3.02
24 0.34 1.13 2.99
25 0.30 1.1 2.82
26 0.20 1.07 2.89
27 0.36 1.1 2.84
28 0.30 1.03 2.78
29 0.31 1.07 3.14
30 0.20 1.07 3.27
31 0.23 1.06 2.81
32 0.31 1.07 2.98
33 0.31 1.20 5.25
34 0.20 1.18 3.18
35 0.30 1.20 3.41
36 0.33 1.31 4.59
37 0.37 1.35 6.40
38 0.23 1.16 4.33
39 0.57 1.59 5.14
=40 0.38 1.68 5.43
Source: Dashe JS, Casey BM, Wells CE, Mcintire DD, Byrd EW,

Leveno KJ et al. Obstet Gynecol, 106, 4, 753-7, 2005.

hormone, iodine, TSI, and anti-TPO cross placenta [21]
(Table 6.1). TSH does not cross. The placenta rapidly deiodin-
ases maternal T4 and T3 to the inactive reverse-T3.

Screening/Diagnosis

Universal screening for maternal hypothyroidism is not usu-
ally recommended [22-26]. Women at high risk for hypo-
thyroidism should be screened (Table 6.3) [27]. Tests used
for screening and diagnosis include TSH (most sensitive)

Table 6.3 Screening for Hypothyroidism in Pregnancy

Symptomatic (see signs/symptoms)

Previous therapy for hyperthyroidism

History of high-dose neck irradiation

Goiter/palpable thyroid nodules

Family history of thyroid disease

Suspected hypopituitarism

Type | DM [3]

Hyperlipidemia

Medications (iodine, amiodarone, lithium, dilantin, rifampin)

Source: Weetman AP, McGregor AM. Endocr Rev, 5, 2, 309-55, 1984.

HYPOTHYROIDISM 75

Table 6.4 Primary vs. Secondary Hypothyroidism

Primary hypothyroidism

TSH T

FT4 l

Antithyroglobulin +/—

Antithyroid peroxidase +/—
Secondary hypothyroidism

TSH l

FT4 l

Abbreviations: FT4, free thyroxine; TSH, thyroid-stimulating hormone.

[28,29] and FT4. Elevated TSH and either low FT4 or low FT3
are consistent with clinical hypothyroidism (Table 6.4; Figure
6.1). In the first trimester, even a TSH level >2.5 is abnormal.
Hypothyroidism in pregnancy is mainly (>99%) primary.
Elevated TSH and normal FT4 are consistent with subclinical
hypothyroidism (see below).

TPO antibody is present in not only 90% women
with Hashimoto’s thyroiditis, but also 10% of women with
euthyroid at 12 weeks. It crosses the placenta, may increase
incidence of spontaneous abortion [30], and increases the
incidence of postpartum thyroid dysfunction [31]. TPO anti-
body levels >50 IU/mL have been shown to be associated
with increased risk of abruption [32]. Measuring TPO or thy-
roglobulin antibodies is important for diagnosis, but serial
levels are usually not indicated because treatment does not
alter them. At present, routine testing of TPO antibodies dur-
ing pregnancy is not recommended (see below).

Treatment

Goal

Maternal serum TSH 0.5 to 2.0 mp/L, and FT4 in upper third
of normal range. Interestingly, there are really no RCTs on
treatment of overt hypothyroidism in pregnancy. Two trials
of 30 and 48 hypothyroid women, respectively, compared
levothyroxine doses, but both trials reported only biochemi-
cal outcomes [33].

Thyroxine Replacement: Dose

Preexisting hypothyroidism. Approximately 45% to
85% of hypothyroid women need up to 45% increase in
thyroxine replacement dose during pregnancy because of
increased metabolism of thyroxine, weight gain, increased
T4 pool, high serum TBG, placental deiodinase activity,
and transfer of T4 to fetus [34,35]. Some advocate increasing
replacement by 30% as soon as pregnancy is confirmed, but
outcome data are not available [17].

New diagnosis. Levothyroxine can be started at 0.1
to 0.15 mg/day and adjusted by monitoring TSH levels.
Thyroxine replacement will need to be increased as in
preexisting disease.

Ferrous sulfate and calcium carbonate interfere with
T4 absorption and should be taken at a different time of day
from thyroxine therapy [36]. Therefore, pregnant women
should space their levothyroxine and prenatal vitamins
by at least two to three hours. Carbamazepine, phenyt-
oin, and rifampin can increase the clearance of T4. It takes
approximately four weeks for thyroxine therapy to alter
TSH level. Not only under-replacement (see above) but also
over-replacement (pregnancy loss, low birth weight) should
be avoided [37].
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Thyroxine Replacement: Type

Levothyroxine. Levothyroxine is the recommended
thyroid replacement. Desiccated thyroid preparation, such as
Armour Thyroid, at 30 mg/day initial dose, then increased
incrementally by 15 mg every two to three weeks until
maintenance dose of 60 to 120 mg/day, is an alternative if
levothyroxine is unavailable.

Iodine supplement. lodine supplementation in a
population with high levels of endemic cretinism results
in a reduction of the condition with no apparent adverse
effects [38]. Iodine supplementation is associated with a
reduction in deaths during infancy and early childhood
with decreased endemic cretinism at four years of age and
better psychomotor development scores between four and
25 months of age. About 10% to 15% of the U.S. population
has iodine deficiency, which can manifest as subclinical
hypothyroidism or with normal TSH and low T4. A daily
dose of 250 pg of iodine is recommended during pregnancy
and breast-feeding [39].

Antepartum Management

e TSH and FT4 levels should be checked preconception,
at first prenatal visit in first trimester, four weeks after
altering the doses (therefore, every four weeks until
TSH is normal, especially in first 20 weeks), and at
least every trimester in pregnancy.

e  Fetal heart rate should be assessed at each visit by
doptone to rule out fetal bradycardia <120.

e Antepartum testing is not recommended if euthyroid;
weekly nonstress tests beginning at about 32 weeks can
be considered for clinically hypothyroid patients.

e  Ultrasound is not recommended if euthyroid; monthly
ultrasound can be considered for fetal growth, thy-
roid circumference [40], and fetal heart rate if clinically
hypothyroid.

e Important to inform pediatrician at time of delivery.

Postpartum

Immediately post-delivery, the dosage of levothyroxine
should be reduced to the prepregnancy dose, and TSH lev-
els should be measured six to eight weeks postpartum with
follow-up with medical doctor/endocrinologist.

Neonatal

The incidence of iodine-deficient congenital hypothyroidism
is 1/4000 births, 5% identified at birth by clinical symptoms,
others by newborn screening. The United States screens all
newborns. If discovered and treated in first few weeks of life,
near-normal growth and intelligence are expected [41,42].
The majority of cases are due to agenesis/dysgenesis of fetal
thyroid, dyshormonogenesis, or iodine deficiency. Fetuses
are protected in utero by a small quantity of maternal T4
that crosses the placenta. Neonatal issues include neuropsy-
chological abnormalities, deafness, respiratory difficulties,
growth failure, lethargy, and hypotonia and myxedema of
the larynx and epiglottis.

SUBCLINICAL HYPOTHYROIDISM
Incidence
2%—-5% [43-45].

Diagnosis
Elevated TSH and normal FT4.

Screening and Management
Routine screening for subclinical hypothyroidism is currently
not recommended because treatment of subclinical hypothy-
roidism has not been demonstrated to improve maternal or
fetal outcomes [26]. Previously some observational studies
have shown that subclinical hypothyroidism can be associated
with impaired neurodevelopment in offspring [10] as well as
increased incidences of preterm birth, abruption, severe pre-
eclampsia, gestational diabetes, respiratory distress syndrome,
and admission to intensive care nursery [43,46,47] but not con-
sistently shown by other studies [44,48]. In a large randomized
controlled trial (RCT), levothyroxine supplementation given
to asymptomatic women screened and identified to have a
TSH >97.5th percentile was associated with a similar IQ and
cognitive outcomes in their children at three years of age,
compared to placebo [26]. In another large RCT, levothyroxine
supplementation given to asymptomatic women screened
and identified to have a TSH >4 mp/L, and a normal free T4
(0.86-1.9 ng/dL) was associated with a similar IQ and cogni-
tive outcomes in their children at five years of age compared
to placebo [49]. Therefore, currently, there is no evidence that
screening and treatment of subclinical hypothyroidism dur-
ing pregnancy improves maternal or fetal outcomes [22,26,49].
Women with subclinical hypothyroidism and thyroid
antibodies (e.g., TPO) frequently progress to overt hypothy-
roidism and may develop hyperlipidemia and atherosclerotic
heart disease [50].

HYPOTHYROXINEMIA
Incidence
1.3% [48].

Diagnosis
Normal TSH and low FT4.

Screening and Management

There are at least two large RCTs showing no benefit from
screening and treating hypothyroxinemia. In a RCT, levo-
thyroxine supplementation given to asymptomatic women
screened and identified to have a free T4 below the 2.5th
percentile was associated with a similar IQ and cognitive
outcomes in their children at three years of age compared
to placebo [26]. In another RCT, levothyroxine supplementa-
tion given to asymptomatic women screened and identified
to have a normal TSH (0.08-3.99 mpu/L) and a low free T4
(<0.86 ng/dL) was associated with a similar IQ and cogni-
tive outcomes in their children at five years of age compared
to placebo [49]. Because isolated maternal hypothyroxinemia
is not associated with adverse effects on perinatal outcome
[48], there is no need to screen or treat for this condition.
Therefore, there is evidence that screening and treating for
hypothyroxinemia is unnecessary as it is not associated
with any maternal or child benefits.

TPO-ANTIBODIES ONLY

Some women are euthyroid but have been identified to have
TPO antibodies. In a RCT of euthyroid pregnant women with



thyroid peroxidase antibodies, levothyroxine therapy signifi-
cantly reduced the rate of PTB by 72% compared to placebo
(RR 0.28; 95% CI 0.10-0.80), and the incidence of preeclampsia
was similar (RR 0.61; 95% CI 0.11 to 3.48) [33,51]. Routine thy-
roid screening and/or treatment for TPO in asymptomatic
euthyroid women is not suggested as a possible intervention
for PTB prevention in absence of a clinical thyroid disease
until further confirmed additional studies.

A trial of 169 TOP-positive, euthyroid women com-
pared the trace element selenomethionine (selenium) with
placebo and no significant differences were seen for either
preeclampsia (RR 1.44; 95% CI 0.25 to 8.38) or preterm birth
(RR 0.96; 95% CI 0.20 to 4.61) [33], but there was an improve-
ment (decrease) in postpartum thyroiditis [11].

THYROID NODULE

Incidence

5% to 10% of thyroid tumors are neoplastic. Thyroid cancer
occurs in 1/1000 pregnant women with palpable thyroid
nodule.

Diagnosis

Ultrasound to define dominant nodule, followed by fine-
needle aspiration for nodules >1 cm, which has a 95% diag-
nostic accuracy in pregnancy [52]. Radioisotope scanning is
contraindicated in pregnancy. Serum TSH and FT4 should be
checked.

Thyroid Surgery

For malignancy diagnosed on fine-needle aspiration, neck
exploration should be performed ideally either in the second
trimester or postpartum [52]. Neck irradiation for malig-
nancy should be deferred until after pregnancy.

POSTPARTUM THYROIDITIS

Definition

Autoimmune inflammation of the thyroid gland that pres-
ents as new-onset painless hypothyroidism, transient thy-
rotoxicosis, or thyrotoxicosis followed by hypothyroidism
within one year postpartum.

Incidence

Occurs in 5% of women in United States who do not have a
history of thyroid disease [53] and may occur after delivery
or pregnancy loss.

Risk Factors
Postpartum depression, high serum TPO antibody concen-
tration, history of Graves'’s disease, or type I diabetes.

Etiology
Subacute lymphocytic thyroiditis or postpartum exacerba-
tion of chronic lymphocytic thyroiditis.

Diagnosis
Documentation of new-onset abnormal levels of TSH and/
or FT4 within the first postpartum year. All women with
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symptoms of thyroid dysfunction or who develop a goi-
ter postpartum should be evaluated with TSH, FT4. If the
diagnosis is unclear, an anti-TPO antibody level should be
measured. Women with highest levels of TSH and anti-TPO
antibodies have the highest risk for developing permanent
hypothyroidism [54].

Three Clinical Presentations

1. Transient hyperthyroidism followed by recovery: 28%

2. Transient hyperthyroidism, followed by transient or
rarely permanent hypothyroidism: 28%

3. Transient or permanent hypothyroidism: 44%

Management
Most women do not require treatment. Treatment is based on
symptoms.

If symptomatic, thyrotoxicosis should be treated with a
beta-adrenergic antagonist drug. Transient hypothyroidism
is treated with thyroxine (25-75 mcg/day) for 6-12 months
[22].

Recurrence Risk
Risk of recurrence is 70% [55].

Risk of developing permanent primary hypothyroid-
ism in the five- to 10-year period following an episode of
postpartum thyroiditis is markedly increased. Annual TSH
level should be performed in them [56].
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Hyperthyroidism
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KEY POINTS

Hyperthyroidism occursin 0.1% to 0.4% of pregnancies.

* Graves’ disease accounts for 95% of women with
hyperthyroidism.

¢ Untreated hyperthyroidism is associated with increased
risks of spontaneous pregnancy loss, preterm birth,
preeclampsia, fetal death, abruption, fetal growth
restriction (FGR), and neonatal Graves’ disease as
well as maternal congestive heart failure and thyroid
storm.

* Hyperemesis gravidarum (HG) can be associated with
gestational transient biochemical thyrotoxicosis (low,
usually undetectable thyroid-stimulating hormone
[TSH], and/or elevated T4), but this biochemical change
always resolves spontaneously. Therefore, there should
be no testing, follow-up, or treatment for biochemical
thyrotoxicosis in women with HG.

*  C(Clinical hyperthyroidism is diagnosed by suppressed
TSH and elevated serum free thyroxine (FT4). Thyroid-
stimulating immunoglobulin (TSI) can be obtained as
positive TSI is consistent with Graves’ disease, and val-
ues >200% to 500% indicate higher risk for fetal /neonatal
hyperthyroidism.

*  Goal of treatment is to keep FT4 in high normal range.
Measure TSH and FT4 every four weeks until FT4 is
consistently in the high normal range and then every
trimester.

*  Main treatment is with either propylthiouracil (PTU)
or methimazole. Because of the very rare teratogenic
effects of methimazole and the hepatotoxicity of PTU,
PTU can be used during the first trimester followed by
switching over to methimazole in the second trimester
and continuing it for the rest of the pregnancy.

* Radioiodine is absolutely contraindicated in pregnancy.

¢  Thyroid stormisinitially diagnosed clinically and treated
aggressively with PTU, saturated solution of potassium
iodide (SSKI), dexamethasone, and propranolol.

DEFINITIONS

Hyperthyroidism

Hyperfunctioning thyroid gland resulting in thyrotoxicosis.
It usually implies low TSH and high FT4 (or FT3).

Graves’ Disease

An autoimmune disease causing hyperthyroidism, char-
acterized by production of thyroid-stimulating immuno-
globulins (TSIs) or thyroid-stimulating hormone-binding
inhibitory immunoglobulins (TBIIs). TSIs coexist with
TBIIs 30% of the time [1]. TSIs stimulate thyrotropin recep-
tors. Instead, TBIIs can stimulate or inhibit TSH receptors [2].

TBIIs are seen in 30% of patients with Graves’ disease and
in 10% of patients with autoimmune Hashimoto’s thyroiditis.
TBIIs disappear, and patients achieve euthyroidism in 40%
of the cases. Therefore, TBII assays have not been developed
for clinical use because of higher costs involved in develop-
ing TBII assays as compared to the number of patients who
would benefit from them.

TRADbs (TSH receptor antibodies) is a broader term
used to include both TSIs and TBIIs. TRAD assays, in gen-
eral, measure TSIs as TBII assays have not been established
so far [3].

Thyrotoxicosis
Clinical and biochemical state that results from an excess pro-
duction or exposure to thyroid hormone from any etiology.

Gestational Thyrotoxicosis
Biochemical tests consistent with hyperthyroidism during
pregnancy but not a disease.

Thyroid Storm
Severe, acute, life-threatening exacerbation of the signs/
symptoms of hyperthyroidism.

Subclinical Hyperthyroidism
Sustained TSH <0.1 mU/L with normal FT4 and free triiodo-
thyronine (FT3) in the absence of nonthyroidal illness.

SIGNS/SYMPTOMS

Symptoms (may mimic hypermetabolic state of pregnancy):
nervousness, tremor, frequent stools, excessive sweating, heat
intolerance, insomnia, palpitations, decreased appetite, pru-
ritus, decreased exercise tolerance, shortness of breath, eye
symptoms of frequent lacrimation, double vision, and retro-
orbital pain.

Physical Examination

Hypertension, goiter, tachycardia (>100 bpm, which does
not decrease with Valsalva), wide pulse pressure, weight
loss, ophthalmopathy (lid lag, lid retraction), and dermopa-
thy (localized, pretibial myxedema). Goiter occurs only with
iodine deficiency or thyroid disease and must be considered
pathological.

INCIDENCE
0.1% to 0.4% of pregnancies [4,5].



ETIOLOGY

Graves’ disease accounts for 95% of women with hyper-
thyroidism. It can be associated with diffuse thyromegaly or
infiltrative ophthalmopathy. Non-Graves’ hyperthyroidism
accounts for 5% of women with hyperthyroidism and can
be associated with gestational trophoblastic neoplasia [4,6],
toxic nodular and multinodular goiter [5], hyperfunctioning
thyroid adenoma, subacute thyroiditis, extra thyroid source
of thyroid hormone (e.g., struma ovarii), iodine-induced
hyperthyroidism, thyrotropin receptor activation [7], or viral
thyroiditis.

Of women with hydatidiform mole or choriocarci-
noma, 50% to 60% may have severe hyperthyroidism, which
is primarily treated with evacuation of the mole or therapy
directed against the choriocarcinoma.

BASIC PHYSIOLOGY/PATHOPHYSIOLOGY

See also hypothyroid guideline (see Chapter 6). Ninety-five
percent of cases are due to TSIs [7] stimulating excess thy-
roid hormone production from the thyroid gland (Graves’
disease). These IgG antibodies bind to and activate the
G-protein-coupled thyrotropin receptor, which then stim-
ulates follicular hypertrophy and hyperplasia as well as
increases thyroid hormone production, T3 more than T4 [2].
Of women with Graves’ disease, 40% to 50% have remission
of the disease in 12 to 18 months [8].

COMPLICATIONS

Untreated hyperthyroidism preconception or in pregnancy is
associated with increased risks of spontaneous pregnancy
loss, preterm birth, preeclampsia, abruption, fetal death,
FGR, low birth weight, maternal congestive heart failure,
and thyroid storm [4,5,79-13]. Neonatal Graves’ disease can
affect neonates of women with Graves’ disease. Fetal thyro-
toxicosis is a possibility in women with Graves’ disease.
Long-term uncontrolled hyperthyroidism, even subclinical,
is associated with increased maternal risk for atrial fibrilla-
tion, dementia, Alzheimer’s, and hip fractures.

MANAGEMENT

Pregnancy Considerations

See also hypothyroid guideline in Chapter 6, including tables.
High levels of HCG, which peak at 10 to 12 weeks, have some
TSH-like activity and stimulate thyroid hormone secretion,
which, in turn, suppresses TSH. Normal TSH levels in preg-
nancy are shown in Table 6.2. TSH suppression is even more
marked for twins. Because of pregnancy physiologic changes,
hyperthyroidism typically ameliorates during the third tri-
mester but may worsen postpartum.

Hyperemesis gravidarum (HG) is diagnosed by severe
nausea and vomiting associated with ketonuria and 5%
weight loss (see Chapter 9). Gestational transient biochemi-
cal thyrotoxicosis (low, usually undetectable TSH, and/
or elevated T4) may be related to high serum HCG and can
occur in 3% to 11% of normal pregnancies especially during
the period of highest serum HCG concentrations (10-12 weeks)
[14]. Therefore, no testing, follow-up, or treatment for thy-
roid disease in women with HG should be initiated because
there is no true thyroid disease, and the biochemical hyper-
thyroidism always spontaneously resolves [9]. Women with
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signs or symptoms of hyperthyroidism from before preg-
nancy can be tested regardless of HG.

Women of childbearing age should have an average
iodine intake of 150 pg/day. During pregnancy and breast-
feeding, women should increase their daily iodine intake
to 250 pg on average [15-17]. Most prenatal vitamins have at
least 200 pg in them. In the United States, 10% to 15% of preg-
nant women are iodine deficient.

SCREENING/DIAGNOSIS

Women with signs/symptoms consistent with hyperthyroid-
ism should be screened with serum TSH and FT4 [18,19].
Clinical hyperthyroidism is diagnosed by suppressed
TSH and elevated serum FT4. FT3 is measured in thyro-
toxic patients with suppressed TSH but normal FT4 measure-
ments (5% of hyperthyroid women). FT3 elevation indicates T3
thyrotoxicosis.

TSI can be obtained in women with clinical hyperthy-
roidism at the first visit and/or at 28 to 30 weeks [15-21]. A
positive TSI is consistent with Graves’ disease. Values 2200%
to 500% indicate higher risk for fetal/neonatal hyperthy-
roidism and can help fetal and neonatal management.
Unfortunately, there is no standard test for TSI, often making
comparisons between different laboratories or studies impos-
sible. Presence of TSI differentiates Graves’ disease from
gestational thyrotoxicosis (biochemical tests consistent with
hyperthyroidism during pregnancy, but no disease) and HG
[510,12,22-24]. In patients with HG, routine measurements
of thyroid function are not recommended unless other overt
signs of hyperthyroidism are evident (see Chapter 9).

Women with thyroid surgery/ablation in the past who
continue to produce antibodies (i.e., TSI) warrant assessment
of maternal TSI level as these antibodies are associated with
fetal/neonatal Graves’ disease [20].

TREATMENT

There are no randomized controlled trials (RCTs) regarding
management of hyperthyroidism in pregnancy [25]. The goal
is to control symptoms of hyperthyroidism without caus-
ing fetal hypothyroidism, keeping FT4 in the high normal
range and TSH in the low normal range with the lowest pos-
sible dose of thionamide. Propylthiouracil (PTU) >200 mg/
day may result in fetal goiter [26], and keeping the FT4 in the
upper nonpregnant reference range [27,28] minimizes the risk
of fetal hypothyroidism. It may be helpful to measure TSH
and FT4 every four weeks until FT4 is consistently in the
high normal range. Then measurements every trimester may
be obtained. Dosing may need to be decreased as pregnancy
advances, and about 30% can discontinue antithyroid therapy
and still remain euthyroid.

Pregnancy outcomes have not been shown to improve
with treatment of maternal subclinical hyperthyroidism and
may result in unnecessary exposure of the fetus to antithyroid
drugs [4,22,29]. Identification and treatment of subclinical
hyperthyroidism during pregnancy are unwarranted [29].

Thionamides

Propylthiouracil

PTU can be started at 100 mg every eight hours, and dose
adjusted according to laboratory values and symptoms. It
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might take six to eight weeks to get adequate effect with ini-
tial clinical response in as little as two to three weeks. Usual
doses are 50 to 150 mg every eight hours with requirements
usually inversely proportional to gestational age (decrease as
pregnancy advances) [30].

Methimazole

Can be started at 20 mg once a day and modified as needed
according to laboratory values and symptomes. It is an accept-
able alternative as it is equally effective. In fact, in nonpreg-
nant women, methimazole is often preferred to PTU as the
longer half-life often allows once-daily dosing (compared
to three times a day for PTU). Efficacy of methimazole may
be superior to PTU with fewer side effects [2]. The teratologic
risks of aplasia cutis and esophageal and choanal atresia
(nine cases in literature) are extremely rare [4,8,31-36]. There
is no significant difference between PTU and methimazole in
normalizing maternal TSH or on neonatal thyroid function,
which might imply that transplacental transfer is similar [32].
Because of the very rare teratogenic effects of methimazole
and the dual mechanism of action of PTU, some authors have
recommended PTU as the thionamide of choice in pregnancy
[8]. There is no trial comparing the two in pregnancy, and
methimazole may be preferred because of once-daily dosing.
Methimazole is a very reasonable alternative and can also be
used when there is an allergic reaction to PTU. In 2009, the
U.S. FDA had issued a safety alert on hepatotoxicity associ-
ated with PTU. Therefore, in order to balance methimazole
embryopathy with PTU-induced hepatotoxicity, societies
have recommended that PTU be used during the first tri-
mester followed by switching over to methimazole in the
second trimester [30,37] for the rest of the pregnancy.

Mode of Action

Both PTU and methimazole compete for peroxidase, blocking
organification of iodide and so decreasing thyroid hormone
synthesis. PTU also inhibits peripheral T4 to T3 conversion
and is therefore thought to work faster with less transplacen-
tal crossing than methimazole [2].

Side Effects

Maternal. Agranulocytosis (granulocytes <250/mL) is the
most serious side effect and occurs in 0.1% to 0.4% of cases.
Risk factors are older gravidas and higher doses. It presents
with fever, sore throat, malaise, and gingivitis. If hyperthy-
roid women treated with thionamides present with sore
throat and fever, discontinue therapy and check a white blood
count [8]. Other side effects (all with incidence of <5%) are
thrombocytopenia, hepatitis, lupus-like syndrome, vasculi-
tis, rash, hives, pruritus, nausea, vomiting, arthritis, anorexia,
drug fever, and loss of taste or smell [8,38].

Fetal/neonatal. As PTU and methimazole both cross the
placenta, they may cause fetal hypothyroidism. Transient
hypothyroidism may cause goiter secondary to suppression
of fetal pituitary—thyroid axis. This, however, rarely requires
therapy. IQ scores of children exposed to thionamide in utero
are normal compared to nonexposed siblings [39,40].

Radioiodine

Radioiodine therapy is often used in the United States as the
first- or second-line (after thionamides) therapy. The goal of
radioiodine therapy is induced hypothyroidism in order to

prevent a recurrence of Graves’ disease. This goal is achieved
in about 80% of patients [2]. All women of reproductive
age should have a pregnancy test immediately before this
treatment. It is generally recommended that women do not
attempt conception for 6 to 12 months after radioiodine treat-
ment [2]. As the half-life for radioiodine is eight days, reassur-
ance can be provided to women who present with conception
more than four weeks from therapy.

This therapy is absolutely contraindicated in preg-
nancy. Fetal thyroid tissue will be ablated after 10 weeks.
If given after 10 weeks, termination should be presented as
an option. If given prior to 10 weeks, radioiodine does not
appear to cause congenital hypothyroidism [41-43]. Breast-
feeding should be avoided for 120 days after this therapy.

Beta-Blocker

Propranolol 20 to 40 mg orally every eight to 12 hours or aten-
olol 50 to 100 mg orally once a day are useful for rapid control
of adrenergic symptoms of thyrothoxicosis until thionamide
takes effect (four to six weeks). This therapy does not alter
synthesis or secretion of the thyroid hormone. The goal is to
keep the maternal heart rate at 80 to 90 bpm without palpita-
tions. Prolonged therapy can lead to fetal side effects, such
as FGR, fetal bradycardia, hypoglycemia, and subnormal
response to hypoxemic stress.

Surgery

This is the least-often used treatment. Thyroidectomy may
be indicated for women who [1] cannot tolerate thionamide,
[2] need persistently high doses of antithyroid drugs, [3] are
noncompliant with antithyroid drugs, [4] have goiter result-
ing in compressive symptoms, or [5] have other indications
similar to nonpregnant women. The second trimester is the
optimal time for surgery [44—-46].

lodine
Short-term use is safe for symptomatic relief [47]; however,
use for longer than two weeks may cause fetal goiter [48].

ANTEPARTUM TESTING

®  The fetal heart rate can be assessed for at least one min-
ute at each visit by doptone to rule out fetal tachycardia
>180.

e  Thyroid function testing with TSH and FT4 should be
performed at least every trimester.

¢ Weekly NSTs can begin at 32 to 34 weeks, especially in
women with uncontrolled hyperthyroidism or elevated
TSIs.

e  Ultrasound can assess fetal heart rate, thyroid (for goi-
ter), and growth. If clinically hyperthyroid, ultrasounds
every four weeks for growth may be indicated. If FGR or
fetal tachycardia is present, fetal thyroid circumference
can be assessed [49]. The sensitivity and specificity of
fetal thyroid ultrasound at 32 weeks are 92% and 100%,
respectively, for the diagnosis of clinically relevant fetal
thyroid dysfunction [50].

® The fetus is at risk from either hypothyroidism from
transplacental passage of antithyroid drugs or from
hyperthyroidism from TSI The presence of a fetal goiter



would point to fetal thyroid dysfunction but not distin-
guish between these two possibilities. Fetal blood sam-
pling is rarely indicated but can be considered if high
maternal TSI (200%-500% normal), and there are fetal
signs suggestive of severe thyroid disease, that is, fetal
hydrops, goiter, tachycardia, cardiomegaly, FGR, or his-
tory of prior fetus with hyperthyroidism [51,52]. Fetal
hyperthyroidism should not be feared or tested for if
TSIs are <130% (normal range). If the fetus is hypothy-
roid, injection of thyroxine in amniotic fluid is a pos-
sible intervention [53]. If fetus is hyperthyroid, maternal
treatment with thionamide to prevent fetal effects may
be indicated even if maternal T4 is low or normal [54].

e Itisimportant to inform pediatrician at time of delivery
of maternal diagnosis and drug therapy.

NEONATE

Neonates born to mothers with Graves” disease should be
followed closely by a pediatrician for the possibility of
transient neonatal hyperthyroidism [50,55,56]. Neonatal
Graves’ disease can affect 2% to 5% neonates of women
with Graves’ unrelated to maternal thyroid function and
secondary to transplacental transfer of TSI or TBII The risk
is high if the TSI index is 25 or >200% to 500% [57]. Signs
are tachycardia (>160 bpm), goiter, FGR, advanced bone age,
craniosynostosis, hydrops, later motor difficulties, hyper-
activity, or failure to thrive [57]. Neonates of women who
have been treated surgically or with radioactive iodine
before pregnancy and still gave TSI are at highest risk for
neonatal Graves’ disease because thionamide therapy is not
present to counteract this effect. On the other hand, fetal
and neonatal complications can also arise from thionamide
treatment of the disease as, when this is excessive, signs of
hypothyroidism can occur.

POSTPARTUM

Both PTU and methimazole are considered safe [58]. Only
small amounts of PTU cross into breast milk although higher
amounts of methimazole are present in breast milk [37,59].
Of pregnant patients in remission from Graves’ disease, 75%
will either relapse postpartum or develop postpartum thy-
roiditis [8].

TSH should be performed three and six months post-
partum in women known to have thyroid peroxidase antibod-
ies (TPO-AD) [60,61]. Annual TSH level should be performed
in women with a history of postpartum thyroiditis as they
have a markedly increased risk of developing permanent pri-
mary hypothyroidism in the next five- to 10-year period fol-
lowing the episode of postpartum thyroiditis [62-65].

THYROID NODULE

Incidence of thyroid nodules in reproductive-aged women
in 1%—2% [66]. Evaluation of thyroid nodule in pregnancy
includes obtaining complete history and physical, TSH
and neck ultrasound. If there is sonographic evidence of
hypoechoic pattern, irregular margins, or micro calcifica-
tions, malignancy should be suspected [67]. If there is sus-
picion for malignancy, fine-needle aspiration and histologic
evaluation for malignancy should be performed [68]. For thy-
roid cancer in pregnancy, see Chapter 42.
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THYROID STORM

Incidence

Rare hypermetabolic, acute life-threatening condition in
pregnancy, which occurs in 1% of hyperthyroid women.

Precipitating Factors
Labor, infection, preeclampsia, severe anemia, surgery.

Signs/Symptoms

Fever, tachycardia disproportionate to fever, mental status
change, vomiting, diarrhea, dehydration, cardiac arrhythmia,
congestive heart failure [5,69], and rarely seizures, shock, stu-
por, and coma.

Diagnosis

It initially should be made clinically with a combination of
signs and symptoms. Confirmatory labs include increased
FT4 (or increased FT3) and very low TSH.

Treatment

PTU, SSKI, dexamethasone, and propranolol should be
given as shown in Table 7.1 [37]. The saturated solution of
potassium iodide and sodium iodide block the release of
thyroid hormone from the gland. Dexamethasone decreases
thyroid hormone release and peripheral conversion of T4 to
T3. Propranolol inhibits the adrenergic effects of excessive
thyroid hormone. Supportive measures include IV fluids
with glucose, acetaminophen (as antipyretic), and oxygen as
needed. Fetal monitoring and maternal cardiac monitoring
are recommended [21]. Delivery in the presence of thyroid
storm should be avoided if possible, with maternal treatment
leading to in utero fetal resuscitation. The underlying cause,
for example, infection, should be treated.

Table 7.1 Suggested Possible Treatment of Thyroid Storm
in Pregnant Women

—_

. Propylthiouracil (PTU), 600—800 mg orally, immediately,
even before laboratory tests are back; then 150-200 mg
orally every four to six hours. If oral administration is not
possible, use methimazole rectal suppositories.

2. Starting one to two hours after PTU administration,
saturated solution of potassium iodide (SSKI), two to five
drops orally every eight hours; sodium iodide, 0.5-1.0 g
intravenously every eight hours; Lugol’s solution, eight
drops every six hours; or lithium carbonate, 300 mg orally
every six hours.

3. Consider dexamethasone, 2 mg intravenously or
intramuscularly every six hours for four doses.

4. Propranolol, 20-80 mg orally every four to six hours or
propranolol, 1-2 mg intravenously every five minutes for a
total of 6 mg, then 1-10 mg intravenously every four hours.

5. If the patient has a history of severe bronchospasm,
consider the following:

Reserpine, 1-5 mg intramuscularly every four to six hours
Guanethidine, 1 mg/kg orally every 12 hours
Diltiazem, 60 mg orally every six to eight hours

6. Phenobarbital, 30—60 mg orally every six to eight hours as

needed for extreme restlessness.

Source: American College of Obstetricians and Gynecologists.
Practice Bulletin No. 148: Thyroid disease in pregnancy. Obstet
Gynecol, 125, 4, 996—-1005, 2015.
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RESOURCES

National Graves’ Disease Foundation: http://www.ngdf
.org

American Thyroid Association Alliance for Patient
Education: http://www.thyroid.org/patients/patients.html
Thyroid Foundation of Canada: http://www.thyroid.ca
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Prolactinoma

Katherine Husk

KEY POINTS

Diagnosis: elevated prolactin and MRI-proven pitu-

itary adenoma.

*  Preconception: treat with dopamine agonist (bromocrip-
tine or cabergoline) aiming to normalize prolactin and
decrease size of adenoma, continuing therapy up to posi-
tive pregnancy test. Discourage pregnancy until those
aims have been achieved and any neurologic or visual
symptoms or suprasellar involvement have been resolved.

* Maternal risk is adenoma enlargement; this occurs in
pregnancy in 1% to 5% of microadenomas and about 15%
to 36% of macroadenomas.

e  Bromocriptine and cabergoline have been shown to be
safe for the fetus.

e  Compared to cabergoline, bromocriptine has the follow-
ing advantages: cheaper, more pregnancy safety data, no
association with cardiac valve disease, but its disadvan-
tages include twice daily (versus twice weekly) dosing
and more side effects.

e Management depends on the size of adenoma:

* Microadenoma (<1 c¢m): Consider stopping dopa-
mine agonist in pregnancy, especially if normal
prepregnancy prolactin and stable microadenoma
>2 years. During the pregnancy, the woman should
be asked about headaches and changes in vision at
each visit (at least every three months). The deci-
sion to treat with dopamine agonist is based on
symptoms (e.g., headache) and signs (e.g., abnor-
mal visual field examination) only. Prolactin levels
should not be checked because they physiologically
(tenfold) increase in pregnancy.

* Macroadenoma (>1 cm): Dopamine agonist should
be continued. Monitoring as per microadenoma,
plus formal visual field testing every three months.
Transsphenoidal surgery is suggested usually only if
maximal dopamine agonist therapy is ineffective.

*  Postpartum: Continue dopamine agonist therapy in
those with macroadenomas. A prolactin level and MRI
six to eight weeks postpartum can be performed to assess
for regression/remission although prolactin levels may
not normalize until six months postpartum. Continue
dopamine agonist in women with microadenomas and
elevated prolactin. Consider stopping therapy in women
with microadenomas, stable >2 years, normal prolactin,
and on low-dose therapy. If on dopamine agonist ther-
apy, women should be advised against breast-feeding.

DIAGNOSIS/DEFINITION

Pituitary adenomas producing prolactin (prolactinomas or
lactotroph adenomas) are diagnosed by sustained nonpreg-
nant elevation of serum prolactin (usually >40 pg/L x 2; nor-
mal prolactin nonpregnant: <20 pg/L) and radiographic (best

is MRI) evidence of pituitary adenoma. Rule out other causes
of prolactinemia [1].

SYMPTOMS

Before pregnancy, galactorrhea in 80% of women and irregu-
lar menses (e.g., oligomenorrhea).

EPIDEMIOLOGY/INCIDENCE

Prolactinomas account for about 40% of pituitary tumors.
They are the most common type of secretory pituitary tumor.

ETIOLOGY/BASIC PATHOPHYSIOLOGY

These adenomas produce prolactin. Outside of pregnancy,
prolactin levels parallel tumor size fairly closely. Increased
prolactin usually causes infertility because of the inhibitory
effect of prolactin on secretion of GNRH, which in turn inhib-
its the release of LH and FSH, thus impairing gonadal steroido-
genesis and ovulation and thereby conception. Sometimes the
mass effect of a macroadenoma can also lead to infertility.
Prolactinomas are usually benign and nonhereditary.

CLASSIFICATION

Microadenoma: <10 mm; macroadenoma: >10 mm.

COMPLICATIONS

Mother

The principal risk is the increase in adenoma size sufficient to
cause neurologic symptoms, most importantly visual impair-
ment or also headaches. In women with lactotroph adenomas
who become pregnant, the hyperestrogenemia of pregnancy
may increase the size of the adenoma. This should be dis-
tinguished from increase in pituitary (overall) size, which is
physiologic in pregnancy. The risk that the adenoma increase
will be clinically important depends on the size of the ade-
noma before pregnancy. The risk of a clinically important
increase in the size of a lactotroph microadenoma during
pregnancy is small. Because of enlargement, about 1% to 5%
of pregnant women with microadenomas develop neurologic
symptoms, such as headaches and/or a visual field abnormal-
ity and about 1% diabetes insipidus. With macroadenomas,
neurologic symptoms occur in about 15% to 36% or higher of
pregnant women and diabetes insipidus in about 1% to 2%
[2-4]. Long-term hyperprolactinemia may lead to decrease in
bone density, which again increases (not back to normal lev-
els) after normal prolactin levels are reestablished [1].

Fetus
The main potential risk to the fetus is from dopamine agonist
treatment of hyperprolactinemia. As dopaminergic neurons



form early in fetal development, dopamine represents a
key component of motor and cognitive development, and
both bromocriptine and cabergoline cross the placenta [5,6].
Administration of bromocriptine during the first months of
pregnancy does not harm the fetus (more than 6000 preg-
nancies reported) [7-9]. Data available about the use of bro-
mocriptine later in pregnancy are less, but no adverse events
have been reported. Cabergoline use in pregnancy is prob-
ably safe as well (more than 900 pregnancies reported), but
less experience is reported in comparison to bromocriptine
[5,6,9-13]. Because of the long half-life of cabergoline, concerns
were raised about use in pregnancy induction (i.e., achiev-
ing pregnancy in a previously infertile woman) [5]; however,
use of cabergoline in early pregnancy has not been associ-
ated with negative outcomes and thus far there is no evidence
to suggest an increased risk of major malformations beyond
the baseline risk [5,6,9,12,13]. There are, however, limited data
available about use of cabergoline throughout pregnancy [5].

PREGNANCY CONSIDERATIONS

The ability to treat prolactinomas successfully with dopamine
agonists in >90% of patients allows most women with this dis-
order to become pregnant. The theoretical basis for an increase
in size of the pituitary during pregnancy is that hyperestro-
genemia causes lactotroph hyperplasia. Secondary to estrogen
causing lactotroph hyperplasia, there is a progressive increase
in pituitary size throughout pregnancy, as assessed by MR
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imaging, so that the volume during the third trimester is more
than double of that in nonpregnant women [14].

PREGNANCY-RELATED MANAGEMENT
Principles

Effect of Pregnancy on Disease

The whole pituitary enlarges in pregnancy, and the prolacti-
noma itself can enlarge. Prolactin levels are physiologically
elevated in pregnancy and cannot be used for management.
Serum levels of prolactin in nonpregnant patients with pro-
lactinomas are usually proportional to the tumor mass, but
this relationship is lost in pregnancy, particularly if dopa-
mine agonists are discontinued early in pregnancy [9,15].
Prolactin levels do not correlate well with symptoms in both
nonpregnant and pregnant patients with prolactinomas [16].

Effect of Disease on Pregnancy
No obstetrical effects unless major surgery is needed.

Workup

In Pregnancy (Figure 8.1)

*  Prolactin levels are not helpful in pregnancy.

*  MRIis more effective in revealing small tumors and the
extension of large tumors compared to CT scan [1].

* Visual field testing is indicated in women with
macroadenomas.

Preconception

« Dopamine agonist therapy aiming to normalize prolactin and shrink adenoma
- Discourage pregnancy until neurologic/visual symptoms resolved
+ MRI (gadolinium-enhanced) before pregnancy

Pregnancy

Microadenoma (<1 cm)

- Stop dopamine agonist

Macroadenoma (>1 cm)

- Continue dopamine agonist

**Especially if normal prolactin and stable

adenoma =24 months**

+ Ask regarding visual symptoms, headache

at each visit

Symptomatic

+ Ask regarding visual
symptoms headache at each
visit

Symptomatic

- Visual field exam every
3 months

Abnormal

«Head MRI

- Consider restart/increase dopamine agonist therapy or
change to cabergoline

« Endocrine/Neuro-ophthalmology consult

- Transsphenoidal surgery only if maximal dopamine
agonist therapy ineffective (Table 8.3)

Figure 8.1

Management of prolactinoma in pregnancy (see also Table 8.2).
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Table 8.1

Medication Dose

Dose and Side Effect Profiles for Dopamine Agonists Approved for Use in the United States

Side Effects of Both Drugs?

Bromocriptine Initial: 0.625-1.25 mg daily; usual range for

maintenance dose: 2.5-10.0 mg daily

Cabergoline Initial: 0.25—-0.5 mg weekly; usual range for

maintenance dose: 0.25-3.0 mg weekly

Nausea, headaches, dizziness (postural hypotension),
nasal congestion, constipation. Infrequent: fatigue, anxiety,
depression, alcohol intolerance. Rare: cold-sensitive
vasospasm, psychosis

Possible: cardiac valve abnormalities (reported with
cabergoline)

Source: Modified from Klibanski A. N Engl J Med, 362, 1219-26, 2010.
aMore common with bromocriptine.

In Nonpregnant Women

If an elevated prolactin is detected, this should be repeated.
If still elevated, then a head MRI is performed even in cases
of mild hyperprolactinemia. At initial diagnosis, thyroid-
stimulating hormone and free T4, renal and hepatic function
should be assessed [16].

Treatment (Figure 8.1; Tables 8.1 and 8.2)

The primary therapy for all prolactinomas is a dopamine ago-
nist. The dopamine agonists approved in the United States
are bromocriptine and cabergoline. Dose recommendations
and side effects are listed in Table 8.1 [16].

Bromocriptine (Parlodel)

Dose: Started at 0.625 mg po ghs with a snack for one
week. Then add 1.25 mg qam for one week and increase
by 1.25 mg. So at four weeks, a total of 5 mg total dose
(split 2.5 mg ql2h) is reached and prolactin rechecked.
Usually a total of 5 to 7.5 mg (split ql2h) total dose
is required. It can also be used intravaginally (same
dose, less side effects, minimal vaginal irritation).

Mechanism of Action: Dopamine agonist (dopamine inhib-
its lactotroph receptors, so less prolactin is produced,
and the size of tumors is decreased); ergot derivative.

Evidence for effectiveness: See below.

Safety in pregnancy: Safe (FDA category B); breast-feeding
is contraindicated.

Side effects: Nausea, hypotension, and depression (less if
therapy initiated at night).

Cabergoline (Dostinex)
Dose: Start at 0.25 mg twice weekly and increase monthly
to normal prolactin. Usual required dose is 0.25 to
0.5 mg twice weekly; maximum dose should be 1 mg
twice weekly.
Mechanism of action: Dopamine agonist (see above), non-
ergot, high affinity for lactotroph dopamine receptors.

Table 8.2 Indications for Therapy in Patients with Prolactinomas

Main indication in pregnancy
Macroadenoma
Pregnant and nonpregnant
Enlarging microadenoma
Bothersome galactorrhea
Gynecomastia
Acne and hirsutism
Nonpregnant
Infertility
Oligomenorrhea or amenorrhea

Source: Modified from Klibanski A. N Engl J Med, 362, 1219-26, 2010.

Evidence for effectiveness: See below.

Safety in pregnancy: Safe (FDA category B); breast-feeding
is contraindicated.

Side effects: Associated with heart valve disease in very
high doses.

Preconception Counseling

Treatment of women with lactotroph adenomas outside of
pregnancy is based on the size of the tumor, presence or
absence of gonadal dysfunction, and the woman’s desire
regarding fertility [1]. Indications for therapy in patients with
prolactinomas are listed in Table 8.2 [16].

Treatment should begin before conception with advice to
the woman and her partner about the risks of pregnancy to her
and the fetus. When a dopamine agonist is needed to lower
the serum prolactin concentration to permit ovulation, coun-
seling should include the fact that bromocriptine has larger
safety data although cabergoline (Dostinex) has less data in
pregnancy (although all reassuring thus far). Bromocriptine
normalizes prolactin levels in >80% of women with microad-
enomas, restoring menses and fertility in >90%. Compared to
cabergoline, bromocriptine has the following advantages: it
is cheaper, there are more pregnancy safety data, and there is
no association with heart valve disease, but its disadvantages
include twice daily (vs. twice weekly) dosing, it is less effective
at normalizing prolactin levels, and has more side effects [16].
If a woman cannot tolerate bromocriptine, cabergoline should
be recommended; 70% of patients who do not have a response
to bromocriptine respond to cabergoline. Overall, cabergoline
is effective in inducing pregnancy at a high rate even in cases
that have been traditionally considered difficult to treat, such
as those with large tumor size, bromocriptine resistance, or
bromocriptine intolerance [17]. There are, however, substan-
tial numbers of women (approximately 18%), who are resistant
to cabergoline and will require higher doses to achieve nor-
malization of prolactin levels and to ovulate [9]. Quinagolide
(Pergolide) should not be recommended because it is not FDA
approved to treat hyperprolactinemia, has not been well stud-
ied during pregnancy, and has been associated with cardiac
valvular defects [18]. In nonpregnant adults with prolactino-
mas, prolactin levels and MRI should be checked after diagno-
sis and stabilization once a year for three years and then about
every two years if the patient’s condition is stable. In patients
with normal prolactin for >2 years on low-dose therapy, some
consider stopping the dopamine agonist therapy. The risk of
enlargement over time in untreated patients is about 20% [16].

Microadenomas
A woman who has a lactotroph microadenoma should be
told that the risk of clinically important enlargement of her



adenoma during pregnancy is very small (1%-5%) and that it
should not be a deterrent to becoming pregnant. She should
also be told that bromocriptine or cabergoline will likely be
effective if symptoms do occur. If she is willing to take this
small risk of enlargement, she should be given bromocrip-
tine or cabergoline before pregnancy in whatever dosage
is necessary to lower her serum prolactin concentration
to normal. Bromocriptine is the drug associated with the
greater experience. When the serum prolactin concentra-
tion is normal and menses have occurred regularly for a few
months, the woman can attempt to become pregnant. Before
pregnancy, the dopamine agonist should be tapered to the
lowest effective dose and can be discontinued before preg-
nancy if used for >24 months with normal prolactin levels
as about 25% of patients maintain normal levels even off of
medication although most need to restart it.

Macroadenomas

A woman who has a lactotroph macroadenoma should be
advised of the relatively higher risk of clinically important
tumor enlargement during pregnancy [2-4]. A macroad-
enoma is an absolute indication for therapy (dopamine
agonist, followed together with an endocrinologist) in non-
pregnant or pregnant women. Doses of dopamine agonists
sufficient to control the macroadenoma are usually higher
(bromocriptine 7.5-10 mg/daily; cabergoline 0.5-1 mg twice
weekly) than with microadenomas. The goals of treatment
are to decrease prolactin levels and symptoms, to decrease
and stabilize the tumor mass, and to prevent headaches and
cranial nerve compression [16]. Before pregnancy, the dopa-
mine agonist should be carefully tapered to lowest effective
dose. This may take weeks to years. Advice and monitoring
depend on the size of the adenoma.

e If the macroadenoma does not elevate the optic chiasm
or extend behind the sella, treatment with bromocrip-
tine or cabergoline for a sufficient period to shrink
it substantially should reduce the chance of clinically
important enlargement during pregnancy [2,19]. As with
treatment with dopamine agonists, this risk is likely
only somewhat increased compared with microadeno-
mas [9]. Once sufficient decrease in size has occurred,
the woman can attempt to become pregnant.

e If the adenoma is very large or elevates the optic chi-
asm, pregnancy should be strongly discouraged until
the adenoma has been adequately treated. Despite
ongoing treatment with dopamine agonists, large mac-
roadenomas, particularly those with extension beyond
the sella, have a 23% risk of undergoing a clinically
significant increase in size during pregnancy [9]. If the
macroadenoma extends behind the sella, the woman
should undergo visual field examination and testing
of anterior pituitary function. Transsphenoidal surgery
may be necessary and perhaps postoperative radiation.
Postoperative treatment with bromocriptine or caber-
goline may also be helpful in reducing adenoma size
further and lowering the serum prolactin concentra-
tion to normal. Such a regimen reduces the chance that
symptomatic expansion will occur during pregnancy
[2,3], but it may still occur. New evidence suggests that
cabergoline has the potential for use as the primary
therapeutic agent for macroadenomas, even those that
extend beyond the sella, and may prevent the need for
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traditional combination therapy with surgery, radio-
therapy, and bromocriptine, but further studies are war-
ranted [17].

* Pregnancy should be discouraged in a woman whose
macroadenoma is unresponsive to bromocriptine and
cabergoline even if it is not elevating the optic chiasm
until the size has been greatly reduced by transsphenoi-
dal surgery because medical treatment would not likely
be effective if the adenoma enlarges during pregnancy.

PRENATAL CARE

See also section titled “Preconception Counseling.”

Microadenoma

Bromocriptine and probably cabergoline are safe in preg-
nancy. They can be discontinued as soon as pregnancy has
been confirmed if the patient who has a normal prolactin and
a recent reassuring (adenoma <1 cm) MRI so desires. The risk
of clinically significant tumor enlargement during pregnancy
is about 3% for microprolactinomas [16].

During the pregnancy, the woman should be asked
about headaches and changes in vision at each visit (or at
least every three months). A formal visual field test every
three months can be performed but is not absolutely nec-
essary. The decision to treat with a dopamine agonist is
based on symptoms (e.g., headache) and signs (e.g., abnor-
mal visual filed examination) only. It should not be based
on prolactin levels. In fact, prolactin levels should not be
checked because they physiologically increase (about ten-
fold) in pregnancy. If no symptoms occur, serum prolactin
can be measured about two months after delivery or cessa-
tion of nursing, and if it is similar to the pretreatment value,
the drug can be resumed.

Macroadenoma
The dopamine agonist should be continued during preg-
nancy in most cases. In these patients, discontinuation of the
drugusually leads to expansion of the adenoma [1]. Monitoring
during pregnancy should be similar to that described above
for women with microadenomas except for the fact that for-
mal visual field testing every three months should be per-
formed. The risk of clinically significant tumor enlargement
during pregnancy is about 30% for macroprolactinomas [16].
A perceived change in vision should be assessed by a
neuro-ophthalmologist, and an MRI (gadolinium-enhanced;
more effective than CT scan) [1] should be performed if an
abnormality consistent with a pituitary adenoma is con-
firmed. If the adenoma has enlarged to a degree that could
account for the symptoms, the woman should be treated
with higher doses of bromocriptine throughout the remain-
der of the pregnancy, which will usually decrease the size of
the adenoma and alleviate the symptoms [20,21]. If the ade-
noma does not respond to bromocriptine, cabergoline may
be successful [22]. If cabergoline is not successful, transsphe-
noidal surgery could be considered in the second trimester
if vision is severely compromised; in comparison, surgery
for persistent visual symptoms in the third trimester should
be deferred until delivery if possible. Surgery is recom-
mended only if medical therapy is ineffective. Indication for
neurosurgery in patients with prolactinomas are listed in
Table 8.3 [16].
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Table 8.3 Indication for Neurosurgery in Patients
with Prolactinomas

Pregnant or nonpregnant
Increasing tumor size despite optimal medical therapy
Dopamine agonist-resistant macroadenoma
Pituitary apoplexy
Inability to tolerate necessary dopamine agonist therapy
Persistent chiasmal compression despite optimal medical
therapy
Medically unresponsive cystic prolactinoma
Cerebrospinal fluid leak during administration of dopamine
agonist
Macroadenoma in a patient with a psychiatric condition for which
dopamine agonists are contraindicated
Infertility patient
Dopamine agonist-resistant microadenoma if ovulation induction
is not appropriate
Macroadenoma in proximity to optic chiasm despite optimal
medical therapy (prepregnancy debulking recommended)

Source: Modified from Klibanski A. N Engl J Med, 362, 1219-26, 2010.

Surgical cure rates are <50% with macroadenomas with up
to 80% of these patients experiencing recurrent hyperprolac-
tinemia [16].

ANTEPARTUM TESTING

None needed (except if other indications present).

DELIVERY

No special precautions.

ANESTHESIA

No special precautions.

POSTPARTUM

A prolactin level and a gadolinium-enhanced MRI can be per-
formed six to eight weeks postpartum. Prolactin levels may
not normalize until six months postpartum [16]. Those with
smaller adenoma size initially and/or normalization of pitu-
itary MRI following pregnancy have a higher chance of remis-
sion [12]. The mechanisms of tumor regression/remission are
unknown, but proposed mechanisms include changes in estro-
gen and/or dopamine status following pregnancy or autoin-
farction of the tumor [6,17]. All women with macroadenomas
and those with microadenomas and elevated prolactin should
be continued/started on dopamine agonist therapy with endo-
crine follow-up. In women stable for more than two years with
microadenoma with normal prolactin and low dose of therapy,
consideration can be given to stopping therapy [16]. If therapy is
stopped, close follow-up is necessary as even in stable patients
with normal prolactin, recurrence of hyperprolactinemia is
>30% for microprolactinomas and >50% for macroprolactino-
mas [16]. Other methods of contraception can be used, but oral
estrogen-containing pills are also probably safe [16].

BREAST-FEEDING

A microadenoma is not a contraindication to nursing. If the
woman has no neurologic symptoms at the time of delivery,
nursing should not be of substantial risk, as breast-feeding
does not appear to increase the risk of tumor enlargement and

hyperprolactinemia recurrence [6]. If she does have neuro-
logic symptoms at the time of delivery or if they develop dur-
ing nursing, she should be treated with a dopamine agonist.
Because dopamine agonists suppress lactation, the women on
these drugs should be advised against breast-feeding.
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Nausea/vomiting of pregnancy
and hyperemesis gravidarum

Rupsa C. Boelig

KEY POINTS

Diagnosis of hyperemesis gravidarum is nausea and
vomiting 23 times a day with large ketones in urine
or acetone in blood (dehydration, fluid, and electrolyte
changes) and weight loss of >3 kg or >5% prepregnancy
weight, having excluded other diagnoses.

* Do not test for thyroid-stimulating hormone (TSH) in
women with nausea/vomiting or hyperemesis gravi-
darum unless they have preexisting history/symptoms
of hyperthyroidism.

¢  Forprevention, start prenatal vitamins before conception.

e  Start treating nausea and vomiting early to prevent
hyperemesis gravidarum.

e  Therapies proven to improve nausea and vomiting of
pregnancy and/or hyperemesis gravidarum are the
following (in approximate order of increasing risk/
invasiveness/potency) (Figure 9.1):

Acupressure

Ginger capsules

Vitamin B¢ with doxylamine

Metoclopramide

Ondansetron

Promethazine

DIAGNOSIS/DEFINITION

Nausea and vomiting of pregnancy (NVP) can be quite
variable, and symptoms can range from mild to severe
(hyperemesis gravidarum, HG). Mild symptoms include
intermittent nausea, odor and food aversion, retching, and
vomiting.

Hyperemesis gravidarum (HG) or severe nausea/
vomiting is generally defined as intractable n/v >3 times a
day with signs of dehydration (large ketonuria, high urine
specific gravity, or electrolyte imbalance) and weight loss of
>3 kg or >5% prepregnancy weight, having excluded other
diagnoses (Table 9.1).

EPIDEMIOLOGY/INCIDENCE

Nausea and vomiting are common in early pregnancy;
approximately 50%-80% will experience nausea and 50%
vomiting. HG, in contrast, affects only 0.3%—1% of pregnan-
cies [1-3]. The onset is about four to six weeks, peak eight to
12 weeks, resolution <20 weeks. HG is the most common indi-
cation for hospital admission in the first trimester of preg-
nancy and second to preterm labor throughout the entire
pregnancy. Of the cases, 60% resolve by the end of the first
trimester, and 91% have complete resolution by 20 weeks [3].
For symptoms presenting after nine weeks, alternative diag-
noses should be carefully considered (Table 9.1) [4].

GENETICS

More common in first-degree relatives (daughters, sisters,
monozygotic more than dizygotic twins). Daughters born
to mothers with HG have a three times higher risk of future
development [5].

ETIOLOGY
Hypotheses:

1. Gastrointestinal (GI) motility decreases in pregnancy
because of increasing levels of progesterone (but not par-
ticularly in HG; probably secondary phenomenon).

2. Hormones (hCG, thyroxine, cortisol, etc.) trigger the
chemo-receptor trigger zone (CTZ) in the brainstem-
vomiting center.

. CTZ more sensitive to hormones.

. Abnormalities in vestibulo-ocular reflex pathway [6].

5. N/v correlates with the rise and fall of hCG. It has been
theorized that hCG stimulates the ovary to produce more
estrogen, which is known to increase n/v [3].

6. Helicobacter pylori (IgG 90.5% in HG patients, 47.5% in
controls [7]; no randomized controlled trials (RCTs) exist
for treatment of H. pylori in HG) [2,7].

7. Possible psychologic predisposition, associated with
unwanted, unplanned pregnancies or excessive life
stressors (and conversion disorder) [4,8]. Of women with
HG report, 85% have poor support by partner.

8. Some have also postulated that n/v is evolutionary to
protect the fetus from teratogenic exposures because
the time frame correlates with the period of organo-
genesis [4].

9. There is likely a strong genetic component involved in
HG as the recurrence risk is significantly greater in
women with a history of HG; however, the influence of
paternity remains controversial [9-11].

I

CLASSIFICATION

A pregnancy-unique quantification of emesis/nausea (PUQE)
index has been proposed, validated, and recently slightly
modified, but it is seldom used clinically [12-14]. Management
is based on clinical severity as well as a woman’s perception
of severity and desire for treatment.

RISK FACTORS/ASSOCIATIONS

Risk factors include young maternal age, nulliparity, prior
HG (recurrence in about 67%), prior molar pregnancy,
obesity, African-American race, female fetus, history of
motion sickness, migraines, or psychiatric illness; preexisting



NAUSEA/VOMITING OF PREGNANCY AND HYPEREMESIS GRAVIDARUM 93

1. Prevention

a) Prenatal vitamins started 3 months prior to conception
b) For patients with a history of HG: prophylactic therapy with B6 and doxylamine

2. N/V, no sign of dehydration or weight loss; tolerating PO
a) Non-pharmacologic interventions (may be used in conjunction with other therapies):

i. Ginger
ii. Acupressure

iii. Dietary modifications: small meals, increased protein, avoiding noxious stimuli

b) Pharmacologic interventions:
i. Vitamin B6

Add ‘
Add ‘

a) Metoclopramide
b) and/or ondansetron
) and/or promethazine

a) Inpatient assessment:

b) IV rehydration:

ii. Vitamin B6 and doxylamine
iii. Add H2 blocker or PPI for symptoms of reflux

3. No improvement or signs of dehydration or weight loss; tolerating PO

4. Signs of dehydration or weight loss; not tolerating PO

i. Urine analysis for ketones, specific gravity
ii. Serum studies: electrolytes, creatinine
iii. Rule out other possible etiologies (see list on section “Diagnosis/Definition)

i. D5 or normal saline rehydration
ii. Consider the addition of thiamine repletion in severe cases to prevent Wernicke’s

encephalopathy

c) Pharmacotherapy with IV ondansetron, metoclopramide, or promethazine either individually or in

management.

and/or nutrition consult.

Add <

b) Parenteral nutrition

combination. If responsive, transition to oral or rectal formulation for continued outpatient

d) If refractory HG despite all above therapies: consider steroid course (>10 weeks’ gestation), consider Gl

5. No improvement, continued weight loss; not tolerating PO
a) Enteral nutrition; if unsuccessful, then:

Figure 9.1 Management of Nausea and Vomiting of Pregnancy and Hyperemesis Gravidarum. Proceed through steps in a progres-
sive, additive fashion. Therapies in bold have consistently demonstrated efficacy in randomized controlled trials for treatment of NVP
and/or HG. Therapies in italics have been studied in RCTs with mixed results. Abbreviations: HG, hyperemesis gravidarum; H2 blocker,
Histamine-2 receptor blockers; IV, intravenous; NVP, nausea and vomiting of pregnancy; N/V, nausea and/or vomiting; PO, per os/by

mouth; PPI, proton pump inhibitor.

hyperthyroidism, diabetes, GI disorders, or asthma; condi-
tions associated with high hCG levels (larger placental mass
as in multiple pregnancy, molar pregnancy, Trisomy 21); and
high estradiol levels. Women who experienced n/v related
to estrogen exposure (i.e, oral contraceptive pill) outside
pregnancy were more likely to experience NVP [4]. Smoking
has been associated with a lower incidence of HG, possibly
because it is associated with lower levels of hCG and estradiol
[4,15,16].

A related condition symptomatically is ptyalism,
defined by sialorrhea or excessive salivation although lit-
tle is known about this condition. Diagnosis: salivation
>1900 mL/day. Etiologic hypothesis: stimulation by starch (pos-
sibly pica). It is characterized by an inability to swallow rather
than excessive production of saliva. No therapy (gum, lozenges,
small meals, anticholinergics, ganglion-blocking agents, oxy-
phenonium bromide, etc) has been studied appropriately or
shown to be efficacious in pregnancy. Check hydration, nutri-
tion, psychologic status, and other issues as per NVP [17].

COMPLICATIONS

Maternal

Mild cases are not associated with significant complications.
For moderate-to-severe cases or HG, some women may expe-
rience significant psychosocial morbidity resulting in depres-
sion or decision to terminate (2.9% incidence of termination
with HG in Sweden) [4,15,18]. Moderate-to-severe cases are also

associated with higher health care costs and economic burden
from time lost from work and need for hospitalization [4].
Rare complications include Wernicke’s encephalopathy (vita-
min B, deficiency; permanent neurologic disability, or maternal
death), peripheral neuropathies (vitamin B, and B,, deficiency),
central pontine myelinolysis, splenic avulsion, esophageal rup-
ture, pneumothorax, or acute tubular necrosis. In extreme and
very rare cases of HG, maternal death can occur [4].

Fetal/Neonatal
Minimal complications (e.g., no increase in FGR) are found in
NVP [4]. HG, however, is associated with a higher incidence
of fetal growth restriction (especially if severe HG), low birth
weight, small for gestational age, gestational hypertension,
and preterm delivery [16,19]. HG is not associated with an
increased risk of congenital malformation, and fetal death is
very rare [4,19].

NVP and HG are also associated with lower incidence
of pregnancy loss thought to be secondary to robust placental
synthesis.

PREGNANCY MANAGEMENT

Principles

Prevention is better than treatment; that is, intervening early
in nausea/vomiting is helpful in preventing worsening
symptoms [20]. HG is a diagnosis of exclusion: see Table 9.1
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Table 9.1 Differential Diagnosis of Nausea and Vomiting
of Pregnancy

Gastrointestinal conditions

¢ Gastroparesis/lleus

* Gastroenteritis
Cyclic vomiting syndrome
Achalasia
Biliary tract disease
Hepatitis
Intestinal obstruction
Peptic ulcer disease/H. pylori
Pancreatitis

¢ Appendicitis

¢ Inflammatory bowel disease
Genitourinary tract conditions

* Pyelonephritis

¢ Uremia

* QOvarian torsion

* Kidney stones

¢ Degenerating uterine fibroids
Metabolic diseases

* Diabetic ketoacidosis

¢ Porphyria

¢ Addison’s disease

* Hyperthyroidism

¢ Hyperparathyroidism
Neurologic disorders

* Pseudotumor cerebri

* Vestibular lesions

* Migraines

» Tumors of the central nervous system

* Lymphocytic hypophysitis
Miscellaneous

¢ Drug toxicity or intolerance

* Psychologic
Pregnancy-related conditions

¢ Acute fatty livery of pregnancy

* Preeclampsia

¢ Trophoblastic disease

Source: Adapted from American College of Obstetrics and Gynecology.
Obstet Gynecol 2015; 126(3): e12-24.

for differential diagnosis. N/v tends to be undertreated by
both some physicians and some patients although safe and
effective therapies exist. Approximately 10% of patients with
n/v during pregnancy will require medication [3].

Workup
Differential diagnostic possibilities should be ruled out, espe-
cially prior to the diagnosis of HG: see Table 9.1 [4].

History and Review of Systems

Special attention to severity of n/v, weight loss, prior GI
diagnosis, and stressors—dietary, physical, and psychologic.
Abdominal pain, fever, headache/migraine are atypical com-
plaints of a patient with n/v of pregnancy.

Physical Exam
Special attention to vital signs, signs of dehydration, goiter,
and abdominal and neurologic examinations.

Labs

*  Serum (especially for severe cases): Electrolytes, BUN,
creatinine, glucose, LFTs, amylase, lipase, acetone (quan-
titative hCG not helpful in management)

. Urine: ketones, specific gravity

*  Thyroid-stimulating hormone (TSH): No need to send TSH
(60%-70% of HG have “transient biochemical hyperthy-
roidism of pregnancy” with decreased TSH and increased
free thyroid index; this is secondary to hCG-stimulating
thyroxine synthesis from pituitary; always resolves spon-
taneously in 1 to 10 weeks [21,22]; only test if pregnant
woman has a history of thyroid disease or goiter).

Radiologic
Fetal ultrasound (to assess for molar pregnancy, multiple ges-
tation, etc.).

Treatment

Figure 9.1 illustrates a suggested stepwise approach to the
management of NVP and HG. Several interventions are
available for treatment of n/v and HG [1,2] (Table 9.2). It is
suggested to intervene early on n/v. A combination of inter-
ventions is often necessary. For HG, consider starting at
least at step 3, but still consider implementing steps 1 and
2 as appropriate. Any underlining/concomitant GI disorder
(reflux, ulcer, anorexia, etc.) should be treated appropriately.

Consults
For refractory cases consider nutrition, gastroenterology, and/
or psychiatry consultation depending on history.

TREATMENT
Suggested Stepwise Therapeutic Approach (Figure 9.1).

Step 1: Prevention

Prenatal Multivitamin (MVI) before/at Conception

Vitamin B6 found in MVI has been shown to reduce the
incidence of n/v [23], and the early use (prior to six weeks)
of prenatal vitamin was associated with a decreased rate of
vomiting [24].

Doxylamine/Vitamin B

One randomized controlled trial (RCT) found that in women
with a history of HG, preemptive therapy with 10 mg doxyl-
amine with 10 mg pyridoxine (Diclectin, delayed release) up
to four tabs daily resulted in a significant decrease in recur-
rence of HG [25].

Step 2a: Nonpharmacologic Interventions
Lifestyle/Dietary Changes

Avoid odor/food triggers. Stop medications (e.g., iron, large
vitamins) producing n/v. Counsel regarding safety and effi-
cacy of treatment; provide reassurance regarding outcomes
(see above). There is no evidence that rest improves n/v. Diet
includes frequent, small meals: eat only one spoonful, wait,
eat again, and so on; avoid an empty stomach; eat crackers in
the morning upon waking; avoid fatty, greasy, spicy foods;
ginger ale; prefer protein. One small nonrandomized prospec-
tive study found that protein-predominant meals produced
decreased nausea compared to carbohydrate or fat predomi-
nant meals [26] but a prolonged high-protein diet is associated
with higher incidences of preterm birth and fetal death.

Acupressure Wrist Bands
In the treatment of NVF, acupressure at the P6 “Neiguan” point
[27-34] (Brands: Seaband, Bioband) has been associated with



Table 9.2 Selected Pharmacologic Treatment of NVP and HG

Agent Dose Side Effects FDA Category = Comments
Ginger extract 125—-250 mg tid/qid, po Reflux, heartburn C Step 2a; OTC availability, food supplement
Vitamin B (pyridoxine) 10—-25 mg g8h po, do not exceed 100 mg A Step 2b; recommended as first-line
qd pharmacologic intervention
Vitamin B;—doxylamine Pyridoxine, 10-25 mg g8h, po; Sedation A Step 1, 2b; Recommended as first line
doxylamine, 25 mg ghs, 12.5 mg bid pharmacologic intervention. May be taken
prn, po; Diclegis (10 mg/10 mg) start prophylactically if history of HG
2—4 tabs qd-tid
Other Antihistamines Sedation, dizziness, drowsiness, May be helpful for relief of vestibular-type
(H,-receptor antagonists) anticholinergic effects symptoms
* Diphenhydramine (Benadryl) 25-50 mg g4-6h prn; po, IV, IM B
Maximum: 100 mg/dose, 400 mg/day
* Meclizine (Bonine, Antivert) 25-50 mg g6h, po; maximum: 100 B
mg/24 hr
e Hydroxyzine (Atarax, Vistaril) 25-100 mg q6-8h prn, po/IM; maximum: C
600 mg/24 h
e Dimenhydrinate (Dramamine)  50-100 mg g4—6h, po/pr/IM or 50 mg (in B
50 cc saline over 20 min) q4—6h IV (not
to exceed 400 mg/day, or 200 mg/day if
also doxylamine
H, receptor antagonists B Step 2b; for patients with reflux, H. pylori
* Cimetidine (Tagamet) 1600 mg qd divided bid/qid
* Famotidine (Pepcid) 20-40 mg bid, po/IV
* Ranitidine (Zantac) 75-150 mg prn, po (maximum
2 tabs/24 hr); 50 mg géh IM/IV
Proton pump inhibitors (PPls) B Step 2b; Second line for reflux symptoms
* Omeprazole (Prilosec) 20-40 mg qd, po (maximum 80 mg/day)
* Pantoprazole (Protonix) 40 mg bid, po
* Esomeprazole (Nexium) 20-40 mg qd, po/NG/IV (maximum:
80 mg/day)
* Lansoprazole (Prevacid) 15-30 mg qd, po
Dopamine, antagonists Sedation, anticholinergic effects Step 3
¢ Metoclopramide (Reglan) 10—20 mg g6-8 h, po/IM/IV; 1-2 mg/kg Tardive dyskinesia with increased B Step 3. Also available as subcutaneous pump
\Y duration of use (>12 week) and therapy, benefit of pump therapy is
high total cumulative dose questionable
* Trimethobenzamide (Tigan) 300 mg tid/qgid, po; 200 mg tid/qid, IM C Dopamine antagonist directly to emetic center
CTzZ
* Droperidol (Inapsine) 0.625-2.5 mg over 15 min, then 1.25 or Black box warning of torsades C Give with benadryl to prevent extrapyramidal
2.5 mg IM g3—4h prn, IM or continuous symptoms
IV at 1-1.25 mg/hr (maximum: 2.5 mg/
dose, slow push over 2-5 min, repeat
doses with caution
5-HT3 (Seratonin) receptor Constipation, diarrhea, headache, Step 3
antagonist fatigue, mild sedation
¢ Odansetron (Zofran) 4-8 mg tid/qid po; 4-8 mg over 15 min B Also available as an oral dissolving tablet and

g6-8h IV; or 1 mg/hr continuous for 24 h

as a subcutaneous pump; benefit of pump
therapy is questionable

(Continued)
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Table 9.2 (Continued) Selected Pharmacologic Treatment of NVP and HG

Agent Dose Side Effects FDA Category = Comments
Phenothiazines (D, receptor Sedation; |BP if given too quickly, Step 3
antagonists) Parkinson’s tremors, rash,
anticholinergic side effects, tardive
dyskinesia
* Promethazine (Phenergan) 12.5-25 mg q4-6h, po/pr/IM/IV Severe tissue injury with undiluted C May have similar or reduced efficacy with more
(maximum: 50 mg/dose po/IM; 25 mg/ IV use side effects compared to ondansetron and
dose V) metoclopramide
* Prochlorperazine maleate 5-10 mg q4—6h; po/IM/IV/ buccal, 1025  D/c if unexplained decrease in C
(Compazine; Bukatel) mg g6h pr (maximum: 10 mg/dose, WBCs
40 mg/day)
Glucocorticoids Increased risk of cleft lip if used C Step 4: for HG refractory to other medications.
before 10 weeks gestation RCTs with mixed data on benefit. May be

useful in refractory cases and decrease rate of
readmission. Initial therapy for three days; if
successful, may be tapered over one to two
weeks, or for recurrent symptoms continued for
maximum of six weeks for maximum duration
with tapered dose if possible. If no
improvement after 72 hours, discontinue.

e Methylprednisolone * 16 mg POTID

* Prednisolone * 5-20 mg PO qd-TID PO

* Methylprednisolone * 125 mg IV x 1 followed by oral taper
® Hydrocortisone ¢ 300 mg IV qd

Notes: Bold: therapies consistently demonstrating efficacy in RCTs in pregnancy; italics: therapies with efficacy demonstrated in at least one RCT in pregnancy although results may be mixed. Therapies
listed without bold or italics have no RCTs proving efficacy in pregnancy. Food and Drug Administration (FDA) categories are as follows: A, controlled studies show no risk; B, no evidence of risk in
humans; C, risk cannot be ruled out; D, positive evidence of risk; and X, contraindicated in pregnancy (http://www.fda.gov/).

Abbreviations: bid, twice a day; BP, blood pressure; CTZ, chemoreceptor trigger zone; d/c, discontinue; Gl, gastrointestinal; HG, hyperemesis gravidarum; IM, intramuscular; 1V, intravenous; min, minute;
NG, nasogastric; NVP, nausea and vomiting of pregnancy; OTC, over the counter medication; PO, per os; PR, per rectum; prn, pro re nata or take as needed; qd, once daily; ghs, quague hora somni or
given at bedtime; gid, four times a day; g’X’h, given every ‘X’ hours; RTC, randomized controlled trial; SubQ, subcutaneous; tid, three times a day; WBCs, white blood cells.
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improved nausea or symptom relief in one RCT and with no
improvement in others when compared to placebo [1]. An RCT
showed no significant difference between P6 acupressure ver-
sus vitamin B, therapy in nausea/vomiting of pregnancy [35].
In the treatment of HG, there are three RCTs, one with
crossover design, comparing acupressure versus placebo. The
results could not be combined for meta-analysis; however,
the individual studies demonstrated improved nausea and
decreased number of anitemetics required [2,36-39]. There
are no pregnancy safety or breast-feeding concerns [2]. This
intervention therefore can be considered either prior to (in
mild cases) or as an adjunct to pharmaceutical interventions.

Acustimulation Wrist Bands

Acustimulation at the P6 Neiguan point [40,41] (Brand: Relief
Band Device, Woodside Biomedical—http://www.reliefband
.com). This device for noninvasive nerve electric stimulation
was associated with less n/v and higher weight gain com-
pared to placebo [40,41], but in the largest RCT, the assess-
ment of the outcomes was not blinded, and the study was
industry-sponsored by the makers of the device [41]. There
are limited pregnancy safety or breast-feeding concerns.

Auricular Acupressure

One randomized controlled trial on the use of auricular
acupressure found no significant benefit in either symp-
tom improvement or number of antiemetic drugs needed as
compared to controls [42]. There are no pregnancy safety or
breast-feeding concerns.

Acupuncture

In the treatment of NVP, one trial found acupuncture to be
equivalent to a sham procedure in the treatment of nausea of
pregnancy [43]. Another trial found benefit of acupuncture com-
pared to control in improvement of nausea but not vomiting
although the sham procedure had some beneficial effect as well
[44]. In the condition of HG, acupuncture was found to be as sim-
ilar to metoclopramide in the reduction of nausea and vomiting
[45]. There does not appear to be a benefit with the use of acu-
puncture in the treatment of NVP or HG in pregnancy [1,2].

Ginger

Ginger use has been suggested as early therapy in outpa-
tients [4,46]. Side effects include reflux and heartburn. There
have been several RCTs examining ginger for the treatment
of NVP. A Cochrane review demonstrated benefit of ginger
compared to placebo [1]. Although individual studies have
demonstrated benefit in nausea reduction compared to vita-
min By, a meta-analysis found no significant difference in
symptom relief [1,47-50]. One RCT examined ginger versus
doxylamine plus B, and found no difference in perceived
severity of nausea and vomiting [51].

Regarding HG, one RCT found benefit with the use of
ginger in HG; however, it was small (30 women) and cross-
over design [52].

Comparing it to other individual therapies, there was not
found to be a significant difference in benefit with ginger vs.
chamomile, dimenhydrinate, or metoclopramide [1,47,53,54].

Other Nonpharmacologic Interventions

Regarding other nonpharmacologic interventions for n/v,
there were two studies on oils versus placebo in NVP. One
study on mint oil found no significant difference in severity
of nausea and vomiting, and one study on lemon oil found no

difference in overall PUQE score but did show a significant
reduction of symptoms from baseline to day three [55,56].
One study on chamomile found that it improved symptoms
after one week [47].

In the setting of HG, progressive muscle relaxation
with pharmacotherapy versus pharmacotherapy alone had
better global improvement scores [57]. Midwife-led outpa-
tient care had similar clinical outcomes but with decreased
hours of hospital admission [58]. A holistic care plan versus
standard medical therapy alone had a shorter length of hospi-
tal stay but no significant improvement in quality of life mea-
sures, nausea and vomiting severity, or cost [59].

There are no RCTs on hypnosis although there are case
reports of some benefit [4,60]. There is insufficient evidence of
benefit to suggest this as a therapy for NVP or HG.

In summary, ginger may be considered as an effec-
tive nonpharmacologic intervention in the setting of mild
nausea and vomiting. Acupressure (by wristband and other
means) may also be a beneficial adjunct. Intensive outpatient
care may reduce inpatient hospitalization time. Acupuncture
does not appear to be beneficial, and there is limited data to
support the use of other nonpharmacologic interventions,
such as nerve stimulation, muscle relaxation, hypnotherapy,
and other dietary supplements.

Step 2b: Pharmacologic Interventions

Vitamin B,

In the treatment of NVP, B, has been associated with a
decrease in nausea, not in vomiting [1,61,62]. However, when
used in women hospitalized for HG, it does not seem to affect
n/v by itself [63].

Doxylamine and Vitamin By

Doxylamine is an antihistamine that has been studied in com-
bination with vitamin By. This combination (formerly known as
Bendectin and now available as Diclegis in the United States,
Diclectin in Canada, and Debendox in the United Kingdom) is
safe with no evidence of teratogenicity (proven with more than
200,000 exposures, by far the most for any other drug in preg-
nancy), and effective (>70% decrease in n/v) [3,4]. Doxylamine
and vitamin B, are associated with decrease in both n/v when
used together compared to no therapy or placebo [64-67]. A
double-blind RCT showed Diclectin (a doxylamine—pyridoxine
delayed-release preparation available) to significantly improve
n/v and quality of life compared to placebo [67].

Other Antihistamines (Histamine-1 Receptor Antagonists)

Other antihistamines are generally safe and used mostly
for the relief of vestibular-like symptoms. There may be an
increased relative risk, but small absolute risk, of septal defects
[68-70]. These include diphenhydramine, meclizine, hydroxy-
zine, and dimenhydrinate. An RCT showed that dimenhy-
drinate is as effective as ginger in the treatment of n/v with
fewer side effects [53], and another demonstrated the benefit
of hydroxyzine over placebo for nausea relief [71]. No RCTs
exist for the other histamine-1 receptor antagonists (H;RAs) to
assess their effectiveness for n/v in pregnancy or HG.

Histamine-2 Receptor Antagonists

Cimetidine, famotidine, ranitidine, and nizatidine are
approved for use in pregnancy to treat symptoms of heart-
burn, acid reflux, and H. pylori, which can exacerbate n/v.
They may be added if symptoms are present. No RCTs exist
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regarding their effectiveness for NVP or HG. A meta-analysis
showed no increased risk of congenital malformations, risk
of spontaneous abortions, or preterm delivery compared to
controls [72]. In intractable cases of n/v with positive H. pylori
serology, a nonrandomized study suggested benefit with tri-
ple therapy with ranitidine/flagyl/ampicillin [73].

Proton-Pump Inhibitor

Common proton-pump inhibitors (PPIs) used in pregnancy
are omeprazole, pantoprazole, eso-meprazole, and lansopra-
zole. These can be used in conjunction with or separately
from histamine-2 receptor antagonists (H,RAs) for heartburn
and reflux and H. pylori infections. A recent review [74], a
meta-analysis [75], and a cohort study [76] showed that there
is no evidence to suggest that the use of PPIs anytime during
pregnancy increases the overall risk of birth defects, preterm
delivery, or spontaneous abortion. There are no RCTs on this
intervention for NVP or HG.

In summary, given its well-demonstrated safety and
efficacy, vitamin B, with doxylamine should be considered
first-line pharmacotherapy for the treatment of NVP [4,46].
If symptoms of reflux, heartburn, or H. pylori are present,
H,RAs and PPIs can also be considered.

Step 3: Antiemetic Therapy

Of the three commonly prescribed antiemetics, metoclo-
pramide, promethazine, and ondansetron, only metoclo-
pramide was studied in a placebo-controlled RCT; the
remainder were studied in RCTs comparing one therapy with
another. Less commonly used and much less studied, thieth-
ylperazine and fluphenazine-pyridoxine were also studied
in placebo-controlled trials [1,2].

Metoclopramide (Dopamine-2 Antagonist)

Metoclopramide (Reglan) is safe in pregnancy without
increased risk of teratogenicity, preterm birth, low birth
weight, or perinatal mortality [77-79]. In the setting of
NVP, an RCT comparing metoclopramide to placebo found
improved n/v [54]. An RCT showed that metoclopramide
(with one IM shot of 50 mg of pyridoxine) is superior in
decreasing vomiting and subjective improvement compared
to monotherapy with either prochlorperazine or prometha-
zine [80]. Compared with ondansetron, there was similar
improvement in nausea but worse with vomiting [81].

Two recent RCTs compared metoclopramide and
ondansetron in the setting of HG, and one found similar
improvement in symptoms but did find that there was an
increased rate of drowsiness and dry mouth in the meto-
clopramide group; the other found improved vomiting with
ondansetron [82,83]. A recent RCT of inpatient HG patients
showed that metoclopramide 10 mg IV q8h had similar effi-
cacy and decreased drowsiness, dizziness, and dystonia
when compared to IV promethazine [84].

A subcutaneous Reglan pump is an alternative mode of
administering the drug, not yet tested in any pregnancy RCT.
It is not necessarily cost-effective compared to inpatient man-
agement or home care and may have significant side effects,
and thus it is not recommended for routine use in the man-
agement of NVP or HG [4,85,86].

Ondansetron (5-HT3 Receptor Antagonist)
Ondansetron (Zofran) is a serotonin 5-hydroxytryptamine-3
receptor antagonist. Although one study found an association

between first trimester ondansetron use and cardiac anoma-
lies, especially septal defects, and another with cleft palate, the
absolute risk was still quite low; other much larger studies have
demonstrated its safety in pregnancy [87-90]. It must be pre-
scribed with care as there is a risk of QT prolongation that could
lead to potentially fatal arrhythmias. As such, the FDA has rec-
ommended it not be prescribed in IV doses >16 mg, and care
should be taken to avoid other QT prolonging medications [4].

In the treatment of NVP, women treated with ondan-
setron versus metoclopramide had similar levels of nausea
but had reduced vomiting [81]. Ondansetron was found to
be superior to pyridoxine and doxylamine in improvement
of n/v [91].

In the setting of HG, there was no significant difference
when compared with promethazine in reduction of nausea or
in adverse effects [92]. There are two RCTs comparing ondan-
setron and metoclopramide in the setting of HG. One study
found similar efficacy in control of nausea with improved
vomiting with ondansetron [83]; the other found similar
effects on n/v but with reduced side effects with ondan-
setron [82]. There is limited evidence to support the use of
a subcutaneous pump of ondansetron. There are no RCTs
comparing subcutaneous with oral or IV administration.
Although there may be some symptom improvement with a
subcutaneous pump, a significant number of women expe-
rience complications with 25% stopping treatment related to
complications [85,86]. Given the limited data on benefit and
the significant side effects, the use of subcutaneous pumps is
not recommended [4].

Promethazine (Phenothiazines)

Phenothiazines [prochlorperazine (Compazine), prometha-
zine (Phenergan)] appear to be safe in pregnancy. A case-
control study of promethazine showed no evidence of
increase risk or rate of congenital anomalies in humans [89,93].
Phenothiazines are often used in addition to or instead of anti-
histamines. The level 1 evidence for effectiveness is limited.
As said above, metoclopramide (with one IM shot of 50 mg
of pyridoxine) is superior in decreasing vomiting and sub-
jective improvement compared to monotherapy with either
prochlorperazine or promethazine in NVP [80] and had simi-
lar efficacy with reduced side effects in HG [84]. Compared to
ondansetron, there was no difference in severity of nausea in
the setting of HG [92]. Two studies compared promethazine
and corticosteroids in patients with HG. One study [94] found
a decreased rate of hospital readmission with corticosteroids;
the other study [95] found increased n/v at 48 hours but not
after 17 days with prednisolone [2].

Other phenothiazines have been studied in the set-
ting of NVP although they are not commonly used and their
safety is not established. Thiethylperazine demonstrated
improved symptoms compared to placebo, and fluphenzine-
pyridoxine was not statistically significantly better than pla-
cebo in another [1,96,97].

In summary, if n/v persists despite steps 1 to 2, consider
adding metoclopramide or ondansetron. Phenothiazine
(promethazine) therapy may be added as well although it
may not be as effective and has more side effects.

Step 4: Inpatient Assessment and Treatment
Inpatient Management

Admit if HG diagnosis is confirmed, woman is not tolerat-
ing oral intake, and failed outpatient management. Some
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suggest just brief ER visits for severe cases needing emergent
hydration. Home infusion services should be used as much as
safely possible. Admission by itself does not improve HG, and
should be limited. Other etiologies of n/v should be ruled out
(Table 9.1), and work up should be initiated as described in
“Pregnancy Management” above.

Intravenous Fluid (IVF) Hydration
IVF can be used if dehydration is present. Volume should be
adequate to replenish loss and ongoing loss through vomit-
ing. IV rehydration may be done with normal saline, lactated
ringers, or dextrose normal saline along with electrolytes as
needed. In severe cases, thiamine should be repleted to prevent
the development of Wernicke’s encephalopathy. Add thiamine
100 mg qd for two to three days, then multivitamins to IV flu-
ids. Hypertonic solutions should be avoided; rapid overcorrec-
tion of hyponatremia may cause central pontine myelinolysis.
One RCT compared dextrose saline with normal saline
and found that although there was improved nausea at hours
8 and 16 after treatment with dextrose saline, by 24 hours
there was no difference in nausea score, quality of life, or
length of hospital stay [98].

Additional Pharmacologic Therapy

Corticosteroids. Safety data on corticosteroids include
possible increased incidence of oral cleft if used <10 weeks [4].

RCTs on the use of corticosteroids in the treatment of HG
have had mixed results. A meta-analysis on this was limited
by the difference in inclusion criteria and definition of HG.
Compared with placebo, the addition of corticosteroids to
other antiemetic therapy does not appear to improve symp-
toms, but may reduce hospital readmission rate [2]. One
small RCT found decreased episodes of emesis compared to
metoclopramide [99]. Two RCTs compared steroids with pro-
methazine and one found increased side effects and delayed
response compared to promethazine [95], and the other found
decreased readmission associated with corticosteroids [94].
Adrenocorticoticotropic hormone (ACTH) is not beneficial
[100]. Corticosteroids are not recommended for the treatment
of NVP but may be considered for a short course (up to three
days) in refractory cases of HG after 10 weeks gestation.
Usual dosing is methylprednisolone 16 mg po/IV tid, predniso-
lone 20 mg po bid, or hydrocortisone 300 mg IV qd. For patients
who do respond, this three-day course may be followed with a
one to two week taper. ACOG suggests that patients who ini-
tially responded and then develop recurrent vomiting after the
taper may be continued on an effective dose for up to 6 weeks
although this is not based on any specific trial data [4].

Benzodiazepines
Do not use diazepam, a category D drug, because of possible
fetal effects, despite one trial on its efficacy [101].

Clonidine

Clonidine is a centrally acting alpha-2 adrenergic agonist
commonly used as an antihypertensive agent. It has been
studied in the prevention of postoperative nausea and vomit-
ing. One small crossover design RCT (1 = 12) evaluated trans-
dermal clonidine in addition to other antiemetic therapy for
the treatment of refractory HG and found subjective and
objective improvement in measures of nausea and vomit-
ing; of note, this small study also reported one patient whose
pregnancy course was complicated by central venous cath-
eter associated sepsis [102]. Given this small limited study,

there is insufficient data on safety or efficacy to recommend
clonidine for the treatment of NVP or HG.

In summary, for patients with dehydration, weight
loss, and inability to tolerate PO, consider admission for
IV rehydration, beginning treatment with the IV formula-
tion of the antiemetics in step 3. Multiple combinations and
dosing can be used. In the rare cases in which these are not
successful, one may proceed with a short course of cortico-
steroids. Benzodiazepines are not recommended because of
adverse fetal effects and limited data on benefit. Clonidine
may be effective but is not recommended given the limited
data on its benefits and safety.

Step 5: Nutritional Supplementation

If persistent weight loss or dehydration (e.g., more than five
to seven days despite aggressive inpatient therapy), consider
consulting gastroenterology and possibly psychiatry as well.
In addition, supplement with either enteral (EN) or parenteral
nutrition (PN) in conjunction with a nutrition consult.

Enteral Nutrition

Enteral nutrition requires a nasogastric (NG) tube. There
are several types (e.g., 8 French Dobbhoff) of NG tubes with
insufficient evidence to assess effectiveness of one versus the
other. This intervention is best used for persistent n/v with no
response to antiemetic therapy. There are no RCTs comparing
NG tube or PN. One large retrospective cohort study compared
EN with IVF and PN. They found the EN resulted in similar
weight gain and pregnancy outcomes despite the fact that
they had significantly greater weight loss on admission [103].
Because PN is associated with several possible complications,
an NG tube should be tried first as tolerated [4]. A small case
series of three patients demonstrated the feasibility and safety
of endoscopically placed jejunosotomy tubes in the setting of
refractory HG, and this may be an area for further study [104].
Enteral nutrition may be poorly tolerated and complicated by
tube dislodgement requiring replacement.

Nutritional goals should be developed in conjunction
with a nutrition consult. Specific nutritional requirement will
depend on individual factors, such as degree of weight loss
and severity of nausea and vomiting. In general, the Harris-
Benedict equation for women may be used to calculate basal
energy expenditure with an additional 300 calories added to
meet the additional demands in pregnancy [105]. The weight
used in the calculation may be current weight or prepreg-
nancy weight depending on the degree of weight loss.

Nutrition (Harris—Benedict Equation)

e Basal Metabolic Rate = 655.1 + (9.56 x wt[kg]) + (1.85 x
ht[cm]) — (4.68 x age[yr])

e Activity Factor: 1.2 to 1.9 (for sedentary activity level to
extremely demanding activity level)

* (Basal Metabolic Rate x Activity Factor) + 300 = Daily
caloric requirement in pregnancy

e  Startat 25 mL/hr, increase by 25 mL/hr until goal. Then
consolidate to give over eight to 12 hours overnight
rather than continuously over 24 hours.

Parenteral Nutrition

Several catheters and regimens are possible (peripherally
inserted central catheter [PICC], midline IV, etc.). As with
EN, PN should be managed in conjunction with a nutrition
consult. Generally PN is associated with high incidence of
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catheter complications, for example, infection, leading to
sepsis (about 25%), thrombosis/occlusion, and dislodgement/
mechanical failure with mixed reports on maternal or neo-
natal benefit and no RCTs assessing its efficacy [106-110].
Peripheral catheters have high morbidity and central catheters
have central access complications. Other complications include
pneumothorax, cholestasis, preterm birth, and fetal death. This
is an expensive therapy to be used only when HG is refractory
to treatment with significant weight loss (>5%) and failure of
enteral nutrition.

In summary, for patients that are admitted with HG
refractory to steps 1-4, order a nutrition consult and con-
sider enteral over parenteral nutrition.

OTHER ISSUES

If persistent weight loss or dehydration (e.g., over five to
seven days despite aggressive inpatient therapy), consider
consulting gastroenterology and either enteral or paren-
teral nutrition. Consider a psychiatric consult in severe,
refractory-to-therapy cases. Psychotherapy has not been eval-
uated in any trial. Woman can be discharged home on IV
fluids and/or parenteral nutrition (PN) as long as stable, not
losing weight, or other factors.

POSTPARTUM

The risk of recurrence of HG [2,49] is about 15% (vs. 0.7%
in controls without prior HG). The risk may be reduced by
change in paternity [9].
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Intrahepatic cholestasis of pregnancy

Giuliana Simonazzi and Steven K. Herrine

KEY POINTS

The diagnosis of intrahepatic cholestasis of pregnancy
(ICP) is defined as first onset of pruritus in the second or
third trimester, elevated serum bile acids >10 pmol/L,
and spontaneous relief of signs and symptoms within
four weeks after delivery.

e ICP is diagnosed once all other forms of liver disease
and cholestasis have been excluded.

*  Atotal bile acid level of >40 pmol/L represents severe ICP.

e  Complications of untreated, usually severe ICP, include
spontaneous preterm birth, meconium, nonreassur-
ing fetal heart tracing, fetal death, neonatal death, and
postpartum hemorrhage. Fetal deaths occur mostly
>37 weeks, and no increased perinatal deaths have
occurred in recent series with ursodeoxycholic acid
(UDCA) treatment and delivery by 37 to 38 weeks.

e UDCA is the current treatment of choice for ICP as it is
associated with improvements in maternal pruritus, bile
acids, and transaminases. UDCA treatment should be
recommended for women with ICP and also to improve
some fetal outcomes.

¢ Vitamin K 10 mg by mouth once a day at onset of ICP or
34 weeks has been suggested for prevention of postpar-
tum hemorrhage, but there is insufficient evidence for a
strong recommendation.

®  There are several reports of sudden fetal death within
24 hours of a reactive nonstress test (NST) and insuffi-
cient evidence for a recommended fetal testing protocol.

¢ Especially in severe cases, delivery should occur at
about 37 0/7 to 37 6/7 weeks.

HISTORIC NOTES

Old names such as “benign jaundice of pregnancy” or “idio-
pathic jaundice of pregnancy” should no longer be used.

DIAGNOSIS/DEFINITION

Intrahepatic cholestasis of pregnancy (ICP) is diagnosed
when otherwise unexplained pruritus occurs in pregnancy
with elevated bile acids >10 pmol/L (214 pmol/L) in >90%,
often with elevations in serum alkaline phosphatase and
aminotransferases, which all resolve after delivery [1]. In the
setting of normal bile acids, some accept the diagnosis of pru-
ritus and abnormal transaminases [14]. Other names used in
the literature are gestational cholestasis or obstetric cholesta-
sis. Other causes of pruritus and liver dysfunction should be
excluded. Differential diagnosis may include hepatitis A, B,
and C; Epstein—Barr and cytomegalovirus; autoimmune liver
disease; gall bladder stones; tumors of the hepatobiliary tract;
and a number of causes with elevated hepatic enzymes speci-
fied to pregnancy (e.g., preeclampsia, HELLP syndrome, and
acute fatty liver) [2-5] (Figure 10.1, Table 10.1). Women with

persistent unexplained pruritus and normal biochemical
tests should have liver function tests repeated every one to
two weeks [1].

SYMPTOMS

ICP is characterized by mild to severe pruritus usually start-
ing after 30 weeks, which often resolves within 48 hours fol-
lowing delivery [2]. The pruritus of ICP is typically worse at
night, is often widespread throughout the whole body, and
may be most severe in the palms of the hands and/or soles of
the feet [1,6]. Mild jaundice, if present (incidence of 14%-25%),
typically develops one to four weeks after onset of pruritis
with mildly elevated serum levels of conjugated bilirubin.
Insomnia, fatigue, anorexia, malaise, weight loss, epigastric
discomfort, steatorrhea, gallstones, cholecystitis, vitamin K
deficiency, and dark urine are other signs and symptoms asso-
ciated with ICP [2].

INCIDENCE/EPIDEMIOLOGY

Incidence of ICP varies geographically with 0.01% to 0.5%
in the United States; 0.5%-1.5% in Europe [7]; 5% Hispanics;
9.2% to 15.6% in South America [8]; and 2.3%—-6.0% in China
[9]. It commonly occurs in the late second and third trimes-
ters, rapidly resolves within four weeks after delivery, and is
associated with adverse pregnancy outcomes [1,8].

GENETICS

About 15% to 30% of women presenting with ICP have a fam-
ily history of intrahepatic cholestasis (IC), but most cases are
not related to known mutations of familial IC. Genetic predis-
position is shown in high-prevalence regions, such as Chile
and Scandinavia. Family clustering, prevalence of ethnic and
geographic variations, and recently demonstrated mutations
in gene coding for hepatobiliary transport proteins further
indicate a genetic predisposition in ICP. There are many
genetic variations described, which occur at different chromo-
somal locations, ATP8B1 at 18q 21-22, ABCB4 at 7q21, ABCBI1
at 2q24 [10]. Genetic predisposition may lead to altered cell
membrane composition of bile ducts and hepatocytes as well
as the subsequent dysfunction of biliary canalicular trans-
porters. Mutations in the hepatic phospholipid transporter
(MDR3/ABCB4), amniophospholipid transporter (ATP8B1/
FIC1), and bile salt export pump (BSEP/ABCB11) have been
found in patients with ICP [2,6,8]. These genetic mutations are
more frequent in women who developed severe ICP [6,8].

ETIOLOGY/BASIC PATHOPHYSIOLOGY

ICP is associated with a rise in conjungated bile salts, par-
ticularly the tauroconjugates of cholic and chenodeoxycholic
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Cutaneous No eruptions
eruptions
Pregnancy related Nonpregnancy related
« Pruritic urticarial papules « Atopic or contact dermatitis
and plaques of pregnancy « Scabies .
« Prurigo of pregnancy « Psoriasis Elevat.ed bile Normal bile acids
« Pruritic folliculitis of pregnancy « Urticaria acids
« Herpes gestationis* / / \
. Elevated LFTs Normal LFTs
Acute symptoms Chronic symptoms
Intrahepatic / /
. ) Refer for other
cholestasis
Pr|ma.ry Acute fatty differentials
of pregnancy sclerosing Primary v
Cholestasis cholangitis biliary of pregnancy
Viral hepatitis it
Nonalcoholic HELLP
fatty liver syndrome
disease

Figure 10.1 Pruritus during pregnancy. Abbreviations: LFT, liver function tests; HELLP, hemolytic anemia, elevated liver enzymes,

and low platelet count. *See Chapter 43.

acid. Bile acids are the end products of hepatic cholesterol
metabolism. The metabolic demands of pregnancy increase
the demand for and exceed hepatic capacity for cholesterol
metabolism in susceptible individuals. Bile acids, such as gly-
cocholic and taurocholic acid, increase in serum and cause
itching [6]. Bile acids are inherently cytotoxic, and thus their
metabolism is tightly regulated. In ICP, the transport of bile
salts from the liver to the gallbladder and intestine is dis-
rupted, leading to compensatory transport of bile salts from
hepatocytes into the blood [11].

The underlying mechanisms of obstetric complication
(preterm delivery, meconium passage, fetal distress, and fetal
death) are poorly understood [12]. First, research in animals
has shown a detrimental effect of high bile acid levels on car-
diomyocytes, which cause arrhythmias [13]. Such potentially
lethal arrhythmias in the fetus could explain the increased
incidence of stillbirth. Second, a vasoconstrictive effect of bile
acids on human placental chorionic veins has been shown,
possibly explaining the occurrence of fetal distress, asphyxia,
and death [14]. Finally, several studies have shown bile acid to
increase the sensitivity and expression of oxytocin receptors
in the human myometrium, possibly clarifying the mecha-
nism behind spontaneous preterm labor in pregnancies that
are complicated by ICP [15,16].

CLASSIFICATION

A bile acid level of 240 pmol represents severe disease. Severe
disease represents about 20% of cases of ICP. Complications
occur mainly with severe ICP [17,18].

RISK FACTORS/ASSOCIATIONS

There is a higher incidence of ICP in women with multiple
pregnancies, in women who have conceived after in vitro fer-
tilization (2.7% compared with 2%), and in women older than
35 years of age. Multiparity, family clustering, ICP in previous
pregnancy, and a history of oral contraceptive use are also
associated with an increased incidence of ICP. Recurrence of
ICP has been reported to occur between 40% and 60% with
varying intensity in subsequent pregnancies in a random
manner. Several environmental factors have been reported to
play a role in the etiology of ICP in genetically susceptible
individuals: high maternal serum copper and low maternal
serum selenium and zinc. Interestingly, ICP is more com-
mon in some countries during the winter, when natural sele-
nium levels are lower. Deficiency of vitamin D has been also
reported in women with ICP [2,11].

COMPLICATIONS (WITHOUT TREATMENT)

Complications of untreated ICP include preterm birth (PTB)
(15%—44%), passage of meconium (25% to 45%), nonreassur-
ing fetal heart testing (NRFHT) 5% to 15%, fetal death (2% to
10%), neonatal death (1% to 2%), and postpartum hemorrhage
(20% to 22%) [2]. Spontaneous PTB (SPTB) occurs mostly at 32
to 36 weeks as for other causes of SPTB. Fetal deaths occur
mostly 237 weeks [3]. The etiology of fetal deaths is unclear.
A relationship between bile acid levels and fetal death is sus-
pected and remains the focus of much research. For example, a
large study demonstrated that fetal compromise increased by
1%—-2% for each additional pmol/L of bile acid concentration;



Table 10.1

Common trimester
presentation
Clinical features

Laboratory findings

Pathology

Treatments with
reported benefit
on symptoms

Intrahepatic Cholestasis
of Pregnancy

Third

Severe pruritis, jaundice

Alkpho nl or elevated

Trans elevated,
sometimes to 1000 U/L

Bilirubin: mildly elevated

Mutation in multidrug
resistance-3 gene;
environmental factors

Bx: Bland changes
typical of cholestasis
of liver biopsy

Ursodeoxycholic acid
(first-line therapy);
SAMe

Selected Differential Diagnoses of Pregnant Women with Pruritus

Viral Hepatitis

Primary Sclerosing
Cholangitis

Primary Biliary Cirrhosis

Acute Fatty Liver of Pregnancy

Any

Nausea, vomiting, jaundice,
prolonged abdominal pain and
fluctuating jaundice and pruritis

Alkpho nl

Trans 1000 to 2000 U/L; ALT >
AST

Bilirubin: nl or mildly elevated

Viral infection; sequalae from
acute hepatitis can lead to
cholestasis

Bx: Marked inflammation

Supportive measures

Any

Insidious and intermittent
jaundice, fatigue, pruritis,
abdominal pain

Alkpho 3-5 x nl

Trans 4-5 x nl

Bilirubin: nl or mildly
elevated

Idiopathic, associated with
IBS; cholangiographic
findings of multifocal
structuring an ectasia of
biliary tree

Bx: thickened, fibrotic duct
wall

Ursodeoxycholic acid, treat
underlying, liver
transplant

Any

Fatigue, intermittent
pruritis, RUQ pain,
anorexia, and jaundice

Alkpho 3—4 x nl

Trans <3 x nl

Bilirubin: early stage: nl,
then increases slowly,
may exceed >20 mg/dL

Autoimmune inflammatory
destruction of intralobular
bile ducts

Bx: Ductopenia: absence
of interlobular bile ducts
>50% portal tracts

Ursodeoxycholic acid,
steroids

Second, third

Nausea, vomiting, abdominal pain,
jaundice mental status changes,
+/—preeclampsia, +/— HTN

Alkpho nl

Trans nl or moderately elevated

Bilirubin: elevated

Often idiopathic, some patients with
inherited LCHAD deficiency; most
common in primiparous and multiple

gestations

Bx: Microvesicular fatty liver disease

Delivery

Sources: Adapted from Kaaja RJ, Kontula KK, Raiha A et al. Scand J Gastroenterol, 29, 2, 178-81, 1994; Heinonen S, Kirkinen P. Obstet Gynecol, 94, 189-93, 1999; Alsulyman O, Ouzounian J, Ames-

Castro M. Am J Obstet Gynecol, 175, 957-60, 1996.

Abbreviations: Alkpho, alkaline phosphatase;Bx, biopsy; HTN, hypertension; LCHAD, Long-chain 3-hydroxyacyl CoA dehydrogenase; nl, normal; RUQ, right upper quadrant; SAMe, S-adenosylmethionine;

Trans, transaminases.
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further statistical analysis suggested that, compared with
control pregnancies, these rates increased significantly at bile
acid level 240 micromoles/L [19]. In a recent multicenter ret-
rospective cohort study, bile acids 240 pmol/L were associ-
ated with increased risk of meconium-stained amniotic fluid,
and bile acids >100 pmol/L were associated with increased
risk of stillbirth [20]. No increase in perinatal deaths has
occurred in recent series with treatment and delivery by 37
to 38 weeks [13,21]. Subclinical steatorrhea may occur along
with fat malabsorption. This condition may lead to vitamin
K deficiency, resulting in a prolonged prothrombin time and
postpartum hemorrhage [8].

PREGNANCY CONSIDERATIONS

Up to 50% of women recall pruritus during pregnancy, but
few have elevated bile acids. Bile acids may initially be nor-
mal, later increasing at an average of three weeks after symp-
toms of pruritus. Of ICP diagnoses, 80% to 86% are made
after 30 weeks.

PREGNANCY MANAGEMENT/EVALUATION
Principles

Usually only severe ICP is associated with perinatal compli-
cations so that the largest series has proposed no intervention
for milder cases (i.e., bile acids <40 pmol) [18].

Workup
Laboratory evaluation includes bile acids (with serial mea-
surement if initially negative and high clinical suspicion)

and transaminases, such as AST and ALT (which are ele-
vated in approximately 60% of cases). GGT is not necessary
but is elevated in 30% of cases. Serum bilirubin is elevated
in about 25% of cases of ICP, rarely exceeding 6 mg/dL [2].
Hepatitis C antibody can be checked, especially in the pres-
ence of risk factors for the infection, as ICP is more common
in these women. In the appropriate clinical setting, right
upper quadrant ultrasound can be used to investigate the
possibility of biliary obstruction (10% have cholelithiasis)
(Figure 10.1, Table 10.1) [2-5]. Postnatal resolution of symp-
toms and biochemical abnormalities is required to confirm
the diagnosis [1].

MANAGEMENT (FIGURE 10.2)
Prevention
No preventive measures have been proposed.

Therapy
Ursodeoxycholic Acid (Ursodiol)

Mechanism of action: Ursodiol is a hydrophilic bile acid
that inhibits intestinal absorption of other bile acids,
enhances excretory hepatocyte function and chole-
retic activity, stabilizes hepatocyte cell membranes
and dilutes toxic bile acids in the enterohepatic cir-
culation [13]. Ursodiol may also allow for transport of
bile acids out of the fetal compartment.

Safety: FDA pregnancy category B.

Dose: 10 to 25 mg/kg orally divided into two doses daily.
The standard starting dose is 300 mg to 500 mg orally
twice a day.

Intrahepatic cholestasis
of pregnancy

Bile acids
<40 pmol/L
UDCA
10 mg/kg/day
Symptoms Symptoms
improve persist

/ /

\

Bile acids
240 umol/L

UDCA
10 mg/kg/day

/

Symptoms
persist

Symptoms
improve

\

« Continue UCDA treatment

« Continue UCDA treatment
- Antenatal testing
« Deliver at 37 0/7-38 6/7 weeks

Repeat bile acids
<40 umol/L

Repeat bile acids

« Antenatal testing
« Deliver by 37 6/7 weeks

=40 pmol/L

- Antenatal testing
« Deliver at 37 0/7—38 6/7 weeks

« Increase UCDA to maximum of 15 mg/kg/day

« Increase UCDA to maximum of 15 mg/kg/day
- Antenatal testing
- Deliver by 37 6/7 weeks

Figure 10.2 Treatment algorithm. Abbreviations: UDCA, ursodeoxycholic acid; SAMe, S-adenosylmethionine. (Adapted from Cappell
M. Med Clin North Am, 92, 4, 739—60, 2008; Cappell M. Med Clin North Am, 92, 4, 717-37, 2008; Saleh M, Abdo K. J Womens Health,

16, 6, 833—41, 2007.)



Side effects: Headache, diarrhea, and constipation, all
reported in less than 25% of patients. UDCA is gener-
ally well tolerated by pregnant women [22].

Effectiveness: Compared to placebo, UDCA is associ-
ated with decreased pruritus, a significantly greater
reduction in bile acids and transaminases, and lower
incidence of preterm birth [23-26]. When compared
to other interventions, UDCA has been shown to have
a significant beneficial effect in decreasing pruritus,
bile acids, and liver function tests [27-29]. The out-
come of fetal death is generally uncommon, but indi-
rect evidence correlates lower bile acids with fewer
fetal deaths and other complications. There is insuffi-
cient data concerning protection against stillbirth and
safety to the fetus or neonate [1]. However, some stud-
ies suggested that UDCA therapy might also benefit
fetal outcomes [22,30,31]. In a meta-analysis, includ-
ing both non-RCTs and RCTs, the use of UDCA in the
management of ICP was associated with improvement
in some maternal outcomes (liver function tests, pruri-
tus) and some fetal and neonatal outcomes (SPTB, neo-
natal intensive care unit admission). There were also
a trend toward increased birth weight and decreased
meconium staining associated with use of UDCA
[32]. A Cochrane meta-analysis concluded that UDCA
improves maternal pruritus in ICP, but cited insuf-
ficient evidence to recommend UDCA to improve
fetal outcome. The analysis also reported an apparent
decrease in fetal/neonatal morbidity associated with
UDCA, including lower rates of meconium passage
and higher mean gestational age at birth [27].

S-Adenosylmethionine

S-adenosylmethionine (SAMe) is a methyl donor that is
thought to improve bile flow and biliary lipid metabolism. The
dose should be 500 mg orally twice a day or 800 to 900 mg IV
infusion once a day. Compared to placebo, one trial showed
significantly greater improvements in pruritus, bile salts,
and liver enzymes with SAMe [25,26,29,33-35]. Compared to
UDCA, SAMe is less effective at improving pruritus, bile
acids, transaminases, and bilirubin [25,36-39]. SAMe is not
commonly used by itself given the tolerability and therapeu-
tic superiority of UDCA.

UDCA and SAMe

Compared to placebo, UDCA and SAMe resulted in greater
improvements in pruritus, bile salts, and selected liver
function assays; however, combined UDCA and SAMe were
no more effective than UDCA alone in regard to improve-
ment in pruritus [26,27,39].

Other Therapies

Dexamethasone. Compared to dexamethasone, UDCA is asso-
ciated with a greater reduction in bile acids and liver enzymes
with improved pruritus only in women with severe ICP [27].
Dexamethasone should not be the first-line therapy for treat-
ment of ICP, nor should it be used outside of a randomized
controlled trial without a thorough consultation with the
woman [1].

Cholestyramine. Cholestyramine is an anion exchange
resin that binds to bile acids and decreases their absorption
in the ileum. Cholestyramine should not be taken with other
medications because of potential interference with their
absorption. Safety: FDA pregnancy category C. Dose: 8 g
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orally once a day. Significant side effects include a decrease
in intestinal absorption of fat-soluble vitamins A, D, E, and
K, increased intestinal gas, diarrhea, and poor palatability.
No studies support the use of vitamin K supplementation
to decrease risks associated with deficiency. Compared with
UDCA, no significant differences were observed in pruritus,
bile salts, or fetal/neonatal outcomes [28].

Guar gum. Guar gum is a type of dietary fiber that
decreases the bile acid pool by binding to bile acids in the
intestinal lumen [6] Safety: FDA pregnancy category B.
Compared to placebo, there are no differences in pruritus,
bile salts, or fetal/neonatal outcomes observed in a very small
RCT [40].

Activated charcoal. Activated charcoal is a porous sub-
stance shown to adsorb bile salts, decrease bilirubin levels,
and inhibit bile acid absorption [5]. Safety: FDA class C.
Compared to no treatment, the reduction in bile salts was
greater with charcoal, but there was no difference in pruritus
or fetal/neonatal outcomes in a very small RCT [41].

Hydroxyzine. Hydroxyzine antagonizes central and
peripheral histamine-1 receptors. Safety: FDA pregnancy cat-
egory C; dose: 25 to 100 mg as needed every six hours orally.
Hydroxyzine might improve tolerance to persistent itching,
but this is not based on RCT data [8]. Antihistamines may
provide some sedation at night but do not have a significant
impact on pruritus.

Vitamin K. Vitamin K (FDA pregnancy category C)
10 mg once a day at onset of ICP or 34 weeks has been sug-
gested for prevention of postpartum hemorrhage, but there
is insufficient evidence for a strong recommendation [5].
Women should be advised that when prothrombin time is
prolonged, the use of water-soluble vitamin K (for example,
menadiol sodium phosphate) in a dose of 5-10 mg daily may
be indicated [2].

Conclusion

UDCA monotherapy is the current treatment of choice and
should be used as the first-line therapy for ICP. UDCA has been
demonstrated to be equal or superior in safety, efficacy, cost-
effectiveness, and convenience compared to other therapies.
There is insufficient evidence to recommend SAMe, guar gum,
activated charcoal, dexamethasone, cholestyramine alone or
in combination in the management of women with ICP [27,39].

ANTEPARTUM TESTING

No RCT specifically addresses fetal surveillance and its fre-
quency in ICP. No specific method of antenatal fetal moni-
toring for the prediction of fetal death can be recommended.
Even if maternal detection of movements is simple, its role
in monitoring pregnancy complicated by ICP has not been
assessed. Ultrasound and cardiotocography are not reliable
methods for preventing fetal death in ICP. Daily kick counts
and nonstress tests (NSTs) once per week starting at diagno-
sis (usually on or after 32 weeks) have been proposed, but
there are several reports of fetal death after reactive NST
[42,43]. Despite this, expert opinion suggests that continuous
fetal monitoring in labor should be offered [1].

DELIVERY

Stillbirths in ICP have been reported across all gestations,
but the majority of unexplained fetal deaths occur after
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37 weeks [6]. As gestation advances, the risk of delivery
(prematurity, respiratory distress) versus the uncertain
fetal risk of continuing the pregnancy (stillbirth) may
justify offering women induction of labor at 37 0/7-37
6/7 weeks, especially in severe cases (bile acid level of
>40 nmol) [6,13,26]. The decision should be made after care-
ful counseling.
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Inflammatory bowel disease

Priyadarshini Koduri

Y POINTS

Inflammatory bowel disease (IBD) refers to Crohn’s dis-
ease (CD) and ulcerative colitis (UC).

Pathogenesis of IBD is not well known although both
environmental and genetic factors play a role.

If one parent has UC, the risk of the offspring developing
UC is 1.6%; if one parent has CD, risk goes up to as high
as 5.2%. With both parents having IBD, the offspring’s
risk goes up to 36%.

Complications from IBD can be from intestinal or
extraintestinal manifestations.

Women with IBD should be encouraged to plan con-
ception when the disease is in remission and when
their nutritional status is optimized.

Smoking cessation is an extremely important factor in
keeping women with CD quiescent.

CD has been associated with first-trimester miscarriage,
preterm birth <37 weeks, and low birth weight. It may be
associated with stillbirth and SGA infants.

UC is associated with preterm birth <37 weeks. It may be
associated with an increased risk of congenital anoma-
lies, SGA, and stillbirth.

Even if disease is well controlled, women with IBD
remain at risk for adverse pregnancy outcomes.

The risk of a flare of IBD during pregnancy (33%) is
similar to when they are not pregnant.

Multiple medications are available for management
of IBD. Most are considered safe for use in pregnancy
and breast-feeding except for methotrexate and tha-
lidomide. Aminosalicylates, such as sulfasalazine or
mesalamine, are usually considered first-line therapies.
Surgical management for UC during pregnancy is only indi-
cated in cases of massive hemorrhage, fulminant colitis unre-
sponsive to medical management, perforation, or strongly
suspected/known carcinoma. Colectomy in pregnancy is
historically associated with high perinatal mortality.

Ileal pouch—anal anastomosis does not confer additional
maternal or fetal morbidity. Long-term pouch function is
not affected by pregnancy or mode of delivery.

Mode of delivery in IBD remains controversial with
no randomized controlled trials available to provide
guidance. Limited evidence suggests that in women
with IBD, vaginal delivery is appropriate in quiescent
or absent perianal disease (abscess/fistula). A cesar-
ean delivery may be performed for women with active
perianal disease, such as perianal abscess or fistula.
Mode of delivery does not impact development of IBD
in children.

Thromboprophylaxis postpartum may be considered,
particularly post cesarean section.

Pregnancy and breast-feeding may have a mitigating
effect on the course of IBD in the years following delivery.

BACKGROUND

Inflammatory bowel disease (IBD) refers to Crohn’s disease
(CD) and ulcerative colitis (UC). Both are chronic systemic
diseases that affect women of reproductive age. They have a
protracted relapsing and remitting course that extends over
years. Although they share several common features, there
are distinct differences between the two conditions summa-
rized in Table 11.1. Differentiating between UC and CD, how-
ever, may be impossible in 15% of patients [1].

CROHN’S DISEASE

Definition

CD is a systemic inflammatory disease that mainly mani-
fests as chronic, transmural, granulomatous inflammation
of the gastrointestinal system. Any part of the GI tract can
be affected. Although it commonly involves the colon and
terminal ileum, the rectum may be involved in up to 50% of
patients [1].

Diagnosis

Diagnosis is based on history, physical examination, labo-
ratory evaluation and a combination of endoscopic, radio-
graphic, and pathologic findings documenting the focal,
asymmetric, and transmural features of the disease (Table
11.1). A diagnosis of CD is rarely made for the first time dur-

ing pregnancy [2].

Signs/Symptoms

Manifestations of CD in pregnancy are similar to those in
the nonpregnant state. Typical symptoms include chronic
or intermittent diarrhea, abdominal pain, weight loss, fever,
and rectal bleeding. Acute ileitis may mimic appendicitis.
Additional clinical features include pallor, anorexia, pal-
pable abdominal mass/tenderness, perianal fissures, fis-
tula, or abscess. Perianal manifestations are unique to CD.
Extraintestinal symptoms are not uncommon and may
involve a variety of organ systems (Table 11.2). Many of
these manifestations are also seen in UC.

Epidemiology/Incidence

The incidence of CD varies by geographical region, but has
been rising over the past decade. The incidence of CD in
developed Western countries, including the United States,
is estimated at seven per 100,000 population [3]. Disease fre-
quency is two to four times higher in Jewish populations.
The peak age of onset is in the second and third decades of
life. Smoking is associated with a twofold increased risk of
CD [1].



Table 11.1 Comparison of Ulcerative Colitis and Crohn’s Disease
Ulcerative
Feature Colitis Crohn’s Disease
Extent of inflammation Limited to Involves all layers
mucosa (transmural)

Intestine involved Colon only All segments of the
gastrointestinal tract;
terminal ileum most
common

Rectal involvement Always Sometimes

Pattern of spread Contiguous Patchy, skip lesions

Granulomas No Yes (sometimes)

Fistula No Yes

Strictures No Yes

Abscess No Yes

Perianal disease No Yes

Bloody diarrhea Yes Maybe

lleal disease on No Yes

computed tomography

Increased colon cancer  Yes Maybe (if colonic

risk involvement)
Cure with surgery Yes No
Percent of patients who  20% 70%

will need surgery

Table 11.2 Extraintestinal Manifestations of IBD

Dermatologic Erythema nodosum

Pyoderma gangrenosum

Aphthous stomatitis

Pyostomatitis vegetans

Sweet’s syndrome

Anal skin tags

Osteopenia/osteoporosis

Osteomalacia

Increased risk of fractures in hips,
wrist, spine, and ribs

Peripheral arthritis

Axial arthropathies

Conjunctivitis

Uveitis

Scleritis/episcleritis

Nephrolithiasis

Ureteral obstruction

Fistulas

Primary sclerosing cholangitis

Cholelithiasis

Pancreatitis

Increased risk of venous and
arterial thromboses

Hyperhomocysteinemia

Anemia

Chronic bronchitis

Bronchiectasis

Endocarditis/myocarditis

Pleuropericarditis

Reactive amyloidosis

Musculoskeletal

Ocular

Genitourinary

Hepatobiliary/pancreatic

Thromboembolic

Hematologic
Pulmonary/cardiovascular

Abbreviation: IBD, inflammatory bowel disease.

Etiology/Basic Pathophysiology

Etiology remains unclear. Genome-wide studies have identi-
fied multiple susceptibility loci on numerous chromosomes.
Familial clustering and genetic anticipation have been con-
firmed [4]. However, these loci only explain approximately
20% of the heritability of CD, emphasizing the importance of
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other factors. The current hypothesis is that IBD results from a
response to environmental triggers (infection, smoking, drugs,
or other agents) in genetically susceptible individuals, result-
ing in a chronic dysregulation of mucosal immune function [5].

Complications

Maternal

Complications from CD may include serosal adhesions, par-
tial and complete small bowel obstruction, fistula formation,
perforation with resulting peritonitis, abscess formation, mal-
absorption, and perianal disease. Also, complications may
arise from any extraintestinal manifestations (Table 11.2).

Fetal

The evidence related to fetal and neonatal outcomes remains
conflicting and limited to observational studies. Retrospective
studies suggest there may be an increased risk of first trimester
miscarriage in women with CD when compared to controls
[6,7]. However, this association has not been consistently
demonstrated in large population-based cohort studies [7-9].
Several population-based studies and two meta-analyses
demonstrate an increased risk of preterm birth <37 weeks
and low birth weight infants [10-15]. The association with
congenital anomalies remains questionable [10,15]. The risk of
preterm birth may be higher in women who require oral sys-
temic steroids and they may also be at increased risk for severe
preeclampsia [8]. The data regarding the risk of small for gesta-
tional age (SGA) infants and stillbirth are inconsistent, but the
most recent meta-analysis suggests an increased risk [10,15,16].

Pregnancy Considerations

Effect of Pregnancy on CD

Pregnant women with CD are no more likely to flare com-
pared to nonpregnant women with CD [17]. Pregnancy may
in fact have positive effects on disease activity as lower rates
of relapse are observed in the three years following preg-
nancy [18,19]. Lower rates of stenosis and/or resection have
also been noted in women with CD who have been pregnant
during their disease course [20].

Effect of CD on Pregnancy

Regardless of disease activity, women with CD are at risk for
adverse pregnancy outcomes that have been previously out-
lined [21]. Large population-based studies including women
with IBD suggest an increased risk of adverse pregnancy out-
comes with increasing disease activity [8,22]. Women with
CD are at increased risk of cesarean delivery [10].

Management

Principles

Treatment of CD during pregnancy is similar to therapy in
a nonpregnant patient. A multidisciplinary approach by an
obstetrician/perinatologist and gastroenterologist is recom-
mended. Most medications used in the management of CD
are considered safe for use in pregnancy and have not been
shown to be teratogenic. Women maintained in remission
should continue their prepregnancy medications throughout
their pregnancy unless they are on clearly teratogenic agents.
Termination of pregnancy is not a therapeutic option for CD
as there is no evidence that termination results in improved
disease activity [23].
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Workup

When a woman presents with symptomatic colitis and relapse
is suspected, it is important to rule out infectious causes,
including Clostridium difficile colitis. C. difficile may have a
more fulminant course in patients with IBD [24]. Although
imaging and colonoscopy/sigmoidoscopy may be indicated
in the initial diagnosis of CD, they are often not necessary for
workup of a relapse. Colonoscopy and/or flexible sigmoidos-
copy may be performed safely during pregnancy.

Differential Diagnosis

Infectious colitis (bacterial, fungal, viral, or protozoan),
diverticulitis, ischemic colitis, solitary rectal ulcer syndrome,
nonsteroidal anti-inflammatory drug (NSAID)-related colitis.

Preconception Counseling

e A woman with CD should have a detailed discussion
with her primary care provider, gastroenterologist, and
obstetrician about her illness. Because the clinical course
of CD during pregnancy depends on CD activity at the
time of conception, it is important to make sure that the
disease is in remission before pregnancy is planned.
Contraceptive options should be reviewed as part of this
discussion. Quiescent disease at the time of conception
(either spontaneous or on therapy) typically remains
quiescent in two thirds of patients during pregnancy,
and active disease remains active in up to 70% of
patients. Improvement during pregnancy is only noted
in 30% [25]. In a recent meta-analysis, 46% of patients
with active disease at time of conception remained
active, and only 23% of women who were in remission at
the time of conception relapsed [26].

e  Women are therefore encouraged to enter pregnancy
when the disease is in remission for at least six months
and their nutritional status has been optimized.
Clinical remission is defined as normal bowel form
and number (presence of formed stool and absence of
diarrhea) without bleeding or abdominal pain [27].

Table 11.3 Medications Used in IBD

e CBC, folate, vitamin B,,, and iron should be assessed and
appropriate replacement initiated if indicated [27].

e Women on methotrexate (MTX) should be counseled to
be off the medication at least three to six months before
conceiving. Additionally, women on sulfasalazine
should be on folic acid at least one month prior to con-
ception [28].

e  Counsel women on avoidance of exacerbating factors,
including smoking and NSAID use [3].

*  The likelihood of a child developing CD should be dis-
cussed with parents although pregnancy should never be
discouraged due to this reason. The risk is estimated at
5.2% if one parent has CD and 36% if both have IBD [16,29].

®  The risk of infertility in patients with CD who have not
had surgery seems to be the same as that of the general
population.

*  Review of vaccination history is important. Women on
immunosuppressants should be immunized against
influenza and pneumococcal infections. Under appro-
priate circumstances, they should also receive tetanus
and meningococcal vaccines [24].

Prenatal Care

Comanagement with a gastroenterologist is recommended
to ensure medication safety and appropriate management
of any flares. Early evaluation and treatment of anemia, if
applicable, is useful. To ensure appropriate weight gain dur-
ing pregnancy, a nutrition consult may also be helpful. Serial
growth surveillance should be considered particularly if a
woman has active disease. There is no evidence that antenatal
surveillance reduces stillbirth risk but may be considered in
women with active disease.

Therapy

Treatment of CD is based on disease location, severity, and
extraintestinal complications. Pharmacologic therapy is the
mainstay of treatment. The goal of therapy is to maintain
stable disease activity. Table 11.3 summarizes the pregnancy

Pregnancy
Type of Medication Drug Category Recommendations for Pregnancy Breast-Feeding
5-Amniosalicylic acid drugs Sulfasalazine B First-line therapy; low risk; women Likely safe
should take 2 mg folic acid daily
Mesalamine C Low risk Likely safe
Olsalazine C Low risk Likely safe
Balsalazide B Limited information Limited information
Immunosuppressive agents Azathioprine/ D Continue in pregnancy if efficacious; Likely safe
6-mercaptopurine low risk
Cyclosporine C Moderate risk Not recommended
Methotrexate X Contraindicated; teratogenic Contraindicated,
teratogenic
Anti-TNF-alpha agents Infliximab B Low risk Likely safe
Adalimumab B Limited data; low risk Safety unknown
Certolizumab B Safety unknown Safety unknown
Corticosteroids Prednisone C Low risk; possible risk of cleft palate. Likely safe
PPROM and GDM
Antibiotics Metronidazole B Low risk Likely safe
Quinolones C Low risk; possible cartilage damage Likely safe
with first-trimester exposure
Miscellaneous Thalidomide X Contraindicated; teratogenic Contraindicated;

teratogenic

Abbreviations: GDM, gestational diabetes mellitus; IBD, inflammatory bowel disease; PPROM, premature preterm rupture of membranes; TNF,

tumor necrosis factor.



recommendations for commonly used drugs in the therapy
of IBD.

Aminosalicylates. Sulfasalazine, mesalamine, balsala-
zide, and olsalazine are in this category. These are usually
considered the first-line therapies, both in nonpregnant and
pregnant women. Drugs in this category have limited pla-
cental transfer and are generally considered safe for use in
pregnancy and in breast-feeding. Aminosalicylates have not
been shown to be teratogenic in humans [30-34]. They have
not been shown to be associated with stillbirth, spontaneous
abortion, preterm delivery, or low birth weight [30].

Because of the possible antifolate effects of sulfasala-
zine, women on sulfasalazine are recommended to take 2 mg
folic acid/day in the prenatal period and throughout the
pregnancy [16,27].

Corticosteroids

Prednisone is generally safe in pregnancy and breast-feeding
[23]. Although it does not cross the human placenta, animal
studies report an increased risk of cleft palate in the off-
spring. Women on high doses should avoid breast-feeding
within four hours of taking their dose to minimize possible
neonatal effects. High-dose prednisone confers risk of diabe-
tes (early glucola is warranted) and PPROM. A steroid taper
is recommended when used for more than one week. Stress
dose steroids are indicated only in special circumstances (see
Chapter 25).

Antibiotics

Metronidazole and quinolones have been used in the man-
agement of IBD. Metronidazole is considered safe for use
in pregnancy and breast-feeding. Quinolones have a high
affinity for bone tissue and cartilage. Animal studies show
cartilage damage in weight-bearing joints after quinolone
exposure. Although risk with exposure is minimal, alterna-
tive therapies should be used in pregnancy when available
[16]. Augmentin, another antibiotic used commonly in the
management of both perianal and luminal CD, can be used
safely during pregnancy. Rifamixin is a relatively new anti-
biotic, pregnancy category C, used in management of CD.

Immunomodulators/Immunosuppressants
Azathioprine/6-mercaptopurine. Mercaptopurine and azathioprine
are often used to maintain remission in steroid-dependent
patients with IBD [35,36]. Multiple case series and cohort
studies have not demonstrated an increased risk of congeni-
tal anomalies, suggesting that these drugs are safe for use in
pregnancy [36—43]. However, a recent meta-analysis demon-
strated an increased risk of congenital anomalies in neonates
born to women using thiopurines [44]. Nonetheless, women
who conceive on these medications should be allowed to
remain on them through the pregnancy. They should be
counseled not to stop 6-mercaptopurine before conceiv-
ing as that may actually increase the risk of fetal loss [45].
Azathioprine and 6-mercaptopurine should ideally not be
started for the first time in pregnancy due to response time
and the small risk of severe side effects [27]. Several series sug-
gest that breast-feeding on azathioprine/6-mercaptopurine
may be safe [46—48].

Methotrexate. MTX is clearly teratogenic and use is
contraindicated in pregnancy and in women considering
pregnancy. Use in pregnancy or during organogenesis (six to
eight weeks after conception) is associated with methotrexate
embryopathy. Exposure later in pregnancy may be associated
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with fetal toxicity and/or mortality. Women considering
pregnancy should discontinue MTX three to six months
before attempting conception [16]. MTX is contraindicated in
breast-feeding.

Cyclosporine. This drug is typically used in patients
with UC who are refractory to steroids. It should be used at
the lowest effective dose. Cyclosporine has not been found to
be teratogenic in humans [49-51]. It is associated with SGA
infants and preterm birth [51]. Hypertension and seizures
have also been reported with cyclosporine use. It should
preferably not be initiated during pregnancy [38,39]. Breast-
feeding is not recommended because of potential neonatal
nephrotoxicity and immunosuppression [52,53].

Infliximab. Infliximab is a tumor necrosis factor (TNF)-
alpha inhibitor used in patients with IBD [54-56]. Several
studies and a meta-analysis have documented the safety
of infliximab in pregnancy and have shown no increased
risk of congenital anomalies or other adverse pregnancy
outcomes [57-61]. Nonetheless, there are concerns regarding
increased drug transfer across the placenta in the third tri-
mester and newborn drug levels [62,63]. Newborn drug levels
may in theory increase the risk of infectious complications in
aneonate. This concern has led to a recommendation to avoid
live vaccines for the first six months of life [61]. As such, cur-
rent recommendations suggest that pregnant women should
avoid treatment after 30 weeks gestation, and if necessary, the
mother can be bridged with steroids to control the disease
activity until delivery [63—-65]. The final decision whether to
discontinue medication should be made in partnership with
a gastroenterologist. A neonatology or pediatric consultation
can be offered to address vaccination concerns. The safety of
infliximab in breast-feeding remains unknown although case
reports of women on infliximab suggest it is safe [59,66].

Adalimumab. Adalimumab is an anti-TNF-alpha agent
used in the management of CD. Human data on adalim-
umab use during pregnancy in IBD patients are limited. Case
reports and a recent meta-analysis do not show an increased
risk of congenital anomalies or other adverse pregnancy out-
comes [61,67,68]. Similar to Infliximab, concerns regarding
third-trimester use and newborn drug levels exist. There is
limited data regarding the safety of Adalimumab in nursing
but due to the miniscule amounts found in breast milk it is
likely compatible.

Certolizumab. Certolizumab is a relatively new drug
with decreased placental transfer compared to infliximab
and adalimumab. It has not been associated with congeni-
tal anomalies or other adverse outcomes [61]. It has not been
detected in breast milk, but data regarding safety of use in
pregnancy or breast-feeding remains limited.

Miscellaneous Agents

Natalizumab. This is a humanized IgG4 monoclonal antibody
more commonly used in multiple sclerosis patients although
it has also been approved for treatment of CD. Data from the
Natalizumab Pregnancy Exposure Registry do not show an
association with adverse pregnancy outcomes [69]. It does
cross the placenta during the third trimester of pregnancy. It
is a pregnancy category C drug,.

Thalidomide. Thalidomide has been successfully used
in the treatment of some patients with CD [70]. Use in preg-
nancy and while breast-feeding is unequivocally contraindi-
cated because of its well-known teratogenic effects.

Naltrexone. This is an opioid antagonist typically used in
low doses to induce remission. There is insufficient evidence
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to deterime safety or efficacy in the nonpregnant population
and no data yet on use in pregnant women [71].

Antepartum Testing

There is no literature to support the use of routine antenatal
testing in patients with CD. However, it may be considered in
women with active disease.

Delivery
No randomized controlled trials exist to determine the best
form of delivery for women with CD. By current practice, the
method of delivery should be dictated by obstetric indica-
tion. Vaginal delivery is acceptable for women with quiescent
or absent perianal disease, and cesarean delivery should be
performed in those women with active perianal disease
defined as perianal abscess or fistula [72]. Episiotomy should
be avoided as it places women with CD at risk for perineal
disease peridelivery [73]. Mode of delivery does not appear to
influence the development of IBD in offspring [74].

Women with IBD are considered “intermediate” risk
for venous thromboembolism. Thromboprophylaxis (e.g.,
with low-molecular-weight heparin) should be considered for
women postpartum (e.g., up to seven days), particularly for
those women undergoing a cesarean delivery [75]. The first
dose should be administered no sooner than four hours post-
operatively and no later than 24 hours postoperatively.

Postpartum/Breast-Feeding

Breast-feeding is not associated with an increased risk of dis-
ease flare and may even be protective against a flare in the
year following delivery [76,77].

ULCERATIVE COLITIS

Definition

UC is a chronic idiopathic systemic disease characterized by
mucosal inflammation that usually involves the rectum and
extends proximally to involve all or part of the colon. Disease
is limited to the rectum and rectosigmoid in 40% to 50% of
patients, and 30% to 40% have disease extending beyond the
sigmoid but not involving the whole colon. In 20% of patients,
the entire colon is involved [1].

Diagnosis

A diagnosis of UC is typically suspected on clinical
grounds. It is confirmed by proctosigmoidoscopy or colo-
noscopy, histology of biopsy specimens, and by a negative
stool exam ruling out infectious causes including C. difficile
[24]. Alternative causes of diarrhea (infectious and noninfec-
tious) should be ruled out before a definitive diagnosis can
be made. Table 11.4 outlines criteria used to determine dis-
ease severity.

Signs/Symptoms

The manifestations of UC are similar in pregnant and non-
pregnant women. The disease course is characterized by
periods of remission and relapse. Extension of colonic dis-
ease can occur with time. Typical symptoms include diar-
rhea (often nocturnal), rectal bleeding, tenesmus, passage of
mucus, and crampy abdominal pain. In severe disease, liquid

Table 11.4 Montreal Classification of Extent and Severity
of Ulcerative Colitis

Inflammation limited to the rectum
Inflammation limited to the splenic flexure

E1 (proctitis)

E2 (left-sided;
distal)

E3 (pancolitis) Inflammation extends to the proximal
splenic flexure

No symptoms

Four or less stools per day (with or without
blood), absence of systemic symptoms,
normal inflammatory markers

Five stools per day, minimum signs of
systemic symptoms

Six or more bloods per day, pulse rate =90
beats per min, Temperature >37.5°C,
Hemoglobin concentration <105 g/L,
ESR =30 mm/h

SO (remission)
S1 (mild)

S2 (moderate)

S3 (severe)

stool with blood, pus, and fecal matter may be experienced.
Generalized symptoms may include anorexia, nausea, vomit-
ing, fever, and weight loss. On physical examination, a ten-
der anal canal and blood in the rectum may suggest proctitis.
Severe pain and bleeding suggests toxic colitis, and tympany
on abdominal exam suggests megacolon. Signs of peritoni-
tis may suggest perforation [1]. Similar to CD, extraintestinal
manifestations are not uncommon (Table 11.2).

Epidemiology/Incidence

The incidence of UC varies by geographical location. It is
most common in Western nations and incidence in the United
States is estimated at 8-12/100,000 population per year [24].
Ulcerative colitis has a bimodal pattern of incidence with
the main peak at 15-30 years of age and a second peak at
50-70 years of age [78]. Unlike CD, the incidence of UC has
remained stable over the past several decades [24]. Smoking
and even a history of smoking increases the risk of UC.
Former smokers have a 1.7-fold increased risk of developing
UC compared to nonsmokers [1].

Etiology/Basic Pathophysiology

The etiology of UC remains unknown. The pathogenesis
is currently thought to be similar to CD (see section titled
“Etiology/Basic Pathophysiology” described earlier for CD).

Complications

Maternal

Massive hemorrhage typically from erosions in the colon
(1%), toxic megacolon (5%), perforation (rare but fatal in 15%
of cases), and strictures (5%—10%) [1]. The risk of colon can-
cer is related to the duration and extent of the disease. After
10 years, the colon cancer risk is estimated at 0.5% to 1% per
year, necessitating annual or biannual colonoscopic surveil-
lance [24]. Complications may also arise from any existing
extraintestinal manifestations (Table 11.2).

In women with an ileal pouch-anal anastomosis
(IPAA), pregnancy is considered safe and is not associated
with an increased frequency of maternal morbidity or pouch
complications [79]. Pouch complications reported in preg-
nancy include small bowel obstruction (2.8% antenatally,
6.8% postpartum), pouchitis (1.8%), and perianal abscess
(0.4%) [80].



Fetal

UC is associated with preterm birth <37 weeks [10,15,81].
The risk of preterm birth may be higher in women who
require systemic steroids and they may also be at increased
risk for severe preeclampsia [8]. Evidence regarding other
adverse pregnancy outcomes remains inconsistent. Several
studies suggest that UC is not associated with low birth
weight, intrauterine growth restriction, SGA infants, or
stillbirth [7,10,82,83]. However, a recent meta-analysis shows
an increased risk of SGA and stillbirth in patients with IBD
[15]. Although some population-based studies and a meta-
analysis suggest that UC may be associated with congenital
anomalies, specifically limb deficiencies, obstructive uri-
nary abnormalities, and multiple anomalies, these findings
have not been replicated in other studies [8,10,82,84]. Similar
to Crohn’s disease, increased disease activity in pregnancy
may be associated with worse pregnancy outcomes [8,22].
The presence of an IPAA does not confer additional fetal
morbidity or mortality [79].

Pregnancy Considerations

Effect of Pregnancy on UC

Pregnant women with UC are just as likely to flare as non-
pregnant women [85]. Pregnancy may result in fewer relapses
in the years following delivery in women with UC [19,20].

In women with an IPAA, there may be transient wors-
ening of pouch function during the pregnancy, but long-
term function is preserved regardless of mode of delivery.
Additionally, long-term pouch function in women who have
had a vaginal delivery is similar to women who did not have
a delivery following IPAA [79,86].

Effect of UC on Pregnancy
See section titled “Complications: Fetal.”

Management

General Principles

Management of a pregnant woman with UC is best done in
partnership with a gastroenterologist. The general principles
for management of pregnant patients with UC are similar to
management principles in women with CD.

Workup
See section titled “Workup” described earlier for CD.

Differential Diagnosis

Infectious diarrhea (bacterial, fungal, viral, or protozoan),
diverticulitis, ischemic colitis, solitary rectal ulcer syndrome,
NSAID-related colitis.

Preconception Counseling

*  Women should be encouraged to optimize their medical
management before conception and optimize nutritional
status (see section titled “Crohn’s Disease”).

e Discontinue known teratogenic drugs. Women on
methotrexate should wait three to six months after
discontinuation before attempting pregnancy. Women
on sulfasalazine should take 2 mg folic acid daily at
least one month prior to conceiving and through the
pregnancy.

e Women should be up to date on relevant cancer screen-
ing as advised by their gastroenterologist.
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e CBC, folate, vitamin B,,, and iron should be assessed
and appropriate replacement initiated if indicated
[27].

*  Counsel on the risk of inheritance of UC. The risk is esti-
mated at 1.6% if the mother has UC and 36% if both have
IBD [16].

* Review of vaccination history is important. Women on
immunosuppressants should be immunized against
influenza and pneumococcal infections. Under appro-
priate circumstances, they should also receive tetanus
and meningococcal vaccines [24].

Prenatal Care

The pregnancy should be managed in partnership with a gas-
troenterologist. Although the data are conflicting regarding
the increased risk of congenital anomalies, a careful anatomi-
cal survey is recommended. Serial growth surveillance can
be considered, particularly in women with active disease.
There is no evidence to support antenatal testing, but it may
be considered in women with active disease.

Therapy
Treatment for ulcerative colitis is individualized based on
disease severity and extent of colic involvement.

Pharmacological therapy. Many of the medications used
to maintain remission or treat acute relapses are similar to the
medications used in CD. See section titled “Therapy” (under
CD) and Table 11.3. A meta-analysis showed Curcumin, an
anti-inflammatory agent, to be successful in maintaining
remission in nonpregnant patients with UC. Data regarding
use and safety in pregnancy is lacking [87].

Surgery. Despite medical management, some women,
particularly those with severe disease activity, may develop
fulminant disease, necessitating operative intervention.
The likelihood of colectomy depends on disease severity
and presence of deep colonic ulcerations on admission [78].
Urgent or emergent surgery typically involves a subtotal
colectomy with a temporary ileostomy without removal of
the rectal stump. Subsequent IPAA and ileostomy closure is
performed when the patient recovers. Proctocolectomy with
IPAA is the standard of care for elective surgery [78]. Even
when a surgical intervention for UC is performed in the third
trimester, cesarean section should be reserved for obstetric
indications [87].

Colectomy. Absolute indications for surgery are exsan-
guinating hemorrhage, perforation, and documented/strongly
suspected carcinoma [4,24]. Other indications include severe
fulminant colitis with or without toxic megacolon unrespon-
sive to maximal medical therapy [24,78]. There are no pro-
spective randomized trials comparing medical with surgical
treatment efficacy for any indication in UC.

Historically, colectomy in pregnancy for fulminant UC
has been associated with a high fetal mortality rate (49%) and
concerning maternal mortality rate (22%) [88]. However, a
more recent case series of women with fulminant UC under-
going total colectomy demonstrated no maternal or fetal mor-
tality, which is consistent with other series published after
1987 [89].

Ileal Pouch—Anal Anastomosis

This is the most commonly performed procedure for UC. It
involves resection of the large intestine and creation of an
ileal J-pouch, which is attached to a rectal muscle cuff. It helps
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patients maintain their quality of life after colectomy because
it maintains intestinal continuity and the function of defeca-
tion. IPAA is considered curative for UC.

However, recent data suggest that the risk of infertility
in women with UC increases threefold after IPAA.

Antepartum Testing

There is no literature to base a recommendation for antena-
tal testing. However, antenatal testing may be considered in
women with active disease.

Delivery

Similar to CD, mode of delivery should be dictated by obstet-
ric indication. A vaginal delivery is considered safe for
women with an IPAA [65,79]. As in the case of a woman with
CD, thromboprophylaxis (e.g, with low-molecular-weight
heparin) should be considered in women with UC.

Postpartum/Breast-Feeding
Breast-feeding may have a protective effect on the disease
course of UC [64].
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Gallbladder disease

Priyadarshini Koduri

KEY POINTS

Symptomatic gallstones are common in pregnant
women, but acute cholecystitis is uncommon.

e Pregnancy and the postpartum period increase the
risk of gallstones and acute cholecystitis.

e Biliary colic is the most common symptom associated
with gallstones.

e Acute cholecystitis can be differentiated from biliary
colic based on constant right upper quadrant or epigas-
tric pain, Murphy’s sign, and evidence of inflammation
with systemic signs.

e Diagnosis of cholelithiasis or acute cholecystitis is based
on characteristic signs, symptoms, and ultrasonographic
findings.

®  Acute cholecystitis is associated with significant mater-
nal and fetal risks.

* In cases of biliary colic and acute cholecystitis failing a
brief period (about 24 hours) of conservative manage-
ment, laparoscopic surgery should not be delayed, fol-
lowing similar management to the nonpregnant adult.

e Of women with acute cholecystitis, 27% fail conserva-
tive management and require a cholecystectomy.

®  Cholecystectomy is unequivocally recommended in
women with sepsis, ileus, or perforation.

¢ Endoscopic retrograde cholangiopancreatography
(ERCP) and magnetic resonance cholangiopancrea-
tography (MRCP) are considered safe in pregnancy.
Pregnancy is a risk factor for post-ERCP pancreatitis.

* Maternal and fetal outcomes are similar regardless of
surgical approach to cholecystectomy. However, the
laparoscopic approach has inherent surgical advan-
tages, specifically shorter operative times, shorter hos-
pital stays, and fewer operative complications. Surgery
is best performed in the second trimester to minimize
fetal risks.

CHOLELITHIASIS

Diagnosis/Definition

Presence of gallstones in the gallbladder. A diagnosis of cho-
lelithiasis may be incidental or may be suspected on the basis
of classic symptoms with confirmation on ultrasound.

Symptoms

Up to 50% of pregnant women with cholelithiasis are asymp-
tomatic [1]. The most common symptom reported is bil-
iary colic—recurrent pain in the right upper quadrant or
epigastrium that is sudden in onset and may radiate to the
interscapular area or right scapula. Biliary colic results from
obstruction of the cystic or common bile duct. The resulting
increased intraluminal pressure is unrelieved by repeated
gallbladder contractions. Although nausea and vomiting

often accompany biliary colic, the common triad of bloating,
nausea, and heartburn is only weakly associated with the
presence of gallstones [2].

Epidemiology/Incidence

Gallstones are fairly common and are found in up to 20% of
women under age 40 in autopsy series [3]. Gallstones have
been reported in 7% of nulliparous women and 20% of mul-
tiparous women [4]. Biliary sludge, which is a precursor
to gallstones, is seen in up to 30% of pregnant women [2].
Gallbladder disease is the second most common indication
for nonobstetrical surgery in pregnancy [5]. Increasing phys-
ical activity to moderate or vigorous levels did not decrease
the incidence of sludge or gallstones in one trial [6].

Etiology/Pathophysiology

Gallstones form by concretion or accretion of normal or
abnormal bile constituents. Increased biliary secretion of cho-
lesterol and gallbladder hypomotility contributes to gallstone
formation. There are three major types of gallstones: cho-
lesterol, pigment, and mixed. Cholesterol and mixed stones
constitute the majority of gallstones seen (80%), and pigment
stones constitute the rest [3].

Risk Factors/Associations

Common risk factors for cholelithiasis are listed in Table
12.1. Pregnancy is associated with an increased risk of cho-
lelithiasis likely due to decreased gallbladder motility and
increased lithogenicity of bile [1,7]. Increased risk for choleli-
thiasis may remain up to five years postpartum [8]. Although
the incidence of gallstones or sludge may increase with
advancing gestation, regression in the postpartum period is
not uncommon [9-13].

Differential Diagnosis

Acute cholecystitis (should be suspected if fever, chills, tachy-
cardia, or other systemic signs accompany persistent right
upper quadrant/epigastric pain), appendicitis, pancreatitis,
peptic ulcer disease, pyelonephritis, HELLP syndrome, acute
fatty liver disease, or hepatitis.

Complications

Maternal

Cholecystitis, cholangitis, choledocholithiasis, pancreatitis,
or ileus.

Fetal
No reports suggest an increased fetal risk associated with
biliary colic or the presence of gallstones.
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Table 12.1 Risk Factors for Cholelithiasis

Cholesterol and mixed gallstones
Race/Ethnicity: North American Indians, Hispanics
Obesity
Rapid weight loss (e.g., post gastric bypass)
Female sex hormones (e.g., oral contraceptive pills)
lleal resection
Advancing age
Gallbladder hypomotility
Diet: High calorie, high fat

Pigment stones
Ethnicity: Asian
Chronic hemolysis
Alcoholic cirrhosis
Chronic biliary tract infection, parasitic infection

Management

Principles

Conservative management may be an option at least initially
in an attempt to avoid surgery. However, more recent evi-
dence suggests having a lower threshold for surgical inter-
vention given the safety of the laparoscopic approach and
potentially improved fetal outcomes particularly in the sec-
ond trimester [4,14,15]. Retrospective and survey-based stud-
ies suggest that conservative management of symptomatic
cholelithiasis is associated with an increased symptom recur-
rence, hospitalizations, and emergency room visits [16-18].

Workup
Laboratory investigations. Blood count, transaminases, total
bilirubin, serum amylase, and lipase.

Imaging. Ultrasound is the most useful and sensitive
test for detecting sludge and gallstones even as small as 2 mm
[3,19]. Classic sonographic findings suggestive of gallstones
include acoustic shadowing of opacities in the gallblad-
der lumen that change with the patient’s position. The false
negative and false positive rates for ultrasound in gallstone
patients are estimated at 2% to 4% [3].

Therapy

All pregnant women with symptomatic cholelithiasis should
be admitted to the hospital for observation. Although it is
generally accepted that women without systemic symptoms

should be conservatively managed initially in an effort to
avoid surgery, this view was challenged in a retrospective
review of 58 pregnant women with gallbladder disease,
excluding those with acute cholecystitis [20]. Compared
to women surgically managed, women who were con-
servatively managed had twice the rate of obstetric com-
plications. However, this difference was not statistically
significant and the obstetric complications were not directly
linked to gallbladder disease.

Conservative management should be attempted ini-
tially for about 24 hours. This typically includes bowel rest
with NPO, intravenous hydration, and use of opioid analge-
sics. Surgical consultation should be obtained. Indications
for surgical management in symptomatic women without
acute cholecystitis include worsening of symptoms, inabil-
ity to tolerate oral intake, increasing abdominal tender-
ness, and patient preference.

Pregnancy Considerations
Biliary colic alone does not appear to increase the risk of
adverse obstetric outcome.

Labor and Delivery Issues

Mode of delivery is not impacted by the presence of gall-
stones. Cesarean section should be performed for obstetric
indications.

ACUTE CHOLECYSTITIS

Diagnosis/Definition

Acute cholecystitis is inflammation of the gallbladder. A diag-
nosis of acute cholecystitis should be made on the basis of
characteristic history and physical examination (Figure 12.1).
Murphy’s sign is a physical examination finding of increased
abdominal rigidity on inspiration and right upper quadrant
tenderness. This sign is pathognomonic for acute cholecys-
titis but may not always be present on exam, depending on
gestational age and body habitus.

Classification
Table 12.2 summarizes criteria used to grade the severity of
acute cholecystitis [21].

Persistent right upper quadrant pain

Acute cholecystitis

Right upper quadrant tenderness
(with or without Murphy’s sign)

Figure 12.1 Diagnosing acute cholecystitis.

Inflammatory response
(indicated by symptoms and labs)



Table 12.2 Grading Severity of Acute Cholecystitis

Grade | (mild)

Acute cholecystitis in otherwise healthy patient with mild local
inflammatory changes and without organ dysfunction

Criteria for Grade Il or Il not met

Grade Il (moderate) — any one of the following characteristics

Leukocytosis (>18 cells per mm?3)

Palpable, tender mass in right upper quadrant

Symptom duration >72 hours

Marked local inflammation (gangrenous or emphysematous
cholecystitis, pericholecystic or hepatic abscess, biliary
peritonitis

Grade lll (severe) — organ dysfunction in any one of the
following systems

Cardiovascular: Hypotension requiring administration of =5 pg/
kg/min of dopamine or any dose of norepinephrine

Neurologic: Decreased level of consciousness

Respiratory PaO,:FiO, <300

Renal: Oliguria or Creatinine >2.0 mg/dL

Hepatic: INR >1.5

Hematologic: Platelet count <100,000/mm?3

Source: Adapted from Baron TH, Grimm IS, Swanstrom LL. NEJM,
378, 357-65, 2015.

Symptoms

Symptoms suggestive of acute cholecystitis are similar in
the pregnant and nonpregnant state. Common signs and
symptoms include constant right upper quadrant pain or
tenderness, fever, tachycardia, leukocytosis, anorexia, nau-
sea, vomiting, and inability to tolerate oral intake. Jaundice
and signs consistent with peritonitis may also be present. In
women with superimposed bacterial infection, sepsis may
also be apparent.

Epidemiology/Incidence

Although cholelithiasis is fairly common in pregnancy, acute
cholecystitis is relatively uncommon. It is estimated to com-
plicate 0.1% of all pregnancies [22].

Risk Factors/Associations
See section titled “Cholelithiasis.”

Complications

Maternal

Sepsis, cholangitis, pancreatitis, empyema of the gallbladder,
gangrene and perforation, fistula formation, gallstone ileus,
porcelain gallbladder with associated increased risk of gall-
bladder cancer.

Fetal

Fetal death (7% in women treated conservatively vs. 2% in
women treated with laparoscopic cholecystectomy) [14], pre-
term delivery (3.5% in women treated conservatively vs. 6%
in women treated surgically) [23], first-trimester miscarriage.

Etiology/Pathogenesis

The majority of cases of acute cholecystitis result from obstruc-
tion of the cystic duct by gallstones [2,24]. Inflammation of
the gallbladder results from three factors: mechanical inflam-
mation from increased intraluminal pressure, resulting
in ischemia of the gallbladder wall and mucosa; chemical
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inflammation from release of tissue factors; and bacterial
inflammation. Bacterial inflammation may play a role in 20%
of all patients with acute cholecystitis [24]. Characteristic bac-
teria involved include Escherichia coli, Klebsiella, Streptococcus
faecalis, Staphylococcus, and Clostridium [3,24].

Pregnancy Considerations

Principles

The appropriate and optimal management of pregnant
women with acute cholecystitis remains controversial.
Risks of conservative management include risk to the fetus
from recurrent relapses, malnutrition, and other complica-
tions that may result from complicated gallbladder disease.
However, surgery is not without maternal or fetal risk either.
Management decisions for the pregnant woman with acute
cholecystitis should be made in conjunction with a general
surgeon to ensure optimal management for both mother and
fetus.

Workup

Laboratory investigations. Complete blood count, transam-
inases, total bilirubin, alkaline phosphatase, serum amylase,
and lipase.

Imaging. Ultrasound is the image modality of choice
in pregnancy for diagnosing cholecystitis. Classic sono-
graphic findings suggestive of acute cholecystitis are similar
in pregnant and nonpregnant women. They include a thick-
ened gallbladder wall (>3-5 mm), pericholecystic fluid, gall-
stones, and a sonographic Murphy’s sign [2,21].

However, ultrasound is insensitive in diagnosing cho-
ledocholithiasis (presence of an obstructing gallstone in the
common bile duct). If choledocholithiasis is suspected on the
basis of a dilated biliary tree, abnormal liver tests or pan-
creatitis, further diagnostic modalities should be employed,
namely MRCP or ERCP.

MRCP: Considering the safety of MRI in pregnancy,
MRCP is likely safe in pregnancy. MRCP and ERCP have
been shown to have similar diagnostic accuracy for choledo-
cholithiasis in the nonpregnant population [25]. Nonetheless,
there are no clear guidelines for use of MRCP in pregnancy.
In doses several times the human dose, paramagnetic con-
trast agents have been associated with fetal abnormalities
and increased risk of miscarriage in animals [26,27]. Safety
of contrast agents during breast-feeding remains unknown.

ERCP: ERCP followed by sphincterotomy and stone
extraction is now the most common treatment modality for
symptomatic choledocholithiasis. In cases of acute cholecys-
titis, a cholecystectomy may be performed after an ERCP to
prevent recurrence of obstruction. Several small retrospective
studies support the safety of ERCP in pregnancy [28-35]. A
large retrospective matched-cohort study showed that ERCP-
associated complications of perforation, cholecystitis, and
postsphincterotomy hemorrhage were rare in both pregnant
and nonpregnant women [36]. However, pregnant women
were found to have a significantly higher incidence of post-
ERCP pancreatitis compared to nonpregnant women (12% vs.
5%, P < 0.001). Pregnancy complications were rare, and rates of
maternal mortality, fetal distress, and fetal loss were compa-
rable to national averages [36]. Interestingly, pregnant women
post-ERCP had lower rates of preterm labor compared to the
national average [36]. ERCP is best performed in the second
trimester to minimize obstetric risks [29]. Fetal radiation
exposure during an ERCP can vary depending on procedure
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time and fluoroscopy time. Although there is a correlation
between fluoroscopy time and fetal radiation exposure, this
relationship is not entirely linear [34]. In a series of 17 patients
undergoing ERCP, fetal radiation doses were <200 mrad
when fluoroscopy time was limited to less than one minute
[34]. Effort should be made to minimize fluoroscopy time,
using shielding under the pelvis and over the lower part
of the abdomen. Modifying techniques to minimize fluoro-
scopy time have successfully been used to decrease fetal radi-
ation exposure to negligible levels [37]. Nonradiation ERCP
has been successfully performed during pregnancy without
resultant adverse pregnancy outcomes [38-42]. However,
the small number of reported procedures limits conclusions
regarding safety of the procedure in pregnancy. Fetal mon-
itoring before and after ERCP is recommended.

Management

All women with suspected acute cholecystitis should be hos-
pitalized and a surgical consultation should be obtained. If
acute cholecystitis is confirmed, conservative management
for about 24 hours is a reasonable initial option to avoid sur-
gery. Conservative therapy typically includes NPO and
bowel rest, intravenous hydration, and opioid analgesia.
Broad-spectrum antibiotics should be considered in women
with systemic symptoms who do not improve in 12 to 24
hours [2].

The safety and possible efficacy of a short course of
indomethacin in the second trimester to attempt to reverse
the gallbladder inflammation has been reported [22].
Indomethacin use should be avoided after 32 weeks to avoid
premature closure of the ductus arteriosus and oligohydram-
nios. Although ursodeoxycholic acid is used in nonpregnant
women to dissolve gallstones, efficacy for use in pregnancy
is uncertain [43].

A majority of patients (40%-70%) who are treated con-
servatively relapse during the pregnancy [4,14]. Approxi-
mately 27% of women will fail conservative management and
require cholecystectomy [23]. Definitive surgical therapy is
required in pregnant women with sepsis, ileus, or perfora-
tion [2]. Pregnant and nonpregnant women appear to have
similar risk of major postoperative morbidity [44].

Laparoscopic vs. Open Cholecystectomy
A systematic review did not find any difference in maternal
or fetal morbidity when the open laparoscopic approach was
compared to the open approach [23]. A more recent study look-
ing at 664 cholecystectomies performed during pregnancy
found that the laparoscopic approach was associated with
shorter operative times, shorter length of stay, and fewer
postoperative complications [45]. The laparoscopic approach
has been associated with a risk of bile duct injury, but such
injury can be prevented by conversion to an open cholecys-
tectomy if dissection is difficult or unsuccessful or the anat-
omy is difficult to ascertain [21]. The Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES) states
that laparoscopic cholecystectomy is the treatment of choice
in the pregnant patient with gallbladder disease regard-
less of trimester [46]. Ideally, surgery in pregnancy should
be performed in the second trimester to minimize fetal risk.
However, laparoscopic cholecystectomy has been safely
performed even in the third trimester [47-50].

Regardless of mode of surgery, the pregnant patient
should be placed in the left lateral position to avoid aortocaval

compression. Perioperative monitoring should be performed.
When the laparoscopic approach is used, care should be taken
to avoid high intraperitoneal pressures, using the open tech-
nique for umbilical port insertion and using electrocautery
away from the uterus. Steroids for fetal lung maturity should
be considered between 23 and 33 6/7 weeks. Fetal monitoring
before and after surgery is recommended.

Other surgical approaches have been described. There
is a more recent technique, called NOTES (natural orifice
translumenal endoscopic surgery), in which surgery is per-
formed via a natural occurring orifice. There are no reports
of a NOTES cholecystectomy performed during pregnancy.
Percutaneous cholecystostomy is an older technique whereby
the gallbladder is decompressed with a pigtail catheter placed
under ultrasound guidance. It is a helpful management alter-
native in patients who cannot safely undergo surgery or who
have contraindications to anesthesia. However, with the
safety and acceptance of laparoscopic cholecystectomy, the
role of percutaneous cholecystostomy is not well defined in
pregnancy. A case series and observational study suggest
that it can be performed safely in all trimesters [51,52]. Peroral
endoscopic gallbladder drainage (transmural or transpapil-
lary) has not been described in the pregnant population.

Labor and Delivery Considerations

Acute cholecystitis or history of cholecystectomy during the
pregnancy should not impact mode of delivery. Cesarean sec-
tion should be reserved for obstetric indications.
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KEY POINTS

e  The best outcomes in pregnancy after liver transplant
occur in patients with the following:

Good general health >1 year since transplant

Minimal or no proteinuria (<1 g/24 hours)

Creatinine <1.5 mg/dL

Well-controlled or no hypertension

No evidence of recent graft rejection

Stable immunosuppressive regimen and liver function

*  Potential maternal and fetal complications include pre-
term birth, preeclampsia, fetal growth restriction, and
low birth weight.

e Pregnancy in and of itself does not affect previously sta-
ble hepatic allograft function.

e The effect of comorbid conditions (i.e., diabetes, hyper-
tension) should be considered and their management
optimized.

¢ Transplant recipients should have their baseline kid-
ney function (creatinine, 24-hour urine collection for
total protein) assessed.

* Maintenance of current immunosuppression in preg-
nancy is usually recommended except for mycophenolic
acid products, for which fetal risks should be dis-
cussed and alternatives sought.

e Summary of management options in Table 13.4.

PREGNANCY AFTER LIVER
TRANSPLANTATION

Introduction and Historic Notes

Since the first human liver transplant performed in 1963 by
Thomas Starzl (University of Colorado) [1], many advances
in surgical techniques and immunosuppressive therapy have
helped to increase the numbers of women who undergo allo-
genic organ transplantation each year. In 1978, Walcott [2]
documented the first known pregnancy in a liver transplant
recipient, which resulted in a successful delivery with both
mother and infant in excellent health. Many times, a trans-
planted organ normalizes a woman’s hormonal imbalance
and restores fertility, thus offering the prospect of pregnancy
and providing many women with end-stage organ disease
a chance to conceive and bear children. As a result, among
liver transplant recipients, a higher survival rate and a return
to a good quality of life have been achieved. In 1991, the
National Transplantation Pregnancy Registry (NTPR) was
established at Thomas Jefferson University in Philadelphia,
Pennsylvania, to analyze pregnancy outcomes in solid-organ
transplant recipients [3].

Definition/Symptoms and Signs of ESLD

Liver transplantation (LTx): treatment of choice for all non-
neoplastic end-stage liver diseases and for selected patients
with nonresectable hepatic malignancies.

End-stage liver disease (ESLD): any hepatic disease that
jeopardizes the survival or that seriously modifies the quality
of life of the patient and for which the transplant is the only
therapy because no other medical or surgical treatment exists
that is able to provide a reasonable chance of recovery.

Before undergoing LTx, some patients remain in quite
good clinical condition. There may be individual variations
in terms of hospital care requirements. As the liver disease
progresses, symptoms such as encephalopathy, weakness,
and lethargy become more frequent. Intractable ascites, GI
bleeding, peripheral edema, anorexia, jaundice, pruritus and
cholestasis, peritonitis, and pneumonia may also develop.
Often the patient is severely malnourished.

Indications

Although chronic hepatitis C infection (HCV) represents the
leading indication for LTx in the United States, autoimmune
hepatitis is probably the most frequent reason for transplan-
tation among young female recipients who may become preg-
nant after transplant [4].

Epidemiology

Approximately one third of all patients who have under-
gone LTx are women, and about 75% of female recipients are
of reproductive age [4]. The incidence indicates that more
than 14,000 women of reproductive age are living in the
United States after liver transplantation (LTx), and another
500 undergo LTx each year [5].

Pathophysiology

Women with decompensated liver disease commonly have
menstrual dysfunction: Infertility is common in women with
ESLD because of hypothalamic—pituitary—gonadal dysfunc-
tion, which decreased ovulation [6,7] and affects up to 50%
of these patients. In fact, menstrual abnormalities may be the
first signs of liver disease in females with chronic liver dis-
ease. In cirrhotic state, hypothalamic-pituitary dysfunction is
associated with an inadequate response to the gonadotropin-
releasing hormone agonists and clomiphene citrates as well
as diminished gonadotrophin release relative to the reduced
levels of circulating sex steroids [8]. Furthermore, serum lev-
els of estradiol and testosterone are increased in patients with
porto-systemic shunts. Thus pregnancy in decompensated
cirrhosis is very uncommon. A successful transplant almost
uniformly leads to a prompt return to normal menstrual
cycles and to reproductive functions because of the recov-
ery of the gonadotrophic function [8-11]. This is an important
component of the restoration of normality of life for patients
of childbearing age, and it is evidenced by the increasing
number of post-transplantation pregnancies reported world-
wide [12-24].
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Preconception Counseling

and Timing of Pregnancy

Pregnancy after liver transplant should be considered as a
high-risk pregnancy and monitored closely by a team of trans-
plant hepatologists and experts in obstetrics and maternal-fetal
medicine. Female liver transplant recipients who are planning
to become pregnant should be counseled on contraception
and optimal timing of pregnancy, proper vaccinations, and
risks associated with immunosuppressive therapy.

For this reason an appropriate contraceptive plan
should be recommended. Oral contraceptives are relatively
contraindicated in women with liver transplant because of
many theoretical complications, such as the risk of thrombo-
embolism, cholestasis, exacerbated hypertension, and inter-
ference in cyclosporin metabolism [7]. Although intrauterine
devices may initially increase the risks of infection especially
in immunocompromised women, their use is probably safe
and should be recommended.

Many medications used for post-transplant immuno-
suppression have potential effects during pregnancy and
breast-feeding. The risks and benefits of each medication
should be reviewed with patients contemplating preg-
nancy, and regimens should be tailored accordingly [see
below].

Ideally, patients should be vaccinated prior to trans-
plantation against influenza, pneumococcus, hepatitis B, and
tetanus. Alternatively, they should be vaccinated prepregnancy.

The optimal timing of conception post-transplant is
controversial, but current recommendations suggest waiting
for at least one year after transplantation based on rejection
risks and to allow stabilization of allograft function and of
immunosuppressive regimen [7-8,20] even though the short-
est interval from OLTx to conception reported in the literature
is three weeks [24]. Immunosuppressive agents are at their
nadir one year post liver transplantation, and thus risk of
allograft rejection is low at that time. Furthermore, renal and
liver functions tend to stabilize during that period. Thus it is
ideal to delay pregnancy until the patient is on a maintenance
immunosuppression one to two years after transplantation to
minimize fetal exposure to high doses of immunosuppres-
sants. When choosing the timing of pregnancy after OLTX,
several factors should be considered:

a. Good general health >1 year since transplant.
1. Risk of acute graft rejection
2. Risk of acute infection that might impact the fetus
(cytomegalovirus [CMV] acute infection is most com-
mon within 6-12 months post-transplant)
b. Proteinuria and creatinine level.
1. None or minimal proteinuria (<1 g/24 hours)
2. Serum creatinine <1.5 mg/dL
c. Rejection and immunosuppression.
1. No evidence of recent graft rejection (in the past year)
2. Stable immunosuppression regimen (stable dosing)
d. Stable liver function.
1. Patients with stable liver function generally have a low
risk for opportunistic infections
e. Maternal age.
f. Medical noncompliance.

Comorbidity and Risk Factors
The outcome in liver transplant recipients from selected pub-
lications is shown in Table 13.1. The main comorbidity, risk

factors about patient, graft, and fetus complications described
in the English literature are also described below.

Hepatitis Virus Reactivation

Even if autoimmune hepatitis is the most frequent reason for
transplantation among young female recipients who may
become pregnant after transplant, a reactivation of viral
hepatitis is considered one of the most serious risks for both
mother and child.

For hepatitis B, for example, vertical transmission is
reported between 10% and 20% of HBsAg-positive (HBeAg-
negative) nontransplant mothers without immunoprophylaxis.
It is recommended to vaccinate and give IVIg to all newborns
born to HBsAg-positive women within 12 hours of birth as the
hepatitis B virus (HBV) neonatal infection risks with these inter-
ventions decreases to less than 10% [25] (Chapter 30).

The rate of maternal-fetal HCV transmission in OLTx
recipients is still unclear, requiring additional analysis. The
vertical infection rate in pregnant HCV RNA-positive sub-
jects is around 3% to 5% (in absence of other viral coinfec-
tions) [26]. A well-documented risk factor for HCV vertical
transmission is maternal high viral load. Therefore, special
attention should be given to patients with high viral load
post-transplant (Chapter 31).

Hypertension and Renal Insufficiency

The immunosuppression regimen based on calcineurin
inhibitors (cyclosporine and tacrolimus) is associated with an
increased incidence of hypertension and renal insufficiency
in the post-transplantation population. The pathogenesis is
related to endothelial cell dysfunction and decreased endog-
enous nitric oxide production, causing renal dysfunction
and hypertension: The side effect for the post-LTx pregnant
women is an increased incidence of preeclampsia [6,21]. The
same treatment with calcium channel blockers used in the
nontransplant population is recommended [27].

Diabetes

The incidence of new-onset diabetes mellitus (NODM) is
approximately 15% among liver transplant recipients [28]. The
immunosuppressive therapy plays an important role even if
the impact of steroids is controversial. Most of the authors
agree to limit the use of steroids as much as possible and
to reduce calcineurin inhibitors at the minimum needed
dose. The management of NODM is essentially similar to
that of diabetes in the nontransplant population. NODM is
associated with obesity, insulin resistance, insulin secretory
defect, and subsequent development of type II diabetes in
the offspring. Modern treatment protocols during pregnancy
include strict glycemic control by a combination of diet and
medications (Chapters 4 and 5). Traditionally, insulin therapy
has been considered the gold standard for management of
diabetes because of its efficacy in achieving better glucose
control and the fact that it does not cross the placenta [29].

CMV Acute Infection

CMV infection represents one of the most common types of
infection within six to 12 months in the post-transplant popu-
lation, and it is very dangerous in early pregnancy because
it is responsible for congenital malformation (microcephaly,
cerebral palsy, sensorineural deafness) or congenital liver
disease with an incidence of 10% to 15% of infected pregnan-
cies. It is advisable to screen all transplant recipients with
CMYV IgG and IgM. If IgM positive, avidity testing should



Table 13.1 Fetal and Maternal Outcomes in Liver Transplant Recipients from Selected Studies

No. of Live Birth  Spontaneous Cesarean Birth Weight Maternal Neonatal

Author Pregnancies Rate (%) Abortions (%) Preterm (%) Graft Dysfunction (%)  Rate (%) <2500 g (%) Deaths (%) Deaths (%)
Alvaro E 30 66.6 26.6 NA 10 42 NA 0 6
Armenti VT 205 73 19 35 7 35 34 0 0
Dashpande NA 450 76.9 6.2 39.4 NA 44.6 NA NA NA
Christopher V 71 71 19 NA 17 40 20 4 NA
Coffin CS 20 70 5 27 5 38 NA 0 6

Dei Malatesta MF 285 78 NA 31 10 43 23 4 4
Jabiry-Zieniewicz Z 39 100 0 31 8 80 20 0 0

Jain AB 49 100 0 4 25 47 9 10 6

Nagy S 38 63 NA 29 17 46 17 17 0
Sibanda N 16 69 13 50 NA 62 57 NA NA

Total 1203 76.7 7.95 30.8 12.37 47.76 25.7 4.3 3.1

Source: Adapted from Hammound GM, Almashhrawi AA, Ahmed KT et al. World J Gastroenterol, 19, 7647-51, 2013.
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be performed (Chapter 47). The use of antiviral agents in the
management of CMV infection during pregnancy remains
controversial [8] (Chapter 47).

Acute Cellular Rejection

Acute cellular rejection (ACR) rate in the post-LTx pregnan-
cies is reported between 2% and 8% [3,8,23] and occurs dur-
ing the earlier phases of pregnancy. Immunosuppression
therapy should be maintained and monitored during preg-
nancy by serum levels as a reduction or discontinuation
may lead to rejection of the transplanted organ. When acute
rejection is suspected, an ultrasound-guided percutaneous
liver graft biopsy is strongly recommended and should be
associated with a Doppler ultrasound study of the graft in
order to exclude anatomic source of graft dysfunction. The
ACR treatment includes adjustment of immunosuppressive
medications and use of steroids as antirejection therapy.

Infrarenal Aortic Graft

One death due to aortic graft clotting by external compres-
sion from the gravid uterus has been reported [27]. For this
reason, patients with infrarenal aortic graft should be moni-
tored with color Doppler ultrasonography during pregnancy.

Pregnancy Complications (Table 13.1)

Preterm Birth and Low Birth Weight

The risk of prematurity is up to 50%, and the mean gestational
age at delivery ranges between 36 and 37 weeks [3-5,20].

Intrauterine Growth Restriction

Intrauterine growth restriction (IUGR) is estimated to occur
in about 20% of liver transplant recipients and is associated
with perinatal morbidity and mortality (Chapter 45).

Table 13.2 FDA Classification of Risk of Immunosuppressive
Drug in Pregnancy

Drugs

Corticosteroids
Cyclosporin

Sirolimus

Tacrolimus
Azathioprine
Mycophenolate mofetil

Pregnancy Category

SoOoOO0OO0OW

Table 13.3 Selected Immunosuppressive Agents and Their
Side Effects

Immunosuppressant Side Effect
Prednisone? Glucose intolerance
Azathioprine? Leukopenia

Cyclosporinea®
Tacrolimus#®

Hypertension, nephrotoxicity

Hypertension, nephrotoxicity,
neurotoxicity, glucose intolerance,
myocardial hypertrophy

Gl disturbance

Leukopenia, thrombocytopenia,
hyperlipidemia

Mycophenolate Mofetil
Sirolimusa®

aThere have been no known teratogenic effects.
Follow with blood levels.

Table 13.4 Pregnancy after Liver Transplantation:
Management Options

Prepregnancy
» Patients should defer conception for at least one year after
transplantation, with adequate contraception.
* Assessment of graft function (organ specific):
¢ Recent liver biopsy
¢ Proteinuria (24-hour collection for total protein)
* Hepatitis B and C status (HBsAg; Hep. C Antibody)
e CMV, toxoplasmosis, herpes simplex status (IgG, IgM)
* Maintenance immunosuppression options:
* Azathioprine
¢ Cyclosporine
¢ Tacrolimus
» Corticosteroids
e Mycophenolate mofetil (avoid as feasible)
e Enteric-coated mycophenolate sodium (avoid as
feasible)
 Sirolimus
* The effect of comorbid conditions, (i.e., diabetes,
hypertension) should be considered and their management
optimized.
* Vaccinations should be given if needed (i.e., rubella, etc.)
(Chapter 38).
Explore etiology of original disease.
Discuss genetic issues if relevant.
Discuss the effect of pregnancy on renal allograft function.
Discuss the risks of intrauterine growth restriction, preterm
birth, low birth weight, etc.
Prenatal
* Pregnancy in and of itself does not affect previously stable
allograft function.
* Accurate early diagnosis and dating of pregnancy.
* Baseline laboratory tests should include:
a. Liver enzymes (ALT and AST)
b. Creatinine and bilirubin
¢. Immunosuppression medication (e.g., cyclosporine or
tacrolimus) level
d. 24-hour urinary protein and creatinine clearance
e. Urine analysis and urine culture
f. CMV, HSV, and Toxoplasma IgM and IgG
g. HBsAg, HBsAb, HepCAb
Timing of repeat laboratory testing of at least tests a—e should
be once every trimester until 32 weeks.
* Fetal surveillance.
* Monitor for hypertension and nephropathy.
 Careful surveillance for preeclampsia.
* Early screening for gestational diabetes.
Labor and delivery
* Vaginal delivery is optimal; cesarean delivery for obstetric
reasons.
Post-natal
* Monitor immunosuppressive drug levels for at least one
month postpartum, especially if dosages increased during
pregnancy.
¢ Surveillance for rejection with biopsy if it is suspected.
* Breast-feeding discussion.
» Contraception counseling.

Preeclampsia

The incidence of hypertension and preeclampsia is approxi-
mately 20% in OLTx recipients and seems to occur mainly in
patients taking cyclosporine, probably because of the related
endothelial cell dysfunction, and less commonly with tacro-
limus [3-6,23,27]. The management of preeclampsia is the
same as in the nontransplant population (Chapter 1).
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Abnormal Blood Chemistry and Liver Function Tests

In most series, pruritus and cholestasis seem to be the most
frequent symptoms described in pregnancies after LTx.
Differential diagnosis with ACR should be considered in all
cases. HELLP syndrome and anemia have been reported [5].

Immunosuppression Therapy:

Drugs and Their Side Effects

There is no consensus on the optimal maintenance regimen
for transplant pregnant recipients. The use of immunosup-
pressive therapy after liver transplantation is unavoidable
even taking into consideration the potential risks of the
exposure of infants to immunosuppressive medications. All
immunosuppressive medications cross the placenta and
enter into fetal circulation and could potentially have effects
in utero. Despite the fact that immunosuppressive agents such
as Azathioprine, Cyclosporine, and Mycophenolic acid were
teratogenic in animals, the risk of birth defects was not sta-
tistically different between those who received immunosup-
pressive medications and those who did not. Patients treated
with either calcineurin inhibitors (cyclosporine or tacroli-
mus) should have serial blood tests in pregnancy to follow
medication levels and to assess hepatic and renal function
while avoiding unnecessary toxicity. Recent studies have
reported an association between administration of mycophe-
nolic acid products (MPA) [myco-phenolate mofetil (MMF)
and enteric-coated mycopheno-late sodium (EC-MPS)] to
transplant recipients and an increased risk of adverse out-
comes in pregnancy-like specific pattern of birth defects.
In 2007, the package inserts of MMF and EC-MPS included
a change from pregnancy category C to category D [30-33].
The warning states that females of potential childbearing age

must use contraception while taking MPA because its use
during pregnancy is associated with increased rates of preg-
nancy loss and congenital malformations. Pregnancy out-
comes with exposure to sirolimus remain limited: Reported
to the NTPR are three liver recipients with three pregnancies
(two live births, one spontaneous abortion) [3]. The Food and
Drug Administration (FDA) classification of risk medication
and their categories in pregnancy is reported in Table 13.2.
Selected immunosuppressive drugs and their side effects are
reported in Table 13.3.

Workup and Management
A summary of the suggested key points is in Table 13.4.

In case of elevations of liver function tests and/or
bilirubin, an ACR should be ruled out. Evaluation of rejec-
tion includes liver ultrasound with Doppler to exclude ana-
tomic sources of graft dysfunction. Liver biopsy to diagnose
rejection is not contraindicated in pregnancy. Because
of an increased risk of carbohydrate intolerance caused by
the administration of prednisone or tacrolimus, patients
should be screened with glucose tolerance tests in the first
trimester, followed by routine screening between 24 and
28 weeks.

Antepartum Testing

A dating ultrasound should be performed in the first trimes-

ter. Ultrasound study should be performed every trimester

with detailed fetus anatomy in the second trimester and serial

assessment of fetal growth in the third trimester [3,19,34].
Weekly nonstress tests can begin at 32 weeks unless

medical or obstetric complications indicate earlier testing.

Table 13.5 Pregnancy Outcomes among Solid-Organ Transplant Recipients

Kidney? Pancreas—Kidney  Liver Heart Lung
Maternal factors (n = pregnancies) (987) (75) (287) (103) (30)
Mean transplant-to-conception interval (years) 3.6-6.1 3.0-55 57+49 6.0+4.7 3.6+3.3
Hypertension during pregnancy 56%—65% 28%—95% 32% 39% 53%
Diabetes during pregnancy 4%—-12% 0%—5% 7% 2% 23%
Infection during pregnancy 19%—23% 23%—62% 26% 13% 21%
Preeclampsia 30%—-32% 27%—32% 22% 18% 17%
Rejection episode during pregnancy 1%—2% 0%—-14% 7% 1% 6%
Graft loss within two years of delivery 8%—10% 18%—19% 7% 4% 14%
Outcomes (n)° (1017) (77) (293) (106) (82)c
Therapeutic abortions 0.8%—-8.4% 4%—5% 4% 5% 16%
Spontaneous abortions 12%—26% 9%—28% 18% 30% 28%
Ectopic 0.4%-1% 0%—3% 0.3% 2% 0
Stillborn 2%—3% 0 1.7% 1% 0
Live births 70.8%—76% 69%—86% 76% 62% 56%
Live births (n) (762) (58) (221) (66) (18)
Mean gestational age (weeks) 35-35.8 34.2-34.8 36.4+£3.5 36.8+2.6 339x52
Preterm birth (<37 weeks) 52%—-53% 65%—83% 42% 38% 61%
Mean birth weight (g) 2470-2547 1934-2263 2674 + 796 2600 £ 568 2206 + 936
Low birth weight (<2500 g) 42%—46% 50%—68% 34% 39% 61%
Cesarean section 43%—-58% 61%—69% 41% 40% 31%

Neonatal deaths, % (n) (within 30 days of birth) 1%—2%

(1) (1) 0 (2)r

Source: Adapted from Coscia LA, Constantinescu S, Moritz MJ et al. Report from the National Transplantation Pregnancy Registry (NTPR):
Outcomes of pregnancy after transplantation. In: Cecka JM, Terasaki P, eds. Clinical Transplants Los Angeles: UCLA Terasaki Foundation

Laboratory. 65-85, 2011.
aRange of incidence due to different immunosuppressants.
bIncludes twins, triplets, quadruplets.

¢Includes one triplet pregnancy: one spontaneous abortion at 14 weeks and two born at 22 weeks and died within 24 hours of birth.
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Labor and Delivery Issues

Patients who have received steroids during the antepartum

period in the equivalent of more than 20 mg of prednisone for

more than three weeks should receive “stress dose” steroids

(i.e., hydrocortisone 100 mg IV every eight hours x 24 hours).
Cesarean delivery should be performed only for obstet-

ric indications.

Breast-Feeding

Data collected from the NTPR [3] indicated no adverse out-
comes in infants who were breast-fed during maternal
cyclosporine use. Azathioprine seems also to be safe with
breast-feeding. Nevertheless, mothers may be discouraged to
breast-feed in the first few months post transplantation when
immunosuppressive therapy is at high serum levels. The
American Academy of Pediatrics advises that breast-feeding
mothers can use prednisone and other glucocorticoids safely.
Infant exposure to tacrolimus in milk is very low, and sub-
sequently, maternal tacrolimus therapy may be compatible
with breast-feeding.

PREGNANCY AFTER OTHER
TRANSPLANTATIONS

For pregnancy after renal transplantation, please see
Chapter 17.

Table 13.5 shows pregnancy outcomes in kidney,
kidney/pancreas, liver, heart, and lung recipients for com-
parison [3]. Female heart transplant recipients are able to
maintain pregnancy with the majority resulting in a live
birth. Not all rejections are treated as some are low-grade.
Maternal survival, independent of pregnancy-related events,
should be considered as part of prepregnancy planning.

By comparison, lung recipients have a higher incidence
of more significant rejection as well as graft loss in the peri-
partum period with smaller newborns. Successful pregnancy
is possible post lung transplantation. Analyses of a larger
number of cases may help to identify trends in pregnancy
after lung transplantation. Whether long-term maternal sur-
vival is impacted by pregnancy warrants further study.

Intestinal transplantation has shown steady improve-
ments in graft and patient survival over the past 20 years and
is rapidly becoming more established worldwide [35]. The first
pregnancy after intestinal transplant was described in 2006
[36], followed later by few other reports [37-40] with 100%
success rate. Specific to this procedure, there are two factors
affecting the transplant to be considered in case of pregnancy:
higher need of immunosuppressants and absorptive function
of transplanted bowel. Close monitoring of renal function and
of the graft by endoscopies and biopsies must be performed
during the pregnancy in order to prevent episodes of rejection
or enteritis, preserving the fetus by temporary malnutrition.
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Maternal anemia

Marcela C. Smid and Robert A. Strauss

KEY POINTS

Screening all pregnant women with Hgb and mean
corpuscular volume (MCV) for acquired and inherited
anemias is recommended.

¢ Anemia in pregnancy is defined as a hemoglobin (Hgb)
<11 g/dL and hematocrit (Hct) <33% in the first or third
trimesters and Hgb <10.5 g/dL and Hct <32% in the
second trimester. For African American women, recom-
mend lowering cutoffs for Hgb and Hct by 0.8 g/dL and
2%, respectively.

¢ Key laboratory tests for the workup of anemia in preg-
nancy include a complete blood count (CBC) with
MCYV, red blood cell distribution width (RDW), serum
ferritin level, and hemoglobin electrophoresis. Workup
of anemia in pregnancy is described in Figures 14.1
through 14.3.

e Individuals of African, Mediterranean, and Southeast
Asian descent are at increased risk of hemoglobinopa-
thies and/or inherited anemia. All women of African
ancestry should have a hemoglobin electrophoresis [1].
Women of Mediterranean and Southeast Asian descent
should be screened with CBC and MCV. If abnormal,
further workup is recommended.

¢ The most common cause of anemia in pregnancy is
iron deficiency. Iron deficiency anemia in pregnancy is
defined as serum ferritin <15 pg/L with a Hgb <11 g/dL
and Hct <33%.

e  Universal preventative oral iron supplementation dur-
ing pregnancy, with or without folate, is associated with
a reduced risk of maternal anemia and iron deficiency
at term.

* Iron deficiency anemia is associated with adverse
perinatal outcomes, including preterm birth, low birth
weight, and perinatal mortality although the evidence
regarding the reduction of adverse outcomes with
treatment of iron deficiency anemia in pregnancy are
lacking.

*  Treatment of iron deficiency anemia with oral iron treat-
ment in pregnancy is associated with a reduction in the
number of women with hemoglobin <11 g/dL and a
greater mean hemoglobin level, but there are insuffi-
cient data to conclude clear improvement in maternal
or neonatal outcomes (Figure 14.4).

® DParenteral iron may be considered in patients with
severe iron deficiency anemia who cannot tolerate or
will not take oral iron.

e Severe anemia from any etiology (Hgb <4-6 mg/dL) is
associated with poor perinatal outcomes and increased
perinatal and maternal mortality. Transfusion may be
considered.

For sickle cell disease, see Chapter 15; for von
Willebrand disease, see Chapter 16; for care of Jehovah's

Witness pregnant women, see Chapter 9 in Obstetric Evidence
Based Guidelines.

DEFINITION

Hemoglobin (Hgb) <11 g/dL and hematocrit (Hct) <33% in
the first or third trimesters and <10.5 g/dL and Hct <32% in
the second trimester [1,2]. For African American women, rec-
ommend lowering cutoffs for Hgb and Hct by 0.8 g/dL and
2%, respectively [3]. Iron deficiency anemia in pregnancy is
defined as serum ferritin <15 pg/L with a Hgb <11 g/dL and
Hct <33% [4,5].

SYMPTOMS
Usually asymptomatic unless hemoglobin <6 to 7 g/dL.

PREVALENCE

Worldwide, 38%-42% of pregnant women are anemic with
estimates ranging from 22% in high resource areas to 56%
in Africa [6,7]. In the United States, 5% of pregnant women
are anemic; 18% are iron deficient with prevalence increas-
ing from 7% in the first trimester to 28% in the third trimes-
ter. African American women (30%) and Mexican American
women (24%) have a higher prevalence of iron deficiency ane-
mia compared to European American (14%) [8].

GENETICS

Worldwide, 7% of the population are carriers for important
hemoglobin disorders [9]. In the United States, approxi-
mately 1:12 African Americans have sickle cell trait, 1:300
have a form of sickle cell disease, and 1:600 have sickle cell
anemia [10].

See Tables 14.1 through 14.3 for types of hemoglobins.
Tables 14.4 and 14.5 describe the types of hemoglobinopathies
and their clinical significance. Cis-a-thalassemia is common
among women of Southeast Asian ancestry; f-thalassemia
is common among women of Mediterranean, Asian, Middle
Eastern, Hispanic, and West Indian ancestry. However, eth-
nicity is not a good predictor of risk as ethnic background is
often mixed and many women partner outside their ethnic

group [2].

ETIOLOGY/PATHOPHYSIOLOGY

Pregnant women undergo normal physiologic hemodynamic
changes, which must be understood to correctly identify
those who may benefit from additional testing and inter-
ventions. Total red blood cell (RBC) mass and plasma both
increase; however, the plasma increase (40%-60%) is pro-
portionally greater than the RBC increase (15%-30%), result-
ing in a lowering of the Hgb concentration compared to
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Algorithms for diagnosing anemia generally fail in the presence of more than one cause.

« Second trimester-hematocrit <32% OR Hgb <10.5 g/dI

« First and third trimesters-hematocrit <33% OR hemoglobin <11.0 g/dl

« For African American women, recommend lowering cutoff levels for Hgb and Hct by 0.8 g/dL and 2%, respectively
« Choose algorithm based on the mean corpuscular volume (MCV)

v v

v

High MCV
(>100 fl)

- go to Figure 14.3

Normal MCV
(80-100 fl) L‘(’g(')v'ﬂc)v
+ go to Figure 14.2
v v

v

Low ferritin
(<15 ng/mL)

Low normal ferritin
(15-40 ng/mL)

Normal or high ferritin
(>40 ng/mL)

A 4

Recheck ferritin

A 4

Iron deficiency

«—— <15ng/mL

>15 ng/mL

Hemoglobin

electrophoresis

\4

See Table 14.5 for
treatment options

Ring sideroblasts on
peripheral smear

]

A 4

[&—— No thalassemia

Normal and Asian or African .
ethnicity SS= S|.ckle ceII.
SA =ssickle trait
A, T A2 (>3.5%) = beta
v thalassemia
DNA analysis to
assess for alpha-
thalassemia
Hemoglobinopathy

[

Yes No
v
Begin folate (1 mg/day) with PNV
Sideroblastic Chronic
anemia disease
y
Draw paternal CBC and
hemoglobin electrophoresis
Y v
Hematology Consider erythropoietin treatment if A 4
consult renal disease, Hct <25% or risks for Consider referral for genetic
perinatal hemorrhage > counseling

Figure 14.1
cause.

nonpregnant adults. Hgb 11-12 g/dL and Hct 33%-35% are
normal pregnancy-related ranges.

Anemia may be inherited or acquired. Table 14.6
describes anemia by its pathophysiological mechanism.
Anemia in pregnancy can be caused by decreased red blood
cell production (nutritional deficiencies including iron, vita-
min B,,, folate, decreased absorption, chronic disease,
infection, bone marrow suppression, hormonal deficiencies),

Evaluation of anemia in pregnancy. Algorithms for diagnosing anemia generally fail in the presence of more than one

increased red blood cell destruction (inherited hemolytic
anemias, acquired hemolytic anemias), and blood loss.
Although this chapter focuses on anemia, the Centers
for Disease Control notes that pregnant women with Hb con-
centration of greater than 15.0 g/dL or a Hct of greater than
45.0%, particularly in the second trimester, are at increased
risk of poor perinatal outcomes (fetal growth restriction,
preterm birth, fetal death) [2]. Increased Hb in the second or
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Normal MCV

(80-100 fl)

A

Reticulocyte count,
ferritin, B12, RBC folate

v

Reticulocyte count <3%

v v
RDW normal RDW elevated Direct Direct
(12%-15%) (>15%) coombs (=) coombs (+)
¢ ¢ * G6PD deficiency Autoimmune
Low levels of Normal levels : afggfgo?;ngf;tchles hemol){tic
. Infections ferritin, B12, of ferritin, B12, anemiasnglrJ)S, P) anemia
. Medications RBC folate RBC folate - Spherocytocsis
« Renal disease y v « Elliptocytosis L 4
- Aplastic anemia Mixed Chronic l Consider
disorder disease - rheumatology
v Consider consult
- v l hematology
Consider Treat per consult
hematology deficiency Consider erythropoietin treatment
consult protocols

v

Reticulocyte count >3%

g—+

Figure 14.2 Normocytic anemia (MCV 80-100).

High

(>100f1)

MCv

l

B12, RBC folate levels

A

A

folate <150 n

+ B12 deficiency: <100 pg/ml
- Folate deficiency: RBC

g/mb3

Vitamin deficiency

Folate |

B12

v

Folicacid 1 mg/d in
addition to prenatal
vitamin

1 mg vitamin By, IMQ
wk x 8 weeks then
monthly

A 4

Recheck CBC

in 1 month

Figure 14.3 Macrocytic anem

testing

Y
Refer to medicine service
postpartum for etiologic

ia (MCV >100).

Table 14.1 Types of Hemoglobins

a-Type B-Type
Hemoglobin  Chains Chains Disease State
HgbA, 2 a-chains 2 p-chains  Major adult hemoglobin
HgbA, 2 a-chains 2 &-chains  Minor adult hemoglobin
HgbF 2 a-chains 2 y-chains Fetal hemoglobin
HgbH - 4 B-chains  a-Thalassemia major

(/=)

Hgb Bart - 4 y-chains  Hydrops fetalis (—/-)
Hgb Gower 2 e-chains 2 g-chains  Embryonic hemoglobin

third trimester likely indicates poor blood volume expansion
and should not be considered an indication of adequate
iron stores.

Iron Deficiency Anemia

Iron deficiency anemia is the most common cause of anemia
during pregnancy due to the nutrient demands required for
the fetus and for maternal red blood cell mass expansion.
Total iron loss associated with pregnancy and lactation is
approximately 1 g. The typical diet in high-resource areas
includes 15 mg of elemental iron per day. The recommended
daily intake of ferrous iron during pregnancy is 27 mg,
which is present in most prenatal vitamins, and 10 mg dur-
ing lactation [11].

RISK FACTORS

Risk factors for iron deficiency or iron deficiency anemia
include diet poor in iron-rich food, a diet poor in iron absorp-
tion enhancers (vitamin C-rich foods), a diet rich in foods that
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Table 14.2 Types of a-Thalassemia

Clinical
Nomenclature Genotype Disease
Silent carrier —fa/o/ox Asymptomatic
heterozygous
at-thalassemia
a-Thalassemia a —/o — (trans) Mild anemia
trait Homozygous Similar to
at-thalassemia B-thalassemia
Common among those minor
with black African
heritage
or
——/a a (Cis)
Heterozygous o°
thalassemia
Common among those
with Asian heritage
Hemoglobin H a—/—— Severe
disease at-thalassemia/ HbH hemolytic
(a-Thalassemia al-thalassemia anemia
major)
Hydrops fetalis e Lethal in utero
Bart’s disease Homozygous without

af-thalassemia transfusions
80% Hb Bart/20%

HbH

Note: Because there are two a-chains on each chromosome 16, the
possibility exists for four different disease states (unlike
B-thalassemias, with which only two disease states are found).

Table 14.3 Types of p Thalassemia

B Thalassemia trait: one B chain affected f/p°

Cooley anemia: both f chains affected p%p°

[° absence of p chain production — causes more severe
anemia

B* decrease in f chain production — causes milder anemia

diminish iron absorption (dairy, soy products, coffee, spin-
ach), pica (eating nonfood substances, such as clay), gastroin-
testinal compromise affecting absorption (e.g., celiac disease,
Crohn’s disease, bariatric surgery, particularly restrictive
surgeries), short pregnancy interval, parity >2, multiple ges-
tation, low socioeconomic status, and history of blood loss
(heavy menses, postpartum hemorrhage). Although iron
deficiency anemia from ongoing blood loss from the gastro-
intestinal system is less common in women of reproductive
age, when iron deficiency is recognized during pregnancy, all
possible causes should be considered.

COMPLICATIONS

Observational studies suggest that maternal anemia and
iron deficiency anemia are associated with poor perinatal
outcomes, including increased risk of low birth weight,
preterm birth, and perinatal death [12-19]. Maternal ane-
mia in the first trimester is more consistently associated
with adverse perinatal outcomes, compared to anemia
diagnosed in the third trimester [17,20]. Severe maternal
anemia is associated with abnormal fetal cerebral profusion
and decreased amniotic fluid [21]. In low-resource areas,
severe maternal anemia (Hgb <67 g/dL) is associated with
maternal cardiovascular compromise or death [22,23]
Maternal anemia may also be associated with postpartum
depression [24], impaired maternal postpartum cognition
[25], poor mother—infant interaction, and infant cognitive
function [26]. However, due to methodological inconsisten-
cies among these studies, data to establish the association
between maternal anemia and/or iron deficiency anemia
and adverse maternal and perinatal outcomes remains
insufficient [27].

DIAGNOSIS

An approach to determining the cause of maternal anemia
is outlined in Figures 14.1 through 14.3. Anemia can be the
result of more than one cause, and in such instances, an algo-
rithmic approach to the diagnosis may be incomplete.

Workup

e Initial evaluation: CBC with Hbg/Hct and MCYV. This
initial anemia screening is recommended for all preg-
nant women [1] (Figure 14.1).

e All individuals of African ancestry should have a
hemoglobin electrophoresis. See Tables 14.4 and 14.5.
Solubility testing is inadequate for screening because
it fails to identify other important hemoglobinopathies
[2,28]. If documented results from a prior hemoglobin
electrophoresis can be obtained, this test should not be
repeated.

Microcytic Anemia

e Hgb <10.5-11 g/dL and MCV <80 um? represent a
microcytic anemia (Figure 14.1).

* Obtain ferritin level, which has the highest sensitiv-
ity and specificity for diagnosing iron deficiency in
anemic patients [29].

¢ Obtain Hgb electrophoresis to assess for a hemoglo-
binopathy (Table 14.4) [30].

Table 14.4 Hemoglobin Electrophoresis Patterns in Common Hemoglobinopathies

Condition HbA HbS HbC HbF HbA2
Normal 95-982 0 0 <1 25x0.2
Beta thalassemia minor 90-95 0 0 1t03 >3.5
Sickle cell trait 50-60 35452 0 <2 <3.5
Sickle-beta(+) thalassemia 5-30 65-90 0 2t0 10 >3.5
Sickle-beta(0) thalassemia 0 80-92 0 2to 15 >3.5
Sickle-HbC disease 0 45-50 45 to 50 1t08 <35
Homozygous sickle cell disease 0 85-95 0 2t0 15 <3.5

Source: Adapted from Schrier SL. Introduction to hemoglobin mutations. In: Post TW, ed. UpToDate, Waltham, MA.
aMay be as low as 21 with sickle cell trait in presence of alpha thalassemia.

Abbreviation: Hb: hemoglobin.
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Table 14.5 Hematological Studies and Clinical Severity of Thalassemias
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Condition Hb Level HbA, HbF Other Hb Clinical Severity
Homozygotes
a-Thalassemia Severely low 0 0 80% Hb Bart, Hydrops fetalis
remainder HbH
p* Thalassemia Very low Variable Variable Some HbA Moderately severe
Cooley anemia
B0 Thalassemia Severely low Variable High No HbA Severe Cooley anemia
8p° Thalassemia Low 0 100% No HbA Thalassemia
intermedia
Heterozygotes
a-Thalassemia silent Normal Normal Normal 1%—2% Hb Bart at birth  Normal
carrier
a-Thalassemia trait Low to normal Normal Normal 5% Hb Bart at birth Very mild
HbH disease Low Normal Normal 3%—30% HbH in adult; Thalassemia
35% HbH at birth intermedia
p* Thalassemia Mildly low to low Elevated Elevated None Mild
B° Thalassemia Mildly low to low Elevated Very elevated None Mild

Table 14.6 Anemia Characterized by Mechanism

Dilutional
(expansion of
plasma volume)

Decreased red
blood cell
production

Pregnancy

Hyperglobinemia

Massive splenomegaly

Iron deficiency

Vitamin B,, deficiency

Folic acid deficiency

Bone marrow disorder or suppression

Low levels of erythropeietin

Hypothyroidism

Inherited: sickle cell, thalassemia major,
hereditary spherocytosis

Acquired: autoimmune hemolytic,
thrombotic thrombocytopenia purpura,
hemolytic uremic syndrome, malaria

Hemorrhage

Gastrointestinal bleed

Increased red
blood cell
destruction

Increased loss

Normocytic Anemia

e If Hgb 10.5-11 g/dL and MCYV 280-100 um?, obtain
reticulocyte count to determine if anemia is second-
ary to underproduction or hemolysis and obtain
a history to identify any evidence of active bleed-
ing, medication exposure, chronic disease, glucose-
6-phosphate dehydrogenase (G6PD) deficiency, or a
family history of RBC disorders (Figure 14.2).

e Obtain ferritin, vitamin B,,, and RBC folate.

e If high reticulocyte counts (=3), then anemia may be
secondary to hemolysis or blood loss. Consider 1)
peripheral blood smear and haptoglobin (decreased),
2) direct coombs (suggests autoimmune hemolytic
anemia), 3) Hgb electrophoresis to rule out SS or
SC disease, and 4) hemoccult or other tests if other
sources of blood loss are suggested by history.

e If low reticulocyte count (<3), then anemia is second-
ary to underproduction. Assess red cell distribution
width (RDW) and follow algorithm.

Macrocytic Anemia

e If Hgb 10.5-11 g/dL and MCV >100 um?, obtain vita-
min B, and RBC folate level [29] (Figure 14.3).

* Anemia of chronic disease is usually associated
with normocytic anemia (about 20% are associated

Table 14.7 Hematological Studies of Anemias

Anemia Iron Thalassemia
of Chronic Deficiency Alpha/Beta Trait
Marker Disease Anemia or HbE
Hemoglobin Normal to Normal to Normal to
decreased decreased decreased
MCV Normal to Decreased Decreased can
decreased be <70
RDW Normal to Increased Normal
increased to >15
Transferrin Decreased Decreased Normal
saturation
Ferritin No change to Decreased Normal

increased

with microcytic anemia) (Table 14.7). Causes include
chronic liver disease, thyroid disease, uremia,
chronic infections, and malignancies. Workup may
include liver function tests (LFTs), blood urea nitro-
gen (BUN) and creatinine, thyroid-stimulating hor-
mone (TSH), and any tests for malignancy or chronic
infection indicated by patient history and risk factors.
Also check serum iron, serum B,,, and RBC folate to
rule out combined deficiencies. Normal pregnancy-
specific values can be found in Table 14.8.

A nutrition consult should be obtained for patients
with B,,, folate, and iron deficiencies.

Table 14.8 Trimester-Specific Pregnancy Reference Ranges
(2.5th and 97.5th percentile)

First Second Third
Trimester  Trimester ~ Trimester
Serum ferritin level (ng/mL)  6-130 2-230 0-116
Total iron-binding capacity 278-403  Not 359-609
pg/dL reported
Transferrin saturation (%) Not 10-44 5-37
reported
Plasma iron level (pg/dL) 72-113 44-178 30-193
Folate (RBC) (ng/mL) 137-589  94-828 109-663
Folate (serum) (ng/mL) 25-150 0.8-24.0 1.4-20.7
B,, (cobalamin) pg/mL 118-438 130-656  99-526
MCV pm?3 81-96 82-97 8199

Abbreviation: MCV, mean corpuscular volume.
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¢ A genetic consult should be obtained for all patients
with inherited disorders. Attempt to obtain a blood
sample for hemoglobin electrophoresis from the
father of the baby prior to the genetic consult. DNA
testing for alpha-globin abnormalities is available.

PREVENTION

Daily and intermittent iron supplementation are associated
with prevention of low hemoglobin at term and at six weeks
postpartum. Insufficient evidence exists, however, that
supplementation results in a significant reduction of adverse
perinatal outcomes, including low birth weight, preterm
birth, or infection [31,32]. Most of the RCTs provided very
limited information about the clinical outcomes for women or
their neonates. Intermittent iron supplementation appears
to produce similar maternal and neonatal outcomes as daily
supplementation with fewer side effects [31-33].

Except in women with hemochromatosis or other
genetic disorders, there is little evidence of morbidity associ-
ated with iron supplementation. Common side effects of oral
supplementation include constipation and gastrointestinal
upset. The recommended daily allowance of ferrous iron
during pregnancy is 27 mg as present in most prenatal vita-
mins [1]. Table 14.9 lists elemental iron content of available
iron supplements.

Folate supplementation is associated with increased or
maintained serum folate levels and red cell folate levels com-
pared to placebo or no supplementation. Folate supplementa-
tion is associated with a reduction in the proportion of women
with megaloblastic anemia but no difference in predelivery
hemoglobin, serum folate, or RBC folate levels. Compared to
placebo, folate supplementation is associated with increase
in mean birth weight but no difference in preterm birth or
stillbirth/neonatal death. Based on available data, there is
insufficient evidence to conclude if folate supplementation has
any substantial effect on maternal or neonatal outcomes [34].

THERAPY

There is a paucity of quality trials assessing the maternal and
neonatal benefits of treatment of iron deficiency anemia in
pregnancy [35]. Compared to placebo, oral iron treatment
in pregnancy is associated with a reduction in the number of
pregnant women with anemia in the second trimester and
greater mean hemoglobin and ferritin levels (Figure 14.4).
However, there is insufficient evidence to assess change
in clinical outcomes, including preterm birth, low birth
weight, or maternal morbidity in treatment of anemia [35].
Gastrointestinal side effects (e.g., constipation, nausea, and
abdominal cramps) are common with oral iron treatments,
and low-dose daily treatment may be effective in treating
anemia with decreased side effects. Compared with standard

Table 14.9 Iron Supplements

Preparation Elemental Iron Content

Ferrous fumarate
Ferrous sulfate
Ferrous gluconate
Iron dextran

Ferric gluconate

Iron sucrose

Ferric carboxymaltose

106 mg per 325 mg tablet

65 mg per 325 mg tablet

34 mg per 300 mg tablet

50 mg/mL, IM or IV

12.5 mg/mL IV

20 mg/mL IV

750 mg 1V; 1500 mg maximum

Iron deficiency anemia identified

'

« Treat with oral FeSO,4 (325 mg orally three times daily) in addition
to prenatal vitamin and 250 mg Vitamin C supplementation

- If taken with meals or antacids, may decrease absorption

« Consider Colace 100 mg PO bid if constipation present

'

If poor tolerance, consider oral iron elixir
(5 ml PO bid; take with straw to prevent staining of teeth)

l

Recheck hematocrit in 4 weeks

l— No anemia———

Maintain
supplementation
with FeSO,4 325 mg
PO Qday

Persistent anemia _l

« Assess compliance

- Consider change to oral
elixir if on Fe tabs

« Perform stool guaic

« Nutrition consult

« Consider pica

!

Good compliance; negative
stool guiac

l

Consider IV iron

Figure 14.4 Treatment of iron deficiency anemia.

oral preparations, controlled release iron preparations are
associated with a diminished frequency of constipation.

Compared to oral administration, intravenous (IV)
or intramuscular (IM) routes of administration are associ-
ated with better hematologic indices, including higher mean
Hgb and/or ferritin levels. Although serious adverse effects
of parenteral iron appear uncommon, data are insufficient
regarding effects such as venous thrombosis and severe
allergic reaction [36—40]. When 1V iron preparations are used,
the safety profile of different preparations should be consid-
ered. Concern for anaphylactic reactions with high molecular
weight IV dextran and long infusion times with iron poly-
maltose reduces their clinical use, particularly given limited
information in pregnancy. Low molecular weight IV iron
dextran offers an improved safety profile compared to high
molecular weight IV iron dextran. IV sucrose has been shown
to be well tolerated and increase hemoglobin and ferritin lev-
els compared to oral iron in pregnant women [40]; however,
this IV dosing requires six days of hospital administration.
Ferric carboxymaltose offers an alternative. Although there
are no RCTs, retrospective and prospective observational
studies indicate that is associated with similar increases in
mean Hgb and ferritin levels compared with IV iron sucrose
and has a comparable safety profile while requiring only one
infusion of up to 1000 mg of iron in 15 minutes [41].

There are insufficient data to assess the effects of other
forms of prevention or therapy, including self-donation dur-
ing pregnancy.



ANTEPARTUM TESTING

Consider growth ultrasound in the third trimester given
association with anemia and low birth weight although there
is limited evidence to support this practice.

DELIVERY AND ANESTHESIA

Prepare team regarding increased risk in the event of hemor-
rhage. Consider having blood available for possible transfu-
sion in cases of severe anemia, for example, Hgb <8 g/dL.

POSTPARTUM/BREAST-FEEDING

There is limited evidence to assess different therapies for
postpartum anemia. Outcome data on clinically relevant
criteria are lacking. No effect on need for blood transfu-
sions was apparent although the RCTs may have been of
insufficient size to rule out important clinical differences.
Intravenous (IV) iron was compared to oral iron in 10 stud-
ies [42]. In two studies, fatigue improved significantly in
the IV group although there was no difference at six weeks
postpartum. Gastrointestinal symptoms were reduced in the
IV iron group compared to oral treatment in eight studies.
Three allergic reactions were reported in the IV group, which
was not statistically significant when compared to the oral
treatment group. One study evaluated red blood cell transfu-
sion versus nonintervention. General fatigue improved sig-
nificantly more in the transfusion group at three days, but no
difference between groups was seen at six weeks. Insufficient
evidence exists to assess the safety profile of the IV route,
including severe allergic reactions. In a recent RCT, IV fer-
rous sucrose for two days within 48 hours postpartum was
not associated with significant benefits compared to placebo
[43]. In two RCTs, ferric carboxymaltose compared to oral iron
was associated with an earlier increase in hemoglobin post-
partum [44,45]. Overall, there is insufficient evidence to con-
clude that IV iron or blood transfusion significantly benefit
women postpartum when compared to the risk of severe
allergic reactions with IV iron preparations or maternal
immunological sensitization with blood transfusion.

Hematological indices (Hgb and Hct) show some
improvement when erythropoietin was compared to iron
only or iron and folate but not when compared with placebo
[41]. When compared with oral iron therapy only, erythropoi-
etin increases the likelihood of lactation at discharge from
hospital in one very small trial.

Given that postpartum anemia is associated with several
complications, including decreased ability to fully engage in
child care, household tasks, and exercise as well as altered cog-
nition, mood, and productivity, preventive measures for iron
deficiency postpartum anemia may be considered although
there is insufficient evidence to recommend this approach.
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Sickle cell disease

Mariam Naqvi and Jeffrey Ecker

KEY POINTS

Sickle cell disease is an autosomal recessive disease
resulting from an alteration in the structure of hemoglo-
bin producing hemoglobin S (HbS). It is characterized by
chronic hemolytic anemia and vaso-occlusive events.

¢ Diagnosis is made by hemoglobin electrophoresis.

e Severe complications during pregnancy and adverse
pregnancy outcomes are most commonly experienced
by women with HbSS and HbSf° genotypes, which
result in sickle cell anemia.

¢ Complications may include pregnancy loss, fetal growth
restriction, preterm birth, preeclampsia, placental abnor-
malities, anemia, painful crises, UTI and other infec-
tions, thromboembolic events, acute chest syndrome
(ACS), alloimmunization, postpartum infections, and
maternal mortality.

* Pneumococcal and influenza vaccines are important
prevention interventions.

e Painful crises are managed with narcotic (preferably
morphine) therapy and IV fluids. Antibiotics should be
added if the woman is febrile, has an infection, or has
ACS; oxygen should be added if the woman has low
oxygen saturation.

*  Prophylactic blood transfusions are not beneficial to
improve maternal and perinatal outcomes. Blood trans-
fusions are indicated for symptomatic or orthostatic
anemia, hemoglobin <6 g/dL or hematocrit <25%, acute
stroke, ACS, or multiple organ failure.

* In the 10% of patients with sickle cell disease who
develop ACS, a chest X-ray is necessary. Antibiotics (usu-
ally cephalosporin and a macrolide) aimed at infectious
pathogen(s) in pulmonary tree and bronchodilators are
the mainstay of therapy.

HISTORIC NOTES

Sickle cell disease was first described in 1910 by Drs. Irons
and Herrick. In 1949, Linus Pauling described the molecular
structure of sickle cell hemoglobin by protein electrophoresis.
In 1956, Ingram and Hunt discovered the single amino acid
change in sickle cell hemoglobin [1]. In the 1960s, median sur-
vival age in the United States for those with sickle cell disease
was estimated to be 42 years for men and 48 years for women
[2]. During the past two decades, improvements in medical
care and earlier detection (especially through newborn screen-
ing) have led to better survival rates (lifespan is still about two
or three decades shorter), improved quality of life, and better
pregnancy outcomes in women with sickle cell disease [34].

DEFINITION

Sickle cell disease is an inherited disorder resulting from
an alteration in the structure of hemoglobin producing

HbS. It is characterized by hemolysis and vaso-occlusive
events. Sickle cell disease is associated with a mild to mod-
erate chronic anemia. The term sickle cell disease includes
sickle cell anemia (HbSS) (70% of cases), hemoglobin S
combined with hemoglobin C (HbSC) (most of the remain-
ing cases), hemoglobin S combined with p-thalassemia
(HbSP* or HbSP?), and other double heterozygous con-
ditions causing sickling and thus, clinical disease (e.g.,
hereditary persistence of fetal hemoglobin, HgS/HPHP),
and hemoglobin E (HbS/HDbE) [5]. The clinical manifesta-
tions vary among these genotypes with HbSp? usually with
a similar severe phenotype as HbSS; HbSC associated with
intermediate disease; and HbSB*, HbSHPHP, and HbSE
with mild or symptom-free disease [1,6]. The term sickle
cell anemia includes HbSS and also HbSp? (due to its simi-
lar phenotype).

DIAGNOSIS

The diagnosis is made by hemoglobin electrophoresis, accord-
ing to the definition above. In all 50 U.S. states, newborns are
screened for sickle cell disease at birth.

EPIDEMIOLOGY/INCIDENCE

Sickle cell disease occurs in about one in 600 African
Americans and affects between 70,000 and 100,000 Americans.
Sickle cell trait occurs in one in 12 African Americans, result-
ing in the birth of approximately 1100 infants with sickle cell
disease annually in the United States. HbSS accounts for
60% to 70% of sickle cell disease in the United States. The
prevalence of sickle cell disease and sickle cell trait is high-
est in West Africa (25% of the population have one mutation),
the Mediterranean, Saudi Arabia, India, South and Central
America, and Southeast Asia [1,6].

GENETICS/INHERITANCE

Sickle cell disease is an autosomal recessive disorder char-
acterized by a mutation of a single nucleotide of the p-globin
gene on chromosome 11p, changing the sixth amino acid in
the B-globin chain from glutamic acid to valine. As noted
above, other forms of sickle cell disease result from co-
inheritance of HbS with other abnormal b-globin chain
variants, the most common forms being sickle hemoglobin
C disease (HbSC) and two types of sickle B-thalassemia
(HbSp* thalassemia and HbSP? thalassemia). Inheriting
one HbS gene results in sickle cell trait. Inheriting two HbS
genes results in sickle cell disease. Concordant with an auto-
somal recessive pattern of inheritance, if both parents carry
one HbS gene, the fetus has a 25% chance of having sickle
cell disease, 50% chance of having sickle cell trait, and 25%
chance of being unaffected [6].
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PATHOPHYSIOLOGY

In most individuals without hemoglobinopathy, 96% to 97%
of hemoglobin in humans is Hemoglobin A (which consists of
two a- and two p-chains), with small portions of Hemoglobin
A2 (two a- and two &-chains), and at times Hemoglobin F
(two a- and two y-chains). Hemoglobin provides the oxygen
carrying capacity of erythrocytes. HbS occurs because of a
point mutation in which valine, a hydrophilic amino acid,
is substituted for glutamic acid, a hydrophobic amino acid
in the B-globin gene. This allows the sickle hemoglobin to
polymerize when it is deoxygenated, triggering a cascade of
repeated injury to the red cell membrane. As a consequence,
these cells become very rigid, assume a characteristic sickle
shape, hemolyze, and are unable to pass through small capil-
laries, leading to vessel occlusion and ischemia. This tissue
ischemia leads to acute and chronic pain as well as to end-
organ damage. As vaso-occlusion can occur in any vessel,
this is a systemic disease that can affect multiple organs. The
life span of a sickle cell is about 10 to 20 days compared to
the 120-day life span of a normal red blood cell. This chronic
hemolysis contributes to the anemia [1,6,7]. Dehydration,
infection, decrease in oxygen tension, and acidosis are com-
mon triggers of cell sickling and sickle cell crisis. Sickle cell
crisis is a term used to label several different and indepen-
dent acute conditions occurring in patients with sickle cell
disease (vaso-occlusive crisis, aplastic crisis, hemolytic crisis).

SYMPTOMS

1. Chronic hemolytic anemia
¢ Fatigue, pallor, shortness of breath.
® Aplastic crisis presents with severe anemia and retic-
ulocytopenia. It is the most common hematologic cri-
sis during pregnancy.
2. Acute vaso-occlusive episodes
e Pain involving the chest, lower back, abdomen, head,
and bones/extremities.
¢ Dactylitis (inflammation of fingers and/or toes) often
the first symptom of sickle cell disease.
* Exacerbated by cold, infection, stress, dehydration,
alcohol, and fatigue.
3. Infections
e Urinary tract infections, pneumonia, osteomyelitis,
endometritis.
® Organisms include Streptococcus pneumoniae, Hemo-
philus influenza, Staphylococcus, Gram-negative organ-
isms, Salmonella, and mycoplasma.
4. Cardiac
e Systolic murmur, cardiomegaly, high output failure.
5. Pulmonary
® ACS presents with chest pain, dyspnea, tachypnea,
fever, cough, leukocytosis, and pulmonary infiltrates.
It is usually a result of infection, vaso-occlusion, or
bone marrow embolization.
6. Gastrointestinal
e Right upper quadrant syndrome presents with
abdominal pain, fever, hepatomegaly, hyper-
bilirubinemia, and increased liver function tests.
Splenomegaly 