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Preface

We wish to thank the readership for their suggestions and support of the
second English edition. We were most appreciative that this textbook was
not only available in the German language (eight editions with almost
80,000 copies), but also in Chinese and Russian. This third English edition
with contributions from the experts in the field continues the tradition of
integrating therapies for disease with drug selections during pregnancy
and lactation. We hope that physicians, health care and cure providers
will find that this expanded third English edition enhances their ability to
answer the queries frequently asked by concerned women who are plan-
ning a pregnancy, are pregnant, or are breastfeeding regarding the risk of
medicinal products for themselves, their unborn or breastfed infant.

We continue to focus the content of this volume for Family Medicine
Physicians, Internists, Obstetricians, Pediatricians, Psychiatrists, Medical
Geneticists, Dermatologists, Lactation Consultants, Midwives, Nurses,
Pharmacists, Psychologists and Toxicologists among all health care pro-
viders. The third English edition features the most relevant information in
regard to acceptable treatment options and allows readers to be confident
in their capability to assess the risk of an inadvertent or required treat-
ment/exposure.

As we have indicated in previous editions, aspects of drug counseling
are inadequately supported by various sources of information such as the
Physician’s Desk Reference, package leaflets or pharmacotherapy hand-
books. Formal drug risk classifications or statements such as “contrain-
dicated during pregnancy” may even lead to a simplified perception of
risk, e.g., an overestimation of the risk or simple fatalism, and withhold-
ing of essential therapy or the prescription of insufficiently studied and
potentially risky drugs may result. This simplified perception of risk can
also lead to unnecessary invasive prenatal diagnostic testing or even to a
recommendation to terminate a wanted pregnancy. During lactation, mis-
classification of a drug risk may lead to the advice to stop breastfeeding,
even though the drug in question is acceptable or alternatives appropriate
for the breastfeeding period are available.

This book continues to be based on a survey of the literature on drug
risks during pregnancy and lactation, as yet unpublished results of recent
studies, and current discussions in professional societies dealing with
clinical teratology and developmental toxicology. Similar to the Ger-
man edition originally founded by Horst Spielmann, Berlin, this volume
reflects accepted “good therapeutic practice” in different clinical settings.
It is written for clinical decision-makers. Arranged according to treat-
ment indications, the third English edition provides an overview of the
relevant drugs in the referring medical specialty available today that might
be taken by women of reproductive age. The volume’s organization facili-
tates a comparative risk approach, i.e., identifying the drugs of choice for
particular diseases or symptoms. In addition, recreational drugs, diag-
nostic procedures (X-ray), vaccinations, poisonings, workplace and envi-
ronmental contaminants, herbs, supplements and breastfeeding during
infectious diseases are discussed in detail.

The third English edition has been completely revised. The content has
been adapted for an international readership. The contributing authors
reflect expertise in a range of clinical specialties, e.g. dermatology,
obstetrics, pediatrics, internal medicine, psychiatry and many others.
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Moreover, most authors are active members of the teratology societies
including the Organization of Teratogen Information Specialists (OTIS)
and the European Network of Teratology Information Services (ENTIS).

We are grateful for the outstanding contributions from each of the
authors. It should be noted that the editors and authors have agreed that
the royalties from this volume will be donated to women’s health services
in areas of need. The royalties from the second English edition helped to
support women’s health clinics in Guatemala.

The Editors and Authors do express our appreciation to Kristine Jones,
publishing editor, from Elsevier/Academic Press for providing support
and advice. We thank Shannon Stanton for constant and diligent support
during the developmental process and overseeing the transfer of chap-
ters to production and Elizabeth Hormann and Ekkehard Kemmann for
translation. Finally, the editors wish to express our appreciation to our
families for providing us the time and support to complete this edition.

May the reader use this volume, both in print and electronically, to
perform a risk assessment and to examine treatment options for spe-
cific diseases in women of reproductive age. By providing pre-pregnancy
counseling, the editors and authors hope that inappropriate therapeutic,
occupational and/or environmental exposures will be minimized.

Finally, we continue to welcome comments, recommendations and sug-
gestions from our readers using this volume. Please do share your suggestions
with us at the following email address: DrugPregLac@urmc.rochester.edu*

Richard K Miller, Rochester, New York, USA
Christof Schaefer, Berlin, Germany
Paul Peters, Utrecht, Netherlands

*Do not use this email address for patient-related questions because it is not constantly
monitored. If you have specific patient related questions, please contact the nearest
MotherToBaby or ENTIS Teratogen Information Service. Thank you.


mailto:DrugPregLac@urmc.rochester.edu

Disclaimer

Knowledge and best practice in this field are constantly changing. As
new research and experience broaden our understanding, changes in
research methods, professional practices, or medical treatment may
become necessary.

Practitioners and researchers must always rely on their own experi-
ence and knowledge in evaluating and using any information, methods,
compounds, or experiments described herein. In using such information
or methods they should be mindful of their own safety and the safety of
others, including parties for whom they have a professional responsibility.

With respect to any drug or pharmaceutical products identified, read-
ers are advised to check the most current information provided (i) on
procedures featured or (ii) by the manufacturer of each product to be
administered, to verify the recommended dose or formula, the method
and duration of administration, and interactions. It is the responsibility
of practitioners, relying on their own experience and knowledge of their
patients, to make diagnoses, to determine dosages and the best treatment
for each individual patient, and to take all appropriate safety precautions.

To the fullest extent of the law, neither the Publisher nor the authors,
contributors, or editors, assume any liability for any injury and/or dam-
age to persons or property as a matter of products liability, negligence
or otherwise, or from any use or operation of any methods, products,
instructions, or ideas contained in the material herein.
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1.1 Introduction

Most prescribers and users of drugs are familiar with the precautions
given concerning drug use during the first trimester of pregnancy. These
warnings were introduced after the thalidomide disaster in the early
1960s. However, limiting the exercise of caution to the first 3 months
of pregnancy is both shortsighted and effectively impossible - firstly,
because chemicals can affect any stage of pre- or postnatal development;
and secondly, because when a woman first learns that she is pregnant,
the process of organogenesis has already long since begun (for example,
the neural tube has closed). Hence, the unborn could already be inad-
vertently exposed to maternal drug treatment during the early embryonic
period (Figure 1.1).

This book is intended for practicing clinicians, who prescribe medic-
inal products, evaluate environmental or occupational exposures in
women who are or may become pregnant. Understanding the risks of

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00001-9
Copyright © 2015 Elsevier B.V. All rights reserved.
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Figure 1 Timetable of early human development.

drug use in pregnancy has lagged behind the advances in other areas of
pharmacotherapy. Epidemiologic difficulties in establishing causality and
the ethical barriers to randomized clinical trials with pregnant women
are the major reasons for our collective deficiencies. Nevertheless, since
the recognition of prenatal vulnerability in the early 1960s, much has
been accomplished to identify potential developmental toxicants such as
medicinal products and to regulate human exposure to them. The adverse
developmental effects of pharmaceutical products are now recognized to
include not only malformations, but also growth restriction, fetal death
and functional defects in the newborn.

The evaluation of human case reports and epidemiological investiga-
tions provide the primary sources of information. However, for many
drugs and certainly new drugs (even more so in the case of chemicals)
experience with human exposure is scarce, and animal experiments,
in vitro tests, or information on related congeners provide the only basis
for risk assessment. Registration authorities in different continents have
mandated that medications potentially used in pregnant women must
now be followed via pregnancy registries.

This book presents the current state of knowledge about the use of
drugs during pregnancy. In each chapter, the information is presented
separately for two different aspects of the problem: firstly, seeking a drug
appropriate for prescription during pregnancy; and secondly, assessing
the risk of a drug when exposure during pregnancy has already occurred.

1.2 Development and health

The care of pregnant women presents one of the paradoxes of modern
medicine. Women usually require little medical intervention during a
(uneventful) pregnancy. Conversely, those at high risk of damage to their
own health, or that of their unborn, require the assistance of appropriate
medical technology, including drugs. Accordingly, there are two classes
of pregnant women; the larger group requires support but little interven-
tion, while the other requires the full range of diagnostic and therapeutic
measures applied in any other branch of medicine (Chamberlain 1991).
Maternal illness demands treatment tolerated by the unborn. However,
a normal pregnancy needs to avoid harmful drugs - both prescribed
and over-the-counter, and drugs of abuse, including smoking and alco-
hol - as well as occupational and environmental exposure to potentially
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harmful chemicals. Obviously, sufficient and well-balanced nutrition is
also essential. Currently, this set of positive preventive measures is by no
means broadly guaranteed in either developing or industrial countries.
When such primary preventive measures are neglected, complications of
pregnancy and developmental disorders can result. Furthermore, nutri-
tional deficiencies and toxic effects during prenatal life predispose the
future adult to some diseases, such as schizophrenia (St Clair 2005), fer-
tility disorders (Elias 2005), metabolic imbalances (Painter 2005), hyper-
tension, non-insulin-dependent diabetes, and cardiovascular illnesses,
as demonstrated by Barker (1998) and based upon epidemiological and
experimental data. Studies of programming in fetal life are now on the
agenda for medical research.

1.3 Reproductive stages

The different stages of reproduction are, in fact, highlights of a contin-
uum. These stages concern a specific developmental time-span, each
with its own sensitivity to a given toxic agent.

m Primordial germ cells are present in the embryo at about 1 month
after the first day of the last menstruation. They originate from the
yolksac-entoderm outside the embryo, and migrate into the undiffer-
entiated primordia of gonads located at the medio-ventral surface of
the urogenital ridges. They subsequently differentiate into oogonia and
oocytes, or into spermatogonia. Toxic effects on primordial germ cells
may cause infertility or mutagenic harm.

m Oocytes in postnatal life are at an arrested stage of the meiotic division.
This division is reinitiated much later following birth, shortly before
ovulation, and is finalized after fertilization with the expulsion of the
polar bodies. Thus, all-female germ cells develop prenatally and no
germ cells are formed after birth. Moreover, during a female lifespan
approximately 400 oocytes undergo ovulation. All these facts make it
possible to state that an 8-week pregnant mother of an unborn female
is already prepared to be a grandmother! This implies that the oocytes
are not only older than the female but also that they are being exposed
to substances from prenatal time forward. As we have seen in Section
1.2, fetal programming during early stages of pregnancy might induce
diseases in later adult life; such programming for toxicity might also be
possibly focused upon oocytes.

m The embryonal spermatogenic epithelium, on the contrary, divides
slowly by repeated mitoses, and these cells do not differentiate into sper-
matocytes and do not undergo meiosis in the prenatal period. Gonocytes
exist in the neonatal testis and represent a transient population of male
germ-line stem cells. It has been demonstrated that stem cell self-re-
newal and progeny production are probably controlled by the neigh-
boring differentiated cells and extracellular matrix known as niches. The
onset of meiosis in the male begins at puberty. Spermatogenesis contin-
ues throughout (reproductive) life. Even after chemotherapeutic treat-
ment for example with anticancer drugs or radiation with destruction
of spermatogonia, repopulation of the epithelium is possible with even
a complete functional restitution. This is in contrast with oogonia after
such chemotherapeutic treatment. When the complexity of sexual devel-
opment and female and male gametogenesis is considered, it becomes
apparent that pre- and postnatal drug exposures are special toxicologi-
cal problems having different outcomes. The specificity of the male and

Pregnancy

1 General commentary on drug therapy and drug risks in pregnancy



4 1.4 Reproductive and developmental toxicology

female developmental processes also accounts for unique reactions to
toxic agents, such as drugs, in both sexes.

m After fertilization of the oocyte by one of the spermatozoa in the ovi-
duct, there is the stage of cell division and transport of the blastocyst
into the endocrine-prepared uterine cavity. After implantation, the
bilaminar stage is formed and embryogenesis begins with beating heart
and the functioning yolksac as a nutritional and excretion organ, fol-
lowed by contact with the mother by the placenta. The next 7 weeks
are a period of finely balanced cellular events, including proliferation,
migration, association and differentiation, and programmed cell death,
precisely arranged to produce tissues and organs from the genetic
information present in each conceptus.

m During this period of organogenesis, rapid cell multiplication is the
rule. Complex processes of cell migration, pattern formation and the
penetration of one cell group by another characterize these later stages.

m Final morphological and functional development occurs at different
times during fetogenesis, and is completed after birth.

m Postnatal adaptation characterizes the passage from intra- into
extra-uterine life with tremendous changes in, for example, circulatory
and respiratory physiology (see also Table 1.1).

1.4 Reproductive and developmental toxicology

Reproductive toxicology is the subject area dealing with the causes, mech-
anisms, effects and prevention of disturbances throughout the entire
reproductive cycle, including fertility induced by chemicals. Teratology
(derived from the Greek word tegag which originally meant star; later
meanings were wonder, divine intervention and, finally, terrible vision,
magic, inexplicability, monster) is the science concerned with birth
defects of a structural nature (dysmorphology). However, the terminol-
ogy is not strict, since literature also recognizes “functional” teratogenic
effects, such as fetal alcohol effects in the absence of alcohol-related birth
defects and dysmorphology.

To understand the different definitions in this domain of toxicity the
following explanations are helpful. Reproductive toxicology represents
the harmful effects by agents on the progeny and/or impairment of male
and female reproductive functions. Developmental toxicity involves any
adverse effect induced prior to attainment of adult life. It includes the
effects induced or manifested in the embryonic or fetal period, and those
induced or manifested postnatally. Embryo/fetotoxicity involves any toxic
effect on the conceptus resulting from prenatal exposure, including struc-
tural and functional abnormalities, and of postnatal manifestations of
such effects. Teratogenicity is a manifestation of developmental toxicity,
representing a particular case of embryo/fetotoxicity, by the induction or
the increase of the frequency of structural disorders in the progeny.

The rediscovery of Mendel’s laws about a century ago, and the knowl-
edge that some congenital abnormalities were passed from parents to
children, led to attempts to explain abnormalities in children based
on genetic theory. However, Hale (1933) noticed that piglets born to
sows fed a vitamin A-deficient diet were born without eyes. He rightly
concluded that a nutritional deficiency leads to a marked disturbance
of the internal factors, which control the mechanism of eye develop-
ment. During a rubella epidemic in 1941, the Australian ophthalmol-
ogist, Gregg, observed that embryos exposed to the rubella virus often



Table 1.1 Reproductive stages: organs and functions potentially affected by toxicants

Reproductive stage Female

Germ cell formation

Fertilization

Implantation

Embryogenesis

Oogenesis (occurs during fetal development of mother)

Gene replication

Cell division

Egg maturation

Hormonal influence on ovary
Ovulation

Oviduct

contractility

secretions
Hormonal influence on secretory and muscle cells
Uterus

contractility

secretions
Nervous system

behavior

libido
Changes in uterine lining and secretions
Hormonal influence on secretory cells

Uterus
Yolksac
placenta formation
Embryo
cell division,
tissue differentiation,
hormone production,
growth

Male

Spermatogenesis
Gene replication
Cell division

Sperm maturation
Sertoli cell influence
Hormonal influence on testes

Accessory glands
Sperm motility and nutrition

Hormonal influence on glands
Nervous system

erection

ejaculation

behavior

libido

Possible endpoints

Sterility, subfecundity, damaged sperm or eggs, chromosomal
aberrations, menstrual effects, age at menopause, hormone imbal-
ances, changes in sex ratio

Impotence, sterility, subfecundity, chromosomal aberrations, changes
in sex ratio, reduced sperm function

Impotence, sterility, subfecundity, chromosomal aberrations, changes
in sex ratio, reduced sperm function

Spontaneous abortion, embryonic resorption, subfecundity, stillbirths,
low birth weight

Spontaneous abortion, other fetal losses, birth defects, chromosomal
abnormalities, change in sex ratio, stillbirths, low birth weight

1 General commentary on drug therapy and drug risks in pregnancy
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Table 1.1 (Continued)

Reproductive stage Female

Organogenesis

Perinatal

Postnatal

Placenta
nutrient transfer
hormone production
protection from toxic agents
Embryo
organ development and differentiation growth

Fetus

growth and development
Uterus

Contractility
Hormonal effects

on uterine muscle cells
Maternal nutrition

Infant survival
Lactation

Male

Possible endpoints

Birth defects, spontaneous abortion, fetal defects, death,retarded
growth and development, functional disorders (e.g. autism),
transplacental carcinogenesis

Premature births, births defects (particularly nervous system),
stillbirths,neonatal death, toxic syndromes or withdrawal symptoms
in neonates

Mental retardation, infant mortality, retarded development,
metabolic and functional disorders, developmental disabilities (e.g.
cerebral palsy and epilepsy)

9
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1.4 Reproductive and developmental toxicology 7

displayed abnormalities, such as cataracts, cardiac defects, deafness and
mental retardation (Gregg 1941). Soon after it was discovered that the
protozoon Toxoplasma, a unicellular parasite, could induce abnormali-
ties such as hydrocephaly and vision disturbances in the unborn. These
observations proved undeniably that the placenta is not an absolute bar-
rier against external influences.

Furthermore, from the early 1960s maternal exposure to the mild sedative
thalidomide, marketed since 1957 in Germany appeared to be causing char-
acteristic reduction deformities of the limbs, ranging from hypoplasia of one
or more digits to the total absence of all limbs. An example of the thalido-
mide embryopathy is phocomelia: the structures of the hand and feet may be
reduced to a single small digit, or may appear virtually normal but protrude
directly from the trunk, like the flippers of a seal (phoca). Nowadays there
exists some confusion and discussion about the discovery of thalidomide as
human teratogen. The book “Dark Remedy: the Impact of Thalidomide and
its Survival as a Vital Medicine” by Stephens (2009) explains in detail the
events in 1961 and 1962. H.R. Wiedemann reported the first series of chil-
dren with thalidomide-induced malformations in the 16 September 1961
Issue of the Med. Welt (in German). W.G. McBride placed a question in
a 15-line Letter to the Editor published in the 16 December 1961 issue of
the Lancet stating “... In recent month I have observed that the incidence
of multiple severe abnormalities in babies delivered of women who were
given the drug thalidomide ... bony development seems to be affected ...
have any of your readers seen similar abnormalities who have taken this
drug during pregnancy?” Following this letter, the Lancet editor inserted
a statement indicating that the 2 December 1961 issue carried a statement
from the Distillers Company Ltd. referring to “reports from two overseas
sources possibly associating thalidomide with harmful effects on the foetus ...
the company decided to withdraw from the market all its preparations con-
taining thalidomide.” On 6 January 1962 Widukind Lenz confirmed in a
Letter to the Lancet: “I have seen 52 malformed infants whose mothers had
taken “Contergan” (thalidomide) in early pregnancy ... since I discussed the
aetiological role of “Contergan” ... at a conference with the producer on
Nov. 18, 1961, I have received letters ... reporting 115 additional cases...”.

This discovery of Wiedemann (1961), McBride (1961) and Lenz (1961)
independently led to a worldwide interest in clinical teratology. In the
Unites States Francis Kelsey, working at the FDA and being dissatisfied
with the application for marketing of the product, prevented a catastro-
phe of unimaginable proportion (Kalter 2010, Kelsey 1988). Fifty years
after the thalidomide disaster, the risk of drug-induced developmental
disorders can be better delimited. To date there has been no sudden con-
frontation by a medicinal product provoking, as in the case of thalido-
mide, such devastating disorders. Drugs that nevertheless caused birth
defects, such as retinoids, were known and expected, based upon animal
experiments, to cause these conditions. Moreover, in general terms the
prevalence of birth defects (3-4%) has not increased in the last half cen-
tury, although substantially more substances have been marketed during
these years. It should though be noted that it was not until the 1990s that
autism was associated with thalidomide exposure very early in develop-
ment before limb malformations would be induced (Stromland 1994).

Contrary to the assessment of drug-induced disorders and drugs of
abuse, it is more difficult to indicate a risk from occupational chemical
and physical exposure. In such situations, an individual risk assessment
is nearly impossible since the information necessary for a pertinent eval-
uation is lacking, although Occupational Exposure Limits (OELs) or
Threshold Limit Values (TLVs) and occupational precautions are import-
ant considerations (see Chapter 2.23).

Pregnancy

1 General commentary on drug therapy and drug risks in pregnancy



8 1.5 Basic principles

An essential aim of public health is prevention. Primary prevention of
developmental disorders can be defined as an intervention to prevent the
origin of a developmental disorder - for example, by rubella vaccination,
or by correction of an aberrant lifestyle such as alcohol use. Moreover,
primary prevention of developmental disorders can be achieved when
a chemical substance is identified as a reproductive toxicant and either
is not approved for marketing, or is approved with specific pregnancy
labeling, restricted use or removed from the market. This is in contrast
to secondary prevention of developmental disorders, which means the
prevention of the birth of a child with a developmental defect - usually by
termination of pregnancy. In this context, tertiary prevention of a devel-
opmental disorder indicates an early detection of a metabolic disorder so
that, for example, in the case of phenylketonuria (PKU) as an interven-
tion a special diet low in phenylanaline is indicated to prevent mental
retardation (phenylpyruvic oligophrenia).

When thalidomide was recognized as being the causal factor of phoc-
omelia, the removal of the drug from the market resulted in the disap-
pearance of the embryopathy. However, it took at least 5 years before the
association was made between the introduction of the teratogen and the
extremely rare type of deformities. This event was also accompanied by
a transient drastic avoidance of general drug intake by pregnant women.

Healthcare professionals and pregnant women must continue to
develop a more critical approach to the use of drugs and exposure to
chemicals, not only during pregnancy but also before pregnancy - or,
even better, during the entire fertile period. Such a critical approach
should result in avoiding many unnecessary and unknown risks.

These remarks imply that health professionals, couples planning
to have children, and pregnant women must be informed about drugs
proven to be safe, and the risks of wanted or unwanted exposures to
chemicals as medications, environmental, including infections or occu-
pational exposures.

1.5 Basic principles of drug-induced reproductive and
developmental toxicology

Drugs that have the capacity to induce reproductive toxicity often can
be identified before being marketed, based upon the outcome of lab-
oratory animal experiments. The final conclusions can only become
available through epidemiological studies after the product has been
on the market for some time. The determination of whether a given
medicinal product has the potentiality or capability to induce devel-
opmental disorders is essentially governed by four established funda-
mental principles (Wilson 1977). It can be stated that an embryo- and
fetotoxic response depends upon exposure to: (1) a specific substance
in a particular dose, (2) a genetically susceptible species, (3) a concep-
tus in a susceptible stage of development, and (4) by the mode of action
of reproductive toxic drugs.

Principle 1

As in other toxicological evaluations, reproductive toxicity is governed
by dose-effect relationships; the curve is generally quite steep. The dose-
response is of the utmost importance in determining whether there is
a true effect. Moreover, nearly every reproductive toxic drug that has



1.5 Basic principles 9

been realistically tested has been shown to have a threshold, a
“no-effect” level. Another aspect worth mentioning is the occasionally
highly specific nature of the substance - for instance, thalidomide is a clear-
cut teratogen in the human and specific species (rabbit), in contrast to its
analogs, which were never proven to be developmental toxicants. More-
over, not only is the daily dose of importance to the result but also the route
of exposure for a potential embryo/fetotoxic concentration of the drug.

Principle 2

Not all mammalian species are equally susceptible or sensitive to the
reproductive/developmental toxic influence of a given chemical. The
inter- and intraspecies variability may be manifested in several ways: a
drug that acts in one species may have little or no effects in others; a
reproductive/developmental toxicant may produce similar defects in var-
ious species, but these defects will vary in frequency; a substance may
induce certain developmental disorders in one species that are entirely
different from those induced in others. The explanation is that there are
genetic differences such as in pharmacokinetics and/or in receptor sen-
sitivity that influence the teratogenic response. This may be further mod-
ified by other environmental factors.

Principle 3

There exists a sensitive period for different effects, i.e. the developmen-
tal phase, during which originating, proliferating and differentiating cells
and organs become susceptible to a given drug. This period may not
be related to critical morphogenetic periods, but may, for example, be
related to the appearance of specific receptors. This explains how, at an
early stage of development, dysmorphology is induced by a substance,
which, at the latter stage of the development, induces functional disor-
ders such as those of the central nervous system. These stages are often
called windows of susceptibility.

Principle 4

The pathogenesis and the final defects from developmental toxicity can
be studied rather well. Knowledge about the early onset or the mecha-
nisms associated with of developmental toxicity of these agents is often
absent. Mechanistic information is, however, essential to understanding
how chemicals can perturb development, and is a critical component
of the risk assessment. To improve the understanding of the mode of
action of toxicants, including early repair mechanisms, critical molec-
ular targets of the developmental processes should be identified. These
targets are, among others: evolutionary conserved pathways of develop-
ment; conserved molecular-stress and checkpoint pathways; and con-
served toxicokinetic components, such as those involved in the transport
and metabolism of toxicants. Different signaling pathways that operate
in the development of the organs of model animals, such as the fruitfly,
roundworm and zebrafish, also operate in the development of mamma-
lian organs. Therefore, the effects of medicinal products on fundamental
processes such as signaling can be detected. Because the same signaling
pathways operating in the various kinds of organ development in mam-
mals are more and more known, and will be even better known, a chem-
ical’s toxicological impact on these pathways can be predicted on the
basis of the results in non-mammalian organisms and tested in mammals
(Committee on Developmental Toxicology 2000).
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1.6 Effects and manifestations

A wide variety of responses characterizes developmental toxicity.
Infertility, chromosomal and genetic disorders, spontaneous abor-
tion, intrauterine death, prematurity, low birth weight, birth defects
and functional disorders are the effects of such drug interference
with the developmental and reproductive processes. The manifesta-
tion of a developmental or a reproductive toxicant can either be seen
immediately after exposure, or will be expressed at a much later date.
Interfering with male or female germ cell development might result in
infertility, decreased sperm activity and/or libido, and impaired game-
togenesis. The effects on the pre-implantation stage will cause early
embryonic death, extra-uterine implantation, or delayed transport of
the fertilized zygote. These last outcomes nuance the idea that at the
early phase of development there exists a so-called “all or nothing
effect”.

A critical phase for the induction of structural malformations usu-
ally occurs during the period of organogenesis. In humans, this critical
period extends from about 20-70 days after the first day of the last
menstruation period, or from 1 week before the missed menstruation
until the woman is 44 days late. It may be unwise to rely absolutely on
this time period (Table 1.1). With physical agents such as X-rays used in
laboratory animals, exposure can be limited exactly to a period of min-
utes to discover the exact sensitive period for inducing a specific dis-
order. However, with drugs and other chemicals, we are unsure about
the time course of absorption, metabolism and excretion. In addition,
the actual proximate teratogen may be a metabolite rather than the
compound administered. If the moment of final differentiation of a par-
ticular organ is known with certainty, then a teratogen must have been
present prior to that time, if it is presumed to be the causal agent of the
malformation.

During the fetal period, the manifestations from toxicological inter-
ference are growth restriction, some forms of structural malformations,
fetal death, functional impairment, and transplacental carcinogenesis.
The period of organ and system maturation extends beyond the period
of organogenesis, and even beyond the prenatal period. Therefore, the
susceptible period for the induction of insults that may lead to func-
tional deficits is much longer than that for the induction of gross struc-
tural defects. Functions affected by pre- and early postnatal exposure to
chemicals include behavior, reproduction, endocrine function, immune
competence, xenobiotic metabolism, learning capacity, and various other
physiological functions.

Fetal tissues are intrinsically highly vulnerable to carcinogens because
of their high rate of cellular proliferation. This phenomenon has been
demonstrated in rats, mice, hamsters, rabbits, opossums, pigs, dogs,
and monkeys. About 25 compounds and groups of chemicals and 10
industrial processes have been shown to induce carcinogenic effects in
human beings. However, there is convincing epidemiological evidence
of transplacental tumor-induction in humans for only one compound -
diethylstilbestrol (DES). Exposure to DES in utero leads to the devel-
opment of clear-cell adenocarcinoma of the vagina or cervix in about
1 in 1000 of those at risk. Moreover, DES is now a recognized female
genital tract teratogen. The effects of exposure to DES in utero for
males are known (e.g. short phallus); however, others (e.g. infertility)
remain controversial (see also Chapter 2.15.15 for details).
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1.7 Pharmacokinetics of drugs in pregnancy

Metabolism and kinetics of medicinal products are more complicated in
pregnancy than otherwise. In general, the following pharmacokinetics
influence the effective concentration of a drug or its metabolites:

m The uptake, distribution, metabolism and excretion by the mother
(changes during pregnancy of some physiologic parameters influenc-
ing the metabolism of chemicals are summarized in Table 1.2);

m Passage and metabolism through the yolk sac and the placenta with its
changing physiology;

m Distribution, metabolism and excretion by the embryo or fetus;

m Re-absorption and swallowing of substances by the unborn from the
amniotic fluid.

Pregnancy induces many maternal physiological changes and adapta-
tions, which can lead to clinically important reductions in the blood con-
centrations of certain medicinal products. The total body water increases
by as much as 8 liters during pregnancy, which provides a substantially
increased volume in which drugs can be distributed. During pregnancy,
the intestinal, cutaneous and inhalatory absorption of chemicals changes
due to a decreased peristalsis of the intestines and an increase in skin and
lung blood flow. However, this has no consequences for the uptake of
medicines from the intestinal tract. Serum proteins relevant to drug bind-
ing undergo considerable changes in concentration. Albumin, which binds
acidic drugs and chemicals (such as phenytoin and aspirin), decreases in
concentration by up to 10 g/L. The main implication of this change is in
the interpretation of drug concentrations. The increased production of
female hormones activates enzymes in the maternal liver, and this may
result in a modified inactivation of medicinal and environmental agents.
The renal plasma flow will have almost doubled by the last trimester of

Table 1.2 Changes during pregnancy of the pharmacokinetics of drugs

Resorption

Gastrointestinal motility 1
Lung function 1
Skin blood circulation 1
Distribution

Plasma volume 1
Body water 1
Plasma protein 1
Fat deposition 1
Metabolism

Liver activity Tl
Excretion

Glomerular filtration 1

Source: Loebstein (1997).
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pregnancy, and drugs that are eliminated unchanged by the kidney are
usually eliminated more rapidly; this change in renal clearance has been
clinically important in only a few cases, and does not require adapta-
tion of the dose of drugs in general (Loebstein 1997). Some drugs, such
as anticonvulsants and theophylline derivatives, can undergo changes in
distribution and elimination, which lead to ineffective treatment because
of inadequate drug concentrations in the blood (Lander 1984).

Most studies of drug transfer across the maternal and embryonic/fetal
barrier are concerned with the end of pregnancy. Little is known about the
transport of substances in the early phases of pregnancy, in which, morpho-
logically and functionally, both the yolk sac and the placenta develop and
change in performance (Miller 2010, Carney 2004, Garbis-Berkvens 1987).
Before birth when the placenta becomes more fibrotic it can be called both
functionally and morphologically a geriatric organ, not representing the
pharmacokinetics of, for example, the mid-term placenta. The placenta
is essentially a lipid barrier between the maternal and embryonic/fetal
circulations, like the lipid membrane of the gastrointestinal tract, allow-
ing fat-soluble medicines to cross more easily than water-soluble. Hence,
medicinal products that are taken orally and are well absorbed will pass
the placental membranes. Drugs cross the placenta by passive diffusion,
and a non-ionized drug of low molecular weight will cross the placenta
more rapidly than a more polar drug. Given time, however, most drugs
will achieve roughly equal concentrations on both sides of the placenta.
Thus, the practical view to take when prescribing drugs during pregnancy
is that the transfer of drugs to the fetus is inevitable. On the other hand, the
placenta, like other organ barriers, contains efflux transporters that may
prevent substantial transfer of particular substances to the fetus. The con-
clusion that equal and even higher concentrations of a (combination) of
active substances can be present in the embryonic/fetal compartment is in
fact dramatic. Since apart from exceptionally and specifically treating the
unborn, these pharmacological effects upon the fetus are unwanted and
need therefore to be defined as toxic. With such a high number of drugs
used in pregnancy and so relatively few disorders observed postnatal, there
has to be an already huge repair system in the fetus and newborn - even
more realizing that there exists an absent or diminished metabolic, detoxi-
fying and excretion system in the embryonic compartment.

Most drugs have a lower molecular weight than 600-800, and will
therefore be able to cross the placenta. The notable exceptions to this
rule are the conjugated steroid and peptide hormones such as insulin
and growth hormone. However, larger molecules (e.g. vitamin B, and
immunoglobulins) do cross the placenta via specific receptor-mea?iated
processes. It was shown that biologicals, such as TNF-a-Inhibitors cross
the placenta during the second half of pregnancy and may reach thera-
peutic values in the newborn (see also Chapter 2.12).

In the third month of pregnancy, the fetal liver is already capable of
activating or inactivating chemical substances through oxidation (Juchau
1989). In the fetal compartment the detoxification of drugs and their
metabolites takes place at a low level, certainly in the first half of preg-
nancy. This aspect, among others - such as excretion in the amniotic
fluid - makes it understandable that accumulation of biological active
substances might take place in the fetal compartment. The (at that time
not yet existing) blood-brain barrier in the fetus is another characteristic
that might be important for the possible fetotoxic effects of chemicals.

Although fetal treatment is still an exception, it is of interest that
in the case of prevention of vertical infections, such as HIV-1, at the
time of a functioning circulation and kidney excretion, antibiotics
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(penicillins, cephalosporins) and antiretrovirals concentrate in the fetal
compartment. Such depot effects are also enhanced by recirculation of
the medicinal product through swallowing of the excreted antibiotics in
the amniotic fluid, thus contributing to a great extent to the therapeutic
effect. Obviously, this effect is lost when an early amniorrhexis (rupture
of the membranes) occurs (Gonser 1995).

1.8 Mechanisms of developmental toxic agents

Although more information exists concerning the pathological history
and final effects of developmental toxic agents, it is only recently that
additional information has been known about the early onset and mech-
anisms of this interaction between the toxic agent and the different devel-
opmental stages and sensitivities. This leap forward is due to the insights
provided by developmental molecular biology (Committee of Develop-
mental Toxicology 2000):

m Receptor-ligand interactions. Some chemicals interact directly with
endogenous receptors for substances such as hormones, growth fac-
tors, cell-signaling molecules, and other endogenous compounds. They
can activate the receptor inappropriately (agonists), inhibit the ability
of the endogenous ligand to bind the receptor (antagonists), act in a
manner that activates the receptor but produces a less than maximal
response (partial agonist), or act in a way that causes a decrease from
the normal baseline in an activity under the control of the receptor
(negative agonist) or acts to permanent activate the receptor actions.
Receptors can be broadly classified as cytosolic/nuclear or membrane
bound. These receptors reside within the cell and have ligands that are
small and generally hydrophobic so that they can pass easily through
the cell membrane. After the ligand binds to these receptors, the com-
plex translocates to the nucleus where it interacts directly with specific
sequences of DNA to activate or inactivate the expression of special
genes. Examples of these receptors are the estrogen, retinoic acid and
benzodiazepine receptors. Membrane receptors are diverse and inter-
act with a wide variety of molecules, from small molecules, such as glu-
tamate and acetylcholine, and small proteins, such as insulin, to large
proteins, such as Sonic Hedgehog (SHH) and Wnt. This binding of a
ligand to a membrane receptor leads to a cascade of events within the
cell membrane and cell known as signal transduction, which involves
five or more steps. It is conceivable that developmental toxic agents
could affect any of these steps.

m Covalent binding. Covalent binding occurs when the exogenous mol-
ecule chemically reacts with an endogenous molecule (e.g. forming
a DNA or protein adduct). Among the kinds of reactive chemicals
are aldehydes, epoxides, free radicals, acylating agents, and alkylat-
ing agents. Exposure to these chemicals might then result in abnor-
mal transcription or replication of DNA, or abnormal function of the
adducted protein. An example of a developmental toxicant that forms
both DNA and protein adducts in embryos is diphenylhydantoin.

m Peroxidation of lipids and proteins. Some chemicals exist as free radi-
cals or generate free radicals during their metabolism. Free radicals are
highly reactive and will oxidize proteins or lipids, changing their struc-
ture. The developmental toxicity of niridazole appears to be entirely
mediated by radical production (Barber 1993).
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m Interference with sulfhydryl groups. In some proteins, sulfhydryl groups
are functional groups of the active (catalytic) site. Metals like mercury
and cadmium are examples of developmental toxicants that cause oxi-
dative stress and bind strongly to sulthydryl groups and interfere with
function.

m [nhibition of protein function. This is a broad category. Protein func-
tion occurs at catalytic sites (catalysis), regulatory sites (regulation of
protein activity), macromolecule-binding sites (such as specific DNA
binding), or protein-protein association sites (as in aggregation of ribo-
somal proteins).

m Some agents interfere with enzymes whose catalytic function is import-
ant in development, somewhat similar to an antagonist binding to a
receptor. For example, methotrexate mimics a substrate of dihydrofo-
late reductase, and its inhibitory binding results in a functional folate
deficiency causing developmental defects. Angiotensin-converting-
enzyme (ACE) inhibitors are another example of agents that interfere
with development by blocking enzyme action. These drugs block the
conversion of angiotensin I to angiotensin II in the human fetus and
neonate, needed to maintain renal perfusion and glomerular filtra-
tion. When angiotensin II levels are reduced in the fetus, glomerular
filtration pressure and urine production are reduced, causing oligo-/
anhydramnios, renal insufficiency, lung hypoplasia, joint contractures,
skull hypoplasia and fetal/neonatal death.

m Maternally mediated effects. All of the mechanisms discussed above
occur within the embryo/fetus. However, there are examples in which
developmental toxicity is the consequence of toxicity in the mother.
Effects on the embryo occur secondarily, as a result of actions on the
pregnant mother.

m Other mechanistic considerations. There are other mechanisms that
might be found to affect development. These might include such events
as DNA intercalation, interaction with as yet unidentified targets, or
complicated interactions that involve multiple changes, each of which
is necessary — but not by itself sufficient - to initiate a pathogenic
cascade (Committee of Developmental Toxicology 2000).

1.9 Causes of developmental disorders

Wilson (1977), during a presentation in Vienna in 1973, presented an esti-
mate of the causes of developmental disorders (Table 1.3). His most import-
ant observation, that about two-thirds of the causes are of unknown etiology,
is still of current importance. This lack of clear causal connections explains
the problems faced in primary prevention of developmental disorders.

Table 1.3 presents the estimates from different sources (Nelson 1989,
Kalter 1983, Wilson 1977). In addition, data are added from Saxony-Anhalt
derived from a study of Rosch (2003) who meticulously analyzed the etiol-
ogy of 4,146 children born with major malformations from her birth registry
(1987-2000) with 143,335 births in the registration area. The registration
was limited to live births up to the completion of the first week.

Medicinal products and other chemical substances are estimated to
account for only a few percent of all developmental disorders, but they
may play a more important role in the causation of defects through inter-
action with other (genetic) factors and maternal metabolic diseases. Table
1.4 presents an overview of the drugs and chemicals proven to be devel-
opmental toxicants in humans. Logan (2011) extensively reviewed the
prevention of maternal infections leading to developmental disorders.
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Table 1.3 Estimates of causes of developmental disorders (percentages)

Wilson 1977 Kalter 1983 Nelson 1989  Rosch 2003

Monogenetic conditions 20 7.5 17.6 8.3
Chromosomal disorders 3-5 6.0 10.1 7.3
Environmental 8.5 5.0 6.1 2.0
Maternal infections 2.0 1.1
Maternal diabetes 1.4 0.1
Medicinal products 1.3 0.2
Other maternal conditions 0.3 2.9 0.6
Multifactorial and interactions ? 20 23 438.8
Unknown 65-70 61.5 43.2 33.6

1.10 Embryo/fetotoxic risk assessment and plausibility

There are different methods for assessing the embryo/fetotoxicity of
medicinal products. The risk assessment process for new drugs is limited
to experimental studies on laboratory animals. For drugs on the mar-
ket, large epidemiological studies are of great value. In the case of tha-
lidomide, more than 2 years passed before, in Germany, Lenz’s early
suspicions about the phocomelia were accepted (Lenz 1988). It is gen-
erally accepted that the predictive value of animal teratogenicity and
reproductive toxicity tests is in extrapolating results of chemicals into
terms of human safety; however, such predictions are still inadequate.
Not all developmental toxic substances have been discovered by labo-
ratory screening methods before they were used in humans and not all
substances shown to be developmental toxicants in animals act as such
in humans. There were discoveries made from case studies by “alert”
clinicians, and not primarily from epidemiological studies. However, pro-
spective cohort or retrospective case-control studies (see below) help to
quantify risks.

In this respect, it is worth mentioning that in the 1970s collabo-
ration was started among birth defects registries around the world.
At present this International Clearinghouse for Birth Defects Mon-
itoring Systems with its International Centre for Birth Defects
Surveillance and Research in Rome (www.icbdsr.org) consists of pro-
grams monitoring several million newborns each year. Cooperative
research is performed, but the main activity is the exchange of infor-
mation collected within each program. The scope of this Clearing-
house includes fetal and childhood conditions of prenatal cause. A
primary goal of the Clearinghouse is to detect changes in the inci-
dence of specific malformations or patterns of malformations that
may indicate the presence of chemicals (including medicinal haz-
ards), to identify such hazards, and, if possible, eliminate them.
Today, European and US registration authorities require new drugs
or suspicious medications to have pregnancy registries developed to
monitor prospectively the incidence of birth defects in such drug-
exposed pregnant women.
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Table 1.4 Medicinal products, chemicals and drugs of abuse with proven embryo/fetotoxic potential in

humans
Agent

Alcohol

Androgens
Antimetabolites
Benzodiazepines
Carbamazepine

Cocaine

Coumarin anticoagulants
Diethylstilbestrol

lodine overdose

Indicating signs

Fetal alcohol syndrome/effects
Masculinization

Multiple malformations

Floppy infant syndrome

Spina bifida, multiple malformations
CNS, intestinal and kidney damage
Coumarin syndrome

Vaginal dysplasia and neoplasms

Reversible hypothyroidism

Lead Cognitive developmental retardation
Methyl mercury Cerebral palsy, mental retardation
Misoprostol Moebius-sequence, reduction defects of extremities
Penicillamine Cutis laxa
Phenobarbital/primidone (anticonvulsive dose) Multiple malformations
Phenytoin Multiple malformations

Polychlorinated biphenyls Mental retardation, immunological disorders, skin

discoloration
Retinoids Ear, CNS, cardiovascular, and skeletal disorders
Tetracycline (after week 15) Discoloration of teeth
Thalidomide Malformations of extremities, autism
Trimethadione Multiple malformations
Valproic acid

Vitamin A (>25,000 IU/day)’

Spina bifida, multiple malformations

See retinoids

'Biologically, doses >5,000 IU/day are not required. The threshold for teratogenesis is much greater than
25,000 IU/day. Provitamin A = B-carotene harmless.

Note: Individual risk is dose- and time-dependent. The risk increases only two- to threefold at maximum
with monotherapy or single administration of most substances in the list (see text). Never use this list for
individual risk characterization or risk management! Drugs not mentioned in the list are not proven to be
safe.

The process of assessing a reproductive or embryo/fetoxic effect of a
drug includes the establishment of a biological plausibility and epidemi-
ological evidence with the following criteria (according to Shepard 1994
and Wilson 1977):

m A sudden increase in the prevalence of a specific malformation is
observed.

m An association is established between the introduction or an increased
usage of a drug and an increased incidence of a specific malformation
in a certain region and during a given time.
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m Drug use must have taken place in the sensitive period (window) for
the induction of that specific malformation.

m It must be established that the drug and not the condition for which
the drug is prescribed causes the specific malformation.

m The drug or its metabolite suspected of causing the malformation has
to be proven capable of reaching the embryo or fetus.

m The findings have to be confirmed by another independent study.

m The results of specific laboratory animal studies might support the
epidemiological findings.

In reproductive epidemiology, the principle of causal analytical studies
of birth defects is simple: compare the observed number of exposed preg-
nancies with an adverse outcome with the expected number. However,
this implies that the rate of adverse outcomes of pregnancy in the popu-
lation and the rate of exposure must be known.

The easiest possible technique is to study all pregnancies, prospec-
tively. This demands large numbers, producing many problems (such as
mistakes in data entry and dealing with confounders that co-vary both
with the exposure and the outcome), and a known ascertainment rate
(Killén 1988).

The second type of causal analytical studies is the cohort approach
(either historical or prospective), when adverse reproductive outcome is
studied in a group of women defined by a specific exposure situation. The
outcome in the exposed group is compared either with the total popula-
tion or with an unexposed control cohort. Such cohort studies make it
possible to examine many different outcomes after a specific exposure;
for example, spontaneous abortion, low birth weight, perinatal mortality,
and different types of malformations.

The prolonged use of medicines during pregnancy occurs in cases of
chronic diseases such as epilepsy, psychiatric illnesses, diabetes, and thy-
roid dysfunction. The registration of new drugs developed for conditions
requiring treatment during pregnancy should be based on comparative
clinical trials in which not only the therapeutic but also the teratogenic
properties are examined.

As mentioned earlier, developmental disorders are not only manifested
as structural malformations - other embryo/fetotoxic effects include:

m spontaneous abortions

m intrauterine growth retardation

m reversible functional postnatal effects, such as sedation, hypoglycemia,
bradycardia, and withdrawal effects

m central nervous system disorders, from motility disturbances to learn-
ing disabilities; immunological and fertility and reproductive disorders

Most of these are not apparent at birth but will be manifested much
later, which explains why the prevalence of developmental disorders is
about 3% at birth and about 8% or more at the age of 5 years

1.1 Classification of drugs used in pregnancy

About 80% of pregnant women use prescribed or over-the-counter
drugs. There is no doubt that even during pregnancy, drugs are often
unjustifiably used. Healthcare professionals and pregnant women
need to develop a more critical attitude to the use of drugs during
pregnancy, or, more importantly, to the use of drugs during the fertile
period, as well as exposures to occupational and environmental
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agents. These drugs and chemicals should only be taken or used when
essential, thereby avoiding many unnecessary and unknown risks.
The same obviously applies for social drugs like tobacco, alcohol, and
addictive drugs.

Since 1984, drug risk classification systems have been introduced
in the USA, Sweden and Australia. Classification is general, and of a
“ready-made” fashion. The FDA classification as published in the Federal
Register (2008) is resulting in revision of drug descriptions for pregnancy,
now beginning to appear. In the EU, a specification of the medicinal
products to be used in pregnancy has to be provided in the summary of
product characteristics, including:

m facts regarding human experience and conclusions from preclinical
toxicity studies which are of relevance for the assessment of risks asso-
ciated with exposure during pregnancy

m recommendations on the use of the medicinal product at different
times during pregnancy in respect of gestation

m recommendations on the management of the situation of an inadver-
tent exposure, where relevant.

However, there are intrinsic problems with these categorization
systems. It is doubtful whether the texts in the drug inserts will be
updated frequently enough, and the use of the wording “contraindication
in pregnancy” might result in unnecessary terminations of pregnancy
(Briggs 2003). Moreover, labeling for pregnancy generally does not
include specific advice regarding when the drug is used inadvertently
during pregnancy (see also later).

1.12 Paternal use of medicinal products

Husbands or partners are rarely, if ever, warned to avoid known embryo/
fetotoxic medicinal products. Nevertheless, awareness is increasing that
if males are exposed to reproductive toxic agents, these might damage
their offspring. To date, no one is certain regarding the safety of sub-
stances that, after administration to males or via their occupational expo-
sure, can cause birth defects.

Theoretically, there are three possible modes of action:

1. Substances such as cytostatics could damage the sperm itself geneti-
cally, or impair spermatogenesis or the maturation of sperm; it is also
possible that the substance may become attached to sperm and trans-
ported during fertilization in the oocyte.

2. Agents in semen may undergo resorption through the vaginal mucosa,
reaching the maternal circulation. However, drugs or their metabo-
lites found in semen are mostly at a much lower concentration as in
the patients’ blood.

3. After conception agents may directly reach the embryo/fetus through
the semen.

No one believes at this moment that drugs taken by males are major
contributors to developmental disorders, but many (experimental) inves-
tigators have concluded that these medicinal products could cause such
disorders (Colie 1993). Certainly, fertility disturbances are to be expected
and have been reported with, for example, radiotherapy, cyclophospha-
mide, dibromochlorpropane, and lead (Friedman 2003, Sallmén 2003).
Environmental agents with anti-androgenic or estrogenic activities, such
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as PCBs, dioxins and phthalates, are also incriminated in this respect
(see review by Storgaard 2006). Causation cases have been mentioned
with mesalazine in colitis ulcerosa (Chermesh 2004, Fisher 2004). Male
occupational exposure to pesticides, heavy metals, organic solvents, radi-
ation, and smoking (see Chapter 2.23) have also been associated with an
increased risk of spontaneous abortions, developmental abnormalities
and even childhood cancers (Aitken 2003). Acknowledging this possible
cause of developmental toxicity should be considered when stimulating
primary prevention of congenital disorders. The best (and indeed most
hygienic) way to take precautions after conception during pregnancy is
by the use of condoms when the man is taking medicinal products that
are suspected to be harmful when ejaculated (chemotherapy) (Cordier
2008).

At present there are no data that justify elective termination of preg-
nancy (ETOP) because of paternal teratogenicity or to perform primary
chromosome analysis after paternal exposure to cytoxic or mutagenic
medicinal products. In theory, it is advisable to wait 2 spermatogenic
cycles (about 6 months) after such treatment before conception is
planned. However, clinical data are scarce to demonstrate a risk of disre-
gard of this precautionary measure.

1.13 Communicating the risk of drug use in pregnancy

It is estimated that a pregnant woman takes about three to eight different
drugs, partly as self-medication and partly prescribed. This average is
not much different from the average drug use by nonpregnant women.
There are, however, more questions about the safety of medicinal prod-
ucts used in pregnancy regarding the unborn - particularly in cases of
unplanned pregnancies. In teratology counseling, a distinction must be
made between the following three situations:

1. Risk communication before a pharmacotherapeutic choice has been
made or before a pregnancy is initiated.

2. Risk communication regarding the safety of drugs used in pregnancy
when drug exposure has already taken place.

3. Risk communication in the case where a child is born with a develop-
mental disorder following drug use during pregnancy.

In the second situation, during pregnancy the question is whether or
not fetal development is at risk, leading to discussion of whether addi-
tional (invasive) diagnostic procedures or even pregnancy termination
may be considered. In the third situation feelings of guilt might be the
motivation for asking about risk; however, this situation is also frequently
of importance when medical geneticists ask for specific details of genetic
or environmental causations. Moreover, these issues are the subject of
much debate in cases of legal procedures.

In our experience, these three risk communication situations require
different approaches, which are dealt with separately below.

The safety warnings provided on package inserts or other sources
such as the Physician’s Desk Reference are so general, sometimes out-
dated and, in some cases, even misleading that the prescribing phy-
sician cannot make a “tailor-made” choice for the patient on such
a basis. In some cases, these texts are written primarily to protect
the drug producers and registration authorities from potential liability.
The phrase “contraindicated in pregnancy” is in some cases correctly
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applied to an embryo/fetotoxic product, but it may also mean that
experience with this drug in pregnancy has not been sufficiently doc-
umented. Registration authorities and drug producers view drug risks
differently from the clinician who is treating an individual patient.
When, for example, a particular drug involves a relative risk (risk
ratio) of only 1.2 (which is indeed a very low risk), it is not essential
that the clinician communicates the risk to an individual patient. To
the drug producer, however, the same risk value implies an additional
400 malformed children per 100,000 exposed pregnancies, consider-
ing a spontaneous malformation rate of 2%.

1.14 Risk communication prior to pharmacotherapeutic
choice

Drug administration during pregnancy means that both the mother and
unborn child are exposed. The drug or metabolite concentration may
be even higher in the embryonic or fetal compartment than it is in the
mother. The fetus as an “additional” patient therefore demands a strict
pharmacotherapeutic approach, as it is imperative to try to restore
maternal health without endangering the development of the child. In
severe conditions, such as bronchial asthma, diabetes mellitus, epilepsy
or particular communicable diseases, treatment is obligatory regardless
of pregnancy. In contrast, inessential products such as antitussive prepa-
rations, “pregnancy-supporting” substances, and high doses of vitamins
and minerals should not be prescribed or used, as their potential risks
outweigh their unproven benefits.
The following rules of thumb are applicable when prescribing drugs:

m Women of reproductive age must be asked, prior to drug prescription,
whether an as-yet undetected pregnancy is possible, or whether they
are planning a pregnancy. By the time a woman learns that she is preg-
nant, organogenesis has already progressed substantially.

m In chronic treatment of women of reproductive age, the possibility of
pregnancy must be considered. In the case of drugs with teratogenic
potential, effective contraceptive measures must be discussed and
implemented. Products proven to be safe in pregnancy are the drugs of
first choice for long-term treatment during the reproductive years.

m Some medicinal products (e.g. anticonvulsants) reduce the effective-
ness of hormonal contraception.

m In general, drugs that have already been in use for several years should
be the preferred choice during reproductive age, provided that they
have not been substantially suspected of carrying risk. These prod-
ucts usually involve greater safety in their therapeutic efficacy in the
mother and tolerability by the fetus. On the contrary, recently intro-
duced agents must be considered to be an unappraised risk; in many
instances these products are also “pseudo-innovations” without any
proven therapeutic advantage.

If possible, monotherapy is preferred.

The lowest effective dose should be prescribed.

Non-drug treatment should be considered.

The disease itself may be a greater fetotoxic risk than the appropri-

ate drug therapy, as in diabetes mellitus. The same applies to severe

psychic stress. An individual risk evaluation related to condition and
treatment is necessary in these cases.
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1.15 Risk communication regarding the safety of
drugs already used in pregnancy

A pregnant woman who uses a medicinal product must be given an
individual risk assessment, and advice should be sought from a spe-
cialized institution when the assessment is difficult. A potential at-risk
exposure should be handled in the same manner as a genetic or chro-
mosomal disorder in a family. In the latter case, a special consultation
will take place. A well-grounded individual risk assessment can help
to allay unnecessary fears and avoid unnecessary diagnostic interven-
tion, or the termination of a wanted and healthy pregnancy. A detailed
maternal medical (obstetric) history, including all (drug) exposures
with precise description of treatment intervals during embryogenesis, is
an obligatory prerequisite.

When drug exposure has already taken place during pregnancy, a
different approach is required from that used in cases of planning
future pharmacotherapy. The latter allows the calm and fully con-
fident selection of a safe drug. However, when the treatment has
already begun, the pregnant patient will mainly be concerned about
any possible disorder of the unborn. These different cases therefore
require different communication strategies. When drug exposure has
already taken place, the consultant should avoid vague comments
that increase anxiety. Experimentally derived results or unconfirmed
hypotheses based on individual case reports should not be empha-
sized, as these could alarm the already anxious patient and perhaps
lead to a drastic decision - for example, the termination of a wanted
pregnancy based on a misinterpreted product warning such as “inad-
equately studied”, “experimentally suspected” or “contraindicated in
pregnancy”. If no exposure-associated risk is known or strongly sus-
pected, the woman should be given a straightforward answer: that
there is no reason to worry about her pregnancy. In the case of a
developmental toxicant the patient’s physician should be provided
with the relative risk, organ specificity, and recommended diagnostics.

For certain exposures, additional prenatal diagnostic procedures, in
particular a detailed ultrasound examination, should be recommended.
However, the intake of potentially embryo/fetotoxic substances does
not require invasive diagnostic measures, such as intrauterine umbilical
puncture, amniocentesis or chorion villous sampling. It is important to
add that teratology information services frequently intervene to prevent
the unjustified termination of wanted pregnancies.

1.16 Teratology information centers

In 1990, two networks of teratology information services were estab-
lished - one in Europe (ENTIS, the European Network of Teratology
Information Services, http://www.entis-org.eu/) and another in the
Americas (OTIS, the Organization of Teratology Information Special-
ists, www.mothertobaby.org). A teratology information service provides
health professionals and patients with “tailor-made” information relating
to the pertinent situation, illness and chemical exposure of the individ-
ual involved (Schaefer 2011). These services also conduct prospective
cohort follow-up studies. Pregnancy outcomes of counseled patients are
essential to identify more precisely the risk of medicinal products.
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Most of the commonly used analgesics can also be used during pregnancy.
Paracetamol (acetaminophen) is the first choice and is considered rela-
tively safe in any trimester. Acetylsalicylic acid (ASA) in analgesic doses
close to delivery may increase the risk of hemorrhage in both the mother
and the infant, and should be avoided. Opiates should be prescribed only
with compelling indications and their use should primarily be occasional.
Of the non-steroidal anti-inflammatory drugs (NSAIDs), most experience
is available for ibuprofen and diclofenac. Repeated use of NSAIDs should
be avoided after the twenty-eighth week of pregnancy and use of cycloox-
ygenase (COX)-2 inhibitors should be avoided when planning pregnancy
and throughout pregnancy. Acute migraine attacks can be treated with
sumatriptan when conventional medication fails to be effective. The use
of muscle relaxants is not recommended, while probenecid may be safely
used in the rare cases of pregnant women needing lowering of uric acid.

2.1.1 Paracetamol (acetaminophen)

Pharmacology

Paracetamol is a centrally acting analgesic and antipyretic drug lacking
anti-inflammatory properties. It acts by inhibiting central prostaglandin
synthesis and by elevating pain threshold, but the exact mechanism of
action is unknown. Paracetamol passes the placenta and fetal drug con-
centrations equal that of the mother (Roberts 1984).

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00002-0
Copyright © 2015 Elsevier B.V. All rights reserved.
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Toxicology

Paracetamol use during the first trimester was not associated with
an increased risk of major overall or specific birth defects in a
population-based, case-control study which included more than 11,000
case infants of whom more than 5,000 had been exposed prenatally to
paracetamol mono-preparations (Feldkamp 2010). In that study, the risk
for selected malformations, including neural tube defects and orofacial
clefts, anotia or microtia, and gastroschisis decreased when paracetamol
was used for a febrile illness, suggesting a beneficial effect in lowering
temperature. According to all data published to date there is no indica-
tive evidence that paracetamol is teratogenic in humans (Scialli 2010a).

Contrary to these reassuring findings, research in experimental studies
has shown that prostaglandins are important in testosterone-dependent
differentiation of the male genital tract (Gupta 1992), and a recent
ex vivo study in cultured rat testes indicated that paracetamol, even
in low concentrations, is a potent inhibitor of testosterone synthesis
(Kristensen 2011). While testosterone is important in programming nor-
mal testis descent, low testosterone levels during a critical phase of devel-
opment could consequently affect this event occurring in a later phase of
pregnancy (Welsh 2008). Several studies based on this hypothesis have
recently been published. Data on 47400 male offspring, including 980
boys with a diagnosis of cryptorchidism confirmed from the patient regis-
ter, were included in a study based on the Danish National Birth Cohort
during the years 1996-2002 (Jensen 2010). Paracetamol exposure con-
tinuing for more than 4 weeks and occurring during the eighth- to four-
teenth-gestation weeks was associated with cryptorchidism; however, no
association remained when only cases needing operative treatment were
included (Jensen 2010). In another study with possibly partly overlap-
ping study material and including nearly 500 boys from Denmark and a
cohort of nearly 1,500 boys from Finland, paracetamol use for 2 weeks
or longer during the first and second trimester was associated with an
increased risk of cryptorchidism in the Danish cohort, while no associ-
ation was observed in the Finnish cohort (Kristensen 2011). Further, a
population-based study from the Netherlands included more than 3,000
boys with follow-up visits until at least 6 months’ of age, observed an
association with paracetamol use during the fourteenth to twenty-second
gestational weeks and cryptorchidism (Snijder 2012). Even if uncon-
firmed, together with the published experimental data, these findings are
suggestive of a possible causal association.

Several epidemiological studies have observed an association between
prenatal exposure to paracetamol and wheezing or asthma in offspring
(Bakkeheim 2011, Perzanowski 2010, Garcia-Marcos 2009, Kang 2009,
Rebordosa 2008, Shaheen 2002). The Avon Longitudinal Study, with pro-
spectively collected exposure data, observed a statistically significant risk
for childhood asthma after exposure to paracetamol during the latter half
of pregnancy, while no risk was observed if exposure was before 20 gesta-
tional weeks (Shaheen 2002). The risk for persistent wheezing until age 7
was highest after exposure occurring in the first trimester in another pop-
ulation-based prospective cohort study (Rebordosa 2008), while a pro-
spective study including 1,500 women observed a significantly lower risk
for asthma at 6 years’ of age after exposure to paracetamol during the first
or third trimester (Kang 2009). Confounding by indication (e.g. maternal
illness) and exposure to paracetamol during infancy remains a major con-
cern when interpreting conflicting results (Henderson 2013). A recent
meta-analysis of published studies and a recent review both concluded
that prenatal exposure to paracetamol is associated with an increased
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risk of childhood asthma, but causation still remains to be established
(Henderson 2013, Eyers 2011). The putative biological mechanisms that
have been proposed to play a role in pathogenesis include epithelial cell
damage caused by the toxic metabolite N-acetyl-p-benzoquinone imine
(NAPQI), or by selective cyclooxygenase-2 (COX-2) inhibition, together
with paracetamol-induced depletion of glutathione, an important anti-
oxidant in the airways (Henderson 2013, Nuttall 2003). However, as
the respiratory epithelium develops later in pregnancy, damage is not
expected to occur during the first trimester (Scialli 2010b). Further, the
capacity of the fetal liver to metabolize paracetamol to NAPQI is limited.
To conclude, a causal association between prenatal paracetamol expo-
sure and childhood wheezing has not been established, but neither can
it be ruled out.

Use of paracetamol during pregnancy has also been associated in a
single study with an increased risk of preeclampsia and thromboembolic
diseases, both conditions in which reduction in prostacyclin production
may play a role (Rebordosa 2010). Causality cannot be confirmed on
the basis of this study. No association was observed between acetamino-
phen, ASA, or NSAID use during pregnancy and the risk for childhood
leukemias (Ognjanovic 2011).

A Norwegian mother and child cohort study with siblings found an
association between long-term use (>28 days) of paracetamol during
pregnancy and several adverse neurodevelopmental outcomes at 3 years
of age, including delayed motor development with externalizing and
internalizing behaviors (Brandlistuen 2013). Another population-based
study from Denmark linking prospectively collected data from maternal
interviews together with hospital and prescription registers, and adjusting
for several important confounders found an association between parac-
etamol use and hyperkinetic disorders (Liew 2014). Use of paracetamol
for 20 weeks or more, and exposure during the second and third tri-
mester showed the highest risk estimates, but use of 2-5 weeks was also
associated with an increased risk (Liew 2014). The biological mechanism
by which paracetamol might affect fetal neurodevelopment is not estab-
lished, and causality cannot be confirmed on the basis of these observa-
tional studies. Further research should address the effect of dosing and
the critical time window for neurodevelopmental outcomes, while focus-
ing on a possible genetic susceptibility predisposing for the suspected
adverse effects. The findings from these two studies should not change
practice, but suggest that paracetamol should be used during pregnancy
only when clearly indicated.

Regarding overdoses during suicide attempts see Chapter 2.22. Regard-
ing the combination with Codeine see Section 2.1.5(C).

Recommendation. Paracetamol is the analgesic and antipyretic of first choice
during pregnancy, and can be used in any trimester when indicated.

2.1.2 Acetylsalicylic acid

Pharmacology

Acetylsalicylic acid (ASA), also known as aspirin, acts by irreversibly
inhibiting the platelet cyclooxygenase (COX) enzyme, resulting in inhi-
bition of platelet thromboxane A2 (TXA-2) synthesis. TXA-2 has vaso-
constriction activity with increased platelet aggregation, and inhibition
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results in opposite effects, favorable in preventing arterial thrombosis.
A dose of 160-325 mg is sufficient to nearly completely (90%) inhibit
platelet COX enzyme, and this effect lasts for the platelet life span (7-10
days). Higher doses, however, also inhibit the synthesis of prostacyclin
in blood vessel endothelial cells. Contrary to TXA-2, prostacyclin acts as
a vasodilator and inhibits platelet aggregation. Prostacyclin also acts as
a modulator in inflammatory processes. These dose-dependent effects of
ASA are consequently reflected in different indications for use.

After oral intake, salicylates are quickly absorbed and reach the fetus
via the placenta. Doses of 500 mg and higher close to delivery can sig-
nificantly reduce fetal prostacyclin synthesis. In users, a 100 mg dose
reduces thromboxane A2 synthesis but has no effect on prostacyclin syn-
thesis. ASA is hydrolyzed to salicylic acid and further metabolized to
glucuronide conjugates in the liver.

Use and effectiveness of low-dose ASA

Low doses (50-150mg/day) have been used during pregnancy to pre-
vent several pregnancy complications. By reducing vasoconstriction and
platelet aggregation, low-dose ASA could be beneficial in preventing
pregnancy induced hypertension and preeclampsia. A randomized trial
including more than 9,000 women assigned to take low-dose ASA (60 mg/
day) or placebo, did not find a significantly reduced rate of preeclampsia
or intrauterine growth retardation, but risk for preterm birth was signifi-
cantly lower in the ASA group (the Collaborative Low-Dose Aspirin in
Pregnancy Study, CLASP 1994). A decline in the rate of preeclampsia
was also observed in women who had started ASA treatment prior to 20
weeks gestation. Low-dose aspirin was safe and there was no evidence
of excess bleeding during delivery. A recently published meta-analysis
reported that use of low-dose ASA was significantly associated with risk
reduction for preeclampsia, intra-uterine growth retardation and preterm
birth, but only if treatment was started at 16 weeks gestation or earlier
(Bujold 2010). A more recent review and meta-analysis stated that low-
dose ASA when initiated at or before 16 weeks reduces the risk of severe
preeclampsia, while no effect to reduce the risk for mild preeclampsia
has been confirmed (Roberge 2012).

The pathophysiology of preeclampsia includes impaired trophoblast
invasion and abnormal placental development starting early in preg-
nancy. It is therefore biologically plausible that treatment, particularly
during early gestation would be beneficial. The protective effect of low-
dose ASA on hypertensive pregnancy complications, including pre-
eclampsia and preterm delivery, however, could not be replicated in a
meta-analysis based on individual patient data and investigating ASA
use (100 mg/day). This study followed a group of women from the pre-
conception stage, and focused on IVF pregnancies (Groeneveld 2013).
The American College of Chest Physicians recommends low-dose ASA
treatment starting from the second trimester for those who are at risk for
pre-eclampsia (Bates 2012).

The possible benefits of low-dose ASA in treating women with recurrent
unexplained miscarriages were investigated in a randomized prospective
trial, which included nearly 300 women receiving either ASA alone (dose
80 mg/day), ASA and nadroparin (a low molecular weight heparin) or
placebo. The treatment began as soon as a viable pregnancy could be
demonstrated. There was no difference in live birth rates between the
groups, indicating no beneficial effects of either treatment (Kaandorp
2010a). In patients with thrombophilia, the presence of antiphospholipid
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antibodies (APLA) is known to be associated with adverse pregnancy
outcomes, including an increased risk of miscarriage (McNamee 2012).
According to current guidelines by the British Committee for Standards
in Haematology and the American College of Chest Physicians, women
with APLAs who have experienced >3 miscarriages are recommended
antenatal administration of heparin combined with low-dose aspirin
throughout pregnancy (Bates 2012, Keeling 2012). Treatment should be
started as soon as pregnancy has been confirmed (Keeling 2012).

Toxicology

In experimental studies, acetylsalicylic acid given in high doses to ani-
mals has been associated with developmental toxicity including struc-
tural malformations. Conlflicting results regarding humans have been
obtained in epidemiological settings. Population-based data from the
Swedish Birth Registry did not observe an association between ASA use
during early pregnancy and cardiovascular malformations (Kéllén 2003),
and several other publications did not observe an increased risk of over-
all malformations (Kozer 2002). Three case-control studies observed an
association between acetylsalicylic acid use in early pregnancy and a risk
for gastroschisis (Draper 2008, Werler 2002, Martinez-Frias 1997); this
was also reported in a meta-analysis by Kozer (2002). However, a fur-
ther study by Werler (2009a) failed to repeat the previously observed
association. Other malformations that have been associated with ASA
use include limb reduction defects corresponding to the amniotic band
syndrome (Werler 2009b), and holoprosencephaly (Miller 2010). Sev-
eral limitations, including the potential for recall bias and confounding
by indication, limit the relevance of these findings. An increased risk
of cryptorchidism was observed in a Danish study after use of ASA in
the first or second trimester; however, this association was statistically
significant only when use had lasted for more than 2 weeks (Kristensen
2011). In another part of the same study assessing the risk in Finnish
boys, no association was found between the use of mild analgesics and
cryptorchidism. Neither was an association observed in a larger study
from Denmark, with possibly partly overlapping study material (Jensen
2010). Further, mild analgesic use during the second trimester was asso-
ciated with an increased risk for cryptorchidism but not for hypospadias
in a Dutch population-based cohort study, but use of ASA was not spe-
cifically analyzed (Snijder 2012). No further conclusions can be drawn
from these conflicting results. Another study did not find an association
between the intake of acetaminophen, ASA, or NSAIDs during preg-
nancy and the risk for leukemia during childhood (Ognjanovic 2011).

In summary, according to currently available data it can be concluded
that there is no serious evidence of teratogenic effects of ASA.

ASA use at the time of conception was associated with an increased
risk for miscarriage in a prospective cohort study, including more than
1,000 women who were recruited as soon as a pregnancy test was posi-
tive (Li 2003). The rate of miscarriage was 23% in those exposed to ASA
(n = 22) compared to 15% in non-exposed controls. As prostaglandins
are important in the implantation process, drugs inhibiting prostaglandin
synthesis, including ASA, could adversely affect this process. However,
this association has not been confirmed, and miscarriage rates have been
documented to be in this range normally without exposure to ASA.

A cohort study including more than 600 children exposed prenatally to
low-dose ASA and born very preterm (prior to 33rd week of gestation),
evaluated the neurodevelopment up to 5 years’ of age. The study did not

Pregnancy

2.1 Analgesics, non-steroidal anti-inflammatory drugs (NSAIDs), muscle relaxants, and antigout medications



32 2.1.3 Pyrazolone compounds and phenylbutazone

observe negative effects in the neurocognitive development of these chil-
dren. Instead, the results suggested rather a protective effect for behavior
abnormalities, including hyperactivity (Marret 2010). Regarding over-
doses in suicide attempts, see Chapter 2.22.

Prior to parturition

A sensitivity of the ductus arteriosus to prostaglandin inhibitors increases
from 28 gestation weeks onward. Repeated use of prostaglandin inhib-
itors, including ASA, can produce a narrowing or premature closure of
the ductus, which in normal circumstances is not closed until soon after
birth. This effect is both time- and dose-dependent, and was first docu-
mented with the use of another prostaglandin inhibitor, indomethacin
(Section 2.1.6(A)). Individual susceptibility to prostaglandin inhibitors
obviously varies, and repeated analgesic doses of ASA are best avoided
after 28 weeks.

As prostaglandin inhibitors decrease uterine contractility, salicylates
can prolong duration of pregnancy and labor by decreasing the activ-
ity of contractions. Consequently, salicylates have been used for tocol-
ysis in the past. Because analgesic doses (500 mg and higher) increase
the risk for bleeding, such dosing should be avoided beginning at least
2 weeks before the expected date of delivery. Risk for bleeding applies
to the mother (increased bleeding during delivery) and the infant.

Low-dose ASA does not constrict the ductus arteriosus nor does it
increase the risk for bleeding in the mother or the infant (CLASP 1994).

Recommendation. ASA is not an analgesic or anti-inflammatory medication
of first choice during pregnancy. Paracetamol is preferable, or when anti-
inflammatory therapy is indicated, ibuprofen or diclofenac are first-line options
of the non-steroidal anti-inflammatory drugs (NSAIDs). ASA or NSAIDs should not
be used routinely at analgesic or anti-inflammatory doses in the last third of preg-
nancy. Prolonged use after 28 weeks may lead to premature closure of the fetal
ductus arteriosus. If repeated analgesic doses of ASA or NSAIDs are used after 28
weeks gestation, the ductal flow and amniotic fluid volume (adverse renal effects
related to NSAID use, see Section 2.1.6) has to be regularly followed up with ultra-
sound. A single application of 500 mg of ASA close to the time of delivery can
increase the bleeding tendency of the mother, the fetus and the newborn during
delivery. Low-dose therapy with ASA can be used safely without limitations with
appropriate indication.

2.1.3 Pyrazolone compounds and phenylbutazone

Pyrazolone compounds

Metamizol (dipyrone), phenazone and other pyrazolone compounds
have largely lost their role as analgesics and antipyretics because of their
potentially life threatening hematologic adverse effects, and have been
replaced accordingly by pharmaceuticals with greater effectiveness and
safety. Pyrazolone compounds are prostaglandin inhibitors, and as other
drugs in this class, repeated use after 28 weeks gestation can cause pre-
mature closure of the fetal ductus arteriosus. Prostaglandin inhibitors
can also affect fetal renal tubular function resulting in decreased amni-
otic fluid volume. There are two case reports describing the development
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of oligohydramnion in pregnant women taking high doses of metam-
izol shortly before the end of their pregnancy (Weintraub 2006, Catalan
1995). In the case presented by Weintraub, a reversible narrowing of the
ductus arteriosus was also observed.

While experience of use during early pregnancy is limited, there has
been no suggestion of an increased risk for malformations in humans
after exposure to metamizol. A prospective follow-up study including
more than 100 women treated in the first trimester with metamizol did
not observe an increased risk for major malformations when compared
to non-exposed controls (Bar-Oz 2005). Another prospective study from
Brazil, which included more than 500 exposed pregnancies, observed no
increased risk for malformations or perinatal complications, including
preterm birth or low birth weight (da Silva Dal Pizzol 2009).

An increased risk of Wilm’s tumor after prenatal exposure to metamizol
was observed in a Brazilian study (Sharpe 1996). No other studies assess-
ing the risk for this outcome have been published. In two retrospective
case-control studies, metamizol use during pregnancy was more common
among mothers with infants with acute leukemia than among mothers
with healthy children (Alexander 2001). Contrary to these findings, a sub-
sequent study did not observe a significant association between mothers’
metamizol use and childhood leukemia (Pombo-de-Oliveira 2006).

Propyphenazone was not teratogenic in experimental testing in ani-
mals (rats). There are no data regarding propyphenazone or phenazone
use during pregnancy in humans.

Phenylbutazone is a prostaglandin inhibitor with analgesic, anti-
inflammatory and antipyretic properties. Phenylbutazone has been used
primarily in the treatment of ankylosing spondylitis and rheumatoid
arthritis (RA). As with pyrazolone compounds, phenylbutazone is rarely
used today because of potentially serious adverse effects related to its use
(renal failure, hematologic effects, and potent accumulation with a bio-
logical half-life of 50 to 100 hours). Animal experiments have reported
teratogenic effects. There are insufficient data regarding malformation
risk in humans, but a major teratogenic potential appears unlikely. As
an inhibitor of prostaglandin synthesis, phenylbutazone, like ASA and
NSAIDs, can produce premature closure of ductus arteriosus when used
in the last trimester, and potentially affect fetal renal function.

Recommendation. Use of pyrazolone compounds and phenylbutazone should
be avoided during pregnancy. Paracetamol is the analgesic of choice during preg-
nancy, in individual cases and also in combination with codeine when needed.
Exposure during the first trimester to pyrazolone compounds or phenylbutazone
is not an indication for specific diagnostic procedures. Close observation to assess
ductal flow with Doppler echocardiography, and controlling amniotic fluid volume
by ultrasound is advisable were these medications are used in repeated doses after
the twenty-eighth week of pregnancy.

214 Analgesic drug combination products and drugs
used for osteoarthritis

In principle, use of analgesic drug combination products should be
avoided during pregnancy. Even if there is no established evidence for
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teratogenicity, the potential risks increase with the number of simulta-
neous use of different pharmaceuticals. The combination of paracetamol
plus codeine represents an exception and can be used relatively safely in
well-justified cases.

Ademethionine (S-adenosyl methionine), chondroitin sulfate, glucos-
amine, hyaluronic acid and oxaceprol are used primarily in the manage-
ment of osteoarthritis (OA). Their mechanism of action is hypothesized
to intervene in cartilage metabolism and consequently slow down or
even arrest the disease process. Based on the slow onset of clinical effec-
tiveness these substances have been labeled as “Slow Acting Drugs in
Osteoarthritis” (SADOA) (Steinmeyer 2006). Evidence of effectiveness
is inconclusive though (Madry 2011). One prospective study involved
54 women, of whom 34 were exposed to glucosamine in the first trimes-
ter, but did not observe malformations in offspring other than a scrotal
hernia in one infant (Sivojelezova 2007). There are no data for ademe-
tionine, hyaluronic acid, or oxaceprol use during pregnancy.

Recommendation. Drugs used for osteoarthritis are best avoided during
pregnancy but inadvertent exposure during a critical phase of development is no
indication for specific measures.

215 Opioid agonists and antagonists and other centrally
acting analgesics

The term opioid covers endogenous opioids, morphine and derivatives,
and synthetic compounds capable of binding to opioid receptors (both
agonists and antagonists). Opioids are centrally acting analgesics and
can be compared in their effectiveness to morphine, the major opium
alkaloid. Opioids can be grouped according to chemical structure into
morphine analogs (morphine, hydromorphone, codeine, oxycodone and
naloxone, the latter being an antagonist), phenylpiperidines (pethidine
(meperidine), fentanyl, alfentanil, remifentanil, sufentanil), methadone
analogs (methadone, propoxyphene), and tebaine derivatives (buprenor-
phine). A grouping can also be made among the pure agonists (endor-
phins, morphine and opiates with similar effectiveness), pure antagonists
(such as naloxone and naltrexone), and substances that exhibit both
agonistic and antagonistic properties (such as buprenorphine, nalorfin,
pentazocine).

Like morphine, opioid agonists can induce dependence and their
use close to delivery can lead to respiratory depression and withdrawal
symptoms in the newborn.

Short-term therapeutic use of opioids during pregnancy is viewed sep-
arately from abuse (Chapter 2.21).

(4 A. Morphine and hydromorphone

Morphine and hydromorphone have induced teratogenic effects at high
doses in animals. While one case-control study has reported an increase
in specific congenital anomalies, including heart defects and spina
bifida associated with opioid use, morphine or hydromorphine were not
included in the exposures (Broussard 2011). However, because opioids
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act by binding to the same receptors, these findings may bear relevance
to all opioids. To date, there are no studies regarding teratogenicity of
morphine or hydromorphine in clinical use, but there is no evidence
that these agents, having been used for several decades, would be major
teratogens.

Prenatal exposure to morphine can result in a decreased biophysical
score in the fetus, including attenuation of breathing movements. This
was described in a small study involving 10 pregnant women in the third
trimester who were given one single intramuscular application of 10-15
mg morphine for pain control during fetal blood sampling. The authors
hypothesized that the adverse effects could be related to placental vas-
culature contraction (Kopecky 2000). One case reported reduced flow
in the umbilical and middle cerebral arteries, together with limited vari-
ability and decelerations in fetal heart rate at 27 gestational weeks after
long-term use of morphine for severe pain. These changes normalized
once the medication was changed to fentanyl (Collins 2005).

Additionally, one case report describing long-term use of intrathecal
morphine to manage chronic pain reported a healthy newborn with nor-
mal Apgar values, no withdrawal symptoms, and normal development up
to the age of 18 months (Oberlander 2000).

Exposure close to delivery may cause respiratory depression in the
newborn, and long-term use of morphine and other opioids during preg-
nancy may produce withdrawal symptoms, including increased muscle
tone, irritability and gastrointestinal symptoms (diarrhea). The presen-
tation of withdrawal symptoms depends on the pharmacokinetics of the
compound. For morphine, the onset of withdrawal symptoms is on aver-
age 1.5 days after birth (Bio 2011, Ebner 2007).

Recommendation. Morphine and hydromorphine use during pregnancy should
be limited to special situations where no safer alternatives are available. Tapering
off the medication should always be done gradually to avoid withdrawal symp-
toms in both the mother and the fetus. The newborn may exhibit respiratory
depression if morphine is given shortly before delivery. With prolonged exposure,
the newborn may present severe symptoms of withdrawal. In these cases the par-
turient should be referred to a center prepared for neonatal intensive care.

(4 B. Pethidine (meperidine) and meptazinol

Pethidine is a potent analgesic drug, and has been used for decades
during delivery for pain relief. Pethidine has been used with 50-100 mg
intramuscular doses at an early-stage of delivery. The maximal effect
for pain relief is reached at about 30-50 minutes after dose, and the
effect lasts for 2-4 hours. Adverse effects in the mother are common and
include sedation, nausea, decreased gastric emptying, and occasionally
respiratory depression.

Toxicology

Little information on the use of pethidine in the first trimester is available
and does not suggest a specific risk for malformations (Heinonen 1977).
One case-control study observed an association between specific cardio-
vascular defects and opioid use, but no association with pethidine when
individual opioids were analyzed separately (Broussard 2011).
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Pethidine passes the placenta and being slightly basic, may reach higher
concentrations in the fetus than in the mother, and particularly so if the
fetus is distressed and acidotic. In the fetus, breathing movements, oxy-
gen saturation and heart rate variability are reduced after administration
of pethidine to the mother (Reynolds 2011). Pethidine at low doses may
induce metabolic acidosis in the newborn. A placebo-controlled study
with nearly 400 women found that neonatal acidosis (pH <7.12) was
more common if the mother had received 100 mg pethidine during the
first stage of labor, and acidosis was most prevalent when the drug was
given 5 hours prior to delivery (Sosa 2006). Neonatal pharmacological
effects include respiratory depression, sedation, and poor sucking. The
risk for neonatal pharmacologic effects increases with repeated doses
and when given within 3-5 hours prior to birth (Reynolds 2011). Pre-
mature infants are more prone to severe symptoms. Pethidine-induced
neonatal effects can be reversed by naloxone administration. The half-
life of the parent compound and the active metabolite norpethidine in a
newborn is prolonged to 13-23 hours and 2-3 days, respectively, due to
immature drug metabolism. Neonatal symptoms may therefore continue
for several days after birth.

Meptazinol has been used for labor analgesia as with pethidine, with
similar effectiveness for pain relief during labor. However, no estab-
lished advantages when compared to pethidine have been observed,
while maternal side-effects may be more common after meptazinol use
(Morrison 1987).

Recommendation. Pethidine (or meptazinol) may be used during labor after
critical assessment, and when no signs of pre-existing fetal acidosis are present.
Use is relatively contraindicated in premature births. Application during the first
trimester is acceptable if no safer alternatives are available.

(4 C. Codeine and oxycodone

Pharmacology

Codeine is a morphine derivative with less analgesic and sedative
effects than morphine. Codeine is metabolized to morphine by the
cytochrome P450 enzyme (CYP) 2D6. Inhibitors of this enzyme (such
as fluoxetine and citalopram) can decrease or even abolish the effect
of codeine. In addition, there are agonistic interactions between
codeine and many other medications that must be considered
when prescribing codeine. Codeine is available as single preparations,
as an antitussive in cough medicines, and in analgesic combinations
with paracetamol or ASA. As with other opioids, repeated use of
codeine can lead to dependence.

Oxycodone is a semi-synthetic opium alkaloid with analgesic prop-
erties comparable to morphine. Oxycodone is indicated for manage-
ment of postoperative pain or other severe pain treatment when opioid
analgesics are needed. Both codeine and oxycodone pass through the
placenta.

Toxicology

Individual studies using retrospective design have observed associations
with codeine use and different organ-specific malformations, including
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congenital heart defects (Broussard 2011, Bracken 1981, Rothman
1979), orofacial clefts (Bracken 1981, Saxén 1975), and several other
organ-specific malformations (Bracken 1981). In the most recent of
these publications which included nearly 17,500 cases of children of
whom 8,000 had a diagnosis of congenital heart disease, an increased
risk of hypoplastic left heart syndrome was observed after opioid anal-
gesic use (Broussard 2011). When analyzed on individual drug level,
codeine use was associated with atrioventricular septal defects, left
ventricular outflow tract defects, and hypoplastic left heart syndrome
(Broussard 2011), however, the associations were based on unadjusted
analyses due to a small number of affected cases. Contrary to these
findings, a retrospective analysis of 141 children with congenital heart
defects did not observe an association with maternal intake of codeine
during the first trimester (Shaw 1992). Another retrospective study did
not find an association between neural tube defects in 538 fetuses or
children and codeine exposure during the first trimester (Shaw 1998).
Further, the most recent study based on data from population registers
in Norway did not find an increased risk of overall congenital anoma-
lies in more than 600 exposed pregnancies with first-trimester exposure
(Nezvalova-Henriksen 2012a, 2011). Considering the limitations in
the study design in several of the published studies and the discrepant
findings, no firm conclusions can be made about possible causality. To
summarize, codeine use in early pregnancy is not expected to increase
the rate of overall malformations, but a small risk for cardiovascular
defects cannot be ruled out.

Much less data are available for ~ydrocodone and oxycodone. A small
prospective study, published only in abstract, identified 40 pregnancies
with exposure to hydrocodone and 78 exposed to oxycodone during
the first trimester. There were six infants with a malformation in the
hydrocodone group but no pattern of malformations (Schick 1996).
As with codeine, a recently published case-control study observed an
increased risk for specific cardiac defects after exposure to hydroco-
done (atrioventricular septal defects, hypoplastic left heart syndrome,
and further, Tetralogy of Fallot and pulmonary valve stenosis). Associa-
tions were also observed between hydrocodone exposure in early preg-
nancy and spina bifida, cleft palate, and gastroschisis, while oxycodone
use was associated with an increased risk of pulmonary valve stenosis
(Broussard 2011). Several limitations, including the retrospective study
design predisposing to recall bias, the role of underlying maternal ill-
ness, and the small numbers of exposed case infants, all suggest that
no conclusions about a causal association can be made on the basis of
these results.

As with all opiate derivatives, treatment close to delivery can lead to
neonatal respiratory depression and withdrawal symptoms.

Recommendation. Codeine may be used in pregnant women as an analgesic if
clearly indicated, and primarily in combination with paracetamol. When possible,
use should be restricted to short-term therapy. Codeine may be used on a short-
term basis as an antitussive when agonizing, dry cough has failed to respond to
other physical measures. In each case possible interaction with other medications
and the potential of addiction need to be considered. Oxycodone is also accept-
able under strict indication. Long-term use is limited to special situations only.
Depending upon dose, timing and duration of exposure, the newborn may suffer
from respiratory depression and withdrawal symptoms.
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(4 D. Fentanyl, alfentanil, remifentanil and sufentanil

Fentanyl, alfentanil, remifentanil and sufentanil are synthetic phenylpip-
eradine-opioids with pure agonistic activity and high analgesic potency.
They are used in perioperative situations in anesthesia, and fentanyl is
further used in severe chronic pain where less potent opioid treatments
have failed. In these situations administration can occur by using resorib-
lets, buccal films, nasal spray or transdermal patches.

Fentanyl has been reported to cross the placenta readily in early preg-
nancy (Cooper 1999, Shannon 1998). No teratogenicity has been observed
in animal experiments. Systematic studies on fentanyl use in early pregnancy
are lacking, but until now no suggestion of teratogenicity exists. Exposure
close to delivery may produce respiratory depression in the newborn.

Two case reports describe the application of transdermal fentanyl
patches throughout pregnancy. In the first case the dose was 125 pg/h.
The full-term, healthy baby had normal Apgar scores, but after 24 hours
developed symptoms of withdrawal including irritability and high-pitched
crying (Regan 2000). The symptoms subsided within 4 days without any
treatment. Neonatal fentanyl blood levels were one-third of the maternal
values immediately after birth. Another case described a woman using
25 pg/h fentanyl patches to manage chronic pain due to systemic lupus
erythematosus and fibromyalgia (Einarson 2009). A healthy boy was
born full-term with no recorded symptoms of withdrawal, and meeting
normal developmental milestones at 8 months of age.

Fentanyl is frequently applied during labor either by neuraxial techniques
(epidural or intrathecal administration) or sometimes intravenously. In epi-
dural and intrathecal analgesia the amount of fentanyl used is relatively
small, and the risk for neonatal respiratory depression is consequently low
(Reynolds 2011). Neuraxial analgesia, in general, offers favorable outcomes,
e.g. reduced maternal stress, hyperventilation, and increased uterine vasodi-
latation (Reynolds 2011). For systemic administration, i.v. fentanyl can be
administered by a patient-control analgesic (PCA) pump; however, when
used systematically and in larger doses, respiratory depression in the neo-
nate is more likely (Reynolds 2011, 2010). In a prospective, randomized,
controlled study based on 12 pregnant women, five treated with PCA fen-
tanyl and the seven controls treated with paracervical blockade, neonatal
arterial oxyhemoglobin saturation was significantly lower in the fentanyl
group, and prolonged, significantly decreased fetal oxyhemoglobin satura-
tion was observed in one infant in the fentanyl exposure group, requiring
naloxone treatment (Nikkola 2000). The prolonged desaturation was sug-
gested to have been associated with fentanyl-induced hypoventilation, or
possibly with respiratory muscle rigidity (Nikkola 2000). It has been sug-
gested that when the interval from fentanyl dosing to delivery is sufficiently
long (>3 hours), the risk for neonatal respiratory depression appears to be
small (Herschel, 2000). In another study, nearly 140 infants exposed prena-
tally to i.v. fentanyl 50-100 mcg hourly as needed for labor analgesia, did not
suffer from respiratory depression or low Apgar score more often than unex-
posed controls (Rayburn 1989). The last fentanyl dose was given on aver-
age 112 minutes before delivery. However, large inter-individual differences
exist in fentanyl pharmacokinetics, and neonatal monitoring after maternal
opiate use during labor is essential. Further, fentanyl, as in other opioids,
is a weak base and may accumulate in an acidotic fetus, thereby further
jeopardizing fetal wellbeing. Accordingly, fentanyl should not be adminis-
tered in situations where fetal acidosis is suspected or has been confirmed.

Fentanyl can occasionally cause neuromuscular side effects includ-
ing primarily the respiratory muscles. Three case reports have described
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development of chest wall rigidity in the neonate after intrauterine
exposure to fentanyl shortly before delivery; two of these cases were
associated with systemic administration of fentanyl to the mother
(Eventov-Friedman 2010, Lindemann 1998). One case was reported after
intrathecal administration for labor analgesia (Bolisetty 1999). Sponta-
neous recovery occurred in two of the cases (Bolisetty1999, Lindemann
1998), while administration of naloxone resolved the symptoms in the
third case (Eventov-Friedman 2010).

The compatibility of maternal i.v. alfentanil administration on the new-
born appears to be similar to fentanyl. Alfentanil passes the placenta,
umbilical vein alfentanil concentration being 30% of maternal plasma con-
centration (Cartwright 1989). In an investigation comparing PCA using
fentanyl or alfentanil during the early phase of labor, no difference was
observed in Apgar scores or other neonatal outcome parameters, while
fentanyl provided somewhat better pain relief (Morley-Forster 2000).

Remifentanil is an ultra-short acting opioid, with a half-life of only
3 minutes. It is metabolized rapidly by blood and tissue esterases, and
metabolism and excretion is not dependent on liver or kidney function.
Remifentanil (i.v.) has been used for pain control during delivery and use
may provide more reliable analgesia and higher Apgar scores than that
obtained with pethidine (Reynolds 2011). As with other opioids used in
labor analgesia, remifentanil use may also increase the risk for neonatal
respiratory depression.

Sufantanil is used in epidural and spinal anesthesia during labor and
has been reported to pass the placenta at term (Loftus 1995). While fetal
bradycardy and late decelerations have been associated with sufentanil
intrathecal administration in individual studies (Van de Velde 2004,
2001), neuraxial analgesia using opioids is nevertheless generally con-
sidered relatively safe for the newborn (Reynolds 2011, Capogna 2004).

No reports of teratogenic effects for alfentanil, remifentanil and sufen-
tanil exposure during early pregnancy have been published, but data are
insufficient for definitive conclusions.

Recommendation. Under strict indication, fentanyl and with compelling indica-
tions also other drugs in this group, may be used in any trimester of pregnancy.
When administered close to delivery, risk for neonatal respiratory depression
exists. Opioid use in obstetric analgesia should be avoided in cases with suspected
or confirmed fetal acidosis, as exposure may further impair fetal well-being.

4 E. Other opioids and centrally acting non-opioid analgesics

Pentazocine is an opioid analgesic with a weak antagonistic effect, available
in some European countries and in drug combination products together
with paracetamol in the US. Pentazocine was sold in the US primarily
during the 1980s in combination with the antihistamine tripelennamine
under the name of “T’s and Blues” which was used as, for example, a
substitute for heroine. Animal teratology studies have been negative apart
from a hamster study (Geber 1975). Limited experience in humans comes
mainly from abuse and has not suggested an increased risk for malfor-
mations (DeBooy 1993, Little 1990). Intrauterine growth restriction and
behavioral abnormalities have been associated with pentazocine abuse
(Chasnoff 1983); however, the effects cannot always be differentiated from
other illicit drug use or other lifestyle factors with a negative influence on
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pregnancy outcome. As with other opioids, exposure close to delivery may
cause withdrawal symptoms and respiratory depression in the newborn.

Tilidine is another potent opioid analgesic, often used in combination
with the opioid antagonist naloxone. Animal studies do not suggest tera-
togenicity but data in humans are lacking. Side effects are similar to other
opioids and exposure close to delivery is expected to increase the risk for
neonatal problems as discussed with other opioids.

Tramadol is a synthetic opioid analgesic mainly used in oral formu-
lae for treatment of chronic pain and in parenteral forms for acute pain.
The analgesic potency is similar to codeine. Tramadol is metabolized to
O-desmethyltramadol, which is more potent in producing analgesia than
the parent compound. In addition to binding to opioid receptors, trama-
dol also acts by inhibiting the uptake of serotonin. Tramadol crosses the
placenta, with fetal drug concentrations similar to maternal concentra-
tions (Claahsen-van der Grinten 2005). Animal experiments have not
shown teratogenic effects. There are no reports of teratogenic effects in
humans, but systematic studies on safety during pregnancy are few. One
small prospective study of nearly 150 pregnant women was quoted not to
have observed an increased risk for malformations in offspring exposed
to tramadol in early pregnancy (Bloor 2012). Withdrawal symptoms after
long-term therapy during pregnancy, and with relatively high doses (300-
800 mg/day) have been described in case reports. Symptoms appeared
between 24 hours and several days of age (Hartenstein 2010, O’Mara
2010, Willaschek 2009, Meyer 1997). Due to the dual mechanism of action
of tramadol, the most suitable agent to treat neonatal tramadol withdrawal
is uncertain but treatment with benzodiazepines, phenobarbital, opium
tincture or clonidine has been successful in individual cases (Bloor 2012).

Parenterally administered opioids, including tramadol, offer limited
benefit in controlling pain during labor. A recent Cochrane meta-analysis
comparing intramuscularly administered tramadol to pethidine, found
that pethidine was more effective in pain relief than tramadol while
maternal side effects or neonatal problems did not differ between the
groups (Ullman 2010).

The relatively abundant data on buprenorphine use during pregnancy
in opioid dependence substitution treatment does not suggest terato-
genic effects, while scarce or no data are available for meptazinol, nalbu-
phine or piritramide. Tapentadol is a recently introduced centrally acting
synthetic opioid that acts by binding to opioid receptors, and also by
inhibiting norepinephrine reuptake, and is indicated for use in chronic,
moderate or severe pain in adults. According to the manufacturer, pre-
clinical studies of tapentadol did not demonstrate teratogenic effects in
rats or rabbits after intravenous and subcutaneous administration. There
is no experience concerning use during pregnancy, neither for ziconotide
and flupirtine, both which are centrally-acting non-opioid analgesics.

Recommendation. Individual drugs in this group with experience for use during
pregnancy, such as tramadol or buprenorphine, may be used in pregnancy with
compelling indication. Depending on duration and dose of treatment, all opioid
agonists can cause respiratory depression in the newborn and withdrawal symp-
toms. Withdrawal symptoms are common after long-term exposure, as with sub-
stitution therapy, and can appear within days or weeks after delivery. For pain
management, paracetamol (combined with codeine if needed), or ibuprofen until
gestational week 28 are preferable. Inadvertent exposure to the more recently
introduced agents such as ziconotide or tapentadol in the first trimester is not an
indication for specific diagnostic procedures.
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Opioid antagonists: naloxone, naltrexone and nalorphine

Naloxone and naltrexone are pure opioid antagonists with competi-
tive action and high affinity to the opioid receptors. Naloxone is used
also in newborns to reverse central nervous system and respiratory
depression caused by maternal opioid use. By binding to the opioid
receptors, naloxone displaces both opioid agonists and partial antag-
onists, such as pentazocine. Naloxone passes the placenta, and given
close to delivery, unbound naloxone concentration is higher in the
newborn than in the mother (Asali 1984). Administration of naloxone
to a pregnant habitual opioid addict may induce withdrawal symp-
toms also in the fetus (Chapter 2.1.5C). Naltrexone is a more potent
opioid antagonist than naloxone and with a longer duration of action,
used in alcohol and opioid dependence. Nalorphine is a partial opi-
oid antagonist rarely used today. Teratogenic effects have not been
reported for any of these drugs in animal studies but systematic stud-
ies in humans are lacking.

Recommendation. Naloxone may be used under strict indications during preg-
nancy. However, acute withdrawal symptoms in the mother and the fetus are to
be strictly avoided.

2.1.6 Non-steroidal anti-inflammatory and antirheumatic
drugs

Pharmacology

The anti-inflammatory activity of NSAIDs is based on the inhibition
of the cyclo-oxygenase (COX) enzyme, resulting in prostaglandin syn-
thesis inhibition. At least two types of COX enzyme exist: the constitu-
tional COX-1 is responsible for physiological prostanoid production,
such as prostacyclin and TGE2, whereas COX-2 enzyme activity
increases in pathological conditions such as inflammatory processes.
COX-2 is expressed in the fetal kidney and appears to be essential
for kidney development and function (Boubred 2006). COX-2 is also
important in labor and NSAIDs with COX-2 activity have been used
as tocolytic agents for treatment of preterm delivery. Commonly used
NSAIDs include the propionic acid derivatives ibuprofen, ketoprofen
and naproxen; the acetic acid derivatives diclofenac, indomethacin,
etodolac and ketorolac; the oxicams meloxicam and piroxicam; the
fenamates mefenamic acid and tolfenamic acid, and others including
nabumetone and nimesulide (all non-selective COX-inhibitors); and
the coxibes, including celecoxib, parecoxib, and etoricoxib (all selec-
tive COX-2 inhibitors). Most NSAIDs are highly bound to plasma
proteins but nevertheless are transferred through the placenta. Data
on placental passage are available for diclofenac, which passes the
placenta readily during the first trimester with fetal diclofenac con-
centrations similar to maternal concentrations, while transfer of
naproxen is somewhat limited in early pregnancy but increases with
advancing pregnancy (Siu 2000). Indomethacin concentration in the
fetus corresponds to maternal plasma concentrations in the third
trimester (Moise 1990).
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Toxicology

Use of NSAID has been associated with an increased risk for luteinized
unruptured follicle (LUF) syndrome. Follicular rupture is dependent on
prostaglandins, and prostaglandin inhibition may consequently disturb
this process. Repeated use of NSAIDs in the preovulatory phase of the
menstrual cycle has been associated with an increased risk for LUE. In
nearly 60 monitored cycles of patients with continuous NSAID use, LUF
syndromes occurred in more than one-third of women compared to 3%
in untreated women (Micu 2011). Of the LUF syndromes, 75% occurred
in etoricoxib users and 15% in diclofenac users, while even high doses
of ibuprofen (1,600 mg/day) did not prevent ovulation. The authors sug-
gested that continuous periovulatory exposure to NSAIDs, and especially
COX-2 selective NSAIDs should be avoided when planning pregnancy
(Micu 2011).

NSAID use around conception has been associated with an increased
risk of miscarriage. A prospectively conducted study recruiting more
than 1,000 women with a positive pregnancy test, 53 (5%) of whom
reported NSAID use, observed a nearly 2-fold risk for miscarriage in
women having used naproxen or ibuprofen compared to non-users (Li
2003). The association was stronger when NSAID use started around
conception, or if NSAID use lasted more than 1 week. ASA use at the
time of conception was also associated with an increased risk, while
paracetamol use was not. The authors suggested that suppression of
prostaglandin biosynthesis could lead to abnormal implantation result-
ing in miscarriage. However, conclusive evidence on causal association
is lacking.

There is no consistent evidence of increased malformation risk asso-
ciated with NSAID use. Inhibition of prostaglandin synthesis after 28
gestation weeks may lead to premature closure of the ductus arteriosus
(Botalli) and renal impairment in the fetus (see below).

[ 4 A. Non-selective COX inhibitors

Congenital malformations

Ibuprofen has not been consistently teratogenic in experimental ani-
mal studies, but high doses have been associated with an increased
risk of cardiac defects (Cappon 2003). In humans, individual studies
have observed an association between ibuprofen use and specific birth
defects, including gastroschisis and cardiac septal defects. Data from the
National Birth Defects Prevention Study, with retrospectively assessed
exposure data, observed an association between first trimester ibupro-
fen use and gastroschisis while no association was observed between
ibuprofen exposure and omphalocele (Mac Bird 2009). Another ret-
rospective, case-control study observed a marginally increased risk for
gastroschisis after exposure to ibuprofen (Torfs 1996), while a similar
association was not observed in a nested case-control study, which,
nevertheless, observed an association between ibuprofen use and over-
all congenital anomalies (Ofori 2006). Further, a recent case-control
study from the National Birth Defects Prevention Study reported an
association between ibuprofen use and orofacial clefts, spina bifida,
and anophthalmy or microphthalmy (Hernandez 2012). Methodolog-
ical limitations in some of these studies include the retrospective study
design, and further, the possible role of maternal illness, which could
not be ruled out.
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Contrary to these findings several large, population based studies
including altogether nearly 10,000 exposed pregnancies, did not observe
an increased risk for overall malformations (Nezvalova-Henriksen
2013a, Daniel 2012), or specific malformations, including cardiac mal-
formations (Daniel 2012, Kéillén 2003) after exposure to ibuprofen in
early pregnancy. A population-based study from Norway, based on
maternal interview on exposures prospectively to delivery, observed a
marginally increased risk of cardiac defects when infants were followed
up until 18 months of age, but this finding was not statistically significant
(Nezvalova-Henriksen 2013a). In summary, data gathered to date does
not suggest an increased risk for malformations.

There are no documented reports about the use of dexibuprofen,
the (S)-enantiomer of the racemate ibuprofen, but the effects may be
expected to be comparable to ibuprofen.

Diclofenac has not been teratogenic in animal species including
rodents and non-rodents. In humans, data are less abundant than for
ibuprofen, but not suggestive of an increased risk for malformations.
One study carried out prospectively by teratology information services
included 145 first trimester exposures to diclofenac, and observed no
pattern of defects among the seven offspring with a diagnosis of malfor-
mation (Cassina 2010). Further, a study from Israel based on dispensed
medicines with over 1,300 exposed pregnancies (Daniel 2012), and a
population-based study from Norway reporting 192 first trimester expo-
sures (Nevlazova-Henriksen 2013a), did not observe an increased risk
for congenital malformations.

Naproxen use was associated with orofacial clefts in a study based on
Swedish registers with prospectively collected exposure data (Ericson
2001). Extending follow-up in the Swedish register data for three years
observed an association of naproxene and cardiac malformations (Kallén
2003). Oral clefts (cleft lip with or without cleft palate) were also asso-
ciated with naproxen use in a National Birth Defects Prevention study
based on retrospective exposure information (Hernandez 2012), as were
other specific anomalies, including anophthalmy, isolated encephalocele
and pulmonary valve stenosis. Contrary to these findings, no increased
risk of overall major malformations was observed in a population-based
study, including nearly 1,000 pregnancies with first trimester exposure to
naproxen (Daniel 2012).

Another population-based study with 168 first trimester exposures,
did not observe an increased risk of cardiovascular malformations when
extending follow-up until 1.5 years of age (Nevlazova-Henriksen 2013a).

A register-based study from Israel analyzed 265 pregnancies exposed
to etodolac and observed no increased risk for major malformations
(Daniel 2012). The same study included 128 indomethacin exposures
with no risk for major malformations. No other studies related to the
first trimester are available; however, neither are there reports suggesting
malformation risk associated with etodolac or indomethacin use.

For the other non-selective COX inhibitors (ketoprofen, dexketoprofen,
ketorolac, meloxicam, mefenamic acid, tolfenamic acid, and sulindak),
there are little or no data for use during the first trimester, nor reports
suggested malformation risk.

Effects on the circulatory system and renal function in the fetus

Indomethacin and sulindac have been used for tocolysis, the pri-
mary mechanism is thought to be prostaglandin inhibition. However,
fetal side effects have limited this use. NSAID use from 28 weeks of
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gestation onwards can lead to premature closure of the fetal ductus
arteriosus (Botalli). Sensitivity to prostaglandin inhibitors increases
with advancing pregnancy. Constriction of the ductus together with
use of NSAIDs has already been observed in fetal echocardiography
at the twenty-seventh gestational week, although not earlier; it occurs
increasingly after 32 weeks and is reported to occur with indomethacin
in 60-100% of cases if exposure occurs during week 34 (Moise 1993,
1988, Van den Veyver 1993). This effect can sometimes be reversed,
and may spontaneously resolve itself within 1-2 days after cessation of
therapy (Qstensen 2004). Several cases have also been reported after
nimesulide use in the third trimester; in some cases, after only one or
two doses (Prefumo 2008, Paladini 2005). Even topical administration
may affect ductal flow. A case report describes constriction of the ductus
after local application of diclofenac gel during week 35 on the shoul-
der-neck region, together with a post-application adhesive patch con-
taining methylsalicylate, menthol and camphor (Torloni 2006). Both
narrowing of the ductus and a tricuspid insufficiency regressed within 5
days after cessation of therapy. Premature closure of the ductus arteri-
osus may lead to serious secondary pathology involving the right heart
and pulmonary circulation, including pulmonary hypertension of the
newborn (PPHN) (Gewillig 2009). A case report describes a full-term
infant exposed to naproxen 220 mg twice daily during the last 4 days
prior to birth, diagnosed with a closed ductus arteriosus and PPHN with
hypertrophy of the right heart (Talati 2000). NSAID use in pregnancy
has been associated with PPHN in several other case-reports (Siu 2004,
Zenker 1998), and studies (Alano 2001, van Marter 1996). Contrary to
these findings, a recent population-based case-control study including
377 PPHN cases and nearly 900 controls, observed a marginally pro-
tective effect of ibuprofen use any time during pregnancy (van Marter
2013). Inflammation may play an important role in the pathogenesis
of PPHN, and the authors speculated that ibuprofen might have been
protective because of its anti-inflammatory properties.

In addition to indomethacin, sulindac has been used to treat preterm
delivery. Sulindac is a prodrug, metabolized in the liver to the active sul-
fide derivative. Despite earlier reports suggesting a more favorable pro-
file than indomethacin, more recent studies have indicated that sulindac
use is associated with similar fetal side-effects as use of other NSAIDS
during the third trimester (Loudon 2003, Sawdy 2003). Further, a ran-
domized, placebo-controlled trial failed to show efficacy of sulindac in
inhibiting recurrent preterm birth in women primarily treated success-
fully with magnesium sulfate, but sulindac dose in this trial was low (100
mg/day) (Humphrey 2001).

Prostaglandins are necessary in maintaining renal blood flow and
tubular function (Boubred 2006). Several reports have described renal
failure in the fetus resulting from late second, or third trimester expo-
sure to NSAIDs. The nephrotoxic effects are related to COX-2 inhibition,
resulting in reduced renal perfusion of the kidney and an increase in cir-
culatory vasopressin and angiotensin II activity (Antonucci, 2007, 2012,
Benini 2004). Most of the reports concern indomethacin (Itabashi 2003,
Butler-O’Hara 2002, Robin 2000, van der Heijden 1994, 1995) and nime-
sulide (a non-selective COX inhibitor with primary COX-2 inhibition
activity) (Magnani 2004, Sawdy 2004, Balasubramanniam 2000, Holmes
2000, Peruzzi 1999). Naproxen use during the late second trimester has
also been associated with oligohydramnion and renal tubular dysgenesis
(Koklu 2006). In some cases, the renal effects as reflected in decreased
amniotic fluid volume, have been reversible, in other cases the exposure
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has led to permanent renal damage or fetal death (review in Antonucci
2012, Boubred 2006).

Indomethacin, diclofenac and sulindac have all been successfully
administered in cases of severe polyhydramnion without fetal side effects
(Suzumori 2009, Jayagopal 2007, Rode 2007).

Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) in a neonate is associated with signifi-
cant morbidity and mortality. Antenatal use of NSAIDs, and especially
indomethacin, has been associated with NEC in premature infants (Sood
2011, Amin 2007); however, a direct causal association has not been

confirmed.

Recommendation. Ibuprofen is the analgesic of choice second to paracetamol,
and the anti-inflammatory agent of first choice until gestational week 28. Use of
diclofenac is also possible. After 28 weeks of gestation, repeated use of NSAIDs
should be avoided. If used repeatedly during the third trimester, ductal flow and
amniotic fluid volume should be regularly evaluated by sonography.

(4 B. Selective cyclooxygenase-2 (COX-2)-inhibitors

Pharmacology

Selective COX-2 inhibitors were developed to avoid the gastrointestinal
side effects related to COX-1 inhibition. Those currently on the market
include celecoxib, etoricoxib and parecoxib. The coxibes bind strongly to
plasma proteins but no data on placental transfer are available. However,
transplacental passage to some degree is expected due to the low molec-
ular weight (Antonucci 2012).

Toxicology

Unruptured luteinized follicle (LUF) syndrome seems to be associated
strongly with selective COX-2 inhibitors, and continuous use of coxibes
should be avoided prior to ovulation (see “Toxicology”, Section 2.1.6).

Animal studies have observed embryotoxic effects after exposure to
etoricoxib and parecoxib, and teratogenic effects including cardiovascu-
lar malformations in rabbits after celecoxib exposure. There are no stud-
ies about the use of coxibes during early pregnancy in humans. COX-2
is constitutively expressed in the fetal kidney and appears to be essential
for kidney development and function, and COX-2 knockout mice exhibit
abnormal renal development (Boubred 2006, Norwood 2000, Dinchuk
1995). The circulatory and renal adverse effects discussed in association
with the non-selective COX inhibitors are to be expected also with the
selective COX-2 inhibitors. In particular, renal impairment and failure
may be more strongly associated with COX-2 inhibition, as suggested by
the several case reports described after nimesulide or indomethacin use,
both drugs which, even if being non-selective COX -inhibitors, have a
relative specificity to COX-2 inhibition.

A randomized trial including more than 100 women who were between
24 and 34 weeks gestation with preterm labor, were randomized in groups
receiving either celecoxib 100 mgx2 or intravenous magnesium sulfate.
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Celecoxib was as effective as magnesium sulfate in arresting labor for
48 hours (81 versus 87%) and no fetal adverse effects were observed
(Borna 2007). Another randomized study including only 24 pregnant
women failed to show differences in tocolytic efficacy between celecoxib
or indomethacin (Stika 2002). In contrast to indomethacin, use of cele-
coxib did not increase ductal flow velocity, but amniotic fluid volume
was transiently decreased in both groups (Stika 2002). However, the
numbers included were small and no conclusions about relative safety
can be made on this basis. The fetotoxic effects described in association
with the use of non-selective NSAIDs are to be expected also with the
COX-2 selective NSAIDs.

Recommendation. Selective COX-2 inhibitors are contraindicated during preg-
nancy because of a lack of experience, and the potential fetal effects on kidney
maturation and other adverse effects related to NSAIDs. Continuous use of selec-
tive COX-2 inhibitors may prevent ovulation and should be avoided in the perio-
vulatory phase. Inadvertent exposure during the first trimester is no indication for
special diagnostic measures.

2.1.7 Migraine therapy

The prevalence of migraine among women of childbearing age can
reach 30%, while symptoms improve in 50-80% of women during preg-
nancy, and usually during the first trimester (Sances 2003). If significant
improvement does not occur during the first trimester, further improve-
ment during pregnancy is unlikely (Marcus 1999). Non-pharmaceutical
interventions, such as nutritional and lifestyle habits might be important.
Other measures that may be considered include acupuncture, relaxation
techniques or cognitive behavior therapies.

The medications discussed below are in part presented in other sec-
tions of this book in more detail.

(4 A. Triptans (selective serotonin-agonists)

Triptans are selective 5-HT1 receptor agonists, indicated in severe
migraine attacks. These drugs act by causing vasoconstriction primarily
in the cranial blood vessels. However, vasoconstrictive effects outside the
central nervous system are also possible. The relatively numerous data
on triptans, mainly on sumatriptan, has so far not suggested an increased
risk of malformations or other adverse fetal effects.

More than 3,000 pregnancies exposed to sumatriptan during the first
trimester have been reported in the literature without any suggestion of
teratogenicity. The Swedish pregnancy register, with partially prospec-
tively collected exposure data, included 2,229 pregnancies exposed in
early pregnancy, with no higher risk for malformations than in the gen-
eral population (Killén 2011). Further, data collected prospectively by
the manufacturer and including 480 pregnancies (Cunnington 2009),
and data from the Norwegian population-based datasets and registers,
including over 600 pregnancies but obviously partially overlapping study
material, similarly failed to indicate an increase in the rate of congenital
malformations (Nezvalova-Henriksen 2010, 2012b, 2013b).
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Less experience is available for other triptans, but approximately
500 reported first trimester exposures to zolmitriptan and rizatriptan
(Nezvalova-Henriksen 2013b, 2012b, 2010, K&llén 2011), while data
on other triptans are based on smaller numbers (Nezvalova-Henriksen
2013b, 2012b, 2010, K&llén 2011, Cunnington 2009). No data are avail-
able for frovatriptan.

Triptan use during the second or third trimester in more than 1,200
women was associated with preterm birth and pre-eclampsia; however,
a causal association cannot be confirmed on the basis of these results
(Kallén 2011). Maternal migraine per se is associated with pre-eclamp-
sia and conditions predisposing to pre-eclampsia, such as gestational
hypertension (Chen 2010, Facchinetti 2009) The Norwegian study
(Nezvalova-Henriksen 2010, 2012b) observed an increased risk of
atonic uterus in 229 women using triptans during the second or third
trimester; however, triptan use only during the second trimester, but not
during third trimester, was associated with excess postpartum bleeding
in a larger study from the same authors with overlapping study mate-
rial (Nezvalova-Henriksen 2013b). No other studies have reported such
associations.

To summarize, for triptans, most data are available for sumatriptan.
While it is not possible to give a final assessment for other triptans, a
major risk with this group seems unlikely according to current data.

(4 B. Ergotamine derivatives

The ergot alkaloids ergotamine and dihydroergotamine (DHE) act as par-
tial agonists on the alpha-receptor inducing vasoconstriction. Prolonged
vasoconstriction of the uterine vessels may impair uteroplacental blood
flow, and ergot alkaloids also increase myometrial tone, which may fur-
ther impair oxygenation.

Based on their pharmacokinetic properties, non-hydrogenated ergot
alkaloids such as ergotamine tartrate are theoretically more likely than
DHE to initiate uterine concentrations and expose the fetus to hypoxia.
While impaired placental perfusion may lead to hypoxia or even death
of the fetus, there are no conclusive data of an increased risk of mal-
formations. The Swedish Birth Register data identified more than 500
pregnancies exposed to ergot alkaloids during the first trimester without
an increased risk of malformations (IKdllén 2011). While ergotamine use
was not associated with an increased overall malformation rate in a Hun-
garian case-controlled study which included nearly 10,000 children with
congenital anomalies, an association was observed between maternal
intake of ergotamines and neural tube defects (NTD) - however, expo-
sure to ergotamine had occurred during the first trimester in only three
of the cases (Czeizel 1989). In a subsequent conducted study of 1,202
infants with NTDs, five had been exposed during the first trimester to
ergotamine (Medveczky 2004), with none exposed during the sensitive
second gestational month.

Single cases with defects based on disruption of vascular development,
and cases resulting in stillbirth have been described in association with
ergotamine (Hughes 1988). There are also two case reports with Mobius
syndrome (developmental anomaly of the cranial nerves) after exposure
during the early pregnancy (Smets 2004, Graf 1997). Oxygen deprivation in
the early stages of development has been associated with an increased risk
of M&bius syndrome and autism, providing a biologically plausible explana-
tion and suggesting true causality. Oxygen deprivation during later stages of
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pregnancy and preterm birth has also been associated with an increased risk
of autism in offspring (Salmaso 2014, McGinnis 2013). A recent case-control
study reported an increased risk of prematurity associated with dihydroer-
gotamine use but no increased risk of major malformations (Bérard 2012).

Recommendation

Therapy of migraine attack during pregnancy

Metoclopramide is the recommended antiemetic of choice and considered safe in
any trimester. Of analgesics, paracetamol (1 g x 3), paracetamol and codeine, or
ibuprofen (800 mg x 3) or diclofenac (50 mg x 2-3) are all considered safe for
use in migraine attack. Use of naproxen or ASA is also acceptable, as is caffeine
combined to any of these drugs. Repeated use of NSAID drugs is best avoided
after 28 gestational weeks, and ASA in analgesic doses should be further avoided
close to delivery, and independently of length of gestation in cases of threatening
premature labor (Section 2.1.2). Where treatment with these conventional agents
fails, use of sumatriptan, or in compelling situations zolmitriptan or rizatriptan, is
also acceptable. Ergot alkaloids are contraindicated in all trimesters.

Migraine prophylaxis

During pregnancy, treatment options for migraine prophylaxis include the
beta-blockers metoprolol, propranolol, or when considered superior for symp-
tom treatment, bisoprolol. Other drugs acceptable include tricyclic antidepres-
sants (amitriptylin, nortriptylin). Anticonvulsant drugs should not be used during
pregnancy for migraine prophylaxis. The same applies to drugs acting on the
renin-angiotensin system (ACE inhibitors and ATII receptor antagonists), which are
contraindicated, and to flunarizine, a calcium channel-blocking agent for which no
experience during pregnancy is available.

2.1.8 Muscle relaxants and other analgesics

(4 A. Baclofen, orphenadrine and tizanidine

Baclofen is a gamma-aminobutyric acid (GABA) derivative and acts as
a specific agonist of central GABA-receptors. Intrathecal application
throughout pregnancy has been reported in several cases for management
of spastic paralysis without adverse outcome (Ali Sakr Esa 2009, Dalton
2008, Roberts 2003, Munoz 2000). Oral baclofen therapy throughout
pregnancy has been described in two case reports with no structural
malformations, but with withdrawal symptoms presenting as seizures on
the 7th day in one infant (Ratnayaka 2001) and grunting, retracting and
breathing difficulties shortly after delivery in the other (Moran 2004). If
treatment with baclofen cannot be avoided, intrathecal application may
be preferable, as the effective dose is several 10-fold lower than that used
for oral preparations (Moran 2004).

Orphenadrine has indicated possible teratogenic potential in animal
studies while tizanidine has not, but there are no data in humans.

| 4 B. Botulinum toxin and dantrolene

Limited experience on botulinum toxin use during pregnancy is based
on approximately 20 cases and has not suggested specific risks to the
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fetus. In the majority of cases, the indication has been cervical dystonia
(Aranda 2012). When injected locally, systemic exposure to the toxin is
unlikely. Further, the few cases described in literature with botulinum
toxin infection suggest that the toxin does not pass the placenta. Because
of the very limited experience, however, botulinum toxin is not recom-
mended during pregnancy unless used under very strict indications. Use
in cosmetic purposes is contraindicated.

Very little is known about safety of dantrolene during pregnancy and
no cases with first trimester exposure have been described. Because of
serious side effects, including the circulatory and hematopoietic systems,
use is restricted to rare cases of malignant hyperthermia. Dantrolene
should not be used during pregnancy unless compelling indications are
present.

Recommendation. Aside from the emergency management of malignant hyper-
thermia with dantrolene, use of muscle relaxants during pregnancy should gen-
erally be avoided. Physical interventions and medication with anti-inflammatory
agents are preferable. If necessary, the muscle relaxing effect of the well-studied
diazepam may be used on a short-term basis. Intrathecal baclofen can be consid-
ered in severe chronic spasticity conditions refractory to standard therapy, such
as in multiple sclerosis, post-traumatic spinal cord injuries, or in other spasticity
conditions of central origin.

2.1.9 Antigout preparations

Gout is seldom encountered prior to menopause and treatment is, there-
fore, rarely needed in women during the reproductive years. Gout is
caused by disturbed purine metabolism leading to increased levels of
uric acid in blood and tissues. Between acute attacks, interval treatment
is based on drugs increasing renal elimination of uric acid (probenecid,
benzpromarone) or inhibiting uric acid synthesis (allopurinol, febuxostat),
while acute attacks are treated with anti-inflammatory drugs (NSAIDs),
intra-articular or systemic corticosteroids or colchicine. Hyperuricemia
can also be caused by neoplasms or by aggressive chemotherapy.

A. Interval treatment: probenecid, benzpromarone, allopurinol,

febuxostat

No safety studies of probenecid during pregnancy are available, but the
drug has been used for decades without reports of specific adverse fetal
effects, and is considered compatible for use during pregnancy when
clearly indicated. As probenecid has no analgesic and anti-inflammatory
activity, it is ineffective during an acute gout attack. There are no data
for benzbromarone use during pregnancy. Benzbromarone use has been
associated with severe, sometimes fatal hepatotoxicity in users.
Allopurinol is an uricostatic drug, which together with its major
metabolite, oxypurinol, inhibits the enzyme xanthine oxidase needed in
uric acid biosynthesis, thereby lowering uric acid levels in the blood. Uric
acid is the end-product of purine metabolism. Allopurinol is structurally
related to purine bases and a theoretical possibility exists that allopuri-
nol or its metabolites are incorporated into the nucleic acid molecules
of the embryo. However, neither in vitro nor in vivo experiments have
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shown evidence of carcinogenicity or mutagenicity. In experimental
animal studies allopurinol was not teratogenic in rabbits or rats, while
an increased rate of cleft palate was observed in mice exposed during
organogenesis (Fujii 1972); human experience is limited. A recently pub-
lished case report describes a newborn with multiple malformations after
the mother had taken allopurinol throughout her pregnancy (Kozenko
2011). Further, a recent case series describes 31 pregnancies exposed to
allopurinol in the first trimester. Even if the overall rate of spontaneous
abortions and malformations in this small series was not higher than
expected, one child was reported to have severe malformations including
micropthalmia, cleft lip and palate, renal hypoplasia, low-set ears, hear-
ing deficit, bilateral cryptorchidism and micropenis (Hoeltzenbein 2013).
The pattern of anomalies was similar to those described by Kozenko
(2011) and according to the authors, could be a signal for allopurinol
teratogenicity, possibly mediated by the drug’s capacity to interfere with
purine metabolism. Use of allopurinol during the third trimester has
not been associated with adverse outcomes, and antenatally adminis-
tered allopurinol has even been proposed as a potential agent to prevent
hypoxic-ischaemic brain injury because of the drug’s capacity to prevent
free radical formation, and thereby possibly reducing hypoxic-reperfusion
damage (Kaandorp 2010b).

Febuxostat is a recently introduced uricostatic agent, blocking xan-
thine oxidase similarly as allopurinol. No teratogenicity was observed in
animal studies but there are no data for use during pregnancy in humans.

Pegloticase and rasburicase catalyze the enzymatic oxidation of uric
acid to allantoin, a water-soluble substance that is easily eliminated via the
kidneys. Pegloticase is indicated for gout refractory to conventional treat-
ment. Rasburicase is used for hyperuricemia caused by hematologic malig-
nancies. There is no experience of either drug for use during pregnancy.

Recommendation. Probenecid is the medication of choice during pregnancy for
uric acid elimination. Allopurinol is relatively contraindicated. Pegloticase should
not be used during pregnancy due to lack of experience. However, exposure of
allopurinol or other referred medications during the first trimester is no indication
to consider pregnancy termination. Treatment should be switched to probenecid,
and ultrasound evaluations be offered to confirm normal fetal development.

(2 B. Treatment of acute attack, colchicine

NSAIDs and intra-articular or systemic corticosteroids are the first treat-
ment options for acute gout attack during pregnancy. Ibuprofen is the
preferred drug of the NSAIDs but indomethacin may be more effective
as it also increases the excretion of uric acid. For the general recommen-
dations of NSAID use, see Section 2.1.6. Repeated use should be avoided
after week 28 gestation.

Colchicine is an antimitotic agent extracted from the autumn cro-
cus (Colchicum autumnale). Colchicine is effective in the prophylaxis
and treatment of acute attacks and development of renal amyloido-
sis in patients suffering from the Familial Mediterranean Fever (FMF).
Colchicine crosses the placenta. It possesses mutagenic and genotoxic
properties and has been embryotoxic in a number of species. Mutagenic
effects have been observed in lymphocytes in patients treated with
colchicine.
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In humans, teratogenic or other harmful effects on the pregnancy or
on the embryo associated with colchicine have not been observed in sev-
eral studies including more than 1,000 pregnancies. A recent study from
Israel compared pregnancy outcome in nearly 200 women suffering from
FMF and using colchicine with two reference groups: women with FMF
but without colchicine treatment, and healthy controls. No significant
differences in the rate of abortions or congenital malformations were
observed among the three groups (Ben-Chetrit 2010). Likewise, a study
including 238 colchicine-exposed women, the majority of them FMF
patients, with exposure data collected prospectively to outcome did not
observe an increased risk for malformations, or chromosomal anomalies,
when compared to women with exposure to nonteratogens (Diav-Citrin
2010). Length of gestation was shorter, median birth weight lower, and
prematurity more common in the colchicine group. The underlying dis-
ease per se may have influenced these outcomes.

The rate of chromosomal abnormalities or birth defects did not dif-
fer from the background rate among nearly 900 pregnancies exposed
to maternal (2/3 of cases), or paternal (1/3) colchicine at the time of
conception (Berkenstadt 2005). No increased risk for spontaneous abor-
tion or congenital anomalies was observed in more than 200 offspring
conceived during paternal colchicine treatment (Ben-Chetrit 2004). The
authors concluded that paternal colchicine treatment need not be dis-
continued prior to conception. Also, maternal colchicine exposure at
conception is presently not considered an indication for amniocentesis
(Ben-Chetrit 2010).

Phenylbutazone has been used for the therapy of the acute gout attack.
Serious adverse effects including hematological, endocrinological and car-
diovascular effects have restricted its use, and phenylbutazone should not
be used during pregnancy as safer alternatives are available (Section 2.1.3).

Recommendation. Until the twenty-eighth gestational week, ibuprofen is the
medication of first choice in the rare event of a gout attack during pregnancy.
Intra-articular or systemic corticosteroids can be administered in any trimester.
Colchicine use should be restricted to special situations. Long-term therapy with
colchicine may be necessary even during pregnancy to treat Familial Mediter-
ranean Fever. Colchicine therapy (either paternal or maternal) at conception or
during the first trimester is not an indication to consider invasive diagnostic proce-
dures or pregnancy termination. Ultrasound should be offered to confirm normal
development of the fetus when the mother has been exposed. Biological agents
targeting Interleukin-1beta blockade (anakinra, canalizumab) have shown efficacy
in treatment of acute gout arthritis, but should as yet be avoided during pregnancy
(Section 2.1.3).
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Both antihistamines and glucocorticoids have demonstrated a lack of
toxicity when used during pregnancy for the management of allergy symp-
toms. Some antihistamines are also administered with success in the treat-
ment of hyperemesis gravidarum (Chapter 2.4) or as sleeping medication
(Chapter 2.11). For glucocorticoids, see Chapters 2.3 and 2.15.

2.2.1 Antihistamines (H.-blocker)

Pharmacology

Antihistamines competitively inhibit the interaction of histamine with
histamine receptors. The release of histamine stimulates both the
H,-receptors present on the smooth muscles of many organs and the
H -receptors of the gastric mucosa resulting in an increase in gastric
secretion. Inhibition of H -receptors is key to antiallergenic therapy.

Orally administered H, -antihistamines are well absorbed and metabo-
lized in the liver by ox1dat10n and eliminated, only in traces unchanged,
via the kidneys.

Older medications, still used in allergies have a minor but sometimes
undesirable sedative effect. This group includes azelastine, clemastine,
cyproheptadine, dexchlorpheniramine, dimethindene, hydroxyzine, mizo-
lastine and triprolidine. For meclozine, dimenhydrinate, diphenhydr-
amine and doxylamine, see Chapter 2.4.

The following medications belong to the newer, non-sedative antihis-
tamines: Cetirizine, desloratadine, ebastine, fexofenadine, levocetirizine,
loratadine, and terfenadine. Rupatadine was released in 2008, and
bilastine in December 2010.

Astemizole and terfenadine not only have very long biological half-
lives of 20-26 hours (astemizole metabolites for more than 9 days), but
also significant cardiotoxic side effects, including cardiac arrhythmias.
Thus, in most countries, astemizole and terfenadine have been recalled.
Fexofenadine is the active metabolite of terfenadine.

The following antihistamines are available for local application: Bami-
pine, chlorphenoxamine, levocabastine, and the newer agents epinastine
and olopatadine.

Chlorphenamine is only found in cold products.

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00003-2
Copyright © 2015 Elsevier B.V. All rights reserved.
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Toxicology

For both the sedative and evaluated non-sedative antihistamines, long
practical experience, and in part, extensive studies, have failed to support
an earlier suspicion that there might be teratogenic effects in humans
(K&llén 2002, Schardein 2000, Lione 1996).

In 1,230 pregnant women who ingested clemastine at least once during
early pregnancy, no increase in malformations was noted (Kallén 2002).

In the animal model, cyproheptadine displays a diabetogenic effect
upon the fetal islet cells. Suggestions for a similar effect in humans are
currently not available. Eight cases in the Swedish Birth Registry did not
indicate signs of an embryotoxic effect when cyproheptadine was taken
during the first trimester (Kéllén 2002).

There are experiences with more than 80 cases where hydroxyzine
was used during pregnancy, all showing no abnormalities in the new-
born (Diav-Citrin 2003, Einarson 1997). In a case report about anxiolytic
therapy with 150 mg/d hydroxyzine at the end of pregnancy, the child
born at 29 weeks developed tonic-clinic seizures 4 hours postpartum. Its
plasma concentration 2 hours later was identical to the maternal values.
The seizures were regarded as withdrawal symptoms. Six months later
the neurologic development of the infant was normal (Serreau 2005).

Sixty-eight pregnancies exposed to chlorpheniramine identified one
child with congenital hip dysplasia (Diav-Citrin 2003).

In an older study, the prevalence of retrolental fibroplasia was doubled
in premature babies when antihistamines were administered during the
last 2 weeks of pregnancy (Zierler 1986). Other investigators did not
confirm this finding.

Cetirizine, a metabolite of hydroxyzine, is one of the relatively
well-studied newer antihistamines with experiences in about 1,300 preg-
nancies (Anderka 2012, Djokanovic 2010, Weber-Schondorfer 2008,
Killén 2002) where no teratogenic risk has been observed.

Loratadine is the most popular non-sedative antihistamine used during
pregnancy. An earlier suspicion that it might induce hypospadia could
not be confirmed (Pedersen 2008). Today, it is the antihistamine of first
choice for pregnant women backed by more than 5,000 pregnancies that
were systematically followed-up in a number of investigations (Schwarz
2008). Desloratadine, a metabolite of loratadine has no published data
in humans although it does not seem to be teratogenic in animal studies.

The children of more than 1,000 pregnant women treated with ter-
fenadine did not display any increased malformation risk (Kéllén 2002,
Diav-Citrin 2003).

A survey of first trimester did not identify an increased incidence of
malformations in the offspring of 244 women who were exposed to
triprolidine (Kéllén 2006).

Pregnancy-related experiences with the administration of ebastine,
desloratadine, fexofenadine and levocetirizine (the active enantiomer of
citirizine) are limited and based on a few (not exceeding 50) documented
courses. No published human pregnancy experiences are available for
azelastine, levocabastine dimethindene, mizolastine, ebastine, belastine
rupatadine and the local antihistamines epinastine and olopatadine. The
use of dermal, usually only affecting small areas, bamipine or chlorphe-
noxamine can be considered safe. Negative side effects of a local antial-
lergenic treatment (eye/nose) have not been reported for azelastine and
levocabastine.

Treatment with systemic antihistamines, especially the sedative variet-
ies, can lead to tremor and diarrhea until birth (Lione 1996).
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Recommendation. H,-antihistamines may be used for the treatment of allergic
diseases during pregnancy. Loratadine and cetirizine should be preferred as they
are the best-investigated antihistamines. If a sedative effect is desired, clemastine,
for example, may also be used.

2.2.2 Hyposensitization therapy

In the hyposensitization procedure, one starts with very small doses
of the allergen and increases them gradually, either subcutaneously or
orally. The immune system responds by producing blocking antibodies to
bind the allergen before it reacts with sensitized mast cells. Thus, when
after completion of the treatment there is exposure to the allergen, hista-
mine release by the mast cells distinctly decreases and the allergic reac-
tion attenuated. While hyposensitization has proved to be quite effective
for hay fever and allergies to insect stings, it has been less successful for
full-blown asthma.

Specific embryo- and fetotoxic effects are not to be expected (Metzger
1978). Allergen immunotherapy is not usually initiated during pregnancy
because of concerns about potential adverse effects of systemic reactions
and their resultant treatment on the fetus, mother, or both; such as fetal
hypoxia, premature labor, and loss of the infant (Krishna 2011). If preg-
nancy occurs during the build-up phase, and the patient is receiving a
dose that is unlikely to be therapeutic, discontinuation of immunother-
apy should be considered. Allergen immunotherapy maintenance doses
can be continued during pregnancy (Cox 2011).

Recommendation. Allergen immunotherapy should not usually be initiated
during pregnancy, but maintenance doses can be continued if necessary. If preg-
nancy occurs during the build-up phase, discontinuation of immunotherapy should
be considered. Allergen immunotherapy maintenance doses can be continued
during pregnancy.

223 C1-Esterase inhibitor deficiency

A Cl-esterase inhibitor deficiency is characterized by the development
of subcutaneous and submucosal edema of the skin, the respiratory tract,
and the gastrointestinal tract. A distinction is made between a congen-
ital form that is inherited in the autosomal dominant pattern, and an
acquired angioedema, often caused by monoclonal B-cell diseases and
C1-INH-autoantibodies, respectively. Triggers for angioedema include
inflammatory foci (e.g. Helicobacter pylori-associated gastritis), trauma
(including dental interventions), or medications (e.g. ACE-inhibitors,
nonsteroidal anti-inflammatory drugs, estrogenic contraceptives)
(Gompels 2005). C1-INH is important for the control of vascular per-
meability and plays a critical role in the initial activation phase of the
complement system. A German study with 35 pregnancies included 22
women with hereditary angioedema. In 83% of these cases an increase in
attacks of angioedema was observed during pregnancy, but it should be
noted that in most cases patients with severe disease were involved (19).

Long-term prophylaxis is necessary only in a subset of the affected
persons. In use were danazol that is, however, contraindicated during

Pregnancy
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pregnancy (Chapter 2.15), and tranexamic acid Chapter 2.9). The latter
may be administered in pregnancy after weighing up the pros and cons
(see also the British consensus document, Gompels 2005). In pregnant
women with a severe disease process, regular infusions with C1-INH
concentrate may become necessary. For short-term prophylaxis, such as
a visit to the dentist or during an acute angioedema attack, aside from
tranexamic acid, C1-INH concentrate may also be given. Case series
(Martinez-Saguer 2010) and single case reports support this approach as
safe and effective during pregnancy and prior to birth.

Icatibant acetate is a synthetic selective bradykinin B, -receptor com-
petitive antagonist that has been approved by the European Medicines
Agency (EMA) treatment of acute HAE-C1-INH attacks in patients 18
years or older. No specific secondary effects in female patients are known.

Ecallantide is a new potent, and specific plasma kallikrein inhibitor
for the treatment of acute HAE-C1-INH attacks in patients 16 years or
older. No specific secondary effects in female patients are known.

Recombinant human C1 esterase inhibitor (rhC1INH) is produced
in transgenic rabbits and has been approved for the treatment of acute
HAE-C1-INH attacks in patients 18 years or older. No specific second-
ary effects in female patients are known.

Conestat alfa represents an analog of the human C1-esterase inhibitor.
It was released in 2010 and is derived from the milk of transgenic rab-
bits. No information exists on teratogenic potential or influence during
pregnancy and lactation.

Recommendation. C1-esterase inhibitor concentrate is the treatment of choice
during pregnancy for C1-IN deficiency.
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Bronchial asthma affects 4-12% of pregnant women worldwide. During
pregnancy, asthma should be adequately treated not only for the benefit of
the mother but also to safeguard proper fetal oxygenation. Severe, poorly
treated asthma is associated with adverse perinatal outcomes (Murphy
2013, Murphy 2011), such as a higher risk of prematurity (Bakhireva
2008a), lower birth weight (Breton 2009) or small for gestational age
(SGA) children (Firoozi 2010), preeclampsia (Rudra 2006), and other
complications (Enriquez 2007). There is a debate about the possibility of
a slight increase of some malformations (Lin 2012, Blais 2010), and also
if the fetal gender can influence the course of asthma during pregnancy.
Results are contradictory (Bakhireva 2008b, Baibergenova 2006). In a
recently published meta-analysis, maternal asthma was associated with
an increased risk of cleft lip but not with other major malformations
(Murphy 2013). Maternal asthma can be associated with an increased
offspring risk of infectious and parasitic diseases, diseases of the nervous
system, ear, respiratory system, and skin (Tegethoff 2013).

The traditional classification of asthma based on symptoms with four
categories (intermittent, persistent to a minor degree, medium degree,
and severe degree) is only useful for untreated patients. It does not con-
sider the impact of therapy, and is thus not able to help adjust treatment
in the course of the disease. Three stages of asthma control have been
defined:

m Controlled asthma
m Partially controlled asthma
m Uncontrolled asthma.

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00004-4
Copyright © 2015 Elsevier B.V. All rights reserved.
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The aim of asthma treatment is to obtain freedom from symptoms
as much as possible (“controlled asthma”), with the least number of
antiasthmatic drugs at the lowest possible dose. Outside pregnancy it
is recommended to try to reduce asthma medication after 3 months of
stabilization. This approach, however, should be very carefully applied in
pregnant women (Schatz 2009). Pregnant women using long-term ther-
apy should be seen monthly by their physician/specialist, or even more
frequently if the asthma exacerbates or is inadequately controlled during
pregnancy (Schatz 2009).

Pharmacotherapy and drug-free interventions (such as cessation of
smoking and weight loss) are building blocks of asthma management.
The step-wise approach for asthma therapy for adults applies, in princi-
ple, for pregnant women as well (see specific medication groups), starting
with a rapidly effective p,-adrenergic drug, and a short-acting beta ago-
nist (SABA) used as inhaler when necessary. When this is inadequate,
low-dose inhaled corticoids (ICS) or leukotriene modifiers are added as
long-term medication. At the third level of therapy low dose ICSs are
combined with LABA, leukotriene modifier or sustained release theoph-
ylline. The next level consists of ICSs at medium or high dose plus a
long-acting beta agonist. Theophylline and/or leukotriene modifiers may
become necessary. If all this fails, oral prednisolone or anti-IgE treatment
should be used (Global Initiative for Asthma 2012). Other treatment
options are of lesser importance in the outpatient care of adults, but will
be presented here briefly.

2.3.1 Selective B,-adrenergic agonists

p,-adrenergic agonists induce a relaxation of the smooth muscle of blood
vessels (vasodilatation), bronchi (bronchodilatation), and uterus as well
as a rise in the blood levels of glucose, lipids, and ketones. An exclusively
acting p,-agonistic drug is not available; those listed here act primarily
as f,-agonists.

Because of rapid onset of action, good effectiveness, and low side-
effect profile inhalative p,-agonists should be chosen as medications on
demand. They include: fenoterol, albuterol, salbutamol, and terbutaline,
levalbuterol, pirbuterol and reproterol. About 10% of inhalative SABAs
reach the bronchi directly, while the rest is swallowed and absorbed by
the gastrointestinal tract (Martel 2007).

Albuterol is the best investigated drug for use during pregnancy (Bakhireva
2004, Schatz 2004) and it was well tolerated in most studies. A case-control
study with 4,593 asthmatic pregnant women even detected a protective
effect of SABA in pregnancy-induced hypertension (Martel 2007).

However, there are also results with converse outcomes. For instance,
retrospective case-control studies found an association with gastroschisis
(Lin 2008) and with heart defects (Lin 2009). An additional publication
reported a slightly increased risk of cardiac defects (IKéllén 2007). In a
large population based study, some association was found between bron-
chodilator and inhaled steroid use on omphalocele, esophageal atresia
and anorectal atresia, although possibly due to the level of asthma sever-
ity (hypoxia) and not the asthma medications (Lin 2012). In another large
database study, SABAs during the first trimester were not associated with
an increased risk of congenital malformations (Eltonsy 2011). Terbutalin
exposure has been associated with autism spectrum disorders of the off-
spring if used for more than 2 days in the third trimester, although larger
studies are required to confirm this observation (Croen 2011).
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Long-term acting p,-adrenergic agonists or long-acting beta agonists
(LABASs) should be applied exclusively in combination with corticoids;
they include formoterol with its rapid onset, salmeterol and the new inda-
caterol. Experiences with these are limited; it can be assumed that they
do not differ in their compatibility from SABAs, although some studies
have found an association with first trimester exposure to LABA and
cardiac malformations (Eltonsy 2011).

Oral and parenteral administration of beta agonists is limited to special
situations. Currently available are salbutamol, terbutaline, bambuterol,
tulobuterol, reproterol, and clenbuterol.

At sufficient dose all adrenergic agents can trigger tachycardia and
arrhythmias, not only in the mother but also in the fetus. They can also
increase glucose intolerance - an effect that needs to be taken into con-
sideration in pregnant women with a diabetogenic metabolism. Terbu-
talin has been associated with autism spectrum disorders among the
offspring (Croen 2011).

Experience in pregnancy with indacaterol have not been reported, and
for bambuterol, clenbuterol, and tulobuterol they are inadequate. Yet, there
are no indications that these drugs have teratogenic effects in humans.

Recommendation. Adrenergic drugs are also part of asthma management in
pregnancy. Inhalative drug of choice is the well-investigated short-acting albuterol
as medication on demand. If the severity of asthma makes it necessary, the admin-
istration of the long-acting formoterol (together with an ICS) is the treatment of
choice in pregnancy. The treatment steps outlined above should be observed. At
the end of pregnancy, inhibition of uterine contractions and f,-specific effects
need to be taken into consideration.

2.3.2 Inhaled corticosteroids (ICSs)

Inhaled corticosteroids (ICSs) are part of any long-term treatment of
asthma and should not be discontinued in pregnancy.

ICSs have anti-inflammatory, antiallergenic, and immunosuppressive
activities and enhance the response of bronchial p-receptors. Available
treatments are budesonide, an agent well-studied in pregnancy, as well as
the following halogenated ICSs: beclomethasone, fluticasone, mometa-
sone, and ciclesonide and triamcinolone.

Theoretical concerns about use of ICSs during pregnancy are based
on the results of some studies of systemic use (Chapter 2.15). Studies of
ICSs in thousands of pregnant women have been able to remove these
doubts (Breton 2010, Rahimi 2006, Martel 2005, Bakhireva 2004). In a
large population based study some association was found between bron-
chodilator and inhaled steroid use on omphalocele, esophageal atresia
and anorectal atresia, although possibly due to the degree of asthma
severity (hypoxia), and not the asthma medications (Lin 2012). Low to
moderate doses of ICSs were not associated with an increased preva-
lence of perinatal outcomes such as low birth weight, preterm birth and
small for gestational age (Cossette 2013), although there is still concern
regarding high dose ICS therapy (Blais 2009). ICS therapy is known to
have an inhibitory effect upon the maternal cortisol feedback regulation
only when the fetus was female (n = 38) (Hodyl 2011); this needs to
be explored in future studies. ICS therapy has been associated with off-
spring endocrine, metabolic, and nutritional disorders (Tegethoff 2012).
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Most experiences have been reported with budesonide (Norjavaara
2003), followed by beclometasone and fluticasone. At this point there is
no evidence that the minimally investigated mometasone or ciclesonide
would lead to different results.

In cases of severe asthma, or for the treatment of an asthma attack,
glucocorticoids may also be used systemically (Chapter 2.15).

Recommendation. According to the International Asthma Guidelines, ICS is the
preferred treatment of choice for long-term therapy in pregnancy (Global Initiative
for Asthma 2012). More thoroughly investigated substances such as budesonide
are to be preferred.

233 Theophylline

Theophylline is a strong bronchial dilatator. Aside from theophylline, the
related aminophylline is also available.

The plasma concentration of theophylline correlates closely with a
bronchodilatative effect, but also has undesirable side effects. When the
bronchial obstruction is less pronounced, theophylline is a less effective
dilatator than f,-agonists.

Theophylline has a mildly positive cardiac effect, and stimulates dif-
ferent parts of the central nervous system. It enhances the sensitiv-
ity of the breathing center for CO, and thus increases frequency and
depth of breathing. This effect is used to prevent threatening apnea in
premature infants; in these premature children the half-life is prolonged
to more than 24 hours. There are no observations of negative sequelae
on later childhood development.

Theophylline crosses the placenta. Because protein binding and clear-
ance decrease during pregnancy and, despite an increase in the distri-
bution volume, a reduction in the dose may become necessary in order
to avoid side effects for both the mother and the child. Maternal serum
concentrations of 8-12 pg/ml should not be exceeded during treatment.

Although theophylline has been shown to be teratogenic at high
concentrations in the animal model, no embryotoxic effects have been
observed in humans (Briggs 2011). Significant differences regarding birth
parameters have not been noted when comparing inhalable {3 -adrenergic
agonists, inhalable corticoids, and theophylline. The rate of side effects
increased with the use of theophylline in pregnant women (Dombrowski
2004, Schatz 2004), consisting primarily of tremors, tachycardia, and
vomiting. Such symptoms can also be exhibited by newborns exposed
to theophylline in utero. For that reason, pregnant women should be
treated with the lowest possible dose. Newborns need to be monitored
for effects of theophylline therapy. Moreover, if treatment with theoph-
ylline continues until the end of pregnancy, uterine contractions may be
inhibited.

Recommendation. Theophylline may be used for the treatment of asthma
throughout pregnancy. The therapeutic steps outlined by the Asthma Guidelines
(Global Initiative for Asthma 2012) should be observed. To minimize maternal
and neonatal side effects, treatment should aim for the lowest possible but still
effective dose.
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234 Leukotriene antagonists

Available leukotriene antagonists are montelukast, pranlucast, zefirlu-
cast and zilenton.

Montelukast is the most studied leukotriene antagonist during preg-
nancy. Based on a pregnancy registry with first trimester exposure to
montelukast, eight cases with malformations (two with limb defects)
out of 200 cases were reported. Based on additional reports the FDA
cautioned in 2009: “During worldwide marketing experience, congen-
ital limb defects have been rarely reported in the offspring of women
being treated with Singulair during pregnancy” (FDA on Montelukast
2009).

A study of the data from the Swedish Birth Registry failed to find an
increase in the rate of malformations (K&llén 2007). Similarly, a pro-
spective study in the USA did not observe a specific teratogenic risk
in children born after exposure to montelukast (z = 72) or zafirlukast
(n = 22), when compared to SABA-exposed children or children of
healthy mothers (Bakhireva 2007). This was confirmed in a Canadian
study of 166 pregnancies with exposure during the first trimester. As
only one infant in the study group displayed malformations and none
in the two control groups, the quality of the data is dubious (Sarkar
2009). In a large retrospective insurance claims cohort study compris-
ing approximately 12 million covered lives, and more than 277,000
pregnancies linked to a live-birth outcome, there were no events similar
to the six post marketing surveillance events of limb reduction defects
among the 1535 infants born to mothers in the montelukast cohort
(Nelsen 2012).

Recommendation. Montelukast may be used during pregnancy where better-
tried medications have not lead to a desired result. In doing so, the therapeutic
steps outlined by the Asthma Guidelines (see above) need to be observed. When
used during the first trimester, a follow-up sonographic examination should be
offered to confirm normal fetal development.

2.3.5 Mast cell stabilizers (inhibitors)

When cromoglicic acid or sodium cromoglicate are supplied regularly,
mast cells of the connective tissue lose their ability to release their stored
histamine. As histamine leads to bronchial narrowing, cromoglicic acid
is used for the prophylactic therapy of asthmatic (allergic) afflictions.
Cromoglicic acid does not possess a direct bronchodilatatory effect and
is not effective in the management of an acute attack. About 5-10% of
a dose reaches the alveoli, the remainder is swallowed, and only 1% of
it will be absorbed into the intestines. The effect becomes apparent after
3-5 days. Because of its limited effectiveness the drug has lost signifi-
cance in asthma therapy.

Cromoglicic acid is also available for the management of allergic dis-
eases of the nose, eye, and for food allergies. It has no embryotoxic effects,
as confirmed by a large number of treated pregnant women (Briggs 2011).
Ketotifen has not been sufficiently investigated regarding its prenatal com-
patibility. There is no suggestion of embryotoxicity in humans.
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Recommendation. Cromoglicic acid may be used during pregnancy to prevent
allergy or exercise-induced asthma. Ketotifen is not part of the standard therapy
for asthma, but inadvertent use does not require intervention.

2.3.6 Anticholinergics

As anticholinergic agents, ipratropium bromide and oxitropium bromide
are bronchodilators with modest activity, usually reserved for patients
who are intolerant of beta agonists due to side effects such as tachycar-
dia, etc. Teratogenicity has not been observed in animal models. There
is insufficient experience in its use during pregnancy. Ipratropium has a
longer market experience.

Tiotropium bromide is reserved for COPD and not for asthma patients,
and there is no experience in pregnancy.

Recommendation. Ipratropium bromide may be used for bronchodilatation
during pregnancy when drugs of choice (SABA, ICS, LABA) are not sufficiently
effective.

2.3.7 Omalizumab and roflumilast

Omalizumab is a monoclonal IgG1l-k-antibody that binds to the IgE
receptor; it may be used in cases of severe allergic asthma where conven-
tional medications have failed. The manufacturer indicates that omal-
izumab crosses the placenta, but experience during pregnancy has not
been published.

The phosphodiesterase-4 inhibitor roflumilast is used for chronic-
obstructive pulmonary disease; it has an anti-inflammatory effect and
does not dilate the bronchi. There are no reported experiences in preg-
nancy although proved teratogenic in animals.

Recommendation. The above-named substances are not drugs of choice
during pregnancy. They should only be used if conventional therapies have been
exhausted.

2.3.8 Expectorants and mucolytic agents

According to current experience, expectorants and mucolytic agents
such as acetyl cysteine, ambroxol, and bromhexine may be used during
pregnancy without a recognizable risk of a teratogenic effect. This also
holds for high doses of N-acetylcysteine (NAC) when used as an antidote
in acetaminophen intoxication (Chapter 2.22).

Investigations of human teratogenicity are also lacking for carbo-
cisteine, guaifenesin; essential oils such as eucalyptol, and various phy-
topharmaceuticals such as extracts from ivy leaves, thyme, buckhorn
plantain (Plantago lanceolata), and marshmallow root. Studies about
their compatibility in pregnancy are also missing (Chapter 2.19).
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The use of potassium iodide as an expectorant is therapeutically obso-
lete and contraindicated in pregnancy. In the past, the practice was to
give patients a single therapeutic dose of 250-500 mg iodine. However,
this is not to be confused with the modern recommended iodine substi-
tution dose of 200 pg/day for pregnant women.

Recommendation. If inhalation and fluid therapy fail, trial expectorants
and mucolytic agents may be used during pregnancy. Potassium iodide is
contraindicated.

2.3.9 Antitussives

Codeine (methylmorphine) is a morphine derivative with a strong inhib-
itory effect upon the coughing center. No other medication exceeds its
antitussive effect. Because of its analgesic effect, codeine is also part of
pain medication (see more in Chapter 2.1). It is not teratogenic, although
it has been associated with acute caesarian delivery and postpartum
hemorrhage (Nezvalova-Henriksen 2011). Longer and high-dose mater-
nal intake at birth, can cause respiratory depression and opiate-typical
withdrawal in the newborn (Chapter 2.21).

The opioid dikydrocodeine is not well investigated, but can be regarded
similarly as codeine.

Although dextromethorphan belongs to the opium alkaloids, it does
not have analgesic and respiratory depressive effects at therapeutic
doses, and its potential for dependency and abuse is low. The antitussive
effect is similar to that of codeine. Based on animal experiments dex-
tromethorphan was imputed to have a teratogenic potential in the late
1990s. However, based on experiences with more than 500 pregnan-
cies, this suspicion has not been confirmed for humans (Martinez-Frias
2001).

The following medications have been insufficiently examined for
prenatal risks in humans, but also have not shown any evidence of
teratogenicity. Noscapine is a major alkaloid of opium. It has an anti-
tussive but no analgesic effect and is weaker than codeine. Contrary
to morphine, noscapine enhances respiration and dilates the bronchi.
Benproperine is also a respiratory stimulant and it inhibits the cough-
ing reflex in the afferent portion of the reflex arc. Pentoxyverine is a
non-narcotic antitussive that acts centrally, while levodropropizine acts
primarily peripherally.

Recommendation. If physical measures have failed, and dry cough persists,
codeine may be used as an antitussive during pregnancy for a short time. It may
also be used during pregnancy as an analgesic (in combination with acetamino-
phen). In either situation, potential interactions with other medications and the
possibility of abuse have to be taken into account. Depending on dose, time, and
duration of its application, respiratory depression and withdrawal symptoms are
possible side effects in the newborn.

Dexomethorphan may be used as an antitussive, and dihydrocodeine is prob-
ably acceptable. The other medications mentioned should not be used as first
choices during pregnancy.
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2.3.10 Non-selective B-adrenergic agonists

| 4 Orciprenaline and adrenaline (epinephrine)

Orciprenaline (metoproterenol) is approved as injectable for the treat-
ment of acute asthmatic attacks. As a non-selective f-adrenergic agonist
it elicits an increased number of side effects. There is no known associa-
tion with embryo- or fetotoxicity.

The use of catecholamines, such as adrenaline (epinephrine), is to
be limited to emergencies, in general practice as well as in pregnancy.
Adrenalin can be administered intravenously or as an aerosol, in the
latter case as an inhalant or directly into the trachea. Oral application is
ineffective as the intestinal tract will degrade it. Catecholamines cross the
placenta but are to some degree enzymatically inactivated.

Because of the short half-time of 1-4 minutes and brief application,
consequences are unlikely for the newborn. When catecholamines are
used systemically, it cannot be ruled out that they may not decrease pla-
cental perfusion.

Local anesthetics used by the dentist to which epinephrine has been
added are quite safe however.

Recommendation. Orciprenaline and adrenalin are used in emergency situa-
tions only. An exposure does not justify a risk-based pregnancy termination or
invasive diagnostic interventions (Chapter 1.13). A follow-up sonographic exam-
ination may be considered. The amounts of epinephrine present in some local
anesthetics can be considered as harmless.

| 4 Other adrenergic agonists

The bronchodilatator ephedrine is no longer of therapeutic relevance; it
is only available in a combination medication for colds. Ephedrine has
both a- and B-adrenergic effects. Pseudoephedrine and phenylephedrine
have a-agonistic activity.

All three agonists are vasoconstrictors. They did not show terato-
genic activity in prospective studies. Some retrospective case-control
studies suggested an association between disruptive malformations
such as gastroschisis, intestinal atresia, and hemifacial microsomia
and systemic application of pseudoephedrine (Werler 2006). In some
case studies a link to certain malformations was noted with other
adrenergic agonists as well. Even if this would be proven to be caus-
ally related, the individual risk appears to be rather small due to the
rare occurrence of such defects.

Decongestants during the second or third trimester have been associ-
ated with less preterm delivery (Hernandez 2010).

Recommendation. Combination drugs with ephedrine, pseudoephedrine, and
phenylephedrine should not be used during pregnancy. If (inadvertently) used sys-
temically during the first trimester, a follow-up sonography may be considered,
more so with long-term exposure.
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More than half (50-80%) of pregnant women suffer from nausea and
vomiting (NVP), also known as morning sickness - although symptoms
may persist the whole day. Usually limited to the first trimester, NVP may
continue throughout the entire pregnancy.

NVP may range from mild discomfort to hyperemesis gravidarum,
causing severe vomiting and nausea, weight loss, severe dehydration,
metabolic compromise and in severe cases can be fatal. The death of
the famous Charlotte Bronté, author of Jane Eyre, in 1855 of suspected
morning sickness and hyperdemesis gravidarum, reflects the potential
severity of NVP, and the fact that the opinion at that time was that no
therapy was considered necessary, as it was attributed solely to psycho-
logical factors, and as such was not treated medically. However, more
recent discussions have suggested that tuberculosis with secondary
Addison’s disease could better explain her signs and symptoms (Weiss
1991, Rhodes 1972). Nevertheless, NVP may pose a serious socioeco-
nomic burden as 25% of the women suffering from it miss work as a
result of their symptoms (Vellacott 1988). Hyperemesis gravidarum
occurs in 1 in 200 pregnancies, although women who have suffered
hyperemesis gravidarum in earlier pregnancies increases the risk to 15%
(Trogstad 2005).

The pathogenesis of NVP has been attributed to multiple factors
such as elevated levels of -hCG, prostaglandin levels (by relaxing the
gastro-esophageal sphincter), gastric dysrhythmia, vitamin B6 deficiency,
hyperolfaction, and Helicobacter pylori. Psychological factors (depres-
sion, anxiety, eating disorders), were once thought to be the only etiology
of NVP, but might in fact be a result of the NVP. A genetic predisposi-
tion has been suggested based on the concordance in monozygotic twins,
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variation within ethnic groups, and the fact that siblings and mothers
of patients with NVP are more likely to have had NVP themselves
(Goodwin 2002).

NVP has been postulated to protect the embryo by encouraging the
mother to avoid potentially harmful or teratogenic foods and beverages
(Furneaux 2001, Profet 1992, Hook 1976). For women suffering NVP,
it may be reassuring to know that it is associated with less chance of
spontaneous abortions, and a reduced risk of congenital heart defects
(Boneva 1999).

Women whose past pregnancies were complicated by severe forms of
NVP or hyperemesis gravidarum may benefit by pre-emptive therapy, ini-
tiated as soon as the patient becomes aware of her pregnancy and before
the symptoms of NVP appear. Twenty-five women with severe NVP
in previous pregnancies were administered anti-emetic therapy before
symptoms became evident, and the dosage of the anti-emetic therapy
was gradually increased as the NVP emerged. The severity of the NVP
was significantly reduced in comparison to a group of women with the
same maternity history of severe NVP in previous pregnancies, who initi-
ated anti-emetic treatment only when the nausea and vomiting appeared
(Koren 2004).

2.4.1 Treatment options

The treatment options for NVP range from conservative measures such
as reassurance and diet manipulation in the mildly symptomatic women,
to drug therapy, and if necessary in severe and intractable cases, total
parenteral nutrition or even therapeutic pregnancy termination. One
Cochrane review on the treatment options found a lack of high-quality
evidence to back up any of the interventions (Matthews 2014).

| 4 Drug free treatments

Diet manipulations

Dietary measures are often suggested for the mildly symptomatic woman,
although little evidence supports these measures. Women may benefit
from frequent and small meals, with high carbohydrate and low fat con-
tent. Salty foods may be tolerated better in the morning, and sour or tart
beverages may be better tolerated than water (Quinlan 2003).

Severe intractable hyperemesis gravidarum is occasionally treated by
total parenteral nutrition and intravenous fluids.

2.4.2 Complementary treatment options

Complementary therapy has become very popular in Western countries,
and many people prefer complementary or natural therapy more than
medical therapy believing that “natural” treatment is less harmful. Preg-
nant women and their doctors are especially reluctant to use medici-
nal therapy during pregnancy, especially during the first trimester when
symptoms of the NVP and hyperemesis gravidarum are worse, and so
may prefer alternative therapy.
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The following sections present a review on the various alternative ther-
apies available for NVP, and the evidence, if any, of efficacy and safety.

|4 Acupuncture and acupressure

Acupuncture is a popular form of Chinese medicine, based on the
notion that vital life energy (qi) flows through dozens of paths (merid-
ians) throughout the human body. Illness is thought to be the result of
obstructed or misdirected energy flow, and stimulation of acupoints
within the meridian system is believed to restore health by correcting this
energy flow. By inserting very thin needles 5 mm deep under the skin,
different organs can be influenced via the meridians. Many acupoints
influence the upper gastrointestinal tract, but the acupoint studied most
by western scientists is the P6 (Nei Guan), located on the anteromedial
aspect of the forearm, at a three finger distance from the wrist crease,
between the palmaris longus and flexor carpi radialis tendons. This point
can be activated using needles (acupuncture) or pressure (acupressure)
by applying an acupressure band. The summary evidence for benefits
of acupressure or acupuncture in alleviating symptoms of NVP remains
mixed and inconclusive. Acupuncture seems ineffective in treating NVP
(Matthews 2014, Smith 2009).

g Hypnosis |

Hypnotherapy may be used as an adjunct to medical therapy in patients
with NVP or hyperemesis gravidarum. In a study of 138 patients hos-
pitalized with refractory hyperemesis gravidarum, 88% stopped vomit-
ing after one to three sessions of medical hypnosis (Simon 1999, Fuchs
1994). The hypnotic state induces a deep state of psychological relax-
ation, with a corresponding decrease in sympathetic tone. Symptoms
associated with hyper-sympathetic arousal tend to remit. The patient
might be given suggestions during the hypnotic state to relax their stom-
ach and throat muscles, causing their nausea, gagging and vomiting to
subside. A recent review of the evidence for hypnotherapy in NVP con-
cluded that although promising, the quality of current evidence is insuf-
ficient to establish if hypnosis is an effective treatment for hyperemesis
gravidarum (McCormack 2010).

4 Ginger |

Ginger is used in Asian and Indian medicine to treat nausea, indigestion,
diarrhea, stomach-ache and flatulence, and is used with caution for treat-
ing NVP. It has been found effective in the treatment of motion sickness
and postoperative nausea (Bone 1990, Mowry 1982). Ginger antiemetic
effect is attributed to an increase in gastric tone and peristalsis via anti-
cholinergic and antiserotonergic pathways (Wilkinson 2000).

Concern has been expressed regarding the safety of ginger’s use by preg-
nant women due to the mutagenic activity of 6-gingerol, one of the con-
stituents of ginger. The whole rhizome however, is not mutagenic due to
the substance zingerone that suppresses the mutagenic activity of 6-gin-
gerol (Nakamura 1982). Ginger has been claimed to inhibit platelet aggre-
gation and, theoretically, could affect testosterone receptor binding and
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sex steroid differentiation of the fetus; however, no clinical evidence has
suggested that this is the case (Borrelli 2005, Guh 1995, Backon 1991,
Murphy 1988). Numerous trials have tested the efficacy of ginger in com-
parison to placebo, pyridoxine and dimenhydranate (Ensiyeh 2009, Chit-
tumma 2007, Smith 2004, Portnoi 2003, Willetts 2003, Vutyavanich 2001).
In a recent review of the randomized controlled trials of ginger for NVP,
ginger was reported to be more effective than placebo and as effective as
pyridoxine, without serious side effects, in both ambulatory and hospital-
ized pregnant women with NVP, although all the trials were short-term (3
weeks) and most of the participants were in their second or third trimes-
ter. Ginger improved symptoms of nausea, but did not significantly reduce
the number of vomiting episodes (Viljoen 2014, Ding 2013). Ginger is not
without risk; the recommended dose is 1,000 mg per day for NVP, but the
recommended daily dose should not exceed 4 g, due to uterine stimulat-
ing effects (Borrelli 2005), which could adversely affect the pregnancy.
High doses of ginger may also aggravate pre-existing conditions, such as
cholelithiasis (Hardy 2004), or contribute to cardiac arrhythmia, CNS
depression and heartburn (Westfall 2004). Caution should be exercised
when combining ginger with hypoglycemic and antiplatelet drugs or herbs,
due to a theoretical interaction, worsening the side effects of these agents
(insulin, aspirin, ginseng, garlic, etc.), and with proton pump inhibitors or
H_-blockers due to increased production of gastric acid (Ding 2013).

Exacerbation of the symptoms of NVP after taking ginger may also be
associated with the Yin-Yang principle of the traditional Chinese medi-
cine; ginger is considered a Yang or hot remedy, and would help women
with deficient Yang energy or Qi. The NVP of Qi deficient women is
characteristically worse in the morning and improves after eating and
resting. NVP of women with excess Yang energy characteristically report
nausea at other times of the day that worsens after meals. These women
would benefit, according to the Chinese traditional medicine, by a Yin or
“cool” remedy such as peppermint (Tiran 2002).

In summary, ginger is efficient for NVP, and has not as yet been asso-
ciated with developmental disorders; however, larger trials are needed
(see also Chapter 2.19 for additional information about Ginger).

Recommendation. Complementary therapies for treating NVP, such as acustim-
ulation, hypnosis and ginger have proved in some cases to be efficient, although
more large-scale studies are needed. Complementary therapy is often expensive
and difficult to obtain reliably, but may be a good solution for women who are
reluctant to use pharmacological therapy for NVP.

243 Pharmacological treatment options

| 2 Antihistamines (H, blockers)

First- and second-generation antihistamines are an effective and safe
treatment for nausea and vomiting in pregnancy, and are usually first-
line drugs for treatment of both NVP and hyperemesis gravidarum. The
antihistamines that are indicated for nausea and vomiting are: buclizine,
cyclizine, dimenhydranate, diphenhydramine, doxylamine, hydroxyzine
and meclizine. The drawback of the first-generation antihistamines are
their sedative effects. However, the fact that they have been on the market
for so long, with no evidence of adverse effects on the newborn, is very
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reassuring. The newer antihistamines such as meclizine are also safe and
less sedating. A large meta-analysis of 24 studies with more than 200,000
participating women showed no increased risk for major malformations;
on the contrary, it seemed that the use of antihistamines for NVP might
even be protective (Seto 1997). Another large prospective study on anti-
histamine use in the first trimester of more than 18,000 infants, failed
to demonstrate any adverse effect on the birth outcome. The outcome
of the pregnancies was more favorable than the controls with respect to
preterm births, low birth weight and perinatal death (Kéllén 2002).

4 Buclizine |

A piperazine derivative antihistamine which acts centrally, and via
the labyrinthine apparatus, to suppress nausea and vomiting. There is
very little evidence supporting use during pregnancy, although proba-
bly safe according to a single study of 44 women treated with buclizine
(Heinonen 1977), as are the other related antihistamines such as cyclizine
and meclizine.

4 Cyclizine |

A piperazine derivative antihistamine with anticholinergic properties
that exerts its anti-emetic effect via direct effects on the labyrinthine
apparatus, the chemoreceptor trigger zone, and possibly by increasing
the muscular tone of the lower esophagus. Milkovich (1976) reported no
increased malformation rate among 111 offspring of mothers taking the
drug during the first 84 days of pregnancy.

| 4 Dimenhydrinate

Dimenhydrinate is the chlorotheophylline salt of diphenhydramine, that
inhibits labyrinthine stimulation and the vestibular system. Dimeny-
dranate is safe during early pregnancy (Mazzota 2000, Seto 1997, Lione
1996), and was further confirmed in a very large retrospective case-
control study which included 22,843 infants with major birth anomalies
(Czeizel 2005). As with diphenhydramine, dimenhydrinate should be
avoided during the third trimester due its potential to stimulate uterine
contractions (Brost 1996).

|4 Diphenhydramine

An ethanolamine antihistamine that acts by competitively antagonizing
histamine at the H1 histamine receptor. Diphenhydramine is a first-
generation antihistamine mainly used as a sedative, although safe and
effective as an anti-emetic during pregnancy (Mazzota 2000). Combined
with metoclopramide diphenhydramine is also effective in hyperemesis
gravidarum (Reichmann 2012).

In a recent case control study (Gilboa 2009), diphenhydramine was
associated with birth defects but the association was weak, and the
authors concluded that their results should be used for hypotheses gen-
eration only. The National Birth Defects Prevention Study (NBDPS),
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a multi-site population-based case-control study, found no association
between diphenhydramine and cleft lip, cleft palate, neural tube defects
or hypospadias (Anderka 2012). Diphenhydramine has oxytocin-like
effects, especially when given intravenously or in an overdose, and may
cause uterine contractions (Brost 1996) and therefore should not be
given during the third trimester.

SDoxylamine

An antihistamine, doxylamine was marketed with pyridoxine alone or
together with dicyclomine (an antispasmodic), was marketed worldwide
to millions of pregnant women as an effective treatment for NVP. In
the mid-1970s, limb and various gastrointestinal malformations were sus-
pected to be associated with the combination (Donnai 1978, Smithells
1978), and doxylamine was withdrawn from the market in the USA and
in Europe. Subsequently, extensive prospective and retrospective studies
failed to confirm this suspicion (Brent 1995, McKeigue 1994). A few
years later, the risk of malformation was reassessed and showed unam-
biguously that there is no evidence of a teratogenic effect (Brent 2003,
Kutcher 2003). Also, in a comparative trial, a therapy using a higher
dose failed to show any negative effects on the pregnancies (Atanackovic
2001).

A comparative study of the neurophysiologic development of chil-
dren between the ages of 3-7 failed to find any significant differences
between those who had been exposed to doxylamine/pyridoxine in utero
(n = 45), those whose mothers had untreated morning sickness (n = 45),
and those whose mothers had no nausea or vomiting in pregnancy
(n=29) (Nulman 2009).

Today, doxylamine is available as a single agent drug for sleeping med-
ications in most countries. In Canada, it has again become the most
important medication for morning sickness. To obtain new approval in
the USA, a controlled double-blind study was conducted comparing a
combination medication with 10 mg doxylamine plus 10 mg pyridoxine
(2 to a maximum of 4 tablets daily) (7 = 131) versus a placebo (n = 125)
(Koren 2010). Doxylamine plus pyridoxine were superior to the placebo,
as could be expected.

g Meclizine |

A piperazine antihistamine with anticholinergic and antiemetic activity.
The antiemetic effects appear to be related to inhibition of the emetic
center in the brain stem, vestibular nucleus and labyrinth. The onset of
effect is 1 hour, but the effect is prolonged, usually 24 hours once daily
dosing is appropriate. The first study proving efficacy of meclizine in
the treatment of nausea and vomiting of pregnancy was published by
Diggory (1962). Since then there have been four placebo-controlled
studies confirming meclizine’s high effectiveness for emesis/hyperemesis
(Arznei-Telegramm 2009).

While in rats meclizine has a teratogenic effect, several studies with
large numbers have not shown any evidence of a malformation risk in
humans (Kéllén 2003, Seto 1997, Lione 1996, Heinonen 1977). A Swedish
study involving more than 18,000 women treated with meclizine during
the first trimester, and more than 1,200 with the antihistamine cyclizine,
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did not detect any increase in malformation rates (Asker 2005). The
national birth defect prevention study showed that maternal treatment
with meclizine during the first trimester of pregnancy reported more fre-
quently than expected in 575 mothers of infants with isolated cleft palate
(odds ratio = 12.7, 95% CI 2.9-55.7; Gilboa 2009). The authors suggested
that their findings might only “warrant further investigation,” since the
observed elevated associations were part of multiple weak associations
investigated, and based on an analysis of retrospective, self-reported data.

Recommendation. First- and second-generation antihistamines are a safe and
effective treatment for NVP. Doxylamine should be first choice, preferably com-
bined with vitamin B6 (Diclectin, if available), otherwise second generation anti-
histamines such as Meclizine should be used due to the sedative effects of the first
generation antihistamines.

244 Dopamine antagonists

The dopamine antagonists used to treat NVP are domperidone, droperidol,
metoclopramide, phenothiazines and trimethobenzamide.

S Domperidone

Not teratogenic in animals (Shepard 1992), but studies are scarce with
regard to examining its safety in pregnancy or efficacy in emesis or hyper-
emesis gravidarum. Safety has been demonstrated in a small trial of 120
women in their first trimester using domperidone for gastrointestinal
complaints. Fetal outcomes which included major malformations, gesta-
tional age at birth, birth weight and length, head circumference at birth,
and 1- and 5-min Apgar score were similar to that of a control group
(Choi 2013). Domperidone should not be administered intravenously as
it has been associated with severe cardiac arrhythmias.

| 4 Droperidol

The most recent dopamine antagonist to join the pharmacologic reg-
imens used to treat severe NVP and/or hyperemesis gravidarum, dro-
peridol belongs to the family of butyrophenones, is more potent than
phenothiazines, and is used by anesthesiologists to treat postoperative
nausea. The only published trial in the first trimester, combined droper-
idol with diphenhydramine in 80 women with hyperemesis gravidarum.
In comparison to another group exposed to various anti-emetics, the
combination of droperidol and diphenhydramine shortened the length
of hospitalization, and reduced the chance of readmission (Nageotte
1996). There has been no association between droperidol and congeni-
tal malformations (Magee 2002), but there is a small risk of the mother
developing prolonged QT syndrome, which can lead to a potentially fatal
arrhythmia. There is a black box warning associated with its use in all
patients, and The American College of Obstetricians and Gynecologists
(ACOG Practice Bulletin 2004) recommends that this medication be
used with caution.
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| 4 Metoclopramide (MCP)

An effective anti-emetic that acts both centrally (dopamine blockade
in the chemoreceptor trigger zone, decreasing sensitivity of the visceral
nerves that transmit GI impulses to the central emetic center), and
peripherally by stimulating motility of the upper gastrointestinal tract,
and increasing the lower esophageal sphincter basal tone.

It counteracts some of the physiological changes during pregnancy that
may lead to nausea or vomiting, such as decreased lower esophageal
sphincter tone (Van Thiel 1977) and decreased propulsive motility time,
as well as increased transit time of the small intestine.

Extrapyramidal symptoms are undesirable side effects. After ingestion
MCP is well resorbed and rapidly reaches the fetus. Relatively little work
has been done to investigate MCP’s effectiveness for vomiting in preg-
nancy. Nevertheless, it is being used for this indication in many countries
(Bsat 2003). In a newer randomized double-blind study promethazine
i.v. (25 mg every 8 hours) was compared to MCP iv. (10 mg every 8
hours) in pregnant women with hyperemesis. The therapeutic effective-
ness in 73 and 76 patients, respectively, was similar, while the side effect
profile of MCP was more favorable (Tan 2010). A retrospective cohort
study compared 130 pregnant women with hyperemesis, who received
MCP and diphenhydramine i.v. with a historical group of 99 patients
who had been treated with droperidol and diphenhydramine i.v. The
new protocol with MCP and diphenhydramine decreased vomiting more
effectively and showed less maternal side effects. Nausea and duration
of hospitalization were comparable in both groups (Lacasse 2009). Con-
tinuous subcutaneous administration of metoclopramide has been tried
in several trials, and although it seems efficacious and comparable to
continuous subcutaneous odansetron, there is not enough evidence to
recommend this modality of treatment (Reichmann 2012).

As to the safety of MCP, three studies with 3,458, 884, and 175 preg-
nant women, respectively, all treated with MCP during the first trimester,
failed to detect an increased rate of abnormalities in the children who
had been exposed in utero (Matok 2009, Asker 2005, Berkovitch 2002).
This was also seen in a study that examined prescription protocols and
birth registry data (Sorensen 2000). In the National Birth Defects Pre-
vention Study (Anderka 2012), maternal use of metoclopramide during
the first trimester of pregnancy was not significantly associated with cleft
lip, cleft palate or hypospadias. Children who had been exposed prena-
tally were found to display normal development up to the age of 4 years
(Martynshin 1981).

The USA Food and Drug Administration in 2009 mandated a black box
warning for metoclopramide due to reports of tardive dyskinesia, partic-
ularly with high dose and long-term use (US Food and Drug Administra-
tion 2009). Metoclopramide should not be given at a dose exceeding 10
mg three times a day or for longer than 3 months.

8 Phenothiazines

Chlorpromazine, perphenazine, prochlorperazine, promethazine and
trifluoperazine. Phenothiazines such as prochlorperazine and chlor-
promazine are dopamine antagonists, and inhibit vomiting by inhibit-
ing the chemoreceptor trigger zone along with a direct action on the
gastrointestinal tract D,-receptors. Their attenuating and dissociating
effect may be desirable in hyperemesis.
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Long-term experiences have not shown teratogenic effects for pro-
methazine (e.g. Anderka 2012, Asker 2005, Kéllén 2002, Magee 2002)
or of any other phenothiazines, although there have been case reports
of cleft palate, skeletal, limb, and cardiac abnormalities with its use (Gill
2007).

Phenothiazines significantly decrease NVP (Mazzota 2000, Fitzgerald
1955, Lask 1953), although the Cochrane collaboration has not con-
firmed this as yet in the absence of placebo controlled trials (Matthews
2014). In a study comparing promethazine (25 mg x 3/day) with meto-
clopramide (10 mg x 3/day), 150 women at their first hospitalization for
hyperemesis gravidarum were randomized. Promethazine and metoclo-
pramide had similar therapeutic effects but the adverse effects profile was
better with metoclopramide (Tan 2010).

| 4 Thiethylperazine

Used as an antiemetic primarily in Switzerland and Eastern Europe with
no evidence of risk for the fetus. In a retrospective case-control study
no evidence of an increased overall malformation risk was found, but a
weak association between thiethylperazine and an increased risk of cleft
lip and palate in children who had been exposed in utero was evident
(Puho 2007, Czeizel 2003). In contrast, in a Swedish study the malforma-
tion rate in 137 children who had been exposed during the first trimester
was 1.1% - a rate within normal limits (Asker 2005).

| 4 Trimenthobenzamide

Pooling the results of three dated studies (two cohorts and one case control)
there was no increased risk for malformations, and in comparison to pla-
cebo alone or in combination with pyridoxine, trimenthobenzamide signifi-
cantly improved symptoms of NVP (Magee 2002). Two recently published
articles demonstrated teratogenic potential in rats, developing growth fail-
ure, neurological and hepatic damage, so caution should be exercised in
respect to this antiemetic (Fazliogullari 2012, Goksu Erol 2011).

Recommendation. Dopamine antagonists are widely used for treatment of
NVP, especially in countries where diclectin or bendectin are unavailable. Meto-
clopramide seems safe and efficacious, has less of the sedating properties of the
phenothiazines, and should probably be first choice of the dopamine antagonists.

2.4.5 Pyridoxine (vitamin B6)

Pyridoxine has been empirically recommended for NVP for more than
40 years, although no association has ever been found between pyridox-
ine levels and NVP (Schuster 1985). Pyridoxine requirements increase
during pregnancy, although low serum concentrations are usually nor-
mal until the second or third trimester.

Proof of efficacy was obtained in two large trials showing a sig-
nificant reduction of nausea and number of vomiting episodes
(Vutyavanich 1995, Sahakian 1991). The first trial showed efficacy
in severe NVP only, but the second trial, larger and more adequately
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resourced, showed efficacy in both moderate and mild NVP. Pyr-
idoxine was administered for 3-5 days, with the maximum benefit
achieved during the first 3 days of treatment. The beneficial effect
appeared to diminish over time (Vutyavanich 1995). A randomized
placebo-controlled trial examined the effect of pyridoxine in women
with hyperemesis. The study group (n = 47) received metoclopramide,
i.v. rehydration, plus 3 x 20 mg pyridoxine, and the control group
(n = 45) only metoclopramide and i.v. rehydration. The pyridoxine
group did not fare better than the controls (Tan 2009). Twenty-nine
women with NVP, treated with a combination of B6 (100 mg daily)
and doxylamine (25-50 mg daily), were compared in a case control
study to 29 women treated with metoclopramide due to moderate to
severe NVP. There was no difference in response to antiemetic ther-
apy between groups (Ashkenazi-Hoffnung 2013).

It is important to note that large doses of pyridoxine are neurologically
detrimental in nonpregnant patients, and therefore, maximum doses of
80 mg a day are warranted (Schaumburg 1983). Many years of experi-
ence in North America with combination drugs containing doxylamine
and pyridoxine, indicate that there is no evidence of teratogenicity. A
case control study from the National Birth Defects Prevention Study did
not find an association between use of pyridoxine for the nausea and
vomiting of pregnancy and facial clefts, neural tube defects, or hypospa-
dias (Anderka 2012) (see Chapter 2.18.5).

Recommendation. An amount of 40 mg/day initially and a maximum of
80 mg/day vitamin B6 is recommended. If vitamin B6 alone is not successful,
then combined with the antihistamine doxylamine (10 mg), a combination sim-
ilar to Diclectin (available in Canada), may improve the efficacy. This formulation
was also previously marketed as Bendectin, which has been proved safe for use
during pregnancy, even though in the past the safety of use during pregnancy was
questioned in the United States. Lately a delayed release combination of Diclegis
(10 mg doxylamine succinate and 10 mg pyridoxine hydrochloride) has been
approved by the FDA for marketing in the USA (Madjunkova 2014).

2.4.6 Vitamin B1

Vitamin B1 (thiamin) has no antiemetic properties, although it should
be kept in mind especially for those cases of hyperemesis gravidarum
with vomiting for more than 3 weeks. Thiamin deficiency has been
described in 20 cases causing memory loss, ataxia, nystagmus, visual
disturbances, permanent neurological case and even maternal death
(Gardian 1999) (see Chapter 2.18.2).

Recommendation. Consider treatment with Vitamin B1 as an adjunctive to
other antiemetic therapy for prolonged hyperemesis gravidarum. Give 100-500 mg
intravenous thiamine for 3 days, and then maintenance of 2-3 mg daily. Intra-
venous dextrose should not be given without prior administration of thiamine,
as the metabolism of the dextrose consumes the remaining B1 and may worsen
symptoms.
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24.7 Serotonin antagonists

g Ondansetron |

Ondansetron is a selective serotonin antagonist, used for treating
chemotherapy-induced nausea and vomiting. Ondansetron binds to the
serotonin receptors located on the vagal neurons lining the gastrointes-
tinal tract, and block signaling to the vomiting center in the brain, thus
preventing nausea and vomiting.

Although widely used for severe cases of NVP, there is inconsistent data
regarding efficacy and fetal safety as it crosses the placenta (Siu 2006).

Regarding efficacy, it was not superior in two comparison studies:
in one study ondansetron (n = 15) was compared to promethazine
(n = 15; Arznei-Telegramm 2009); in the other subcutaneous ondan-
setron (n = 521) was compared to metoclopramide (n = 355; Klauser
2011). Case descriptions noted successful intravenous application where
other medications had failed in severe hyperemesis gravidarum between
weeks 6-30 (Siu 2002, World 1993, Guikontes 1992).

Fetal safety was first addressed in a prospective trial, where 176 preg-
nant women treated with ondansetron were compared with two different
control groups (Einarson 2004). Control Group 1 consisted of pregnant
women treated with other antiemetics, primarily doxylamine plus pyri-
doxine, or metoclopramide, phenothiazines, or ginger. Control Group 2
did not suffer from nausea, and did not use any or only harmless medi-
cations. There were no statistically significant differences between these
groups in terms of pregnancy outcome and health of the newborns,
although this study was resourced to detect a 5-fold difference in major
malformations.

A recent large multicenter case control study of major birth malfor-
mations, including 4,524 cases and 5,859 controls, detected a 2-fold
increased risk of cleft palate associated with ondansetron taken for NVP
in the first trimester of pregnancy (odds ratio 2.37 [95% CI 1.28-4.76])
(Anderka 2012). In a large historical cohort study, from a Danish registry,
which included 608,385 pregnancies with 1,970 exposures to ondansetron —
there was no association of adverse fetal outcomes such as major
malformations, abortion, premature delivery, stillbirth, etc. No cases of
cleft palate were reported. Pasternak (2013) and Colvin (2012) reported
251 pregnancies of women prescribed ondansetron during pregnancy,
and found no evidence for an increased risk of major birth defects among
the offspring in a population-linked study.

The FDA has issued a warning of QT prolongation and cardiac arrhyth-
mias associated with Ondansetron. Given that patients with hypereme-
sis gravidarum may have other risk factors of QT prolongation, such as
hypokalemia and hypomagnesaemia, this medication should be admin-
istered as a last resort after other medications have failed (Koren 2012).

Other serotonin antagonists such as dolasetron, granisetron and
palonosetron exist, although there is no safety data in human pregnan-
cies and sparse data of animal pregnancy.

Recommendation. Ondansetron should be used only if other anti-emetics fail
due to the inconsistency of safety studies and possible side effects. The use of a
serotonin antagonist in itself is not an indication for either invasive diagnostic
procedures or termination of pregnancy. A detailed fetal ultrasound should be
obtained if used in the first trimester.
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2.4.8 Glucocorticoids

Corticosteroids have been proposed to modify the chemoreceptor trigger
zone in the brain, and are used to control nausea and emesis associated
with chemotherapy (Italian Group for Antiemetic Research 2000).

Corticosteroids are currently used to treat intractable hyperemesis
gravidarum, the most extreme form of NVP. These patients have severe
nausea and vomiting causing weight loss, dehydration and occasionally
requiring hospitalization. In the first randomized trial examining intra-
muscular ACTH versus placebo in 32 women with hyperemesis grav-
idarum, no difference in response between both groups was observed
(Ylikorkala 1979). A number of randomized controlled studies have
since been published. Twenty-five patients were randomized to receive
40 mg prednisolone daily versus placebo. The only difference between
the groups was the sense of well-being that improved in the prednis-
olone group (Nelson-Piercy 2001). In a randomized double blind trial
that compared parenteral, followed by oral corticosteroids versus pla-
cebo for treatment of intractable hyperemesis gravidarum, the cortico-
steroids had no effect on the hyperemesis gravidarum and did not reduce
recurrent hospitalizations (all patients were treated with promethazine
and metoclopramide in addition) (Yost 2003). When compared with
promethazine, however, a short course of methylprednisolone was
more effective than promethazine (Safari 1998). Treatment with oral
prednisolone promptly resolved symptoms if given specifically to the
subset of patients with the more severe hyperemesis, defined as weight
loss of >5% (Moran 2002). In another prospective double-blind study
each group of 20 pregnant women with the most severe hyperemesis,
received either 300 mg of hydrocortisone i.v. daily (after 3 days the dose
was reduced), or alternatively 10 mg metoclopramide i.v. three times
daily. The women in the hydrocortisone group fared significantly better
(Bondok 2006).

The safety of glucocorticoid exposure during pregnancy is controver-
sial, see Chapter 2.15.

Recommendation. Corticosteroids may be an effective therapy for severe intrac-
table hyperemesis gravidarum, associated with dehydration. Their use in itself is
an indication neither for invasive diagnostic procedures, nor for termination of
pregnancy.

2.4.9 Other antiemetics

Alizapride stimulates gastrointestinal peristalsis and is used primarily
prior to radiation or chemotherapy; its antiemetic effect is based on a
blockage of dopaminergic receptors of the vomiting center. There are no
reports about its application during pregnancy.

The same holds for aprepitant and fosaprepitant, the latter a prodrug
of the former. Both are new forms of antiemetics used in oncology that
belong to the neurokinin-1 receptor antagonists.

Recommendation. Antiemetics discussed in this section should only be used if
drugs recommended in the previous sections have failed.




References 87

Summary

Nausea and vomiting, a common predicament in early pregnancy has
various treatment options ranging from diet and lifestyle modifications,
to pharmacological and complementary therapy. Patients can be reas-
sured of the benign nature of their condition, and should be encouraged
to use the various treatment options that have been proved to be effica-
cious with little risk to the fetus.
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Gastrointestinal symptoms are common in pregnancy. Approximately
50% of women manifest episodes of heartburn. This is a consequence
of the gastro-esophageal reflux due to the physiological reduction in the
tone of both the stomach wall and the gastro-esophageal junction. In
most cases, symptoms are controlled by a modification in the patient’s
diet and lifestyle. However, if a pharmacologic therapy is needed, antac-
ids are the first choice. If antacids are ineffective, then H2 receptor antag-
onists and Proton Pump Inhibitors (PPIs) may also be used (ranitidine
and omeprazole, respectively, are the best investigated medications of
these two groups). In the case of a Helicobacter pylori infection, the tri-
ple therapy including omeprazole, amoxicillin and clarithromycin can be
prescribed during pregnancy when indicated.

Constipation is another common condition in pregnancy, especially in
the third trimester; it is usually a consequence of pressure being exerted
by the uterus on the intestine, and high levels of progesterone, which
reduce the contractility of the intestinal smooth muscle. If adequate
hydration and a diet rich in fiber are not sufficiently effective, bulking
agents may be used. After the bulking agents, lactulose and macrogol are
the drugs of choice during pregnancy.

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00006-8
Copyright © 2015 Elsevier B.V. All rights reserved.
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In cases of acute diarrhea during pregnancy, priority is to be given to
symptomatic therapy with fluid replacement and balancing of electro-
lytes. With the exception of infections that require a specific antibiotic
treatment, it is rare that acute diarrhea requires a treatment that would
exceed dietetic measures. In such cases, charcoal and apple pectin can
be safely used; loperamide may be used, for short periods, but only in
selected cases.

The management of inflammatory bowel diseases (IBD) is more com-
plex. Generally, in order to reduce complications, pregnancy should ide-
ally be initiated when the disease is not active, and it is very important
to promptly recognize and adequately treat any exacerbations of disease
during gestation. Aminosalicylic acid preparations, in particular mesala-
zine, are the drugs of first choice in the treatment of IBD. When neces-
sary, local or systemic corticosteroids, azathioprine or 6-mercaptopurine
may also be used. Other drugs should be considered only if the aforemen-
tioned agents have failed.

In the case of gestational cholestasis, a disorder characterized by gen-
eralized pruritus that usually occurs in the second and third trimester, the
drug of first choice is ursodeoxycholic acid (UDCA).

Another very complex scenario is the management of hyperlipidemia
in pregnancy. When prescribing a possible lipid-lowering therapy, the
physiological increase of cholesterol and triglyceride levels in pregnancy
should be taken into consideration, which is essential for fetal develop-
ment, and risks and benefits should be balanced. Initial treatment should
consist of a proper diet and a reduction and/or control of body weight.
Only in severe and selected cases, should drug therapy be considered
after the first trimester of pregnancy. Moreover, obese women require
expert pregnancy management and appetite suppressants are contraindi-
cated during pregnancy.

2.5.1 Antacids

Antacids are basic compounds, which neutralize hydrochloric acid in the
gastric secretions.

The following are currently available as single drugs: sodium
bicarbonate, aluminum phosphate, calcium carbonate and carbaldrate
that have an effect similar to aluminum hydroxide. The latter is mainly
offered as combination drugs.

Hydrotalcite, magaldrate, and almasilate contain fixed combinations
of aluminum- and magnesium-containing antacids.

In addition, there are combination drugs of various compositions;
e.g. of calcium carbonate and magnesium salts, of a substance that con-
tains aluminum such as algeldrate combined with magnesium salts, and
of combinations containing alginic acid or licorice root extracts (see
Chapter 2.19).

Aluminum hydroxide and aluminum phosphate neutralize the stom-
ach acid forming aluminum chloride. Up to 20% of an oral dose can be
absorbed. Elimination takes place primarily via the kidneys. Animal tests
indicate that absorbed aluminum salts also reach the fetus. While occa-
sionally it has been argued that aluminum absorbed from antacids could
possibly lead to functional derangements of the central nervous system
or the kidneys of the fetus, no clinical evidence of this has been found.

In the presence of gastric hydrochloric acid, alginic acid or alginate
form a viscous gel that “floats” on the gastric contents, acts as a mechanical
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barrier, and thus reduces the gastro-esophageal reflux. A study with 150
pregnant women indicates effectiveness and safety during the second and
third trimester (Lindow 2003). Another multicenter, prospective study
did not suggest an increased risk of negative outcomes for exposure
during the second and third trimester (Strugala 2012).

Calcium carbonate neutralizes hydrochloric acid by forming calcium
chloride, carbon dioxide, and water. About 15-30% of the orally ingested
dose is absorbed. Patients with normal kidney function are not in dan-
ger of hypercalcemia when taking medications with calcium carbonate
in therapeutic doses. Excessive calcium intake from antacids, combined
with mineral preparations and considerable daily milk consumption,
can result in the rare milk-alkali syndrome during pregnancy (e.g. Bailey
2008, Ennen 2006, Gordon 2005). Therefore, the maximum daily intake
of elementary calcium should not exceed 1.5 g (corresponding to 3.75 g
calcium carbonate).

Hydrotalcite releases magnesium and aluminum ions depending on
the gastric pH.

The use of sodium bicarbonate can lead to a metabolic alkalosis.

There is no evidence that any of the discussed antacids is linked to
teratogenicity.

Recommendation. Antacids may be used throughout pregnancy. Fixed combi-
nations of aluminum- and magnesium salts as well as combination drugs should
be preferred. The recommended therapeutic doses are not to be exceeded.

2.5.2 Sucralfate and pirenzepine

Sucralfate is composed of a water-insoluble aluminum-saccharose com-
pound. It adheres to the surface of ulcers, protects the mucosa, and is
virtually not absorbed.

Pirenzepine is an anticholinergic drug, presumably only acting on
the stomach, where inhibits the muscarinic M1 acetylcholine receptor.
About up to 25% of an oral dose is absorbed. Experiences in pregnancy
are too limited to allow a precise risk assessment, but there are also no
indications of a specific teratogenic effect.

Recommendation. Sucralfate may be used at any time during pregnancy. Piren-

zepine, however, should not be prescribed.

253 H, receptor antagonists

Cimetidine, famotidine, ranitidine, nizatidine and roxatidine enhance
the healing of gastric and duodenal ulcers by blocking histamine H,
receptors in the gastric mucosa that induce the secretion of hydro-
chloric acid.

In some animal species cimetidine induced weak androgenic effects
(Pereira 1987); however, there have been no reports of disruption in
gender development in children who had been exposed in utero. A
case report from Turkey describes a pregnant woman who developed

Pregnancy
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a marked increase in her transaminase levels by taking ranitidine
during the first trimester; after the medication was discontinued levels
decreased (Kantarceken 2006).

The current experience during the first trimester to exposure of raniti-
dine in about 1,700 women, of famotidine in almost 1,000, and of cimeti-
dine in about 800 argues against a teratogenic potential in humans (Matok
2010, Gill 2009b, Garbis 2005, Ruigomez 1999, Killén 1998, Magee
1996). The number and types of malformations were similar in both study
and control populations. Also, premature birth and intrauterine growth
retardation were not seen more frequently in the exposed groups.

Extensive experience is available for the management of symptoms
during late pregnancy. While nizatidine and roxatidine are not under
suspicion at the moment, they have been inadequately examined, with
each drug so far having been reported in only 15 published pregnancies
(Garbis 2005).

To reduce the risk of aspiration at the time of a caesarean section ranit-
idine and cimetidine have been applied; they are generally well tolerated
by the mother and her fetus.

Recommendation. H, receptor antagonists may be used during pregnancy.
Ranitidine is the best investigated medication and should be preferred.

254 Proton pump inhibitors

PPIs such as omeprazole, esomeprazole, an isomer of omeprazole, lanso-
prazole, pantoprazole and rabeprazole block the enzyme H*/K*-ATPase,
which is critical for the secretion of gastric acid.

About 6,000 pregnant women who used PPIs during their first
trimester have so far been documented (reported in, for example,
Erichsen 2012, Pasternak 2010, Gill 2009a, Diav-Citrin 2005, Killén
1998, Kallén, 2001).

Omeprazole is by far the most extensively tested PPI, followed by
pantoprazole, lansoprazole and esomeprazole, each with experiences of
about 500-1,000 pregnancies. None of the studies indicated an increased
risk of malformations; other problems were also not described. One
study (Colvin 2011) has suggested that premature births might be more
common after PPI use, although this does not appear to be biologically
plausible. Rabeprazole has not been adequately examined. So far there
are no indications of any fetotoxic effects.

An association between intrauterine exposure to acid-blocking medica-
tions and childhood asthma was found in a study that linked and analyzed
a number of Swedish registers. While the normal prevalence is 3.7%, the
study noted a prevalence of childhood asthma of 5.6% after exposure. Med-
ications used were PPIs, H, receptor antagonists, drugs for the treatment
of Helicobacter pylori, and sucralfate; antacids were not included as they
are available over-the-counter (Dehlink 2009). Another study evaluating
197,060 singletons born between 1996 and 2008 in northern Denmark
observed that prenatal exposure to PPIs and H, receptor antagonists was
associated with an increased risk of asthma (Andersen 2012).

Recommendation. Proton pump inhibitors may be prescribed during pregnancy.
Omeprazole is the medication of choice of this group.
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2.5.5 Bismuth salts

Bismuth salts used previously as an antidiarrheal agent have regained
some popularity since the discovery of a link between the occurrence of
gastric and duodenal ulcers and an infection with the bacterium Helico-
bacter pylori. Bismuth salts have an antibacterial effect on Helicobacter
pylori. Experiences in pregnancy are too limited to allow a risk assess-
ment. So far there is no indication of a teratogenic effect in humans.

Recommendation. Bismuth salts are relatively contraindicated in pregnancy.

2.5.6 Helicobacter pylori therapy

In the last decades the treatment of Helicobacter pylori has funda-
mentally changed the management of gastric and duodenal ulcers
and of atrophic gastritis. The so-called triple therapy with PPIs, clar-
ithromycin, and amoxicillin or metronidazole, has become standard
since it was recommended by consensus conferences held around
the world. Although some studies conducted in Asia have confirmed
a high eradication rate (>80%), other studies have shown a reduc-
tion in efficacy due to the increase in Helicobacter pylori resistance
to clarithromycin (O’Connor 2013, Malfertheiner 2012). According
the European Consensus Guidelines on Helicobacter pylori therapy
(Maastricht IV/Florence Consensus Report, Malfertheiner 2012)
clarithromycin-containing treatments are recommended for first-line
empirical treatment only in areas of low clarithromycin resistance.
Moreover, treatment regimens using amoxicillin and clarithromy-
cin are equivalent. In areas of high clarithromycin resistance, bis-
muth-containing quadruple therapies are recommended for first-line
empirical treatment (omeprazole-bismuth-metronidazole-tetracycline,
Malfertheiner 2012). In areas where bismuth is not available, the
so-called sequential treatment (5-day period with PPI and amoxicillin,
followed by a 5-day period with PPI-clarithromycin-metronidazole)
or a non-bismuth quadruple treatment (amoxicillin-clarithromycin-
metronidazole-PPI) is recommended (Malfertheiner 2012).

Recommendation. Triple therapy can be undertaken during pregnancy when
indicated; omeprazole is the medication of choice among PPIs. Amoxicillin can
be safely used during pregnancy and there is no evidence of increased risks of
birth defects after prenatal therapy with macrolides, such as clarithromycin (see
Chapter 2.6). Although human data do not indicate an increased risk, the appli-
cation of metronidazole should be carefully considered during the first trimester
of pregnancy.

Bismuth-containing quadruple therapies are not recommended during
pregnancy since bismuth salts are relatively contraindicated (see section 2.5.5)
and tetracyclines are contraindicated after the fifteenth week of gestation
(see Chapter 2.6).
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2.5.7 Digestives and carminatives

Indigestion has many possible causes. A combination of citric acid
and pepsin-proteinase is available when the stomach is not producing
enough hydrochloric acid.

Agents such as pancreatin with lipases, amylases, and proteases (tryp-
sin and chymotrypsin), mostly derived from the pancreas of pigs, are used
to treat disorders of the exocrine function of the pancreas and for cystic
fibrosis. Tilactase, a lactase obtained from Aspergillus oryzae, is used
to treat lactose intolerance. The gastrointestinal tract absorbs neither
pancreatin nor tilactase.

Simeticone, the active form of dimeticone, defoams the gas-liquid mix-
ture responsible for meteorism and thus facilitates the progressing move-
ment within the intestinal tract. It is not absorbed and is well tolerated
during pregnancy.

There are no detailed studies in animals or humans concerning the
use of these agents during pregnancy. No embryotoxic damage has been
observed as yet, and it is unlikely, based upon the mode of action, that
these agents would be teratogenic.

Recommendation. The aforementioned digestives and carminatives may be
used during pregnancy.

2.5.8 Atropine and other anticholinergic spasmolytics

Atropine is a classic parasympatholytic agent that inhibits the action of
acetylcholine by competitively blocking muscarine receptors. Atropine
reaches concentrations in the fetus equivalent to those in the mother
within a few minutes (Kivado 1977). Fetal cardiac frequency may increase
after systemic application. It is used, among others, as a spasmolytic, a
premedication in surgical and endoscopic procedures (for secretory inhi-
bition), as an antidote for the treatment of poisoning from acetylcholin-
esterase inhibitors, and as a mydriatic agent.

Atropine-like belladonna alkaloids and their quaternary ammonium
derivatives or their synthetic analogs are used for a number of indica-
tions. The mechanism of action of these parasympatholytics corresponds
to that of atropine. When applied systemically, atropine-like effects on
the fetus cannot be excluded.

Butylscopolamine is the most widely used spasmolytic agent. Orally
it is poorly absorbed. Two case reports describe that, after the intrave-
nous administration of butylscopolamine, eclamptic seizures occurred
in two pregnant women who suffered from preeclampsia (Kobayashi
2002).

Methantheline is available for treating hyperhidrosis, irritable bladder,
and gastrointestinal cramps.

There are no systematic investigations of the toxicity during pregnancy
of these agents and of related spasmolytics such as darifenacin, fesoter-
odine, glycopyrronium bromide, hymecromone, mebeverine, oxybutynin,
propiverine, tolterodine, trospium chloride, flavoxate and solifenacin.
However, specific embryotoxic effects in humans have not been observed
so far (Raghavan 2008, Samuels 2007, Ure 1999).
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Recommendation. Anticholinergic agents including atropine may be used
throughout pregnancy under a stringent indication. If applied systemically it has to
be considered that there can be fetal side effects (e.g. upon the cardiac frequency).
Butylscopolamine is the spasmolytic of choice in this medication group. Also, for
certain forms of bladder incontinence the widely used oxybutryn appears to be
acceptable. The diagnostic application of a mydriatic agent is harmless. A diarrhea
attack should not be treated routinely with anticholinergics.

2.5.9 Cholinergics

Many case reports on the use of cholinesterase inhibitors such as pyr-
idostigmine and neostigmine in pregnancy have been published. Both
cross the placenta. Primarily pyridostigmine has been used for the treat-
ment of the autoimmune disease myasthenia gravis. Based on these
experiences, cholinergics have no teratogenic potential in humans.
The myasthenic symptoms observed in 10-15% of babies born to
mothers with myasthenia gravis are caused by the placental transfer of
receptor-blocking antibodies and not by medication.

There is insufficient data on the use of cholinergic anethole trithione
for the treatment of dry mouth, ambenonium, bethanechol, carbachol,
distigmine, edrophonium, and the antidote physostigmine during preg-
nancy. Nevertheless, teratogenic problems are unlikely, specifically for
the widely used drugs carbachol, distigmine, and physostigmine.

For treatment of the Lambert-Eaton myasthenic syndrome 3,4-diami-
nopyridine (approved as amifampridine) is used; it is not a cholinergic
but a potassium channel blocker. Few case reports on its application
in pregnancy have been published, indicating that it is well tolerated
(Pelufo-Pellicer 2006).

Recommendation. Under appropriate indications neostigmine, pyridostig-
mine, distigmine, carbachol, and physostigmine may be used during pregnancy.
If another medication of this group has been used during the first trimester, fetal

ultrasound may be offered.

2.5.10 Constipation during pregnancy

Constipation refers to infrequent defecation with hardened feces,
whereby a bowel movement every three days may still be normal. Up
to 40% of all pregnant women may complain of symptoms of con-
stipation. Hormonal changes during pregnancy lead to relaxation
of the smooth muscle of the intestines and thus increase the gastroin-
testinal transit time. The enhanced absorption of water and electro-
lytes during pregnancy also favors constipation. Dietary habit changes
and diminished activity during pregnancy may be additional causative
factors.

The first therapeutic step should be to improve the situation by using
foods rich in fiber and adequate liquids (about 2 liters per day), and by
increasing physical activity. When these measures are not successful, it may
become necessary to use laxatives to accelerate transit time within the intes-
tinal tract.
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Efforts need to be made to counteract habituation to these agents and
an evolving abuse that could follow with higher doses, such as the loss of
water, electrolyte imbalance, and, in the late stage of pregnancy, uterine
contractions which could endanger the fetus.

[ 4 Bulking agents

Non-absorbable substances that increase their volume when absorbing
water enhance intestinal peristalsis. This group of laxatives includes food
items with a high content of cellulose such as linseed, wheat bran and
wheat germ, as well as agar-agar, guar gum, carboxymethyl cellulose,
methyl cellulose, sterculia, and psyllium seed husks (Plantago ovata).
They are all deemed safe during pregnancy.

| 4 Osmotic laxatives

Lactulose, a hard to cleave disaccharide with an osmotic effect, and its
analog, lactitol, are widely used and well tolerated when taken in mod-
eration. The poorly absorbed sugar alcohols sorbitol and mannitol have
a similar effect when used orally or rectally, but are less tested and rarely
available as laxatives.

Macrogol has a high molecular weight and acts as a laxative by increas-
ing the liquid contents of the intestine. It is not absorbed enterally and is
well tolerated.

Saline laxatives such as sodium sulfate (Glauber’s salt) and
magnesium sulfate (Epsom salt) have decreased in importance.
Potassium-sodium tartrate, magnesium citrate, potassium bitartrate,
and potassium citrate are also used. All of them act osmotically.
Isotonic solutions are recommended because hypertonic solutions
have the disadvantage that they remove significant quantities of fluid
from the body.

Generally, magnesium sulfate can inhibit contractions, but when
given orally as a laxative this effect is barely detectable. Magnesium
sulfate is primarily contraindicated in pregnant women with dis-
eases of the heart, circulation, and kidneys, as in these situations the
absorption of magnesium ions brings on an additional burden. When
using sodium sulfate at normal dosing, the absorption of sodium ions
is negligible.

| 4 Triarylmethanes

The triarylmethane derivatives bisacodyl and sodium picosulfate work
as laxatives by stimulating the peristalsis of the colon.

About up to 5% of bisacodyl can be absorbed. Neither of the two
agents has been shown to have teratogenic or specific fetotoxic effects.

[ 4 Anthraquinone derivatives

Anthraquinone derivatives with a laxative effect can be found in a
number of plants: Senna leaves or fruits, rhubarb root, alder tree bark,
cascara bark and aloe (see Chapter 2.19). The laxative effect is elicited by
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direct stimulation of the musculature of the colon. Anthraquinone deriv-
atives are present as glycosides. After the sugar part has been cleaved
off in the intestine it is absorbed to some degree and eliminated through
urine (discoloration!). Anthraquinones are apparently not teratogenic. It
is debatable whether they have a stimulating effect upon the uterine mus-
culature, also if there is a risk of meconium release in the fetus triggered
directly by aloe’s active ingredient aloin.

Therefore, anthraquinone derivates are to be avoided during
pregnancy.

4 Castoroit |

Lipases in the small intestine release ricinoleic acid from castor oil,
which irritates the mucosa and thus leads to a laxative effect. Castor oil is
a purging agent with a drastic effect not suited for long-term therapy. In
humans no specific embryotoxic effects are known. Some authors cau-
tion that it may trigger uterine contractions. In the context of a “natural”
initiation of labor it has been used mixed with, for instance, orange juice.

A single application of castor oil is acceptable if really needed. How-
ever, castor oil should not be used in the last trimester as it could possibly
enhance uterine contractions.

g Lubricants |

Viscous paraffin oil, paraffinum subliquidum, inhibits the absorption of
fat-soluble vitamins (e.g. vitamin K) and can therefore interfere with fetal
development. The fact that small amounts are absorbed and can trigger
granulomatous reactions, as well as the risk of pulmonary damage after
aspiration (lipoid pneumonia), limit the therapeutic value of viscous par-
affin in general. It is contraindicated in pregnancy.

Docusate is an anionic detergent that increases lubrication for the con-
tents in the colon. While interfering with the functioning of the intes-
tinal mucosa docusate increases the absorption of some medications.
Further, there is a report of a newborn that displayed a clinically evident
hypomagnesemia after the mother had taken a high dose of docusate
(Schindler 1984).

Bonapace and Fisher (1998) did not find an increased risk of malfor-
mations when docusate was used during pregnancy. Docusate is mainly
available in combination with glycerol.

Glycerol is available even for infants in a rectal application. It is a
trivalent alcohol that increases the stimulation to defecate. An osmotic
effect leads to the secretion of water into the intestinal lumen resulting in
a softening of the stool.

As a mono-preparation glycerol is harmless and to be preferred to its
combination with docusate.

[ 4 Other medications for constipation

There are no reported experiences in pregnancy with methylnaltrexone
that is available for subcutaneous injection for patients with constipa-
tion due to opioids, and with prucalopride, a selective serotonin receptor
(5-HT4) agonist.

Pregnancy
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Recommendation. If the conversion to a diet rich in fiber is not sufficiently
effective, bulking agents may be used. After the bulking agents, lactulose and
macrogol are the drugs of choice during pregnancy. If those fail, a short-term
application of bisacodyl is acceptable. Also, glycerol may be used rectally, when
indicated. Sodium picosulfate, sodium sulfate, and mannitol and sorbitol rectally
are acceptable. Restraint is advised in the use of docusate and magnesium sulfate.

Anthraquinone derivatives, paraffin, and, if possible, castor oil are not to be
used.

2.5.11 Antidiarrheal agents

In cases of acute diarrhea during pregnancy, priority is to be given to
symptomatic therapy with fluid replacement and balancing of electro-
Iytes. If infectious enteritis has an invasive course (bloody stools, high
fever), diagnostic clarification is mandatory and antibiotic treatment may
be necessary.

Diphenoxylate is available for inhibiting intestinal motility. It is a peth-
idine derivative, which reacts with opiate receptors, but it does not have
analgesic properties.

Loperamide is related to diphenoxylate with respect to structure and
action. Only a small portion of it is absorbed. In a prospective study
of 105 pregnant women who took loperamide (89 of them exposed in
the first trimester), no evidence of teratogenic effects was seen. Nota-
ble, however, was that the birth weight of newborns was on average
200 g lower than controls when mother were continuously treated
(Einarson 2000). An analysis of data of the Swedish Birth Registry with
638 loperamide-treated pregnant women noted a slightly increased
risk of malformation, but, as the author admits, exposure time, dura-
tion and application dosage were not, or were only partially, known.
The statistically elevated risk for hypospadia, placenta previa, high birth
weight and caesarean section was considered to be a random event due
to multitesting (K&llén 2008).

Racecadotril, a prodrug of tiorphan, works by inhibiting a cell mem-
brane peptidase (enkephalinase) as an antisecretory agent in the intes-
tine. There are no reports about its use in pregnancy.

Regarding tannin and albumin tannate, agents that are not apprecia-
bly absorbed, there are no indications of specific embryotoxic effects, but
also hardly any documented pregnancy experiences.

Medical charcoal, apple pectin and similar agents do not present a
danger for the pregnancy.

Oral ethacridine lactate is effective primarily locally in the intestine
at a local level, and almost none of it is absorbed. It has astringent and
antibacterial effects and some spasmolytic activity. As little of it becomes
biologically available, an increased risk for malformation appears to be
unlikely.

Recommendation. It is rare that acute diarrhea requires a treatment that would
exceed dietetic measures. Charcoal and apple pectin are safe. If it really becomes
necessary to impede intestinal motility any further, loperamide may be used, pref-
erably after the first trimester. Oral intake of albumin tannate and ethacridine
lactate is likely to be harmless.
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2.5.12 Medications for inflammatory bowel disease

Crohn’s disease and ulcerative colitis are the major exponents of IBD,
a group of potentially disabling disorders characterized by chronic or
relapsing inflammation within the gastrointestinal tract which is often
associated with the involvement of other organs. The flare-up risk of IBD
during pregnancy usually depends on the disease status at conception:
if before or at conception the patient was in remission, the course of the
pregnancy generally takes a favorable direction and flare-ups are usually
mild and responsive to medical treatment. An active disease increases
the risk of miscarriage, premature birth, low birth weight, and perina-
tal complications. Naturally, exacerbations need to be treated during
pregnancy in order to improve the pregnancy outcome. In view of the
risk-benetfit ratio the therapy has to be determined for each patient based
on the individual course (Pedersen 2013, Bortoli 2011, Mowat 2011,
Dignass 2010, van der Woude 2010, Cassina 2009, Travis 2008). This
applies also for a therapy during the remission phase of an unplanned
pregnancy.
The following medications are available:

m corticoids, such as rectal or oral budesonide or systemic prednisone,
prednisolone and methylprednisolone (see Chapter 2.15)

m 5-aminosalicylic acid (5-ASA) preparations: mesalazine, olsalazine,
balsalazide and sulfasalazine (see below)

m the immuno-suppressive azathioprine/6-mercaptopurine/thioguanine
(see Chapter 2.12)

m biologic agents such as infliximab, adalimumab, etanercept, certoli-
zumab and natalizumab (see Chapter 2.12)

m low-dose methotrexate (see Chapter 2.12)

m selective immunosuppressants (see Chapter 2.12) may be considered
as back-up drugs.

Other drugs usually used in the treatment of IBD are antibiotics,
PPIs and probiotics. The antibiotics metronidazole, ciprofloxacin and
clarithromycin may be used during pregnancy if necessary (see Chapter
2.6). Omeprazole is the PPI of first choice (see Section 2.5.4). Probiotics
derived from, for example, Escherichia coli, Lactobacillus and Bifido-
bacterium spp. have not been investigated but can be considered safe
because they are not adsorbed.

Salazosulfapyridine or sulfasalazine, a combination drug with a sul-
fonamide and 5-ASA, has been the drug of choice for ulcerative colitis
for a long time. Concerns that the sulfonamide, when given prenatally,
might favor kernicterus in the newborn are theoretically plausible, but
practically insignificant. Sulfasalazine is also an inhibitor of dihydrofo-
late reductase.

In most cases the anti-inflammatory portion of sulfasalazine, 5-ASA,
is equally effective in the management of IBD as a single drug mesala-
zine and is currently a first-line drug in the treatment of IBD. Olsalazine
is a double molecule consisting of two mesalazine parts and is used to
prevent recurrences of IBDs. The compatibility with embryonic devel-
opment is similar as that of mesalazine. Balsalazide is a pro-drug and is
metabolized to 5-ASA in the colon.

Sulfasalazine and mesalazine have been well investigated; fewer
data are available for olsalazine and balsalazide. Up to now, no animal
and human studies have demonstrated a consistent teratogenic effect
of these drugs. Many varied experiences support that sulfasalazine
and mesalazine are well tolerated by mother and fetus throughout
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pregnancy. Studies on 157, 165, and 123 pregnant women (Norgard
2007, Diav-Citrin 1998, Marteau 1998) failed to detect an increased
developmental risk. A meta-analysis including seven studies on the
tolerance of the 5-ASA substances sulfasalazine, mesalazine, balsal-
azide, and olsalazine with 642 exposed pregnancies did not find an
increased risk when compared to 1,158 pregnant women with IBD
who were not treated with medication. There was no increase in mis-
carriages, premature births, and low birth weights (Rahimi 2008).
One small study on the effects of topic 5-ASA during pregnancy did
not show an increase of congenital anomalies or poor pregnancy out-
comes (Bell 1997).

A case report of a newborn with renal functional disturbances whose
mother had taken 2-4 g/d mesalazine from the third to the fifth month
has been published (Colombel 1994). The authors’ suggestion that
this was caused by 5-ASA’s prostaglandin antagonism has not been
accepted by others. While up to 50% of orally given mesalazine is
adsorbed, only small amounts cross the placenta and reach the fetus.
This may also explain why so far no cases of premature closure of the
ductus arteriosus have been observed when treatment took place after
the 30th gestational week. On the other side, a publication described
similar concentrations of mesalazine in maternal and umbilical blood
(Christensen 1994).

Paternal exposure: Sulfasalazine may lead to a reversible reduction in
the number and motility of sperm (e.g. Toovey 1981, Toth 1979).

Recommendation. An Inflammatory bowel disease requires treatment accord-
ingly with its degree of intensity in the pregnancy. Flare-ups of the disease activity
should be treated appropriately since they have been associated with fetal and
maternal adverse effects. Mesalazine is the drug of choice for treatment of IBD and
has to be dosed as high as medically necessary.

Olsalazine may be prescribed, too. Sulfasalazine is more useful in cases of
extra-intestinal manifestations.

Corticosteroids may be used during pregnancy, locally or systemically, when
indicated (see Chapter 2.15). Azathioprine may also be taken during pregnancy
when it becomes necessary. The same holds for 6-mercaptopurine and, in a more
limited way, for 6-thioguanine. Biological agents such as infliximab and adali-
mumab are only to be used when the aforementioned agents have failed (see
Chapter 2.12); their use specifically during the second trimester should be criti-
cally assessed as they easily cross the placenta. Methotrexate and mycophenolate
mofetil are contraindicated.

2.5.13 Chenodeoxycholic acid and ursodeoxycholic acid

Chenodeoxycholic acid and ursodeoxycholic acid (UDCA) or a combina-
tion of both are usually used in the treatment of cholesterol-containing
gallstones, chronic cholestatic liver diseases and intrahepatic cholestasis
of pregnancy.

The formation of gallstones with cholesterol is favored during preg-
nancy presumably due to a lessened contractility of the gall bladder.
This effect is apparently not due to the also observed increase on
the cholesterol concentration in the biliary fluid (Braverman 1980).
Ursodeoxycholic acid (UDCA) is effective in cases of hepatocellular
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damage induced by bile acid, thus foremost in cholestatic diseases
such as primary biliary cirrhosis. Continuous therapy will be neces-
sary as it is a symptomatic treatment.

At the time of writing, there have been no definite studies on the use of
UDCA during the first trimester of pregnancy, and no reports of embryo-
toxicity have been reported. In the Berlin TIS databank there are 55
pregnancies with UDCA exposure during the first trimester and no mal-
formations were observed. So far, only four cases have been published
with exposure during the first trimester (Zamah 2008, Korkut 2005).
Malformations and liver damage have been observed in animal experi-
ments when these medications were administered; a corresponding find-
ing has not been observed in humans.

Meaningful investigations assessing the safety of UDCA during the
second part of pregnancy are present, most of all for the management of
gestational cholestasis (e.g. Joutsiniemi 2013, Bacq 2012, Binder 2006,
Liu 2006, Glantz 2005, Roncaglia 2004).

A comparative study of 84 women with gestational cholestasis tak-
ing either UDCA or cholestyramine indicated marked advantages for the
use of UDCA. It decreased itching more effectively, resulted in less pre-
maturity, and brought liver values to lower levels (Kondrackiene 2005).
UDCA treatment is able to prevent intrauterine death from gestational
cholestasis.

There is no documented experience with the use of chenodeoxycholic
acid in pregnancy.

Recommendation. Chenodeoxycholic acid and UDCA should be avoided during
the first three months of pregnancy. If a patient conceives during therapy, the med-
ication should be discontinued, if possible. Exceptions are chronic cholestatic liver
diseases, such as primary biliary cirrhosis, that may have to be treated throughout
pregnancy with UDCA. Gestational cholestasis may be treated with UDCA. After
exposure during the first trimester, a follow-up sonogram may be offered to verify
normal fetal development.

2.5.14 Lipid lowering agents
| 4 Clofibric acid derivatives and analogs

Fibrates are lipid reducer drugs that act on the triglycerides and, to a
limited extent, on cholesterol. In the treatment of hypercholesterol-
emia fibrates represent an outdated treatment approach; the superior-
ity of statins has been documented. Treatment with fibrates is further
compromised by suspected carcinogenicity, hepatotoxicity, and immune
reactions. Moreover, as the fetus has a diminished ability to conjugate
glucuronides, it is possible that toward the end of pregnancy fibrates
accumulate in the fetus.

Pharmacologically and toxicologically bezafibrate, etofibrate, fenofi-
brate, ciprofibrate and gemfibrozil appear similar to clofibrate that has
been withdrawn from the market in several countries because of severe
side effects.

Gemfibrozil is useful (as a back-up medication) for the management
of severe hypertriglyceridemia and combined hypertriglyceridemia and
hypercholesterolemia, more so when there is a high risk for pancreatitis.
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A pregnant woman who developed a pancreatitis with severe hyperlipid-
emia has been treated successfully with fenofibrate (weeks 32-35) deliv-
ering a healthy boy (Whitten 2011).

Experiences with the above-mentioned medications are inadequate for
a risk assessment. However, there is no evidence of a significant terato-
genic potential in humans.

Recommendation. Fibrates should not be prescribed during pregnancy.

g Statins |

Statins are cholesterol reducers, which inhibit the 3-hydroxy-3-meth-
ylglutaryl coenzyme A (HMG-CoA) reductase, an enzyme critical
for the cholesterol biosynthesis. Atorvastatin, fluvastatin, lovastatin,
simvastatin, and pitavastatin are lipophilic drugs, while pravastatin
and rosuwvastatin are hydrophilic. Cerivastatin was removed from the
market in 2001 as it leads to severe rhabdomyolysis, sometimes with
lethal outcome.

Indisputably, statins have a beneficial effect in secondary preven-
tion in patients who have manifested a cardiovascular disease. Less
clear is the situation regarding their use for primary prevention. Thus,
a recent meta-analysis failed to find a reduction in the mortality when
statins were used in patients without preexisting cardiovascular dis-
ease (Ray 2010).

There are theoretical concerns about the use of these medications in
pregnancy, when an undisturbed cholesterol synthesis is important. A
number of malformations, such as holoprosencephaly, other central ner-
vous system (CNS) malformations, and limb defects (Edison 2004), have
been observed in newborns prenatally exposed to simvastatin and other
lipophilic statins. Since the binding of cholesterol to the sonic hedgehog
homolog (SHH) protein is necessary for normal embryogenesis, it has
been debated if the above-mentioned malformations are connected to
a defective pathway of SHH protein. Moreover, there is some suspicion
that statins can influence the development of the embryo and fetus by
blocking the synthesis of cholesterol.

Apart from an analysis of 70 retrospective case reports of the American
Food and Drug Administration (FDA) (Edison 2004) where CNS and
limb abnormalities were discussed as a possible risk - although doubted
by other authors (e.g. Gibb 2005) - there are no other studies suggesting
a risk of embryonic/fetal development.

Positive experiences with the use of statins during pregnancy covers
more than 600 women exposed to them. One manufacturer reports
about 225 prospectively ascertained pregnancies where simvastatin
or lovastatin was used. Retrospective case reports were also analyzed
(Pollack 2005). They did not reveal an increased risk of malforma-
tions, nor did two prospective studies with 64 (Taguchi 2008) and
249 (Winterfeld 2013) pregnant women exposed in the first trimes-
ter. An investigation with registry data of 64 pregnancies with expo-
sure to statins did not find an increased risk when compared to a
fibrate group and a control group with affected women not taking
any medication (Ofori 2007). Evaluation of the data of the National
Birth Defect Prevention Study and the Slone Epidemiology Center
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Birth Defects Study failed to reveal a malformation pattern (Petersen
2008). In these studies children displayed malformations, and 13 and
9, respectively, had been exposed to statins, but none displayed hol-
oprosencephaly or other CNS abnormalities or limb malformations.
The methods applied to collect the data in different studies and their
low case numbers do not allow a reliable assessment of risk. However,
the data do not suggest that statins are teratogenic in humans.

When interpreting these data it should be recognized that the mothers
have significant comorbidity, such as obesity, diabetes mellitus, hyperten-
sion, and preeclampsia.

Recommendation. Statins used for primary prevention should be discontinued
when planning a pregnancy, or at the very latest when a (unplanned) pregnancy is
diagnosed, as the therapeutic benefit still has not been proven, and harm for the
mother is not to be expected when therapy is withheld during the duration of her
pregnancy. However, for women with severe metabolic disease an individual deci-
sion should be made weighting risks and benefits. If statins were prescribed for
secondary prophylaxis after a cardiovascular event, they may be continued in preg-
nancy as well, if this is deemed necessary. In this case, proven medications such as
simvastatin are to be preferred. After statin exposure during the first trimester, a
detailed fetal ultrasound should be offered to ascertain normal fetal development.

|4 Colestyramine

Colestyramine, also cholestyramine, is an anion exchange resin that is
not adsorbed by the gastrointestinal tract. It binds with bile acids forming
an insoluble complex that is eliminated with the feces. As a result serum
cholesterol and low-density lipoproteins are reduced. Colestyramine is
used in the treatment of dyslipidemia, chronic cholestatic liver diseases
and intrahepatic cholestasis of pregnancy. Ursodeoxycholic acid, how-
ever, is more effective in the treatment of hitching due to gestational
cholestasis (Kondrackiene 2005).

Case reports with colestyramine do not show any signs of teratogenic-
ity (Landon 1987). This is further supported by a recommendation of the
manufacturer to use colestyramine as a washout therapy (3x daily 8 g
over 11 days) when there had been an accidental leflunomide treatment
during pregnancy. In the largest prospective study assessing the com-
patibility of leflunomide in the first trimester, 61 pregnant women had
received colestyramine (Cassina 2012, Chambers 2010). Evidently, it was
well tolerated when taken for a short time.

Moreover, there is a theoretical risk for fetuses because colestyramine
binds not only to bile acids but also to other lipophilic agents such as
fat-soluble vitamins and medications. Two case reports describe severe
brain hemorrhage in fetuses after exposure to colestyramine and discuss
a vitamin K deficiency due to the pharmacologic therapy of the mother
(Sadler 1995, and from unpublished own data).

Other bile acid sequestrants that are not adsorbed by the gastrointes-
tinal tract are colestipol and colesevelam. These medications have not
been sufficiently studied for pregnancy effects, but there have not, as yet,
been indications of specific teratogenic effects. As with the related agent
cholestyramine, they can bind and impede the absorption of a variety of
nutrients.
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Recommendation. When UDCA cannot be used for the treatment of gestational
cholestasis, colestyramine may be used. When absolutely necessary, colestyramine
may also be used to lower a high lipid level. If given for a longer time, the need
for the supply of fat-soluble vitamins has to be considered, although these have
to be taken at a different time from colestyramine. A washout therapy may be
conducted when leflunomide has been used.

[ 4 Other lipid-lowering drugs

Fish oil contains the omega-3 fatty acids (eicosapentaenoic, docosahex-
aenoic and linoleic acids) that are thought to reduce triglyceride levels.
The mechanism of action remains unclear and the effectiveness in terms
of any reduction of vascular problems is unproven.

Nicotinic acid, a water-soluble B-vitamin, and its derivative acipimox
are used in the treatment of hypertriglyceridemia but their mechanism of
action has not been fully explained. Nicotinic acid often triggers a flush,
and to control this side effect, a combination drug with Laropiprant and
nicotinic acid has been released. Laropiprant is a prostaglandin D2 recep-
tor 1 antagonist that has its own side effect profile. It has not yet been tested
whether this therapy has a positive effect upon cardiovascular endpoints.

Ezetimibe selectively inhibits the intestinal resorption of cholesterol
from food and bile. It may be used in combination with statins, when
these are not effective alone. There is some concern that the combination
of these two cholesterol-lowering drugs could lead to a higher incidence
of myopathy and hepatitis with elevations of transaminases.

Lomitapide is a new medication used in the treatment of homozygous
familial hypercholesterolemia as a single drug or in association with
other lipid reducers; it reduces the serum cholesterol levels inhibiting
the microsomal triglyceride transfer protein (MTTP), which is necessary
for very low-density lipoprotein (VLDL) assembly. Experiences in preg-
nancy are not available for the above-mentioned drugs.

Recommendation. Fish oil preparations lack proof of effectiveness and are not
recommended. The other lipid-lowering agents mentioned here should not be pre-
scribed as they lack safety data.

2.5.15 Appetite suppressants, weight loss medications,
and obesity

Amfepramone (diethylpropion), clobenzorex, fenproporex, mefenorex,
norpseudoephedrine (cathine), phentermine and phenylpropanol-
amine are sympathomimetic drugs and belong to the class of appetite
suppressants.

Most anorectics have been taken off the market in Europe, even dexfen-
fluramine worldwide, because of cardiac side effects. On the basis of experi-
mental results, and single case observations, concerns have been repeatedly
expressed about the use of appetite suppressants in pregnancy. It has been
pointed out that these drugs have a similar potential as amphetamines in
reducing vascular perfusion that theoretically could lead to vascular dis-
ruption-related birth defects. Some authors discuss embryotoxic damage
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such as neural tube defects which could be caused by disturbances in tem-
perature regulation or ketoacidosis induced by weight loss (Robert 1992).
A study by the European Network of Teratology Information Services
(ENTIS) with 168 pregnancies primarily exposed to dexfenfluramine did
not reveal any teratogenic properties of appetite suppressants (Vial 1992).

Approval of the serotonin- and noradrenaline-reuptake inhibitor
sibutramine was withdrawn in 2010 as this agent is structurally related
to amphetamines that present a negative risk-benefit profile, namely
increased cardiovascular incidences and little reduction in weight. A case
series with 52 pregnant women (de Santis 2006), and publications of over
10 and 2 pregnancies, respectively (Einarson 2004, Kardioglu 2004), did
not display a specific risk when it was used in the first trimester.

Orlistat, a lipase inhibitor, is a weight-loss drug little of which is absorbed
by the gastrointestinal tract, making it unlikely that it will induce teratogenic
effects. There is a case reported by Kalyoncu (2005) that discusses the birth
of a healthy mature girl after exposure until the eighth gestational week.

Obesity increases worldwide and occurs more commonly in younger
people. According to the latest estimates in European Union countries,
overweight (BMI =25 kg/m?) affects 30-60% of adult women, and obesity
(BMI =30 kg/m?) affects 9-30% of adult women (European Commission
2010, WHO, IASO).

According to a study in the USA from 2007/2008, 34% of women in
the age group of 20-39 years are obese (BMI =30 kg/m?) and 18.9% have
a BMI =35 kg/m? with increasing tendency (Carmichael 2010).

Depending on the amount of the obesity there is a 2- to 3-fold
increased risk of neural tube defects while the link to other malforma-
tions remains unclear (Agopian 2013, Gao 2013, McMahon 2013, Yang
2012, Carmichael 2010). Cardiac malformation, cleft lip and palate, ano-
rectal atresia, hydrocephalus, and limb defect are 1.2-1.7 times more
common according to a meta-analysis (Carmichael 2010).

In obese women complications of pregnancy increase with the BMI, such
as hypertension, preeclampsia, gestational diabetes, fetal and neonatal mac-
rosomia, caesarean sections, shoulder dystocia, fetal hypoxia, and neonatal
infections; such problems were also noted in obese pregnant women without
diabetic metabolic problems (Blomberg 2013, Bonnesen 2013, Cnattingius
2013, Minsart 2013, Catalano 2012, Marshall 2012, HAPO Study Cooper-
ative Research Group 2010, American Dietetic Association 2009).

Recommendation. Obese women require expert pregnancy management.
Appetite suppressants are contraindicated during pregnancy. Accidental use does
not justify a risk-based pregnancy termination (see Chapter 1.13). In the case of
abuse or long-term use during pregnancy, as well as after a considerable loss of
weight in early pregnancy, a detailed fetal ultrasound is recommended to evaluate
morphologic development; screening for neural tube defects using maternal serum
or amniotic fluid a-fetoprotein can be considered.
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Infections may be hazardous to the health of the mother, the course
of pregnancy, and the unborn child. They can lead to premature labor
or premature rupture of membranes and thereby increase the risk for
spontaneous abortion and prematurity. Furthermore, certain germs can
pass to the unborn child and harm it directly. Therefore, an anti-infective
treatment which should be both effective and safe for the mother and the
unborn child is often required. The use of penicillins and older cepha-
losporins is well documented and considered to be safe. Consequently,
they are the drug of choice during pregnancy. In selected cases of bacte-
rial resistance or intolerance to first-line antibiotics, other anti-infective
agents might be recommended. Especially for life-threatening infections,
a therapy with not so well-tried agents might be needed. The potential
benefit of treatment in such cases most often outbalances the potential
risk for the unborn child.

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00007-X
Copyright © 2015 Elsevier B.V. All rights reserved.



116 2.6.1 Penicillins and B-lactamase inhibitors

2.6.1 Penicillins and p-lactamase inhibitors

Penicillins belong to the p-lactam antibiotics. They inhibit cell-wall syn-
thesis in bacteria and have bactericidal properties. The group of pen-
icillins includes amoxicillin, ampicillin, azidocillin, bacampicillin,
benzylpenicillin (penicillin G), carbenicillin, cloxacillin, dicloxacillin,
flucloxacillin, mezlocillin, oxacillin, phenoxymethylpenicillin (penicillin V),
piperacillin, pivmecillinam, propicillin, and ticarcillin.

Penicillins cross the placenta and can be detected in the amniotic
fluid. In thousands of studied pregnancies over the past decades,
no indications were seen to show that treatment with penicillins is
embryo- or fetotoxic (e.g. Cooper 2009, Jepsen 2003, Dencker 2002,
Czeizel 2000a, 2001a). Nevertheless, a few studies have discussed
an association with cleft palate and maternal use of amoxicillin or
ampicillin (Lin 2012, Puh6 2007). Lin (2012) discussed an abso-
lute cleft risk of 2-4 per 1,000, a quite modest increase compared
to the background risk. Molgaard-Nielsen (2012) could not find an
increased risk for oral clefts after intrauterine amoxicillin exposure;
but they saw an increased risk for cleft palate after pivmecillinam
exposure in the third month. In one investigation of more than 2,000
pregnant women exposed to pivmecillinam - more than 500 of them
in the first trimester - found neither an increased malformation rate
nor other abnormalities in the newborns (Vinther Skriver 2004).
Pregnant women who are treated with penicillin for syphilis may
develop the Jarisch-Herxheimer reaction - a febrile reaction, often
with headache and myalgia. Fetal monitoring is recommended in
such cases, as uterine contractions may occur (Myles 1998). The
carboxypenicillins carbenicillin and ticarcillin also did not show any
adversde effects in animal experiments, but experience in humans is very
limited.

Clavulanic acid, sulbactam, and tazobactam are p-lactamase inhibitors
that are prescribed in combination with a penicillin. Fixed combinations
are for example, clavulanic acid plus ampicillin, sulbactam plus ampicil-
lin and tazobactam plus piperacillin. Sultamicillin is an orally available
prodrug of ampicillin and sulbactam that is rapidly cleaved in the body
into both components. So far as studied, p-lactamase inhibitors cross
the placenta and reach the fetus in relevant quantities. Malformations
have not been observed in animal experiments or in humans (Berkovitch
2004, Czeizel 2001a).

In a large, randomized multicenter trial, the prenatal use of ampicil-
lin and clavulanic acid was associated with a significant increase in the
occurrence of neonatal necrotizing enterocolitis (Kenyon 2001); other
studies could not confirm this concern (Ehsanipoor 2008).

The clearance of penicillin and p-lactamase inhibitors is increased
during pregnancy, leading to a discussion that it might be necessary to
adjust dose and administration intervals during pregnancy (Heikkild
1994). Muller (2008) failed to observe any relevant differences in the
pharmacokinetics when studying 17 women who received amoxicillin for
premature rupture of membranes.

Recommendation. Penicillins belong to the antibiotics of choice during preg-
nancy. Where bacterial resistance studies are indicated, penicillins may be com-
bined with clavulinic acid, sulbactam, or tazobactam.
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2.6.2 Cephalosporins

Like penicillins, cephalosporins belong to the p-lactam antibiotics. They
inhibit the cell wall synthesis of bacteria and have a bactericidal effect.
Cephalosporins are classified according to their antimicrobial activity.

Cephalosporins of the first generation include cefadroxil, cefazolin,
cephalexin, cephalotin, and cephradine. To the second generation belong
cefaclor, cefamandole, cefdinir, cefditoren, cefmetazole, cefotetan, cefo-
tiam, cefoxitin, cefprozil, cefuroxime, and the carbacephem loracarbef
that is related to the cephalosporins. The third generation contains cef-
dinir, cefditoren, cefixim, cefoperazone, cefotaxime, cefpodoxim, ceftazi-
dime, ceftibuten, ceftizoxime, and ceftriaxone. Cefepime and cefpirome
are fourth generation cephalosporins. The new cephalosporins ceftaro-
line and ceftobiprole have been assigned to the fifth generation, and are
indicated for severe infections with methicillin-resistant staphylococci
(MRSA) and other multi-resistant germs.

Cephalosporins cross the placenta and are detectable in the amniotic
fluid at bactericidal concentrations. Elimination in pregnant women
is faster, and it may be necessary to adjust dosage (Heikkild 1994).
According to observations so far, e.g. about cefuroxim during the first
trimester (Berkovitch 2000), cephalosporins do not cause teratogenic
problems at therapeutic doses (Czeizel 2001b). Normal physical and
mental development has been confirmed in children up to the age of 18
months, where mothers had been treated with cefuroxim during preg-
nancy (Manka 2000).

Recommendation. Like penicillins, cephalosporins belong to the antibiotics
of choice during pregnancy. Whenever possible, well established cephalosporins
should be used preferentially, e.g., cefaclor, cefalexin, and cefuroxim.

2.6.3 Carbapenems and monobactams

Like all g-lactam antibiotics, carbapenems and monobactams inhibit
bacterial cell wall synthesis and thus are bactericidal. Generally,
they are well tolerated and act as broad-spectrum antibiotics. The
carbapenems include doripenem, ertapenem, meropenem, and imipe-
nem. Imipenem can only be obtained in combination with cilastin
which itself has no antimicrobic activity. Cilastin specifically inhibits
the enzyme dehydropeptidase-1 and blocks the rapid degradation of
imipenem. Aztreonam is the first monobactam available for clinical
applications.

As far as is known, both carbapenems and monobactams cross the
placenta and reach the fetus in relevant quantities (Heikkild 1992). Ani-
mal studies and human experience do not show malformations or other
undesirable effects; however, systematic investigations have not been
conducted. Specifically, there are hardly any experiences in pregnancy
with the newer carbapenems - doripenem and ertapenem.

Recommendation. Aztreonam, imipenem, and meropenem may be used when
resistance testing indicates that they are needed. Doripenem and ertapenem
should only be used in pregnancy when no alternatives are available.
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2.6.4 Erythromycin and other macrolides

Pharmacology

Erythromycin and other macrolides inhibit bacterial protein synthesis
and are bacteriostatic. Macrolides are primarily applied in the treatment
of infections with Gram-positive germs, but are also effective against
Haemophilus influenzae and intracellular pathogens such as chlamydia.
Macrolides offer an alternative for patients with penicillin allergy.

Erythromycin is the oldest medication of this group. Its resorption can
be delayed in the third trimester. Gastrointestinal side effects can lead
to lower than therapeutic plasma concentrations, resulting in treatment
failure (Larsen 1998). Only 5-20% of the maternal erythromycin con-
centration is obtained in the fetus. Therefore, erythromycin is not a suffi-
ciently reliable drug for fetal or amniotic infections.

The newer macrolide antibiotics azithromycin, clarithromycin, diri-
thromycin, josamycin, midecamycin, roxithromycin and froleandomy-
cin have a similar antibacterial spectrum as erythromycin, but to some
degree less gastrointestinal side effects. Spiramycin is used for toxoplas-
mosis in the first trimester.

Telithromycin is the first ketolide antibiotic for clinical use. It is struc-
turally related to erythromycin.

Toxicology

Erythromycin has always been considered a safe and effective antibiotic
during pregnancy. Data on several thousand first trimester exposures do
not support an association between erythromycin and congenital mal-
formations (e.g. Czeizel 1999a). However, an analysis of the data from
the Swedish Birth Registry showed a weakly significant increase in mal-
formations in 1,844 children whose mothers took erythromycin in early
pregnancy compared to offspring whose mothers used phenoxymethyl-
penicillin (Kéllén 2005a). This was based on an increased rate of cardio-
vascular malformations, especially ventricular and atrial septal defects.
An update of the Swedish data verified an association between the use of
erythromycin during early pregnancy and cardiovascular defects (K&llén
2014). An increased incidence of pyloric stenosis was discussed by the
same author (Killén 2005a). This observation after intrauterine exposure
in the first trimester is biologically not plausible; but it should be men-
tioned that a link has been suggested between a neonatal treatment with
erythromycin during the first two weeks and the development of pylorus
stenosis (e.g. Mahon 2001). Other studies have failed to find a higher rate
of septum defects, pyloric stenosis or other malformations (Bahat Dinur
2013, Lin 2013, Romeren 2012, Malm 2008, Cooper 2002, Louik 2002).
In summary, the experiences argue against an increased embryo- and
fetotoxic risk for erythromycin.

There are several reports of maternal hepatotoxic changes when eryth-
romycin estolate was administered in the second half of pregnancy. These
women developed a cholestatic icterus during the second week of treat-
ment that abated within weeks when the treatment was discontinued,
without evidence of permanent damage or signs of fetal compromise (e.g.
McCormack 1977).

Aczithromycin, clarithromycin and roxithromycin have also been stud-
ied in several publications without any indication of embryo- or fetotoxic
effects (Bar-Oz 2012, Bar-Oz 2008, Chun 2006, Sarkar 2006, Drinkard
2000, Einarson 1998). In the case of clarithromycin, there was some
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initial concern as animal experiments demonstrated teratogenic effects,
and for instance, in some studies cardiovascular defects were induced
in rats. Recently a Danish cohort study based on a prescription register
observed an increased risk of miscarriage after clarithromycin in early
pregnancy, but no increased risk for major malformations (Andersen
2013a).

Experience with dirithromycin, josamycin, midecamycin, spiramycin,
and troleandomycin is very limited (Czeizel 2000b). Spiramycin has been
used in many first trimesters for the treatment of toxoplamosis. Although
these reports did not focus on a possible teratogenic effect, numerous
normal births after spiramycin exposure are reassuring.

There is no published experience with the use of the ketolide telithro-
mycin in the first trimester. The animal experiments did not show that
this agent is teratogenic.

A local treatment with macrolides is quite safe for the fetus. Yet,
because resistance develops quickly and allergies are frequent, macro-
lides should be used with some reservation.

Recommendation. Erythromycin, clarithromycin, azithromycin, and roxithro-
mycin may be used in pregnancy when the resistance spectrum requires them,
or in cases of an allergy to penicillin. Because of hepatotoxicity, erythomycin
estolate should not be given during the second and third trimester. Spiramycin is
the treatment of choice for toxoplasmosis in the first trimester. Telithromycin and
other makrolides should only be given during pregnancy when no alternatives are
available.

2.6.5 Clindamycin and lincomycin

Clindamycin and lincomycin belong to the lincosamide group. They
inhibit bacterial protein synthesis and can be bactericidal or bacterio-
static depending on concentration and sensitivity. After an oral dose
the resorption is almost complete. About half of the maternal con-
centration can be attained in the umbilical veins. There were no signs
of embryo- or fetotoxic effects in several hundred pregnant women
treated with lincomycin at different points in pregnancy (Czeizel
2000c, Mickal 1975). There were also no problems found for clin-
damycin. Pseudomembranous enterocolitis is a dangerous maternal
complication of clindamycin treatment that may also happen after
vaginal application.

Pregnancy complications due to bacterial vaginosis are not sufficiently
preventable by vaginal clindamycin therapy (Joesoef 1999). It should be
noted though, that other investigators found a reduction in late abortions
and prematurity when treating several hundred patients with oral clinda-
mycin for an abnormal vaginal flora (Ugwumadu 2003).

Recommendation. Clindamycin and lincomycin should only be used when pen-
icillins, cephalosporins and macrolides have failed. Clindamycin should not be
routinely used after dental procedures.
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2.6.6 Tetracyclines

Pharmacology

The bacteriostatic effect of tetracyclines is based on an inhibition of the
bacterial protein synthesis. These broad-spectrum antibiotics, especially
tetracycline itself, form stable chelates with calcium ions. The standard
agent today is doxycycline. Minocycline is especially lipophilic and dis-
plays a somewhat wider antibacterial spectrum than doxycycline. The
older derivatives such as oxytetracycline and tetracycline are now rarely
used as they are poorly resorbed.

Chlortetracycline, demeclocycline, and meclocycline are only used as
local agents.

Tigecycline is a minocycline derivative that belongs to the glycylcy-
clines; it has a very broad-spectrum and is especially effective against
multi-resistant pathogens such as MRSA.

Toxicology

Tetracyclines cross the placenta. According to current knowledge an
increased risk of malformation is not expected when tetracyclines are
used (Cooper 2009, Czeizel 1997). The results of a population-based
case-control study suggested that oxytetracycline was associated with
an increased incidence of congenital malformations (Czeizel 2000d).
However, the number of cases in this study was small, and there are no
other studies confirming this suspicion. A Danish cohort study found
an association between oral clefts and maternal tetracycline exposure in
the second month, but this result was based on only two exposed cases
(Mglgaard-Nielsen 2012).

From the sixteenth week of pregnancy when fetal mineralization takes
place, tetracyclines can bind to calcium ions in developing teeth and bones.
In the 1950s numerous publications described the brown/yellow discolor-
ation of teeth in children who were prenatally exposed to tetracyclines. Such
dental discoloration is the only proven prenatal side effect of tetracyclines in
humans. Under discussion were also enamel defects leading to an increased
risk of caries, inhibition of the growth of the long bones, specifically the
fibula and further, cataracts due to depositions into the lens. As doxycycline
has a weaker affinity to calcium ions than the older tetracyclines, the risk
appears to be lower for doxycycline exposures.

A discoloration of milk teeth is not to be expected prior to the six-
teenth week of gestation. Even thereafter, at worst, only the first molars
of the permanent teeth would be affected when the usual therapeutic
regimens if current dosings are adhered to. A bigger risk for the described
development abnormalities can possibly expected with higher tetracy-
cline doses during the second and third trimester that are necessary, for
example, in malaria treatment.

In the past, the use of tetracyclines, especially in high doses or via
intravenous administration in the second half of pregnancy, has been
associated with severe maternal hepatic toxicity (e.g. Lewis 1991). In
most cases these were patients with kidney problems whose serum con-
centrations were markedly above the therapeutic range.

No untoward effects have been described in pregnant women who
applied tetracyclines locally during pregnancy.

There is a lack of experience with figecycline; no statement can be
made about its tolerance in pregnancy.
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Recommendation. All tetracyclines are contraindicated after the fifteenth ges-
tational week. Prior to this, they are antibiotics of second choice. Doxycycline
should be preferred in such cases. Inadvertent use of tetracyclines, even after the
fifteenth week, is not an indication for termination of pregnancy (Chapter 1.15). If
really necessary, a local application to a small area may be conducted throughout
pregnancy. Tigecyclin is reserved for special situations when sufficiently tested
antibiotic are not effective.

2.6.7 Sulfonamides and trimethoprim

Pharmacology

Sulfonamides have a bacteriostatic effect by inhibiting bacterial folic acid
synthesis. Important representatives of this group are sulfadiazine, sulf-
adoxine, sulfalene, sulfamerazine, sulfamethizole and sulfamethoxazole.
For local application silver sulfadiazine is used for burn injuries and
sulfacetamide for eye infections.

Sulfonamides attain 50-90% of the maternal concentration in the
fetus and compete with bilirubin for binding sites on albumin. Today,
sulfonamides are seldom used as monotherapy because their spectrum is
limited and resistance develops rapidly. Combined with a folate antag-
onist such as trimethoprim or pyrimethamine (Section 2.6.16), sulfon-
amides are indicated among others in the treatment of toxoplasmosis and
malaria. The fixed combination of the sulfonamide sulfamethoxazole and
trimethoprim is available as co-trimoxazole. Both agents in this com-
bination are not subject to pregnancy-induced variation in clearance
that would require dose modifications. Trimethoprim is effective as a
monotherapy in uncomplicated urinary tract infections with sensitive
pathogens.

Toxicology

To date, there are no indications that sulfonamides, trimethoprim, and
their combinations have a teratogenic potential in humans (Nergard
2001, Czeizel 1990). An embryotoxic potential has been discussed from
time to time, because antagonists to folic acid can lead to malformations
in animal experiments, and in humans the spontaneous incidence of neu-
ral tube defects (spina bifida) can be decreased by the administration of
folic acid during early pregnancy (Chapter 2.18). The fact that human
folic acid reductase is much less sensitive to trimethoprim than the bac-
terial enzyme, could explain that teratogenic problems have so far not
been documented in humans when antibiotics with folic acid antagonists
were used.

Trimethoprim has been used for many decades in pregnant women.
At present, there is an ongoing discussion concerning the association
between the use of folic acid antagonists and an increased risk of con-
genital malformations. A retrospective case-control study discusses the
causal relationship between treatment with trimethoprim and other folic
acid antagonists, and the development of neural tube defects, cardio-
vascular abnormalities, cleft lip and palate, and urinary tract anomalies
(Hernandez-Diaz 2000). Authors’ views on a preventative dose of mul-
tivitamin and folic acid preparations vary. Additional case-control stud-
ies, some of them with notable methodological problems, found weakly
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significant evidence for the development of cardiovascular defects, uri-
nary tract anomalies, anencephaly, limb defects, and orofacial clefts (e.g.
Mpglgaard-Nielsen 2012, Crider 2009, Czeizel 2001c). An increased risk
for preterm birth and low birth weight has also been observed after expo-
sure to trimethoprim/sulfamethoxazole (Santos 2011, Yang 2011). A
Danish cohort study based on a prescription register found a doubling
of the hazard of miscarriage after trimethoprim exposure in the first tri-
mester (Andersen 2013b). Based on the same prescription register, an
increased risk of heart and limb defects was observed after preconcep-
tional exposure (during the 12 weeks before conception) to trimethoprim
(Andersen 2013c). Beside methodological problems, such an association
seems unlikely because a short-term therapy with trimethoprim does not
usually lead to a relevant folic acid deficiency as a possible cause for birth
defects. Trimethoprim and sulfonamides are not drugs of first choice, but
they exhibit no established teratogens. According to current knowledge
the teratogenic risk of a trimethoprim and sulfonamide therapy is negli-
gible. Actually, there are no sufficiently convincing arguments to support
the recommendation of an additional folic acid administration during an
antibiotic therapy with the discussed medications, see Chapter 2.18.8 for
additional discussion concerning folic acid usage.

Extensive, generally reassuring experiences in the use of co-trimoxazole
for common urinary tract infections during pregnancy, do not include
the conclusion that this medication is safe when used at a much higher
dose for opportunistic infections such as a Pneumocystis pneumonia in
the context of an HIV infection. So far, there have been no reports of
malformations when such therapy was used in pregnant women.

There are no systematic studies about the local application of sulfon-
amides during pregnancy.

Neonatal toxicity

As sulfonamides compete with bilirubin for binding sites with plasma pro-
teins, it has been argued that the risk of neonatal kernicterus is increased
when sulfonamides are given at the end of gestation. With current sur-
veillance, the danger of kernicterus is not tangible. However, a rise in
bilirubin, especially in premature infants, cannot be excluded when sul-
fonamides have been used until birth. A Danish population-based study
could not find an association between sulfamethoxzole exposure near
term and an increased risk of neonatal jaundice (Klarskov 2013).

Recommendation. Sulfonamides, trimethoprim, and co-trimoxazole are antibi-
otics of second choice throughout pregnancy. If high dose co-trimoxazole is used
for a Pneumocystis pneumonia during the first trimester, based on theoretical
grounds, folic acid should be substituted and a detailed ultrasound examination
should be offered to ascertain the normal development of the fetus. If a premature
birth is threatening, sulfonamides should be avoided in view of the bilirubin levels
of the newborn. A short-term local treatment is acceptable, especially if the site
is small.

2.6.8 Quinolones

Quinolones inhibit the bacterial enzymes topoisomerase 11 and IV that
are important for the nucleic acid metabolism of bacteria. Quinolones
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have a high affinity for cartilage and bone tissue which is highest in
immature cartilage.

Pipemidic acid and nalidixid acid belong to the group of older quinolo-
nes. They have been displaced by the newer fluoroquinolones. The most
important fluoroquinolones include ciprofloxacin, enoxacin, levofloxa-
cin, moxifloxacin, norfloxacin, and ofloxacin. Several substances have
been removed from the market because of severe side effects. Garenoxa-
cin, lomefloxacin, pefloxacin, rosoxacin, and sparfloxacin are still avail-
able in some countries. Gatifloxacin and nadifloxacin are only used as
local agent.

Quinolones cross the placenta and are found in the amniotic fluid at
low concentrations.When moxifloxacin is used about 8% of the maternal
serum concentration can be measured in the amniotic fluid, and with
lovofloxacin about 16% (Ozyiincii 2010).

Quinolones have not been found to be teratogenic in animals but severe,
irreversible damage to joint cartilages was noted in young dogs treated after
birth with quinolones (e.g. Gough 1992). Such alterations have not been
described in prenatally exposed children. Many publications failed to show
indications of joint cartilage damage or an increased risk of malformations
(Bar-Oz 2009, Cooper 2009, Larsen 2001, Loebstein 1998, Schaefer 1996,
Berkovitch 1994). One study expressed concern that the prenatal use of
fluoroquinolones may be associated with an increased risk of bone malfor-
mations (Wogelius 2005). Although not resembling each other, in three out
of four birth defects the skeleton was affected. However, in this study of 130
women who redeemed a prescription for fluoroquinolones during the first
trimester, or 30 days before conception, the total malformation rate was not
increased (Wogelius 2005). In a prospective cohort study with 949 women
who were exposed to a fluorquinolone during the first trimester, neither
the rate of major birth defects, nor the risk of spontaneous abortion were
increased compared to a control group (Padberg 2014). Altogether, most
data are available for norfloxacin and ciprofloxacin and, to a lesser extent,
for levofloxacin, moxifloxacin, ofloxacin and pefloxacin. There are few or
no data for the other fluoroquinolones.

There have been no reports of undesirable side effects after topical use
of quinolones during pregnancy.

Recommendation. Quinolones are antibiotics of second choice during preg-
nancy. In well-founded situations, when better studied antibiotics are ineffective,
those quinolones that are well documented may be preferred such as norfloxacin
or ciprofloxacin. A detailed ultrasound examination may be offered after exposure
with the other fluoroquinolones during the first trimester. Local treatment with

quinolones is acceptable throughout pregnancy.

2.6.9 Nitrofurans and drugs for urinary tract infections

Nitrofurantoin is a chemotherapeutic agent for drug-resistant urinary
tract infections (UTIs) and for the prevention of recurrent UTIs. It acts as
a bacteriostatic, but is also bactericidal at higher concentrations. Details
of its mechanism of action remain to be clarified. After an oral dose, ther-
apeutic effective levels are attained only in the urinary tract.

Several publications do not support an association between nitrofu-
rantoin and congenital malformations (Nordeng 2013, Goldberg 2013,
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Czeizel 2001d, Ben David 1995), although in a number of studies,
some of them with methodological faults, weakly significant find-
ings were noted for craniosysnostosis, ophthalmic malformations,
oral clefts, and cardiovascular defects (Crider 2009, Killén 2005b,
Kéllén 2003). A case-control study observed an increased risk of
craniosynostosis after intrauterine exposure to nitrosatable drugs
(Gardner 1998).

As nitrofurantoin lowers the activity of glutathione reductase, discus-
sions arise periodically as to whether an intrauterine exposure could
trigger a fetal hemolysis. Bruel (2000) reported a mature newborn with
hemolytic anemia whose mother took nitrofurantoin during the last ges-
tational month. Nitrofurantoin is often used during pregnancy, and fetal
hemolysis has not been commonly observed; therefore, a relevant risk is
not likely. However, Nordeng (2013) observed an increased risk of neo-
natal jaundice after maternal nitofurantoin treatment in the last 30 days
before delivery.

There is a case report of a pregnant woman who developed a toxic
hepatitis after having been exposed to nitrofurantoin in her thirty-sixth
week (Aksamija 2009). In another case a woman took nitrofurantoin in
her thirty-third week and was interpreted to present a gestational nitro-
furantoin-induced pneumonia (Mohamed 2007).

The nitrofurantoin derivative nifuroxazide is used for the treatment of
diarrhea. There are no documented reports of its tolerance in pregnancy
nor evidence of effectiveness.

Nifurtimox is a nitrofuran used for treatment of Chagas disease.
Experience for pregnancy is very limited and the World Health Orga-
nization recommends that nifurtimox should not be taken by pregnant
women (WHO 2013a). One study about safety included 14 pregnant
women, but did not give information about the pregnancy outcome
(Schmid 2012).

For local treatment the nitrofurans furazolidone, nitrofural, and nifu-
ratel are available. There has been no evidence of embryo- or fetotoxic
risk in local applications. The use of local nitrofurans, especially as vagi-
nal therapy, remains controversial and needs to be critically assessed not
only during pregnancy.

Methenamine is a UTI medication that releases the antiseptic form-
aldehyde into the urine. Methenamine mandelate had been used for
chronic UTIs due to E. coli and unproblematic germs. Effectiveness and
tolerance of the agent remain controversial. Embryo- or fetotoxic prob-
lems have not been reported.

There are no reports about the use of the hydroxy-quinolone derivative
nitroxoline in pregnancy.

g Fosfomycin |

Fosfomycin is a broad-spectrum antibiotic that is bactericidal by inhib-
iting the synthesis of the bacterial cell wall. It is used as an intrave-
nous injectable and as a reserve antibiotic in severe infections such as
osteomyelitis. Fosfomycin tromethamine is an orally taken salt of fos-
fomycin used for the treatment of uncomplicated UTIs. Some authors
also recommend the oral use during pregnancy (e.g. Falagas 2010,
Bayrak 2007). These studies, however, are primarily focused on the
effectiveness of fosfomycin tromethamine, not on the risk for the new-
born. Overall, the experience argues against a teratogenic and fetotoxic
potential in humans.
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Recommendation. Nitrofurantoin can be given during pregnancy to treat urinary
tract infections when the antibiotics of choice have been ineffective. If possible, it
should be avoided towards the end of pregnancy. The use of nifuroxazide, nifurtimox,
local nitrofurans, methenamine, and nitroxoline should be avoided during pregnancy.

When the antibiotics of choice in pregnancy cannot be used, fosfomycin tro-
methamine may be used to treat urinary tract infections in pregnancy. The intrave-
nous application of fosfomycin should be restricted to severe bacterial infections
with problematic germs.

2.6.10 Nitroimidazole antibiotics

Nitroimidazoles are effective bactericidal agents against anaerobes and
protozoa. They are converted into metabolites that impede intracellular
bacterial DNA synthesis. The main representative of the nitroimidazoles is
metronidazole. Metronidazole is now being recommended by some inves-
tigators for the treatment of bacterial vaginosis in pregnancies at high risk
for preterm delivery, as a strategy to decrease this risk (review by Joesoef
1999). Others, however, failed to notice an improvement in the incidence
of prematurity (Shennan 2006, Andrews 2003, Klebanoff 2001).

After oral and intravenous administration, concentrations as high as
those in the mother are reached in the embryo/fetus. Significant sys-
temic absorption occurs after vaginal application, exposing the fetus as
well. The pharmacokinetic profile of metronidazole did not change at
the different time points assessed during pregnancy, and did not differ
from nonpregnant patients (Wang 2011).

Like all nitroimidazoles, metronidazole displays an experimentally
mutagenic and cancerogenic potential (review by Dobias 1994) that has
not been confirmed in humans. An investigation that ranged over 20
years did not show any indication of an increased risk of cancer when
metronidazole was used (Beard 1988).

On the basis of over 3,000 analyzed pregnancies, it can be stated that
metronidazole has no teratogenic potential in humans (e.g. Koss 2012,
Diav-Citrin 2001, Czeizel 1998). Suggestions from the Hungarian Mal-
formation Registry of a link between vaginal therapy with metronidazole
and miconazole during the second and third month, and an increased
appearance of syndactylies and hexadactylies have not been confirmed
by other investigators (Kazy 2005a).

Nimorazole and tinidazole, both registered for the treatment of tricho-
monas infections, amebiasis, and bacterial vaginosis, cannot be evaluated
sufficiently because of the lack of human data - the same applies to orni-
dazole. So far, there are no reports of human teratogenicity.

Recommendation. Metronidazol may be used in pregnancy when indicated.
A single oral dose of 2 g is preferable to vaginal administration spread over sev-
eral days, particularly as there are doubts about the effectiveness of the vaginal
application. A parenteral administration is only indicated for a serious anaerobic

infection. Metronidazole is to be preferred to the less examined nitroimidazoles.

2.6.11 Aminoglycosides

The aminoglycoside antibiotics amikacin, framycetin, gentamicin, kana-
mycin, neomycin, netilmicin, paromomiycin, ribostamiycin, streptomiycin,
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and tobramycin inhibit protein synthesis and are bactericidal primarily for
Gram-negative germs. After oral administration only a minimal portion of
aminoglycosides is resorbed. After parenteral administration of about 20-40%
of the maternal plasma concentration is detectable in the fetus. Spectinomy-
cin is an aminocyclitol antibiotic closely related to the aminoglycosides.

Oto- and nephrotoxic side effects are also known to occur in nonpregnant
patients when aminolgycosides are used parenterally. There are case reports
about the parenteral use of kanamycin and streptomycin during pregnancy
describing auditory problems, even deafness, in children exposed ir utero (e.g.
Jones 1973, Conway 1965, Robinson 1964). A similar case was reported in
connection with gentamicin (Sanchez Sainz-Trapaga 1998). An investigation
of the hearing ability of 39 children whose mothers had received gentamicin
intravenously during pregnancy found no deficiencies. This argues against a
major ototoxic risk of gentamicin when used in pregnancy (Kirkwood 2007).

Theoretically, a fetal nephrotoxic risk exists because aminoglycosides
concentrate in the fetal kidneys. A case report about a connatal kid-
ney dysplasia after maternal gentamicin therapy (Hulton 1995) does not
prove a clinically relevant human risk, nor does a case of a hydronephro-
sis and suspected stenosis at the uteropelvic junction with lethal out-
come, where the mother had been treated for UTI first with ciprofloxacin
and then with gentamicin at weeks 4-5 (Yaris 2004).

Except for these case reports, studies argue against a high oto- or neph-
rotoxic risk of gentamicin in the fetus and newborn. There has been no
increase in the observation of malformations (Czeizel 2000¢e). No untow-
ard effects have been described with aminoglycosides as local treatment
during pregnancy.

Experience with spectinomycin is insufficient to analyze a risk in preg-
nancy.

Recommendation. Aminoglycosides should only be used parenterally in
life-threatening infections with difficult Gram-negative pathogens and when first-
choice antibiotics fail. The serum levels need to be monitored regularly during
the treatment. A risk-based termination of pregnancy or invasive diagnostic are
not required (Chapter 1.15). If the parenteral therapy had been extensive, renal
function should be monitored in the neonate and an auditory test should be per-
formed. If local or oral application of aminoglycosides is indicated, they can be
given because systemic absorption is minimal by these routes.

2.6.12 Glycopeptide and polypeptide antibiotics

The glycopeptides vancomycin and teicoplanin are bactericidal only for
Gram-positive pathogens by inhibiting their cell wall synthesis. They
are considered reserve antibiotics to be used against MSRA and multi-
resistant enterococci. To avoid the development of resistance, their appli-
cation should be critically appraised, and possibly limited only to fighting
problematic pathogens. Oral glycopeptides are hardly resorbed. This is
useful when treating pseudomembranous enterocolitis with vancomycin.
However, in this situation metronidazole (Section 2.6.10) should be con-
sidered as an alternative, as vancomycin therapy is more expensive, and
to prevent the selection for vancomycin-resistant enterococci.
Vancomycin crosses the placenta reaching the fetus in relevant quan-
tities (Laiprasert 2007). It has not shown teratogenic effects in animal
studies. Experience with treatment in human pregnancy is limited to a
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few case reports. There were no observations of malformations, kidney
damage, or hearing deficits (Reyes 1989).

Experience with teicoplanin and the new lipoglycopeptides dalbavancin,
oritavancin and telavancin is insufficient to analyze a risk in pregnancy.
In vitro telavancin crosses the human placenta, with fetal concentrations
reaching less than 3% of maternal concentrations (Nanovskaya 2012).

Recommendation. Glycopeptides should only be used in cases of life-threatening
bacterial infections; vancomycin should then be preferred.

[ 4 Lipopeptide antibiotics

Daptomycin belongs to a new class of cyclic lipopeptides and is effective
exclusively against Gram-positive bacteria. It works by interfering with
the bacterial cell membrane and protein synthesis, and is indicated to
treat complicated infections with difficult pathogens. In animal exper-
iments, daptomycin crossed the placenta and was not teratogenic. Two
children whose mothers took daptomycin in the fourteenth and twenty-
seventh weeks were unremarkable (Stroup 2010, Shea 2008).

Recommendation. The use of daptomycin is limited to cases of life-threatening
bacterial infections.

[ 4 Polypeptide antibiotics

Polymyxins belong to the polypeptide antibiotics that are bactericidal
by interfering with the transport mechanism of the cell wall. While the
polymyxin colistin is today mostly used locally, it can also be applied
parenterally where there is an infection with multi-resistant Gram-neg-
ative germs. In patients with mucoviscidosis it is used as an inhalative.
Enterally colistin is not resorbed; therefore its oral administration is used
to selectively decontaminate the intestinal tract.

The polypeptide antibiotics bacitracin, polymyxin B, and tyrothricin
are used locally. Only limited experience is available in the application of
polypeptide antibiotics during pregnancy and do not indicate a substan-
tial risk (IKazy 2005b).

Recommendation. The parental use of colistin is limited to cases of life-
threatening bacterial infections. The local and oral application of polypeptide anti-
biotics need to be critically assessed.

2.6.13 Other antibiotics

| 4 Chloramphenicol

Chloramphenicol and Tiamphenicol inhibit bacterial protein synthesis
and have bacteriostatic activity. Chloramphenicol is relatively toxic, and
can cause severe agranulocytosis. It crosses the placenta well and can
reach therapeutic concentrations in the fetus. In premature and term
births it may lead to the grey baby syndrome. Chloramphenicol can reach
toxic levels in the neonate even when only the mother has been treated.
There have been no suggestions of malformations (Czeizel 2000f).
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Experience with thiamphenicol is insufficient to analyze a risk in preg-
nancy.

Recommendation. The systemic use of chloramphenicol and thiamphenicol is
contraindicated throughout pregnancy. Exceptions are life-threatening maternal
infections that do not respond to less toxic antibiotics. When systemic treatment is
absolutely necessary before birth, it is important to observe the newborn for toxic
symptoms. A local application is also to be avoided during pregnancy.

SDapsone

Dapsone, used among other indications against leprosis, apparently has
no teratogenic potential (e.g. Lush 2000, Bhargava 1996). However,
cases of hemolytic anemia have been reported in mothers and newborns.
As dapsone bears a structural similarity to the sulfonamides, it has been
argued that it might compete with bilirubin for protein binding, and thus
could lead to hyperbilirubinemia in the newborn.

Recommendation. During pregnancy, dapsone should be reserved for specific
indications. If treatment took place in the first trimester, a detailed ultrasound
examination should be offered to ascertain the normal development of the fetus.

8 Fidaxomicin

Fidaxomicin is a macrocyclic antibiotic which is approved for the treatment
of infections with Clostridium difficile. Enterally fidaxomicin is very poorly
resorbed. No experiences have been reported about its use during pregnancy.

Recommendation. Fidaxomicin should be avoided in pregnancy. If treatment
took place in the first trimester, a detailed ultrasound examination should be
offered to ascertain the normal development of the fetus.

g Linezolid |

Linezolid is a member of the oxazolidinone class, a new group of antibi-
otics. It acts bactericidally by inhibiting bacterial protein synthesis and
is indicated in the treatment of multi-resistant pathogens. There is just
one case report about the use of linezolid during pregnancy. After intra-
uterine exposure from gestational weeks 14 to 18 a healthy infant was
delivered at term (Mercieri 2010).

Recommendation. With the lack of experience, linezolid should only be used
for severe infections with problematic germs. If treatment took place in the first
trimester, a detailed ultrasound examination should be offered to ascertain the
normal development of the fetus.

8 Pentamidine

The antiprotozoal agent pentamidine, among others effective in Pneu-
mocystis pneumonia, has not been evaluated sufficiently in pregnancy to
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estimate its embryotoxic potential for humans. Usually it can be replaced
by other antibiotics, e.g. co-trimoxazole (Section 2.6.7).

Recommendation. Pentamidine is to be reserved in pregnancy for special situa-
tions when better tested antibiotics are not effective. If treatment took place in the
first trimester, a detailed ultrasound examination should be offered to ascertain
the normal development of the fetus.

4 Rifaximin |

Rifaximin is an antibiotic to treat travelers’ diarrhea. There is not enough
experience regarding its use in pregnancy. Minimal enteral resorption and
negative animal testing suggest that a high embryotoxic risk is unlikely.

Recommendation. If possible, rifaximin should be avoided during pregnancy.

8 streptogramins

Streptogramins are a group of cyclic peptide antibiotics that inhibit, like
macrolides and lincosamides, the synthesis of bacterial proteins. They
are derivatives of the naturally occurring pristinamycin. The later devel-
oped derivatives quinupristin and dalfopristin are used in a fixed combi-
nation. Streptogramins should only be applied as reserve antibiotics for
infections with highly resistant Gram-positive germs. Reports about use
in pregnancy have not been available.

Recommendation. Streptogramins are to be avoided during pregnancy. If treat-
ment took place in the first trimester, a detailed ultrasound examination should be
offered to ascertain the normal development of the fetus.

2.6.14 Tuberculosis and pregnancy

Active tuberculosis (TB) requires treatment in pregnancy, as the disease
endangers not only the mother, but also the fetus. Pregnancy does not
seem to affect the course of TB. The prevalence of congenital TB is less
than 1% where no treatment is initiated. Lin (2010) investigated 761
newborns of mothers who had received treatment for TB during the ges-
tation. Their children were smaller and had lower birth weights than the
control group of children of healthy mothers.

There are slight differences in the recommendations of the different
organizations in the world, such as the WHO (2010a), the International
Union against Tuberculosis and Lung Disease (IUATLD), and several
national organizations (e.g. Blumberg 2003). Treatment considerations
depend on disease status and drug resistance. First-line drugs for the
treatment of TB during pregnancy are isoniazid (+pyridoxine), rifampi-
cin, ethambutol and pyrazinamide. These standard medications have not
shown teratogenic or fetotoxic effects in humans (e.g. Bothamley 2001).
As far as we know today, TB drugs reach the fetus in relevant quanti-
ties. An increasing development of resistance makes it harder to choose
the right medication in pregnancy. Pregnant women with multidrug-
resistant TB (MDR-TB) may also require second-line antituberculous
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drugs; the necessity for treatment should be weighed against the risk for
the fetus on an individual base. Current experiences in the management
of MDR-TB argue against a high risk of the reserve drugs for the newborn
(Drobac 2005, Shin 2003). Streptomycin, however, should be avoided
because of its ototoxic potential.

g Ethambutol |

Ethambutol is a bacteriostatic drug used against tuberculosis. It can
cross the placenta, but the risk of congenital malformations when used
during pregnancy appears to be low. There are no reports indicating that
ethambutol can cause ocular toxicity in the fetus, as it does in adults,
when given in higher doses.

Recommendation. Ethambutol is a first-line drug for treatment of tuberculosis
during pregnancy.

g Isoniazid |

Isoniazid (INH) has proven to be a highly effective drug against many
strains of mycobacterium, and can be used for tuberculous prophy-
laxis and for treatment of an active disease during pregnancy. Although
INH can cross the placenta, it does not appear to be teratogenic, even
when given during the first trimester. The older literature contains case
reports of different malformations and neurological damages in prena-
tally exposed children. INH intake, lack of pyridoxine, co-medication,
and even the TB disease itself was blamed. Newer publications did not
confirm a teratogenic risk (e.g. Taylor 2013, Czeizel 2001e). In summary,
experiences speak against a major risk. INH increases pyridoxine metab-
olism, which may be responsible for CNS toxicity. To prevent a possible
vitamin B6 deficiency, INH should be given during pregnancy in combi-
nation with pyridoxine.

Recommendation. Isoniazid is a first-line drug for treatment of tuberculosis
during pregnancy. It needs to be given together with pyridoxine.

g Pyrazinamide |

Pyrazinamide (PZA) is an antibiotic with specific effectiveness against
Mycobacterium tuberculosis. As its structure resembles nicotinamide, it
is assumed that it intervenes with the nucleic acid metabolism of the bac-
terial cell. PZA has effective bactericidal properties. Systematic studies
of its tolerance in pregnancy are lacking. So far, there has been no evi-
dence of embryo- or fetotoxic effects in humans. The use of PZA during
pregnancy is recommended in several guidelines (e.g. WHO 2010a). The
American Thoracic Society recommends in its guidelines to hold PZA as
a reserve drug during pregnancy, as there are currently insufficient data
about its teratogenicity (Blumberg 2003). If PZA is not used, treatment
may be prolonged.
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Recommendation. Pyrazinamide may be used during pregnancy to treat active TB.

S Rifampicin

Rifampicin also called rifampin, inhibits bacterial RNA polymerase and
is effective as a bactericidal agent against different pathogens, particu-
larly mycobacteria. Rifampicin can cross the placenta. In animal exper-
iments, teratogenic effects were seen with doses 5-10 times higher than
in human treatment. Because rifampicin inhibits DNA-dependent RNA
polymerase, there has been concern that it might interfere with fetal
development. Until now, no reports in the literature have confirmed this
fear. There is apparently no increased risk of malformations. A long-term
therapy of the mother could result in inhibition of vitamin K synthesis,
and result in a higher bleeding tendency in neonates.

Recommendation. Rifampicin is a first-line drug for treatment of tuberculosis
during pregnancy. When used near term the newborn should receive an extended
vitamin K prophylaxis (Chapter 2.9). Regarding other infections such as MRSA,
rifampicin should only be administered when the drugs of first choice for preg-
nancy cannot be used.

(4 Streptomycin

Streptomycin is an aminoglycoside that is used parenterally in the treat-
ment of TB. It is bactericidal, particularly affecting germs that proliferate
extracellularly. Its ototoxicity can also hurt the fetus (Section 2.6.11).

Recommendation. Streptomycin is contraindicated during pregnancy because
of its ototoxic properties. Inadvertent exposure does not require risk-based termi-
nation of pregnancy or invasive diagnostic procedures, but hearing tests should be
performed after birth (Chapter 1.15).

| 4 Other tuberculostatics

Aside from the above discussed first-line drugs for TB, reserve medica-
tions are available and used in cases of resistance or intolerance.

No systematic studies exist on the tolerance of 4-aminosalicylic acid
(p-aminosalicylic acid; PAS). So far, no evidence for embryo- or feto-
toxic effects has been found in humans (e.g. Lowe 1964). Capreomy-
cin, ethionamide, protionamide, rifabutin, rifapentine, thioacetazone,
and terizidone, a prodrug of cycloserine, are all second-line agents used
internationally for MDR-TB. The extent of documented experiences in
pregnancy is limited, and insufficient for a differentiated risk assessment.
Single case reports argue against a high teratogenic risk of these drugs
(e.g. Lessnau 2003, Drobac 2005).

For additional reserve drugs for multi-resistant TB such as amikacin,
see Section 2.6.11, and diverse quinolones, see Section 2.6.8; for other
anti-infective agents, view the relevant sections of this chapter.
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Recommendation. The reserve drugs discussed here should only be used for
multi-resistant tuberculosis when standard therapy is not indicated. An inadvertent
exposure during pregnancy does not require a risk-based termination or invasive diag-
nostic, but a detailed ultrasound examination should be carried out (Chapter 1.15).

2.6.15 Local antibiotics

Generally, each external antibiotic treatment needs to be examined
carefully to see whether or not the bacterial infection is more effectively
treated with systemic medication. The potential of local treatment is often
overestimated. Further, with topical therapy, sensitization and resistance
development need to be considered.

Fusafungine has bacteriostatic and anti-inflammatory effects and is
used as a spray for the treatment of infections of the nose and throat
area. There is insufficient experience about its application in pregnancy.

Fusidic acid is an antibiotic that is almost exclusively used externally;
its prenatal tolerance has not been examined systematically, although the
medication has been available for a long time. It has a narrow spectrum
of effectiveness against Gram-positive bacteria (staphylococci) and is not
recommended for an untargeted treatment.

Mupirocin is primarily bacteriostatic, affecting staphylococci and strep-
tococci by inhibiting bacterial protein synthesis. It is especially used as a
nasal ointment to eliminate MRSA. Mupirocin has not been examined
systematically, but there is no evidence of undesirable effects in pregnancy.

Retapamulin is the first representative of the pleuromutilins that is
approved for human treatment. It is applied as an ointment for short-term
treatment of superficial skin infections. Retapamulin inhibits bacterial pro-
tein synthesis and is bacteriostatic, primarily for Gram-positive germs. Sys-
temic resorption is minimal with topical use, but nevertheless, as experience
in pregnancy has been limited, its application needs to be critically examined.

Taurolidine is an antimicrobial solution that can be used for lavage in
peritonitis and for the prevention of infections with catheters. As a bac-
tericidal agent, its mechanism of action is only partially clarified. There
are no reported experiences in pregnancy.

See the corresponding sections for the local application of aminogly-
cosides (Section 2.6.11), chloramphenicol (Section 2.6.13), quinolones
(Section 2.6.8), macrolides (Section 2.6.4), nitrofurans (Section 2.6.9),
nitroimidazoles (Section 2.6.10), polypeptide antibiotics (Section 2.6.12),
sulfonamides (Section 2.6.7), and tetracyclines (Section 2.6.6).

Recommendation. Externally used antibiotics are not suspected to be tera-
togenic. Nevertheless, the application of local antibiotics needs to be critically
assessed. Antibiotics that are safe when used systemically may also be used locally.
If another local antibiotic is absolutely necessary, it may be used in pregnancy.

2.6.16 Malaria prophylaxis and treatment in pregnancy

Apart from pregnant women living in malaria areas, pregnant women are
increasingly traveling to tropical countries and need a suitable malaria pro-
phylaxis. Increased resistance of malaria pathogens make it more difficult
to suggest a general recommendation. The guidelines of tropical medicine
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should be followed, also in pregnancy, according to the travel destina-
tion. Especially difficult is the management of malaria tropica caused by
Plasmodium falciparum. Pregnancy enhances the clinical severity of fal-
ciparum malaria, especially in the primiparous and non-immune woman.
Pregnancy alters a woman’s immunity to malaria, making her more sus-
ceptible to malaria infection and increasing the risk of illness, severe
anaemia, and death. Maternal malaria increases the risk of spontaneous
abortion, stillbirth, prematurity, and low birth weight, and thus results
in excess infant mortality (e.g. Bardaji 2011, Shulman 2003). Therefore,
mosquito-bite prevention, prophylaxis, and treatment of malaria should
not be shortened or omitted in an ongoing pregnancy. Traveling to areas
with multidrug-resistant malaria should be avoided if possible.

The choice of drug for malaria prophylaxis and treatment during preg-
nancy depends on the local pattern of antimalarial drug resistance, the
severity of the malaria, and the degree of pre-existing immunity. It is
important to be well informed about the current recommendations for
prophylaxis and treatment of malaria in the area to be visited. For travelers
to malaria-endemic areas, a general recommendation is difficult because
of increasing resistances. Depending on the drug, the chemoprophylaxis
must be continued for up to 4 weeks after leaving the malarial region.

For women living in falciparum-endemic areas with stable transmis-
sion, the World Health Organization recommends the use of insecti-
cide-treated nets (ITNs) and intermittent preventive treatment (IPT)
with sulfadoxine-pyrimethamine during pregnancy (WHO 2013b, Nyunt
2010). IPT reduces maternal malaria episodes, maternal anaemia, pla-
cental parasitaemia, low birth weight, and neonatal mortality (review by
McClure 2013). A prompt diagnosis and effective treatment of malaria
infections is vital.

Although data from prospective studies are limited quinine, chloro-
quine, proguanil, and clindamycin (Section 2.6.5) are considered safe
during early pregnancy. Pregnant women in the first trimester with
uncomplicated malaria tropica should be treated with quinine plus clin-
damycin (if available) (WHO 2010b). For the second and third trimester
the World Health Organization recommends artemisinin derivatives. The
choice of combination partner is difficult because of limited information.

Reserve medications include the following: amodiaquine, atovaquone,
dapsone (Section 2.6.13), lumefantrine, mefloquine, piperaquine, and
pyrimethamine plus sulfadoxine. Doxycycline is contraindicated after the
sixteenth gestational week (Section 2.6.6). Halofantrine and primaquine
should be avoided. See the relevant sections of this chapter about the
specific active substrates.

During gestation plasma concentrations of many antimalaria agents
are lower and their elimination is enhanced. This can result in treatment
failure. Thus, in each patient dose and dose interval need to be assessed
individually.

Recommendation. Generally, the physician should discuss with a patient if the
trip to a tropical region could be postponed (Section 2.6.36). The risk of exposure
can be reduced by long clothes, mosquito netting, and repellents. In no case should
medications be denied for prophylaxis or treatment on behalf of a pregnancy, as
the potential risk for the unborn child predominates. If medications with inade-
quate pregnancy experience are used in the first trimester, a detailed ultrasound
examination should be offered. A risk-based termination is not justified when the

above-described medications have been used in pregnancy (Chapter 1.15).
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g Amodiaguine |

Amodiaquine, like chloroquine, belongs to the group of 4-aminoquino-
lines. It can cause severe side effects such as liver damage and agranulo-
cytosis, and for this reason, is unsuitable for prophylaxis. Its use is limited
as a reserve medication for malaria. There has been no evidence of teta-
togenicity (review by Thomas 2004), but experiences are limited. With
regard to early pregnancy, only single case reports have been published.
One study found only mild maternal side effects in 450 pregnant women
who had been treated in the second or third trimester. An increase in
miscarriages, prematurity, stillbirth, or malformations was not observed
(Tagbor 2006).

Recommendation. Amodiaquine may be used as a reserve medication for the
treatment of malaria.

| 4 Artemisinin derivatives

Artemisinin and its derivatives artemether, artemotil, artesunate, and
dihydroartemisinin, are increasingly used against malaria as Plas-
modium falciparum has developed resistance to other drugs. These
compounds combine rapid blood schizonticide activity with a wide
therapeutic index. Artemisinins should be given as combination ther-
apy to protect them from resistance. Typical combinations of such
artemisinin-based combination therapy (ACT) are artemether plus
lumefantrine, artesunate plus amodiaquine, artesunate plus meflo-
quine, artesunate plus sulfadoxine-pyrimethamine, and dihydroarte-
misinin plus piperaquine

First trimester experiences with the use of artemisinin derivatives are
limited. A number of studies contain data of more than 250 pregnant
women treated with an artemisinin derivative during the first trimes-
ter, without showing evidence of a teratogenic risk (Mosha 2014, Adam
2009, Clark 2009, WHO 2006). Manyando (2010) more commonly
found umbilical hernias in an additional 140 children whose mothers had
been treated with artemether and lumefantrine. After 12 months most of
these hernias were not detectable anymore.

There are experiences with more than 1,500 pregnant women who
used artemisinin derivatives in the second and third trimester (e.g. Piola
2010, Bounyasong 2001, Deen 2001, McGready 2001, Phillips-Howard
1996). In summary, these studies did not find an increased risk in mis-
carriages, stillbirths, and malformations. To some degree the artemisisin
derivatives were better tolerated by pregnant women, and were more
effective than treatments of the control group. As plasma levels of arte-
mether are decreased during pregnancy, it has been suggested that the
dose and the dose interval may have to be adjusted (e.g. Tarning 2013,
Morris 2011).

These reassuring data led the WHO (2010b) to recommend using
artemisinin derivatives as medications of choice for malaria tropica in
the second and third trimester. It does not specify what combination is
recommended in the context of ACT. During the first trimester, based
on a lack of experiences, the WHO views artemisinin derivatives as
reserve medications that should not be withheld in an individual case
where needed.
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Recommendation. Artemisinin derivatives may be used in the second and third
trimester. In the first trimester they are reserve medications for the treatment of
malaria.

g Atovaquone |

Atovaquone is a broad-spectrum anti-protozoal drug that is also used
in Pneumocystis pneumonia. Monotherapy quickly leads to resistance,
thus it is combined with proguanil when used for malaria prophylaxis
and treatment.

Experience with atovaquone is limited in pregnancy. A Danish
cohort study based on a prescription register with 149 women exposed
during their first trimester to atovaquone, 93 of them exposed at any
time in weeks 3 through 8 after conception, found no increased risk
for birth defects (Pasternak 2011). When used in the second and third
trimester, small studies observed no adverse effects (McGready 2005,
Na-Bangchang 2005). Available data are insufficient for a differenti-
ated risk assessment, but do not suggest a teratogenic risk. McGready
(2003) discusses the need of a dose adjustment as clearance increases
and levels decrease during pregnancy.

Recommendation. Atovaquone may be used as a reserve medication for the
treatment of malaria.

(4 Chloroquine

Chloroquine, an antimalaria drug of the group of 4-aminoquinolines,
works well and effectively as a schizonticidal drug against the erythro-
cytic forms of all types of plasmodia. Today though, almost all pathogens
of the potentially lethal malaria tropica have become resistant to this
rather well tolerated, and for many decades, useful medication. Resis-
tance has also been noted for Plasmodium vivax, the pathogen of the less
severe malaria tertiana. Plasmodium ovale and plasmodium malariae
still remain mainly sensitive to chloroquine.

Chloroquine is not embryo- and fetotoxic when used at the usual dose
for malaria prophylaxis or for a three-day treatment of a typical malaria
attack (McGready 2002, Phillips-Howard 1996). Current evidence does
not suggest fetal ocular toxicity when chloroquine was used as antimalar-
ian medication during pregnancy (review by Osadchy 2011). Lee (2008)
examined 12 pregnant women and nonpregnant controls, and did not find
any changes in the pharmacokinetics or the serum level of chloroquine.

The anti-inflammatory properties of chloroquine are used also for anti-
rheumatic therapy (Section 2.12.8). Antirheumatic doses of chloroquine
are higher than those used for malaria prevention.

Recommendation. Chloroquine may be used throughout pregnancy for the pro-
phylaxis and treatment of malaria. If chloroquine resistance of the parasite is likely
or has been demonstrated, other drugs must be used.
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| 4 Halofantrine

Halofantrine has a rapid schizonticidal effect upon the erythrocytic forms
of those plasmodia that are resistant to chloroquine and other antimalar-
ials. Halofantrine prolongs the QT interval in the EKG. Becauses it can
provoke life-threatening cardiac arrhythmias in patients with heart dis-
ease, or in conjunction with other arrhythmogenic medications, halofan-
trine is no longer recommended. The limited experiences in pregnancy
allow no differentiated risk analysis.

Recommendation. Halofantrine is only to be used in cases of acutely threaten-
ing malaria that cannot be managed with better tested and less toxic drugs. When
cardiac problems are an issue, other antimalaria medications must be used.

S Lumefantrine

Lumefantrine belongs to the group of arylamine alcohols like quinine,
mefloquine, and halofantrine. Artemether plus lumefantrine is currently
a popular artemisinin-based combination therapy. Few experiences are
available regarding its application in the first trimester without showing
evidence of a teratogenic risk (e.g. Mosha 2014). For the second and third
trimester, studies with several hundred patients have been reported and do
not indicate a major risk (Piola 2010, McGready 2008). Manyando (2010)
found only a mild increase in umbilical hernias in 140 children whose
mothers took artemether and lumefantrine during the first trimester. Most
of these had disappeared when follow-up examination was conducted 12
months later. In summary, current experiences do not suggest a major
embryo- or fetotoxic risk of lumefantrine. During pregnancy, the plasma
concentration is lower and the elimination enhanced, thus increasing the
risk of treatment failure (e.g. Tarning 2009, McGready 2008).

Recommendation. Lumefantrine may be used as a reserve medication for the
treatment of malaria.

S Mefloquine

Mefloquine displays an effective and rapid activity against the eryth-
rocytic forms of all plasmodia. Current experiences with more than
2,000 treated pregnant women, several hundred of them in the first tri-
mester, do not suggest a teratogenic or fetotoxic potential in humans
(e.g. Schlagenhauf 2012, Bounyasong 2001, McGready 2000).

One single study of the use of mefloquine has been debated as find-
ing an increased rate of stillbirths. This study compared 200 pregnant
women who received mefloquine for malaria, and found them to have
a significantly higher rate of stillbirth than those who had been treated
with quinine and other antimalarials (Nosten 1999). Other studies, how-
ever, have not confirmed this risk, and mefloquine has been an estab-
lished medication in pregnancy for some time.

Recommendation. Mefloquine may be used throughout pregnancy for the pro-
phylaxis and treatment of malaria if there is no resistance.
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g Piperaquine |

A fixed oral combination of the bisquinolone piperaquine and dikydroar-
temisinin (DHP) is a new and promising artemisinin-based combination
therapy. The mechanism of action of piperaquine is unknown. An Indo-
nesian observational study detected a higher rate of abortion after first tri-
mester exposure to dihydroartemisinin-piperaquine (Poespoprodjo 2014).
This observation was based on five abortions among eight pregnancies
(63%). The same study found a lower risk of perinatal mortality after dihy-
droartemisinin-piperaquine in the second and third trimester compared
to quinine-based regimens. The limited experiences in pregnancy allow
no differentiated risk analysis. No significant pharmacokinetic differences
between pregnant and nonpregnant women were reported in two small
studies (Adam 2012, Hoglund 2012).

Recommendation. Piperaquine may be used as a reserve medication for the
treatment of malaria.

8 Primaquine

Primaquine, an 8-aminoquinoline derivative, is effective against the intra-
hepatic permanent forms of Plasmodium vivax and Plasmodium ovale.
It is used for the complete elimination of pathogens in combination with
a blood schizontocide for the erythrocytic parasites. Primaquine should
not be used in pregnancy because of the potential risk of hemolytic effects
in the fetus. As yet, there are no studies that permit a well-grounded risk
assessment. However, there is no substantial evidence for a teratogenic
potential in humans (Phillips-Howard 1996).

Recommendation. Primaquine is not a therapeutic option during pregnancy. A
prophylactic elimination of hepatic spores should usually be postponed for a time
after birth.

S Proguanil

Proguanil, an older medication for malaria prophylaxis belonging to the
folic acid antagonists, is experiencing a renaissance as it has become
useful in the face of increasing chloroquine resistance. Most often it is
applied in combination with the synergistic atovaquone. There is no
evidence of an embryotoxic potential in humans (e.g. Pasternak 2011,
McGready 2005). McGready (2003) discuss the need to adjust the dose
as clearance is increased and blood levels decreased during pregnancy.

Recommendation. Proguanil may be used throughout pregnancy for prophy-
laxis and treatment of malaria provided there is no resistance.

|4 Pyrimethamine/sulfadoxine

Pyrimethamine is an inhibitor of folic acid synthesis that is also used in
the treatment of toxoplasmosis and Pneumocystis pneumonia. In malaria

Pregnancy

2.6 Anti-infective Agents



138 2.6.16 Malaria prophylaxis and treatment in pregnancy

treatment it is only applied in combination with another folic acid antag-
onist such as sulfadoxine (Section 2.6.7). This particular combination is
used for intermittent preventive treatment (IPT) during pregnancy. How-
ever, increasing resistance has started to limit the effectiveness of this
popular combination (Newman 2003).

As animal experiments indicated embryotoxic effects, concerns had
been raised about the use of these folic acid antagonists in early preg-
nancy. Numerous investigations, however, have not demonstrated
an increased malformation risk in humans (e.g. Manyando 2010,
Phillips-Howard 1996).

Some studies suggest that pregnancy adversely alters the pharmacoki-
netics of pyrimethamine and sulfadoxine (e.g. Karunajeewa 2009, Green
2007). As data are inconsistent, a general recommendation about dose
adjustments in pregnancy is difficult. When sulfadoxine-pyrimethamine
is given in early pregnancy, it should be supplemented by folic acid until
the tenth week. The WHO recommends 0.4-0.5 mg per day, as a co-
administration of high dose (5 mg daily) compromises the efficacy of
sulfadoxine-pyrimethamine in pregnancy (WHO 2010b).

Recommendation. Pyrimethamine in combination with sulfadoxine may be
administered for the treatment of malaria. For toxoplasmosis it is the drug of
choice when combined with a long-term sulfonamide, especially after the first
trimester. When pyrimethamine is given in early pregnancy, it should be supple-
mented with folic acid, see also Chapter 2.18.8.

4 Quinine |

Quinine is the oldest antimalarial agent. It works well and effectively as
a schizonticidal drug against the erythrocytic forms of all Plasmodium
species. Despite a relatively high toxicity and a narrow therapeutic range,
it is used again increasingly in the treatment of chloroquine-resistant
malaria. In combination with clindamycin (Section 2.6.5) its effective-
ness is increased. Concentrations in the fetus are just as high as in the
mother, and are potentially toxic.

In some case reports it was observed that children had auditory or visual
defects after the use of quinine in pregnancy. However, in those cases con-
siderably higher doses had been administered than currently in use. There
is no evidence of an increased risk of abortion or preterm delivery with
the use of a standard dosage of quinine for treatment of acute malaria
(Phillips-Howard 1996). These findings were confirmed by other studies
with several hundred pregnant women exposed during the first trimes-
ter, where no increased rates of spontaneous abortion, congenital mal-
formations, stillbirth or low birth weight were found (e.g. Adam 2004b,
McGready 2002).

Quinine increases the secretion of insulin (Elbadawi 2011). Especially
in the last part of pregnancy, severe maternal hypoglycaemia has been
induced by quinine therapy. Due to the risk of hypoglycemia, the WHO
(2010b) guidelines prefer to use an artemisinin combination for the man-
agement of malaria tropica from the second trimester on. A study of the
metabolism of quinine in pregnant and nonpregnant women failed to
show significant pharmacokinetic differences. The authors concluded that
dose adjustment is not necessary during pregnancy (Abdelrahim 2007).
Induction of contractions with high doses of quinine cannot be excluded.
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Quinine is a component of some analgesic compounds and of certain
beverages, although in lower and apparently nonembryotoxic doses.

Recommendation. Despite its toxicity, quinine belongs to the drugs of choice
when dealing with chloroquine-resistant malaria tropica in pregnancy. In this situ-
ation the potential risk of treatment is much smaller for the fetus than the danger
of a severe maternal disease. Attention needs to be paid to possible maternal
hypoglycemia. Even though embryotoxic effects due to quinine in analgesic com-
pounds are not to be expected, these agents should be avoided because they do
not conform to good therapeutical practice. The same holds for the regular or
excessive consumption of quinine drinks.

2.6.17 Azole antifungals
(4 Azole antifungals for systemic use

Azole derivatives inhibit the ergosterol biosynthesis, thereby causing dis-
turbances in the permeability and functions of the fungal cell membrane.
Azole antifungals include two broad classes, imidazoles and triazoles. In
animal experiments azole antifungals cross the placenta and are terato-
genic at high doses.

With regard to the use of the triazole derivative fluconazole in preg-
nancy, there was a report of three children (two of them siblings) with
craniofacial, skeletal, and cardiac malformations, similar to those seen in
animal studies (Pursley 1996). Because of meningitis, their mother had
used high doses of fluconazole (400-800 mg daily) through or beyond the
first trimester on a long-term basis. Additional case reports have described
two births involving craniofacial, limb, and cardiac defects in two moth-
ers who used fluconazole (Lopez-Rangel 2005, Aleck 1997). Those cases
shared some characteristics with the Antley-Bixler syndrome.

However, there was no evidence of an increased risk of malformation
in a prospective cohort study with 226 women exposed during the first
trimester (Mastroiacovo 1996). In several other studies, first trimester
exposure to low-dosage regimens of fluconazole for vaginal candidiasis
did not appear to cause an increased risk of malformations (e.g. Jick
1999, Campomori 1997, Inman 1994).

Danish cohort studies based on a prescription register also could not
find an increased risk of birth defects after first trimester exposure in
several thousand pregnant women (Norgaard 2008, Serensen 1999).
An extended analysis of the Danish data observed an increased risk for
tetralogy of Fallot based on seven cases (prevalence 0.1%) compared to
unexposed pregnancies (OR 3.16; 95% CI 1.49-6.71). The rate of major
birth defects was not increased (Molgaard-Nielsen 2013). In most cases
the low and single dose consisted of 150 mg fluconazole usually used for
a vaginal yeast infection.

Itraconazole is a triazole derivative with wide-spectrum activ-
ity. There has been no evidence of teratogenicity in prospective stud-
ies examining several hundred women with first trimester exposure
(e.g. de Santis 2009, Bar-Oz 2000); most of the exposures were short-term.
A Danish register analysis did not find an increased risk of birth defects
among 687 women with a first trimester prescription of itraconazole
(Mplgaard-Nielsen 2013).
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The imidazole derivative ketfoconazole is usually avoided in systemic
use because it is poorly tolerated and has many suitable alternatives.
Ketoconazole is administered on occasion for the treatment of Cush-
ing syndrome as it inhibits steroid synthesis. Theoretically, by decreasing
testosterone synthesis, it might impede the sexual development of male
foetuses; however, this has not been described. Ketoconazole has been
used in several cases in pregnancy with good maternal and fetal outcome
(e.g. Boronat 2011, Berwaerts 1999, Amado 1990). A retrospective study
from data of the Hungarian Malformation Registry based on 18 exposed
subjects shows no evidence of an increased risk of malformations after
systemic use of ketoconazole (Kazy 2005c). An analysis of a Danish reg-
ister did not observe a significantly increased risk of birth defects among
72 pregnant women with a prescription for this agent during first trimes-
ter (Molgaard-Nielsen 2013).

For posaconazole and voriconazole which are used for aspergillosis
and other invasive mycoses, information is lacking about use during
pregnancy. There is only one published case report of a normal child,
born after voriconazole treatment of the mother in the second and third
trimester (Shoai Tehrani 2013).

Recommendation. If a systemic treatment with an azole derivative becomes
absolutely necessary, fluconazole and itraconazole are to be preferred as the bet-
ter-tested medications. If possible, treatment should start after the first trimester.
An inadvertent exposure during pregnancy does not require a risk-based termi-
nation or invasive diagnostic, but a detailed ultrasound examination should be
carried out (Chapter 1.15).

[ 4 Azole antifungals for topical use

A multitude of poorly resorbed topical azole derivatives are available for
the treatment of superficial fungal infections. The drugs of this group that
had been introduced first, namely clotrimazole and miconazole, are most
thoroughly investigated for use in pregnancy. Regarding clotrimazole,
there are extensive studies about the treatment of vaginal yeast infections
that do not indicate an embryotoxic potential (e.g. Czeizel 1999b, King
1998). Also, there is no suggestion that there is an increase in miscar-
riages. Czeizel (2004a) noted a decrease in prematurity when vaginosis
was treated locally with clotrimazole. Experiences with several thou-
sand pregnant women are available for miconazole (e.g. Czeizel 2004b,
McNellis 1977). A suggestion by the Hungarian Malformation Registry
about a link between vaginal therapy with miconazole plus metronida-
zole during the second and third gestational month, and an increase in
syndactyly and hexadactyly, has not been substantiated by other studies
(Kazy 2005a).

An Israeli report describes two cases of severe skeletonal anomalies
after the use of bifonazole that are reminiscent of anomalies seen after
systemic use of fluconazole. In the first case, bifonazole was taken orally
from week 6 to 16, in the second case 500 mg/d vaginally throughout
pregnancy and clearly at a higher dose than recommended (Linder
2010). At dose levels which are reached with nomally recommended
topical application no teratogenic risks have been noted, yet systematic
studies are lacking.

For ketoconazole see above (azole antifungals for systemic use).
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Clearly less experience has been collected about the local applications
of butoconazole, croconazole, econazole, fenticonazole, isoconazole,
omoconazole, oxiconazole, sertaconazole, sulconazole, terconazole, and
tioconazole. Teratogenic effects have not been observed (King 1998).
This was confirmed for vaginal econazole treatment in a study of 68
pregnant patients (Czeizel 2003a).

Recommendation. Clotrimazole and miconazole belong to the local antifun-
gal medications of choice in pregnancy. The other azole derivates are antimycotic
drugs of second choice.

2.6.18 Amphotericin B

Amphotericin B is a broad-spectrum antifungal agent of the polyene
group. It binds to ergosterol at the cell membrane of fungi and disturbs
cell wall permeability. It can be used intravenously, orally, and locally.
With oral application, it is poorly resorbed and thus has only a local
effect in the intestinal tract. Conventional amphotericin B given paren-
terally has a number of side effects, primarily nephrotoxicity. Newer lipid
formulations of amphotericin B such as liposomal amphotericin B are
characterized by a markedly better tolerance and less nephrotoxicity.

Amphotericin passes the placenta. Relevant plasma concentrations
could be measured in a newborn, although the mother had taken her
last dose four months prior (Dean 1994). This could be due to placental
accumulation or delayed elimination by the fetal kidneys.

Several case reports do not indicate an increased risk of malforma-
tions with amphotericin B (e.g. Costa 2009, Ely 1998, King 1998). More
than 10 pregnancy courses with liposomal amphotericin B also argue
against an embryo- or fetotoxic risk (e.g. Mueller 2006, Pagliano 2005,
Pipitone 2005). These experiences are insufficient for a differentiated risk
assessment.

As resorption is minimal with oral or local use, a risk appears unlikely.

Recommendation. Amphotericin B should only be used parenterally in cases
of serious disseminated fungal infections. The liposomal formulation may be pre-
ferred. If treatment took place in the first trimester, a detailed ultrasound examina-
tion should be offered to ascertain the normal development of the fetus. Oral and
local use of amphotericin B is acceptable in pregnancy.

2.6.19 Echinocandins

Echinocandins are a new antifungal medication group. These paren-
teral synthetic lipopeptides inhibit the synthesis of 1,3--D-glucan, a key
ingredient of the fungal cell wall. Anidulafungin, caspofungin, and mica-
fungin are currently approved.

In animal experiments echinocandins cross the placenta. There have
been no reports of their use in pregnancy. Yalaz (2006) described the suc-
cessful postnatal application of caspofungin in a dystrophic premature
newborn of the twenth-seventh gestational week.
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Recommendation. As there is insufficient data regarding the use of echinocan-
dins in pregnancy, they should only be used where no alternatives are available
and the mycosis is life-threatening. If treatment took place in the first trimester, a
detailed ultrasound examination should be offered to ascertain the normal devel-
opment of the fetus.

2.6.20 Flucytosine

Flucytosine is effective against Cryptococcus neoformans and many
Candida species. It inhibits the DNA synthesis. Within the mycotic
cell flucytosine is partially converted into the cytostatic 5-fluoroura-
cil. To a smaller degree this reaction has to be expected in humans as
well. Due to a high incidence of resistance, flucytosine should only
be administered in combination with another antifungal drug such as
amphotericin B.

In animal experiment, fluycytosine has a teratogenic effect at doses
below those used in humans. As yet, no malformations have been reported
in humans; however, there is, as yet, no published experience with the
use of flucytosine in the first trimester. Case reports about application in
the second and third trimester for dangerous disseminated cryptococco-
sis have not shown evidence of fetal damage (e.g. Ely 1998).

Recommendation. Flucytosine should only be used for life-threatening dissemi-
nated fungal infections during pregnancy. As it is not indicated as a monotherapy,
it needs to be assessed critically if its use as a second mycotic drug is really neces-
sary. If treatment took place in the first trimester, a detailed ultrasound examina-
tion should be offered to ascertain the normal development of the fetus.

2.6.21 Griseofulvin

Griseofulvin is an organically derived antifungal agent that is used orally
for several weeks against fungal infections of the skin, hair and nails. As
it is deposited within the keratin, it is especially suited for the manage-
ment of fungal infections of nail mykoses.

In animal experiments griseofulvin is teratogenic and, at high doses,
cancerogenic. It crosses the placenta at term (Rubin 1965). One pub-
lication, based on birth defects data, reported two pairs of conjoined
twins after the use of griseofulvin in early pregnancy (Rosa 1987). This
observation could not be confirmed in other publications (Knudsen
1987, Metneki 1987). A population based case-control study with some
31 exposed pregnant women did not demonstrate an increased risk of
malformations (Czeizel 2004c). These experiences are insufficient for a
differentiated risk assessment.

Recommendation. As griseofulvin is not used to treat life-threatening fungal
infections, its application in pregnancy should be avoided. If treatment took place
in the first trimester, a detailed ultrasound examination should be offered to ascer-
tain the normal development of the fetus.
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2.6.22 Terbinafine

Terbinafine is used for both oral and topical treatment of fungal infections
of the nails and other dermatophytoses. A prospective study reported on
54 pregnant women exposed to terbinafine which showed no evidence of
a teratogenic potential (Sarkar 2003). Of these women 24 were exposed
during the first trimester and 26 had an oral exposure. These data are
insufficient for a differentiated risk analysis. When used topically, less
than 5% is resorbed making a risk unlikely.

Recommendation. Terbinafine should be avoided during pregnancy as safety
data are lacking and fungal nail infections do not require urgent treatment. If
treatment took place in the first trimester, a detailed ultrasound examination
should be offered to ascertain the normal development of the fetus. A topical
application is likely to be harmless.

2.6.23 Topical antifungal agents

Regarding the topical use of azole derivatives such as clotrimazole and
miconazole, see Section 2.6.17; for amphotericin B, Section 2.6.18; and
for terbinafine, Section 2.6.22.

Nystatin is an antifungal drug from the polyene group. Like the closely
related amphotericin B it binds with ergosterol of the mycotic cell wall and
interferes with its function. Nystatin is an effective local antifungal drug for
candidiasis of the skin or mucosa. When taken orally, it is poorly resorbed
and only works locally in the intestinal tract. The indication for intestinal
cleansing needs to be critically assessed in immunocompromized patients.

Nystatin is used frequently, and there is no evidence of embryo- or
fetotoxic effects (e.g. King 1998). A population-based case control study
did not show an increased risk of malformation after first trimester expo-
sure. When treatment was performed in the second and third trimester,
slightly more cases of hypospadia were noted (Czeizel 2003b). However,
a low resorption rate, methodological weaknesses of the study, and the
low number of only 106 pregnant women place the result in question.

A retrospective study of the Hungarian malformation register, with 160
exposed subjects, did not reveal signs of an increased risk of malformation
when natamycin was applied vaginally (Czeizel 2003c). Based on the same
register, a case-control study discussed a possible association between car-
diovascular malformations and maternal use of tolnaftate in pregnancy
(Czeizel 2004d). This observation was based on 26 exposed cases, of which
four cases had varying types of cardiac defects (OR 3.1, 95%; CI 1.0-9.7).
These data are insufficient for a differentiated risk analysis.

Amorolfine, butenafine, ciclopirox, haloprogin, naftifin, and tolciclate
are insufficiently investigated with regard to prenatal human toxicity. As
yet, there is no substantial indication for an increased risk of malforma-
tions after local use.

Recommendation. Nystatin, like clotrimazole and miconazole is an antifungal
drug of choice during pregnancy. Where possible, these drugs should be preferred.
External treatment with amorolfine, butenafine, ciclopirox, haloprogin, natamycin,
naftifin, tolciclate, and tolnaftate should be avoided during pregnancy.
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2.6.24 Anthelmintics

More than 2 billion people are infected with helminths worldwide.
Soil-transmitted helminths have been recognized as an important public
health problem in many developing countries. Severe hookworm and
other helminth infections during pregnancy may cause anemia, reduced
birth weight and increased perinatal mortality. A routine application of
anthelmintics during the second and third trimester for women in areas
endemic for hookworm infection has been suggested, with the argu-
ment that this may improve maternal anemia, birth weight, and neonatal
mortility (e.g. WHO 2013c, Christian 2004). However, a randomized
placebo-controlled study showed no advantage for newborns whose
pregnant mothers had received albendazole or praziquantel (Webb
2011). Recently, it has been discussed if routine anthelmintic treatment
during pregnancy might lead to an increased risk for allergies in infancy
(Mpairwe 2011).

| 4 Benzimidazole anthelmintics

The benzimidazole derivatives albendazole, flubendazole, mebendazole,
thiabendazole, and triclabendazole inhibit the uptake of glucose and
thereby Kkill the parasites. In animal experiments benzimidazole deriva-
tive with anthelmintic activity showed teratogenic effects.

Albendazole and mebendazole are poorly resorbed from the gastroin-
testinal tract, except when there is an inflammation. However, enteral
absorption may be increased due to high-fat diet. Mebendazole is a
highly effective and well tolerated anthelmintic drug used against nem-
atodes (such as pinworms, roundworms, whipworms, and hookworms).
There have been reports describing children with various malforma-
tions after in utero exposure to mebendazole, but a distinct pattern
of malformations could not be discerned (review by Schardein 2000).
An increased risk of congenital malformations was not observed in
a study of over 400 pregnant women exposed to mebendazole in the
first trimester (de Silva 1999). This was confirmed in a controlled pro-
spective study covering 192 first trimester exposed pregnant women
(Diav-Citrin 2003). Another study with 48 first trimester exposures also
found no increased risk for malformations or miscarriages (McElhatton
2007). Although numbers are too small for any definite conclusion,
mebendazole does not appear to represent a major teratogenic risk.
Significantly more experience has been collected with exposure during
the second and third trimester showing no evidence of a fetal risk
(e.g. Gyorkos 2006).

Albendazole is a newer, highly effective broad-spectrum anthelmintic
which combined with operative interventions has become the treatment
of choice for alveolar and cystic echinococcosis. Limited experience in
the first trimester has not shown evidence of a major risk (Gyapong 2003,
Cowden 2000). There are several thousand pregnancies with the use of
albendazole in the second or third trimester without any obvious adverse
reactions reported (e.g. Webb 2011, Ndyomugyenyi 2008).

Two abstracts from Korea which reported the outcome of 16 pregnant
women after the first trimester exposure to flubendazole showed no evi-
dence of a teratogenic potential (Choi 2008, 2005). However, the data is
insufficient for a differentiated risk assessment.

There are no reports of thiabendazole and triclabendazole use during
human pregnancies.



2.6.24 Anthelmintics 145

Recommendation. Mebendazole may be used during pregnancy to treat rel-
evant worm diseases. Albendazole may be used in cases of echinococcosis. The
other benzimidazole anthelmintics should only be used with a compelling indica-
tion, and when more established anthelmintics are ineffective. After first trimester
exposure a detailed ultrasound examination should be offered to ascertain the
normal development of the fetus.

g Ivermectin |

Tvermectin is a broad-spectrum anthelmintic agent which is mainly used
in humans in the treatment of onchocerciasis (river blindness), lymphatic
filiriasis and strongyloidiasis. It is also effective against other worm infec-
tions and some epidermal parasitic skin diseases, such as scabies. Iver-
mectin is well resorbed after oral administration. Animal experiments do
not suggest a teratogenic potential, although at maternally toxic expo-
sures malformations were noted in rodents. A number of case reports
describing accidental treatments during the first trimester have not
shown malformations in the children (Gyapong 2003, Chippaux 1993,
Pacque 1990). However, data are insufficient for a differentiated risk
assessment. A study encompassing more than 100 women who took iver-
mectin during the second trimester found no significant anomalies in the
newborns (Ndyomugyenyi 2008).

Recommendation. With a compelling indication ivermectin may be used in
pregnancy. After first trimester exposure a detailed ultrasound examination should
be offered to ascertain the normal development of the fetus.

S Niclosamide

Niclosamide is an anthelmintic that is effective against tapeworms (ces-
todes). It affects the energy metabolism of the parasites and is practically
not resorbed by the intestinal tract. This agent had been used extensively
in the past and is not suspected to cause malformations, but has not been
systematically studied in humans.

Recommendation. Niclosamide may be given during pregnancy to treat rele-
vant tapeworm infections. Application in the first trimester needs to be critically
assessed as tapeworm infections are generally not a great hazard to the mother
or unborn child. After first trimester exposure, a detailed ultrasound examination
should be offered to ascertain the normal development of the fetus.

[ 4 Praziquantel

Praziquantel is a highly effective broad-spectrum anthelmintic agent
against many trematodes and cestodes. It is mainly used for the treatment of
schistosomiasis (bilharziosis). No teratogenicity has been reported in ani-
mal studies. Over the last decades millions of pregnant women have been
inadvertently treated with praziquatel during routine anthelmintic pro-
grams without an obvious adverse reactions reported. A few publications
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also found no evidence of a teratogenic potential after mothers had been
treated in the first trimester (Adam 2004a, Paparone 1996). In a study
from Uganda encompassing more than 1,000 pregnant women, treatment
with praziquantel in the second and third trimester was not associated
with an increase in adverse outcomes (Ndibazza 2010). The WHO (2002)
recommends the use of praziquantel for schistosomiasis during pregnancy.

Recommendation. Praziquantel should be reserved for specific severe indi-
cations like schistosomiasis. Usually for other indications better-established
anthelmintics are available. After first trimester exposure a detailed ultrasound
examination should be offered to ascertain the normal development of the fetus.

[ 4 Pyrantel

Pyrantel is a broad-spectrum anthelmintic that acts by inhibition of cho-
linesterase, causing spastic paralysis and subsequent death of the para-
site. No teratogenicity has been reported in animal studies. Pyrantel is
poorly absorbed from the gastrointestinal tract. Published experience on
its use during pregnancy is not sufficient to determine risk.

Recommendation. Pyrantel should be avoided in pregnancy because better
tested alternatives are available for all indications. After first trimester exposure a
detailed ultrasound examination should be offered to ascertain the normal devel-
opment of the fetus.

S Pyrvinium

Pyrvinium is effective against pinworms (enterobius). After oral admin-
istration it is hardly absorbed. Therefore, it is unlikely to reach the fetus
in relevant amounts. There are no reports of embryo- or fetotoxic effects.
However, there has been no published experience with the use of pyr-
vinium during pregnancy. A Danish cohort study based on prescription
registers identified 1606 women redeeming a prescription for pyrvinium
(449 during first trimester). The pregnancy outcome was not considered
in this article (Torp-Pedersen 2012).

Recommendation. Pyrvinium may be used during pregnancy.

| 4 Other anthelmintics

Diethylcarbamazine is used for the treatment of filiriasis and onchocer-
cosis. No teratogenicity was reported in animal studies. No publications
regarding its use during human pregnancies have been located.

Levamisole is used as anthelmintic and as an immunomodulator. A
retrospective study with data from the Hungarian Malformation Registry
based on 14 subjects (four first trimester exposures), shows no evidence
of an increased risk of malformations after use of levamisole (Kazy 2004).

Oxamniquine is used for the treatment of schistosomiasis. No experi-
ences have been reported about its use during pregnancy.
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Recommendation. Diethylcarbamazine, levamizole and oxamniquine should be
avoided during pregnancy as better tested alternatives are available for most indi-
cations. After first trimester exposure a detailed ultrasound examination should be
offered to ascertain the normal development of the fetus.

2.6.25 Herpes medications

| 4 Herpes medication for systemic use

A number of closely related nucleoside analogs are used against viruses
of the herpes group. They are effective by blocking the viral DNA poly-
merase. The affinity of the nucleoside analogs are much lower to human
than to viral DNA polymerase.

The standard agent of this group is acyclovir which is used against the
varicella-zoster virus (VZV) and herpes simplex virus (HSV) type 1 and
2. The manufacturer’s case collection contains over 1,000 women treated
systemically with acyclovir during pregnancy, 756 of them during the first
trimester; with no evidence of embryo- or fetotoxic risk (Stone 2004). A
study of a Danish Registry with 1,561 women with prescriptions in the
first trimester, showed no increased risk after acyclovir (Pasternak 2010).
Although these studies had some methodological weaknesses, the experi-
ences argue against the risk of acyclovir in pregnancy.

Valacyclovir, the prodrug of acyclovir, is converted quickly and com-
pletely to acyclovir in the body. Orally it is distinctly better resorbed
than acyclovir of which only about 20% is resorbed. The manufacturer
did not find an increased risk of malformation in 56 women who had
received valacyclovir during pregnancy, 14 of these during the first tri-
mester (Glaxo Wellcome 1997). Also, the above cited study of the Danish
Registry did not show evidence of embryo- or fetotoxic risk in 299 preg-
nancies, in which the mother filled a prescription for valacyclovir during
the first trimester (Pasternak 2010).

Ganciclovir and its prodrug valganciclovir are effective in cytomegalus
virus infections (CMV). In animal experiment, teratogenic effects were only
seen with plasma levels that were twice as high as those recommended in
human therapy. There are a few case reports describing normal pregnancy
outcome after the first trimester treatment during early pregnancy (Pescovitz
1999). Puliyanda (2005) describes a successful oral treatment with ganci-
clovir for an intrauterine CMV infection after the 22nd week. These experi-
ences are insufficient to evaluate the safety of ganciclovir in pregnancy.

Famciclovir is quickly converted after enteral resorption into the virostatic
penciclovir. Neou (2004) reported a newborn whose mother took 250 mg
famciclovir daily in her fifth week. The boy who succumbed to a severe neo-
natal infection had a hypoplastic thymus, a mild stenosis of the pulmonary
valve, an ostium secundum defect, and an enlarged liver with stenotic extra-
hepatic biliary ducts. A retrospective study of data from the Danish Birth
Registry contained 26 women who took oral famciclovir during the first tri-
mester, and showed no increase in the malformation rate (Pasternak 2010).

There is insufficient data about the use in pregnancy for brivudine,
cidofovir, foscarnet, and fomivirsen. In animal experiments, small doses
of foscarnet sodium trigger skeletal anomalies in rats and rabbits.

No experience is reported for the combination therapy of dimepranol
and inosine that is used to stimulate the immune system against viruses
of the herpes group.

Pregnancy

2.6 Anti-infective Agents



148 2.6.26 Antiviral drugs for hepatitis

Recommendation. If an antiviral therapy is indicated for a severe maternal dis-
ease, or to protect the fetus from an intrauterine infection, acyclovir or valacyclovir
should be used as the best evaluated medication whenever possible. The other
antiviral agents are only indicated in infections where they have a therapeutic
advantage over acyclovir. After the application of one of the less well examined
drugs during first trimester, a detailed ultrasound examination should be offered
to ascertain the normal development of the fetus.

| 4 Herpes medication for local use

Acyclovir, foscarnet, ganciclovir, idoxuridine, penciclovir, trifluridine,
and tromantadine are locally applied in HSV infections. None of these
agents has been suspected to give rise to teratogenic effects.

Acyclovir may be used in pregnancy systemically and is harmless in
local application. In the above cited Danish Registry study 2,850 women
had used acyclovir and 118 women penciclovir locally during the first tri-
mester, and no increased malformation risk was noted (Pasternak 2010).
The other agents lack studies about local application.

Docosanol is a newly approved agent for topical application in her-
petic cold sores. The mechanism of action is unknown. There has been
no experience about its use in pregnancy; however, a risk is unlikely with
its minimal resoption.

The local application of zinc sulfate and of patches containing hydro-
colloid particles is harmless in pregnancy.

Recommendation. Where indicated, local remedies for herpes may be used
during pregnancy. Drying agents and patches for herpes are harmless. Where pos-
sible, acyclovir should be preferred as the best evaluated antiviral drug.

2.6.26 Antiviral drugs for hepatitis
| 4 Antiviral drugs for hepatitis B

Nucleoside/nucleotide analogs and a-interferon (Chapter 2.12) are used for
the management of chronic hepatitis B. A general therapeutic recommenda-
tion cannot be made for pregnancy as data are inadequate. Experience so far
did not reveal serious signs of teratogenic or fetotoxic damage in humans.
If there is a very active Hepatitis B or cirrhosis, antiviral treatment might
be considered. Passive-active immunoprophylaxis of infants have reduced
mother-to-child-transmissions. However, in high viremic mothers immuno-
prophylaxis might fail. No consensus has been reached if pregnant women
who are HBsAg positive, and highly viremic should be treated in the third
trimester to prevent a perinatal transmission to the infant (e.g. Pan 2012).

For lamivudine and tenofovir see Section 2.6.30.

Adefovir dipivoxil, the prodrug of adefovir, is an orally-administered
nucleotide analog. No teratogenicity has been reported in animal stud-
ies. The Antiretroviral Pregnancy Registry (2013) received reports of 48
births after a maternal adefovir dipivoxil regimen in the first trimester.
No birth defects were observed in the infants.

Entecavir has shown teratogenic effects in animal studies where,
in high doses, more vertebral and tail malformations occurred. Of 55
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infants whose mothers were exposed to entecavir during first trimester,
two babies were born with birth defects (no details available) (Antiret-
roviral Pregnancy Registry 2013). One case report describes a healthy
baby born after entecavir exposure for 32 days in the second trimester
(Kakogawa 2011).

Telbivudine raised no suspicions for teratogenicity in animal exper-
iments. Among 86 pregnancies of women who received telbivudine
before or in early pregnancy the abortion rate was 7.9%. Fifty mothers
delivered 52 infants. One pregnancy was terminated because of cleft lip
and palate and one infant showed right ear accessories, no other birth
defects were reported (Liu 2013). In the Antiretroviral Pregnancy Regis-
try (2013) no birth defects were observed in 10 infants after first trimester
exposure to telbivudine.

In a prospective study, 136 infants were born after maternal treatment
with telbivudine in late pregnancy to prevent perinatal transmission.
Exposure took place from the twentieth to thirty-second gestational
week until at least 1 month after delivery. There were no significant dif-
ferences in infant outcomes compared to a control group. No serious
adverse events were noted in the infants (Han 2011). There is an ongoing
discussion as to whether telbivudine should be given to women with a
high virus load during late pregnancy to prevent intrauterine transmis-
sion (review by Deng 2012).

4 Ribavitin |

The nucleoside analog ribavirin inhibits both DNA- and RNA-viruses,
displaying a relatively broad antiviral spectrum experimentally. Among
other applications, it is used to treat respiratory syncytial virus (RSV)
infections in infants, and, combined with a-interferon (Chapter 2.12),
against hepatitis C.

Ribavirin has teratogenic and mutagenic effects in animal experiments.
Nine women who were treated during the second half of pregnancy for
severe measles delivered healthy infants (Atmar 1992). A woman treated
for SARS (severe acute respiratory syndrome) in the first trimester with
ribavirin by injection for 3 days gave birth to a normal child (Rezvani
2006). In its Pregnancy Registry, the manufacturer noted eight women
with ribavirin exposure in the first trimester, and 77 women with expo-
sure within 6 months of the last menstrual period (Roberts 2010). The
authors found no evidence of a teratogenic risk for humans.

In summary, current data is insufficient for a risk assessment for ribavirin.
An embryo- or fetotoxic risk is not apparent with the available case reports.

Paternal exposure

The level of ribavirin is twice as high in seminal fluid as in sperm. There
has been no increased risk of malformations after paternal ribavirin treat-
ment and interferon in 20 pregnancies reported as case reports (review
by Hofer 2010), and 110 pregnancies of the Ribavirin Pregnancy Registry
(Roberts 2010). These numbers are inadequate to assess a possible risk
after paternal exposure.

[ 4 Other antiviral drugs for hepatitis C

The protease inhibitors boceprevir, simeprevir and telaprevir have
been approved for the treatment of chronic hepatitis C. There are no
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experiences with their use in pregnancy. The same applies to sofosbuvir —
a recently approved polymerase inhibitor for the treatment of chronic
hepatitis C.

Recommendation. Ribavirin and the other antiviral agents discussed here
should only be used during pregnancy when compellingly indicated. Treatment
during the first trimester is not a justification for a risk-based termination of preg-
nancy (Chapter 1.15). In such a situation a detailed ultrasound examination should
be offered to ascertain normal fetal development.

2.6.27 Antiviral drugs for influenza

S Amantadine

Amantadine enhances dopamine activity at the receptor and thus is also
used as an antiparkinson drug. As an antiviral medication, it inhibits the
membrane protein hampering the ability of the virus to enter the cell
nucleus. Because of rapid resistance and frequent neurologic side effects,
it is not recommended any more as an antiviral agent. For amantadin in
Parkinson disease, see Chapter 2.11.

| 4 Neuraminidase inhibitors

The neuraminidase inhibitors oseltamivir, peramivir and zanamivir are
used to treat patients whose influenza requires therapy.

Oseltamivir has not shown teratogenic effects in animal studies. A pro-
spective investigation at two Japanese centers did not see an increase in
malformations where 90 women had been treated in the first trimester
(review by Tanaka 2009). Another study involving 137 exposed offspring,
18 of them in the first trimester, also did not find a higher risk (Greer
2010). The manufacturer, too, noticed no increased risk in 115 women
who had used oseltamivir during pregnancy, 44 of these during the first 3
months (Donner 2010). One study with 81 pregnant women exposed to
oseltamivir, 24 in the first trimester, found an increased risk of late tran-
sient hypoglycaemia compared to an unexposed control group. No other
increased risks of adverse birth outcomes among the infants have been
observed. One child had a ventricular septal defect. This was the only
major malformation after exposure in the first trimester (Svensson 2011).
Another publication included 619 pregnant women exposed to oseltami-
vir, 159 of them in first trimester. The overall rate of major malforma-
tion after first trimester exposure was 1.3% (Saito 2013). In a French
publication, a total of 337 mothers received at least one prescription of
oseltamivir during pregnancy. One congenital heart defect was observed
among 49 infants who were exposed during first trimester. No signifi-
cant association between adverse fetal outcomes and exposure to osel-
tamivir during pregnancy could be found (Beau 2014). Dunstan (2014)
could also find no signs of embryo- or fetotoxic effects in 27 exposed
pregnant women. No birth defects were observed in eight first trimester
exposures. A population-based retrospective cohort study analyzed data
from 1,237 women who received oseltamivir during pregnancy. Com-
pared to a control group, there were no associations between maternal
use of oseltamivir with preterm birth and low Apgar score. Women who
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took oseltamivir during pregnancy were less likely to have a small for
gestational age infant. However, birth defects and time of exposure were
not mentioned (Xie 2013).

Two studies looked into the pharmacokinetics of oseltamivir and its
active metabolite oseltamivir carboxylate during gestation. Greer (2011)
compared the pharmacokinetics of 10 pregnant women in each group
during the last trimester and found no significant differences. Beigi
(2011) examined the pharmacokinetcs in 16 pregnant women (average
gestational age 24.6 weeks) in comparison to 23 nonpregnant women,
and found the pregnant group to have lower oseltamivir carboxylate
level. However, it remains unclear if the dose needs to be adjusted during
pregnancy.

Zanamivir is applied by inhalation and very little is resorbed. No tera-
togenicity was found in animal experiments. A case series study from
Japan reported 50 infants born after intrauterine zanamivir exposure, 15
of them were exposed in the first trimester. No malformations have been
observed (Saito 2013). A prospective surveillance study did not provide
a case that use of zanamivir in pregnancy is associated with an increased
risk of adverse pregnancy outcomes among 180 women exposed to zan-
amivir during pregnancy. No major malformations were reported in 37
zanamivir first trimester exposures (Dunstan 2014). Experience and the
presence of low systemic concentrations, make it unlikely that there is an
increased embryo- or fetotoxic risk.

Experience during pregnancy with peramivir is insufficient for a risk
assessment.

Recommendation. If indicated, neuraminidase inhibitors oseltamivir and tana-
mivir may be used in pregnancy. Peramivir should be avoided. Amantadine is no
longer recommended for the treatment of influenza. When used during the first
trimester, a detailed ultrasound examination should be offered to ascertain normal
fetal development.

2.6.28 Antiretroviral agents

The aim of antiretroviral therapy (ART) during pregnancy is the preven-
tion of a vertical transmission of the human immunodeficiency virus
(HIV) from mother to child, and also the optimal management of the
HIV-infected mother, whereby unwanted side effects are to be kept at a
minimum for her and the child. ART in pregnancy has become an integral
part in the prophylaxis of HIV transmission after data revealed the pro-
tective effect of perinatal prophylaxis, with the nucleoside analog reverse
transcriptase inhibitor (NRTI) zidovudine that could prevent a possible
vertical transmission during the last trimester and labor (Connor 1994).
National and international guidelines recommend a standard therapy for
both nonpregnant and pregnant HIV-infected women take a combina-
tion of at least three antiretroviral medications (EACS 2013, OARAC
2012, WHO 2010c). This highly active antiretroviral therapy (HAART)
typically consists of two NRTIs and either a protease inhibitor (PI), or
a non-nucleoside analog reverse transcriptase inhibitor (NNRTI). The
intention is that the suppression of the plasma HIV load (HIV-RNA)
should be as close to <50 copies/mL at least by the end of the pregnancy.
When an effective HAART is applied during pregnancy and lactation,
the HIV rate of transmission can be decreased from its former levels of
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20-30% to <1% (Townsend 2008, Warszawski 2008). The decision of
what regimen to use is already complicated in nonpregnant patients, but
more so in pregnancy. How to balance individual needs and risks should
be considered, especially in view of the timing of the start of treatment,
a possible interruption of therapy during the first trimester in women
already under treatment, and the selection of appropriate antiretroviral
medications.

The risks from intrauterine exposure to combinations of antiretroviral
agents are difficult to assess, as data are limited concerning the phar-
makinetics and the developmental toxicity for most of the drugs. There
is no data about the long-term toxicity of the exposure to intrauterine
retroviral substances. Information about the safety of retroviral drugs in
pregnancy are limited to experiments in animals, single case reports, a
few clinical studies, and analyses of registries such as the Antiretroviral
Pregnancy Registry (2013) in the USA that contains most of the informa-
tion about the safety of antiviral substances in pregnancy.

2.6.29 Overview of the antiretroviral medications

Five groups of antiviral substances are distinguished:

1. Nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs):
abacavir, didanosine, emtricitabine, lamivudine, stavudine, tenofouir,
and zidovudine.

Non-nucleoside reverse transcriptase inhibitors (NNRTIs): delavir-
dine, efavirenz, etravirine, nevirapine, and rilpivirine.

Protease inhibitors (PIs): atazanavir, darunavir, fosamprenavir, indi-
navir, lopinavir, nelfinavir, ritonavir, saquinavir, and tipranavir.
Entry inhibitors: enfuvirtide and maraviroc.

Integrase inhibitors: raltegravir, dolutegravir and elvitegravir.

ar KN

Data currently available do not allow for a summarizing differenti-
ated risk analysis for antiretroviral medications in pregnancy. With the
exception of efavirenz, there have been no serious signs of teratogenic
or fetotoxic damages in humans (e.g. Watts 2011, ECS 2003). Prospec-
tively documented pregnancies do not demonstrate a higher risk of
malformations and, like retrospective case reports, fail to reveal any
distinct pattern of anomalies. When antiretroviral agents are used in
the first trimester, the embryotoxic risk appears to be generally small
(Phiri 2014, Floridia 2013, Antiretroviral Pregnancy Registry 2010, Joao
2010). Nevertheless, substances that might be embryotoxic should be
eschewed in early pregnancy. Common side effects in children treated
in utero or after birth with zidovudine or antiretroviral combinations
consist of hematologic problems, especially anemias and neutropenias
(Dryden-Peterson 2011, Feiterna-Sperling 2007, Le Chenadec 2003).
It is being debated if antiretroviral treatment with or without protease
inhibitors favors prematurity (Chen 2012, Patel 2010, Kourtis 2007,
Cotter 2006, Tuomala 2005). The maternal risks of therapy are dis-
cussed with the specific medications.

The medical treatment of HIV infection during pregnancy is a
prime example for the need to sometimes utilize insufficiently tested
medications — because of the acute danger for mother and child. In indi-
vidual cases it needs to be critically assessed if an ongoing or maternally
indicated treatment is absolutely necessary during the time of embryo-
genesis, or if it can be temporarily suspended.
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Recommendation. Antiretroviral medications may be used in pregnancy. Spe-
cific risks for the prophylaxis of transmission and the therapy of maternal HIV
infection need to be observed. The choice of medication and the timing of treat-
ment have to be decided on an individual basis. When choosing medications it
should be noted that some of the retroviral substances should be avoided during
pregnancy, if possible. This concerns efavirenz (teratogenic effects) and the com-
bination stavudine/didanosine (lactic acidosis). For newer medications such as
maravirog, raltegravir and etravirine, few or no data are available concerning their
use in pregnancy. Caution is called for when nevirapine is used in women with
CD4 cell counts of <250/mm mm? (hepatotoxicity). If nevirapine is used during
pregnancy, transaminases need to be checked regularly, especially during the first
18 weeks of treatment; also, clinical symptoms are to be watched. The short-term
use of nevirapine for transmission prophylaxis does not seem to carry a similar risk.

When exposure occurs during the first trimester, a detailed ultrasound exam-
ination should be offered to ascertain the normal development of the fetus. It is
recommended that the pregnant patient is cared for in a specialized center. Physi-
cians should report pregnancies involving the use of HIV medications shortly after
diagnosis to the Antiviral Pregnancy Registry (www.APRegistry.com).

2.6.30 Nucleoside and nucleotide reverse transcriptase
inhibitors (NRTIs)

Data from clinical studies during pregnancy in women are available for
abacavir, didanosine, emtricitabine, lamivudine, stavudine, tenofouvir,
and zidovudine. With the exception of didanosine, the NRTIs showed
comparable levels in the maternal serum, and the umbilical cord blood
suggested an easy placental passage (Pacifici 2005). Having an affinity
to mitochondrial y-DNA polymerases, NRTIs can induce mitochondrial
dysfunction. The greatest risk for mitochondrial toxicity is exhibited
in vitro for didanosine, stavudine, and zidovudine. The question if a peri-
natal NRTI exposure could lead to mitochondrial problems in children
is currently under discussion; a final consensus has not been reached
(Benhammou 2007, Blanche 1999).

Lamivudine and zidovudine are the NRTIs that should be preferred
during pregnancy because of extensive experience. Abacavir, emtricit-
abine and tenofovir are alternative NRTIs which also might be used.
Didanosine and stavudine should only be used in special circumstances
(OARAC 2012).

S Abacavir

Abacavir can lead to skeletal anomalies when given to rats at a high
dosage. There is no evidence of teratogenicity in humans. Abacavir read-
ily crosses the placenta (Chappuy 2004). Data from the Antiretroviral
Pregnancy Registry (2013) with 27 birth defects in 905 cases, indicate a
malformation rate of 3.0% after exposure during the first trimester, simi-
larly as seen in the general population of the USA.

S Didanosine

In animal experiments didanosine given at high doses did not show
teratogenic effects. Didanosine crosses the placenta only in limited
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amounts (Wang 1999). The data of the Antiretroviral Pregnancy Reg-
istry (2013) show a slightly increased malformation rate after first tri-
mester exposure at 4.8% (20 of 416 births), in comparison to 2.7% in
the general US population. However, no distinct pattern of birth defects
has been discovered. In a study where 14 HIV infected women were
treated at 26-36 weeks with didanosine, neither maternal nor neonatal
side effects were noted (Wang 1999). Cases of lethal lactic acidosis have
been described in pregnant women treated with a combination of stavu-
dine and didanosine (Mandelbrot 2003, Sarner 2002). Due to the risk of
fatal lactic acidosis, combination treatment with didanosine and stavu-
dine should only be used in cases where no alternatives are available
(Bristol-Myers Squibb 2001).

| 2 Emtricitabine

Emtricitabine has not shown evidence of teratogenicity in animal
experiments or in humans. It crosses the placenta readily (Stek 2012,
Hirt 2009b). Among cases of first trimester exposures reported to
the Antiretroviral Pregnancy Registry (2013), the prevalence of birth
defects was 2.4% (34 of 1,400 births), similar to the rate in the general
US population.

g Lamivudine |

Lamivudine, one of the best evaluated NRTIs, is also approved for
the treatment of chronic hepatitis B. Levels measured in the umbil-
ical cord blood correspond to those of the mother. Data from the
Antiretroviral Pregnancy Registry (2013) indicate an unsuspicious
malformation rate of 3.1% (136 of 4,360 births). A larger study to
prevent perinatal transmission was conducted in France where 445
pregnant women received zidovudine and lamivudine after gestational
week 31, and their newborns were also given the combination for 6
weeks (Mandelbrot 2001). In this study newborns displayed signifi-
cant side effects that included lethal mitochondriopathies. However,
lamivudine and zidovudine are medications that are preferred in preg-
nancy because of extensive experience.

4 Stavudine |

There is no evidence that stavudine leads to teratogenic effects in animal
experiments or humans. Stavudine crosses the placenta easily (Chappuy
2004). The malformation rate after exposure in the first trimester
is 2.6% (21 of 805 births) according to data from the Antiretroviral
Pregnancy Registry (2013), thus similar as in the general US popula-
tion (2.7%). Good tolerance of a staduvine-lamivudine combination
has been described in a small phase I/1I study with 14 mother—child
pairs (Wade 2004). Cases of lethal lactic acidosis have been described
in pregnant women treated with a combination of stavudine and
didanosine (Mandelbrot 2003, Sarner 2002). Due to the risk of a fatal
lactic acidosis, combination treatment with didanosine and stavu-
dine should only be used in cases where no alternatives are available
(Bristol-Myers Squibb 2001).
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S Tenofovir

In animal experiments, offspring of monkeys that received high doses of
tenofovir have a decreased fetal growth rate and diminished fetal bone
density (Tarantal 2002). During pregnancy tenofovir crosses the placenta
easily (Flynn 2011, Hirt 2009a). There is no evidence that tenofovir is
teratogenic in humans. According to the data of the Antiretroviral Preg-
nancy Registry (2013) the malformation rate after exposure during the
first trimester is 2.3% (46 of 1,982 births), similar to the 2.7 % rate in the
general US population. In clinical studies HIV patients, primarily chil-
dren, displayed decreased bone density when treated with tenofovir. The
clinical significance of these findings is still unclear. One study did not
reveal any risk for adverse effects of in utero tenofovir exposure in 141
pregnant women (Gibb 2012). However, tenofovir should be used with
caution during pregnancy, because of the risk of fetal bone changes and
the paucity of other data about its pregnancy-related risks.

8 Zidovudine

Zidovudine, also known as azidothymidine (AZT), is the oldest anti-
viral drug used for antiretroviral therapy. It readily crosses the pla-
centa. In rats, maternal toxic doses lead to an increased malformation
rate during organogenesis, an effect not seen with lower doses. There
are no signs of teratogenicity in humans. According to data from the
Antiretroviral Pregnancy Registry (2013) the malformation rate of
3.2% (129 of 4,000 births) was not significant higher than that of the
general US population. The application of zidovudine has been well
studied in pregnancy and is considered to be safe in regard to short-
term and medium-term toxicities. A common side effect, when zidovu-
dine is used in the perinatal period, is a transient anemia in newborns
(Sperling 1998, Connor 1994). A follow-up study of 234 children who
had been exposed to zidovudine in utero did not display any physical,
immunological, or cognitive anomalies. The median age of children at
the time of last follow-up was 4.2 years (range, 3.2-5.6 years) (Culnane
1999). Also, there was no evidence of an increased risk for neoplasia
in more than 700 children after pre- and perinatal exposure (Culnane
1999, Hanson 1999). There are no data regarding long-term toxicity,
especially for cancerogenicity.

2.6.31 Non-nucleoside reverse transcriptase inhibitors
(NNRTIs)

Data from clinical studies about the safety in human pregnancy for
NNRT is are limited. Nevirapine is the agent that should be preferred if a
NNRTI is required during pregnancy. Efavirenz might be used in special
circumstances. For efravirine and rilpivirine the data are insufficient to
recommend use during pregnancy (OARAC 2012). Delavirdine is not
recommended as part of an initial therapy.

S Delavirdine

Delavirdine caused an increased incidence of ventricular septal
defects in rats. Experience in humans is limited to 11 births after first
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trimester exposure reported to the Antiretroviral Pregnancy Registry
(2013). Although no birth defects have been observed, these data allow
no differentiated risk analysis. Most guidelines do not recommend dela-
virdine as a part of antiretroviral regimens for initial treatment of HIV
infection because of inferior efficacy.

g Efavieenz |

In animal experiments efavirenz showed evidence of teratogenicity.
Three of 20 prenatally exposed cynomolgus monkeys showed malfor-
mations when plasma levels were similar to the therapeutic levels in
humans. Anencephaly with unilateral anophthalmia was observed in
one fetus, microphthalmia in another, and cleft palate in a third. There
are case reports in humans about neural tube defects in children whose
mothers had received efavirenz during the first trimester (de Santis 2002,
Fundaro 2002). According to the data of the Antiretroviral Pregnancy
Registry (2013) the malformation rate of 2.3% (18 of 766 births) after
first trimester exposure is comparable to the background rate of 2.7% in
the general US population. The 18 birth defects included one infant with
myelomeningocele. Another child was born with anophthalmia, severe
facial cleft and amniotic banding. In total, the Antiretrorviral Pregnancy
Register received six retrospective reports of neural tube defects; four of
them were exposed to efavirenz.

A meta-analysis, including nine prospective studies together with
1,132 live births, did not detect an increased risk of overall birth
defects after exposure to an efavirenz-containing regimen during
the first trimester. Including retrospective studies, one neural tube
defect was reported in 1,256 live births (Ford 2010). An update of
this meta-analysis which included 181 additional subjects had similar
results (Ford 2011).

In contrast to these reassuring findings, another study analyzes data
of 1,112 infants born between 2002 and 2007. A significantly increased
risk of congenital anomalies after exposure to efavirenz during first tri-
mester was observed. Six of 47 infants with first trimester exposure to
efavirenz had congenital anomalies (adj.OR 2.84, 95%; CI: 1.13-7.16)
(Knapp 2012). However, the six observed major and minor defects (pat-
ent foramen ovale, gastroschisis, postaxial polydactyly, Arnold-Chiari
malformation, talipes equinovarus, plagiocephaly), do not present a dis-
tinct pattern.

With the available published experience, the British HIV Association
guidelines panels concluded that there are insufficient data to support
the former position and furthermore recommend that efavirenz can be
both continued and commenced in pregnancy (Taylor 2012). However,
the United State guidelines are more restrictive. They recommend that
an efavirenz-based regimen may be continued in women who present
for antenatal care in the first trimester, provided the regimen produces
virologic suppression (OARAC 2012).

g Etravitine |

Animal experiments have not shown that etravirine is teratogenic. Experi-
ence in pregnancy is limited to case reports (Jaworsky 2010, Furco 2009).
According to the data of the Antiretroviral Pregnancy Registry (2013)
no birth defects were reported in 39 infants born after first trimester
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exposure to etravirine. Experiences are insufficient to analyze a possible
risk in pregnancy.

S Nevirapine

There is no evidence in animal experiments or human experience that
nevirapine is teratogenic. Nevirapine crosses the placenta easily and
attains levels in the neonate that correspond to those of the mother
(Benaboud 2011, Mirochnick 1998). According to the data of the
Antiretroviral Pregnancy Registry (2013) the malformation rate after first
trimester exposure is 2.9% (31 of 1,061 births), which is no higher than
that of the general US population.

Studies indicate that viral transmission is blocked when 200 mg p.o.
nevirapine is given to the mother at the beginning of labor, and the
newborn receives a single dose of 2 mg/kg 48 to 72 hours after delivery
(Guay 1999). There is a high risk of developing viral resistance even after
a single dose (low resistance barrier and long half-life of nevirapine), thus
nevirapine should only be administered in a combination regimen.

Reports have been published describing single cases of liver toxicity in
pregnant women who took nevirapine (e.g. Knudtson 2003). This event
is often rash-associated and potentially fatal. Liver toxicity is primarily
observed in patients with higher CD4 cell counts (>250/mm?®); in these
patients the risk of symptomatic hepatic events is twelve times greater than
in women with lower CD4 cell counts (<250/mm?). Studies indicate that
pregnancy per se is a risk factor for liver toxicity. Pregnant patients using
HAART that includes nevirapin have no higher risk of hepatotoxicity
than those who use HAART without nevirapine (Ouyang 2010, Ouyang
2009). These data suggest that the risk of liver toxicity of nevirapine is
similar in pregnant and nonpregnant patients. However, if nevirapine is
used in pregnancy, physicians should be aware of hepatotoxicity.

S Rilpivirine

Animal experiments failed to show that rilpivirine is teratogenic. In the
Antiretroviral Pregnancy Registry (2013) no birth defects were reported
in 31 infants born after first trimester exposure to rilpivirine. One pub-
lication describes two healthy infants after rilpivirine exposure during
pregnancy (Colbers 2014). Experiences are insufficient to analyze a
possible risk in pregnancy.

2.6.32 Protease inhibitors (Pls)

PIs are being used increasingly in pregnancy. They are recommended
in regimens combined with two NRTI drugs. PI therapy can lead to
the disturbance of glucose tolerance and even to the manifestation or
exacerbation of diabetes mellitus. It remains unclear if pregnancy itself
increases the risk even further. Generally, PIs pass the placenta poorly
(Gingelmaier 2006, Marzolini 2002, Mirochnick 2002). Therefore, fetal
toxicity would seem to be unlikely.

Lopinavir/ritonavir and atazanavir with low-dose ritonavir boosting
are the preferred PIs during pregnancy. Alternative PIs include ritona-
vir-boosted saquinavir and darunavir. Indinavir and nelfinavir should

Pregnancy

2.6 Anti-infective Agents



158 2.6.32 Protease inhibitors (Pls)

only be used in special circumstances. Data is too limited to recommend
the routine use of fosamprenavir and tipranavir in pregnant women
(OARAC 2012).

S atazanavir

Atazanavir has not shown evidence of teratogenicity in animal experi-
ments or human experience. According to the data of the Antiretroviral
Pregnancy Registry (2013), the malformation rate of 2.2% (19 of 878
births) after first trimester exposure is comparable to the rate of 2.7%
in the general US population. A number of studies are available, includ-
ing pharmacokinetic evaluations in pregnant women using HAART with
atazanavir (Mirochnick 2011, Ripamonti 2007). Some experts recom-
mend an increased dose in late pregnancy. The umbilical cord blood of
neonates shows atazanavir levels of 13-16% of those seen in the mater-
nal serum. Atazanavir inhibits the uridin glucuronosyl transferase that
metabolizes indirect bilirubin. Thus, as a common side effect, atazanavir
treatment may lead to higher indirect bilirubin levels. While case num-
bers are relatively small, investigations showed that neonates of ataza-
navir-treated mothers did not show pathological elevations of indirect
bilirubin. (Mirochnick 2011, Ripamonti 2007).

g Darunavir |

Darunavir did not demonstrate evidence of teratogenicity in animal
experiments. Some case reports demonstrated a limited placental trans-
fer. Like with other PIs a reduction in plasma levels has been observed in
late pregnancy (Pinnetti 2010). In the Antiretroviral Pregnancy Registry
(2013) five birth defects were reported in 212 infants born after first tri-
mester exposure to rilpivirine (prevalence 2.4%). Few experiences about
its use in pregnancy are available (e.g. Jaworsky 2010, Ivanovic 2010).
These data are insufficient for a differentiated risk assessment.

8 Fosamprenavir

In animal experiments no evidence was found that fosamprenavir leads
to teratogenicity. Human data about its use in pregnancy are very limited.
Transplacental passage analyzed in seven cases was relatively high com-
pared to other PIs. The authors detected a median ratio of 0.27 of cord
blood to maternal amprenavir level (the active metabolite of fosampre-
navir) (Cespedes 2013). One publication did not report adverse effects
in nine infants after intrauterine exposure to fosamprenavir (Martorell
2010). Two birth defects among 102 births were reported to the Antiret-
roviral Pregnancy Registry (2013) after first trimester exposure to fosam-
prenavir. These data are insufficient for a differentiated risk assessment.

g ndinavir |

Evidence for teratogenicity is not evident for indinavir in animal
experiments or human reports. Little of indinavir crosses the placenta
(Mirochnick 2002). According to the data of the Antiretroviral Pregnancy
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Registry (2013) the malformation rate of 2.4% (7 of 289 births) after first
trimester exposure is comparable to that in the general US population.
These data are insufficient for a differentiated risk assessment. There is a
theoretical concern that physiologic hyperbilirubinemia might be exacer-
bated due to indinavir.

| 4 Lopinavir/ritonavir

Lopinavir is used in conjunction with its pharmacological booster ritonavir.
In animal experiments with high doses of lopinavir, rats displayed evidence
of embryotoxicity with an increased rate of miscarriages, less fetal viability,
lower fetal weight, and skeletal changes. These problems were not appar-
ent in rabbits. There is no evidence of teratogenicity in humans. Like most
PIs, lopinavir/ritonavir crosses the placenta poorly (Gingelmaier 2006).
According to the data of the Antiretroviral Pregnancy Registry (2013) the
malformation rate is 2.3% (26 of 1,125 births) after first trimester expo-
sure, and thus not increased in comparison to the general US population.
Studies with HIV-infected pregnant women indicate that the treatment
with lopinavir/ritonavir is well tolerated. Pharmacokinetic investigations
show lower plasma levels, primarilty in the last trimester (Best 2010). It
is unclear if pregnant women require a higher dose or just a continuation
of the PI standard therapy. A report of 50 infants who received lopinavir/
ritonavir after birth observed an association with transient adrenal dys-
function in the infants (Simon 2011). A systematic review about the safety
and efficacy of lopinavir/ritonavir during pregnancy included nine studies
involving 2,675 pregnant women. No concerns with the use of these agents
were suggested (Pasley 2013).

g Neffinavir |

Nelfinavir did not display evidence of teratogenicity in animal experi-
ments. According to the data of the Antiretroviral Pregnancy Registry
(2013), the malformation rate is 3.9% (47 of 1,211 births) after first tri-
mester exposure which is a modest evaluation compared to the general
population (2.7%). No distinct pattern of birth defects defects has been
discovered. In studies with HIV-infected pregnant women it was noted
that a small amount crosses the placenta (Bryson 2008, Mirochnick
2002). When nelfinavir is used as an unboosted PI in pregnant women
who need treatment for HIV, it is inferior to newer, low-dose ritonavir
boosted PIs, but is useful as an alternative PI in combination with 2
NRTIs for the prophylaxis of HIV transmission. However, nevirapine
should only be used under special circumstances during pregnancy.

4 Ritonavir |

Ritonavir should be used in combination with other PIs as a low-dose
booster to increase levels of a second PI. Only a small amount crosses
the placenta (Mirochnick 2002). There is no evidence that ritonavir is
teratogenic in animal experiments or humans. According to the data of
the Antiretroviral Pregnancy Registry (2013) the malformation rate is
2.3% (52 of 2,260 births) after first trimester exposure, thus similar to the
general US population.
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g Saquinavir |

Saquinavir has not demonstrated evidence of teratogenicity in ani-
mal experiments or human experience. Like with other PIs only small
amounts of the drug cross the placenta (Mirochnick 2002). Pharmacoki-
netic studies indicate that the newer tablet formulation that has replaced
the former capsule formulation, leads to plasma concentrations similar
to nonpregnant patients (van der Lugt 2009). Thus, it is not necessary
to adjust the doses in pregnancy. Seven birth defects among 182 first tri-
mester exposures were reported to the Antiretroviral Pregnancy Registry
(2013). These data are insufficient for a differentiated risk assessment.

S Tpranavie

Tipranavir shows no teratogenicity in animal experiments. There are no
data about its ability to cross the placenta. Aside from single case reports of
pregnant patients with multiple resistances (Weizsaecker 2011, Wensing
2006), there are no other data about the use of tipranavir in pregnancy.
No birth defects were reported to the Antiretroviral Pregnancy Registry
(2013) among four first trimester exposures to tipranavir. Experiences
are insufficient to analyze a possible risk in pregnancy.

2.6.33 Entry inhibitors

Entry inhibitors are antiretroviral agents that inhibit viral binding or
fusion of HIV to the cell, either by inhibition of the fusion of the viral
capsule with the cell membrane or by blocking CD4- or co-receptors.
Data about the use of enfuvirtide or maravorioc during pregnancy are
insufficient to recommend their use during pregnancy (OARAC 2012).

g Enfuvirtide |

In animal experiments no evidence was observed that enfuvirtide
is teratogenic. A number of single case reports suggest that enfu-
virtide apparently does not cross the placenta (Weizsaecker 2011,
Brennan-Benson 2006). According to the data of the Antiretroviral
Pregnancy Registry (2013) no birth defects have been reported among
20 first trimester exposure to enfuvirtide. Thus, it can be assumed that the
risk of fetal toxicity is likely to be small. Enfuvirtide may be used in preg-
nant women with multi-resistent HIV in combination with other potent
agents as a therapeutic option, but current experience in pregnancy is
very limited.

4 Maravioc |

Maraviroc is a CCR5 inhibitor that is used to treat pretreated HIV-
infected adults in combination with other antiretroviral medications,
when exclusively CCR5-tropic HIV type-1 have been proven to be pres-
ent. Animal experiments using rats and rabbits did not show evidence of
teratogenicity for maraviroc. There are no data indicating to what degree
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maraviroc crosses the placenta. While there has been no indication that
the use of maraviroc leads to a higher rate of malignancy, a theoretical
concern remains based on the method of its action. Maraviroc should
only be used when the benefit justifies the potential fetal risk. There is
a lack of data about its application in pregnancy. Among 13 cases with
first trimester exposure reported to the Antiretroviral Pregnancy Registry
(2013) no birth defects have been observed.

2.6.34 Integrase inhibitors

Integrase inhibitors block integrase, a HIV-coded enzyme, and thereby
HIV replication. The use of raltegravir during pregnancy can be con-
sidered in special circumstances when preferred and alternative agents
cannot be used (OARAC 2012). There is insufficient data for the new
integrase inhibitors dolutegravir and elvitegravir.

| 4 Dolutegravir

In animal experiments no evidence was seen that dolutegravir is terato-
genic. Placental transfer has been described in animals. No experiences
have been reported about its use during human pregnancy. There are also
no reports about the use of dolutegravir to the Antiretroviral Pregnancy
Registry (2013).

4 Elvitegravir

Elvitegravir is combined with colbicistat which has no known antiretro-
viral activity. Colbicistat is a pharmacokinetic enhancer which inhibits
enzymes that metabolize elvitegravir. Animal studies of elvitegravir have
shown no evidence of teratogenicity. Only one report about the use of
elvitagravir during the first trimester has been reported to the Antiretro-
viral Pregnancy Registry (2013). No birth defects were observed in this
case.

L4 Raltegravir

Development studies in rats and rabbits did not show raltegravir to be
teratogenic. However, there was a slightly increased incidence of super-
numerary ribs in the offspring of rats that had received raltegravir at
doses about 4.4 times higher than those recommended in human treat-
ment. Potential human risks are not known at this time. According to the
few data about its use during pregnancy, raltegravir crosses the placenta
well (McKeown 2010). In a case series of five women raltegravir was well
tolerated (Taylor 2011). Three birth defects were observed among 141
pregnant women with first trimester exposures reported to the Antiret-
roviral Pregnancy Registry (2013). Because experience is increasing, the
United States guidelines recommend allowing a regimen including ral-
tegravir in special circumstances, when preferred and alternative agents
cannot be used (OARAC 2012). However, the data on the use of raltegra-
vir during pregnancy allow no differentiated risk analysis.
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2.6.35 Hyperthermia

More than 30 years ago animal experiments demonstrated that an increase
in the body temperature can cause malformations (review by Graham
2005, Edwards 1995, Miller 2013). This problem has also been discussed
for humans. Neural tube defects, in particular (Suarez 2004, Shaw 1998),
but also kidney, heart and abdominal wall defects (Abe 2003, Chambers
1998), have been reported in association with febrile infections in early
pregnancy, even though the overall malformation risk is absent or only
mildly increased. Moretti (2005) performed a meta-analysis about the
risk of neural tube defects and hyperthermia. They included 15 studies
with 1,719 cases and found a significant correlation (OR 1.9; 95%; CI
1.61-2.29), both in the nine case-control studies and the six cohort stud-
ies. Lowering fever in pregnant women seems to reduce the risk (Suarez
2004).

It has been debated if the use of sauna, electric blankets, or other fac-
tors that bring about a short-term increase in body temperature could
lead to similar effects as high fever (Suarez 2004). In Finland, where this
issue had been investigated repeatedly, visits to saunas occur frequently
during pregnancy and is considered safe. The use of electric blankets and
heated water beds has not shown, in other investigations, that they are
linked to an increased malformation risk.

One study observed that children between the ages of 5 and 12 had
more frequent emotional and cognitive deficits where there were reports
about high fever during the second and third trimester (Dombrowski
2003).

In summary, it appears that there is a slightly higher risk of malforma-
tions when high fever (>39°C and >24 hours) occurs, especially during
the first 4 weeks after conception.

Recommendation. If there is an infection with high fever, especially during early
pregnancy, the fever should be controlled with acetaminophen (paracetamol) or
ibuprofen (Chapter 2.1). Ibuprofen should not be taken after 28 gestational weeks.
Non pharmacological measures of fever control such as cool wrappings, and suf-
ficient fluid intake should also be considered. In cases of high fever episodes in
early pregnancy, a detailed ultrasound examination should be offered to ascertain
the normal development of the fetus. A fever episode does not justify a risk-based
termination of pregnancy (Chapter 1.15). Visits to a sauna should be limited to less
than 10 minutes, and hot or long baths need to be avoided as well as other sources
that can overheat the body.

2.6.36 Long-distance travel and flights

During long-distance travel and flights during pregnancy, a number of
potential risks need to be considered:

m Prevention of infections (malaria prophylaxis, see Section 2.6.16.;
vaccinations, see Chapter 2.7).

m The risk of other infections (fever, fluid loss), and required therapy.

m During long-distance flights:
- risks of thrombosis
- ionizing cosmic radiation
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- decrease of the partial oxygen pressure equivalent to an altitude of
2,500 m
- dry air.
m Physical and psychological stress.

Specific developmental anomalies have not been found in pregnant
women undergoing vaccinations or recommended malaria prophylaxis,
nor were such problems seen as a result of long-distance flights.

However, it needs to be noted that the stress of a long-distance trip,
especially in predisposed women, might increase the risk of miscarriage.
Also, aside from typical infectious diseases, “common” infections may
be more prevalent due to altered hygienic standards in the destination
country. The accompanying dehydration, fever, or other complications
may also endanger the fetus.

The dose of cosmic radiation on a long-distance flight varies markedly -
depending on solar activity. Yet, according to current knowledge, no
doses are reached that are high enough to lead to an increased risk of
malformations.

Recommendation. The need for long distance travel, especially to tropical desti-
nations, by pregnant women should be critically evaluated. Women with a history
of miscarriage should preferably postpone their journey. A well-tolerated long-dis-
tance journey is no indication to expand prenatal diagnostic interventions.
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Vaccines protect pregnant women against serious infectious diseases
through activation of the immune system. The induced antigen-specific
antibodies are actively transferred through the placenta and protect her
child as well. There are three types of vaccines: live viral or bacterial
vaccines, inactivated vaccines or toxoids. There is no evidence that vac-
cines have embryo- or fetotoxic effects. Also, live vaccines have not been
shown to induce fetal infections, the risks for the fetus seems theoretical.
The range of reported experiences differs for various vaccines. Generally,
routine vaccinations should be conducted before or after a pregnancy.
Even though the risk of a fetal infection is more of a theoretical concern,
vaccinations with live vaccines should be avoided during pregnancy.
If, however, there is an obvious risk of exposure, a vaccination during
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pregnancy (view the specific vaccines) should be performed for the ben-
efit of mother or child. An accidental vaccination during pregnancy is
never a reason to consider the pregnancy at risk, or even to discuss a
termination. Also immunoglobulins may be used in pregnancy for appro-
priate indications.

While official vaccination recommendations vary in detail con-
cerning management during pregnancy; the US-American Center
for Disease Control and Prevention (CDC) provides clear guidelines
(www.cdc.gov/vaccines/pubs/preg-guide.htm). It recommends (April
2013) that all pregnant women in the USA undergo an influenza vacci-
nation, even during the first trimester. The CDC recommends vaccina-
tions specifically against hepatitis A and B, rabies and meningococcus
under the appropriate indications. It does not place any limitations. The
CDC also recommends that during each pregnancy, women should be
administered a dose of tetanus-diphtheria-pertussis (Tdap), irrespective
of the woman’s prior history of receiving Tdap. Tdap given to pregnant
women will stimulate the development of maternal antipertussis anti-
bodies, which will pass through the placenta, likely providing the new-
born with protection against pertussis in early life. It will also protect
the mother from pertussis around the time of delivery, making her less
likely to become infected and transmit pertussis to her infant. In Sep-
tember 2012, the Department of Health of the UK also recommended
that all pregnant women should be offered pertussis vaccination in the
third trimester of pregnancy. There is substantial interest in maternal
immunization as a means to protect young infants against infections.
Not only for pertussis, but also for influenza and tetanus, vaccinations
during pregnancy could play an important role in preventing these seri-
ous infections in infants.

When discussing the risks of tropical vaccinations and malaria pro-
phylaxis during pregnancy in the context of long-distance travel, the gen-
eral risks of long-distance travel should also be discussed (Chapter 2.6).
Whenever a vaccination is actually indicated, it needs to be given during
pregnancy as well.

2.71 Thiomersal as a preservative for vaccines

Thiomersal and ethylmercury (ca. 5 pg) are present in a number of vac-
cines to aid preservation and have been discussed as a potential safety
risk (Bigham and Copes 2005, Clements 2003, DeStefano 2002). For
example, recently in the connection with the formulation of 2009 HIN1
influenza vaccines. However, quantities of ethylmercury are small, espe-
cially when only a single dose is given as is typical for vaccines. Thio-
mersal contains a different form of mercury (e.g. ethylmercury), which
is different from environmental methylmercury accumulated in fish.
Ethyl mercury does not accumulate in the body, and is metabolized and
removed from the body much faster than methylmercury. Currently, there
is no clear evidence that prenatal exposure of a vaccine with thiomersal
has adverse effects, including neurodevelopmental disorders like autism.
In addition, the continuous increase in the number of cases of autism
diagnosed in the USA despite removal of thiomersal from most vaccines,
strongly argues against a causal association between thiomersal in vac-
cines and autism (Global Advisory Committee on Vaccine Safety 2012).
The WHO recommends thiomersal-containing vaccines for the so-called
Third World, because they are more easily made available (especially
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if refrigeration is problematic), less expensive, safer, and more effective
(Bigham 2005).

2.7.2 Cholera vaccination

Cholera vaccine is an inactivated vaccine and contains vibrios of the
serotypes Inaba and Ogawa. In a mass vaccination campaign in Zanzi-
bar in 2009 where 196 pregnant women were inadvertently vaccinated
(Hashim 2012), there were no differences in birth outcomes between
the exposed and unexposed pregnancies. There are no other studies
concerning the use of this vaccine during pregnancy. Protection by this
vaccination is incomplete and of short duration. For this reason vaccina-
tion is no longer recommended for most travelers. The antibiotic therapy
of cholera can be performed during pregnancy. Noteworthy is that the
pathogens have a high resistance to antibiotics. All people (including
pregnant women) in areas where cholera is occurring, or has occurred,
should observe five basic cholera prevention recommendations: (1) drink
and use disinfected water; (2) wash your hands often; (3) use latrines; (4)
clean up safely; and (5) cook or boil food, keep it covered, eat it hot and
peel fruits and vegetables. Pregnant women who have to travel to an
endemic region need to adhere rigorously to these precautions (“Boil it,
cook it, peel it or forget it”).

Recommendation. If compelling reasons are indicated, vaccination can be per-
formed during pregnancy.

2.7.3 Diphtheria and tetanus vaccination

Tetanus-diphtheria vaccines are inactivated bacterial vaccines that
contain the relevant toxoids. There are no indications of embryotoxic
properties in these vaccines, which have been extensively used for many
decades (also in pregnant women). Large case control studies con-
ducted in Hungary (Czeizel 1999) and Latin America (Silveira 1995),
failed to detect any teratogenic effects of tetanus toxoid. Catindig (1996)
noted that between 1980 and 1994 annual vaccinations increased in the
Philippines by more than a factor of 10, and there was no increase in
miscarriages. The suspicion by Heinonen (1977) linking an increased risk
for pectus excavatum and club foot with tetanus toxoid has not been
confirmed and appears to be anecdotal. Tetanus/diphtheria toxoid have
been administered worldwide to pregnant women to prevent neonatal
tetanus, which is associated with a high infant mortality; large studies
examining the use of tetanus toxoid during pregnancy have not reported
clinically significant severe adverse events (CDC 2013). If necessary,
tetanus vaccinations should be refreshed during pregnancy to prevent
maternal disease and neonatal tetanus. Reports about tetanus neonato-
rum in countries with inadequate vaccine protection support the urgency
of the vaccination; for example, China (incidence of tetanus neonatorum
is 0.16/1,000 live born, only 12% of mothers have been vaccinated (Chai
2004)) and Turkey (Kalaca 2004). Generally, the basic immunization is
completed during childhood; thereafter, every 10 years a booster should
be given, even during pregnancy.
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Recommendation. If protection is inadequate, a pregnant woman should be
vaccinated against tetanus (and diphtheria).

2.74 Haemophilus influenza B (HIB) vaccination

There are no systematic studies of the prenatal toxicity of this inactivated
vaccine. It is possible that after vaccination in the third trimester, mater-
nal antibodies may cross the placenta and protect the infant from poten-
tially life-threatening infections (Glezen 1999); corresponding antibodies
have been also detected 3 and 6 months postnatally in breast milk, when
the vaccination had been given between gestational weeks 34 and 36.

Recommendation. Vaccination can be given to pregnant women. To date, no
recommendations have been made to protect the newborn by vaccination during
late pregnancy.

2.7.5 Hepatitis A and hepatitis B vaccination

Hepatitis B vaccine is an inactivated virus vaccine derived from HB sur-
face antigen. There is limited information about the use of hepatitis B
vaccine during pregnancy. About 300 pregnancies with vaccinations at
various times have been studied, and there is no increased risk of adverse
outcomes demonstrated (Sheffield 2011, Reddy 1994, Grosheide 1993,
Levy 1991, Ayoola 1987). Almost 90% of the mothers who demonstrated
seroconversion after vaccination during pregnancy, developed protective
antibodies that could be demonstrated in the umbilical blood (Sheffield
2011, Ingardia 1999). Passive transfer of the antibodies occurred in most
of the newborns, but they disappeared rapidly in the infants (Ingardia
1999, Reddy 1994, Ayoola 1987). There are no reports that demonstrate
adverse effects of hepatitis B vaccine during the course of pregnancy;
however, the data are limited.

Hepatitis A vaccines use an inactivated form of hepatitis A virus. Sys-
tematic studies of the use of hepatitis A vaccine in pregnancy are not
available. A small case series reports 29 pregnant women who were vac-
cinated with hepatitis A vaccine. While no adverse effects were apparent,
methodical flaws limit the validity of the study (D’Acremont 2008). In an
abstract, 23 pregnancies exposed to hepatitis A vaccine did not indicate
an increased risk in adverse outcomes (Wilson 2010). So far, there have
been no adverse effects with the use of hepatitis A vaccine in pregnancy;
however, data are limited.

Recommendation. Pregnant women at risk of acquiring hepatitis are recom-
mended to undergo a vaccination.

2.7.6 HPV vaccination

The human papilloma virus (HPV) vaccine contains inactivated virus.
There are two vaccines available, a bivalent (HPV2), and a quadrivalent
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(HPV4) vaccine. HPV2 protects against HPV 16 and 18, HPV4 protects
against HPV 6/11/16 and 18. In two clinical trials with HPV2 (n = 1786),
there was no higher risk for spontaneous abortion after HPV vaccination
before pregnancy (Wacholder 2010). Only 488 pregnancies occurred
within 90 days of receiving the vaccine. In five clinical studies with
HPV4 vaccine, 2008 pregnancies were followed for outcome, including
those that occurred before, during or after vaccine exposure (Garland
2009). A registry maintained by the manufacturers reports more than
500 pregnancies that started 30 days or less after the administration of
the quadrivalent HPV vaccine (Dana 2009), and no adverse effects were
seen in the pregnancies or the offspring. However, results of such data
collections have methodological flaws and are to be viewed with caution.
To some degree, data have been published repeatedly.

Recommendation. HPV vaccines should not be routinely administered during
pregnancy. An accidental vaccination carries no consequences, but booster injec-
tions should be given after completion of the pregnancy.

2.7.7 Influenza vaccination

The influenza vaccine usually administered today is inactivated and tri-
valent. It contains three influenza virus strains that are expected to affect
individuals during the upcoming winter. In many countries, including the
USA and UK, vaccination against influenza is recommended for preg-
nant women. It can be administered at any time during pregnancy. Preg-
nant women are at an increased risk of serious illness, and complications
from influenza can result in more frequent as well as longer hospital-
izations for respiratory infections. The risk increases with trimester, the
highest risk being in the third trimester. This holds for both seasonal and
pandemic influenza (Liu 2013, Beigi 2012, Mosby 2011). Vaccination
against influenza provides satisfactory immunity in pregnant women and
reduces the risk of respiratory complications. Transplacental passage of
maternal antibodies also protects the newborn.

Because inactivated influenza vaccine has been routinely administered
to pregnant women in the USA since the 1950s, there is vast experi-
ence with its use during pregnancy. Studies during the last decades with
thousands of women, which evaluated the safety of influenza vaccine
just before, or during pregnancy, demonstrate no evidence of embryo- or
fetotoxic effects of the vaccine (Bednarczyk 2012, Munoz 2012). In a
retrospective cohort study of 8,690 vaccinated pregnant women (439 in
the first trimester), there was no increase in major malformation rates.
They did observe a decrease in the overall stillbirth rate (Sheffield 2012).
In addition, adverse event data from the USA and Canada are available
concerning the use of seasonal trivalent influenza vaccine in pregnant
women. Moro (2011) reported that the US American Vaccine-Adverse
Event Reporting System (VAERS) registered only 148 adverse events in
pregnant women after influenza vaccination from 1990 through 2009.
The reporting rate of spontaneous abortion was 1.9 per million pregnant
women vaccinated. However, the well-known marked underreporting
seen with such a method of collecting data diminishes the relevance and
importance of this report. A case control study utilizing data from six
health care organizations in the Vaccine Safety Datalink found no statis-
tically significant increase in spontaneous abortion in the 4 weeks after
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vaccination (Irving 2013). In a retrospective, observational cohort also
using data from the Vaccine Safety Datalink sites, no increased risks for
adverse obstetric events was observed (I(harbanda 2013).

An investigation in Bangladesh noted 36% less respiratory illness with
fever among 172 pregnant women vaccinated with inactivated influenza
vaccine when compared to a control group of women. Also, the children
of the vaccinated mothers had 29% less infection up to 24 weeks post-
partum. The reduction was even greater for children for lab-confirmed
influenza infections, namely 63% (Zaman 2008). Maternal influenza
immunization had a substantial protective effect in both mothers and in
their young infants.

During the 2009 H1N1 influenza pandemic, the Strategic Group of
Experts on Immunization (SAGE) of the World Health Organization
recommended that pregnant women should be vaccinated, especially
during the second and third trimester, as they were at a higher risk of
severe and lethal forms of infection. The 2009 H1N1 vaccines avail-
able were with (AS03 or MF59) or without adjuvants. The vaccine rec-
ommended for pregnant women differed among countries depending
upon the perception of vaccine safety, efficacy, and operational issues
related to vaccine production. Tens of thousands of pregnant women
were vaccinated during the pandemic. There was an extensive moni-
toring of pregnancies which resulted in the development of substantial
experience with these vaccines. Over 110,000 vaccinated pregnan-
cies have been documented in numerous publications from Europe,
United States, Asia and South America. In these publications almost
41,000 women were vaccinated with non-adjuvanted vaccine (Chavant
2013, Fell 2012, Oppermann 2012, Huang 2011), over 60,000 women
with AS03-adjuvanted 2009 HI1N1 vaccine (Haberg 2013, Killén
2012, Oppermann 2012, Pasternak 2012, Sammon 2012), and more
than 10,000 pregnancies with MF-59-adjuvanted 2009 H1N1 vaccine
(Rubinstein 2013, Heikkinen 2012, Huang 2011). Only a small number
of the women were vaccinated during the first trimester. The adverse
events described were similar to those in the general population and
were mainly mild. Vaccination during pregnancy did not result in an
increased risk of adverse perinatal events or congenital malformations.
Some studies even suggested a lower risk for preterm birth, low birth
weight and fetal death. As relatively few women were vaccinated in the
first trimester, the ability to assess the impact of vaccination on rates
of congenital malformations is limited. Because the use of adjuvants in
pregnancy had not been well studied in clinical trials, there were con-
cerns about the safety during pregnancy. Specific concerns were about
the squalen-containing adjuvant AS03, as it could not be excluded that
it would systematically enhance a Th1 (T1 helper cell) immunity, which
is reduced during pregnancy. This could potentially result in placental
dysfunction and a higher risk of preeclampsia, as a disturbed Th1/Th2
regulation has been discussed for some time as a cause of placental dys-
function (Mor 2010, Trowsdale 2006, Saito 2003). However, studies did
not find any adverse effect of the AS03- or MF59-adjuvanted A/H1N1
vaccines on the ongoing pregnancy, or on the health of the mother, the
fetus, or the newborn (Haberg 2013, Rubinstein 2013, Heikkinen 2012,
Kallén 2012, Oppermann 2012, Pasternak 2012, Sammon 2012, Huang
2011).

Since 2003 there has been a live-attenuated influenza vaccine (LAIV)
on the market. LAIV is contraindicated in pregnancy. However, inadver-
tent use during pregnancy is no reason for termination of the pregnancy
(Toback 2012).



2.7.9 Meningococcal vaccination 183

In summary, no study to date has demonstrated adverse consequences
following seasonal or pandemic influenza vaccination in pregnancy.
These results provide reassurance when offering influenza vaccination
to all pregnant women.

Recommendation. Vaccination of women who are or will be pregnant during
the flu season is recommended. Vaccination can occur in any trimester.

2.7.8 Measles and mumps vaccination

Measles and mumps vaccines should be avoided during pregnancy
because they are live attenuated virus vaccines and theoretically, fetal
infection with the attenuated vaccines might occur. Infection with wild-
type measles during pregnancy has been associated with miscarriage,
prematurity and perinatal death in infected pregnancies. Cases of first
trimester mumps followed by adverse fetal outcome have also been
reported but are inconclusive. There have been no indications that mea-
sles or mumps infections during pregnancy cause birth defects in the
child (Enders 2007).

There is insufficient documented experience following the use of these
vaccines during pregnancy. However, there have been no suggestions of
developmental toxicity in humans. Some publications are focused on
rubella vaccinations, but utilize data from rubella-measles combination
vaccines, e.g. three studies with about 300 pregnant women who under-
went mass vaccinations in Iran (see Section 2.7.13). Thus, theoretical
concerns for a risk using this live vaccine during pregnancy have not
been confirmed. Although this finding is reassuring, it should be stated
that the data are limited.

Recommendation. Neither vaccine should be administered during pregnancy
because, theoretically, fetal infection with the live attenuated vaccines might
occur. While, generally, there is no indication to perform a measles and mumps
vaccination during pregnancy, an accidental vaccination does not require any fur-
ther intervention.

2.7.9 Meningococcal vaccination

Meningococcal vaccine contains non-conjugated or conjugated polysac-
charides of the groups A, C, Y, and W-135. It has been in use for decades
and has not demonstrated fetotoxicity when given to pregnant women, pri-
marily during the last trimester (Letson 1998). Protective antibodies have
been demonstrated to cross the placenta. A study investigated 157 women
who were vaccinated in the third trimester comparing them to a control
group. It found that significantly higher levels of IgA and IgG, respec-
tively, were present in the breast milk for up to three months, and in the
serum of the newborns up to 6 months after birth (Shahid 2002). Currently,
C-conjugated vaccines are preferred. They are also given to infants and result
in a better immune response than the polysaccharide vaccines. In the conju-
gated variety, parts of the bacterial wall are additionally bound to a protein.
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Recommendation. If clearly necessary, meningococcal vaccination may be
conducted during pregnancy.

2.7.10 Pertussis vaccination

Pertussis vaccine is offered as a triple vaccine with tetanus and diph-
theria (Tdap). It is being debated if the application of the acellular per-
tussis vaccine (aP) to the mother during pregnancy results in increased
protection of the newborn through transmission of maternal antibodies.
Because of the increase in incidences of pertussis in infants, immuniza-
tion of pregnant women with pertussis vaccine is proposed (Leuridan
2013, Lindsey 2013, Bechini 2012). Maternal vaccination against per-
tussis is recommended in the United Kingdom and United States (CDC
2013), with new studies indicating their efficacy. Systematic studies are
lacking about the safety of Tdap during pregnancy; however, case series
and reports do not indicate a risk. At present in Canada and the USA,
two clinical trials of acellular pertussis vaccines administered during the
third trimester of pregnancy are underway.

Recommendation. Pregnant women may be vaccinated with pertussis vaccine.
Vaccination in the second and third trimester is the most effective.

2.7.11 Pneumococcal vaccination

There are two types of pneumococcal vaccine: unconjugated and con-
jugated polysaccharide vaccines. Both are inactivated vaccines. Pneu-
moccocal vaccination during pregnancy was proposed to be the way of
preventing pneumococcal disease during the first month of life. How-
ever, experience with 280 pregnancies showed no evidence that pneu-
mococcal vaccination during pregnancy reduces the risk of neonatal
infection (Chaithongwongwatthana 2012). Mothers were vaccinated in
the third trimester. There were no adverse effects on the pregnancy or on
the health of the newborn.

Recommendation. Pregnant women may be vaccinated for pneumococcal
pneumonia if necessary.

2.7.12 Poliomyelitis vaccination

There are two types of polio vaccine, an inactivated and a live attenu-
ated polio vaccine. Today, only the inactivated polio vaccine is used in
Europe and the USA; it needs to be given parenterally. The formerly
used oral polio vaccine (Sabin) contained live attenuated poliomyelitis
viruses. Even with this live vaccine, no increased risk of malformations
or miscarriages were observed when studies were conducted with mass
vaccinations in Finland and Israel involving approximately 15,000 preg-
nant women (Harjulehto-Mervaala 1995, Ornoy 1993). While systematic
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studies are missing, today’s inactivated polio vaccine is not expected to
lead to adverse effects in the unborn.

Recommendation. Pregnancy is not a contraindication for a necessary polio
vaccination with the inactivated vaccine. If there has been a break in vaccination
protection, a booster should be given in the interest of mother and child using
today's inactivated vaccine.

2.7.13 Rabies vaccination

The rabies vaccine is an inactivated vaccine derived from cell cultures of
human or chick embryo origin. Today’s vaccine is much better tolerated
than earlier preparations. Case reports and series regarding the active
and/or passive immunization with more than 330 pregnant women
demonstrate no adverse effects (Huang 2013, Toovey 2007, Chutivongse
1995). Maternal antibodies appear to cross the placenta.

Recommendation. Because rabies is a disease with a lethal outcome, a preg-
nant woman bitten by an animal suspected to be carrying rabies has to be immu-
nized with vaccine and immunoglobulin.

2.7.14 Rubella vaccination

The rubella vaccination is conducted with an attenuated live vaccine
that is also present in the combination vaccines with measles and
mumps (MMR). The wild-type rubella viruses are highly teratogenic. A
rubella infection during pregnancy, especially during the first trimester,
can result in miscarriage, stillbirths, and congenital rubella syndrome
(CRS). The main clinical manifestations of CRS are eye defects (cat-
aract, glaucoma, retinopathy), deafness, congenital heart defects and
central nervous system (CNS) defects (mental retardation, microceph-
aly). Other possible effects are growth restriction, hepatosplenomegaly
and thrombocytopenia (Dontigny 2008). Because rubella vaccine con-
tains live rubella virus, immunization is contraindicated shortly before
and during pregnancy.

A case report of a child with congenital cataract after maternal vac-
cination was not confirmed by another investigator (Fleet 1974). In
another situation, the suspicion of rubella embryopathy after a maternal
vaccination could be refuted by the demonstration of the presence of a
wild-type virus (da Silva e Sa 2011). In a number of studies, data were
analyzed covering more than 4,000 women who had been vaccinated
from 3 months prior to conception and up to pregnancy. Data were col-
lected from women in Germany, Sweden, England, Latin America, Iran
and North America, some of them were already seropositive (Soares
2011, Nasiri 2009, Namaei 2008, Badilla 2007, Hamkar 2006, Enders
2005, Bar-Oz 2004). There were no cases of CRS after inadvertent expo-
sure to rubella vaccine shortly before or during pregnancy, nor was there
an association with other adverse effects.
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No differences were seen in important developmental markers of 94
children (up to 1 year) of women who had received a vaccination in early
pregnancy, or within 3 months prior to pregnancy, and their controls
(Bar-Oz 2004). Also, a study from Iran did not detect clinical sequelae in
the children from approximately 120 mothers who had no prior immu-
nity (Hamkar 2006); in two other Iranian studies, 166 women were vac-
cinated shortly before or after conception. No signs of CRS were found
in the neonates, or IgM in the cord blood (Nasiri 2009, Namaei 2008).
An investigation from Costa Rica (Badilla 2007) examined about 1,000
women who had been vaccinated during pregnancy or 1 month before.
They did not find anomalies in regard to malformations, miscarriages,
birth weight, and prematurity when comparing seronegative and seropos-
itive mothers. In the majority of women who completed the follow-up,
the immune status was unknown. During a mass vaccination campaign
in Brazil, 2,332 susceptible women were vaccinated shortly before or
during pregnancy. No children were born with CRS (Soares 2011).

Rubella-specific IgM antibodies can be documented in the cord blood
of offspring of about 0-6% of women who had received the rubella vac-
cination during early pregnancy (Soares 2011, Hamkar 2006, Enders
2005, CDC 1989). A persistent subclinical infection was diagnosed in
one case (Hofmann 2000). In none of the children with rubella IgM anti-
bodies was CRS detected.

In summary, there has not been a single case of a rubella embryopathy
as a result of a maternal vaccination, regardless if mothers were seroneg-
ative or had a preexisting (residual) immunity.

Recommendation. A rubella vaccination should not be planned immediately
before or during pregnancy. Current experiences argue against a risk of a rubella
embryopathy as a result of vaccination. Thus, an accidental vaccination is no ratio-
nale for termination or invasive diagnostic steps. An individual decision should
be made, if, as an exception, a seronegative woman with a high risk of exposure
should be vaccinated during pregnancy.

2.7.15 Tick-borne encephalitis vaccination

No evidence has been noted in smaller case studies that vaccination with
tick-borne encephalitis vaccine containing inactivated viruses leads to
embryotoxic effects in humans (e.g. Paulus 2006, personal communi-
cation). Systematic studies about its safety in pregnancy have not been
published.

Recommendation. The indication for vaccination during pregnancy requires
critical assessment.

2.7.16 Typhoid vaccination

Two typhoid vaccines are available, one a parenteral inactivated version,
the other an oral formulation with live bacteria. A typhoid septicemia
during pregnancy increases the risk of miscarriage. Therefore, protection
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for pregnant women is advisable, especially when staying for a longer
time in affected countries. A study of 18 pregnant women who received
the live vaccine during the first trimester (Mazzone 1994), and another
report with 174 accidentally vaccinated women during pregnancy
(Brooking 2003), did not reveal any specific abnormalities.

Recommendation. If indicated, a pregnant woman may receive a vaccination.

2.7.17 Varicella vaccination

A first infection with varicella during the first half of the pregnancy can
harm the embryo and fetus in about 1% of cases. Congenital varicella
syndrome is characterized by cutaneous scarring in a dermatome dis-
tribution and/or hypoplasia of an extremity. Additional manifestations
may include low birth weight, microcephaly, localized muscular atrophy,
ocular anomalies, and neurological abnormalities (Mandelbrot 2012).
Infants born to women who develop varicella within the period of 5 days
before, to 2 days after, delivery are at risk of neonatal varicella, which
may be severe. This has not been observed when varicella vaccine is used
during pregnancy. Varicella vaccine is a live attenuated viral vaccine. The
manufacturer Merck collected 737 prospectively documented pregnan-
cies, including 163 cases of live births of women who had been definitely
seronegative prior to vaccination. The data revealed no evidence of a
varicella embryopathy, higher malformation rates, or higher miscarriage
rates. Also 65 retrospective case reports (Merck Pregnancy Registry for
Varivax 2008) showed no varicella embryopathies. Although the results
are reassuring, data are limited.

Recommendation. Vaccination should not be administered during pregnancy.
An accidental vaccination requires no further intervention.

2.7.18 Yellow fever vaccination

The yellow fever vaccine contains a live attenuated virus. Vaccination
during pregnancy with this vaccine is contraindicated because of the
(theoretical) risk of fetal infection. One case report describes a yellow
fever infection in a newborn in connection with a vaccination during
the first trimester (Tsai 1993). This has not been confirmed by other
publications. A study of 101 pregnant women who were vaccinated,
four in the first, and 89 in the third trimester, did not reveal devel-
opmental anomalies in the offspring up to ages 3-4 (Nasidi 1993).
Another rather small retrospective study with 39 pregnant women indi-
cates a non-significant increased miscarriage rate (Nishioka 1998). A
study of 58 women who were vaccinated during the first trimester did
not report congenital infections or evidence of teratogenicity (Robert
1999). Cavalcanti (2007) examined 304 prenatally exposed Brazilian
children and compared them with a reference population: there was
no increase in major malformations; minor dysmorphism were signifi-
cantly more frequent, especially pigmented nevi. The authors suspect
that this is due to a bias of clinical evaluation. The follow-up period
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of the exposed children was much longer (up to 1 year) than for the
reference population (only during the neonatal period). Another study
from the same institute describes that neither PCR-positive findings,
nor IgM, was found at birth and that >98% of the vaccinated mothers
were IgG-positive. About 20% of mothers report mild side effects with
vaccination, e.g. fever and joint pain (Suzano 2006). A careful examina-
tion reveals that the mother-child pairs of this study are also contained
in the publication by Cavalcanti (2007). In summary, the overall expe-
riences with more than 500 vaccinated pregnant women speak against
an appreciable developmental risk of this live vaccine. Although this
finding is reassuring, it should be underlined that most reported series
have been small in number.

Recommendation. Yellow fever vaccine is not recommended during pregnancy.
However, a pregnant woman who undertakes unavoidable travel to an endemic
region has to be vaccinated even in the first trimester, because disease caused by
yellow fever is life-threatening.

2.7.19 Immunoglobulins

Immunoglobulin preparations contain primarily immunoglobulin G
(IgG) antibodies derived from pooled human plasma. The extent of pla-
cental passage of IgG antibodies depends on the gestational age, dose,
duration of treatment, and type of the administered agent. Immunoglob-
ulins are used for different maternal and fetal indications; for example,
for antibody deficiency, infectious diseases (especially for prevention),
autoimmune diseases (to treat maternal disease), and management of
fetal medical symptoms such as fetal heart block as a result of maternal
lupus erythematosus.

Both immunoglobulins and hyperimmune sera against specific infec-
tions are not, as far as we know today, embryotoxic (review in Briggs
2011).

A study of 93 children of mothers who had received gamma globu-
lin to prevent hepatitis during pregnancy, describes significantly more
changes in the epidermal ridges of the fingertips of prenatally exposed
children (Ross 1996). These changes that can hardly be classified as
malformations were only seen when exposure occurred during the
first 162 days of pregnancy. The same author reports two children
with duodenal stenosis and a para-esophageal hiatal hernia, respec-
tively, whose mothers had received gamma globulin during the first
trimester (Ross 1995). This anecdotal report has not been confirmed
by other authors.

In summary, immunoglobulins for specific infections are not consid-
ered to be embryotoxic. Nonspecific risks caused by human blood prod-
ucts, such as transmission of viral infections and anaphylactic reactions,
cannot be completely excluded and could indirectly endanger the fetus
as well.

Recommendation. If indicated, standard immunoglobulins may be given during
pregnancy.
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Profound hemodynamic changes take place during pregnancy. The blood
volume starts to expand at the fifth gestational week, and by the end
of pregnancy it has increased by 50%. Vascular resistance and blood
pressure decrease, while the resting pulse increases by 10-20 beats/min.
This results in a 30-50% rise of the cardiac output. Normally, during the
second trimester, blood pressure decreases, and then rises again in the
last trimester — up to the level before pregnancy or higher. During birth,
cardiac output and blood pressure rise even further. Generally, 1-3 days
after birth hemodynamic levels are back to pre-pregnancy levels, some-
times normalization may take 1 week (Oakley 2003).

While heart diseases are infrequent during pregnancy (<1%), hyper-
tonic and hypotonic blood pressure problems requiring intervention are
much more common.

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00009-3
Copyright © 2015 Elsevier B.V. All rights reserved.
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2.8.1 Arterial hypertension and pregnancy

The management of arterial hypertension differs greatly between preg-
nant and nonpregnant women. One reason is that certain antihyper-
tensive agents are clearly harmful for the fetus - e.g. ACE inhibitors
or angiotensin II receptor antagonists (sartans) during the fetal period
(second and third) trimester - while others have not been sufficiently
examined regarding their safety. Also, the aims of therapy differ.

Outside pregnancy the main objective of treatment is to lower the risk
of cardiovascular sequelae such as heart attack or stroke. This risk reduc-
tion has been proven for thiazide diuretics (also for chlortalidone and
indapamide), B-blockers, calcium antagonists, ACE inhibitors and sar-
tans. In nonpregnant patients these medications belong to the drugs of
first choice whereby each type of agent has its own advantages and dis-
advantages. Thus, people with diabetes or a high risk of diabetes should
not usually receive p-blockers, diuretics, or combinations.

During pregnancy the main objective of antihypertensive management
is to lower the risk of maternal complications during gestation and to
ascertain the normal development of the fetus. The goal is to lower the
risk for preeclampsia, placental abruption, prematurity and intrauterine
growth retardation.

The following types of hypertension are distinguished in pregnancy:

m Chronic arterial hypertension: diagnosed before, during, and after
pregnancy.

m Gestational hypertension: develops after the twentieth gestational
week, no proteinuria, and disappears within 6 weeks after birth. About
half of these patients develop preeclampsia.

m Preeclampsia and eclampsiay: Proteinuria (>300 mg/24 hours) and
first appearance of hypertension with possible edema.

m Superimposed gestational hypertension: preeclampsia in pregnant
patients with chronic hypertension, seen in 20-25% of pregnant
women with chronic hypertension.

A blood pressure reading of 140/90 mmHg marks the border to hyper-
tension during pregnancy. There is controversy surrounding the issue of
when pregnant women should be treated, and if women who already
have lower blood pressure elevations would benefit from a therapeu-
tic intervention. This discussion is partially based upon the results of a
meta-analysis that showed that a lowering of the mean blood pressure
by 10 mmHg during pregnancy decreased the birth weight by 145 g. This
reduction did not correlate with the type of antihypertensive medication
or with the duration of treatment (Von Dadelszen 2000). A pathophysi-
ologic explanation for this finding might be that lowering of the pressure
compromises utero-placental perfusion and thereby leads to a loss of
weight (see also de Swiet 2000).

A pilot study investigating the issue at what level of diastolic pres-
sure arterial hypertension should be treated during pregnancy finds only
minor differences between tight and less tight blood pressure control
when looking at maternal complications and fetal outcomes (Magee
2007).

A population-based retrospective cohort study investigated 100,029
deliveries; of those 1,964 were babies born to mothers who experienced
hypertension during pregnancy, with 620 neonates exposed to at least
one antihypertensive medication. The authors found a higher rate of
intrauterine growth restriction, small for gestational age, and preterm
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deliveries between both the treated and untreated groups, concluding
that not only medication, but also hypertension itself is an independent
risk factor for perinatal adverse outcomes (Orbach 2013).

However, a large trial is still needed to identify optimal blood pressure
goals and therapy of non-severe maternal hypertension in pregnancy
(Magee 2011). Despite many studies and experiences there are still no
uniform recommendations for pregnant women. Methyldopa remains
the first line medication for long-term therapy of chronic hypertension
during pregnancy. Metoprolol, nifedipine, and, with some reservation,
dihyralazine/hydralazine are also considered to be well studied.

Blood pressure situations caused by preeclampsia that are more dan-
gerous for mother and fetus are usually best managed with oral nifedip-
ine or urapidil or, with reservations, dihyralazine/hydralazine IV. Also
B-receptor blockers may be given, among them the well-studied labetalol.

2.8.2 a-Methyldopa

Pharmacology

a-Methyldopa is a centrally acting antihypertensive agent that is well
resorbed and has a half-life of two hours. Cardiac functioning, especially
output, is not altered, while peripheral resistance is lowered. Indepen-
dent of IV or oral application, methyldopa becomes clinically effective
after 60-90 minutes. The effect lasts for about 10-12 hours. Methyldopa
crosses the placenta.

Toxicology

A group of 242 children who were exposed during the first trimester
showed a normal pattern for frequency and types of malformations
(quoted by Briggs 2011). Another investigation indicated that the head
circumference was decreased by 1.3 ¢cm in those newborns whose moth-
ers had received methyldopa between weeks 16 and 20. The controls
consisted of children of untreated hypertensive mothers (Moar 1978).
This statistically significant result was no longer present at the ages of 6
and 12 months. No anomalies of mental development were apparent in
these children at the ages of 4, 5, and 7.5 years. The authors could not
explain why only the newborns of mothers treated between weeks 16 to
20 demonstrated a decreased cranial circumference. Fidler (1983) and
co-workers did not observe a decrease of skull growth. Normal neuro-
cognitive development was also observed in the study of Chan (2010),
comparing exposed children to labetolol with those exposed to meth-
vldopa, and a healthy population control group. A small non-significant
decrease in 1Q of children exposed to methyldopa was observed, but the
authors explained this as a result of lower maternal 1Qs. A systematic
review of neurodevelopmental effects of maternal hypertension and its
treatments reinforces the need of the treatment, since no risk is identified
with methyldopa therapy and/or labetolol, while hypertension itself can
in fact affect development (Koren 2013).

In a few cases hepatotoxic effects were observed in pregnant patients
taking methyldopa during pregnancy (e.g. Slim 2010, Smith 1995).

A lowering of the blood pressure by 4-5 mmHg was seen in newborns
whose mothers had used methyldopa prior to birth; this effect had no clin-
ical relevance (Whitelaw 1981). We received reports of three newborns
that after having been exposed until birth displayed tremor, shaking, and
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irritability during their first three days. These symptoms were likely to be
side effects and disappeared within a few days.

In an in vitro examination, methyldopa did not exhibit an influence on
the vascular resistance of the umbilical artery (Houlihan 2004). Giinenc
(2002) analyzed the effect of methyldopa in 24 women with preeclamp-
sia using Doppler sonography. The medication reduced the vascular
resistance of the uterine artery, but not of the umbilical arteries or the
fetal medial cerebral artery.

Recommendation. a-Methyldopa is one of the oldest antihypertensive drugs
that is well tolerated by mother and child during pregnancy. It is the medication of
choice for hypertension in pregnancy.

2.8.3 B-Receptor blockers

B-Receptor blockers inhibit the interaction of the neurotransmitters nor-
adrenaline and adrenaline on the p-receptors of the relevant target organ.
The heart contains primarily p1-receptors.

B1l-selective agents are atenolol, acebutolol, betaxolol, bisoprolol,
celiprolol, esmolol, nebivolol, metoprolol, and talinolol. Most of
these are used for the treatment of hypertension, and some for other
indications.

The non-selective p-blockers include carteolol, oxprenolol, penbutolol,
pindolol, propranolol, timolol, and the antiarrhythmic agent sotalol (dis-
cussed in Section 2.8.17).

Labetalol has an additional a-receptor blocking component. Hardly
any experience is found with the use of carvedilol, an al- and non-
selective p-receptor blocker (more on p-receptor blockers in Chapter
2.17.22 Ophthalmic Medications).

B-Receptor blockers cross the placenta and have no teratogenic effect
as far as is known (e.g. Diav-Citrin 2011, Nakhai-Pour 2010). These
experiences refer primarily to the well-studied systemic p-blockers such
as atenolol, bisoprolol, labetalol, metoprolol, and propranolol.

Using data from the Swedish Birth Registry a study compared 1,418
women without diabetes under various hypertensive drugs with 1,046,
842 women without hypertension and diabetes in early pregnancy.
The risk of prematurity and small for gestational age (SGA) births was
increased in the heterogeneous total group of users of hypertensive
drugs, and major malformations were slightly increased (OR 1.63; 95%
CI 1.26-2.12). No medication-specific risks or malformations were seen
for subjects exposed to B-blockers (monotherapy n = 798) or to other
hypertensive drugs (Lennestal 2009).

More undesirable effects have been reported with atenolol than with
any other B-blocker. It is unresolved if this represents a specific effect
of this agent, or if atenolol has been studied more closely, and those
results might show up with all -blockers (Magee 2003). Reports indicate
a lower weight of the placenta, intrauterine growth retardation (IUGR),
and a lower birth weight (Tabacova 2003a). Bayliss (2002) examined
491 pregnant women with hypertension in regard to the birth weight. As
controls served 189 untreated women and patients treated with, among
others, calcium antagonists (n = 14). The result is interesting, yet its valid-
ity limited by the low case number: Newborns whose mothers had taken
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atenolol since conception or during the first trimester until birth (z = 40)
displayed a significantly lower birth weight. However, the use of ateno-
lol during the second trimester did not show this effect. Independent of
the type of hypertensive drug, a superimposed hypertension (second or
third trimester) resulted in a lower birth weight. The use of VI labetalol is
increasing, especially in a hypertensive crisis during pregnancy. Although
there are reports of low birth weight associated with the use of this med-
ication, most studies agree that it does not seem to offer greater risks in
pregnancy (Xie 2013).

One report described a child with a retroperitoneal fibromatosis with
compression of the medulla leading to a later scoliosis; this was linked to
maternal treatment with atenolol. The authors consider that this associa-
tion should be mentioned, as similar results had been described in adults
after the use of atenolol (Satgé 1997).

Pathophysiologically p-receptor blockers, especially perhaps atenolol,
could decrease placental perfusion and lead to IUGR and lower placen-
tal and birth weight. A causative factor could be that f-blockers increase
the tonus of the uterus, but also their hypoglycemic activity has been dis-
cussed. As these problems can be induced by severe hypertension alone,
the disease itself has to be considered a co-factor as a minimum.

When considering the effects of the medication upon intrauterine
growth, a distinction should be made between severe and lighter forms of
maternal hypertension (Section 2.8.1). A meta-analysis of the side effects
of antihypertensive drugs in lighter forms of hypertension found that
the subgroup using p-receptor blockers only displayed a trend towards a
lower birth weight (see Magee 2011).

A neonatal p-receptor blockage due to maternal treatment can lead
to hypoglycemia and a decrease in heart frequency. Respiratory depres-
sion has been observed in newborns when propranolol is given IV just
prior to a caesarean delivery (review by Briggs 2011); this, however, is
an unusual event.

Some authors discuss the discontinuation of medication 24-48 hours
prior to birth. This approach, though, cannot be recommended, because
the maternal blood pressure increases during labor, and the generally
mild side effects of a B-blocker in the newborn subside without sequelae
within 48 hours. Nevertheless, obstetricians and pediatricians should be
aware of the maternal medication.

The postnatal growth during the first year of life and other develop-
ments of the children do not appear to be affected (Reynolds 1984).
This is confirmed in a later investigation of 32 children who had been
exposed to labetalol in utero. At the age of 3-7 years they were compared
with two control groups (Chan 2010). While in this study the “Labeta-
lol Children” had slightly better results than the “Methyldopa Children,”
a Dutch study group found different results: Children with intrauterine
exposure to labetalol (z = 58) had a higher tendency to develop attention
deficit hyperactivity disorder (ADHD) than methyldopa-exposed off-
spring (Pasker-de Jong 2010).

Recommendation. B-receptor blockers belong to the antihypertensive drugs
of choice during pregnancy. Well-tested agents such as metoprolol and labetalol
should be preferred. If possible, atenolol should be avoided, mainly due to risk
of prematurity, SGA and IUGR. When the treatment continues during labor with
any B-blocker, perinatal effects may be encountered, such as a decrease in pulse
frequency and hypoglycemia.

Pregnancy
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2.8.4 Calcium channel blockers

Most calcium channel blockers (CCBs) are approved for the manage-
ment of hypertension, the majority for the treatment of coronary heart
disease, and some as antiarrhythmic agents. Nifepidine is also used off-
label as a tocolytic (Chapter 2.14.6).

In regard to use in pregnancy, nifedipine and verapamil are the best
evaluated CCBs, followed by amlodipine and diltiazem.

Experience with the following agents is inadequate and at best limited
to a few single case reports: felodipine, gallopamil, isradipine, lercan-
idipine (a vaso-selective blocker), manidipine, nicardipine, nilvadipine,
nisoldipine, and nitrendipine. The CCB nimodipine is used to manage
severe hypertension in pregnancy. In a Cochrane meta-analysis the drug
was found to be useless (Duley 2006).

Contrary to the animal experience, there is no evidence that CCBs
reduce utero-placental perfusion in humans. Magee (1996) observed no
increased risks of malformations in 78 pregnancies (nifedipine # = 34, ver-
apamil n = 32, diltiazem # = 10), but saw a higher rate of miscarriages and
an earlier delivery. The birth weight of the newborns tended to be lower.
These effects were, according to the authors, not caused by the medication.
Also, Sgrensen (1998) found no evidence of teratogenicity in 25 children
exposed during the first trimester. An analysis of data of the Hungarian
Malformation Registry found no evidence of limb defects or a higher mal-
formation risk in general (Serensen 2001) after exposure to nifedipine,
verapamil, or felodipine. Another publication presented 56 retrospective
reports concerning undesirable side effects after exposure to nifedipine -
most during the second or third trimester (Tabacova 2002). Malformations
were noted in 15 cases, four of these on the extremities, and among them
one case with a defect of the end phalanges and a syndactyly. However,
as the timing of the exposure had not been indicated, nifedipine cannot
be causally linked to the problem. Also, a retrospective analysis does not
allow an assessment of the frequency of malformations.

A prospective multi-center study with 299 women treated in the first
trimester did not demonstrate an increase in malformations or an accumu-
lation of more limb defects. Agents used included nifedipine (77 = 76) and
verapamil (n = 62), less common were diltiazem (7 = 41) and amlodipine
(n = 38). Significant differences were noted in the increased rate of prema-
ture births when compared to the controls. Further, there was a tendency
toward a lower birth weight for premature as well as term births. These
effects could be explained by the type and severity of the usually underlying
placental disorder and not the medication (Weber-Schoendorfer 2008).

Nifedipine showed a faster response in a clinical trial that compared
the effectiveness of nifedipine administered orally and intravenously
administered labetalol for acute blood pressure control in hypertensive
emergency of pregnancy in 60 pregnant women,; this study identified no
serious adverse maternal or perinatal side effects (Shekhar 2013).

Bortolus (2000) followed 94 children exposed to nifedipine during
pregnancy at the age of 18 months. They did not differ from the 96 con-
trols (children born from mothers not treated) in gross or fine motor
measures, hearing, vision or language, based on maternal response to
questionnaires. The use of sublingual nifedipine can lead to a rapid blood
pressure fall (Hata 1995).

Verapamil used to manage fetal supraventricular tachycardia (Section
2.8.15) can induce hyperprolactinemia and galactorrhea.

In summary, current publications about CCBs do not suggest that there
is an appreciable teratogenic risk in humans.
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Recommendation. After methyldopa and metoprolol calcium channel block-
ers belong to the antihypertensive drugs of choice in pregnancy. Tested medica-
tions such as nifedipine are to be preferred. The oral administration of the rapidly
resorbed nifedipine belongs to the medications of choice in the emergency treat-
ment of hypertension. Nifedipine should not be given in combination with mag-
nesium IV.

2.8.5 ACE inhibitors

ACE inhibitors (ACEI) reduce activity of the angiotensin-converting
enzyme and lower blood pressure; they can also be used in cases of cardiac
failure, coronary disease, and diabetic nephropathy. Their effectiveness
is based essentially on a suppression of the plasma renin-angiotensin-
aldosterone system. ACE inhibitors have not shown teratogenic prop-
erties, but are fetotoxic. Experience covering more than 1,000 pregnant
women with exposure during the first trimester has been published as
case reports, case series, and analytic studies. In a somewhat older case
series with more than 200 pregnant women treated during the first tri-
mester no clear evidence was seen concerning human teratogenicity (e.g.
Burrows 1998, Bar 1997, Feldkamp 1997). This result was confirmed by a
new two-center study with 224 ACEI-treated pregnancies that were com-
pared with two control groups, one managed with other antihypertensive
drugs and the other a cohort of healthy pregnant women (Diav-Citrin
2011). The women treated with ACEI or angiotensin antagonists (n = 28)
had a less favorable profile: they tended to be older and suffered more
from diabetes. The investigation found, in both antihypertensive cohorts,
more premature births and a significantly lower, yet still normal birth
weight. Karthikeyan (2011) analyzed 71 ACEI-exposed pregnancies as
well as data of the United Kingdom Adverse Drug Reaction Reporting
System. They did not find an association with major malformations in
either case.

A methodologically somewhat flawed prescription study was pub-
lished in 2006, the results of which had not been seen by other inves-
tigators, namely an increased risk for heart septum defects (n = 7) and
for CNS anomalies (Cooper 2006). Quite unusually, a coloboma was
counted as a CNS anomaly. A Finnish registry study of 137 preg-
nant women indicated a slightly increased rate of malformation after
ACEI exposure (corrected OR 2,20; 95% CI 1.19-4.08) and suggested
that this was related to maternal diabetes (Malm 2008). Data of the
Swedish Birth Registry showed 1,418 women without diabetes but intake
of various antihypertensive drugs during early pregnancy. Their data were
compared to those of 1,046,843 pregnant women without diabetes and
hypertension. The corrected odds ratio for cardiovascular defects, espe-
cially septum defects, was higher overall in the hypertensive group with
2.59 (95% CI 1.92-3.51). This result applied to both the ACEI (n = 157)
and the p-blocker subgroups (7 = 1,013). The authors judged the effect
not to be related to the medications (Lennestal 2009).

It has been known for some time that during the second part of preg-
nancy ACEIs can lead to reduced placental circulation (de Moura 1995),
fetal hypotension, oligohydramnios, and neonatal anuria requiring dialysis
(Murki 2005, Filler 2003, Lavoratti 1997). Such developmental problems
have also been seen in animal experiments when high doses were used.
The following pathophysiologic mechanism is considered to be at work:
fetal kidney and urine production starts at the end of the first trimester.

Pregnancy
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ACEISs reduce the vascular tonus of renal vessels resulting in fetal renal
compromise with longer exposure. The result of a decreased perfusion is
lower urine production with oligohydramnios and eventually renal failure
and anuria. In addition, hypoplasia of skull bones, contractures, and pul-
monary hypoplasia have been noted. The case reports were supported by
data from an analysis of conspicuous pregnancy courses after use of enal-
april that had been reported to the FDA (Tabacova 2003b).

There are case reports that oligohydramnios subsides once ACIS had
been discontinued (e.g. Muller 2002). Concerning later sequelae, there
are reports of four children who had been anuric postnatally after ACEI
exposure during the third trimester, but recovered fully during the first
three months of life. Later, during childhood or adolescence three of the
four children developed renal insufficiency with proteinuria, and some
also developed arterial hypertension (Laube 2007, Guron 2006).

Since 1992 a so-called black box inscription warns against the admin-
istration of ACEIs during the second part of pregnancy in the USA. Nev-
ertheless, the exposure rate tripled in a comparison of the late 1980s to
2003 (Bowen 2008).

Recommendation. ACEIs are contraindicated in the second and third trimester,
except for the management of severe conditions that do not respond to other
treatments. An accidental application during pregnancy requires an immediate
change to one of the recommended antihypertensive drugs. A follow-up sonog-
raphy can be offered. If treatment occurs for a longer time during the second or
third trimester, oligohydramnios should be excluded, and the newborn should be
watched for his or her renal function and possible hypotension.

2.8.6 Angiotensin Il receptor blockers (ARBs; Sartans)

Candesartan, eprosartan, irbesartan, losartan, olmesartan, telmisartan,
and valsartan block the AT1 receptor selectively and competitively so
that the formation of angiotensin II is inhibited. Azilsartan was approved
as a new drug in the USA in 2011. Sartans are utilized to treat hyper-
tension and cardiomyopathy. In patients with diabetic nephropathy the
agents reduce proteinuria and increase the glomerular filtration rate.

Angiotensin II receptor blockers (ARBs) have not shown teratogenic-
ity, but are fetotoxic.

Experiences covering more than 200 women with exposure in the
first trimester are primarily found in case series or subgroups within
antihypertensive drug studies. A follow-up study of 37 pregnancies with
first trimester exposure reports about 30 live births and two pregnan-
cies with major malformations, one of them was terminated because of
exencephaly (Schaefer 2003). Serreau (2005) present 10 pregnancies
with the exposure to sartans, seven of them until the thirteenth gesta-
tional week. The six live births did not display any malformations. In a
case series with five children who had been exposed to ARBs in utero,
one child with a negative family history showed a sixth right finger
and a sixth left toe (Gersak 2009). A two-center study failed to find
malformations in 28 pregnant women who had used ARBs in the first
trimester (Diav-Citrin 2011). A further study investigated the effect of
antihypertensive medications on the risk of cardiac malformation using
the data of the Swedish Birth Registry. It detected 45 ARB-exposed
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pregnancies, 45 of these exclusively treated with sartans, and none of
the offspring showed a cardiac anomaly (Lennestal 2009). When the
results of the Diabetic Retinopathy Candesartan Trials (DIRECT) Pro-
gram were analyzed, at least 40 women were identified who had taken
candesartan during the first trimester. In none of their offspring was a
malformation found (Porta 2011).

During use in the second and third trimester similar risks are present
as with the ACE inhibitors. About 40 case reports describe oligo- and
anhydramnios, renal dysfunction including anuria, pulmonary hypopla-
sia, and contractions of the extremities, hypoplasia of the skull, stillbirths
and neonatal deaths (e.g. Oppermann 2011, Hiinseler 2011, Alwan 2005,
Schaefer 2003).

There have been reports of five children who had been exposed until,
or during, the third trimester and developed a thrombosis in utero or an
obliteration of the inferior vena cava, respectively. In one case, thrombo-
sis of both renal veins was described (Oppermann 2011, Bakkum 2006).
The pathogenesis has not been clarified; decreased renal blood flow may
be of importance.

Oligohydramnios and compromised renal function may partially or
completely reverse after medication has been discontinued (e.g. Munk
2010, Bos-Thompson 2005, Berkane 2004). In these publications,
medication change occurred twice in the twenty-second and once in the
twenty-fourth gestational week. However, a series of 20 cases of pregnant
women exposed to ARB identified a poor neonatal outcome associated
with oligohydramnios due to these agents, even when the medication
was discontinued (Spaggiari 2012).

No studies have been undertaken so far as to whether children who
have been exposed to sartans in utero may develop late sequelae such as
kidney disease and hypertension, as seen in some children after ACEI
exposure.

An analysis of 28 prospectively studied pregnancies with ARB expo-
sure past the thirteen gestational week found that related fetal disease
developed only when treatment continued past the twentieth week. The
risk of oligohydramnios as the first visible sign of a sartan fetopathy was
319% in this scenario (Oppermann 2011).

A systematic review comparing neonatal outcomes between ARBs
exposed babies with ACEIs showed poorer outcomes in the ARBs
exposed group, and included renal failure, oligohydramnios, death, arte-
rial hypotension, intrauterine growth retardation, respiratory distress
syndrome, pulmonary hypoplasia, hypocalvaria, limb defects, persistent
patent ductus arteriosus, or cerebral complications. The long-term out-
come is described as positive in only 50% of the exposed children. The
authors propose the term “fetal renin-angiotensin system blockade syn-
drome” to describe the related clinical findings (Bullo 2012).

Recommendation. Angiotensin Il receptor blockers are contraindicated in the
second and third trimester, except when for management of severe and otherwise
untreatable diseases. When accidental treatment has occurred during pregnancy,
therapy should be immediately changed to one of the recommended antihyper-
tensive agents. A follow-up sonography can be offered. If treatment lasts longer,
particularly past 20 weeks, oligohydramnios has to be excluded and fetal develop-
ment needs to be followed by sonography. In this situation the neonate should be
watched for his or her kidney function and possible hypotension.
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2.8.7 Dihydralazine

Dihydralazine, an antihypertensive agent with central and peripheral
action, belongs to the medications that have been used in pregnancy the
longest. Eighty percent is resorbed and after oral administration the liver
inactivates about 2/3. The half-life is 2-8 hours.

There are hardly any documented experiences about its use in the first
trimester. A higher risk of malformation has not been observed (Briggs
2011).

Most investigations describe its application in the third trimester. In a
few cases it was noted that patients with preeclampsia developed some
liver toxicity (Hod 1986).

A pseudo-lupus syndrome has been known for some time to be a pos-
sible side effect of dihydralazine. Thus, a case description should be men-
tioned with a lupus-like syndrome in mother and offspring; the newborn
died (Yemini 1989).

In a meta-analysis Magee (2003) examined maternal, fetal, and peri-
natal sequelae of the use of ydralazine in cases of severe hypertension -
typically in the second or third trimester. As a comparison, the examined
studies usually utilized nifedipine or labetalol. Three newer randomized
studies compared hydralazine or dihydralazine with labetalol (Vigil-de
Gracia 2006), urapidil (Wacker 2006) and diazoxid (Hennessy 2007).
While results vary, it can be concluded that dihydralazine should not be
the medication of first choice for the management of severe gestational
hypertension.

Recommendation. Dihydralazine may be used for gestational hypertension,
intravenously even in hypertensive emergencies. However, it is no longer consid-
ered as a medication of first choice.

2.8.8 a-1 Blockers (peripherally acting adrenergic
antagonists)

Urapidil, prazosin, bunazosin, doxazosin, and terazosin belong to the
peripherally effective -1 adrenergic receptor blockers.

Urapidil can be given orally or by IV injection. It is used foremost in the
management of emergency hypertensive situations during pregnancy. In
a comparative clinical study, Schulz (2001) concluded that urapidil rep-
resents an equally effective alternative to dihydrazaline in preeclamptic
women. This is confirmed by another study with 42 patients. Side-effects
and control, however, were better with urapidil (Wacker 2006). Urapidil
is recommended as an alternative to dihydralazine in the management
of preeclampsia. Compared to dihydralazine it may have the advan-
tage that it does not increase the intracranial pressure. One case report
notes a temporary respiratory depression in a premature infant of the
thirtyfifth week in conjunction with high levels of urapidil in his urine
(Vanhaesebrouck 2009).

Prazosin crosses the placenta. Few publications from the 1980s
describe that it is well tolerated in late pregnancy. There is no evidence
of a teratogenic potential, but reports are not well documented. Even
less documented experiences are available for bunazosin, doxazosin, and
terazosin. In the management of hypertension of nonpregnant patients,
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these agents are typically used as medications of second choice and com-
bined with other antihypertensive drugs; they are primarily useful in men
with an accompanying prostatic hyperplasia.

Recommendation. Urapidil IV is useful in the emergency management of hyper-
tension in pregnancy. Prazosin should only be used during the second or third
trimester, when antihypertensive medications of first choice have failed. When o-1
blockers have been used during the first trimester, a follow-up sonography may be
offered to confirm normal fetal development.

2.8.9 a-2 Blockers (centrally acting adrenergic
antagonists)

Clonidine is an antihypertensive drug that works primarily at a central point
of action. Seventy-five percent of it is bioavailable, while its half-life lasts 8.5
hours. Due to metabolic changes pregnant women have a higher clearance
(Buchanan 2009). Clonidine is no longer of importance in today’s man-
agement of hypertension. Occasionally it is given to alcoholics in intensive
care as an IV injection in order to ease acute withdrawals. It has also lost
its role as an antiglaucoma agent in ophthalmology. Sometimes clonidine is
used during delivery by the anesthesiologist (Chapter 2.16.7).

A study with 66 women who received clonidine after their sixteenth
gestational week demonstrated an effective lowering of blood pressure,
but also a reduction of cardiac output; and in 31 of the 66 there was no
reduction of the peripheral resistance resulting in a lower birth weight
(Rothberger 2010).

There is no evidence that clonidine has a dangerous teratogenic
potential; there are reports of more than 200 pregnancies indicating its
effectiveness and tolerance (Horvath 1985). Boutroy (1988) describe a
temporary hypertension in some newborns interpreted to present a form
of withdrawal symptom. Huisjes (1986) examined children at the age of
about six years whose mothers had been treated during pregnancy with
a mono-therapy of clonidine. They exhibited hyperactivity and sleeping
disorders somewhat more frequently than controls. The finding of this
small study resembles those of animal experiments, but has so far not
been verified by other clinical studies.

Moxonidine belongs to the group of centrally acting a-receptor ago-
nists. A well-founded risk analysis cannot be made due to the lack of
documented experience.

Reserpine is an orally well resorbed, centrally and peripherally effec-
tive sympatholytic that has lost much of its former importance. Prior
to its use as an antihypertensive agent, it had been used extensively in
psychiatry. When reserpine was administered during the last trimester,
occasionally it was observed that the newborn had respiratory problems
and difficulties in drinking (Czeizel 1988).

Recommendation. Clonidine, moxonidine, and reserpine are no longer part of
the armamentarium of antihypertensive management. They should not be used
during pregnancy. However, if used during the first trimester, a follow-up sonog-
raphy may be offered.

Pregnancy
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2.8.10 Other antihypertensive medications

Phenoxybenzamine, an a-adrenergic blocker, is used in the management
of pheochromocytoma and neurogenic bladder. Published experiences
about first trimester use are lacking. Case reports of use later in preg-
nancy do not describe developmental problems (e.g. Luk 2009).

Minoxidil is a vasodilator that has an antihypertensive effect. It is
also used for alopecia. Case reports with various malformations and
a case of hypertrichosis in a newborn that regressed spontaneously
within 3 months do not allow for a differentiated risk assessment
(Chapter 2.17.19).

Sodium nitroprusside belongs to the fast-acting vasodilators. It is
used exclusively in intensive care medicine as an IV agent. Nitroprus-
side crosses the placenta easily. It reaches the same level in the fetus
as in the maternal organism. Both metabolize it quickly to cyanide
and thiocyanate resulting in a toxic potential. Experiences refer to
22 patients with 25 exposed fetuses, of which five were born as still-
births. Eighteen pregnant women had been treated for severe hyper-
tension and four for an intracranial aneurysm. In part, the course
of these diseases and their management was described inadequately
(Sass 2007).

Magnesium sulfate IV continues to be a basic component in the man-
agement of preeclampsia with hyperreflexia; it dampens neuromuscular
hyperreflexia by blocking calcium. As in most such situations the delivery
is planned, and treatment is generally short-term for pre-, peri-, and post-
natal stabilization. Regarding the discussion, if use of magnesium lowers
the blood pressure, it is now recognized that it does not and should not
be used anymore for that purpose (Duley 2006).

Aliskiren is a newly developed renin inhibitor that blocks the conver-
sion of angiotensinogen to angiotensin-I and lowers the levels of angio-
tensin-I and -1I. Concluding studies, which would enable an assessment
about the applicability of this drug, are not yet available. It appears that
the degree of blood pressure decrease is moderate. There have been no
reports about its use in pregnancy, but it stands to reason that renin
blockers have similar problems as ACE inhibitors and sartans and could
lead to renal dysfunction and oligohydramnios.

Diazoxide no longer has a role in the management of hypertension.
It has been approved for the treatment of hypoglycemia due to dif-
ferent causes. After an oral dose it is resorbed fully and crosses the
placenta. Hyperuricemia, water retention, and inhibition of uterine
contractions have been observed in pregnant women, while newborns
have shown alopecia, increased lanugo, and delayed bone develop-
ment (Milner 1972).

Recommendation. Phenoxybenzamine may be used for the treatment of pheo-
chromocytoma in pregnancy. Sodium nitroprusside should be reserved for selected
cases that cannot be managed otherwise. Diazoxide and minoxidil should be
avoided. Aliskiren is contraindicated in pregnancy. An accidental intake is not an
indication for a risk-based termination of pregnancy or for invasive diagnostic tests
(Chapter 1.15). When any of the drugs mentioned here have been used in the first
trimester, including Aliskiren, a follow-up sonography should be performed to ver-
ify the normal development of the fetus.
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2.8.11 Pulmonary hypertension and pregnancy

Pulmonary hypertension (PH) and pulmonary arterial hypertension
(PAH) are general terms for diseases marked by a permanent elevation
of the resistance of the pulmonary arteries. Pulmonary hypertension is
characterized by an elevation of the mean pressure of the pulmonary
artery of >25 mmHg at rest and >30 mmHg under exertion. Aside from
idiopathic forms, there are a number of underlying diseases that can lead
to PH.

Management consists of treatment of the underlying disorders, symp-
tomatic interventions such as nasal oxygen, anticoagulation, diuretics,
possibly digitalis, calcium antagonists, and specific medications to pre-
vent permanent damage to the pulmonary vessels.

The physiologic circulatory changes during pregnancy result in a
worsening of the PAH which, without therapy, would result in a high
maternal mortality of 30-50% (Weiss 1998; Systematic assessment of
125 pregnancy courses from 1978 t01996). For this reason, pregnancy is
generally discouraged. Also, a PAH may be first diagnosed during preg-
nancy, while late pregnancy and postpartum are the most dangerous
periods related to this condition. Pregnant women with PAH should be
managed in specialized centers. Mortality is then clearly reduced (e.g.
Kiely 2010; Analysis of 10 pregnancies from author’s own center from
2002 to 2009: one patient died four weeks after delivery). A series of
30 cases of pregnant women with PH identified a maternal mortality
rate of 16.7% and fetal/neonatal mortality was 13%. Only two of these
underwent specific therapy for PAH, but the authors did not mention
the medication used or the exact outcome for exposed fetuses (Ma
2012). However, in an erratum to this publication this omission was
corrected, indicating as medication (nitric oxide, prostacyclin analogs,
bosentan or sildenafil) (Ma 2013). The overall maternal mortality was
16.7% in puerperium, and there were four fetal/neonatal deaths (13%).
No other factors were identified including mode of anaesthesia, mode
of delivery, and categories and severity of PH, as significant predictors
of mortality. They concluded that the maternal mortality in parturients
with PH is high and women with PH who become pregnant warrant a
multidisciplinary approach.

In the following section medications are presented to manage PAH but
have relatively little documented experience in pregnancy.

Endothelin receptor antagonists (ERAs)

The three ERAs that are approved to be marketed can all cause liver
damage. Sitaxsentan was removed from the market at the end of 2010
because of severe liver toxicity.

Bosentan is bound to 98% to plasma albumen, has a half-life of about
5 hours, and binds specifically to endothelin receptors that cause vaso-
constriction, fibrosis, cell proliferation, and remodeling. Bosentan is able
to block these events to some degree.

Bosentan has shown teratogenicity in rats when plasma concentra-
tions exceeded 1.5 times the therapeutic human level. Malformations
of the head, face, and eyes were observed. As the connection appeared
plausible, the USA and some member-states of the EU started a simi-
lar pregnancy prevention program, such as for isotretinoin (Segal 2005),
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although at this time, there is no direct evidence of human teratogenicity.
However, the current experience is too limited to exclude a risk.

There are three case reports: (1) After a complicated pregnancy with an
inadvertent intake of bosentan and sildenafil until delivery at 30 weeks, the
newborn female was growth-retarded but did not display malformations.
She thrived initially but then succumbed to an RS viral infection at the age
of 6 months (Molelekwa 2005). (2) Elliot (2005) describe a dramatic preg-
nancy with exposure to bosentan and warfarin until week 6/7, followed
by a change in therapy using iloprost as an inhalant and heparin. Cardiac
arrest occurred after week 25. After a successful reanimation, the patient’s
iloprost use was changed to IV application. One week later she was surgi-
cally delivered of a boy who developed well after overcoming his prema-
turity problems. (3) The third case describes a woman with systemic lupus
erythematosus and associated PH for which she used bosentan and phen-
procoumon until week 5, also continuously sildenafil and various immuno-
suppressants. Phenprocoumon was replaced by heparin, and bosentan by
iloprost after week 35. The patient was delivered of a healthy infant at 37
weeks (Streit 2009).

Ambrisentan has teratogenic effects in preclinical animal testing, but
there is no reported experience with human pregnancy.

| 4 Phosphodiesterase inhibitors

Phosphodiesterase type 5 is found in the corpus callosum of the penis as
well as in the pulmonary vessels. In PAH, inhibition of the phosphoes-
terase will lead to a vasodilatation of the pulmonary vessels and, to some
degree, in the major circulation.

There are currently six case reports about sildenafil. Lacassie (2004)
reports about a 24-year-old woman with Eisenmenger syndrome who took
sildenafil from gestational weeks 7 to 9 then stopped and, as symptoms
got worse, resumed the therapy between week 31 to 36. Further medi-
cation consisted of diltiazem, and after week 32 of [-arginine. A healthy
boy was born after 36 weeks. Two pregnancy courses with continuous
sildenafil treatment have been reported under bosentan (Streit 2009,
Molelekwa 2005). Goland (2010) describes two pregnant women who
received sildenafil and IV epoprostenol in the last trimester and were deliv-
ered of healthy children by caesarean section. Finally, a pregnancy with a
favorable outcome for mother and baby was described in a woman with
PH, human immunodeficiency virus (HIV) and an atrial septal defect who
was exposed to sildenafil, among other agents, before delivery (Ng 2012).

In an off-label application, sildenafil has been used with little success
in patients with recurrent abortions (Jerzak 2008), in vitro fertilization
(Jerzak 2010), and preeclampsia (Downing 2010, Samangaya 2009).
However, no negative effects were reported concerning the fetus. With
success it had been used in 10 pregnancies with severe growth retarda-
tion (von Dadelszen 2011).

There are no reported experiences about the use of tadalafil in pregnancy.

[ 4 Prostacyclin analogs

Currently three prostacyclin analogs are in use for the management of
PAH: Epoprostenol, treprostinil and iloprost. They inhibit the aggrega-
tion of thrombocytes, dilate vessels, and reduce the remodeling of vessels.
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Epoprostenol is an unstable, synthetic prostacyclin analog that needs
to be infused continuously as its half-life is only 3 minutes. Moodley
(1992) describes almost 50 patients with epoprostenol treatment for
preeclampsia in late pregnancy. They noted only complications from
prematurity, but none typical for medication. At least 14 pregnant
women with PAH taking epoprostenol, some of them already during
the first trimester, displayed no drug-specific embryo- or fetotoxic side
effects (e.g. Garabedian 2010, Goland 2010, Bendayan 2005, Avdalovic
2004, Bildirici 2004, Geohas 2003, Stewart 2001, Badalian 2000).
Another case of exposure to epoprostenol from the twenty-third week
of gestation showed a course without postpartum complications. How-
ever, the baby died at 11 days of life. The autopsy revealed normal
cardiac chambers with probe patent foramen ovale and patent ductus
arteriosus. The death was attributed to sudden infant death syndrome
(SIDS) (Timofeev 2013). Although as a comment the diagnosis of SIDS
should not be given to the sudden death of an infant that is not pre-
dicted by medical history and remains unexplained after a thorough
forensic autopsy.

Treprostinil is marketed as a subcutaneous infusion and it is also avail-
able for IV and inhalative applications. There are no reported experi-
ences about its use in pregnancy. In animal experiments it did not show
teratogenicity in rats and rabbits.

The stable synthetic prostacycline analog iloprost is offered as an
IV injectable and as an inhalant for thromboangiitis obliterans and
advanced stages of PAH. Six case descriptions of its use in PAH, among
them one during the first trimester, do not show negative effects on the
prenatal development (e.g. Streit 2009, Elliot 2005). Shorter toes have
only been observed in rats but not in other animals; they are not con-
sidered a teratogenic effect, but caused by hypoperfusion (Battenfeld
1995). Iloprost as an inhalant was successfully applied in four very
small premature infants with persisting PH and well tolerated (Eifinger
2008).

Recommendation. Pulmonary arterial hypertension during pregnancy is
afflicted with a high maternal mortality; a multidisciplinary team in a spe-
cialized center should manage it. The treatment that appears most effective
should be chosen. When different options are under discussion, the applica-
tion of an endothelin receptor antagonist should be avoided during the first
trimester. The use of PH medications does not justify a risk-based termination
(Chapter 1.15); however, serial follow-up sonograms should monitor fetal
development.

2.8.12 Hypotension and antihypotensive drugs

In principle, hypotension is without clinical significance during the
course of pregnancy. This applies especially to the not infrequent cir-
culatory deregulation in gestation. Treatment consists primarily of com-
pression stockings, gymnastics of the legs prior to getting up, cold water
applications, and brush massages. Coffee, too, is allowed within reason.
Usually, medication is not indicated in cases of arterial hypotension or
circulatory deregulation.
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2.8.13 Adrenergic agents

The adrenergic agents efilefrine, amezinium metilsulfate, and midodrine
have been used to treat low blood pressure.

Regarding dihydroergotamine mesylate, see Chapter 2.1.14.

In animal experiments adrenergic agents are able to reduce uterine
blood flow. A teratogenic effect has not been observed in humans, when
therapeutic doses were used. However, experiences have been too lim-
ited to exclude an increased risk for malformations.

Recommendation. Named agents should be avoided during the first trimester.
If there was an exposure during organogenesis, such exposure does not justify
a termination. A follow-up sonogram can be offered to ascertain normal fetal
development. If significant symptoms during the fetal period (second and third
trimester) require medical therapy for low blood pressure, adrenergic drugs may be
used. Medications with longer experience, such as etilefrine, are to be preferred.
Combination drugs should be avoided.

2.8.14 Cardiac glycosides

Pharmacology

The intestinal resorption of digitoxin is about 90-100% while that of
metildigoxin and acetyldigoxin is about 80%. Metildigoxin is demeth-
ylated in the liver, while acetyldigoxin is deacetylated in the intestinal
mucosa. Digoxin is eliminated primarily via the kidneys and digitoxin via
the liver. The half-life of digoxin is about 40 hours, while that of digitoxin
on average 7 days. Digoxin is a metabolite of digitoxin.

All digitalis glycosides are able to cross the placenta; the fetal placenta
concentration corresponds to the maternal one. Myocardial sensitivity
appears to be lower in the fetus than in the adult. During the first tri-
mester, digitalis is not a teratogen according to published experiences
(Aselton 1985). Toxic effects in the fetus have not been observed when
digitalis glycosides were used at therapeutic doses. Many case reports
describe how well they are tolerated, when tachycardia of the pregnant
women or the fetus is treated.

Recommendation. During pregnancy digitalis glycosides may be used to man-
age cardiac failure and maternal or fetal arrhythmias. In cases of fetal tachycardia,
they are the antiarrhythmics of first choice (Chapter 1.6 and Section 2.8.15).

2.8.15 Antiarrhythmic medications

A distinction needs to be made between the treatment of arrhythmias
of both the mother and the fetus. In the former a possibly minimal low
transplacental passage is desirable, while in the latter a sufficiently ade-
quate passage is necessary to manage the fetus via the mother. Generally,
supraventricular and ventricular extrasystoles do not require therapy in
mother and fetus.
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[ 4 Antiarrhythmic therapy of the pregnant woman

It is rare that women with a healthy heart will develop “classical”
tachycardia for the first time in pregnancy. When supraventricular
tachycardia, atrial flutter or fibrillation, and ventricular tachycardia
lead to unstable hemodynamics, a cardioversion is indicated as in
the cases of ventricular flutter or fibrillations. This treatment will not
affect the fetus that is outside of the voltage field and has a high car-
diac response threshold. If the woman is in a stable hemodynamic
state, a cardiac conversion can be attempted with medication. Another
indication for antiarrhythmic agents is the prevention of recurrences.
Bombelli (2003) reports three pregnant women with supraventricular
tachycardia not responding to treatment who underwent a success-
ful catheter ablation during the third trimester. However, the radia-
tion exposure during such an intervention needs to be considered as
a risk.

Pregnant women with continuous bradycardia requiring treatment are
managed with pacemakers.

[ 4 Antiarrhythmic therapy of the fetus

Fetal tachycardia

In about 0.4-0.6% of pregnancies the fetus develops (mostly supraven-
tricular) tachycardia (>180 beats/min), typically in the second or third
trimester. Most of these fetuses have no visible cardiac malformation.
With longer duration the fetus may develop cardiac failure or a myopathy
with pleural and pericardial effusion, ascites, and edema. Fetal hydrops
refers to a condition where fluids are overfilling two or more compart-
ments; it may precede intrauterine death.

In most cases the mother is medicated to treat the fetus. Thus, poten-
tial side effects concerning the mother need to be considered. Moreover,
it is possible that an antiarrhythmic drug leads to an arrhythmogenic
effect resulting in ventricular fibrillation in the fetus and his or her
demise.

Because of effectiveness and safety, digoxin is the drug of first choice.
If, however, a hydrops has already developed, it is unlikely that an ade-
quate concentration of digoxin will reach the fetus (e.g. Maeno 2009).
For such a scenario it has been proposed to inject digoxin IM directly
into the fetal thigh (e.g. Cuneo 2008). An application into the umbilical
cord could facilitate a fetal demise and should be avoided. In a series
of 27 fetuses treated with a combination of digoxin and flecainide, the
authors concluded that this treatment is effective for fetal supraven-
tricular tachycardia (96% response rate and 81.4% restoration of sinus
rhythm). In all, 26 treated infants were delivered alive, but one preg-
nancy was terminated for non-cardiac causes; there were no intrauterine
deaths due to tachycardia and none of the pregnant women developed
proarrhythmia (Uzun 2012).

If this approach fails sotalol - especially for atrial flutter — and/or
flecainide may be used, combined with or without digitalis (Maeno 2009,
Doherty 2003, Oudijk 2003).

In certain situations of fetal tachycardia, some authors prefer
amiodarone (see also below) instead of flecainide after digoxin and sota-
lol. They indicate a high success rate and point out that it is rare to
encounter fetal hypothyroidism (due to the high iodine content of the
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medication) (Cuneo 2008). This, however, applies only to a short therapy
of up to 1-week duration. In other case reports a high degree of effec-
tiveness was also noted, but temporary hypothyroidism and struma were
present in 43% of the children (Pézard 2008).

Experiences with other antiarrhythmic agents are very limited. The
application of verapamil is generally not supported (e.g. Oudijk 2002).
Adenosine has rarely been used as a direct injection into the umbilical
vein. It can lead to fetal bradycardy. When medication is not success-
ful, in certain situations an early delivery has been proposed to allow a
postnatal cardioversion. In general, “fetal” antiarrhythmic therapy is well
tolerated by women with a healthy heart.

Fetal bradycardia

A fetal bradycardia (<100 beats/min) is usually due to an atrioventricular
(AV) block. It may be linked to fetal cardiac malformations or can occur
in otherwise healthy fetuses due to the transplacental passage of mater-
nal autoantibodies, often SSA-AK (Ro-AK). A maternal connective tissue
disease has often not yet been diagnosed at that point (Maeno 2009).
The bradycardia is initially compensated by an increase in the stroke
volume; a heart frequency of <55/min appears to be hemodynamically
insufficient (Eronen 2001). The resulting heart failure can lead to a fetal
hydrops. Fetal bradycardia with a heart defect and hydrops obviously has
a poor prognosis.

Treatment option demands sympathicomimetic drugs (e.g. ritodrine,
salbutamol, terbutaline) to increase heart frequency, and, in cases of
autoimmune-related heart blocks, the application of halogenated ste-
roids provided the AV block is not yet complete. The administration of
betamethasone or dexamethasone to the mother is guided by the con-
cept that her autoantibodies cause an inflammation of the AV node and
the myocardium leading to fibrosis. The result of this is an AV block,
an endocardial fibrosis, and a dilatative cardiomyopathy that may not
become apparent until after birth. The use of fluorided glucocorticoids
is under discussion, as a sizable number of fetuses with a congenital
heart block survive without anti-inflammatory therapy and the risks
of treatment have to be balanced against the risk of a heart block (e.g.
Lopes 2008 and comments). This notion is relevant for the issue of
when to start treatment. Only one group proposes that a first-degree
heart block is an indication for therapy (Rein 2009). Treatment con-
sists of, e.g. 8 mg dexamethasone daily, corresponding to a fetal dose
of 0.05 mg per kg body weight. It starts usually when the diagnosis is
entertained, typically between weeks 19 and 24, and continues until
birth (Hutter 2010). As in about 10% of cases oligohydramnios devel-
oped (Hutter 2010, Saleeb 1999, Vesel 2004), a pediatric cardiology
team from Toronto modified the regimen for relatively uncomplicated
courses by giving 8 mg per day only for 2 weeks, then 4 mg/d, and after
38 weeks 2 mg/d. An AV block that starts after the thirty-second week
may not require treatment provided there is no cardiac malformation, no
fibrosis, and the fetal heart frequency is at least 50-55 beats/min (Hutter
2010). The application of IV immunoglobulins to the mother to reduce
her antibody burden has been attempted for prophylaxis (Friedman
2010) and also therapeutically but without convincing results. In some
cases a preterm delivery can be contemplated to implant a pacemaker
early enough.
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Pharmacology and toxicology

Antiarrhythmic drugs are classified into different classes and used for
diverse forms of arrhythmia:

m Class IA antiarrhythmics belong to the chinidin type. They include
chinidin proper, as well as ajmaline, disopyramide, and prajmalium
bitartrate.

m Class IB antiarrhythmics include substances related to lidocaine such
as mexiletine, and also the teratogenic phenytoin only approved for
epilepsy.

m Class IC antiarrhythmics contain flecainide and propafenone.

m Class II antiarrhythmics comprise the $-receptor blockers.

m Class III antiarrhythmics encompass amiodarone, and the p-receptor
blocker sotalol as well as dronedarone.

m Class IV antiarrhythmics involve the calcium channel blockers
verapamil, gallopamil, and diltiazem.

The nucleoside adenosine is not captured in any of the classic antiar-
rhythmic classes, likewise ipratropium bromide and vernakalant.

Class IA antiarrhythmics

Chinidin is almost fully resorbed after oral intake and reaches its maxi-
mum serum level in 1-4 hours. The liver, the rest via the kidneys, excretes
about 80%. As a vagal antagonist chinidin increases heart frequency
despite a depressing action on the pacemaker cells. Chinidin is one of the
oldest antiarrhythmic drugs and does not appear to have a teratogenic
potential. It crosses the placenta and reaches levels in the fetus as high as
in the mother. It has been successfully used both for maternal and fetal
treatments. With antiarrhythmic dosing the known stimulation of uterine
contractions is not to be expected.

Disopyramide, too, is said to stimulate uterine contractions (Briggs
2011) and crosses the placenta. There are no reports of malfor-
mations. Data are insufficient about the tolerance of ajmaline and
prajmalium.

Class IB antiarrhythmics

Most of the extensive experiences with lidocaine in pregnancy come
from anesthesia. When used to manage arrhythmias, it needs to be
administered parenterally as the oral dose is not sufficiently effective
(Cuneo 2003) describes a fetus with Q-T prolongation on the EKG
who displayed ventricular tachycardias and an intermittent AV block.
He was successfully treated with lidocaine. A teratogenic effect has
not been described in humans. Lidocaine crosses the placenta readily
and, if its levels are high, can lead to CNS depression in the neonate
(its use during labor is discussed in Chapter 2.16.7). A study from
France reports a completely different application, namely, the use of
lidocaine to induce feticide. Fetuses (between week 20 and 36) with
various malformations received via the umbilical vein first sufentanil
(5 ng), then 7 to 30 mL lidocaine (1%) resulting in a cardiac asystole
(Senat 2003).
Phenytoin is a teratogenic anticonvulsive drug (Chapter 2.10.24).

Pregnancy
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Class IC antiarrhythmics

Many case reports document the effectiveness of flecainide in the treat-
ment of fetal tachycardias (Walsh 2008, Krapp 2002). Especially when
the fetus has already developed a hydrops, it is superior to digitalis gly-
cosides. A tight monitoring of maternal serum levels is recommended to
keep fetal levels low enough to minimize side effects (Rasheed 2003). In
contrast to animal experiments, no evidence of teratogenicity has been
found in humans, yet the data are very limited for first trimester use (e.g.
Villanova 1998). Propafenone has not been sufficiently studied in preg-
nancy. The manufacturer reports about more than 30 pregnancies under
propafenone that do not suggest a noteworthy prenatal risk.

Class Il antiarrhythmics

See Section 2.8.3 for p-receptor blockers.

Class 11l antiarrhythmics

Amiodarone has a very long elimination half-life of approximately 40
days. To avoid fetal exposure, the medication would have to be discontin-
ued several months prior to conception. The following fetal side effects
have been seen more frequently: fetal bradycardia and connatal hypothy-
roidism due to the high (39%) iodine content (Lomenick 2004, Grosso
1998). In some situations it was reported that thyroxine was injected into
the amnion as a substitute. Five of 26 children who had been treated in
utero were found to have hypothyroidism at birth. A sixth child whose
treatment with amiodarone was continued after birth developed hypo-
thyroidism at the age of 3 months (Strasburger 2004). Bartalena (2001)
analyzed 64 previously published cases. In 56 situations a maternal indi-
cation led to the treatment. Transient hypothyroidism was diagnosed in
a dozen children, in two cases linked with a struma. In another publica-
tion transient hypothyroidism and struma were described in 43% of the
children (Pézard 2008). Discrete neurological anomalies were seen in
some of the intrauterine exposed children, also in euthyroid ones leading
to the hypothesis that amiodarone may have a direct neurotoxic effect
(Bartelena 2001). One case report describes a marked developmental
delay in a child who had been exposed to amiodarone and digoxin for a
fetal indication from gestational weeks 26 to 35 and again, postnatally, to
amiodarone and propranolol for 24 months. There was no hypothyroid-
ism at any time, and other causes had been excluded (Mikovic 2010). On
occasion, a Q-T prolongation has been observed in the neonatal EKG.
Intrauterine growth retardation has been noted, but it remains unclear to
what degree amiodarone, accompanying drugs (usually p-receptor block-
ers), or the underlying disease contributed. Most children do not show
problems. Children who have been followed past the neonatal period
did not display recognizable functional deficits related to hypothyroid-
ism (Magee 1999). Experience with amiodarone in the first trimester is
limited to about 20 exposed pregnancies that were not suspicious (Briggs
2011).

Sotalol crosses the placenta with ease and is a potent antiarrhyth-
mic drug for the management of fetal tachycardias. In a case study of
18 fetuses with tachycardia it was noted that the drug accumulated in
the amniotic fluid, but not the fetus itself. Thirteen of fourteen fetuses
treated with sotalol alone responded with a restoration of normal sinus
rhythm, two had recurrences, and in one case the fetus died. Two of the
four fetuses who were treated additionally with digoxin had a successful
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treatment (Oudijk 2003). Other case reports about the treatment of
maternal or fetal arrhythmias do not show a significant prenatal toxic
risk. However, when treatment continues until birth, symptoms of a p-re-
ceptor blockage may be encountered in the newborn such as bradycardia
and hypoglycemia (Section 2.8.3).

Dronedarone is a new benzofuran; it does not contain iodine and is
otherwise closely related to amiodarone. It represents a multi-channel
inhibitor to prevent non-permanent atrial fibrillation. There have been
no reports of its use in pregnancy.

Class IV antiarrhythmics

Regarding the CCBs verapamil and diltiazem see Section 2.8.4. Current
experiences in humans do not indicate evidence of teratogenic effects.
No reports about the tolerance of gallopamil are available.

Adenosine has a very brief half-fife of less than 2 seconds and has to be
given IV. Current experiences in pregnancy and in the treatment of fetal
arrhythmias do not suggest fetotoxic effects (Hasdemir 2009, Hubinont
1998).

Electrocardioversion and implanted defibrillators appear not to cause
fetal side effects (e.g. Lin 2008). The cardiac threshold of the fetal heart is
relatively high, and, in addition, the fetus lies outside of the voltage field
and the electric current (Joglar 1999).

Recommendation. As antiarrhythmic agents can also trigger arrhythmias, the
indication for their use needs to be assessed critically. Medications of choice for
the treatment of the pregnant patients are in Class IA chinidin, in Class IB lido-
caine, in Class IC propafenone and, also in the second and third trimester, flecain-
ide. In Class Il well-tested B-receptor blockers should be preferred. If a Class Il
antiarrhythmic drug is required, sotalol should be chosen. In Class IV verapamil
and diltiazem are acceptable; the same with adenosine.

Phenytoin is contraindicated, as it is a teratogen. If one of the medications
was used that is not a primary recommendation, or if such a medication is
necessary, a termination is not justified on a risk-based rationale. With the
exception of the well-studied B-receptor blockers and CCBs, a follow-up
sonography should be offered to patients with exposure during the first tri-
mester to verify a normal fetal development. If amiodarone was applied,
the development of a prenatal struma needs to be excluded by a sonogram,
and the fetus and neonate should be checked for possible hypothyroidism.
Supraventricular tachycardias of the fetus are foremost treated with digitalis
glycosides. A secondary option is a trial with sotalol or flecainide. Amiodarne
is at best a reserve medication, when other antiarrhythmic drugs have failed.

2.8.16 Coronary therapeutic drugs (cardiac vasodilators)

The nitrates isosorbide mononitrate, isosorbide dinitrate, nitroglycerine
or glyceryl trinitrate, and pentaerithritol tetranitrate have been approved
for the treatment of angina pectoris and, in some cases, of myocardial
infarction. They are also used for other indications: for biliary colics, as
a tocolytic agent in obstetrics (e.g. Smith 2007, 2010), for the initiation of
labor (e.g. Nunes 2006), for preeclampsia (e.g. Manzur-Verastegui 2008),
and other conditions.

Pregnancy
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A toxic effect upon the fetus has not been observed, but the rate of
maternal side effects is high. A study to assess cervix length and the pres-
ence of cervical gland area in ultrasounds performed before and after
the administration of vaginal isosorbide mononitrate for cervical ripen-
ing in pregnancy indicated for labor induction had to be discontinued
due to adverse effects, such as nausea, dizziness, dyspnea, and vomit-
ing (Hatanaka 2012). A randomized study comparing glyceryl trinitrite
(n = 81) and p-sympathomimetics (nz = 75) as tocolytic agents failed to see
any developmental differences in children at the age of 18 months (Gill
2006). Experiences with use in the first trimester are limited.

Few relevant studies cover other coronary drugs such as ivabradine,
molsidomine, ranolazine, and trapidil.

There is one case report on the use of ivabradine in the first trimester
because of an acute heart attack; a healthy child was born later (Babic
2011). Trapidil was compared to a placebo in a study of 180 women with
a higher risk of preeclampsia between weeks 22 and 38 (according to
Dodd 2010). Specific side effects were not noted.

Recommendation. Nitrates may be used in pregnancy provided they are used
for the right indication. Use of other coronary drugs does not require a risk-based
termination or any additional diagnostic interventions; see also Chapter 1.15.

2.8.17 Vasocirculatory drugs and peripheral vasodilators

The medications discussed here are primarily used to treat acute hearing
loss, dizziness, and intermittent claudication. Before prescribing these
agents to pregnant patients, it should be ascertained that their use is nec-
essary and based on evidence. This applies particularly to hearing loss.

No studies on first trimester tolerance exist for pentoxifylline and
naftidrofuryl. Past clinical experiences and pharmacology make it
unlikely that these agents have an appreciable teratogenic potential.

There is no evidence that Ginkgo biloba is teratogenic, but it has not
been studied extensively and as a nutraceutical the composition and effec-
tiveness, let alone the indication, is doubtful. An increased malformation
risk is not expected for hydroxyethyl starch (Chapter 2.9.13).

Flunarizine and cinnarizine are CCBs and have antihistamine proper-
ties. Experience in pregnancy is limited (e.g. Weber-Schoendorfer 2008);
signs of harmful effects have not been reported. No documented expe-
riences are available for the histamine analog betahistine which is sup-
posed to improve the microcirculation in the inner ear.

Relevant experiences are lacking for the following medications that
have been approved for treatment of peripheral arterial obstructions:
the prostaglandin alprostadil inhibiting the aggregation of thrombocytes
and has a vasodilatatory effect, and the heparinoid pentosan polysulfate
that displays anticoagulatory and fibrinolytic properties. The same holds
for the vasodilatator buflomedil (not approved in the USA). The Euro-
pean Medicines Agency’s (EMA) Committee for Medicinal Products for
Human Use (CHMP) concluded that the benefits of buflomedil do not
outweigh its risks, and has recommended that all marketing authoriza-
tions for medicines containing buflomedil should be suspended through-
out the European Union (EU). The reason being that this product has
serious neurologic and cardiac side effects.
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Recommendation. If really needed and better-examined alternatives are not
available, flunarizine may be used in pregnancy. If treatment with a vasocircula-
tory drug must be done, pentoxifylline should be preferred. Alprostdil should be
avoided, as it is a prostaglandin. Use of any of the not-recommended drugs does
not justify a risk-based termination (Chapter 1.15). In case of doubt, a follow-up
sonography may be offered to ascertain normal fetal development.

2.8.18 Diuretics

Only in rare cases are diuretics indicated during pregnancy, e.g. pulmo-
nary edema or cardiac insufficiency.

In recent years indications have changed and differ from nonpreg-
nant patients. With a better understanding of the pathophysiology of
preeclampsia, diuretics are no longer used to treat hypertension, edema
and, especially, preeclampsia. Diuretics can reduce the plasma volume
resulting in decreased placental perfusion that further compromises fetal
suppotrt.

| 2 Thiazide diuretics

This group belongs to hydrochlorothiazide, available as a monoprepara-
tion, and its analogs chlortalidone and xipamide.

Mefruside, bendroflumethiazide and clopamide are only present in
combination preparations. Indapamide and bemetizide are sulfonamide
derivatives that are pharmacologically related to thiazides.

The effectiveness of these drugs is based on the inhibition of the
resorption of sodium and chloride in the distal tubules. At the beginning
of therapy this leads to a decrease in plasma volume, loss of potassium,
and inhibition of the excretion of uric acid.

Benzothiazides are well resorbed in the intestinal tract and excreted
unchanged in urine. They cross the placenta. If administered during
labor, the neonate may encounter electrolyte changes (hyponatremia,
hypokalemia), thrombocytopenia, and a reactive hypoglycemia (due to
a diabetogenic effect on the mother). Further, delay in labor has been
described because of an inhibitory effect upon the smooth musculature.

Experiences with more than 5,000 pregnant women treated during the
second and/or third trimester does not reveal fetotoxic effects (Collins
1985). Yet with a lack of efficacy and a better understanding of the patho-
physiology, use of thiazide diuretics has become obsolete.

Hydrochlorothiazide is the best-examined drug of the group. A study of
567 women treated during the first trimester did not show an increase in
specific anomalies or a higher rate of malformations in general (review
by Briggs 2011).

Similarly, a study of 46 newborns that had been exposed to indapamide
during the first trimester demonstrated no suspicious pattern for fre-
quency and type of malformations (review by Briggs 2011).

Danish and Scottish birth registries contain 315 and 73 pregnancies,
respectively, with exposure to diuretics (Olesen 2001), 263 of these
involving thiazides. Thirty-five women who had been treated during the
first trimester had offspring with malformations. The birth weight was
described to be significantly lower when diuretics were used, and earlier
deliveries were more common. The study, however, has some method-
ological flaws.

Pregnancy
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(4 Loop diuretics

Furosemide, bumetanide, piretanide, and torasemide belong to the loop
diuretics and are natriuretic.

Furosemide given orally is well resorbed and excreted almost unchanged
with urine and feces. Its effect decreases after 2-4 hours. In the mother,
furosemide can decrease the intrauterine volume and diminish uteropla-
cental perfusion, compromising fetal support. This, however, was not evi-
dent in 10 intrauterine exposed children (Sibai 1984). In the fetus, it may
lead briefly to a stimulation of urine production. In 21 pregnant women
who received 20 mg furosemide daily after the first trimester the vol-
ume of cardiac output decreased while peripheral resistance increased to
compensate. Blood pressure and pulse frequency remained stable (Carr
2007). As it is mediated by prostaglandin E2, it is debatable whether it
could inhibit the physiologic occlusion of the ductus arteriosus in the
premature offspring and thus lead to respiratory distress. The frequency
of congenital malformations was slightly increased (5.1%) in 350 new-
borns who had been exposed during the first trimester; a specific pattern
was not discernible (Briggs 2011). An ototoxic effect has been described,
especially in combination with aminoglycosides (e.g. Brown 1991).

When bumetanide was used in the first trimester in a group of 44 preg-
nant patients, two children were born with cardiac malformations (cited
by Briggs 2011). No relevant experiences are available at a sufficient
extent for the loop diuretics piretanide and torasemide. A specific tera-
togenic effect has not been recognized in any of the named medications.

Danish and Scottish birth registries contain 315 and 73 pregnan-
cies, respectively, with exposure to diuretics (Olesen 2001), 83 and
31, respectively, involving loop diuretics. Malformations were noted in
five of 43 pregnant women treated during the first trimester. The birth
weight was higher by 105 g in the Danish subgroup. This finding could
also be explained by a greater prevalence of diabetes (10.3%). Early
delivery was more common. The study, however, has some method-
ological flaws.

| 4 Aldosterone antagonists

Spironolactone and its metabolite potassium canrenoate, available for IV
injection, are the prime representatives of the aldosterone antagonists.
Their effectiveness is based on the inhibition of receptors for aldosterone
and other mineralocorticoids at the tubular cells. Gynecomastia may
develop in treated men.

In contrast to the diuretics discussed above, spironolactone retains
potassium. Thus hyperkalemia is a typical side effect. In animal exper-
iments carcinogenic properties have been observed, but no evidence
has indicated that these observations are clinically relevant. No spe-
cific malformations were noted in 31 newborns exposed during the first
trimester (Briggs 2011). A case report describes a woman who used
spironolactone in two pregnancies and delivered three healthy children
(1 boy, 2 girls). The children developed normally also in view of antian-
drogenic side effects, the oldest child having been followed up to age
13 (Groves 1995).

Eplerenone, another aldosterone antagonist, is applied as a co-med-
ication to reduce the risk of cardiovascular morbidity and mortality in
patients with left ventricular dysfunction and clinical signs of heart fail-
ure after a recent heart attack. One case report describes the birth of a
healthy girl after continuous maternal treatment of a Gitelman syndrome
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with eplerenone (Morton 2011). In a case of primary aldosteronism
during pregnancy, treatment with eplerenone in the latter half of preg-
nancy did not identify signs of feminization in the male fetus exposed
(Cabassi 2012).

| 4 Amiloride and triamterene

Amiloride and the weak folic acid antagonist triamterene belong to the
potassium-sparing diuretics whose effectiveness is due to their influence
on the tubular transport. In contrast to spironolactone, they are not aldo-
sterone antagonists.

In a report on newborns exposed during the first trimester to triam-
terene in 318 cases and to amiloride in 28 cases, an accumulation of
specific malformations was not noted (cited by Briggs 2011). Additional
single reports about amiloride show normal newborns when mothers
had been treated for Bartter syndrome, Gitelman syndrome, and Conn
syndrome (Mascetti 2011, Al-Ali 2007, Deruelle 2004, Almeida 1989).

A specific teratogenic effect of amiloride or triamterene has not been
noted.

Recommendation. Diuretics are not part of the standard treatment for ges-
tational hypertension and edema. Their application is limited to special indi-
cations. Hydrochlorothiazide is the drug of choice. Furosemide, too, may be
used to manage heart or kidney failure. For longer treatments it is necessary
to monitor electrolytes and hematocrit levels and to exclude the development
of oligohydramnios. When treatment continues until birth, the newborn needs
to be observed for possible hypoglycemia. Other diuretics should be avoided, if
possible, or are applicable in unusual indications. None of the medications justify
a risk-based termination or invasive diagnostic interventions (Chapter 1.15).
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During pregnancy, the risk for venous thromboembolism (VTE) is sub-
stantially increased. Antithrombotic therapy is indicated for the preven-
tion and treatment of VTE, but such treatment is challenging because
these medications have the potential to cause adverse effects in the
developing fetus. The possibility of increased maternal bleeding is also
an important consideration when these medications are used prior to
surgical intervention or delivery. Low molecular weight heparins are the
drugs of choice in the prevention and treatment of VTE during preg-
nancy because they have fewer side effects and cross the placenta poorly,
if at all. The embryotoxicity of vitamin K antagonists, particularly that
of warfarin, is well-known. Warfarin and other related coumarins have
been found to produce a characteristic pattern of malformations, such
as nasal hypoplasia, stippled epiphyses, and growth retardation in the
children of women who took these drugs during pregnancy. The greatest
period of susceptibility is between the 8th and 12th weeks postconception
although, because of their long half-lives, discontinuation of treatment or
substitution with heparin at 6 weeks post conception is recommended
to avoid embryonic exposure. Also, usage during the second and third
trimesters has been associated with growth restriction and behavioral
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dysfunction. Congenital anomalies have been reported among infants
born to mothers who were treated with dipyridamole during pregnancy,
but the rate of anomalies reported in these studies is small and the pattern
of anomalies is inconsistent. No teratogenic effects have been reported in
case studies of infants whose mothers had been treated during pregnancy
with streptokinase, a plasminogen activator. At present, there is limited
experience with the use of novel oral anticoagulants, such as dabigatran,
rivaroxaban, and apixaban during pregnancy. Use of these and other
related drugs that have insufficient teratology data should be considered
on a case-by-case basis. The aim of this chapter is to provide the clini-
cian with a review of the known teratogenic effects of currently used
antithrombotic agents as well as recommendations for their appropriate
use during pregnancy.

2.9.1 Indications for anticoagulation

During normal pregnancy, the concentrations of nearly all coagulation
factors progressively rise in response to higher estrogen levels along with
a decrease in the activity of coagulation inhibitors (e.g. antithrombin).
These changes result in reduced fibrinolytic potential due to increased
levels of plasminogen activator inhibitors (PAI) produced by the placenta
and a hypercoagulable state of pregnancy that does not return to normal
until approximately 8 weeks after delivery (Goland 2012). This increase
in coagulation tendency appears to reflect a physiological need for effec-
tive coagulation during delivery after separation of the placenta. How-
ever, a consequence of these changes in hemostasis and fibrinolysis is an
increased risk of VTE that is five times more frequent during pregnancy
and occurs in 0.2% of cases (Nelson 2007, Dizon-Townson 2002).

Thrombophilia is a group of inherited or acquired coagulation disor-
ders that is associated with an increased risk of thrombotic events such
as VTE and pulmonary embolism. Commonly inherited thrombophilia
include the Factor V Leiden mutation, the prothrombin G20210A gene
mutation, methylenetetrahydrofolate reductase polymorphism, and defi-
ciencies of antithrombin, protein C and protein S. Antiphospholipid
syndrome belongs to the acquired thrombophilia (McNamee 2012).
Growing evidence suggests that thrombophilia is associated with an
increased risk of adverse pregnancy outcomes, such as early and late
pregnancy loss, preeclampsia, placental abruption, and intrauterine
growth restriction (IUGR) (Pierangeli 2011). However, the absolute risk
of VTE and serious adverse pregnancy outcomes remains low. Universal
agreement regarding the necessity and effectiveness of antithrombotic
therapy during pregnancy has not been established to date because of
the lack of reliable data (McNamee 2012). A prior thrombotic event or
thrombophilia is not currently viewed by all clinicians as an indication
for thromboprophylaxis during pregnancy (see Section 2.9.2). Most rec-
ommendations include the following indications:

m Thromboprophylaxis in patients with an established increased risk,
including patients with malignancies, postoperative patients, long-
term immobilization.

m Prevention and treatment of VTE.

m Prevention and treatment of systemic embolism in patients with valvu-
lar heart disease and/or mechanical heart valves.

m Prevention of pregnancy loss in women with antiphospholipid anti-
bodies and previous pregnancy losses.
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Pharmacology

Heparin is a chain-linked, sulfated glycosaminoglycan, that is found nat-
urally in the body and is produced by basophils and mast cells. Heparins
prevent thrombus formation and limit thrombus extension by binding to
lysine sites on antithrombin III and producing a conformational change that
accelerates the rate at which antithrombin III neutralizes the hemostatic
enzymes, thrombin (factor Ila) and factor Xa. Decreased levels of anti-
thrombin III lead to resistance to heparin. When heparin is administered
in low doses for prophylaxis, it is mainly factor Xa that is neutralized; in
higher therapeutic doses, thrombin will also be neutralized. Heparins can
initiate plasminogen activator release by endothelial cells, and this accounts
for their fibrinolytic activity. Unfractionated heparin (UFH) has a molecular
weight ranging from 5,000-30,000 daltons (Da). It inhibits factors Ila and
Xa equally well. Low molecular weight heparins (LMWH) are fragments
of the native heparin molecule with molecular weights that range between
1,000-10,000 Da. They have a different anticoagulant profile and are less
able to catalyze the inhibition of thrombin relative to factor Xa due to their
shorter chain lengths, which range between 5-17 monosaccharides.

Heparin is the strongest organic acid which exists in the body. The
strong negative charge of heparin is important for the inhibition of coag-
ulation. The formation of chemical salts with organic cations, such as
protamine (Section 2.9.3), quickly overrides the actions of heparin.

UFH has a short half-life of 1-2 hours. Due to its strong negative
charge and high molecular weight UFH is not absorbed in the gut. Conse-
quently, heparin must be administered intravenously or subcutaneously.
This is also true for LMWHs, such as certoparin, dalteparin, enoxaparin,
nadroparin, reviparin and tinzaparin. LMWH are increasingly preferred
to UFH for thromboprophylaxis as well as for the treatment of VTE and
in the pregnant patient. Their advantage lies in a longer half-life requiring
only one or two injections per day, better bioavailability (85%) and their
association with a lower incidence of osteoporosis, allergy, and hepa-
rin-induced thrombocytopenia (HIT). Greer (2005) analyzed all studies
published to the end of 2003 for the use of LMWH during pregnancy.
They extracted data on VTE recurrence and adverse side effects from
almost 2,800 pregnancies and found that LMWH were both safe and
effective when used to treat VTE during pregnancy. Bleeding events and
allergic skin reactions occurred in almost 2% and osteoporotic bone frac-
tures in 0.04% of the cases. The authors did not find a single case of HIT.
In addition, 95% of the pregnancies resulted in a live-born infant.

The long-term therapy with UFH has been associated with an increased
risk of heparin-induced bone loss and osteoporotic fracture. Depending
on the dose and duration of use, LMWH may have less influence on bone
metabolism than UFH and therefore cause less bone loss, although not
all studies have confirmed this effect (Lefkou 2010, Casele 2006). The
decrease in bone loss observed in some of the studies may be related to
maternal supplementation with calcium during treatment. More studies
are needed before the true incidence of heparin-induced osteoporosis in
pregnant women can be determined. Long-term anticoagulant therapy
is associated with an increased risk of bleeding; however, the risk asso-
ciated with the use of heparin is relatively low, around 2% (Greer 2005,
Lepercq 2001, Lindqvist 2000, Sanson 1999).
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Prolonged anticoagulation therapy increases the risk for spinal hema-
toma formation, especially following neuraxial blockade (Butwick 2010).
Guidelines for neuraxial blockade and thromboembolic prophylaxis have
been established in a number of countries (Butwick 2010, Gogarten 2007).
These guidelines specify the interval of time that the medications should
be discontinued prior to puncture or removal of a catheter in order to
avoid bleeding complications. Timing intervals vary among the different
guidelines, but generally the interval of time that is recommended is two
times the elimination half-life of the drug that is administered. Accord-
ingly, prophylactic doses of UFH should be discontinued at least 4 hours
prior to neuraxial blockade or catheter withdrawal and therapeutic doses
of UFH should be discontinued at least 6 hours before blockade or cath-
eter removal. Since LMWH have longer half-lives, prophylactic or ther-
apeutic treatment with these drugs should be stopped 12 or 24 hours,
respectively, before neuraxial blockade or catheter removal (Gogarten
2007). A study of 284 pregnant women who were treated with enoxapa-
rin for an average of 251days found that the rate of hemorrhagic compli-
cations during delivery was not significantly increased when enoxaparin
was discontinued at least 12 hours beforehand (Maslovitz 2005).

Toxicology

Placental transfer of UFH or LMWH is expected to be minimal due to
their high molecular weight and negative charge (Dimitrakakis 2000,
Schneider 1995, Mitzsch 1991). This has been confirmed by studies that
have failed to find detectable levels of UFH or LMWH in samples from
the umbilical cord vein after administration to pregnant women or in the
fetal circulation following dual perfusion of an isolated placental lob-
ule (Harenberg 1993, Bajoria 1992). The frequency of malformations or
other adverse effects did not appear to be increased in more than 20 clin-
ical studies of infants whose mothers were treated with either LMWH
or UFH for various periods of time during pregnancy (Andersen 2010,
Serrano 2009, Winger 2009, Badawy 2008, Fawzy 2008, Bauersachs
2007, Deruelle 2007, Kominiarek 2007, Voke 2007, James 2006, Rowan
2003, Bar 2000, Chan 2000, Serensen 2000, Hanania 1994, Sbarouni
1994, Ginsberg 1989a, 1989b) On the other hand, major birth defects
were reported in seven (11%) of 65 infants whose mothers had been
given a prescription for heparin during the first trimester of pregnancy
in a surveillance study of Michigan Medicaid recipients (Rosa, cited in
Briggs 2011); the expected rate of birth defects was 5%. Four of the mal-
formed infants had cardiovascular defects. The possible contribution of
confounding factors in this study, such as maternal use of other drugs
and underlying maternal disease, is not known. Congenital aplasia cutis
has been reported in two infants whose mothers were given tinzaparin
during pregnancy (Sharif 2005). Whether the association observed in
these two case reports is causal or coincidental is unknown.

To date, heparin-induced alteration of the fetal coagulation system has
been demonstrated in a sheep model (Andrew 1992), but not in humans;
although subdural hemorrhages of prenatal onset were reported in one
infant whose mother took dalteparin for deep vein thrombosis during
pregnancy (Bauder 2009). It is feasible, then, that transplacental passage
of LMWH may occur on rare occasions, as in pregnancies complicated
by preterm delivery and placental abnormalities. In one study of 693
newborns whose mothers had received enoxaparin during pregnancy,
there were 10 (1.4%) children with hemorrhages; none were thought to
be treatment related (Lepercq 2001).
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g Danaparoid |

Danaparoid is a mixture of low-molecular-weight sulfated glycosami-
noglycans. It is sometimes considered a LMWH, but is chemically dis-
tinct from heparin. Danaparoid is categorized in the class of heparinoids
because it contains the structurally related heparan sulfate (84%), der-
matan sulfate (12%) and a small amount of chondroitin sulfate (4%).
Danaparoid catalyzes the inactivation of factor Xa via antithrombin and
heparin-cofactor II. Its anti-factor Xa activity is considerably greater than
its anti-thrombin activity. It is used for the prophylaxis and treatment of
deep vein thrombosis in situations when heparin should not be used; for
example, in patients with immune-mediated (type II) heparin-induced
thrombocytopenia. Danaparoid shows a slight serological cross reactivity
(5%) with heparin-induced antibodies with a frequency of clinical cross
reactions of approximately 3%.

Examinations of human cord blood and experimental data in ani-
mals do not demonstrate a significant placental transfer of danaparoid
(Greinacher 1993, Peeters 1986). No teratogenicity was observed among
87 pregnancies exposed to danaparoid (Ebina 2011, Magnani 2010,
Gerhardt 2009, Myers 2003). Maternal treatment with danaparoid
occurred in the first trimester of pregnancy in 61% of these pregnancies.
To date, direct fetal toxicity has not been reported. The risk to the embryo
or fetus associated with maternal use of danaparoid during pregnancy is
unclear at this time.

Recommendation. Heparins are by appropriate indication the method of
choice for anticoagulation during pregnancy. In practice, the use of LMWH has
by far replaced that of UFH which is reserved for special indications. In cases
of heparin intolerance (allergic reactions, HIT Il) or resistance it is appropriate
to use danaparoid as an alternative anticoagulant. The potential for increased
bleeding is an important consideration prior to surgical interventions and prior
to delivery.

2.9.3 Protamines

Pharmacology and toxicology

Protamines are simple (alkaline) proteins found in the sperm of sev-
eral species. Protamine-HCI and protamine sulfate are agents that are
used intravenously to reverse the effects of heparin prior to surgical
procedures or for the treatment of heparin overdose. They are basic
polypeptides that neutralize the strongly negatively charged heparin
by complexing with it to form a stable salt. Protamine-heparin com-
plexes have no inhibitory effect on coagulation. The ability of prota-
mines to neutralize heparin varies with heparin chain length. Short
chain fragments cannot be neutralized with protamine, resulting in
incomplete neutralization of anti-factor Xa activity. This explains why
protamine has weaker effectiveness against LMWH than UFH. Pro-
tamines are also mixed with insulin formulations and administered
subcutaneously to prolong the glucose-lowering activity of insulin. No
data has been published regarding the embryo- or fetotoxic effects of
protamine. However, in animal studies, protamines have been found
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to inhibit angiogenesis (Taylor 1982) and, therefore, may pose a risk
to the developing embryo. There are two case reports of neonatal bra-
dycardia, hypotension and hypotonicity after maternal administration
of protamine prior to delivery (Boyle 2007, Wittmaack 1994). These
effects are similar to side effects that have been reported in adults fol-
lowing administration of protamine.

Recommendation. Protamines can be used acutely during pregnancy in cases of
heparin overdose. However, continual/chronic use of protamines during pregnancy
is not recommended because there are no data to support such usage.

Compounds such as lepirudin and desirudin are recombinant hirudin
derivatives that directly inhibit free and fibrin-bound thrombin and block
its activity. Bivalirudin, argatroban, and dabigatran etexilate are syn-
thetic thrombin inhibitors. Hirudin and its derivatives are bivalent direct
thrombin inhibitors that bind to both the active site and exosite 1. Bivali-
rudin binds reversibly to thrombin, so its inhibitory effect is transient
resulting in a diminished risk of major bleeding. Argatroban and dab-
igatran etexilate are univalent direct thrombin inhibitors that bind only
to the active site of thrombin (Di Nisio 2005). Dabigatran etexilate was
the first new oral direct thrombin inhibitor to be approved for long-term
anticoagulant treatment (Coppens 2012). Direct thrombin inhibitors are
used in cases of heparin intolerability, such as heparin-induced thrombo-
cytopenia. Bivalirudin is used in acute coronary syndrome together with
acetylsalicylic acid (ASA) and clopidogrel in patients who undergo a per-
cutaneous coronary intervention. Dabigatran etexilate is used for throm-
boprophylaxis in patients after hip replacement or knee replacement and
prevention of strokes in atrial fibrillation. No information regarding the
use of bivalirudin, desirudin, or dabigatran etexilate in pregnancy has
been published.

Ten case reports describe healthy infants born to women who were
treated with lepirudin or argatroban at different times during preg-
nancy (Tanimura 2012, Darki 2011, Ekbatani 2010, Chapman 2008,
Taniguchi 2008, Young 2008, Furlan 2006, Harenberg 2005, Mehta 2004,
Huhle 2000). Exposure during the first trimester occurred in four of the
reported cases. Although one of the children was born with a patent
foramen ovale and small ventricular septal defect, maternal treatment
with argatroban is unlikely to have caused these defects since exposure
did not occur until the third trimester (Young 2008).

Recommendation. The above-mentioned medications should only be prescribed
during pregnancy if they are urgently needed, i.e. with heparin intolerance (allergic
skin reactions, HIT 1I) and in the absence of safer alternatives. Caution is required
when using thrombin inhibitors prior to surgery or during the intrapartum period
because of an increased risk of maternal hemorrhage.
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2.9.5 Factor Xa inhibitors

A new class of anticoagulants inhibits thrombin generation by selectively
inhibiting factor Xa, a trypsin-like serine protease that converts pro-
thrombin to its active form, thrombin. The first product of this class of
substances was the synthetically manufactured fondaparinux. In contrast
to heparin, it is not a mixture of substances and is a chemically defined
substance with a molecular mass of 1,728 Da. It consists of the minimal
pentasaccharide sequence of heparin that selectively binds to antithrom-
bin III, but does not bind and inactivate thrombin itself. Consequently,
the risk for HIT II is much lower. It is administered parenterally in the
treatment of venous thromboembolism, unstable angina and acute myo-
cardial infarction. In an in vifro human dually perfused cotyledon model,
there was no crossing of the placenta (Lagrange 2002). However, one
study of four mother-child pairs found levels of fondaparinux in the
umbilical cord blood following maternal treatment with fondaparinux
that were 10% of those found in maternal plasma (Dempfle 2004).
The clinical relevance of this slight transfer across the placenta is not
known, and no adverse effects were observed in the infants. As many as
48 normal infants have been reported to be born to women who were
treated with fondaparinux during pregnancy. Exposures to fondaparinux
occurred in the first trimester of pregnancy in 26 (54%) of the infants
(Nagler 2012, Hajj-Chahine 2010, Schapkaitz 2007). Several other direct
factor Xa inhibitors have been developed for use in the prophylaxis of
venous thromboembolism after elective hip or knee replacement or for
the prevention of stroke in nonvalvular atrial fibrillation and secondary
venous thromboembolism. These include rivaroxaban, apixaban, and
edoxaban. In contrast to fondaparinux, these agents are administered
orally. Currently there is no specific antidote to reverse the effects of the
new oral anticoagulants. No data are available regarding the use of these
substances during pregnancy.

Recommendation. If urgently needed during pregnancy, e.g., with heparin
incompatibility (allergic skin reactions, HIT Il) or cross-reaction with danaparoid, it
is acceptable to use fondaparinux for anticoagulation. Because no information is
available on the use of rivaroxaban and apixaban during pregnancy, these medi-
cations should be administered in pregnancy only if conservative therapy is inef-
fective. If an exposure occurs inadvertently during the first trimester of pregnancy,
ultrasound evaluation can be offered to confirm the normal development of the
fetus. The potential for excessive bleeding when these medications are used has to
be taken into account prior to surgical procedures and delivery.

2.9.6 Inhibitors of thrombocyte aggregation

Antiplatelet drugs inhibit thrombocyte aggregation and decrease throm-
bus formation. The thienopyridine adenosine diphosphate (ADP) recep-
tor antagonists, such as clopidogrel, ticlopidine, and prasugrel are all
prodrugs which require metabolic activation by the cytochrome P450
(CYP) enzyme system in order to exert their effects. These drugs selec-
tively block the thrombolytic receptor P2Y12 on the platelet surface and
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prevent it from interacting with ADP. As a result, the binding of fibrin-
ogen to its platelet receptor, the glycoprotein GP IIb/Illa, is also pre-
vented. ADP-receptor inhibition by these drugs is irreversible and lasts
for the lifetime of the thrombocyte (approximately 7-10 days). Little data
are available about the use of these drugs during pregnancy. Fourteen
case reports describing the pregnancy outcomes of women who used
clopidogrel during pregnancy have been published (Babic 2011, De San-
tis 2011, Duarte 2011, Myers 2011). In twelve (85%) of the 14 cases the
infants were reported to be normal. Six of these normal infants were
exposed to clopidogrel during the first trimester of pregnancy. A seventh
infant whose mother was treated with clopidogrel from 6 weeks of preg-
nancy to delivery was born with patent foramen ovale, restrictive inter-
ventricular muscle communication and moderate mitral insufficiency
(Santiago-Diaz 2009). In another case, fetal death occurred after mater-
nal treatment with clopidogrel and coronary artery bypass graft surgery
at 26 weeks of gestation (Shah 2004). Less clinical experience exists for
ticlopidine. A normal infant was born to a woman who was treated with
ticlopidine for 2 weeks prior to delivery (Sebastian 1998). Although no
complications occurred at delivery, complete inhibition of platelet aggre-
gation to ADP in the cord blood was observed. In another case report,
a normal infant was born to a woman who was treated with ticlopidine
throughout pregnancy and switched to heparin during the last 2 weeks
(Ueno 2001). Similarly, no teratogenicity was observed in animal studies
that utilized doses much higher than those used in humans (Watanabe
1980a, 1980b).

A case study reported increased bleeding tendency in a pregnant
patient with coronary artery disease following mole resection on the
forearm which was carried out one day prior to the planned delivery
induction. Excessive bleeding occurred despite discontinuation of pro-
phylactic therapy with clopidogrel and ASA seven days prior to the pro-
cedure, according to the recommendations. The author suggested that
this case of heavy bleeding following a minor cosmetic intervention
confirms the risk of serious bleeding complications, particularly spinal
epidural hematomas, that can occur with the use of regional neuraxial
anesthesia in patients managed with anticoagulant agents (Kuczkowski
2009). In another case in which clopidogrel was used during the entire
pregnancy until 1 day prior to delivery there was hemorrhage after a
caesarean section of the mother which necessitated a blood transfusion
(Myers 2011).

Prasugrel is a third-generation thienopyridine that is more potent
than clopidogrel. In animal experiments conducted by the manufacturer,
prasugrel shows no evidence of teratogenicity at doses up to 40 times
those typically used in humans. Only one case report on its use in human
pregnancy is available in the literature. In this case, a normal infant was
born to a woman who was treated with prasugrel throughout her entire
pregnancy (Tello-Montoliu 2013). Ticagrelor is a cyclopentyltriazolopy-
rimidine that reversibly binds to the P2Y12 receptors. Ticagrelor is not a
prodrug and, therefore, does not require metabolic activation in order to
exert its effects. Ticagrelor has only been available on the market since
January 2011, so there is no information about the use of this drug during
pregnancy.

An additional strategy for inhibition of thrombocyte aggregation is the
use of platelet glycoprotein (GP) 1Ib/I11a antagonists, such as abciximab,
eptifibatide and tirofiban. Binding to the GPIIb/IIla receptor prevents
fibrinogen, von Willebrand factor, vitronectin, and other molecules from
binding to the receptor, thereby inhibiting thrombocyte aggregation. In
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contrast to the other medications of this group it is necessary to admin-
ister these drugs parenterally. Abciximab is the Fab-fragment of chimeric
monoclonal antibodies which binds to GlIb/Illa and to the vitronectin
receptor on the surface of thrombocytes. In contrast to this eptifibatide
and tirofiban are specific GPIIb/IIla inhibitors. Abciximab was found
not to significantly cross the term human placenta intact using an in vitro
human placental lobule perfusion model (Miller 2003). Thus far no
undesirable effects have been observed on the development of children
whose mothers received an infusion of abciximab, eptifibatide or tiro-
fiban for acute coronary intervention during pregnancy (Hajj-Chahine
2010, Al-Ageedi 2008, Boztosun 2008, Sebastian 1998).

Due to its vasodilation effects, dipyridamole was originally used as a
treatment for coronary disease. It is now licensed in combination with
ASA in secondary prevention of ischemic strokes and transitory ischemic
attacks (TIA). In addition to vasodilation, dipyridamole has antiplate-
let activity. It has been used in combination with other anticoagulants
to treat pregnant women with essential thrombocythemia to reduce the
incidence of recurrent abortions and fetal growth restriction (Uzan et al.
1991). Congenital anomalies have been reported in infants born to moth-
ers who were treated with dipyridamole during pregnancy, but the rate of
anomalies reported in these studies is small and the pattern of anomalies
is inconsistent (Chen 1982, Ibarra-Perez 1976, Tejani 1973). No increase
in the frequency of congenital anomalies among infants of women who
were treated with dipyridamole and ASA during the second and third tri-
mesters of pregnancy has been observed in controlled trials (Uzan 1991,
Wallenburg 1987, Beaufils 1985, 1986). Fetal wastage is high among
women who are treated with dipyridamole during pregnancy, particu-
larly when used in combination with warfarin (Sareli 1989). For low
dose therapy with ASA see Section 2.1.2.

Recommendation. In cases of intolerance with low dose ASA therapy, use of
established inhibitors of thrombocyte aggregation, such as clopidogrel, is recom-
mended. When one of the other above mentioned antithrombotics has been used
during the first trimester, the termination of pregnancy or use of invasive diagnos-
tics is not required. Ultrasound evaluation can be offered to confirm the normal
development of the fetus. Precautions should be taken to minimize the risk for
increased bleeding in both the mother and fetus prior to surgical interventions or
prior to delivery.

2.9.7 Vitamin K antagonists

Pharmacology

Coumarin derivatives (4-hydroxycoumarin compounds) exert their anti-
coagulant activity indirectly by preventing vitamin K from acting as a
cofactor in the hepatic synthesis of the vitamin K-dependent coagulation
factors II, VII, IX and X (as well as the anticoagulants, proteins C and S).
They are also called vitamin K antagonists (VKA). Anticoagulants with
vitamin K antagonism include the coumarin derivatives acenocoumarol,
phenprocoumon, warfarin and the indanediones, fluindione and phenin-
dione. Most VKA are completely absorbed following oral administration
and bound to albumin in the plasma by more than 95%. The elimina-
tion half-life is 24 hours for acencoumarol (including its metabolites),
36 hours for warfarin and 150 hours for phenprocoumon. The half-lives
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of the clotting factors range between 8-72 hours. Consequently, it takes
several days for the inhibitory effect on the synthesis of the coagulation
factors to result in reduced concentrations in the liver. Coumarin deriv-
atives are metabolized in the liver and excreted by the kidneys. They are
particularly susceptible to interactions with other drugs that are able to
compete with them for plasma protein binding, alter their metabolism in
the liver, or inhibit or stimulate synthesis of the clotting factors.

Coumarin embryopathy

VKAs readily cross the placental barrier and can reach the fetus. The
teratogenic risk associated with the use of VKA during pregnancy contin-
ues to be of importance because maintaining long-term anticoagulation
is essential in women with heart valve replacement. Substitution with
LMWH in sufficient doses during the first trimester of pregnancy and
prior to delivery improves fetal outcome but increases maternal morbid-
ity and mortality (McLintock 2011, 2013, Abildgaard 2009, Vitale 1999).
However, recent studies on the use of warfarin during pregnancy have
shown that both maternal and fetal outcomes are greatly improved if
low-dose warfarin (<5 mg/d) is used throughout pregnancy and replaced
with LMWH close to delivery (McLintock 2013, De Santo 2012, Malik
2012, Geelani 2005).

The embryotoxicity of VKA, particularly that of warfarin, is well-
known. Warfarin has been found to produce a characteristic pattern of
malformations in the children of women who took this drug during preg-
nancy. Common features of this pattern of malformations, collectively
called coumarin embryopathy or fetal warfarin syndrome, include nasal
hypoplasia, stippled epiphyses, and growth retardation (Hall 1980). In
a review of 63 case reports of coumarin embryopathy published after
1955, van Driel (2002a) found that anomalies of the skeleton were the
most predominant feature, occurring in 51 (81%) of the 63 cases. Midfa-
cial hypoplasia, that included a small upward pointing nose with inden-
tations between the tip of the nose and nares, depressed nasal bridge,
defective development of the nasal septum, micrognathia, a prominent
forehead, and a flattened appearance of the face, was described in 47 of
the cases. Stippling in the epiphyseal regions (chondrodysplasia punc-
tata) was described in 32 (51%) of the 63 cases, mostly along the axial
skeleton, at the proximal femora and in the calcanei. Limb hypoplasia,
primarily involving the distal digits, may be found in up to one-third
of children with coumarin embryopathy (Pauli 1993). Other anomalies
reported and summarized by van Driel (2002a) were CNS abnormalities,
disturbances of eye and ear development, abnormal heart development,
asplenia syndrome, kidney agenesis, cleft lip, jaw and palate and pul-
monary hypoplasia. Minor physical anomalies reported were lowset or
poorly developed ears, a high-arched palate, hypertelorism, antimongol-
oid palpebral fissures, and widely spaced nipples. Hepatopathy lasting up
to 4 months of age in addition to features typical of coumarin embryopa-
thy were described in a premature infant whose mother had been treated
with phenprocoumon up until 24 weeks of pregnancy (Hetzel 2006). It
is likely that the liver dysfunction observed in this infant resulted from a
toxic effect of phenprocoumon on the fetus similar to that which occa-
sionally occurs with the drug in adults.

Mechanisms of teratogenicity and fetotoxicity

Coumarin derivatives are thought to produce their teratogenic
effects through inhibition of the synthesis of various vitamin K
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dependent proteins in the bones, cartilage and CNS. The classical fea-
tures of coumarin embryopathy are phenotypically similar to those seen
in X-linked recessive brachytelephalangic chondrodysplasia punctata
(Conradi-Hunermann Syndrome) which is known to be caused by a
mutation in the arylsulfatase E (ARSE) gene (Savarirayan 1999, Becker
1975). This gene mutation leads to a complete loss of functional ARSE.
ARSE plays an important role in cartilage and bone development and its
activity has been shown to be inhibited by warfarin in vitro (Savarirayan
1999, Franco 1995).

CNS abnormalities are thought to result from intracerebral hemor-
rhages and subsequent scarring, and are associated with exposure at any
time during pregnancy, but mostly the second trimester of pregnancy.
Of special concern are extensive cerebral hemorrhages during late preg-
nancy and during delivery (Oswal 2008, Simonazzi 2008, Hall 1980).
One case report describes phenprocoumon poisoning in a woman who
was admitted to the hospital at 38 weeks of pregnancy. She had an inter-
national normalized ratio (INR) that was not measurable (INR >10) and
a phenprocoumon concentration that was twice the therapeutic levels
of phenprocoumon. Sixteen days later and after treatment of the mother
with prothrombin complex, antithrombin and oral vitamin K, a healthy
girl was delivered by caesarean section without bleeding complications.
The maternal coagulation parameters became normal 7 days after admis-
sion. In cord blood the level of phenprocoumon was 297 ng/mL (Hauck
et al. 2011).

Frequency of malformations

In a review of all published case and cohort studies published between
1957 and 2002, coumarin embryopathy was observed in 23 (6%) of
394 live-born children whose mothers had been treated with a couma-
rin derivative during pregnancy; even when coumarin derivatives were
used throughout the entire pregnancy (van Driel 2002a). A total of 17
studies with 979 pregnancies were analyzed in this review; 449 of the
pregnancies were exposed to acenocoumarol, 327 to warfarin, and in
203 pregnancies the coumarin derivative was not specified. In a further
case series, which included 71 pregnant women on warfarin therapy for
artificial heart valves, four (6%) of the children had features of coumarin
embryopathy (Cotrufo 2002). Here, as in other studies (Vitale 1999), a
higher rate of poor pregnancy outcomes was observed when maternal
doses of warfarin exceeded 5 mg/d. However, a case report on coumarin
embryopathy with involvement of the optic nerve emphasized the low
dose therapy in this case (Khan 2007).

The largest prospective cohort study to date, with 666 women who
were treated during pregnancy with an oral anticoagulant, also reported
a small risk for coumarin embryopathy (Schaefer et al. 2006). In this
multicenter study, 226 pregnant women were treated with acenocou-
marol, 280 with phenprocoumon, 99 with phenindione and 63 with
warfarin. Four patients received two VKAs. The authors found a sig-
nificantly increased risk for major malformations in the infants follow-
ing maternal exposure to coumarin derivatives in the first trimester
of pregnancy (odds ratio = 3.86, 95% confidence interval 1.86-8.00).
However, the malformations that were observed were heterogeneous.
Among the total of 356 live-born babies, there were only two (0.6%)
coumarin embryopathies observed. In both of these cases the mother
had been exposed to phenprocoumon during the critical period for cou-
marin embryopathy.
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Critical period of susceptibility

Most publications state that the sensitive period for producing couma-
rin embryopathy is between 6-12 weeks of pregnancy without clearly
defining whether this is based on gestational or embryological age. A
critical review of all published reports, however, does not provide evi-
dence for a highly sensitive period until week 8 after LMP (or week 6
postconception). Although there have been five cases published in the
literature in which maternal exposure to coumarins was reported to have
occurred prior to the 8th week after LMP, it is likely that the period of
pregnancy was calculated in weeks after conception (Hall 1989, Balde
1988) or causality was doubtful (Ruthnum 1987, Cox 1977) and/or addi-
tional contributing factors (such as open heart surgery during pregnancy)
were reported (Lapiedra 1986). Furthermore, the long half-lives of some
of the coumarins must be taken into account when considering the tim-
ing of embryonic and/or fetal exposure (Walfisch 2010). Warfarin, for
example, has a terminal half-life of 1 week. Therefore, discontinuation
of treatment or substitution with heparin at six weeks postconception to
avoid embryonic exposure may be too late.

Other adverse effects of coumarin therapy

Other adverse effects that have been associated with the use of couma-
rins during pregnancy include high rates of spontaneous abortion, still-
birth, preterm birth and low birth weight (Malik 2012, McLintock 2011,
Meister 2008, Schaefer 2006). The higher rate of infants with low birth
weight may be partially explained by the increased rate of prematurity;
however, Schaefer (2006) found reduced birth weight in full-term cou-
marin-exposed infants as well. It is possible that the underlying disease
of the mothers (e.g. defects of heart valves, embolism, various coagulop-
athies) contributed to the poor pregnancy outcomes in the coumarin-
exposed groups in these studies.

[ 4 Mental development

The long-term effects of prenatal exposure to coumarins were exam-
ined in a cohort of approximately 300 children aged 7.6 to 15.1 years
(van Driel 2001, 2002a, Wesseling 2000, 2001). Only two children in
the exposed cohort had features of coumarin embryopathy at the time
of birth. Both children were normally developed at the age of 9 and
13 years, respectively (van Driel 2002b). The average height and over-
all growth of the exposed children did not differ from a non-exposed
control group. None of the exposed children had abnormal neurologi-
cal development. However, mild neurological deviations in the exposed
children were noted more frequently when the mother received treat-
ment in the second or third trimester of pregnancy (Wesseling 2001).
The average IQ of the exposed children did not differ from the control
group significantly; however, 11 of the exposed children measured an 1Q
<80 as opposed to three in the control group. These 11 children were all
exposed during the second and third trimesters of pregnancy and showed
no signs of dysmorphism. There were no differences between the two
groups in clinically relevant problem behavior, although less favorable
task-oriented and social-emotional behaviors were observed among the
exposed cohort (van Driel, 2001). Three other long-term studies with a
total of 72 children found no significant differences regarding physical
and mental development (Olthof 1994, Wong 1993, Chong 1984).
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Recommendation. Since VKAs are associated with a small, but increased, risk
of embryopathy and other adverse effects, they are not recommended in the first
trimester of pregnancy or prior to delivery. They are generally not recommended
for use during pregnancy. Patients on VKA who are planning a pregnancy should
preferably be placed on heparin (UH or LMWH) prior to pregnancy or, at the latest,
prior to the 6th week after conception. This warrants adequate pregnancy testing.
In high-risk patients with mechanical heart valves, an exception may be necessary
because of the risk of valve thrombosis and failure or systemic thromboembolism.
Here, oral anticoagulants throughout pregnancy until near term may be essential.
The risk for coumarin embryopathy is small, particularly when therapy is discon-
tinued prior to 6 weeks postconception or smaller doses (e.g. less than 5 mg/d for
warfarin) are used. Therefore, interruption of a wanted pregnancy is not recom-
mended if inadvertent exposure occurs in early pregnancy. Close follow-up by the
obstetrician, including level Il ultrasound, should be recommended in any case of
VKA exposure during pregnancy.

2.9.8 Vitamin K

Vitamin K refers to a group of fat-soluble vitamins that are required for
the synthesis of coagulation factors. Vitamin K, (phytomenadione, phy-
tonadione, phylloguinone) is found in plants; vitamin K, (menaquinone)
mostly occurs in animal products but is also synthesized from vitamin
K, by various intestinal bacteria; vitamin K, (menadione) is a synthetic
analog of vitamin K ; and vitamin K, is the water-soluble form of mena-
dione. High doses of vitamin K are used to reverse the anticoagulant
effects of coumarins. Except in cases of malabsorption or in those who
are undergoing treatment with antibiotics or anticonvulsants, there is no
need for supplementation with vitamin K in pregnant women because
usual dietary intake provides adequate amounts. The newborn infant is
functionally deficient in vitamin K at birth. Breast-fed, but not formu-
la-fed, newborns lack the intestinal bacteria that produce menaquinones.
Furthermore, menaquinones are not stored in the newborn liver until
2-3 months of age when complementary foods are added to the diet.
For these reasons, administration of vitamin K to the newborn is rec-
ommended to prevent Vitamin K Deficiency Bleeding (VKDB) in sus-
ceptible infants. The frequency of congenital anomalies did not appear
to be increased among the infants of 28 women who received vitamin
K, vitamin B, or liver extract during the first 4 lunar months of preg-
nancy in the Collaborative Perinatal Project (Heinonen 1977). Fourteen
of these women received vitamin K. In a record linkage study, four out
of five infants whose mothers were given prescriptions for vitamin K
were reported to have major congenital anomalies (Rosa, cited in Briggs
2011). No adverse effects were observed among infants whose mothers
were given prophylactic doses of vitamin K prior to delivery or among
infants given fetal injections of vitamin K prior to delivery (Thorp 1995,
Larsen 1978). No differences in intellectual development were observed
at 2 years of age between children whose mothers had received pro-
phylactic treatment with vitamin K prior to delivery and those whose
mothers had not (Thorp 1997). No increased risk of childhood leukemia
was found among the children of women who received vitamin K during
pregnancy (Olsen 1994).

Vitamin K has been administered late during pregnancy for the preven-
tion of intracranial hemorrhage in the newborn, but most studies have
not shown a beneficial effect (Crowther 2010, Greer 2010, Choulika
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2004, Kazzi 1989). This is likely due to the limited amounts of vitamin K
that are transferred from the mother to the fetus (Greer 2010).

Recommendation. Newborns should routinely receive 1-2 mg of vitamin K
directly after birth. In those cases where the mother was treated with VKA (such
as carbamazepine, phenobarbital, phenytoin, primidone, rifampin, or coumarin
derivatives) parenteral administration directly after birth is advised, and the neo-
nate should be given 1-2 mg vitamin K orally two to three times a week during
the first 2 weeks after birth.

2.9.9 Fibrinolysis

Fibrinolytic drugs are used to dissolve thrombotic blocking. Fibrin, an
end product of coagulation, is a polymer that is broken up into water-sol-
uble parts by plasmin, a peptidase. These fibrin parts then dissolve along
with the thrombus. Plasmin is formed from plasminogen, an endogenous
glycoprotein, under the influence of endogenous activators like uroki-
nase and tissue-plasminogen activator. Apart from these, exogenous
substances such as streptokinase can enhance the formation of plasmin-
ogen. In the case of a hemorrhage as a result of fibrinoytic therapy, syn-
thetic inhibitors like tranexamic acid and p-aminomethyl-benzoic acid
(PAMBA) will have rapid hemostatic action.

Intrinsic fibrinolytics and derivatives

Urokinase is a thrombolytic enzyme predominantly formed in the kid-
ney and excreted in the urine. The enzyme converts plasminogen into
plasmin and promotes the dissolution of physiologically-occurring
blood clots; for example, as in menstrual blood. Urokinase can be iso-
lated from human kidney cell cultures or urine and can now also be
produced by gene technology. Twelve case reports of normal infants
born to women who were treated with urokinase during pregnancy,
mostly after the first trimester, have been published (Murugappan
2006, Krishnamurthy 1999, La Valleur 1996, Glazier 1995, Kramer
1995, Turrentine 1995). Endogenous tissue plasminogen activator
(t-PA) is a serine protease found in the endothelial cells that line the
blood vessels. It can be produced using recombinant gene technology
and is referred to as rt-PA or alteplase. Because of its large molecular
size (527 amino acids) it is unlikely that transplacental passage occurs.
There are more than 30 cases reported regarding the use of rt-PA during
pregnancy ( Li 2012, Akcay 2011, Holden 2011, Lonjaret 2011, Acar
2010, Biteker 2010, Ozer 2010, Kaya 2010, Bessereau 2007, Leonhardt
2006, Mehrkens 2006, Murugappan 2006, Bechtel 2005, Trukhacheva
2005, Goh 1999, Saviotti 1997, Baudo 1990). Most pregnancies that
were treated with thrombolytic therapy with urokinase or alteplase
were unremarkable. However, spontaneous abortions and premature
deliveries occurred in some of the exposed pregnancies, which may
be more related to the severity of the maternal disease than the treat-
ment. So far, urokinase and alteplase have not been associated with an
increased frequency of malformations in the children of women who
are treated with these drugs during pregnancy. However, only about
23% of the exposures reported in these cases occurred in the first tri-
mester of pregnancy. Very little data have been published regarding
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use of the recombinant t-PA variant, tenecteplase, during pregnancy.
Several cases of successful thrombolysis with unremarkable pregnancy
outcome have been reported (dos Santos 2012, Camacho Pulido 2008,
Maegdefessel 2008, Bessereau 2007). Only two case reports describe
maternal exposure to the recombinant analog, reteplase, during the
15th week of pregnancy in one case and in the 30th week of pregnancy
in the other (Yap 2002, Rinaldi 1999). Normal infants were delivered
in both cases. There is no information about the use of p-anisoylated
plasminogen streptokinase activator complexes (anistreplase) during
pregnancy.

Recommendation. Urokinase and alteplase (rt-PA) should only be used during
pregnancy in life-threatening circumstances. Reteplase, tenecteplase and anistre-
plase should only be used when it is therapeutically superior compared to other
medications. Due to the danger of increased blood loss, special caution is needed
when using fibrinolytics during the intrapartum period. Inadvertent use during the
first trimester of pregnancy does not require the termination of pregnancy nor the
use of invasive diagnostic procedures.

2.9.10 Streptokinase

Streptokinase is a plasminogen activator produced from p-hemolyzing
streptococci of Group C. It is a protein, not an enzyme, and it com-
bines with plasminogen to form the active complex that converts the
free plasminogen to proteolysis plasmin. There are reports of around 200
patients who were treated with streptokinase during pregnancy, predom-
inantly after the first trimester. No teratogenic or other adverse effects
were observed in the infants (Srinivas 2012, Holden 2011, te Raa 2009,
Nassar 2003, Anbarasan 2001, Henrich 2001, Turrentine 1995). No ani-
mal teratology studies of streptokinase have been published. For the use
of streptokinase and other fibrinolytics, there have been discussions by
some authors about an increased risk of spontaneous abortion and pre-
maturity because of potential fibrinolysis of the fibrin layer between the
chorionic villi and myometrium. The available data do not confirm this
to date (Turrentine 1995). Only small amounts of streptokinase cross the
placental barrier (Pfeifer 1970).

Recommendation. It is acceptable to use streptokinase during pregnancy in
life-threatening circumstances. Because of the danger of increased blood loss, it
is advisable to exercise caution when fibrinolysis is performed during the perina-
tal phase. Treatment with streptokinase during the first trimester does not justify
pregnancy interruption or the use of invasive diagnostic procedures. In cases of
doubt or extreme maternal anxiety, a detailed ultrasound examination can be per-
formed to confirm normal development of the fetus.

2.9.11 Antihemorrhagics

The body’s own plasmin antagonists, such as a2-antiplasmin and «2-mac-
roglobulin, are physiological inhibitors of fibrinolysis. The synthetic
antifibrinolytics, tranexamic acid and p-aminomethyl-benzoic acid,
are used therapeutically for treatment of coagulopathies with increased
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fibrinolytic activity, a malignant disease or following surgical interventions.
A few case reports have been published regarding the use of tranexamic
acid during pregnancy (e.g. Lindoff 1993, Walzman 1982) and all of the
women in these cases were reported to have delivered normal live-born
infants. Only one animal teratology study has been published and no sub-
stantial fetotoxic or teratogenic effects of tranexamic acid were found in
the offspring in this study (Morita 1971). Successful pregnancy outcomes
have been described after maternal treatment with cytostatic medications
and tranexamic acid for promyelocytic leukemia (Carradice 2002). The
concentration of tranexamic acid in umbilical cord blood was 70% of the
maternal concentration (Kullander 1970). No information regarding the
use of p-aminomethyl-benzoic acid during pregnancy has been published.

Aprotinin is a polypeptide that inhibits proteolytic enzymes such as
chymotrypsin, trypsin, plasmin and plasminogen activators. As a foreign
protein, it can induce sensitization. There is no information on its use
during pregnancy.

Epsilon-aminocaproic acid is an inhibitor of fibrinolysis. The use
of this agent is associated with an increased risk of thrombosis and
embolism, with possible renal failure from thrombosis in glomeru-
lar capillary arteries. It was reported not to be teratogenic in rabbits
(Howorka 1970). No information is available regarding its use in preg-
nant women.

Recommendation. The use of tranexamic acid, p-aminomethyl-benzoic acid,
aprotinin, or epsilon-aminocaproic acid during pregnancy should be reserved for
life-threatening situations. Inadvertent treatment during the first trimester does
not justify termination of pregnancy or invasive diagnostic intervention. However,
in some circumstances, ultrasound examination may be offered to confirm normal
development of the fetus.

2.9.12 Other antihemorrhagics

Thrombopoietin-receptor agonists, such as romiplostim and eltrom-
bopag, are used in the treatment of the autoimmune disease ITP (chronic
idiopathic thrombocytopenic purpura). These compounds stimulate the
thrombopoietin receptor to induce platelet production and reduce bleed-
ing complications. These drugs are available for patients who cannot be
treated with other therapies, such as immunoglobulins or corticosteroids,
or surgery to remove the spleen.

Romiplostim is an Fc-Peptid-Fusion protein (peptibody) that is pro-
duced using recombinant DNA technology. It is injected subcutaneously
once weekly. Romiplostim consists of a human IgG1-Fc-portion that has
two single-chain subunits connected to a peptide containing two throm-
bopoetin-receptor-binding domains. It is known that IgG molecules are
actively transported to the fetus via Fc-receptors beginning with the sec-
ond trimester of pregnancy. It is possible that such a mechanism exists
for romiplostim.

Eltrombopag is a small molecule that is administered orally. So far
only one case report has been published describing a healthy, live-born
infant with normal platelet count whose mother had been given both
eltrombopag and romiplostim during the third trimester of pregnancy
(Alkaabi 2012).
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Recommendation. Romiplostim and eltrombopag should only be used with
urgent indications and after strict determination of benefit/risk analysis. Inadver-
tent treatment in the first trimester of pregnancy does not justify interruption of
pregnancy or invasive diagnostic intervention. However, ultrasound examination
is recommended to confirm normal development of the fetus.

2.9.13 Volume replacement substances and rheologics

g Doxtrans |

Dextrans are glucose polymers with molecular weights ranging between
1,000-40,000,000 daltons (Da). They are produced by lactic acid bac-
teria from solutions that contain saccharide, but also by the dental
plaque-forming species, Streptococcus mutans. After fractionation there
are several clinical products available: Dextran 40 (average molecular
mass 40,000 Da), Dextran 60 (average molecular mass 60,000 Da) and
Dextran 70 (average molecular mass 70,000 Da). Dextrans have an inhib-
itory effect on thrombocyte aggregation and coagulation factors and are
used as volume expanders. The infusion of dextrans can lead to anaphy-
lactic reactions in the mother which can also jeopardize the embryo.
These anaphylactic reactions can be reduced by administering dextran 1
(or hapten-dextran which is a dextran fraction with a molecular mass of
1000 Da) immediately prior to the dextran infusion. Dextran 1 binds to
the dextran-reactive antibodies thereby preventing the formation of large
immune complexes and consequently an immune response. However
there are reports about the use of dextrans during childbirth which led to
anaphylactic shock and serious neonatal consequences despite dextran
1 prophylaxis (Barbier 1992, Berg 1991). Specific embryo- or fetotoxic
effects have not been reported to date.

4 Gelatin

Gelatin derivatives, such as polygeline and modified fluid gelatin (succi-
nylated gelatin), are polypeptides used as plasma substitutes in the form
of polymers with an average molecular mass of 30,000 to 35,000 Da. No
specific embryotoxic or fetotoxic effects have been reported. As with the
dextrans, anaphylactic reactions are possible after the use of gelatin.

| 4 Hydroxyethyl starch

Hydroxyethyl starch (HES, HAES) is a high polymeric glucose com-
pound that consists almost exclusively of amylopectin. The highly
branched amylopectin starches are modified through the introduction of
hydroxyethyl groups to the glucose subunits in order to limit degradation
by alpha-amylase. Hetastarch products are grouped by their mean molec-
ular weight which can range from 70,000 to 450,000 Da. These prod-
ucts differ by their substitution characteristics. HES is administered via
infusion as a plasma volume expander. Anaphylactic reactions are rare.
The effect of HES on coagulation is lower than for dextrans. A pruritus
that is difficult to treat and lasts for weeks and months is a typical side
effect which has been observed after the use of HES. No malformations
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were observed among the infants of 25 women who were given HES
early in pregnancy in association with paracentesis for ovarian hyper-
stimulation syndrome (Courtney 2005). The indication should be strict
accordingly. Aside from precipitation in the placenta, no adverse effects
were observed among newborn infants of women who were treated with
HES prior to caesarean section delivery (Carvalho 2009, Siddik-Sayyid
2009, Davies 2006; Siddik 2000) or who received plasma volume expan-
sion with HES during pregnancy for hypertensive disorders (Ganzevoort
2005, Heilmann 1991). Indications for HES should be strictly stipulated.

Recommendation. Dextrans, gelatins and hydroxyethyl starch are acceptable
for pregnant women in critical situations when a therapeutic benefit is expected.
The danger of anaphylactic reactions should be considered especially when dex-
tran is used.
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Epilepsy affects 0.4-0.5% percent of pregnant women (Morrow 2003).
About 80% of these women take at least one antiepileptic drug (AED)
and are able to control their seizures (Kaaja 2003). In addition, antiepi-
leptic drugs are also used to manage other conditions that afflict women
of reproductive age, e.g. in psychiatry for manic-depressive symptoms, or
in neurology for chronic pain. Children of mothers treated with antiepi-
leptic drugs are, to a varying degree, subject to a higher risk of malforma-
tions, and sometimes also to mild facial dysmorphism, underdevelopment
of the distal phalanges, intrauterine growth restriction, and functional
developmental anomalies of the central nervous system (CNS). The
latter was primarily noted for valproic acid (VPA) (Meador 2008). In
general, the risk for the unborn is by far the greatest for VPA, while for
carbamazepine the risk appears to be smaller than thought a few years
ago. For the newer antiepileptic drugs extensive experience is only avail-
able for lamotrigine, which does not to date support an increased risk
for malformations or other impairments of prenatally exposed offspring.
Some concern has been raised for topiramate in terms of an increased
risk for oral clefts and/or reduced birth weight. Epilepsy itself appears

Drugs During Pregnancy and Lactation. http://dx.doi.org/10.1016/B978-0-12-408078-2.00011-1
Copyright © 2015 Elsevier B.V. All rights reserved.
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not to adversely affect prenatal development, the exception being the
most severe forms with multiple grand-mal seizures.

CLASSIFICATION OF ANTIEPILEPTIC DRUGS

The following agents are older antiepileptic drugs: carbamazepine, cloba-
zam, clonazepam, ethosuximide, phenobarbital, phenytoin, sultiame and
VPA.

The newer antiepileptics include eslicarbazepine, felbamate, gabapen-
tin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, pregabalin,
rufinamide, tiagabine, topiramate, vigabatrin, and zonisamide.

2.10.1 Antiepileptic therapy

Recommendation.

m No woman who could become pregnant should receive antiepileptic medica-
tion without compelling reasons. In particular for non-epileptic neurologic or
psychiatric indications the use of antiepileptic agents should be eschewed, the
exception being the apparently well-tolerated lamotrigine.

m Because of teratogenic risks women should be advised about the use of appro-
priate contraception. The potential for a contraceptive medication to interact
with the antiepileptic agent should be considered. Prior to discontinuing a con-
traceptive regimen, the anticonvulsive therapy should be optimized with con-
sideration of embryotoxic properties.

m A woman suffering from epilepsy needs to know that the risk for major malfor-
mations increases two- to threefold when using antiepileptic medication.

m VPA should be avoided in women during the reproductive years. Exceptions
being epilepsy that failed to respond to other treatments.

m Monotherapy is desirable, as the concomitant administration of several antie-
pileptic agents clearly increases the embryotoxic risk, although newer publica-
tions seem to suggest that VPA is the primary risk factor.

m Particularly during organogenesis, the medication dose should be kept as low as
possible. If VPA has to be given, it should be distributed in 2—4 doses during the day.

m Deterninations of levels of the free, unbound antiepileptic agent in the maternal
blood should be performed once in each each trimester, and even more often, if
antiepilectic drugs with a higher clearance are prescribed. Clearance increases
during pregnancy especially with lamotrigine and levetiractam requiring a
higher dose adjustment. To a lesser degree this applies also to oxcarbazepine,
phenytoin, and carbamazepine.

m If, under antiepileptic therapy a child has been born with an anomaly that can
reasonably be attributed to the drug, an alternative antiepileptic regimen should
be considered as soon as possible prior to the next pregnancy. Because of their
drug-specific pharmacologic susceptibility, mother and child have a higher risk of
a recurrence in a subsequent pregnancy if the same antiepileptic agent is used.
Empirically this recurrence risk has been estimated to be about 15% for VPA.

m If for several years no seizures have occurred, a woman should be assessed
to determine if medication can be discontinued prior to a pregnancy. Approx-
imately 50% of all epileptic patients can stop their medication at a given point
(Morrow 2003).
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m In cases of idiopathic, generalized seizures, lamotrigine is the best tolerated
drug by the embryo/fetus, although VPA is more effective (Marson 2007). For
focal epilepsy carbamazepine is as effective as VPA but poses lower risk.

m A stable medication setting should not be hastily altered or stopped during
pregnancy.

m Neither a monotherapy, nor a combination therapy with several antileptic drugs
are an indication for a pregnancy termination.

m Follow-up sonography should be offered to each pregnant woman treated with
antiepileptic drugs, and each woman with epilepsy, treated or not.

2.10.2 Antiepileptic and contraceptive drugs

Certain antiepileptic drugs can lead to contraceptive failure. Carba-
mazepine, phenobarbital, primidone, phenytoin, felbamate, oxcarbaze-
pine and topiramate are inducers of the hepatic cytochrome P450-3A4
enzyme system. This enzyme system is involved in the metabolism of
estrogen and progestogen. The resulting increased metabolism of con-
traceptives can give rise to unwanted pregnancies (Dutton 2008). Thus
it is not recommended to rely on hormonal therapy, including hormonal
contraception, as even (as occasionally recommended) doubling the hor-
monal contraceptive dose will not guarantee prevention of pregnancy.
An intrauterine device with local progestogen delivery would be prefer-
able, or perhaps an intrauterine pessary, although somewhat less effec-
tive. Only if these methods cannot be tolerated, should a higher dose of
hormonal contraception be considered, realizing the possible limitations
of its reliability. In such cases, two daily doses of a low-dose monophasic
formulation taken continuously for 3-9 months for each long-term cycle
can be considered. Other recommendations aim for oral contraceptives
with a higher dose to inhibit ovulation.

Effectiveness of hormonal contraceptives is not known to be impaired
with the concomitant use of benzodiazepines, ethosuximide, gabapentin,
lamotrigine, levetiracetam, pregabalin, tiagabine, VPA, vigabatrin and
zonisamide.

However, estrogen-containing contraceptives can activate the deg-
radation of lamotrigine, leading to an increased tendency for seizures
without proper dosage adjustment, and, if appropriate dosing is initi-
ated, after discontinuation of estrogen-containing contraceptives, there is
potential for toxic side effects as the lamotrigine concentration increases
(Dutton 2008).

In sensitive individuals, sex hormones can increase (estrogens) or
decrease (progestogens) the disposition for seizures. This is of relevance
in cycle-dependent seizures.

2.10.3 Epilepsy and fertility

Epilepsy and antiepileptic drugs can decrease fertility. Thus there is, at
the moment, an unclarified association between temporal lobe epilepsy
and VPA therapy on one side and polycystic ovary syndrome (PCOS)
on the other side. PCOS may cause anovulatory infertility and is found
in 10-25% of epileptic women, and at even higher rates in patients
taking VPA, while its prevalence in the general population is 5-10%.
Adiposity with hyperinsulinism or insulin resistance seems to play a
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part in PCOS. Thus antiepileptic medications that enhance weight gain,
such as VPA, carbamazepine, gabapentin and vigabatrin need to be
viewed critically.

2.104 Frequency of seizures in pregnancy

Seizures may occur more frequently during pregnancy because the dose
of antiepileptic medication is inappropriately decreased (e.g. intentional
reduction or discontinuation of medication to protect the child), sleep
disturbances, and higher clearance (Fotopoulou 2009, Lopez-Fraile
2009, Petrenaite 2009, Sabers 2009, Westin 2009). When antiepileptic
drugs with higher clearance (lamotrigine, carbamazepine, oxcarbazepine,
levetiracetam, topiramate) are dosed according to the patient’s blood
level, the risk of seizures does not appear to increase (e.g. Sabers 2009).
Further it has been shown that the risk for seizures during pregnancy is
only about 10%, where patients experience no seizures during at least
9 months prior to the pregnancy (Harden 2009a).

2.10.5 Risk of malformations

Although well-established anticonvulsives belong to a class of medica-
tions that are among the most prescribed, and best investigated drugs
with possible or proven teratogenicity, the determination of the individ-
ual risk of a patient remains a challenge (Tomson 2009).

The classic drugs VPA, carbamazepine, phenobarbital, and phenytoin
are proven teratogens, yet the malformations seen in numerous stud-
ies differ markedly. There is agreement that the highest risk has been
observed with VPA. The teratogenic risk of newer antiepileptics has not
been defined in reliable studies that confirm their risk or safety. Only for
lamotrigine are sufficient data on hand to assure good tolerance by the
unborn.

Well over 100,000 women with epilepsy have been analyzed in
major studies in previous years, and from established registries for
epilepsy and pregnancy in Europe, EURAP (www.eurap.org) and UK
Epilepsy and Pregnancy Register (Morrow 2006), in Australia (Vajda
2010b) and North America (http://aedpregnancyregistry.org/). Major
malformations were seen in 1.2-11% when monotherapy was used
(http://aedpregnancyregistry.org/; Meador 2008). When combina-
tion therapy with several antiepileptic agents is used, the risk is on
average higher than with monotherapy (Mawer 2010, Harden 2009b,
Meador 2008), and clearly greater than 10% in combination therapy
that includes VPA. These values are up to four times higher than those
seen in corresponding control groups of healthy pregnant women. A
meta-analysis encompassing more than 65,000 pregnancies from 59
studies and epilepsy registries, found that 17.6% of infants born to
women with epilepsy using monotherapy with VPA had malformations
(95% CI 5.25-30.03) (Meador 2008). For carbamazepine, the rate of
affected infants was 5.7% (95% CI 3.71-7.65). The malformation rates
for both substances were significantly higher than for infants born to
non-exposed mothers. The rates were not significantly increased for
lamotrigine, phenobarbital, and phenytoin, while no analysis was con-
ducted for other agents due to low numbers of exposed cases.
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A study from England with 277 pregnant epileptic women (Mawer
2010) confirms the exceptionally high risk of VPA in mono- and com-
bination therapies. While on average the major malformation rate of
offspring of antiepileptic treated women was 6.6%, it was 11.3% when
VPA was used alone and 16.7% when used in combination. Differen-
tiating the daily dose above and below 1000 mg of monotherapy, the
malformation rates were 16.0 and 7.1%, respectively; this difference was
not significant due to the relatively low number of cases. Surprisingly,
once the VPA-related cases had been excluded from the analysis, the
authors found a malformation rate of only 3.0% for the cohort of preg-
nant women treated with all the other antileptic drugs. Carbamaze-
pine was not found to have a significant elevation in risk for major
malformations.

The North American Antiepileptic Drug Pregnancy Registry (http://aed-
pregnancyregistry.org/) as of the Spring 2012 newsletter (http://www?2.
massgeneral.org/aed/newsletter/Spring2012newsletter.pdf), currently
contains data on over 7,000 pregnancies and indicates that the risk
for major malformations was 2.0% for monotherapy with lamotrigine,
3.0% for carbamazepine, 2.9% for phenytoin, and 5.5% for phenobarbi-
tal. Here, too, VPA clearly had a higher risk with 9.3% of monotherapy
exposed pregnancies resulting in a major malformation.

In contrast to other published results, Vajda (2010a) determined from
the Australian Pregnancy Register of Antiepileptic Drugs in Pregnancy that
combination therapies had a lower risk of malformation, and that the risk
among polytherapy-treated pregnancies is, to a major degree, determined
by the presence of VPA. According to their data, co-medication with
lamotrigine can actually lower the risk of malformations in comparison
to VPA given alone at the same dose. The authors discuss that lamotrig-
ine enhances the elimination of VPA by degradation and glucuronidation.
Accordingly, they challenge the general advice to use a monotherapy, espe-
cially when such treatment is not satisfactory. These results indicate that
the avoidance of VPA is paramount.

Different malformation rates and relative risks in various studies can be
explained by the methodological specifics of each study, the definition of
(major) malformations, age of the child at the pediatric examination, as well
as the composition of and malformation rates in the relevant control groups.

Two recent studies examined recurrence risk in women who took
the same antiepileptic drug during two or more pregnancies. Using the
Australian Register of Antiepileptic Drugs in Pregnancy, Vajda (2013b)
evaluated 2637 births among 1243 women, and found that the rate of
malformation in the subsequent pregnancy was 35.7% in women who
had a malformed infant in the first pregnancy. In contrast, women who
had a non-malformed infant in the first pregnancy had a malformation
rate of 3.1% if they stayed on the same drug (odds ratio 17.6; 95% CI
4.5-68.7). The recurrence risk was highest in those who had a mal-
formed infant and remained on VPA. In the second study using the
United Kingdom Epilepsy and Pregnancy Register, Campbell (2013)
evaluated 1534 pregnancies among 719 mothers who stayed on the
same drug through two or more pregnancies, and found that those
whose first child was malformed had a 16.8% risk of having a second
child with a malformation, compared to a 9.8% rate among women
whose first child did not have a malformation (relative risk 1.73, 95%
CI 1.01-2.96). The recurrent risk rose to 50% in a third pregnancy
if a mother had two previous malformed children while on the same
drug. In this study, VPA and topiramate were associated with higher
recurrence risks.
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2.10.6 Typical malformations and other anomalies

It is not possible to map certain malformation patterns to individual
antiepileptic drugs save for a few exceptions (Morrow 2003). There are
malformations that are typical for VPA, such as neural tube defects, pri-
marily lumbar spina bifida, and preaxial limb defects such as that of the
radius. Specific developmental anomalies are described in the sections
about the individual antiepileptic drugs.

The use of classical antiepileptic drugs primarily increases the risk of
those anomalies that are also spontaneously more common (Tomson
2009). These include cardiac defects, cleft lip and palate (frequency each
about 2%), neural tube defects (for VPA and carbamazepine 1-2%),
anomalies of the urinary tract, especially hypospadias, skeletal anom-
alies such as club foot or hip dysplasia, and eye anomalies (ptosis, iris
coloboma).

The term fetal anticonvulsant syndrome (FACS) has been applied
to the constellation of minor malformations and other adverse effects
that are similar across the carbamazepine, phenytoin, and barbiturate
embryopathies. A syndrome refers to all symptoms beyond the major
malformations, such as dysmorphism, growth restriction, microcephaly,
and mental dysfunctions. The milder anomalies and dysmorphisms as
well as functional deficits include:

m Midface hypoplasia (short nose, low and wide bridge of the nose or
hypertelorism, epicanthus, long upper lip).

m Anomalies of the distal phalanges (small nails, short terminal phalan-
ges of the fingers, finger-like thumb).

m Growth restriction.

m Microcephaly (especially with phenytoin and with antiepileptic com-
bination therapy).

m Mental developmental dysfunctions, behavior problems, and sugges-
tions of autism-like symptoms especially with VPA.

The detection of signs of dysmorphism is not always easy; it is based
on subjective evaluation differences and sometimes requires a radiologic
proof (Harvey 2003, Lu 2000).

Typically only some and not all malformations or dysmorphisms will
be present. A recent small study has suggested that tooth enamel defects
may be more common in children prenatally exposed to antiepileptic
medications (Jacobsen 2013). In 38 children prenatally exposed to one
or more anticonvulsant medications compared to 129 unexposed chil-
dren in Denmark, 11% versus 4% had diffuse opacities, and numerous
white opacities in the primary dentition, while 34% of exposed children
versus 12% of unexposed had numerous white opacities in the perma-
nent dentition.

Lymphocytes of the cord blood of offspring from mothers treated with
antiepileptic drugs (primarily VPA and carbamazepine), demonstrated
a significant increase of DNA damage as evidenced by presence of
sister chromatid exchanges. Neither cytotoxic effects nor inhibition of cell-
division kinetics were observed with these drugs (Witczak 2010).

2.10.7 Pregnancy complications

Pregnancy complications can be increased in women taking antiepi-
leptic drugs; however, data are contradictory. In a comprehensive
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evidence-based analysis of more than 285 studies, Harden (2009a) con-
cluded that there was no substantially higher risk (>2) for caesarean
sections, no moderately increased risk (>1.5) for premature uterine
contractions and delivery, but possibly a markedly higher risk for pre-
mature uterine contractions and premature delivery for antiepileptic
medication users who are also smokers. Data were considered insuf-
ficient to estimate the risk for preeclampsia, pregnancy hypertension,
and spontaneous abortion. Possibly there is a higher risk for an Apgar
value of <7 at 1 minute and a likely increased risk for SGA (small
for gestational age). In contrast, a Norwegian investigation with about
2,900 pregnancies with epilepsy found that women using antiepileptic
drugs (1/3 of the cohort) displayed more frequently mild preeclampsia,
premature delivery, and children with a birth weight <2,500 g, a head
circumference below the 2.5 percentile, or lower Apgar scores. The
authors also found that, independent of the specific antiepileptic ther-
apy, intrauterine growth restriction and caesarean section were more
common (Borthen 2009, Veiby 2009). A Swedish study saw a smaller
head circumference primarily with carbamazepine, and to some degree
also with VPA, but not with other antiepileptic drugs (Almgren 2009).
Finally, a recent US study of 440 women with a seizure disorder were
found to be no more likely to have a growth restricted infant or to expe-
rience stillbirth, preterm delivery or preeclampsia than women without
a seizure disorder (McPherson 2013).

2.10.8 Mental development dysfunction

CNS dysfunction is more common in children with midface hypopla-
sia. Moore (2000) examined 57 children with a fetal anticonvulsant
syndrome (FACS) and detected about 80% in behavior anomalies,
speech impediments, and learning disorders; in 60%, two or more
autistic features. Kjaer (2013) examined neurodevelopment in 4-5
year old children born to mothers with or without epilepsy, who did
or did not use antiepileptic medications in pregnancy, using paren-
tal questionnaires that were completed by 1,117 parents in Denmark.
Behavioral problems as measured by the Strengths and Difficul-
ties Questionnaire were more common in children born to mothers
who took antiepileptic medication than either untreated eplileptic
mothers or non-epileptics. When comparing different antiepileptic
medications, developmental problems were noted primarily after pre-
natal exposure to VPA, and especially for autism spectrum disorders
(Bromley 2010, 2013, Banach 2010, Meador 2009, Adab 2004, 2001).
When evaluating the relative effects of prenatal antiepileptic exposure
in children at 3 years of age, Meador (2011) found that all four of the
commonly used anticonvulsants (VPA, carbamazepine, lamotrigine,
or phenytoin) impair verbal versus non-verbal abilities. In a subse-
quent analysis at 4.5 years of age, the deficits persisted for all four
drugs; however, there was statistically significantly lower performance
on mean IQ in VPA exposed relative to carbamazepine, lamotrigine,
or phenytoin (Meador 2012). At the 6-year follow-up mark, findings
persisted, with VPA exposed children doing less well on measures of
verbal and memory ability compared to those exposed to other drugs,
and in particular at high doses of VPA (Meador 2013). In that study,
mean 1Qs were higher in children prenatally exposed to periconcep-
tional folate supplements.
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2.10.9 “Damage mechanisms”

Different hypotheses have been proposed to explain the teratogenic
effect of antiepileptic drugs; these are primarily derived from experimen-
tal studies. Thus a number of mechanisms can be invoked as possible
explanation:

m Carbamazepine, phenobarbital, and phenytoin can interfere with
the uptake of folic acid or alter its metabolism by stimulating the
cytochrome-P450 enzyme system. VPA inhibits glutamate formyltrans-
ferase and also decreases the production of folinic acid. A genetically
determined deficiency of methylentetrahydrolate reductase may possi-
bly be of relevance.

m VPA inhibits the gene expression of histone deacetylase (HDAC). This
enzyme participates in the control of the structure of nucleosomes. An
HDAC deficiency results in a hyperacetylation of embryonal proteins
particularly in the area of the caudal neural tube. Thus it represents
a mechanism for the development of spina bifida that is independent
of the folic acid pathway (Menegola 2006). Experiments also demon-
strated an inhibition of HDAC by topiramate and the main metabolite
of levetiracetam (Eyal 2004).

m VPA causes changes in gene expression that regulates cell growth (e.g.
brain-derived growth factor (BDGF) and nerve growth factor (NGF))
and the corresponding receptors.

m A deficiency of the microsomal enzyme epoxide hydrolase in the
mother and the embryo, leads to the accumulation of teratogenic
epoxide metabolites in the presence of agents such as carbamazepine
or phenytoin (Raymond 1995, Omtzigt 1993). These epoxide metab-
olites are produced by the enzyme monooxygenase that is linked to
cytochrome-P450 and can bind to macromolecules. It can thus inter-
fere with cell function and even lead to cell death (Wells 1997).

m Phenytoin decreases the mRNA expression of several growth factors
(e.g. TGF-p, NT3 and WNT1) (Musselman 1994).

m Phenytoin inhibits the potassium channel resulting in hypoxia and a
subsequnet reoxygenation (Danielsson 1997).

m Phenytoin has been implicated in the enhancement of gene expression
of retinoic acid receptors in connection with a retinoic acid deficiency
(Gelineau-van Waes 1999).

m VPA lowers the intracellular pH, for example in the limb buds (cited in
Dean 2002).

Clinical observations of familial accumulation of typical anomalies
after use of antiepileptic drugs and results of gene sequence analy-
ses, suggest that a genetic disposition is required for the teratogenic
effect of damaging medications. An interplay of external (medication-
related) and genetic factors was first discussed about 25 years ago in
relation to a dizygotic pair of twins that had been exposed to phenytoin.
One twin was healthy, while the other demonstrated the typical
phenytoin anomalies although the intrauterine environment was the
same (Phelan 1982). Individual genetic patterns of metabolism can
also explain the differences seen in a trizygotic triplet pregnancy, where
the mother took phenytoin and phenobarbital. The three children dis-
played various degrees of intrauterine growth restriction as well as
hypoplasia of the midface and the distal phalanges. One member of the
triplet set also had a cleft lip and palate and another craniosynostosis
(Bustamante 1978).
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2.10.10 Folic acid and antiepileptic drugs

While a high dose of folic acid supplementation is recommended when
folic acid antagonists are used in pregnancy, the proof of effective protec-
tion against the embryotoxic and teratogenic effects of antiepileptic med-
ications, has not been demonstrated (Jentink 2010a, Hernandez-Diaz
2000). A study conducted at the National Health Services Maternity
Hospitals in Liverpool and Manchester, UK (Mawer 2010), and the UK
Registry for Epilepsy and Pregnancy (Pittschieler 2008), also did not
find a protective effect of a higher folic acid dose when compared to a
standard dose. Generally, folic acid prophylaxis is recommended for all
women when planning a pregnancy and during the first trimester. US
recommendations, in a country with food fortification, are 0.4 mg/day
(Chapter 2.18). The general recommendation for epileptic patients who
want to conceive, is that they be treated with folic acid supplements at a
dose of 0.8 mg/day from before conception until the end of organogen-
esis (gestational week 10). The absence of any additional effectiveness
of higher doses argues against greater supplementation. Additionally, it
needs to be considered that folic acid enhances the drug metabolism of
the hepatic hydroxylases so that the concentration of antiepileptic med-
ication could be lowered in the mother. Provided nutritional balance is
present, this and the lack of proof for additional benefit argue against
the continuation of folic acid intake past the first trimester in epileptic
women.

2.10.11 Vitamin K and antiepileptic drugs

Independent of the maternal medication, newborns and especially pre-
mature infants exhibit a deficiency of vitamin K that needs to be sub-
stituted right after birth to prevent bleeding problems. In addition,
carbamazepine, ethosuximide, oxcarbazepine, phenytoin, phenobarbital,
primidone, topiramate, vigabatrin and zonisamide belong to a group
of medications that induce enzymes leading to a decrease in vitamin
K-dependent clotting factors. The prothrombin precursor PIVKAII
(protein induced by vitamin K absence or antagonist II) represents an
indirect marker and can be elevated in the newborn (Howe 1999).

It has often been recommended that when a mother uses drugs that
counteract vitamin K, she should be given vitamin K1 during the last
4 weeks of gestation, 1n1t1a11y 10 mg/day, and in the last 2 weeks 20 mg/day.
The effectiveness of this regimen remains controversial (Harden 2009c,
Hey 1999).

Kaaja (2002) did not find a higher rate of bleeding complications in
667 newborns whose mothers had taken antiepileptic drugs (among them
463 caramazepine, 212 phenytoin and 44 phenobartital), in comparison
with 1,324 children of healthy mothers. The mothers had not been given
vitamin K during pregnancy, but all children received 1 mg vitamin K1
(preferably intramuscularly) at birth. In another study of about 200 chil-
dren of mothers with antiepileptic therapy who had not received vitamin
K prophylaxis during pregnancy, no increase in a bleeding tendency was
apparent in the newborns exposed to antiepileptic drugs compared with
the control infants (Choulika 2004).

Vitamin K is absorbed orally as well as parenterally, but just after
delivery the oral route may be unreliable, so that an IM injection of
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0.5-1.0 mg vitamin K1 is recommended. This therapy appears to be
superior to the oral administration, particularly for the prevention of late
bleeding problems (after two weeks) (American Academy of Pediatrics
2003). If oral prophylaxis is chosen, it needs to be ascertained that the
newborn actually swallows the dose.

2.10.12 Is epilepsy teratogenic?

According to the current state of knowledge, observed malformations
in newborns are the result of antiepileptic therapy and not the epilepsy
itself. However, this distinction is difficult to demonstrate conclusively, as
only in minor forms of epilepsy can treatment be foregone. Some authors
observed higher rates of malformation when mothers suffered a grand
mal seizure during the first trimester (Lindhout 1992). Mastroiacovo (1998)
described in a very small cohort a significantly increased risk of malfor-
mation when epilepsy was not treated (4/31 = 13%). Most other inves-
tigations did not find teratogenic effects, either with untreated epilepsy
or with grand mal seizures during pregnancy. No distinguishing link has
been illustrated between the duration of the antiepileptic treatment prior
to pregnancy and the pregnancy outcome (Dansky 1991). An analysis of
the Belfast UK Epilepsy and Pregnancy Registry detected a 3.5% rate of
major congenital malformations in 239 pregnancies of mothers whose
epilepsy had not been treated, while the rate on average was 3.7% for
those treated with monotherapy (7 = 2598) and 6.0% for those treated
with polytherapy (7 = 770) (Morrow 2006).

Fried (2004) evaluated 10 studies in a meta-analysis covering 400 preg-
nancies of mothers whose epilepsy was not treated. They did not detect a
teratogenic effect of epilepsy itself, but indicated that untreated epilepsy
tends to occur in women with a less severe form of the disease, and with
a lower frequency of seizures. Data from the Finnish Birth Registry were
evaluated by Artama (2005) which showed 26 malformations in 939
pregnancies corresponding to a unsuspicious malformation rate of 2.8%.
Holmes (2000) examined 57 children of mothers who reported a history
of epilepsy but were not treated nor suffered seizures during pregnancy.
These children showed no impairment of intellectual development and
no dysmorphism of face and fingers that are often seen after anticonvul-
sive therapy in pregnancy. Adab (2004), however, reported that verbal
IQ was significantly more often lower (<70), where more than five gen-
eralized tonic-clonic seizures had occured during pregnancy, irrespective
of any antiepileptic treatment.

2.10.13 Carbamazepine

Carbamazepine has structural similarities to tricyclic antidepressant
medications and is used for grand mal seizures, focal and complex focal
seizures, as a phasic prophylactic and mood stabilizer, and for trigeminal
neuralgia. As with other antiepileptic agents, the anticonvulsive effect of
carbamazepine is explained by its membrane-stabilizing ability.
Carbamazepine is well absorbed after oral administration, binds
readily to proteins, and has a plasma half-life of 1-2 days. In the fetus,
50-80% of the maternal concentration is attained. The ratio of con-
centration to dose of carbamazepine decreases down to 40% during
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the third trimester and can necessitate a dose increase for adjustment
(Sabers 2009).

The effectiveness of oral contraceptives can be reduced by the marked
induction of the cytochrome P450 enzyme (Chapter 2.10.2).

Typical malformations

Like other classic antiepileptic drugs, carbamazepine has a teratogenic
effect not only in animals but also in humans. However, according to cur-
rently available studies, the malformation rate is judged to be only slightly
increased (Harden 2009b). A specific carbamazepine syndrome had
been postulated towards the end of the 1980s and included epicanthus,
upward slanting eyes, short nose, elongated philtrum, hypoplasia of the
distal phalanges, microcephaly, and developmental delay (Jones 1989).
Other investigators could not confirm the specificity of these anomalies
or failed to find an accumulation of hypoplasias of the distal phalanges.
Typical for carbamazepine, though less frequently seen compared with
VPA, is the risk for neural tube defects. Meningomyelocele (spina bifida)
has been estimated to occur 2.6 times more frequently (95% CI 1.2-5.3)
with carbamazepine monotherapy compared to those not exposed to
any antiepileptic drug (Jentink 2010b). This association was confirmed
in a case-control study from the U.S. National Birth Defects Preven-
tion Study, where the adjusted odds ratio for NTD’s was 5.0 (95% CI
1.9-12.7) (Werler 2011). Other malformations that had been reported to
be increased include cleft palate, anomalies of heart and limbs, hip prob-
lems, inguinal hernia, and hypospadias (Harden 2009b, Ornoy 1996).
Vajda (2013a), using the Australian Register of Antiepileptic Drugs in
Pregnancy, found a statistically significant association between carba-
mazepine and renal anomalies.

However, a 2010 review of eight cohort studies as well as the
European birth defects monitoring program (EUROCAT) did not find
clear-cut evidence for additional specific malformations other than spina
bifida (Jentink 2010b) although power was limited for more rare defects.

Frequency of malformations

According to a meta-analysis encompassing 1,255 exposed pregnant
women, the rate major malformation rate is doubled with carbamaz-
epine from about 2 to 5% (Matalon 2002). However, the Belfast UK
Epilepsy and Pregnancy Register revealed only a 2.2% rate of major mal-
formations when carbamazine was used as monotherapy in 900 preg-
nancies (Morrow 2006). Also, a Finnish study did not see a significantly
increased risk of major malformations, when more than 900 pregnant
women were studied who were primarily exposed to carbamazepine
monotherapy (Artama 2005). Kaaja (2003) compared 740 children who
had been exposed prenatally to antiepileptic drugs with 239 children
whose mother had a history of epilepsy, but were not treated during their
pregnancy. A significantly increased risk for major malformations was
found, only when carbamazepine was used in combination but not as
monotherapy.

A meta-analysis looking at 59 studies and epilepsy registries covering
more than 65,000 pregnancies in epileptic mothers, indicated a malfor-
mation rate of 5.7% (95% CI 3.71-7.65) for monotherapy with carba-
mazepine (Meador 2008), a rate significantly higher than that seen in
non-exposed mothers. In the North American Antiepileptic Drug in
Pregnancy Registry, a 3.0% rate of major malformations was reported
in 1,033 first-trimester carbamazepine monotherapy exposed compared
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to 1.1% in a healthy control group (http://www2.massgeneral.org/aed/
newsletter/Spring2012newsletter.pdf). A review of cohort studies cal-
culated the risk for major malformations in carbamazepine exposed
pregnancies to be 3.3% (Jentink 2010b). In an analysis of 1,402 prospec-
tively identified monotherapy carbamazepine exposed pregnancies in the
EURAP Epilepsy and Pregnancy Registry, a dose response relationship
was seen — with a malformation rate at 1 year of age of 3.4% for infants
whose mothers took <400 mg/day, a rate of 5.3% for mothers on doses
between 400 and 1,000 mg/day, and a rate of 8.7% for doses at or above
1000 mg/day (Tomson 2011).

Other somatic anomalies

Holmes (2001) and a pediatrician trained in dymorphologic disorders
checked 316 newborns whose mothers had been treated with antiepi-
leptic medications. They looked for one or more of the following char-
acteristics: major malformations, microcephaly, growth restriction, facial
dysmorphism, and finger hypoplasia. Results were compared with two
control groups: 98 children whose mother had a history of epilepsy, but
were not treated during pregnancy, and 508 children of healthy mothers.
The rate of anomalies was significantly higher when a combination treat-
ment was used with more than one antiepileptic drug. The result was not
significantly different when carabamazepine was utilized as a monother-
apy with 8/58 anomalies (149%).

Dean (2002) compared 149 prenatally exposed children with 38 (older)
siblings whose mothers had not yet taken antiepileptic drugs during their
pregnancy. Monotherapy with carbamazepine resulted in a higher, but
not statistically significant risk for major malformations (11 versus 5%).
However, the frequency of facial dysmorphism was significantly higher in
the group exposed to carbamazepine as compared to their non-exposed
siblings (60 versus 25%).

Diav-Citrin (2001) found that birth weight was reduced on average
by 250 g when they evaluated the data of 210 carbamazepine-exposed
pregnant women. A Swedish group noted a decreased head circumfer-
ence, especially with carbamazepine, and to a smaller degree with VPA,
but not with other antiepileptic drugs (Almgren 2009). A case report
describes a boy who displayed symptoms of a cholestatic hepatitis for
5 weeks after birth, and whose mother had been treated with a mono-
therapy of carbamazepine during pregnancy and lactation (Frey 2002).
With regard to vitamin K deficiency in the newborn see Section 2.10.11.

Functional disturbances

Dean (2002) observed significant effects regarding a delay in postnatal
development, anomalies in behavior, and other abnormalities in later
childhood (visual disturbances, otitis media, and joint problems). While
the results of this study should be viewed with caution because of lim-
itations in case numbers and methodology, the high number of affected
children is of concern. Ornoy (1996) noted an impairment of cognitive
development, especially in children who also displayed facial dysmor-
phism. In contrast, Gaily (2004) did not see a reduction in verbal and
nonverbal IQ in 86 children after monotherapy with carbamazepine
when compared to a nonexposed control group. Harden (2009b) came
to a similar conclusion in their review.

A study with 309 children at the age of 3 years also found no signifi-
cant medication effect in the carbamazepine subgroup with regard to IQ
values (Meador 2009). In a sub-segment of this study, extent and quality
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of cognitive originality at the age of 3 were not negatively impacted
when compared to VPA (McVearry 2009). Another investigation with
210 children noted a higher rate of developmental delay with carbamaz-
epine (20.4%), in contrast to lamotrigine (2.9%) and controls (4.5%)
(Cummings 2011). This effect was clearly less pronounced than with the
valproate group (39.6%).

Recommendation. The contradictory, and to some degree negative, results
regarding the overall risk of malformations with carbamazepine should not
obscure the repeatedly observed risk of specific anomalies such as spina bifida,
or lead to the false conclusion that teratogenicity is absent. If epilepsy requiring
treatment and control has been achieved with carbamazepine, the medication can
and should be continued in pregnancy. Monotherapy should be the aim. The level
of medication has to be checked on a regular basis. The daily dose should be as
low as therapeutically possible. In addition, liver and kidney function as well as
hematological parameters need to be monitored in the pregnant patient. When
treatment is continued until birth, it is possible that the newborn may be affected;
thus clinical symptoms should be looked for during the first days of life. Treatment
with carbamazepine during the first trimester does not justify a risk-based termi-
nation (Chapter 1.15). As an additional precaution a follow-up sonography should
be offered.

Regarding the extended folic acid prophylaxis when planning a preg-
nancy see Section 2.10.10, and with regard to vitamin K prophylaxis of
the newborn see Section 2.10.11.

Carbamazepine should be replaced by other medications for psychiat-
ric and non-epileptic indications.

2.10.14 Clobazam and clonazepam

The benzodiazepines, clobazam and clonazepam, have been approved
as antiepileptic medications, clobazam also as an anxiolytic. Few data
are available about the application of clobazam in pregnancy. Thus
experience with other benzodiazepines has to be referred to (Chapter
2.11). A meta-analysis of the use of benzodiazepines in the first trimes-
ter showed no problems when data from cohort studies were analyzed.
However, analysis of all data from case-control studies displayed a higher
rate of major malformations, specifically isolated oral clefts (Dolovich
1998). An update of this meta-analysis (Enato 2011) of cohort studies
encompassing more than 3,000 pregnant women, failed to show a higher
risk of malformations. Primarily, the drugs evaluated were alprazolam,
chlordiazepoxide, diazepam, and oxazepam. The doubling of risk for
oral clefts as suggested by case-control studies indicates that for 1,000
embryos and fetuses exposed during the first trimester, one extra oral
cleft is to be expected.

With regard to clonazepam, experiences have been published for
about 300 pregnant women mostly during the first trimester (Lin 2004,
Vajda 2003, Weinstock 2001, Ornoy 1998). Observed anomalies such
as tetralogy of Fallot, microcephaly, and various forms of dysmorphism
do not indicate a specific pattern, nor is their frequency alarming. An
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observation not confirmed by others describes a paralytic ileus during the
third trimester, when long-term therapy with clonazepam had been conducted
(Haeusler 1995). The symptoms of the newborn improved shortly after birth.
The North American Antiepileptic Drug in Pregnancy Registry reported
two major malformations in 64 first trimester clonazepam monotherapy
exposed (3.1%) in comparison to 1.1% in a healthy control group (http://
www2.massgeneral.org/aed/newsletter/Spring2012newsletter.pdf).

Available data do not suggest an appreciable teratogenic potential. In
the newborn, similar adjustment problems have to be expected as with
diazepam, where treatment has been long-term and until birth. On the
one hand neonatal respiratory depression is possible, on the other hand,
after long-term exposure, the newborn may exhibit restlessness, tremor,
muscular hypertonicity, vomiting and diarrhea. Seizures are possible in
the neonatal period, and a floppy infant syndrome may last months with
muscle weakness, lethargy, disturbances in temperature regulation, and
sucking weakness.

Recommendation. If there is an indication for clonazepam, treatment may also
be conducted during the first trimester. If a long-term therapy has been instituted,
especially during the last trimester, the newborn should be observed for possible
symptoms at least for two days. The same holds for a high dose during labor that
may lead to a respiratory depression. Treatment with clobazam or clonazepam
does not justify a risk-based termination (Chapter 1.15).

2.10.15 Eslicarbazepine

Eslicarbazepine, the main metabolite of eslicarbazepine acetate, is a car-
boxamide derivative like carbamazepine and oxcarbazepine. It is used for
the management of focal seizures. There are not sufficient experiences
about its application in pregnancy; no case reports of human teratoge-
nicity have been reported.

Recommendation. Eslicarbazepine cannot be recommended due to a lack of
experience. As with other antiepileptic drugs a higher risk of malformation cannot
be excluded. The (unintended) application during the first trimester is not a justifi-
cation for a risk-based termination (Chapter 1.15). A follow-up sonography should
be offered to confirm the normal development of the fetus.

2.10.16 Ethosuximide and other succinimides

Ethosuximide is exclusively effective for absence seizures (petit mal).
Only a small fraction of it is bound by plasma proteins.

Few reports address the use of ethosuximide in pregnancy. Typical pat-
terns of malformation were not observed in the offspring of 57 treated
women (Lindhout 1992). Another case collection of 18 women exposed
during the first trimester did not show evidence of malformations (Rosa
1995, cited by Briggs 2011). While available reports do not allow for a
differentiated risk assessment, a significant risk potential does not appear
to be present. The higher tendency of neonatal bleeding problems due to
vitamin K antagonism is discussed in Section 2.10.11.
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Experiences with the succinimides, mesuximide and phensuximide are
insufficient regarding pregnancy.

Recommendation. If ethosuximide is indicated for petit mal seizures, it may be
continued during pregnancy. Mesuximide and phensuximide are less well exam-
ined and thus not recommended. Monotherapy should be aimed for. The medica-
tion level needs to be monitored on a regular basis. The daily dose should be as
low as therapeutically possible. When treatment continues until birth, it is possible
that the newborn may be affected. Thus the neonate should be monitored clin-
ically for the first few days. During pregnancy, follow-up sonography should be
offered to ascertain the normal development of the fetus.

Regarding extended folic acid prophylaxis when planning a pregnancy see
Section 2.10.10, and regarding vitamin K prophylaxis of the newborn see
Section 2.10.11.

2.10.17 Felbamate

Felbamate is used for the management of the Lennox-Gastaut syndrome
during childhood. The manufacturer has reported seven exposed preg-
nancies leading to the birth of four normal children, two terminations,
and one miscarriage.

Recommendation. Felbamate cannot be recommended due to the lack of suf-
ficient experience. As is the case with other antiepileptic drugs, especially combi-
nation drugs, a higher risk of malformation cannot be excluded. An (unintended)
exposure during the first trimester does not justify a risk-based termination
(Chapter 1.15). A follow-up sonography should be offered to ascertain the
normal development of the fetus.

2.10.18 Gabapentin

Gabapentin is primarily used to treat focal epilepsy and for neuropathic
pain. It circulates freely in the blood stream, unbound by proteins. There
are several dozen cases available from a prescription study (Wilton 2002)
and from the Australian Registry for Epilepsy and Pregnancy. All these
prospectively and retrospectively collected reports contain four major
malformations: one child with holoprosencephaly and cyclopia (Rosa
1995), another with atresia of the external auditory canal (cited by Briggs
2011; both in combination with other anticonvulsants). The third child
had hypospadias after combination therapy with VPA, and the fourth
unilateral renal atresia after combination therapy with phenobarbital.
The manufacturer’s Gabapentin Pregnancy Registry reported on 39
gabapentin-exposed women with 48 pregnancy outcomes including pre-
vious pregnancies. Of these, 17 pregnancies were exposed to monother-
apy at the time of conceptlon and one resulted in a child with unilateral
renal agenesis. The other malformed infant (hypospadias) occurred in
a pregnancy also exposed to VPA (Montouris 2003). The Belfast UK
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Epilepsy and Pregnancy Registry data reported one major malformation
among 31 pregnancies treated with gabapentin monotherapy (3.2%)
(Morrow 2006). Chambers (2005) reported 13 prenatally exposed new-
borns; two of these (one with monotherapy) showed facial dysmorphism
similar to that seen with classic antiepileptic medications. The Danish
Medical Birth Register study identified 59 gabapentin exposed pregnan-
cies and one malformed infant for a rate of 1.7% (Molgaard-Nielsen
2011). Fujii (2013) reported on 223 pregnancies exposed to gabapentin
as an anticonvulsant, or for treatment of pain or psychiatric indications,
and found no evidence of an excess of major birth defects.

The North American Antiepileptic Drug in Pregnancy Registry has
reported one major malformation in 145 pregnancies (0.7%) treated
in the first trimester with gabapentin monotherapy in comparison to
1.1% in a healthy control group (http://www2.massgeneral.org/aed/
newsletter/Spring2012newsletter.pdf).

Tomson (2009) suggest in their review of 250 pregnancies treated
with gabapentin monotherapy that no specific pattern of major malfor-
mations, nor an accumulation of smaller anomalies or dysmorphism is
evident. It has been reported that gabapentin was successfully used for
hyperemesis gravidarum in seven pregnant women (Guttuso 2010). Two
of the children were found to have anomalies (hydronephrosis, teth-
ered spinal cord). Case numbers and uneven methodology of the data
currently available are insufficient to confirm or exclude a risk. Animal
experiments do not provide evidence that gabapentin is teratogenic.

Recommendation. According to available clinical data and results from animal
experiments, it appears that the teratogenic risk of gabapentin is not higher, but
perhaps even lower, when compared to classic antiepileptic medications. It may
be used to treat epilepsy in pregnancy recognizing that a teratogenic risk has not
been fully excluded. The combination with VPA is to be avoided. In the situation
of non-epileptic indications, the appropriate medication for the specific indication
should be prefered, such as pain medication, antiemetics, or psychopharmaceuti-
cals. The use of gabapentin during the first trimester does not justify a risk-based
termination (Chapter 1.15). Follow-up sonography should be offered to ascertain
the normal development of the fetus.

2.10.19 Lacosamide

Lacosamide is an adjunct medication for focal seizures. Teratogenicity
was not observed in animal experiments. A small case series with seven
prospectively, and two retrospectively documented pregnancies with
lacosamide, disclosed fetuses and children with anomalies (two cases of
mild hydronephrosis, hemangioma, cryptorchidism) and normal appear-
ing newborns (Hoeltzenbein 2011).

Recommendation. Lacosamide cannot be recommended in view of the lack of
experience. Treatment in the first trimester does not justify a risk-based termina-
tion (Chapter 1.15). As with other antiepileptic drugs, when used in combination
with therapy, a higher risk of malformation has to be expected. A follow-up sonog-
raphy should be offered.
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2.10.20 Lamotrigine

Lamotrigine is administered in patients with partial and secondary
generalized tonic-clonic seizures as well as to prevent recurrences in
patients with bipolar psychiatric disorders. Chemically, lamotrigine is a
phenyltriazine that inhibits dihydrolfolic acid reductase. Nevertheless, it
does not appear to act as a folic acid antagonist in adults. Protein bind-
ing of lamotrigine is about 58% and thus clearly lower than with classic
anticonvulsants.

In contrast to VPA, lamotrigine has not been reported to impact men-
strual cyclicity and fertility in a significant way. When women with poly-
cystic ovary syndrome (PCOS) are switched from VPA to lamotrigine,
their symptoms improve (for a review of gender-specific pharmacology
see Schmitz 2003, Isojarvi 1998). A slight impairment of the activity of
oral contraceptives is possible as enzyme activity is stimulated (Section
2.10.2). Estrogenic contraceptives can enhance the metabolism of lam-
otrigine and thus increase the potential for seizures. Also, when contra-
ceptives are discontinued, rising lamotrigine concentrations can lead to
toxic side effects (Dutton 2008), and/or an ensuing pregnancy may be
exposed to unintentionally high lamotrigine concentrations.

Clearance of lamotrigine is markedly increased during pregnancy,
especially during the second trimester with a maximum rise of 264%. To
avoid a higher tendency for seizures, monthly determinations of serum
levels are necessary to direct dose adjustments (Fotopoulou 2009, Sabers
2009). The gestational increases in medication dose can lead to toxic
symptoms after delivery, if the dose is not adjusted quickly. Both during
pregnancy and when taking oral contraceptives, the pharmacokinetics of
lamotrigine appears to be influenced by enzyme induction involving the
2-N-glucuronide pathway (Ohman 2008).

Toxicology

Case series and pregnancy registries involving several thousand preg-
nancies describing outcomes following lamotrigine monotherapy, have
not shown clear evidence of teratogenic effects (GlaxoSmithKline
2010, Hunt 2009, Dolk 2008 - updated 2010, Vajda 2010a, Melgaard-
Nielsen 2011). The Lamotrigine Pregnancy Registry conducted by the
manufacturer contains 1,558 prospectively captured pregnant women
treated with monotherapy during the first trimester. The Registry’s final
report showed a major malformation rate of 2.2% for monotherapy (95%
CI 1.6-31.0), while the rate was 10.7% when lamotrigine was used in
combination with VPA (Cunnington 2011).

The Belfast UK Epilepsy and Pregnancy Register noted a 2.4% rate
of major malformations in 1,229 pregnancies after monotherapy; these
included one cleft lip and palate defect (Hunt 2009). It cannot be excluded
that the Belfast UK and manufacturer’s Registries may have overlapping
data. The Belfast data revealed a significantly higher risk of malforma-
tions of 5.4% when the dose exceeded 200 mg/day (Morrow 2006). The
same pattern was also seen in 1,280 monotherapy lamotrigine exposed
pregnancies in the EURAP Registry, with a rate of 2.0% malformed at
follow-up to 1 year of age at a prenatal dose <300 mg/day, whereas the
rate was 4.5% for doses at or above 300 mg (Tomson 2011). This dose
relationship could not be confirmed by the data of the manufacturer or
the Australian Epilepsy Registry (Vajda 2010a).

The 2012 newsletter of the North American Antiepileptic Drug in Preg-
nancy Registry indicated that the malformation rate with monotherapy
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was 2.0% in 1,562 pregnancies, compared to 1.1% in the unexposed
(http://www2.massgeneral.org/aed/newsletter/Spring2012newsletter.
pdf ). However, this same Registry has suggested that there is an excess
of isolated oral clefts with lamotrigine monotherapy, with seven affected
infants in 1,562 exposed (0.44%), estimated to be six fold higher than
the general population risk (Holmes 2008, 2012). This observation was
not confirmed in other studies: the rate of oral clefts was 0.1% in 1,151
exposed in the UK and Ireland Registers, 0.1% of 1,558 exposed in the
manufacturer’s Lamotrigine Pregnancy Registry, 0.2% in 1,280 exposed
in the EURAP Registry, and 0.1% of 1,019 exposed in the Denmark
population based study (Cunnington 2011, Tomson 2011, Mglgaard-
Nielsen 2011, Hunt 2009). Nonetheless, a sufficiently powered case-
control study is needed to confirm or refute the suggested association.

In summary, there is no clear evidence of an increased risk overall or a
risk of specific patterns of major malformations for lamotrigine.

An investigation with 210 children noted no higher rate of devel-
opmental delay in young children with prenatal lamotrigine exposure
(2.9%) compared to controls (4.5%) (Cummings 2011). In addition, a
study from the Australian Pregnancy Register (Nadebaum 2011) found
no difference in mean language scores of children exposed to lamotrigine
monotherapy compared to the normal range.

Animal experiments have not demonstrated evidence for teratogenicity.

Recommendation. Lamotrigine is currently the antiepileptic medication with
the largest amount of data that appear not to be concerning. If applicable, it
should be preferred when a pregnancy is planned, as neither animal experiments
nor appreciable clinical data suggest teratogenicity when used in monotherapy.
Especially if VPA therapy is conducted, a change to lamotrigine is to be aimed
for prior to pregnancy. A follow-up sonography can be offered to ascertain the
normal development of the fetus. The significant increase of the lamotrigine clear-
ance during pregnancy requires monthly determination of serum levels with cor-
responding dose adjustments, and after delivery, an appropriate lowering of the
dose. Lamotrigine can also be used in the interval to prevent recurrences in preg-
nant patients with bipolar disease.

2.10.21 Levetiracetam

Levetiracetam is used for focal and generalized epilepsy. With a steady
dose, its level decreases during pregnancy to 40-50%, apparently due to
increased renal excretion (Lopez-Fraile 2009, Westin 2008, Tomson 2007).
Thus monitoring of its levels and corresponding dose adjustment are indi-
cated during pregnancy; after birth, these changes need to be reversed again.

The UK and Ireland Epilepsy and Pregnancy Registers found two
major malformations in 304 pregnancies managed by monotherapy
(0.7%), while the rate in 367 polytherapy exposed pregnancies was 5.6% -
highest in combination with VPA or carbamazepine (Mawhinney
2013). The North American Antiepileptic Drug in Pregnancy Registry
noted 11 major malformations in 450 pregnancies (2.4%) with mono-
therapy compared to 1.1% in the healthy control group (http://www?2.
massgeneral.org/aed/newsletter/Spring2012newsletter.pdf).

Overall there are more than 250 analyzed pregnancies from a number
of case series and registries including a report of about 95 pregnancies
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from the manufacturer’s registry (Bronstein 2007), that were summarized
in two reviews (Longo 2009, Tomson 2009). Most of the patients were
treated with antiepileptic combination therapy. Observed malformations
did not indicate a specific risk in terms of frequency and extent of mal-
formations; defects were seen primarily with combination therapies. In
the UK Epilepsy and Pregnancy Registry cohorts, 51 young children were
evaluated for developmental delay and compared to 97 general popu-
lation children. Similarly, in the Danish Medical Birth Register, among
58 levetiracetam exposed pregnancies, no malformations were noted
(Mglgaard-Nielsen 2011).

Relative to neurodevelopmental outcomes, no significant differences
were found in the proportion who fell below the average range on the stan-
dard developmental quotient (8%) compared to controls (Shallcross 2011).

Animal experiments with rats and rabbits have shown minor limb
deformities.

Recommendation. If epilepsy necessitates therapy and is well managed with
levetiracetam, the medication may be continued in pregnancy, if the current resid-
ual uncertainty about its teratogenic risk is acceptable. A combination with VPA
needs to be avoided. Treatment in the first trimester is not a justification for a
risk-based termination (Chapter 1.15). A follow-up sonography should be offered
to ascertain a normal development of the fetus.

2.10.22 Oxcarbazepine

Oxcarbazepine is used for focal epilepsy. While a structural derivative
of carbamazepine it is not degradated like carbamazepine via (embryo-)
toxic epoxide metabolites, but is reduced to the pharmacologically active
monohydroxy derivatives (MHD) and carbamazepine-10, 1ltrans-
dihydrodiol (DHD). Only about 40% of oxcarbazepine is bound to pro-
tein. Under steady-state conditions plasma contains mostly the active
MHD (Mazzucchelli 2006). Induction of enzymes may lead to oral con-
traceptive failure. Thus hormonal contraceptives should not be used as
primary methods of contraception when taking this drug (Section 2.10.2).
The concentration/dose ratio decreases to nearly 40% in the third tri-
mester (Sabers 2009, Christensen 2006) necessitating a dose adjustment
during pregnancy as well as after delivery.
Levels in the umbilical cord are similar to those in maternal blood.

Toxicology

Kaaja (2003) found one major malformation in an investigation that
included nine children who had been exposed prenatally to oxcarba-
zepine. This result (1/9 = 11%) was thought to be a significant eleva-
tion when compared to the controls with 239 children whose mothers
had a history of epilepsy, but were not treated. Another study from Fin-
land describes one urogenital defect among 99 pregnancies treated with
monotherapy (Artama 2005). Some of these 99 pregnancies may have
already been reported by Kaaja (2003).

Meischenguiser (2004) observed only one major malformation among
55 newborns (20 with combination therapy, 35 with monotherapy),
namely a heart defect, in combination therapy with phenobarbital. All
children in the monotherapy group were healthy. These 55 case reports
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apparently contained 42 children also described by Rabinowicz (2002).
Sabers (2004) detected two heart defects in 37 pregnancies (one of them
in combination therapy with lamotrigine). A review by Montouris (2005)
calculated a malformation frequency of 2.4% (6/248) with monotherapy
using oxcarbazepine. There were no malformations reported in a smaller
case series by Eisenschenk (2006).

Tomson (2009) analyzed about 300 pregnancies from case series
and registries, and found four major malformations with mono-
therapy. A recent study from Denmark did not detect an increase
in malformations when looking at 393 prenatally exposed children
(Molgaard-Nielsen 2011). The North American Antiepileptic Drug in
Pregnancy Registry reported four major malformations in 182 first
trimester oxcarbazepine monotherapy exposed (2.2%), compared to
1.1% in an unexposed comparison group (http://www2.massgeneral.
org/aed/newsletter/Spring2012newsletter.pdf).

Another observation was the low birth rate, when one partner was
treated with oxcarbazepine (Artama 2006).

In animal studies oxcarbazepine has teratogenic effects. Cranio-
facial, cardiovascular, and skeletal changes were observed in rats at
doses (adjusted to body surface) that correspond to human therapeutic
levels.

Recommendation. If epilepsy requires treatment and is well managed with
oxcarbazepine, treatment may be continued with the medication, if the current
uncertainty about the teratogenic risk is acceptable. Combination with VPA must
be avoided. Oxcarbazepine treatment in the first trimester does not justify a risk-
based termination (Chapter 1.15). A follow-up sonography should be offered to
ascertain the normal development of the fetus.

Regarding the extended folic acid prophylaxis when planning a pregnancy, see
Section 2.10.10, and regarding vitamin K prophylaxis of the newborn, see Section
2.10.11.

2.10.23 Phenobarbital and primidone

Among the barbiturates, primarily phenobarbital and primidone have
been used in the management of epilepsy. Primidone is converted to the
anticonvulsant metabolites phenobarbital and phenylethylmalonamide.
Barbexaclone is a compound of phenobarbital and levopropylhexedrine,
a psychostimulant that lessens the sedative effect of the barbiturate.

Phenobarbitol and primidone have been successfully administered in
focal epilepsy and grand mal seizures. Phenobarbital has been utilized
as a sedative and anticonvulsive for more than 100 years (Hauptmann
1912), which provides extensive experience in pregnancy. Oral pheno-
barbital is well absorbed. In blood about 50% is bound to protein. During
pregnancy the free, unbound portion of the medication drops notably.
The kidneys excrete about 25% unchanged, and 75% after oxidation and
metabolization. The half-life is about 2-6 days.

Regarding the inhibition of oral contraceptives see Section 2.10.2.

Phenobarbital reaches the fetus rapidly and stimulates fetal liver
enzymes especially during the perinatal period. This also holds for the glu-
curonidating enzymes that are responsible for the excretion of bilirubin.
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Typical malformations

Heinonen (1977) did not detect evidence of teratogenicity in 1,415 preg-
nant women who had been treated with phenobarbital during the first
trimester. In contrast, they found a slightly increased risk for cardiovas-
cular defects with other barbiturates. Jones (1992) diagnosed facial dys-
morphism in seven of 46 newborns who had been prenatally exposed.
Dysmorphism is also known with other antiepileptic medications and
includes epicanthus, hypertelorism, flat nasal bridge, and an upturned
nasal tip. Eleven of these children exhibited hypoplastic fingernails and
three of 16 showed a delay in development. Already during the 1970s,
reports appeared describing intrauterine and postnatal delays in growth
when phenobarbital had been used in pregnancy. In contrast to long-
term antiepileptic use, single dose applications of barbiturates (other than
phenobarbital) for example, in the context of anesthesia, are unlikely to
be teratogenic.

Frequency of major malformations

Samrén (1999) did not find that higher rates of malformation occurred
with monotherapy of phenobarbital (5/172 = 3%) or primidone
(1/151 = 1%). Two other studies reported a 5% malformation rate with
phenobarbital monotherapy (Canger 1999, Kaneko 1999). Holmes (2004)
examined the North American Antiepileptic Drug in Pregnancy Registry
noted 11 major malformations in 199 first trimester phenobarbital mono-
therapy exposed pregancies (5.5%) compared to 1.1% in 442 unexposed
(http://www?2.massgeneral.org/aed/newsletter/Spring2012newsletter.pdf).
The authors discussed the frequently neglected issue that in poor countries
no alternatives are available to the inexpensive phenobarbital, and unde-
sirable side effects have to be accepted or remain unnoted. Some investiga-
tors point out that caffeine in combination with phenobarbital additionally
increases the malformation risk (Samrén 1999). A review with a meta-
analysis that incorporated 59 studies calculated a malformation risk of 4.9%
after monotherapy. This value was not significantly increased compared to
non-exposed control groups (Meador 2008). Harden (2009b) summarized
in their review that phenobarbital may possibly increase the risk of heart
defects. Furthermore, Tomson (2011) have demonstrated that in 217 mono-
therapy exposed pregnancies, the rate of major malformations at 1 year of
age was 5.4% in infants born to women who took <150 mg/day, while the
rate was 13.7% in infants born to mothers on higher doses.

Other developmental anomalies

Holmes (2001) and a pediatrician trained in dymorphologic disorders
checked 316 newborns whose mothers had been treated with antie-
pileptic medications looking for one or more of the following charac-
teristics: major malformations, microcephaly, growth restriction, facial
dysmorphism, and finger hypoplasia. Results were compared with two
control groups: 98 children whose mothers had a history of epilepsy
but did not receive treatment during pregnancy, and 508 children of
healthy mothers. A significantly increased proportion of children
(17/64 = 27%) whose mothers had received phenobarbital monotherapy
displayed at least one of the above named developmental anomalies.
Dean (2002) compared 149 prenatally exposed children with 38 (older)
siblings whose mothers had not yet taken antiepileptic drugs during
their pregnancy. An increase in the rate of major malformations was
noted for monotherapy with phenobarbital, but did not reach statistical
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significance (10% versus 5%). Facial dysmorphism (21%) and delays
in development (10%) were not more common than in the untreated
control group.

Withdrawal symptoms were observed in newborns whose mothers
took 60-300 mg/day during the last months of pregnancy. Hyper-
irritability and tremor may appear delayed 3-14 days after birth. Clinical
symptoms were reported to be more common in the subset of 23 infants
with higher serum levels of phenobarbital postpartum (Zuppa 2011).

Also noted was that phenobarbital may disrupt the metabolism of ste-
roids, vitamin D and vitamin K, leading to hypocalcemia, clotting and
bleeding disorders in the newborn (Section 2.10.11). The comparison
of treatment with phenobarbital in the third trimester versus placebo to
prevent intracranial hemorrhage in 436 preterm infants did not show a
benefit from the treatment, but in a follow-up at 18-22 months corrected
age the treatment was also not associated with impairments in neuro-
logic development (Shankaran 2002).

Numerous single cases and results of epidemiologic studies (Adams
2004, van der Pol 1991) suggest that after antiepileptic treatment with
phenobarbital delays in mental development, notably in speech develop-
ment, are more common than in healthy controls. IKoch (1999) reeval-
uated 116 children at the age of 11-18 years. They found a significantly
reduced intelligence quotient (IQ), when combination therapy with phe-
nobarbital and primidone had been used during pregnancy. The IQ was
lower with an increasing dose of primidone. The result was independent
of socio-economic status. Nevertheless, an impact of maternal IQ cannot
be excluded. In a review of the prenatal influence of antiepileptic med-
ications, Harden (2009b) indicate that a negative effect upon cognitive
function is possible.

One case of sirenomelia in a still born from a mother who was on
phenobarbital (0.1 g/day), and carbamazepine (0.4 g/day) during
the first four months of her pregnancy, followed by only phenobarbital
(0.1 g/day) until delivery was reported from a hospital in Craiova, Romania
(Tica 2013).

Recommendation. In summary, the risk of malformations with an antiepileptic
monotherapy of phenobarbital does not exceed the background risk by twofold
or more. An impact upon the mental development cannot be excluded. Primidone
should be assessed similar to phenobarbital. If a new treatment is started, phe-
nobarbital and primidone are not drugs of choice for women in their reproductive
years. However, if treatment for epilepsy is required and the condition is well man-
aged with these medications, they may be continued during pregnancy as long as
their risks are being considered. The aim should be monotherapy. The medication
level needs to be regularly monitored. The daily dose should be effective, yet kept
as low as possible. When therapy continues until birth, effects on the newborn
are possible. Therefore the newborn needs to be observed for clinical symptoms
during the first days of life. A high dose during labor can lead to respiratory depres-
sion in the neonate. Treatment with barbiturates during the first trimester does not
justify a risk-based termination (Chapter 1.15). A follow-up sonography should be
offered to ascertain the normal development of the fetus.

Regarding the extended folic acid prophylaxis when planning a pregnancy, see
Section 2.10.10, and regarding vitamin K prophylaxis of the newborn, see Section
2.10.11.
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2.10.24 Phenytoin

Phenytoin and mephenytoin are hydantoins and have been used as
antiepileptic treatments since 1938. They have a marked anticonvulsive
potency and are effective in grand mal seizure, focal epilepsy, and also
in the case of status epilepticus without showing sedative-hypnotic prop-
erties. On occasion phenytoin has been used for eclampsia (Friedman
1993). Phenytoin is inactivated in the liver by hydroxylation and its major
metabolite is excreted by the kidneys. The half-life varies between 20 and
50 hours. Phenytoin is accumulated in fatty tissue. Its plasma concentra-
tion is lowered during pregnancy. During the last trimester, this process
is in part compensated by an increase in the unbound fraction of the
drug. The decreased plasma concentration has been viewed as a cause
for a higher tendency for seizures in pregnancy. If necessary, the level
of the unbound phenytoin fraction should be determined in the plasma.
The interference with the effectiveness of oral contraceptives is discussed
in Section 2.10.2. Fosphenytoin is a water-soluble that is administered
intravenously to deliver phenytoin.

Typical malformations

Phenytoin’s teratogenic potential was discovered in 1964 (Janz 1964),
although it has not been replicated in all studies (Samrén 1999). Most
commonly noted malformations include heart defects, cleft lip/palate,
and urogenital anomalies. Early on, the typical malformations were
labeled “fetal hydantoin syndrome” (Sections 2.10.5 and 2.10.6).

Frequency of major malformations

Kaaja (2003) examined prenatally exposed children and controls whose
mothers had a history of epilepsy but were not treated. They found a
malformation rate for phenytoin that was not significantly elevated at
2% (3/124). The Belfast UK Epilepsy and Pregnancy Registry showed
that phenytoin in monotherapy could be linked to major malformations
in 3.7% of 82 pregnancies (Morrow 2006). The North American Antie-
pileptic Drug in Pregnancy Registry noted 12 major malformations in
416 first-trimester phenytoin monotherapy exposed pregnancies (2.9%)
compared to 1.1% in healthy controls (http://www2.massgeneral.org/aed/
newsletter/Spring2012newsletter.pdf).

Other developmental anomalies

Dean (2002) compared 149 prenatally exposed children with 38 (older)
siblings whose mothers had not taken antiepileptic drugs during preg-
nancy. An increase in the rate of major malformations was noted for
phenytoin monotherapy (16% versus 5%), also facial dysmorphism was
more common (52% versus 25%), but only the difference in postnatal
developmental delay was statistically significant (33% versus 11%). The
results of this study have to be viewed with some reservation, one reason
being the small numbers of cases. On the other hand, the high number of
affected children is of concern.

Holmes (2001) and a pediatrician trained in dymorphologic disorders
checked 316 newborn whose mothers had been treated with antiepilep-
tic medications looking for one or more of the following characteristics:
major malformations, microcephaly, growth restriction, facial dysmor-
phism, and finger hypoplasia. Results were compared with two control
groups: 98 children whose mothers had a history of epilepsy but did
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not receive treatment during pregnancy, and 508 children of healthy
mothers. A significantly increased proportion of children (18/87 = 219%)
whose mothers had received monotherapy with phenytoin displayed at
least one of the above named developmental anomalies.

Limitations of cognitive development have been observed more often
than expected in offspring after phenytoin exposure (Scolnik 1994,
Vanoverloop 1992, Hittig 1987). Facial dysmorphism may suggest an
increased risk for effects on cognitive performance (Orup 2000). Koch
(1999) have reexamined 116 children at the ages of 11 to 18 and detected
a significantly lower IQ, when combination therapy with phenytoin and
primidone had been used during pregnancy. The result was independent
of socio-economic status, but an influence of the maternal IQ cannot
be excluded. A later review about prenatal influence of antiepileptics
confirmed that a negative impact upon cognitive development is possi-
ble (Harden 2009b). One publication suggested conflicts in the develop-
ment of the gender-specific identity of exposed offspring; however, other
authors have not confirmed this (Dessens 1999).

Newborns that have been exposed to phenytoin can develop clotting
problems due to vitamin K deficiency (Section 2.10.11).

Some publications address a possible risk of a transplacental carcino-
genesis due to phenytoin: 12 prenatally exposed children were presented
who had neuroectodermal tumors, six of them neuroblastomas (review
in Briggs 2011). The case numbers are too small to prove a connection.

Recommendation. In summary, the risk of major malformations with antie-
pileptic monotherapy of phenytoin does not exceed more than twofold that of
the background risk. An impact upon mental development cannot be excluded.
Phenytoin is not an antiepileptic drug of choice when women in the reproductive
years are started on therapy; it is, however, acceptable to continue its use during
a pregnancy, if treatment for epilepsy is required and the condition well managed,
as long as its risk is being considered. The aim should be a monotherapy. The med-
ication dose needs to be monitored on a regular basis. The daily dose should be
effective, yet kept as low as possible. When therapy continues until birth, effects
on the newborn are possible. Therefore the newborn needs to be observed for clin-
ical symptoms during the first days of life. A treatment with phenytoin during the
first trimester does not justify a risk-based termination (Chapter 1.15). A follow-up
sonography should be offered to ascertain the normal development of the fetus.

Regarding the extended folic acid prophylaxis when planning a pregnancy, see
Section 2.10.10, and regarding vitamin K prophylaxis of the newborn, see Section
2.10.11.

2.10.25 Pregabalin

Pregabalin is used for the treatment of partial seizures with or without
generalization and for neuronal pain. It is thought that its analgesic effect
is mediated by a selective link to sub-units of voltage-gated calcium chan-
nels at the ends of the primarily afferent nocireceptors of the spinal cord.
Further, pregabalin modulates the calcium influx at the nerve endings,
resulting in a decreased release of stimulatory transmitting factors and
a dampening of hyper excitation. An interaction with hormonal contra-
ceptives could not be shown. In animal studies, skeletal anomalies were
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seen in rats and rabbits and neural tube effects in rats. In fetal rats, devel-
opmental problems were apparent already at plasma concentrations cor-
responding to the twofold therapeutic level in humans. Insufficient data
are available about teratogenic effects in humans.

Recommendation. With a lack of relevant experience pregabalin cannot be
recommended in pregnancy. As with other antiepileptic medications, especially
combination drugs, an increased risk of malformation cannot be excluded. An
(unintended) exposure during the first trimester does not justify a risk-based ter-
mination (Chapter 1.15). A follow-up sonography should be offered to ascertain
the normal development of the fetus.

2.10.26 Rufinamide

Rufinamide is a carboxamide derivative like carbamazepine and
oxcarbazepine. It is used for seizure disorders in the context of the
Lennox-Gastaut syndrome. Rufinamide induces the hepatic CYY3A4
enzyme activity and thereby reduces the effectiveness of oral contracep-
tives resulting potentially in an unwanted pregnancy. There is insufficient
experience about its use in pregnancy.

Recommendation. With a lack of relevant experience rufinamide cannot be
recommended in pregnancy. As with other antiepileptic medications, especially
combination drugs, an increased risk of malformation cannot be excluded. An
(unintended) exposure during the first trimester does not justify a risk-based ter-
mination (Chapter 1.15). A follow-up sonography should be offered to ascertain
the normal development of the fetus.

2.10.27 Sultiame

Sultiame is primarily used to treat focal epilepsy in children up to puberty.
A greater than 30-year-old case collection describes 11 pregnant women,
three of them suffering a miscarriage. It did not report on malformations.
These data are insufficient to assess a risk for its use in pregnancy.

Recommendation. With a lack of relevant experience sultiame cannot be
recommended in pregnancy. As with other antiepileptic medications, especially
combination drugs, an increased risk of malformation cannot be excluded. An
(unintended) exposure during the first trimester does not justify a risk-based
termination (Chapter 1.15). A follow-up sonography should be offered to ascertain

the normal development of the fetus.

2.10.28 Tiagabine

Tiagabine acts as a selective reuptake inhibitor of gamma aminobutyric
acid (GABA), an inhibitory neurotransmitter. Thus the increase of the
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level of extracellular GABA results in anticonvulsant activity. It is used to
treat focal epilepsy. Most of it (96%) is bound by proteins. In a study by
Leppik (1999) 22 patients exposed to tiagabine during pregnancy were
identified; nine of which were delivered and among these, one breech
delivered neonate with a hip dislocation was noted. Two additional
exposed children from the Austrialian registry did not display malfor-
mations (Vajda 2003). In animal experiments rats developed facial and
other anomalies when high doses (100 mg/kg/d) were administered.

Recommendation. With a lack of relevant experience tiagabine cannot be
recommended in pregnancy. As with other antiepileptic medications, especially
combination drugs, an increased risk of malformation cannot be excluded. An
(unintended) exposure during the first trimester does not justify a risk-based ter-
mination (Chapter 1.15). A follow-up sonography should be offered to ascertain
the normal development of the fetus.

2.10.29 Topiramate

Topiramate is used to treat focal and generalized epilepsy. Only about
15% is bound to proteins. Enzyme induction in the liver leads to hor-
monal contraceptives failure. Thus non-hormonal contraceptives should
be used as the primary choice to prevent pregnancy (Section 2.10.2).
Due to increased glomerular filtration and enzymatic induction, the con-
centration/dose ratio of topiramate decreases until the third trimester
by about 30-40% on average (Ohman 2009, Westin 2009). Thus blood
level determinations are needed during pregnancy with appropriate dose
adjustments, and subsequently, a downward dose correction after birth.

A population-based study in Denmark noted five major malforma-
tions in 108 topiramate exposed live births (4.6%) compared to 2.4%
among unexposed in the entire cohort (Molgaard-Nielsen 2011). Sim-
ilar rates have been reported by the UK and Ireland Registers (Hunt
2008, Morrow 2006), the Australian Register (Vajda 2013a), a US claims
database (Green 2012), and the North American Antiepileptic Drug in
Pregnancy Registry which noted 15 major malformations in 359 first
trimester topiramate monotherapy exposed pregnancies (4.2%) com-
pared to 1.1% in healthy controls (http://www2.massgeneral.org/aed/
newsletter/Spring2012newsletter.pdf).

However, the North American Registry has suggested that there may
be an increased risk specifically for oral clefts, with five of these specific
defects identified among the 15 malformed (Herndandez-Diaz 2012). The
UK Register also suggested, based on small numbers, that the rate of
oral clefts was approximately 11 times the background rate (Hunt 2008).
However, this and other registry studies are too limited in the number of
topiramate monotherapy exposures to adequately address this question.
An analysis of pooled data from two US multi-site case-control stud-
ies identified seven malformed infants with oral clefts, and prenatally
exposed to topiramate which translated to a significantly elevated odds
ratio of 5.4 (95% CI 1.5-20.1) compared to non-malformed controls
(Margulis 2012).

Topiramate exposure has also been suggested to be associated with hypo-
spadias in data from the Australia Register (Vajda 2011, 2013a), although
the findings are based on a small number of the exposed and affected.


http://www2.massgeneral.org/aed/newsletter/Spring2012newsletter.pdf
http://www2.massgeneral.org/aed/newsletter/Spring2012newsletter.pdf

2.10.30 Valnoctamide 277

A case report describes a child with thumb aplasia on the right hand
and thumb hypoplasia on the other hand, syndactyly of the second and
third toes, and hypoplasia of the right orbicular muscle (Vila Ceren 2005).
Another case report presents two siblings, both of them suffering a seizure
after birth. The authors suggest that this was triggered by hypocalcaemia
caused by an adrenal hypofunction due to topiramate (Gorman 2007).

A meta-analysis covering more than 400 analyzed pregnancies exposed
to monotherapy does not provide clear evidence of either teratogenicity
or safety (Day 2011).

Twenty-one percent of the newborns in the North American Registry
whose mothers had used topiramate were small for gestational age on
birth weight in comparison to 4.9% among unexposed, while there was
no increase in preterm delivery (Herndandez-Dfiaz 2010). This finding was
also reported in another small study of 52 pregnancies (Ornoy 2008).

One small study of neurodevelopment in nine preschool age children
prenatally exposed to topiramate compared to 18 unexposed children,
suggested the exposed children did significantly worse that the compar-
ison children, especially in cognitive functioning, but numbers were too
small to draw definitive conclusions (Rihtman 2012).

Topiramate has teratogenic properties in animal models; at only 20%
of the dose used therapeutically in humans (based on body surface) mice
were noted to develop craniofacial defects; rats and rabbits displayed
limb reduction defects.

Recommendation. If epilepsy requires treatment and is well managed with
topiramate, treatment may be continued with the medication, if the current uncer-
tainty about the teratogenic risk is acceptable. Combination with VPA must be
avoided. Topiramate treatment in the first trimester does not justify a risk-based
termination (Chapter 1.15). A follow-up sonography should be offered to ascertain
the normal development of the fetus.

Regarding the extended folic acid prophylaxis when planning a preg-
nancy, see Section 2.10.10, and regarding vitamin K prophylaxis of the
newborn, see Section 2.10.11.

2.10.30 Valnoctamide

Valnoctamide is a structural isomer of valpromide, a derivative of the
teratogenic VPA. In experimental studies, valnoctamide is reported to
have a similar anticonvulsive effect as VPA; it has been applied to treat
bipolar disorders in clinical studies. It is not metabolized to a free acid
like VPA that is considered to have teratogenic potential, and thus it has
been speculated that it may be safer. Animal experiments would suggest
this, but human experience is lacking.

Recommendation. With a lack of relevant experience, valnoctamide cannot be
recommended. A treatment during the first trimester does not justify a risk-based
termination (Chapter 1.15). As with other antiepileptic medications, especially com-
bination drugs, an increased risk of malformation cannot be excluded. A follow-up

sonography should be offered to ascertain the normal development of the fetus.
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2.10.31 Valproic acid

Valproic acid (VPA) (sodium valproate, 2-propylpentanoic acid) is a
relatively newer drug of the classic antiepileptics that is used for vari-
ous forms of epilepsy. Its anticonvulsant effectiveness was discovered in
1963. The therapeutic effect appears to be caused by an increase in the
level of the inhibitory neurotransmitter GABA. VPA is also used in other
neurological and psychiatric indications, such as bipolar disorder.

Oral VPA is well absorbed and 95% of it is bound to plasma proteins.
Being lipophilic, VPA easily crosses the blood-brain barrier and the
placenta.

At the end of a pregnancy, VPA is metabolized more by the liver, while
less of it is bound in the plasma. Both effects could balance each other, so
that the active available agent remains about stable (Nau 1981).

VPA blood levels in the umbilical cord are at birth 1.7 times higher
than the maternal levels (Nau 1981). Newborns excrete VPA more
slowly as their liver enzymes are not yet mature. Thus the half-life in
newborns may be prolonged from 8-15 to 15-60 hours. VPA may possi-
bly increase irregularities of the menstrual cycle, and has been linked to
the polycystic ovary syndrome (PCOS) that is accompanied by infertil-
ity and increased testosterone levels (Isojarvi 1993). A negative impact
on the effectiveness of oral contraceptives by the induction of enzyme
has not been reported.

Typical malformations

In the 1980s a fetal valproate syndrome was defined that included dys-
morphic facial features, such as epicanthus, thin arched eye brows, flat
nasal bridge, short, upturned nose, flat philtrum, thin upper lip, as well as
thin, overlapping fingers and toes, and hyperconvex nails (Kozma 2001).
More important than single features is the clustering of typical anomalies
which may become attenuated with time, making some features harder
to recognize as the child grows older. In addition, trigonocephaly (an
abnormal skull shape due to premature closure of the frontal suture)
has been noted. This craniosynostosis may require surgical correction
during the first months of life to prevent a negative impact upon cogni-
tive development. Numerous case reports describe neural tube defects
(Robert 1982) and other malformations such as preaxial limb deformities
(Cole 2009, Rodriguez-Pinilla 2000, Sharony 1993, Robert 1992) that
may include missing or double thumbs, radial aplasia, anomalies of ribs
or vertebrae, heart defects, hypospadias (Rodriguez-Pinilla 2008), por-
encephaly, and other brain anomalies (Arpino 2000). Rodriguez-Pinilla
(2000) calculated that the risk for missing or hypoplastic limb defects
was about six times higher than in controls; accordingly, 0.4% of exposed
children are affected.

A meta-analysis from pooled data looking at VPA and various malfor-
mations by Jentink (2010c) concluded that there was statistically signif-
icant evidence of associations between VPA exposure and spina bifida,
atrial septal defect, cleft palate, hypospadias, polydactyly, and cranio-
synostosis. Similar significant associations were found by Vajda (2013a)
except in relation to cleft palate and hypospadias, and by Werler (2011)
in relation to neural tube defects, oral clefts, and hypospadias. Typically
for VPA, there is primarily an up to 20-fold increased risk for spina bifida
and other neural tube defects if the mother received treatment between
the 17th and 28th day after conception (Dansky 1991). This indicates
that about 1-2% of exposed children will be affected. Table 2.10.1 sum-
marizes the most important anomalies linked with VPA.
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Table 2.10.1 Congenital anomalies linked to prenatal treatment with VPA

Organ system Anomaly

Neural tube Spina bifida, anencephaly

Heart Ventricular septal defect, atrial septal defect, aortic stenosis, ductus arteriosus
apertus, anomaly of right pulmonary artery

Extremities Radial ray deficiency, polydactyly, cleft hand, overlapping toes, camptodactyly
hypoplasia of ulna or tibia, missing fingers, oligodactyly

Urogenital tract Hypospadia, renal hypoplasia, hydronephrosis, duplication of renal
collecting system

CNS Hydranencephaly, porencephaly, arachnoidal cysts, cerebral

atrophy, partial agenesis of corpus callosum, septum pellucidum
aplasia, lissencephaly, Dandy Walker anomaly

Eyes Bilateral cataract, optical nerve hypoplasia, anomaly of lacrimal
duct, microphthalmia, bilateral iris defect, corneal cloudiness

Respiratory system Tracheomalacia, lung hypoplasia, extensive laryngeal hypoplasia,
abnormal lobe formation of right lung

Abdominal wall Omphalocele

Skin Capillary hemangiomas, aplasia cutis of scalp

Rare anomalies in italics; according to Kini 2006.

Frequency of major malformations

For monotherapy with VPA the overall malformation rate has been
reported to be as high as 18% (Vajda 2010b), and thus is at least two-
fold and up to more than four-fold higher than that of untreated preg-
nant women not suffering from epilepsy. The majority of investigations
have demonstrated that the rate of malformation due to monotherapy
VPA is significantly higher than monotherapy with any other antiepi-
leptic medication (Vajda 2010b, Veiby 2009, Diav-Citrin 2008, Morrow
2006, Artama 2005, Wyszynski 2005, Alsdorf 2004, Wide 2004, Kaaja
2003, Mastroiacovo 1998, Samrén 1999, http://www2.massgeneral.
org/aed/newsletter/Spring2012newsletter.pdf).

Thousands of VPA-exposed pregnancies have been summarized in
some reviews and meta-analyses (e.g. Harden 2009b, Tomson 2009,
Meador 2008).

One meta-analysis that included 59 studies and epilepsy registries with
more than 65,000 pregnancies of epileptic women, determined a malfor-
mation rate of 17.6% (95% CI 5.25-30.03) for VPA monotherapy (Meador
2008). In comparison, for carbamazepine the rate was 5.7% (95% CI;
3.71-7.65). Both are significantly higher than the rate for non-exposed
mothers. Rates were not significantly elevated for lamotrigine, phenobar-
bital and phenytoin, while for all the other antiepileptics case numbers
were too low to determine the rate.

An assessment of eight cohort studies described 14 types of malforma-
tions that were significantly more common with VPA (Jentink 2010c).
These 14 types were analyzed using data from European malformation
registries to see if there was a link with maternal VPA therapy. Results
indicated significantly higher risks for the following malformations after
adjustment for other factors (odds ratios are provided): Spina bifida
12.7; atrial septum defect 2.5; cleft palate 5.2; hypospadias 4.8; polydac-
tyly 2.2; craniosynostosis 6.8.
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Two recent studies from the Australian and UK Registers have demon-
strated that the risk for malformations is increased in women who have
one child with a malformation, and stay on the same anticonvulsant in
a subsequent pregnancy. This was especially true for VPA exposed preg-
nancies (Campbell 2013, Vajda 2013b).

Dose-response relation

Some studies have examined the risk of malformation in relation to the
VPA dose. A significantly higher risk was seen when more than 1000
mg/day was administered or serum levels exceeded 70 pg/mL (Kaneko
1999, Samrén 1999, 1997, Mawhinney 2012). A study from Israel noted a
rate of 21.9% malformations when the daily dose was 1000 mg or higher
(including combination therapy) in comparison to 1.3% for <1000 mg/
day (Diav-Citrin 2008). Similarly, Tomson (2011) in 1,010 monother-
apy VPA pregnancies involved in the EURAP Registry, found the rate
of major malformations was 5.6% at doses <700 mg/day, 10.4% at doses
between 700 and 1500 mg/day, and 24.2% at doses at or above 1500 mg/
day. Morrow (2006) found a higher risk of 9.1% major malformations
when doses of >1000 mg VPA were used in monotherapy in compari-
son to lower dosing. However, the difference was not statistically signif-
icant. An especially marked increase in the risk for neural tube defects,
heart malformations, cleft palate, and hypospadias was noted by Vajda
(2005) when the daily dose exceeded 1,400 mg/day. They discuss differ-
ent pathways of metabolism according to dose, resulting possibly in dif-
ferent teratogenic pathways. In a later publication, Vajda (2013a) further
refined the association between higher doses of VPA and specific defects,
suggesting that risk for spina bifida and hypospadias are specifically
related to dose. However, some investigators have not found a threshold
for dose or serum concentration (Kaaja 2003). Jentink (2010d) cautioned
against underestimating the malformation risk when low doses of VPA
are given during pregnancy, especially when compared to other antiepi-
leptic agents.

Other abnormalities

Dean (2002) compared 149 prenatally exposed children with 38 (older)
siblings whose mothers had not taken antiepileptic remedies during their
pregnancy. For VPA monotherapy a significantly higher risk was seen
for facial dysmorphism (70% versus 25%). Also diseases of childhood
were more commonly noted, such as visual impairment, otitis media and
joint problems. While the results of this study need to be looked at with
some reservation, the high prevalence of affected children, both exposed
and controls, is noteworthy. Authors of another study caution against
an overestimation of facial dysmorphism (Kini 2006). They noted dys-
morphism was most commonly linked with VPA, but also reported that
45% of children of untreated epileptic mothers displayed corresponding
features.

Neonatal abnormalities

Fetal hypoxia with low Apgar values, microcephaly and diminished post-
natal growth have been observed with VPA. A Swedish study found espe-
cially for carbamazepine, but to a lesser degree also for VPA, a decreased
head circumference in contrast to all other antiepileptic drugs (Almgren
2009). Necrosis of liver cells has been reported in some children after
maternal VPA therapy (Legius 1987), also bleeding due to fibrinogen
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deficiency and disrupted thrombocytic function (Bavoux 1994), and
hypoglycemia of the newborn (Ebbesen 1998).

Mental development anomalies

Koch (1996) indicated that hyperexcitability and other neurologic abnor-
malities during the course of childhood correlate with the umbilical VPA
concentration at birth. Some authors suggest an impairment of cognitive
development (Ornoy 1996), especially in children with facial dysmor-
phism. Numerous publications of the past decade reported deficits in
mental development, behavior problems such as attention deficit and
hyperactivity, as well as autism-like symptoms (see below) when VPA
was used.

An investigation of 57 children with an antiepileptic syndrome, of
which 46 had been exposed to VPA, showed that 80% displayed delays in
speech development, learning difficulties, and abnormal behavior. In 60%
at least two autistic features could be found. Four children were diagnosed
as having autism and another two children were diagnosed as having
Asperger’s syndrome (Moore 2000). Another study with 40 children of
mothers who had used antiepileptic monotherapy detected a majority of
anomalies in the VPA group. Gaily (2004) noted in 13 children who had
been exposed to a VPA monotherapy, or combination therapy, that the
verbal 1Q was decreased, a finding not apparent in the 86 children who
had been exposed to carbamazepine monotherapy. In contrast, another
study showed that the type of maternal epilepsy and the occurrence of
generalized tonic-clonic seizure during pregnancy, had no effect on the
intelligence of children. Adab (2001) conducted a study that included 70
schoolchildren with prenatal exposure to VPA, and found that this group
needed significantly more educational intervention. A follow-up exam-
ination showed a negative impact upon speech development (verbal 1Q)
in those children whose mother’s dose had exceeded 800 mg/day. Dys-
morphism was linked to a lower verbal 1Q (<79): 55% of children with
medium to severe dysmorphism had a verbal IQ of <79 compared to 22%
with slight or no dysmorphism. Other antiepileptics did not reveal sig-
nificant results, but five or more generalized tonic-clonic seizures during
pregnancy correlated significantly with a lower verbal 1Q, independent
of the antiepileptic medication (Adab 2004). Eriksson (2005) detected a
lower IQ in 13 children exposed to VPA than in non-exposed children, or
children whose mothers had taken carbamazepine. In a review by Banach
(2010), it was noted that more recent studies, such as one encompassing
42 VPA-exposed children (Bromley 2010), confirmed the higher risk with
VPA in regard to different developmental parameters in two-year-olds in
contrast to other antiepileptics, untreated epilepsies, and healthy con-
trol mothers. Twenty-nine percent of VPA-exposed children were found
below the average on total development score, which as a proportion is
3.5 times higher than that seen in children of healthy mothers. In par-
ticular, daily doses of >900 mg increased the risk. Seizures during preg-
nancy had no negative impact on developmental score. Another study
with 309 children evaluated at the age of 3 also noted significantly lower
IQs in 53 VPA-exposed children, and predominantly in those where daily
doses exceeded 1,000 mg. In contrast to children prenatally exposed to
carbamazepine, lamotrigine, and phenytoin, children exposed to VPA
displayed no correlation with maternal 1Q values (Meador 2009). In a
subgroup in this study, prenatally VPA-exposed children showed lower
scores on cognitive originality at the age of three, in contrast to carba-
mazepine- and lamotrigine-exposed children (McVearry 2009).

Pregnancy
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In a case study in 1994, Christianson (1994) linked autism spectrum
disorders (ASD) to intrauterine VPA exposure. They presented two pairs
of siblings: three of the children demonstrated global development disor-
ders with speech impediments and dysmorphism, one of these children
had also been diagnosed as having infantile austism; the fourth child
showed mild dysmorphism and a reduced 1Q, primarily verbal. Williams
(2001) subsequently reported on six children with fetal valproate syn-
drome (FVS), cognitive deficits, and evidence of autistic symptoms. In an
updated nested case-control study by Christensen (2013) in Denmark,
5,437 individuals with autism spectrum disorder were identified, and the
estimated absolute risk of autism in the sample was 1.58%. Among the
432 children with prenatal exposure to VPA, the risk was 4.15% (adjusted
hazard ratio 1.7, 95% CI 0.9-3.2).

The hypothesis of a link between VPA and autism is supported by
observations that VPA is able to modify the expression of HoxAl in the
embryo, and allelic variants of the HoxA1 gene have been found in peo-
ple with autism. Other teratogenic factors too, such as prenatal exposure
to rubella infection, misoprostol, alcohol abuse, and thalidomide have
been suspected to have the potential to induce autism-like symptoms. In
the case of thalidomide, autistic symptoms were noted more frequently
if the exposure had occurred during the time of neural tube closure
(Stromland 1994). Neuropathologic studies have been reported about a
human who had been exposed prenatally to VPA and also, in the con-
text on animal experiments, about rats who had been exposed to VPA
in utero. In both situations a lesion of the nuclei of the cranial nerves
was identified in the brain stem, and also cerebellar anomalies with a
decreased number of Purkinje cells (Arndt 2005, Rodier 1997). Other
investigators have demonstrated severe alterations of serotonergic nerves
in rats treated with VPA. Disruption of these nerves can also be observed
in autistic patients (Miyazaki 2005).

Recommendation. VPA is more toxic during pregnancy than any other antiepi-
leptic medication based on current knowledge. It increases the risk of malforma-
tion by a factor of 2 to 4, and in addition, adversely affects mental development. If
a VPA-affected child has been born, the risk of having another VPA-affected child
has been empirically estimated to be about 50%. VPA should be strictly avoided
during the reproductive years, the latest at the planning of a pregnancy; it can only
be used in situations where other treatments for epilepsy have failed. If no alterna-
tive to VPA is available (such as lamotrigine, or even carbamazepine) monother-
apy is to be preferred. The daily dose should be below 1000 mg and be distributed
over 3—4 single doses. Plasma levels need to be monitored on a regular basis and
should not exceed 70 ug/mL, if possible. With regard to the extended folic acid
prophylaxis when planning a pregnancy see Section 2.10.10. Treatment with VPA
does not justify a risk-based termination (Chapter 1.15). A follow-up sonography
should be offered to ascertain the normal development of the fetus.

2.10.32 Vigabatrin

Vigabatrin is now only used in exceptional cases when all other antiepi-
leptics (for focal epilepsy and West syndrome in childhood) have failed. It
inhibits the GABA aminotransferase irreversibly, resulting in an increase
in the level of the inhibitory neurotransmitter GABA in the central
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nervous system. Thereby abnormal discharges that trigger seizures will be
suppressed. Although the half-life is only 4-8 hours, its inhibitory effect
lasts 3-5 days. In plasma, vigabatrin is not bound to proteins. Vigabatrin
can irreversibly reduce the visual field of a patient. Animal experiments
suggest neuropathologic changes with the formation of microvacuoles at
various locations within the CNS.

Vigabatrin crosses the placenta (Tran 1998). About 400 pregnancies
have been documented in several case series (Morrell 1996, Case col-
lection of the manufacturer), revealing a conspicuous rate of congenital
anomalies: 18% in Morrell’s study (1996), and 57 of 239 live births in the
registry of the manufacturer that contained 331 pregnancies in total. The
registry contains both, prospectively and retrospectively collected cases
with mono- and combination therapy; thus these data do not allow a risk
analysis. A typical malformation pattern has not been recognized. Two
reports mention diaphragmatic hernia (Kramer 1992) and hypospadias
(Lindhout 1994), albeit in combination therapy with carbamazepine.
Among twelve pregnancies of the Australian Epilepsy Registry no mal-
formations were reported (Vajda 2013a). In a small number of children
who had follow-up examinations evidence of visual damage was not evi-
dent (Lawthom 2009, Sorri 2005).

Recommendation. Vigabatrin cannot be recommended due to its general
side effects. Its use in the first trimester does not justify a risk-based termination
(Chapter 1.15). As with other antiepileptic drugs, especially when used in combi-
nation, a higher malformation rate cannot be excluded. A follow-up sonography
should be offered to ascertain the normal development of the fetus.

Regarding the extended folic acid prophylaxis when planning a pregnancy, see
Section 2.10.10, and regarding vitamin K prophylaxis of the newborn, see Section
2.10.11.

2.10.33 Zonisamide

Zonisamide is primarily administered in the treatment of focal epi-
lepsy. In a case series with 26 pregnancies no anomalies were noted
in the offspring, among them four children who had been exposed to
monotherapy (Kondo 1996). When mothers had been treated with a
combination therapy (VPA and/or phenytoin), one child was found
to have an atrial septum defect, another anencephaly, and five other
children were healthy (Oles 2008, Ohtahara 2007, Kawada 2002).
The North American Antiepileptic Drug in Pregnancy Registry has
followed 90 first trimester zonisamide monotherapy exposed pregnan-
cies, and identified no major malformations (0%) compared to 1.1%
in an unexposed control group (http://www2.massgeneral.org/aed/
newsletter/Spring2012newsletter.pdf).

Recommendation. Zonisamide cannot be recommended due a lack of experi-
ence in pregancy. Its use in the first trimester does not justify a risk-based termi-
nation (Chapter 1.15). As with other antiepileptic drugs, especially when used in
combination, a higher malformation rate cannot be excluded. A follow-up sonog-

raphy should be offered to ascertain the normal development of the fetus.
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Women of childbearing age are often affected with depressive, psy-
chotic or other psychiatric disorders, which require medication during
pregnancy. Psychopharmaceuticals during pregnancy constitute both
a potential risk to the developing fetus as well as a possible benefit
through improvement of the disease state. According to the current
knowledge there is no strong teratogen among the classical psycho-
pharmaceuticals. The risk for Ebstein’s anomaly with the mood sta-
bilizer lithium has been confirmed but was overestimated. However,
many drugs used in psychiatry are insufficiently tested with respect
to their effects on the fetus. Valproic acid should be avoided during
pregnancy due to its established physical and neurobehavioral tera-
togenicity, and it is not a drug of first choice for the management of
women of childbearing age. This chapter provides a detailed over-
view on SSRI and the other antidepressants, on antipsychotics, mood
stabilizers, anxiolytics, hypnotics and, among others, on restless leg
treatment.
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2.111 Psychiatric disorder during pregnancy

Like other serious medical disorders, psychiatric illnesses adversely
impact the course and outcome of pregnancy. Characterized by phys-
iological and circadian rhythm dysregulation, maternal psychiatric
disorders create an adverse milieu for the growing fetus. Stress has
a prominent role in the pathogenesis of psychiatric and general med-
ical disorders, particularly early adverse events such as child physi-
cal or sexual abuse. Extensive research has demonstrated the effects
of negative emotional states, such as anxiety and depression, and
stress during pregnancy on birth outcomes and fetal/infant develop-
ment (Dunkel Schetter 2012). High levels of maternal life stress are
significantly associated with an increased risk of offspring congeni-
tal malformations, mental disorders, and eye, ear, respiratory, diges-
tive, skin, musculoskeletal, and genitourinary diseases (Tegethoff
2011). In a population-based case control study, high maternal stress
levels were associated with an increased risk of cleft palate, cleft lip,
transposition of the great arteries, and tetralogy of Fallot, after adjust-
ment for multiple potential confounding variables (Carmichael 2007).
A meta-analytic study of women with high depressive symptom levels
or major depressive disorders (Grote 2010a) found that newborns were
at increased risk for preterm birth and small for gestational age status.
The concept of fetal programming, the observation that characteris-
tics of the fetal milieu predispose individuals to diseases over the life
course, has intensified the importance of optimizing pregnancy health.
Antenatal depression was an independent risk factor for offspring
depression at 18 years of age, independent of post-birth maternal
depression (Pearson 2013). The authors concluded with the intriguing
point that treating maternal depression antenatally could prevent off-
spring depression in early adulthood.

Exposure to medications during pregnancy constitutes both a poten-
tial risk to the developing fetus as well as a possible benefit through
improvement of the disease state. The possibility that prenatal psy-
chopharmacologic treatment may prevent adverse outcomes during
human pregnancy is less commonly considered than the possibility of
harm. The art of medicine is exemplified by balancing the risks and
benefits of medication with the woman’s illness management during
pregnancy. Most women prefer a collaborative stance with the physi-
cian, who provides information and support, while the woman applies
her values to the components of the decision making process and
derives a choice (Patel 2011).

In the following sections, the impact of psychotropic drug classes, indi-
vidual agents and the impact of the diseases they are used to treat are
reviewed.

2.11.2 Antidepressant treatment

The frequency of reported antidepressant use at any time during
pregnancy increased from 2.5% in 1998 to 8.1% in 2005 in the USA
(Alwan 2011). A sharp decrease in frequency of use occurred by the
third month after conception. The rate of antidepressant use after the
first trimester of pregnancy was about 2%.
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Recommendation.

m A primary factor for the choice of an antidepressant during pregnancy is the
woman's treatment history. The drug to which she has responded, or ideally,
remitted (recovered fully to functional status prior to depressive episode), with
an acceptable side effect burden deserves first consideration. The rationale for
selecting a drug for which the patient’s response and side effect burden is not
known should be justified carefully.

m Non-pharmacological approaches with an evidence base for the treatment
of major depression during pregnancy include psychotherapy (Spinelli 1997),
bright morning light therapy (Wirz-Justice 2011), acupuncture (Manber 2010)
and transcranial magnetic stimulation (Kim 2011).

m As a group, selective SSRI antidepressants are the most frequently used drugs
for the pharmacological treatment of major depressive disorder due to their low
toxicity, particularly in overdose situations. SSRI are among the most compre-
hensively studied group of medications taken by pregnant women.

m The serotonin-norepinephrine reuptake inhibitors (SNRI) have been included
with the group of SSRI medications as well as separately for pregnancy expo-
sure studies.

m Tricyclic antidepressants (TCA) are less well studied than SSRI; however, they
are useful for women who are not responsive to SSRI or have prohibitive side
effects. All antidepressants have similar efficacy for depression.

m One advantage to TCA is that the serum levels are associated with likelihood
of response, which is useful in evaluating treatment refractory patients. Serum
level monitoring is also an advantage in the rapidly changing pharmacokinetic
milieu induced by the dynamic state of pregnancy, which often require dosage
change to maintain efficacy (Stika 2001).

m Bupropion, a dopamine-norepinephrine reuptake inhibitor, has been studied in
pregnancy and is also FDA-indicated as an adjunct to behavioral treatment for
smoking cessation.

m Optimize the dose of a single drug before considering additional drug
treatments.

m Always inquire about alcohol, cigarettes and other drug use, environmental
exposures, as well as over the counter and prescribed medication intake, and
record them in the patient’s medical chart prior to writing any prescriptions.

m A reduction or discontinuation of an antidepressant medication before the birth
to reduce the fetal load at birth is theoretically appealing, no clear advantages
for the newborn has been demonstrated to offset potential risk for maternal
recurrence (Warburton et al. 2010).

m Information about the impact of drugs in pregnancy is constantly evolving.
A free resource for updates is the US National Library of Medicine (http:/
toxnet.nlm.nih.gov/) for DART (Developmental and Reproductive Toxicology
Database).

2.11.3 Selective serotonin-reuptake-inhibitors (SSRI)

Among the SSRIs are fluoxetine, sertraline, paroxetine, citalopram,
escitalopram (the active isomer of citalopram), and fluvoxamine. They
are heterogeneous chemically and structurally unrelated to tricyclic anti-
depressants. They selectively inhibit the reuptake of serotonin from the
synaptic cleft. The SSRI have considerably lower anticholinergic effect
than tricyclics.
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All SSRIs cross the placenta. The concentration relationship between
cord blood and maternal plasma is between 0.3 and 0.9. Citalopram is
transferred the most, followed by fluoxetine. The lowest transfer is found
with sertraline, followed by paroxetine (Rampono 2009, Hendrick 2003).

Clinical and preclinical data demonstrate the substantial impact
of SSRI exposure on neural plasticity and brain development
(Pawluski 2012). Prior to functioning as a neurotransmitter, serotonin
(5-hydroxytryptamine = 5-HT) functions in the embryo to regulate
migration of the neural crest cells, the growth of the axons and the synap-
tic communication system. Results of animal studies show that elevated
serotonin levels are associated with neuroanatomical abnormalities with
a decreased number of f-adrenergic and serotonin receptors as well
as abnormal serotonin receptor binding in the central nervous system
(CNS). In cell cultures, 5-HT or the 5-HT transporter is involved in the
development of the heart and that fluoxetine impairs the differentiation
of the cardiomyocytes (Kusakawa 2008, Sari 2003). However, these
studies are not performed in the context of the maternal disease state of
major depression, and whether SSRIs could protect against the impact of
maternal disease in offspring in the short- and long-term is an important
research question (Pawluski 2012).

Maternal treatment

Pregnancy brings dramatic physiological changes associated with the poten-
tial for loss of drug efficacy, or alternatively an increase in toxicity, across
pregnancy. Freeman (2008) reported non-significant group changes in ser-
traline bioavailability across pregnancy in nine women, although serum lev-
els were lowest in the third trimester. Sit (2008) found that the level/dose
ratios for sertraline decreased by a mean of 60% between 20 weeks and
delivery and were similar to those in early pregnancy by 4-6 weeks postpar-
tum. The level/dose ratios of fluoxetine and norfluoxetine decreased by 50%
in the third trimester and were similar to those observed in early pregnancy
by 12 weeks postpartum (Sit 2010). For paroxetine, P450 2D6 genotyping
has been applied to study paroxetine plasma levels during pregnancy in 74
Dutch women (Ververs 2009). Women who were extensive or ultrarapid
metabolizers for 2D6 showed steadily decreasing paroxetine concentra-
tions during the course of pregnancy, which was associated with increasing
depression scores. In contrast, plasma paroxetine concentrations of women
who were intermediate or poor metabolizers increased during pregnancy.
However, the impact of these changes on clinical care, and the relationship
of alterations in serum levels to depressive symptom relapse (or side effects),
and, in response, dose escalation (or reduction) has not been systematically
elucidated.

SSRI have been evaluated for association with postpartum hemor-
rhage due to their effects on platelet serotonin. Salkeld (2008) found
that SSRI did not confer increased risk of hemorrhage at the time of
delivery compared with non-SSRI antidepressants. In contrast, Palmsten
and colleagues reported that exposure to serotonin and non-serotonin
reuptake inhibitors near delivery was associated with an elevated risk of
one excess case for every 80 to 100 women, and commented about the
possibility of residual confounding (Palmsten 2013a).

Congenital malformations

Because of the prevalence of depression and anxiety disorders in women
of childbearing age, the SSRIs are among the medications with the most
comprehensive data to guide use during pregnancy. Most studies have
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not found an elevated total rate of malformations associated with SSRIs
as a grouped exposure (Malm 2011, Nordeng 2011, Reis 2010, sur-
vey in Ellfolk 2010, Wichman 2009, Einarson 2008, Oberlander 2008,
Alwan 2007, Davis 2007, Louik 2007, Hallberg 2005). However, asso-
ciations between specific malformations and SSRI exposure during the
first trimester have been reported (Pedersen 2009, Alwan 2007, Louik
2007). The only consistently reported malformation is cardiac defects -
particularly septum defects (Colvin 2011, Kornum 2010, Merlob 2009,
Pedersen 2009, Diav-Citrin 2008, Oberlander 2008, Kallén 2007).

Two large-scale, North American case-controls have been published.
Alwan (2007) analyzed data from 9,622 infants with birth defects and
4,092 control infants from the National Birth Defects Prevention Study.
No significant associations between SSRI use during early pregnancy
and congenital heart defects or most other categories or subcategories
of birth defects were observed. Maternal SSRI use was associated with
anencephaly (214 infants, nine exposed; adjusted OR, 2.4; 95% CI 1.1 to
5.1), craniosynostosis (432 infants, 24 exposed; adjusted OR, 2.5; 95%
CI 1.5 to 4.0), and omphalocele (181 infants, 11 exposed; adjusted OR,
2.8; 95% CI 1.3 to 5.7). These associations between SSRI use and birth
defects resulted in small absolute risks. Outcome data were collected by
maternal interview after birth which also presents the possibility of recall
bias when a negative birth outcome occurs. Louik (2007) did not con-
firm the association between overall use of SSRIs and craniosynostosis,
omphalocele, or heart defects. The only significant association in com-
mon was specifically between sertraline use and omphalocele (OR, 5.7;
95% CI 1.6 to 20.7), which was based on only three subjects. They did
not find significantly increased risks of congenital heart defects associ-
ated with overall use of SSRIs or of non-SSRI antidepressants. However,
they did find a doubling of the risk of septal defects associated with ser-
traline exposure (OR, 2.0), based on 13 exposed subjects, and a tripling
of the risk of right ventricular outflow tract obstruction defects associ-
ated with paroxetine use (OR, 3.3), based on six exposed subjects.

In the Pedersen (2009) study, filled prescriptions for SSRIs were not
associated with major malformations overall but were associated with
septal heart defects (OR 1.99, 95% CI 1.13 to 3.53). For individual
SSRIs, the odds ratio for septal heart defects was 3.25 (1.21 to 8.75)
for sertraline, 2.52 (1.04 to 6.10) for citalopram, and not significant for
fluoxetine. Redemptions for more than one type of SSRI were associated
with septal heart defects (4.70, 1.74 to 12.7). The absolute increase in the
prevalence of malformations was low - for example, the prevalence of
septal heart defects was 0.5% among unexposed children, 0.9% among
children whose mothers were prescribed any SSRI, and 2.1% among
children whose mothers filled prescriptions for more than one type of
SSRI. One interpretation of these data is that the mothers who were
prescribed SSRI, and particularly those who were prescribed more than
one SSRI, have more severe underlying psychiatric disorders which bring
additional confounding factors that remain unmeasured.

Grigoriadis (2013) conducted a meta-analysis to determine whether ante-
natal antidepressant exposure was associated with congenital malforma-
tions, cardiovascular defects, septal heart defects (ventral septal defects and
atrial septal defects), and ventral septal defects only. Nineteen studies were
included. Antidepressant exposure was not associated with most congenital
malformations or major malformations. However, an increased risk for car
diovascular malformations (RR = 1.36; 95% CI 1.08-1.71; p = 0.008) and
septal heart defects (RR = 1.40; 95% CI 1.10-1.77; p = 0.005) was observed.
The RR for ventral septal defects was similar to septal defects, although not
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significant (RR = 1.54; 95% CI 0.71-3.33; p = 0.274). Pooled effects were
significant for paroxetine and cardiovascular malformations (RR = 1.43;
95% CI 1.08-1.88; p = 0.012). The authors concluded that antidepressants
do not appear to be associated with an increased risk of most congenital
malformations, but statistical significance was found for cardiovascular
malformations. Given that the RRs are marginal, they may be the result of
uncontrolled confounders. Although the RRs were statistically significant,
none reached clinically significant levels.

An intriguing design (Jimenez-Solem 2012) was used to evaluate the
relationship between SSRI use and cardiac malformations. From 848,786
women in the Danish Medical Birth Registry, 4,183 filled a prescription
for an SSRI for the period covering the first trimester and 806 women
discontinued their medication prior to and during pregnancy. The risks
for cardiac malformations were similar for SSRI exposed (adjusted OR
2.01, 95% CI 1.60 to 2.53) and SSRI paused (non-exposed) pregnancies
(adjusted OR = 1.85, 95% CI 1.07 to 3.20; p = 0.94). The authors found
similar increased risks of specific congenital malformations of the heart
for the individual SSRIs and no association with dosage was observed.
They concluded that the association between SSRI use and congenital
malformations of the heart may be confounded by indication (K&llén
2012). Methodological issues inherent in studies based on prescription
databases also complicate interpretation of this literature.

Preterm birth, intrauterine growth retardation

Women with major depression (MDD = major depressive disorder)
during pregnancy have higher rates of small for gestational age infants
and preterm delivery. MDD or clinically significant depressive symp-
toms were associated with an increase in the relative risks for preterm
birth by 39%, for low birth weight by 49%, and for intrauterine growth
restriction by 45% (Grote 2010b). Adverse pregnancy outcomes have
also been reported for depressed women treated with antidepressants.
Meta-analyses have shown that SSRI-treated women have a 2- to 3-fold
greater risk for preterm birth as well as a higher rate of low birth weight
infants compared to women unexposed to SSRI (Lattimore 2005, Killén
2004). Preterm birth rates were similar in women exposed continuously
to MDD (no SSRI) or to SSRI (23% and 21%, respectively) compared to
women with neither exposure (6%; Wisner 2009).

Consideration of the impact of antenatal SSRI and MDD exposures on
fetal and infant growth is important because epidemiologic studies have
demonstrated that infants born either small or large for gestational age
have higher rates of chronic illnesses such as diabetes and cardiovascu-
lar disease as adults (Harder 2007, Barker 1989). Maternal depression
was associated with slower rates of fetal body and head growth, while in
SSRI-treated pregnant women only delayed head growth was observed
(El Marroun 2012). In a prospective study, no significant impact of
in utero exposure to MDD or SSRI on infant weight, length or head
circumference through 12 months was reported (Wisner 2013). In an
Australian investigation of the association between prenatal SSRI pre-
scription dispensing and overweight in offspring at 4-5 years of age
(Grzeskowiak 2012), female offspring of exposed mothers were less likely
to be overweight compared with female offspring of mothers with an
untreated psychiatric illness and female offspring of unexposed mothers.
No association with overweight was observed among male offspring. Dif-
ferentiating between the contribution of MDD or depressive symptoms and
that of antidepressant treatment on growth presents a clinical challenge.
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The risk of preeclampsia was studied in a population-based health-
care utilization database of nearly 70,000 pregnancies in women with
depression (Palmsten 2012). The risk of preeclampsia in unmedicated
women with depression was similar to the risk in women without depres-
sion (2.3%). Compared to women with untreated depression, women
treated with SSRI, SNRI, and TCA monotherapy had adjusted relative
risks of 1.22 (95% CI 0.97, 1.54), 1.95 (95% CI 1.25, 3.03), and 3.23 (95%
CI 1.87,5.59), respectively. Although the risk of preeclampsia is higher in
treated women, this group of women also may have more severe under-
lying depressive disorder.

Neonatal adaptation disorders

Neonatal adaptation difficulties in the offspring of pregnant SSRI-treated
women include central nervous, gastrointestinal, and respiratory system
signs that result from serontonergic overstimulation or alternatively
withdrawal (Moses-Kolko 2005, Zeskind 2004, Laine 2003). Neonatal
signs include restlessness, rigidity, jitteriness, feeding difficulty, respira-
tory distress, frequent startle reactions and longer REM phases as well
as a less variability in behavioral patterns (Moses-Kolko 2005). The signs
begin in the first days of life and continue in the typical infant for less
than 2 weeks, and for a month in very rare cases (Laine 2003). Sanz
(2005) described 93 spontaneous reports of newborns with signs asso-
ciated with SSRI to the international WHO Drug Monitoring Centre in
Uppsala (Sweden). Of these 93 cases of neonatal adaptation syndrome,
64 were associated with paroxetine, and 13 had seizures. Paroxetine is
generally the SSRI most frequently implicated, followed by fluoxetine
(Moses-Kolko 2005). In addition to the receptor-specific differences
between the SSRI, the short half-life of paroxetine may account for with-
drawal symptoms. Inter-individual differences are also possibly caused
by genetic polymorphism of the metabolizing enzymes and the 5-HT
transporter activity (Hilli 2009, Oberlander 2008).

In addition to the mild neonatal adaptation syndrome, late gestational
SSRI exposure has been associated with an increased risk for persistent
pulmonary hypertension of the newborn (PPHN). Chambers (2006)
reported an increased risk from the baseline frequency of 1-2 per 1,000
to 6-12 per 1,000 newborns. Killén (2008) used the Swedish Medical
Birth Register to explore the association between SSRI use and PPHN.
Potential confounders were evaluated and included: older maternal age,
parity, maternal BMI, and maternal smoking. Adjusting for these vari-
ables and year of birth, an association between maternal use of SSRI
and PPHN in births after 34 completed weeks was identified with a risk
ratio of 2.4 (95% CI 1.2-4.3) for women who reported the drug use in
early pregnancy. For the subgroup of the women who had prescriptions
for SSRI later in pregnancy, the risk estimate was 3.6 (95% CI 1.2-8.3).

Kieler (2012) evaluated a Scandinavian population-based cohort
study to examine the risk for PPHN with SSRI exposure after gesta-
tional week 33. They reported an absolute risk of 3 per 1,000 live-born
infants compared with the background incidence of 1.2 per 1000 (aOR
2.1, 95% CI 1.5-3.0). The risk associated with individual agents simi-
lar. Other researchers could not confirm an association of SSRI expo-
sure with PPHN (Wilson 2011, Andrade 2009, Wichman 2009).
Maternal depression, obesity, smoking and surgical delivery are also risk
factors for PPHN, and confounding factors associated with depression
remain a concern in interpreting these data (Occhiogrosso 2012). Doppler
ultrasound measures of the right pulmonary artery at 36 weeks gestation
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was used to evaluate SSRI- and non-exposed fetuses and no significant
difference was found. However, in the subset of SSRI-exposed infants with
transient neonatal respiratory difficulties, fetal right pulmonary artery flow
was increased but it was not associated with PPHN (Lim 2012).

A recent meta-analysis (Grigoriadis 2014) on PPHN covering seven
studies concluded that the risk was increased for infants exposed to
SSRIs in late pregnancy (OR 2.50; 1.32-4.73), independent of the poten-
tial moderator variables examined. Although the statistical association
was significant, clinically the absolute risk of PPHN of the newborn
remained low.

Increased bleeding in newborns after fetal exposure to SSRI was reported
(Mhanna 1997) and two case reports associated paroxetine treatment in
late pregnancy with functional thrombocyte disturbance, which was asso-
ciated with subarachnoidal or ventricular bleeding and seizures in mature
newborns (Duijvestijn 2003, Salvia-Roiges 2003). However, a study of
27 full-term babies and their mothers found neither laboratory chemical nor
clinical indications of thrombocyte function disturbances (Maayan-Metzger
2006).

In a small study of 52 newborns, an extended QT interval was
observed compared to non-exposed children (409 vs. 392 milliseconds)
(Dubnov-Raz 2008). In case reports, necrotizing enterocolitis in new-
borns was also reported in association with prenatal SSRI or venlafaxine
exposure, including in term infants (Treichel 2009).

Salisbury (2011) examined potential effects of major depression with
and without SSRI treatment on newborn neurobehavior in a prospective
study. Women were seen at an outpatient research center twice during
pregnancy at 26-28 and 36-38 weeks. Three exposure groups were stud-
ied: control (n = 56), major depression (n = 20) or major depression
plus SSRI exposure (n = 36). Infants were assessed on a single occasion
within 3 weeks of birth with the NICU Network Neurobehavioral Assess-
ment Scale (NNNS). Full-term infants exposed to depression+SSRI had
a lower gestational age than the controls or depression-exposed infants
and (controlling for gestational age) lower quality of movement and
more CNS stress signs. In contrast, depression-exposed infants had the
highest quality of movement scores, while having lower attention scores
than controls and depression + SSRI-exposed infants. Depression +
SSRI-exposed infants have a different neurobehavioral profile than
depression-exposed infants in the first 3 weeks after delivery. Both
groups may have different neurobehavioral profiles with increasing age
from birth.

Long-term development

Although animal studies have revealed adverse effects of fetal SSRI
exposure on developmental outcomes (Ansorge 2008), human inves-
tigations have found no impact on either cognitive development or
behavior. However, motor skill deficits have been reported in infants
(Gentile 2011). Compared with offspring of mothers with depres-
sion, SSRI-exposed infants scored lower on the psychomotor index of
the Bayley Scales of Infant Development - Second Edition (BSID-II)
and the motor quality factor of the BSID-II Behavioral Rating Scale
(Casper 2003), although their neurological examinations were nor-
mal. Longer duration of prenatal exposure increased the risk for
lower psychomotor functioning in infants (Casper 2011). Delayed
motor milestones were also described (by parental report) in a large
(n=415) Danish National Birth Cohort (Pedersen 2010) ininfants exposed
prenatally to SSRI compared to infants exposed to maternal depression
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or antidepressants. However, these infants were still within the normal
range of development and the differences in motor skill achievement were
not significant at 19 months of age. Hanley (2013) also found that
10-month-old infants (7 = 31) with prenatal SSRI exposure had lower
gross motor functioning and social-emotional and adaptive behavior on
the Bayley Scales of Infant Development (Third Edition) than non-ex-
posed infants after controlling for prenatal and postpartum maternal
depressed mood, smoking and alcohol use during pregnancy.

In contrast, Johnson (2012) studied 6-month-old infants and found
no significant differences on the Infant Neurological International Bat-
tery between those exposed in utero to antidepressants compared to no
psychotropic drug exposure controls. A comparison between children
exposed prenatally to SSRIs and children in two control groups (209
tricyclic antidepressants, 185 non-drug exposed) also showed no sig-
nificant differences between exposed and unexposed infants in rates of
developmental delay or other neurological disorder in either the tricyclic
antidepressant or SSRI groups (Simon 2002). Oberlander (2010) found
that prenatal exposure to both maternal depressed mood and SSRI anti-
depressants were associated with increased internalizing behavior during
early childhood, whereas current maternal depression increased risk for
externalizing behavior. Increased child anxiety and depression symptoms
were predicted by higher third-trimester maternal anxiety only in chil-
dren with SLC6A4 two short S alleles. In contrast, increased aggression
and externalizing behaviors were predicted by third-trimester maternal
anxiety only in children with two copies of the L allele.

A significant association between dispensing of an SSRI prescription
and autism spectrum disorder was observed (Croen 2011). However,
the number of women exposed to SSRIs was low, and the propor-
tion of children with autism statistically attributable to prenatal SSRI
exposure was 2.1% for exposure during the year before delivery, and
2.3% for exposure during the first trimester. A history of maternal
depression (adjusted odds ratio 1.49, 95% CI 1.08-2.08) was associ-
ated with an increased risk of autism spectrum disorders in offspring
(Rai 2013). In the subsample with available data on drugs, this associa-
tion was confined to women reporting antidepressant use during preg-
nancy (3.34, 1.50 to 747, p = 0.003), irrespective of whether SSRIs or
other drugs were used. All associations were higher in cases of autism
without intellectual disability. Antidepressant use during pregnancy
explained 0.6% of the cases of autism spectrum disorder. Serensen
(2013) identified 668,468 Danish children and their parents in the Civil
Registration System. Children exposed prenatally to antidepressants
(ascertained by prescription filling) had an adjusted hazard ratio of 1.5
(95% CI 1.2-1.9) for autism spectrum disorder compared with unex-
posed children. Restricting the analysis to children of women with a
diagnosis of affective disorder, the adjusted hazard ratio was 1.2 (95% CI
0.7-2.1), and the risk was further reduced when exposed children were
compared with their unexposed siblings (adjusted hazard ratio 1.1; 95%
CI0.5-2.3). The authors concluded that there was no significant associa-
tion between prenatal exposure to antidepressant medication and autism
spectrum disorders in offspring after controlling for important confound-
ing factors. In another study Danish investigators linked information on
maternal use of SSRIs before and during pregnancy, autism spectrum
disorders diagnosed in the offspring, and a range of confounders. The
use of SSRIs during pregnancy was not associated with a significantly
increased risk of autism spectrum disorders (adjusted rate ratio, 1.20;
95% CI 0.90-1.61; Hviid 2013).
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2114 Tri- and tetracyclic antidepressants

A meta-analysis of the efficacy and tolerability of selective serotonin
reuptake inhibitors (SSRIs) against tricyclic antidepressants (TCAs)
(Anderson 2000) showed that the overall efficacy between the TCAs and
SSRIs was comparable; however, SSRIs were not as effective in treat-
ing inpatients and amitriptyline was more effective than SSRI compara-
tors. SSRIs had a modest advantage in terms of tolerability against most
TCAs. The SSRIs are dramatically less toxic in overdose situations than
the TCAs, due to lower cardiac toxicity.

TCA block the reuptake of the neurotransmitters (i.e. noradrenaline
and serotonin) in the adrenergic neurons. The prototype of the TCA
is imipramine. Similar medications are clomipramine, dibenzepin and
lofepramine. Specific drugs have stimulating effects in some patients,
such as with desipramine (metabolite of imipramine), nortriptyline
(metabolite of amitriptyline; and trimipramine (chemically similar to
imipramine). Other drugs typically have sedative effects, such as amitrip-
tyline, dosulepine, doxepin and the chemically related opipramol, which
has characteristics of both antidepressants and antipsychotics.

Maprotiline and mianserin belong to the group of tetracyclic antide-
pressants. Maprotiline primarily inhibits the synaptic reuptake of nor-
adrenaline. In contrast to maprotiline and the tricyclic antidepressants,
mianserin has minimal anticholinergic effects. Ketanserin, related to
mianserin, was used for the treatment of preeclampsia and for tocolysis
without any fetotoxic effects (Steyn 1998, Bolte 1997).

Maternal treatment and pregnancy complications

An advantage of the use of TCA during pregnancy is the availability of
meaningful serum levels to assess dose adequacy across the changing
milieu of pregnancy (Stika 2001). Oral dosages are likely to change
as pregnancy progresses, particularly in the third trimester, to a mean
of 1.6 times the nonpregnant dose to achieve a similar serum level
(Wisner 1993). Less anticholinergic sec