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Preface

Physicians and all health care providers who care for women in
their reproductive years are frequently asked by concerned women
who are planning a pregnancy, are pregnant or breastfeeding about
the risk of medicinal products for themselves, their unborn or
breastfed infant. These Dermatologists, Family Medicine physicians,
Internists, Obstetricians, Pediatricians, Pharmacists, Midwives,
Nurses, Lactation consultants, Medical geneticists, Psychiatrists,
Psychologists, Toxicologists to name but a few should be well-
informed in regard to acceptable treatment options and be capable of
assessing the risk of an inadvertent or required treatment/exposure.

All aspects of drug counseling are inadequately supported by var-
ious sources of information such as the Physicians Desk Reference,
package leaflets or general pharmacotherapy handbooks. Formal
drug risk classifications or statements such as “contraindicated dur-
ing pregnancy” may lead to a simplified perception of risk, e.g. an
overestimation of the risk or simple fatalism, and withholding of essen-
tial therapy or the prescription of insufficiently studied and poten-
tially risky drugs may result. This simplified perception of risk, can
lead to unnecessary invasive prenatal diagnostic testing or even to a
recommendation to terminate a wanted pregnancy. During lacta-
tion, misclassification of 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 is 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pregnancy and lactation, as yet unpublished results of recent studies,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. The book reflects accepted
“good therapeutic practice” in different clinical areas. It is written for
clinical decision-makers. Arranged according to treatment indica-
tions, the book provides an overview of the relevant drugs in the refer-
ring medical area available on the market today that might be taken
by women of reproductive age. The book’s organization facilitates a
comparative risk approach, i.e., identifying the drugs of choice for
particular diseases or symptoms. In addition, recreational drugs,
diagnostic procedures (X-ray), vaccinations, poisoning, workplace
and environmental contaminants, herbs, supplements and breastfeed-
ing during infectious diseases are discussed in detail.

The second edition has had major revisions throughout, most
sections were completely rewritten. The content has been adapted
for an international readership. Two additional editors were enlisted;
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the number of contributing authors has increased and reflects expert-
ise in a range of clinical specialties, e.g. dermatology, obstetrics, pedi-
atrics, internal medicine, psychiatry and many others. Moreover, most
authors are active members of the teratology societies including the
Organization of Teratogen Information Specialists (OTIS) and Euro-
pean Network of Teratology Information Services (ENTIS). The for-
mat is completely different and last but not least the price is much
lower — making the book available to far greater readership.

It is important to realize that the origin of this book lies in a book
published in German last year in its 7th edition. The success of the
latter (more than 50000 copies sold) can be described as a best-
seller — a strange term - for a book giving pertinent medical infor-
mation. This also demonstrates the need to be informed in this
difficult area of pharmacotherapeutics during pregnancy.

We are grateful to Kirsten Funk, publishing editor, from Elsevier/
Academic Press for providing support and advice for this project
to thrive. We thank Sue Armitage for copy editing and Claire
Hutchins from Elsevier for overseeing production. The editors truly
appreciate the many hours of work each contributor has performed
in the development of their chapters and with the suggested edito-
rial revisions. Finally, the editors wish to express our appreciation
to our families for providing the time and support to develop this
volume.

May the reader use this volume to examine treatment options for
specific diseases not only during pre-pregnancy but also before the
woman becomes pregnant. By providing prepregnancy counseling,
the editors and authors hope that inappropriate therapeutic, occu-
pational and/or environmental exposures will be minimized.

Richard K Miller, Rochester, New York, USA
Christof Schaefer, Berlin, Germany

Paul Peters, Utrecht, Netherlands

May 2007
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Notice

Medical knowledge is constantly changing. Standard safety precau-
tions must be followed, but as new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy
may become necessary or appropriate. The Authors and Editors have
expended substantial effort to ensure that the information is accu-
rate; however, they are not responsible for errors or omissions or any
consequences from the application of the information in this educa-
tional publication and make no warranty, expressed or implied, with
respect to the currency, completeness or accuracy of this publication.

Readers are advised to check the most current product information
provided by the manufacturer of each drug to be administered to ver-
ify the recommended dose, the method and duration, adverse drug
effects, and interactions. Application of the content of this volume for
a particular situation remains the professional responsibility of the
practitioner. It is ultimately the responsibility of the practitioner, rely-
ing on experience and knowledge of the patient, to determine dosages
and the best treatment or intervention for each individual patient.
Neither the Publisher, the Editors nor the Authors assume any liabil-
ity for any injury and/or damage to persons or property arising from
this publication.
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2 1.1 Introduction

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 impossi-
ble - first, 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 inadvertently exposed to maternal drug treatment
during the early embryonic period (Figure 1.1).

This book is intended for practicing clinicians, who prescribe
medicinal products, to evaluate environmental or occupational expo-
sures in women who are or may become pregnant. Understanding the
risks of drug use in pregnancy has lagged behind the advances in
other areas of pharmacotherapy. Epidemiologic difficulties in estab-
lishing causality and the ethical barriers to randomized clinical trials
with pregnant women are the major reasons for our collective defi-
ciencies. 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 phar-
maceutical products are now recognized to include not only malfor-
mations, but also growth restriction, fetal death and functional
defects in the newborn.

The evaluation of human case reports and epidemiological investi-
gations provide the primary sources of information. However, for
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1.3 Reproductive stages 3

many drugs (and even more so in the case of chemicals) experience
with human exposure is scarce, and animal experiments, iz vitro tests,
or information on related congeners provide the only basis for risk
assessment. The FDA has 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: first, 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 an
(uneventful) pregnancy. Conversely, those at high risk of damage to
their own health, or that of their unborn, require the assistance of
appropriate medicinal technology, including drugs. Accordingly, there
are two classes of pregnant women; the larger group requires support
but little intervention, 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 cigarettes and alcohol - as well as occupa-
tional and environmental exposure to potentially 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,
nutritional deficiencies and toxic effects during prenatal life predis-
pose the future adult to some diseases, such as schizophrenia (St Clair
2005), fertility disorders (Elias 2005), metabolic imbalances (Painter
2005), diabetes, and cardiovascular illnesses, as demonstrated by
Barker (1998), based upon epidemiological and experimental data.

1.3 Reproductive stages

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

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

Reproductive stage

Germ cell formation

Fertilization

Implantation

Female

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

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 imbalances, 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

1%

sabeys anipnposday €|



Embryogenesis

Organogenesis

Perinatal

Postnatal

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

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

Fetus

growth and development
Uterus

contractility
Hormonal effects

on uterine muscle cells
Maternal nutrition

Infant survival
Lactation

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

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)

1 General commentary on drug therapy and drug risks in pregnancy
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6 1.4 Reproductive and developmental toxicology

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 undifferen-
tiated primordia of gonads located at the medio-ventral surface of the
urogenital ridges. They subsequently differentiate into oogonia and
oocytes, or into spermatogonia. The oocytes in postnatal life are at an
arrested stage of the meiotic division. This division is restarted much
later after birth, shortly before ovulation, and is finalized after fertiliza-
tion 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-weeks’ pregnant
mother of an unborn female is already prepared to be a grandmother!

The embryonal spermatogenic epithelium, on the contrary,
divides slowly by repeated mitoses, and these cells do not differen-
tiate into spermatocytes and do not undergo meiosis in the prenatal
period. The onset of meiosis in the male begins at puberty.
Spermatogenesis continues throughout (the reproductive) life.

When the complexity of sexual development and female and
male gametogenesis is considered, it becomes apparent that pre-
and postnatal drug exposure is a special toxicological problem hav-
ing different outcomes. The specificity of the male and female
developmental processes also accounts for unique reactions to
toxic agents, such as drugs, in both sexes.

After fertilization of the oocyte by one of the spermatozoa in the
oviduct, there is the stage of cell divisions and transport of the blasto-
cyst into the endocrine-prepared uterine cavity. After implantation,
the bilaminar stage is formed and embryogenesis starts. The next
7 weeks are a period of finely balanced cellular events, including pro-
liferation, migration, association and differentiation, and programmed
cell death, precisely arranged to produce tissues and organs from the
genetic information present in each conceptus. 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 the later stages.

Final morphological and functional development occurs at differ-
ent times during fetogenesis, and is mostly only completed after birth.
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; Miller 2005).

1.4 Reproductive and developmental toxicology

Reproductive toxicology is the subject area dealing with the causes,
mechanisms, effects and prevention of disturbances throughout the
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entire reproductive cycle, including fertility induced by chemicals.
Teratology (derived from the Greek word Tepas which originally
meant star; later meanings were wonder, divine intervention and,
finally, terrible vision, magic, inexplicability) is the science concerned
with the birth defects of a structural nature. However, the terminology
is not strict, since literature recognizes also “functional” teratogenic
effects without dysmorphology.

Reproductive toxicity 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 the
structural and functional abnormalities of postnatal manifestations of
such effects. Teratogenicity is a manifestation of developmental toxic-
ity, representing a particular case of embryo/fetotoxicity, by the induc-
tion or the increase of the frequency of structural disorders in the
progeny.

The rediscovery of Mendel’s laws about a century ago, and the
knowledge that some congenital abnormalities were passed from
parents to children, led to attempts to explain abnormalities in chil-
dren based on genetic theory. However, Hale (1933) noticed that
piglets born to sows fed a vitamin A-deficient diet were born with-
out eyes. He concluded that a nutritional deficiency leads to a
marked disturbance of the internal factors which control the mech-
anism of eye development. During a rubella epidemic in 1941, the
Australian ophthalmologist Gregg observed that embryos exposed
to the rubella virus often displayed abnormalities, such as cataracts,
cardiac defects, deafness and mental retardation (Gregg 1941).
Soon after it was discovered that the protozoon Toxoplasma, a uni-
cellular parasite, could induce abnormalities such as hydrocephaly
and vision disturbances in the unborn. These observations proved
undeniably that the placenta is not an absolute barrier against
external influences.

Furthermore, in the early 1960s maternal exposure to the mild
sedative thalidomide appeared to be causing characteristic reduction
deformities of the limbs, ranging from hypoplasia of one or more dig-
its to the total absence of all limbs. An example of the thalidomide
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).
This discovery by Lenz (1961) and McBride (1961) independently
led to a worldwide interest in clinical teratology.

Fifty years after the thalidomide disaster, the risk of drug-induced
developmental disorders can be better delimited; to date there has
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8 1.4 Reproductive and developmental toxicology

been no sudden confrontation by a medicinal product provoking,
as in the case of thalidomide, 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, the prevalence of birth defects
(3-4 percent) has not increased in the last half century, although
substantially more substances have been marketed during these
years.

Contrary to the assessment of drug-induced disorders, 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 evalua-
tion is lacking, although Occupational Exposure Limits (OELs) or
Threshold Limit Values (TLVs) and occupational precautions have
their effect (see Chapter 2.23).

An essential aim of public health is prevention. Primary preven-
tion 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 abuse. 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 in use
or removed from the market. This is in contrast to secondary pre-
vention of developmental disorders, which means the prevention
of the birth of a child with a developmental defect - usually
by abortion. In this context, tertiary prevention indicates an early
detection of a metabolic disorder so that, for example, in the case of
phenylketonuria (PKU) as an intervention a special diet low in
phenylanaline is indicated to prevent mental retardation
(phenylpyruvic oligophrenia).

When thalidomide was recognized as being the causal factor of
phocomelia, the removal of the drug from the market resulted in
the disappearance of the embryopathy. This event was also accom-
panied by a transient drastic avoidance of general drug intake by
pregnant women.

Healthcare professionals and pregnant women must continue to
develop a more critical attitude 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 atti-
tude could 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 expo-
sures to chemicals.
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1.5 Basic principles of drug-induced reproductive
and developmental toxicology

Drugs that have the capacity to induce reproductive toxicity can be
identified to a large extent before being marketed, based upon the
outcome of laboratory animal experiments. The final conclusions
can only become available through epidemiological studies after
the product has been on the market for some time. The determina-
tion of whether a given medicinal product has the potentiality or
capability to induce developmental disorders is essentially gov-
erned by four established fundamental principles (Wilson 1977). It
can be stated that an embryo- and fetotoxic response depends upon
the exposure to: (1) a specific substance in a particular dose, (2) a
genetically susceptible species, and (3) a conceptus in a susceptible
stage of development; and (4) by the mode of action of reproduc-
tive toxic drugs.

Principle 1

As in other toxicological evaluations, reproductive toxicity is gov-
erned by dose-effect relationships; the curve, however, 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 been realistically tested or was
clinically positive has been shown to have a threshold, a “no-
effect”, level. Another aspect worth mentioning here is the occa-
sionally highly specific nature of the substance - for instance,
thalidomide is a clear-cut teratogen in the human and specific
species, in contrast to its analogs, which were never proven to be
developmental toxicants. Moreover, not only is the daily dose of
importance to result in a potential embryo/fetotoxic concentration
of the drug, but also the route of exposure.

Principle 2

Not all mammalian species are equally susceptible or sensitive to
the reproductive 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 toxicant may produce similar defects in various species,
but these defects will vary in frequency; a substance may induce cer-
tain 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 pharmocokinetics and in receptor sensitivity
that influence the teratogenic response. This may be further modified
by environmental factors.
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Principle 3

There exists a sensitive period for different effects, i.e. the develop-
mental phase, during which originating, proliferating and differen-
tiating 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 recep-
tors. This explains how, at an early period of development, dysmor-
phology is induced by a substance which, at the opposite end of the
developmental timetable, induces functional disorders such as
those of the central nervous system.

Principle 4

The pathogenesis and the final effects of developmental toxicity can
be studied rather well. Knowledge about the early onset or the mech-
anism of this process of interference of agents with development is
practically absent. Mechanistic information is, however, essential to
understanding how chemicals can disturb development, and is a crit-
ical component of risk evaluation. To improve the understanding of
the mode of action of toxicants, including early repair mechanisms,
critical molecular targets of components of developmental processes
should be identified. These targets are, among others: evolutionary
conserved pathways of development; conserved molecular-stress and
checkpoint pathways; and conserved toxicokinetic components such
as those involved in the transport and metabolism of toxicants.
About 18 different signaling pathways that operate in the develop-
ment of the organs of model animals, such as the fruitfly, roundworm
and zebrafish, also operate in the development of mammalian
organs. Therefore, the effects of medicinal products on fundamen-
tal processes such as signaling can be detected. Because the same
signaling pathways operating in the various kinds of organ develop-
ment in mammals are partially known, and will soon be better
known, a chemical’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).

1.6 Effects and manifestations

A wide variety of responses characterizes developmental toxicity.
Infertility, chromosomal and genetic disorders, spontaneous abortion,
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 manifestation of a
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developmental or reproductive toxicant can either be seen immedi-
ately 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
gametogenesis. The effects on the pre-implantation stage will cause
early embryonic death, extra-uterine implantation, or delayed
transport of the fertilized zygote.

A critical phase for the induction of structural malformations
usually 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 overdue. It may be unwise
to rely absolutely on this time period. With physical agents such as
X-rays used in laboratory animals, exposure can be limited exactly
to a period of minutes to discover the exact sensitive period for
inducing a specific disorder. However, with drugs and other chemi-
cals, we are unsure about the time courses of absorption, metabo-
lism 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 particular 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
functional deficits is much longer than that for the induction of
gross structural defects. Functions shown to be affected by pre- and
early postnatal exposure to chemicals include behavior, reproduc-
tion, endocrine function, immune competence, xenobiotic metabo-
lism, 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, 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 evi-
dence of transplacental tumor-induction in humans for only one com-
pound - i.e. diethylstilbestrol (DES). Exposure to DES in utero leads
to the development of clear-cell adenocarcinoma of the vagina or
cervix in about 1 in 1000 of those at risk. Moreover, DES is now a rec-
ognized 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.
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1.7 Pharmacokinetics in pregnancy

Metabolism and kinetics of medicinal products are more compli-
cated in pregnancy than otherwise. In general, the effective concen-
tration of a drug or its metabolites is influenced by the following:

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

m the passage and metabolism through the yolk sac and the pla-
centa

m the 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
adaptations, which can lead to clinically important reductions in
the blood concentrations of certain medicinal products. The total

Table 1.2. Changes during pregnancy of the pharmacokinetics
of drugs

Resorption
Gastrointestinal motility
Lung function

Skin blood circulation
Distribution

Plasma volume

Body water

Plasma protein

— - > —

Fat deposition
Metabolism
Liver activity T
Excretion

Glomerular filtration 1

Source: Loebstein (1997).
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body water increases by as much as 81 during pregnancy, which
provides a substantially increased volume in which drugs can be
distributed. During pregnancy, the intestinal, cutaneous and inhala-
tory 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 binding
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 pregnancy, and
drugs that are eliminated unchanged by the kidney are usually elim-
inated more rapidly; this change in renal clearance has been clini-
cally important in only a few cases, and does not require adaptation
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).

1.8 Passage of drugs to the unborn and
fetal kinetics

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, morphologically and functionally, both the yolk sac and the
placenta develop and change in performance (Miller 2005, Carney
2004, Garbis-Berkvens 1987). This is not a major issue with single
doses, but becomes a matter of concern with long-term therapy. The
placenta is essentially a lipid barrier between the maternal and
embryonic/fetal circulations, like the lipid membrane of the gastroin-
testinal tract, allowing 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 molecu-
lar 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
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transfer of drugs to the fetus is inevitable. 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 By, and immunoglobulins)
do cross the placenta via specific receptor-mediated processes. It
should be noted that modified immunoglobulins used therapeuti-
cally, e.g. abciximab, do not cross the placenta but are metabolized
by the placenta because they are only Fab fragments and do not
have Fc terminals (see also Chapter 2.12; Miller 2003).

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 pregnancy. 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 compart-
ment. The (at that time not yet existing) blood-brain barrier in the
fetus is another characteristic that might be important for the possi-
ble 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
(penicillins, cephalosporins) and antiretrovirals concentrate in the
fetal compartment. Such depot effects are also enhanced by recir-
culation 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).

1.9 Causes of developmental disorders

Wilson (1977), during a presentation in Vienna in 1973, presented
an estimate of the causes of developmental disorders (Table 1.3).
His most important 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 the late human geneticist
Christine Rosch (2003) who meticulously analyzed the etiology of
4146 children born with major malformations from her birth
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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 48.8
Unknown 65-70 61.5 43.2 33.6

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 some percentage of developmental disorders,
but they may play a more important role in the causation of defects
through interaction with other (genetic) factors and maternal meta-
bolic diseases. Table 1.4 presents an overview of the drugs and
chemicals proven to be developmental toxicants in humans.

1.10 Embryo/fetotoxic risk assessment

There are different methods for assessing the embryo/fetotoxicity of
medicinal products. The risk assessment process for new drugs is lim-
ited to experimental studies on laboratory animals. For drugs on the
market, large epidemiological studies are of great value. In the case of
thalidomide, more than 2 years passed before, in Germany, Dr Lenz’s
early suspicions about the phocomelia tragedy were accepted (Lenz
1988). It is generally accepted that the predictive value of animal ter-
atogenicity and reproductive toxicity tests is in extrapolating results of
chemicals into terms of human safety; however, such predictions are
still not adequate. Hence, it can be understood that not all develop-
mental toxic substances have been discovered by laboratory screening
methods before they were used in humans. With the exception of
androgens, several antimitotic drugs, sodium valproate and vitamin-A
derivatives, all human teratogens were discovered earlier in man than
in animals. Most of these discoveries were made from case studies by
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Table 1.4. Medicinal products, chemicals and drugs of abuse with proven embryo/fetotoxic

potential in humans
Agent

ACE inhibitors and AT-ll-receptor antagonists
Alcohol

Androgens

Antimetabolites

Benzodiazepines

Carbamazepine

Cocaine

Coumarin anticoagulants

Diethylstilbestrol

lonizing radiation

lodine overdose

Lead

Lithium

Methyl mercury

Misoprostol

Penicillamine

Phenobarbital/primidone (anticonvulsive dose)
Phenytoin

Polychlorinated biphenyls

Retinoids

Tetracycline (after week 15)
Thalidomide

Trimethadione

Valproic acid

Vitamin A (>25000 1U/day)’

Indicating signs

Anuria

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
Microcephaly, leukemia

Reversible hypothyroidism

Cognitive developmental retardation
Ebstein-anomaly

Cerebral palsy, mental retardation

Moebius-sequence, reduction defects of extremities

Cutis laxa
Multiple malformations
Multiple malformations

Mental retardation, immunological disorders,
skin discoloration

Ear, CNS, cardiovascular, and skeletal disorders
Discoloration of teeth

Malformations of extremities, autism

Multiple malformations

Spina bifida, multiple malformations

See retinoids

'Biologically, doses > 5000 IU/day are not required. The threshold for teratogenesis is much greater
than 25000 IU/day. Provitamin A = (3-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.
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“alert” clinicians, and not primarily from epidemiological studies.
Prospective cohort or retrospective case-control studies (see below)
might provide the final evidence for such hypotheses (postmarketing
surveillance).

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
Monitoring Systems with its International Centre for Birth Defects
Surveillance and Research in Rome (www.icbdsr.org) consists of
programs monitoring several million newborns each year.
Cooperative research is performed, but the main activity is the
exchange of information collected within each program. The scope
of this Clearinghouse includes fetal and childhood conditions of
prenatal cause. A primary goal of the Clearinghouse is to detect
changes in the incidence of specific malformations or patterns of
malformations that may indicate the presence of chemicals (includ-
ing medicinal hazards), to identify such hazards, and, if possible,
eliminate them. Today, the FDA is requiring new drugs or suspicious
medications to have pregnancy registries developed to monitor
prospectively the incidence of birth defects in such drug-exposed
pregnant women.

The process of assessing a reproductive or embryo/fetoxic effect
of a drug includes the establishment of a biological plausibility and
epidemiological 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 spe-
cific malformation in a certain region and during a given time.

m Drug use must have taken place in the sensitive period 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 proved 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 pregnancies with an adverse outcome with the expected
number. However, this implies that the rate of adverse outcomes of
Fregnancy in the population and the rate of exposure must be
known.
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The easiest possible technique is to study all pregnancies,
prospectively. This demands large numbers, producing many prob-
lems (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 (Kéllén 1988).

The second type of causal analytical studies is the cohort
approach (either historical or prospective), when adverse repro-
ductive outcome is studied in a group of women defined by a spe-
cific exposure situation. The outcome in the exposed group is
compared either with the total population or with an unexposed
control cohort. The observed number of adverse outcomes is then
compared with the expected number under the assumption that
exposure does not affect outcome. Such cohort studies make it pos-
sible to examine many different outcomes after a specific exposure -
e.g. spontaneous abortion, low birth weight, perinatal mortality,
and different types of malformations. The big problem with cohort
studies is often defining the cohort and identifying a sufficient num-
ber of women who have been exposed to the factor under study
(Kallén 1988).

Both types of analytical studies can be combined into a more
powerful methodology: case-control studies within cohorts. These
epidemiological studies lead to identification of a possible statisti-
cal association between the outcome and exposure. Killén (1988)
elaborates clear examples of the meanings of such associations,
and, among others, emphasizes the importance of not forgetting
random variation as an explanation of the association. The latter is
especially important when handling clusters (space-time aggre-
gated occurrences) of adverse reproductive outcomes, often loosely
suggested to be caused by an environmental agent or medicinal
product.

The prolonged use of medicines during pregnancy occurs in
cases of chronic (metabolic) diseases such as epilepsy, psychiatric
illnesses, diabetes, and thyroid dysfunction. There are clear indica-
tions of developmental toxicity among these groups of medicines, and
thus epidemiological investigations deserve a high priority. Greater
uniformity in prescribing habits would enhance the likelihood of
detecting causal factors of developmental disorders. 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 man-
ifested as structural malformations — other embryo/fetotoxic effects
include:

= spontaneous abortions
m intrauterine growth retardation
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m reversible functional postnatal effects, such as sedation, hypo-
glycemia, bradycardia, and withdrawal effects

m central nervous system disorders, from motility disturbances to
learning disabilities; immunological and fertility and reproduc-
tive 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 percent at birth and about
8 percent or more at the age of 5 years.

1.1 Classification of drugs used in pregnancy

About 80 percent 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 environ-
mental 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, classification systems have been introduced in the
USA, Sweden and Australia. Classification is general, and of a
“ready-made” fashion. These systems allow only for a general estima-
tion of the safety of drugs during pregnancy and reproduction. The
FDA classification as published in the Federal Register (2000) is not
much different from the earlier one indicated in the previous edition
of this book as being under “reconstruction”. In the EU, a specifica-
tion of the medicinal products to be used in pregnancy has to be
given on the summary of product characteristics, including:

m facts regarding human experience and conclusions from preclin-
ical toxicity studies which are of relevance for the assessment of
risks associated with exposure during pregnancy

m recommendations on the use of the medicinal product at differ-
ent times during pregnancy in respect of gestation

m recommendations on the management of the situation of an
inadvertent 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 “contraindi-
cation in pregnancy” might result in unnecessary terminations of
pregnancy (Briggs 2003). Moreover, labeling for pregnancy gener-
ally does not include specific advice regarding when the drug is
used inadvertently during pregnancy (see also later).
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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 reproductlve toxic agents,

these might damage their offspring. To date, no one is certain

regarding the safety of substances that, after administration to males

or via their occupational exposure, can cause birth defects.
Theoretically, there are three possible causes:

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

2. Agents might act through the semen. Many substances are
excreted in semen and are present along with the sperm before,
during and also (long) after the moment of conception, and
undergo resorption through the vaginal mucosa, reaching the
maternal circulation.

3. Toxic agents produced indirectly as a result of the action of, for
example, drugs in the male may have an effect.

There have been case studies regarding immunosuppressants
(review Weber-Schondorfer 2005) and cytostatics that might indi-
cate causality. No one believes at this moment that drugs taken by
males are major contributors to developmental disorders, but many
(experimental) investigators have concluded that these medicinal
products could cause such disorders. Certainly, fertility distur-
bances are to be expected and have been reported with, for exam-
ple, radiotherapy, cyclophosphamide, dibromochlorpropane, and
lead (Friedman 2003, Sallmén 2003). Environmental agents with
anti-androgenic or estrogenic activities, such as PCBs, dioxins
and phthalates, are also incriminated in this respect (see review
by Storgaard 2006). Casuistic cases have been mentioned
with mesalazine in colitis ulcerosa (Chermesh 2004, Fisher 2004).
Male occupational exposure to pesticides, heavy metals, organic
solvents, radiation, and smoking (see Chapter 2.23) have also been
associated with an increased risk of spontaneous abortions, devel-
opmental abnormalities and even childhood cancers (Aitken
2003). Acknowledging this possible cause of developmental
toxicity should be considered when stimulating primary preven-
tion of congenital disorders. The best (and indeed hygienic) way
to take precautions is by the use of condoms when the man is
taking medicinal products that are suspected to be harmful when
ejaculated.

At present there are no data that justify elective termination of
pregnancy (ETOP) because of paternal teratogenicity. The question
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of whether it is necessary to perform a chromosome analysis after
using cytoxic or other mutagenic medicinal products has not yet
been resolved. In practice, it is advisable to wait two spermatogenic
cycles (about 6 months) after such treatment before conception is
planned.

1.13 Communicating the risk of drug use in
pregnancy

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

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

2. Risk communication regarding the safety (or otherwise) of drugs
used in pregnancy when drug exposure has already taken
place, including risk communication in the case where a child is
born with a developmental disorder following drug use during
pregnancy.

In the latter situation, during pregnancy the question is whether or
not fetal development is at risk, leading to discussion of whether
additional (invasive) diagnostic procedures or even pregnancy ter-
mination are indicated. If there is the possibility that a child may be
born with disorders, feelings of guilt might be the motivation for
asking about risk; however, this situation is also frequently of impor-
tance 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 two 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, outdated and,
in some cases, even misleading that the prescribing physician 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 “con-
traindicated in pregnancy” is in some cases correctly applied to an
embryo/fetotoxic product, but it may also mean that experience with
this drug in pregnancy has not been sufficiently documented.
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Registration authorities and drug producers view drug risks differ-
ently from the clinician who is treating an individual patient. When,
for example, a particular drug involves a relative risk (risk ratio)
value 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 addi-
tional 400 malformed children per 100000 exposed pregnancies,
considering a spontaneous malformation rate of 2 percent.

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 melli-
tus, epilepsy or particular communicable diseases, treatment is oblig-
atory regardless of pregnancy. In contrast, inessential products such
as antitussive preparations, “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:

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

m In chronic treatment of women of reproductive age, the possibil-
ity 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 preg-
nancy are the drugs of first choice for long-term treatment during
the reproductive years.

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

m In general, drugs that have already been in use for several years
should be the preferred choice during pregnancy, provided that
they have not been substantially suspected of carrying risk. These
products usually involve greater safety in their therapeutic effi-
cacy in the mother and tolerability by the fetus. On the contrary,
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recently introduced agents must be considered to be an unap-
praised 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 appro-
priate 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.

1.15 Risk communication regarding the safety (or
otherwise) 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 (see Appendix
A for a list of such centers). A potential at-risk exposure should be
handled in the same manner as a genetic or chromosomal 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 intervention,
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 embryogene-
sis, 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 confi-
dent 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 referred to,
as these could alarm the already anxious patient and perhaps lead to
a drastic decision - for example, the termination of a wanted preg-
nancy based on a misinterpreted product warning such as “inade-
quately 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 counseling her
physician, it is advisable to use standard terminology such as: “it is
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unlikely that your patient has an increased risk for a developmental
disorder as compared with the prevalence in the population”. In the
case of a developmental toxicant he should be provided with the rela-
tive risk, organ specificity, and recommended diagnostics.

For certain exposures, additional prenatal diagnostic procedures
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 with chromosomal analysis. It is impor-
tant 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, or the European Network of
Teratology Information Services, www.entisorg.com) and another in
the Americas (OTIS, or the Organization of Teratology Information
Specialists, www.otispregnancy.org). A teratology information serv-
ice provides health professionals and patients with “tailor-made”
information relating to the pertinent situation, illness and chemical
exposure of the individual involved (Schaefer 2005). These services
also conduct follow-up studies (case-registry studies and prospective
cohort-control studies) to learn about what occurred during the
course of pregnancy and the health of the newborn. Pregnancy out-
comes of counseled patients are essential to identify more precisely
the risk of medicinal products. This research relies on a detailed
protocol of all chemical and medicinal exposures, maternal and
paternal diseases and occupational conditions, the obstetric history,
the course of the current pregnancy and the state of the newborn.

The institutions listed in Appendix A provide risk assessments of
drug use in pregnancy (and during lactation). They belong to either
the European Network of Teratology Information Services or the
Organization of Teratology Information Specialists.
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2.1.1 Paracetamol (acetaminophen)

Pharmacology and toxicology

Paracetamol (acetaminophen) has both analgesic and antipyretic
properties, and is well tolerated. In therapeutic doses, it does not
inhibit prostaglandin synthesis. Its action is transmitted via a cen-
tral point in the region of the hypothalamus. Paracetamol crosses
the placenta easily. Indications that the chromatid breaks observed
in lymphocytes (Hongslo 1991) might be clinically relevant have
not been confirmed.

Earlier, as a result of individual case reports, a teratogenic potential
in humans was suspected. Also recently, an association of gastroschi-
sis and maternal treatment with paracetamol plus pseudoephedrine
during the first trimester was observed in a retrospective study of 206
affected infants (Werler 2002). In one study, a significant reduction in
the proportion of preterm birth was noted (Czeizel 2005). Another
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recent study discussed paracetamol use in late pregnancy as a
causative factor for asthma and elevated IgE levels in later childhood
(Shaheen 2002, 2005). However, other investigations (e.g. Cleves
2004) do not indicate a developmental risk with paracetamol. This
also applies to suicide attempts with paracetamol (McElhatton
1997). Only when antidote treatment with acetylcysteine (which is
also indicated in pregnancy) was for some reason unsuccessful and
the mother suffered massive liver damage, was there also fetal liver
damage (Wang 1997) (see also Chapter 2.22).

Recommendation. Paracetamol/acetaminophen is the analgesic and
antipyretic of choice. It can be used at usual dosages and at any stage of
pregnancy.

2.1.2 Aspirin (acetylsalicylic acid)

Pharmacology

Depending on the dosage, aspirin (acetylsalicylic acid) (ASA) inhibits
the synthesis of both prostaglandins and thromboxane. This gives rise
to different treatment indications: with a low dosage of approximately
100 mg a day, thromboxane synthesis is inhibited with a reduction in
the thrombocyte aggregation. This mechanism of action is used for
thrombosis prophylaxis. The analgesic, antipyretic and antiphlogistic
effects occur as a result of the inhibition of prostaglandin synthesis
with individual doses from 500 mg. As a result of the limited therapeu-
tic range in the antiphlogistic area (daily dosage of 3000 mg and
more), acetylsalicylic acid has been largely supplanted as an
antirheumatic by the newer, non-steroidal anti-inflammatory drugs
(NSAIDs). Both low-dose and analgesia-dose usage is noted.

Salicylates are lipophilic; they are quickly absorbed after oral
administration, they cross the placenta and distribute readily to the
fetus. Metabolism and elimination via glucuronidation by the liver
occurs only slowly in the fetus and newborn because of the still lim-
ited enzyme activity and the limited glomerular filtration rate.

Low-dose therapy

Low-dosage treatment with 75-300mg daily is prescribed for
thrombosis prophylaxis and for the prevention of pre-eclampsia.
This therapy also seems effective in preventing abortions and other
pregnancy complications in women with anticardiolipine or phos-
pholipid antibodies as in systemic lupus erythematosus (Backos
1999; see also Chapter 2.9).

Pregnancy
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Many studies have examined the use of low-dose treatment to pre-
vent high blood pressure in pregnancy and its consequences, such as
intrauterine growth restriction. The Collaborative Low-dose Aspirin
in Pregnancy Study (CLASP 1994), which studied 9000 women, pro-
vides a comprehensive look at this topic. The findings of the CLASP
study did indicate that low-dose aspirin reduced fetal morbidity in a
select population of women with early-onset pre-eclampsia. Several
other single- and multicenter trials (nearly 30000 pregnancies in
total) were published. The ability of low-dose aspirin to prevent pre-
eclamspia remains controversial, and this regards maternal as well as
fetal outcome. Small benefits have been observed in specific groups
(high-risk primigravidae, women with poor obstetric outcome). In
one meta-analysis, aspirin treatment seemed to have, for women at
moderate and high risk, a small but significant effect on reducing the
rate of preterm birth, but did not reduce the rate of perinatal death
(Kozer 2003). The small effect on altering preterm birth in women
with moderate and high risk of pre-eclampsia currently does not
justify the routine use of low-dose aspirin for prevention of pre-
eclampsia in all patients (Kozer 2003, Heyborne 2000, Knight 2000,
Caritis 1998, Sibai 1998).

Toxicology

Although salicylates in high doses can cause birth defects in some ani-
mal species, such effects in humans have not been identified until
recently, in a retrospective investigation. A large prospective study of
over 50 000 pregnancies did not uncover any evidence of teratogenic-
ity, altered birth weight rates or perinatal deaths (Slone 1976). A retro-
spective study of 206 affected children, evaluating the relation between
maternal use of cough/cold/analgesic medication and gastroschisis,
found an elevated risk for the use of aspirin. Possible confounding with
underlying illness cannot be ruled out, and definite conclusions cannot
be drawn (Werler 2002). A meta-analysis of studies on ASA treatment
in the first trimester showed a slightly increased risk for gastroschisis.
The overall rate of birth defects was not increased (Kozer 2002). In a
study on renal anomalies, more mothers of affected children reported
ASA use in the first trimester compared to the control group (Abe
2003). However, considering the low number of exposed children, the
result should be interpreted with caution. A study based on data of the
Swedish medical birth registry could not find an association between
ASA and cardiovascular defects (K&llén 2003). Another study of over
19 000 pregnant women who had taken acetylsalicylic acid in the first
or second trimester showed that intellectual development in early
childhood, up to the age of 4 years, was not affected (Klebanoff 1988).

A study on prostaglandin inhibitors in very early pregnancy
observed an increased risk for spontaneous abortion after ASA use
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around conception (Li 2003). Considering the low figures (5 of 22
exposed pregnancies) and other methodological limitations (no
dosage specification), the results should be interpreted with caution.

Salicylate poisoning during pregnancy has been associated with
intrauterine deaths. When an overdose has been taken, metabolic
acidosis, as caused by salicylic acid, can occur more rapidly in the
fetus with its already low arterial pH than in the mother, with seri-
ous consequences. Because fetal death in these cases is possible,
maternal treatment or, in case of a potentially viable child, prema-
ture delivery should not be postponed (Palatnick 1998; see also
Chapter 2.22).

Late pregnancy

The major pharmacologic action of aspirin (and the other NSAIDs)
on the fetus is mediated through inhibition of prostaglandin synthe-
sis. Like other prostaglandin synthesis inhibitors (see section
2.1.12), acetylsalicylic acid may decrease uterine contractions and
prolong pregnancy and labor. For this reason, salicylates were once
used for tocolysis. Inhibition of prostaglandin synthesis can, from
about the twenty-eighth week to the end of pregnancy, lead to pre-
mature closing of the ductus arteriosus (botalli) and pulmonary
hypertension (this was first documented with indomethacin ther-
apy, but is also possible with acetylsalicylic acid - although not
with low-dose therapy - and other NSAIDs; see section 2.1.12).

Aspirin also decreases platelet adhesiveness and aggregation, and
among premature infants intracranial bleeding has been described
many times when the mother took acetylsalicylic acid in the last
week of her pregnancy. By contrast, in healthy full-term newborns
analgesic doses seem only to have an effect on the laboratory
parameters relevant to coagulation. There was no intracranial
bleeding observed with these children.

When low-dose aspirin has been used, there is no risk of premature
closure of the ductus arteriosus; maternal, fetal and neonatal hemo-
stasis will not be affected (CLASP 1994, di Sessa 1994, Sibai 1993).
There is only one case report where moderate cerebral bleeding in a
term neonate is discussed in association with low-dose ASA; here, the
prothrombin time and INR were elevated in the child’s blood. There
were no neurological symptoms reported (Sasisdharan 2001).

Recommendation. Aspirin is the analgesic and antipyretic of second
choice in pregnancy. Paracetamol/acetaminophen is preferable. In the third
trimester, salicylates should not be taken regularly and not at all in antiphlo-
gistic doses. However, individual analgesic doses do not seem to represent
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an increased risk. For antiphlogistic indications, NSAIDs such as ibuprofen
are preferable (with its restrictions; see section 2.1.12). When the mother is
treated regularly with higher doses of acetylsalicylic acid from week 28
onward, the fetal ductus arteriosus must be observed with Doppler ultra-
sound. Consider also the fact that even a single analgesic dose of 500 mg
can increase the risk of hemorrhage during delivery, especially in premature
infants. Low-dose treatment with acetylsalicylic acid can be used unrestrict-
edly for appropriate indications (see also Chapter 2.9).

2.1.3 Pyrazolone derivatives

Pharmacology and toxicology

Metamizol (dipyrone), phenazone (antipyrine) and propyphenazone
have become less important as analgesics and antipyretics because
of undesirable effects on hematopoiesis. Other analgesics have super-
seded them. There are no indications of embryotoxic properties in
humans. In a prospective study of 108 pregnant women with first-
trimester exposure to metamizol, there were no indications for an
increased risk of malformations or spontaneous abortion (Bar-Oz
2005). Findings from two other studies that discussed Wilms’ tumor
(Sharpe 1996) and leukemia (Alexander 2001) in association with
prenatal metamizol exposure have not yet been confirmed by other
authors, and should be interpreted with caution. Being a prostaglandin
antagonist, the drug is considered to have the same effects as other
NSAIDs when used in late pregnancy (see section 2.1.12).

Recommendation. The use of metamizol (dipyrone), phenazone (antipyrine)
and propyphenazone should be abandoned. The analgesics of choice are
paracetamol — in certain cases in combination with codeine or ibuprofen (until
week 30). However, treatment with pyrazolone derivatives does not justify a
termination of pregnancy.

214 Combination analgesic preparations

Recommendation. Combination preparations are not recommended, with
the exception of paracetamol plus codeine. Although there are no concrete
indications of any embryotoxic action in human beings, the imponderability
of toxic risk increases with the number of ingredients. Furthermore, there
are many combination products, which do not conform to good therapeutic
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practice. Inadvertent use of a combination of analgesic preparations does
not justify either a termination of the pregnancy or invasive diagnostic
procedures.

215 Opioid analgesics in general

Opioids are strong, centrally acting analgesics, which are similar in
their action to morphine (the primary alkaloid in opium) and can
lead to dependency. The opioids are divided into:

m Pure agonists: morphine, codeine, hydromorphone and nicomor-
phine; and synthetic agonists like methadone and its derivatives,
dextromoramide and dextropropoxyphene, and alfentanil, fentanyl,
pethidine, piritramide, remifentanil, sufentanil and tramadol.

m Partial agonists/antagonists: substances that have both proper-
ties, such as buprenorphine, nalbuphine and pentazocine.

m Pure antagonists: naloxone has its use as antidote.

With respect to their toxicity in pregnancy, the short-term thera-
peutic use of opiates (e.g. in the perinatal phase) should be evalu-
ated differently from that of opiate abuse or substitution therapy for
opiate abuse.

2.1.6 Morphine

Pharmacology and toxicology

Morphine is an opium alkaloid, derived from the seed capsule of
the poppy plant. It has strong analgesic and sedative properties,
and a high risk of dependency. Teratogenic effects have been
observed in animal studies, but to date there are no indications that
morphine, Aydromorphone or nicomorphine increase the incidence
of birth defects in humans. Administration of morphine or others
during labor is associated with neonatal respiratory depression and
also, in the case of abuse or long-term use, with withdrawal symp-
toms including tremors, irritability, sneezing, diarrhea, vomiting,
and occasionally seizures (Kopecky 2000, Levy 1993; see also
Chapter 2.21); these effects may be seen after administration of any
opioid, but are believed to be more severe after morphine. Later-
developing behavioral abnormalities in the offspring prenatally or
perinatally exposed to opioids have been discussed in the literature.
Experience with women who were on morphine (or methadone or
buprenorphine) for treatment of addiction gives no indication of
severe (lasting) adverse effects (Wunsch 2003).

Pregnancy
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Recommendation. If compellingly indicated, morphine may be used dur-
ing pregnancy. Use near to term may cause neonatal respiratory depression,
and long-term use may lead to withdrawal symptoms. For an evaluation of
morphine abuse during pregnancy, see Chapter 2.21.

2.1.7 Codeine

Pharmacology and toxicology

Codeine is a morphine derivative with a more restricted analgesic
and sedative effect than morphine. Codeine is available alone, pri-
marily as an antitussive, or in an analgesic combination prepara-
tion with paracetamol and acetylsalicylic acid. Because codeine
can cause dependency there are pregnant women who abuse it,
taking 300-600 mg (sometimes even as much as 2000 mg) daily, or
receive it as a heroin substitute.

Suspicions of a higher incidence of birth defects (Shaw 1992), as
discussed in the literature earlier, have not been substantiated until
now. Findings from a small retrospective study that discussed neu-
roblastoma in association with prenatal codeine exposure (Cook
2004) has not yet been confirmed by other authors and should be
interpreted with caution.

There was no indication for teratogenicity in a study of approxi-
mately 100 pregnancies exposed to oxycodone during the first
trimester (Schick 1996).

As with all opiate derivatives, therapy with codeine-containing
medications up until birth can lead to postpartum respiratory depres-
sion in the infant, and also, mostly (but not exclusively) in the case of
abuse, to withdrawal symptoms, characterized by tremor, jitteriness,
diarrhea, and poor feeding (Khan 1997; see also Chapter 2.21).

Recommendation. Codeine may be used as an analgesic for pregnant
women if paracetamol is not sufficiently effective. When indicated, it may be
used as an antitussive. The potential for dependency must be kept in mind.
Use near to term may cause neonatal respiratory depression, and long-term
use may lead to withdrawal symptoms.

2.1.8 Pethidine (meperidine)

Pharmacology

Because of its unparalleled spasmoanalgesic action during labor,
pethidine is the analgesic of choice for this indication. When it is
used during labor, the labor is not lengthened and the strength of
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the contractions is not diminished. Pethidine does not appear to
influence either the severity of bleeding or the involution of the
uterus postpartum.

During pregnancy, pethidine passes unimpeded to the fetus and
can reach higher concentrations there than in the maternal serum.
Because of the limited metabolic capacity in newborns, pethidine is
decomposed only slowly and has a considerably lengthened half-
life (18 hours as compared to 3—-4 hours in adults; Caldwell 1978).

Toxicology

Pethidine is one of the most thoroughly studied spasmoanalgesics used
in labor. The metabolic acidosis described after parenteral application
(De Boer 1987, Kariniemi 1986) can probably be explained by individ-
ual overdose and the resultant hypotonic circulatory reaction in the
mother. Epidemiologic studies have not uncovered an association
between the use of pethidine during the first trimester and congenital
malformations (Heinonen 1977). In newborns, pethidine can induce
respiratory depression. Behavioral (for instance sucking behavior) and
EEG disturbances, which may continue beyond the first few days of
life, have been observed. The magnitude of these effects will vary with
timing and dosing (Ransjo-Arvidson 2001, Hafstrom 2000, Nissen
1997). Because of the pharmacokinetics, observable effects are to be
expected when maternal administration occurs between 1 and 4 hours
before delivery. Multiple doses to the mother over a longer period of
time result in accumulation of pethidine and its metabolite (Nissen
1997, Kuhnert 1985). Premature infants are at greater risk. Clinical
studies have not uncovered lasting impairments of neonatal function.
The safety and efficacy of the different strategies for labor analge-
sia have been discussed extensively in the literature during the last
decade. There are reports claiming that systemically administered
pethidine (and other opioids) lack analgesic effectiveness for labor
pain, but serve primarily to sedate the mother and, inadvertently, the
neonate (Reynolds 1997, Olofsson 1996). Other strategies discussed
include paracervical block, spinal blockade and epidural analgesia
with local anesthetics or opioids. Combinations of epidural with
parenteral analgesia and of epidural with spinal analgesia are also
used (Eberle 1996). Epidural analgesia seems to be very effective in
reducing pain during labor, but may also have some adverse effects.

Recommendation. The spasmoanalgesic, pethidine, can be used during
labor when there are critical indications for it; with premature births, however,
it is relatively contraindicated. Use as an analgesic during pregnancy is not rec-
ommended; inadvertent use does not require either a termination of the preg-
nancy or additional diagnostic procedures.
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2.1.9 Fentanyl, alfentanil, remifentanil, and
sufentanil

Pharmacology and toxicology

Fentanyl is used very commonly in obstetrics today. It is generally
given intravenously and by epidural, but it is also available in oral,
oromucosal and transdermal forms for analgesia. Placental transfer
of fentanyl in early pregnancy has been demonstrated (Cooper
1999). There are no reports of teratogenic effects, but use during
the first trimester or prolonged use during pregnancy is scarcely
documented. A mild withdrawal syndrome without apparent long-
term effects was observed after long-term, high-dose maternal
treatment with a transdermal fentanyl patch (Regan 2000).

When used during labor, similar concentrations were found in
both maternal and cord blood (Fernando 1997). Also, fentanyl was
less frequently associated with maternal nausea, vomiting or pro-
longed sedation than was pethidine (Rayburn 1989). The risk that
the neonate’s breathing will be depressed seems slight. In most
studies of women treated with this drug, there were no differences
in respiratory depression, Apgar scores, the need for naloxone, and
various other neurological parameters. There seems to be no differ-
ence in tolerability for the newborn, when used intravenously or as
an epidural (Nikkola 1997).

Many publications describe the intravenous and epidural use of
alfentanil in obstetrics. The tolerance for this drug among newborns
seems similar to that for fentanyl, even though one researcher
reported small neuromuscular irregularities in the first 30 minutes
postpartum. The concentration in the cord was about 30% of the
maternal value.

Fewer clinical investigations for remifentanil and sufentanil have
been reported (Loftus 1995). In comparison to other analgesics, a
lower rate of hypotonia was reported in women receiving sufen-
tanil during delivery according to a study of 351 women (van der
Velde 2001). However, there were more alterations in fetal heart
rate, including bradycardias.

To date, there are no reports linking these drugs to teratogenicity
when used during the first trimester.

Recommendation. Fentanyl and, when there are urgent indications, the
other preparations can be used in every phase of pregnancy. When used
shortly before the delivery, respiratory depression is possible as with all opi-
ate analgesics.
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2.1.10  Other narco-analgesics and centrally acting
analgesics

Pharmacology and toxicology

Pentazocine is an opioid analgesic with weak antagonistic activity.
It crosses the placenta readily at term. In combination with the
antihistamine tripelenamine, pentazocine has been abused under
the name “T’s and Blues” as an intravenously injectable drug. In
rats, this combination was associated with intrauterine growth
restriction, and behavior abnormalities have been observed; similar
effects have also been seen in humans after prenatal exposure (von
Almen 1986). Gross malformations have not been observed.

Intravenous pentazocine and methylphenidate abuse during
pregnancy have also been reported. Human reports on penta-
zocine-exposed pregnancies have not to date linked it with an
increased risk of birth defects in the offspring (DeBooy 1993). If
pentazocine has been used regularly until the end of pregnancy,
typical opiate withdrawal symptoms such as restlessness, jitteriness,
hypertonia, diarrhea, and vomiting must be reckoned with.
Pentazocine can enhance uterine contractility.

Pentazocine, like tilidine, has been unable to establish itself as a
substitute for pethidine in obstetrics. There is as yet no indication
that tilidine has a teratogenic potential in humans.

Tramadol has been used with relative frequency in German-
speaking areas without, as yet, any reports of specific embryotoxic
effects. It is misused increasingly by drug-dependent patients.
When used during labor, tramadol appears to produce less fetal res-
piratory depression, in comparison to older opioids (Viegas 1993).
In recent reports, however, these findings were not confirmed
(Keskin 2003). There are no documented studies on the use of tra-
madol in early pregnancy.

The same applies to buprenorphine, dextro propoxyphene,
flupirtin, meptazinol, nalbuphine, nefopam, and piritramide.

All opiates similar to morphine can, depending on the treatment
interval, the duration of use (long-term use as substitution for sub-
stance abuse) and dosage, lead to respiratory depression and with-
drawal symptoms in the newborn.

Recommendation. In individual cases, treatment with the more estab-
lished drugs (such as tramadol) can be considered during pregnancy.
Depending on the indication, however, standard therapeutics such as para-
cetamol (possibly with codeine), ibuprofen (with restrictions; see section
2.1.12), or pethidine are preferable. If another drug mentioned in this section

Pregnancy

2.1 Analgesics and anti-inflammatory drugs



38 2.1.12 Nonsteroidal anti-inflammatory drugs (NSAIDs)

has been used during the first trimester, it does not require a termination of
the pregnancy or invasive diagnostic procedures. Use of narco-analgesics
near term may cause neonatal respiratory depression, and withdrawal symp-
toms when used long term.

2.1.11  Naloxone

Pharmacology and toxicology

Naloxone can reverse the respiratory depressive effect of opiates. In
children whose mothers abused opiates during pregnancy, nalox-
one can cause withdrawal symptoms. No teratogenic potential has
been described.

Recommendation. Naloxone may be used for appropriate indications.

2.1.12  Nonsteroidal anti-inflammatory drugs (NSAIDs)

Pharmacology

NSAIDs are the mainstay of antirheumatic therapy. Pregnancy-
related conditions such as premature labor, polyhydramnios, and
pregnancy induced hypertension have also been indications for
treatment with NSAIDs.

This group of medications includes many drugs, and the number is
still growing, so it is impossible to review them all. The most com-
monly used are acemetacin, azapropazon, diclofenac, etofenamat,
fenbufen, flufenamic acid, flurbiprofen, ibuprofen, indomethacin,
indoprofen, ketoprofen, ketorolac, lonazolac, lornoxicam, mefenamic
acid, meloxicam, nabumetone, naproxen, niflumic acid, nimesulide,
piroxicam, proglumetacine, sulindac, suprofen, temoxicam, and
tiaprofenic acid. Many of these can be obtained over the counter. The
principal mode of action of this comprehensive group of drugs rests
on inhibition of the synthesis of the prostaglandins; most of the cur-
rently available compounds are non-selective inhibitors of cyclooxy-
genase (COX), with an effect on the housekeeping COX-1 (inhibiting
gastric, platelet and renal prostaglandin production), and COX-2,
which is induced by inflammation. Meloxicam and nimesulide inhibit
principally (but not selectively) COX-2. Most of these agents are
reported to cross the placenta readily. Diclofenac has been shown in
fetal tissues during the first trimester in concentrations similar to
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maternal blood levels. In contrast, only 10% of maternal naproxen
values were found in the fetus (Siu 2002, 2000).

Toxicology

The ability of NSAIDs to compromise reproductive function by
inhibition of ovulation (Stone 2002) and as causative agents for
miscarriage (Nielsen 2004, 2001, Li 2003) is still under debate
(Ostensen 2004). Discontinuation of treatment with an NSAID is
sometimes recommended in women who have been trying to con-
ceive, without result, for a long period.

Until recently, first-trimester exposure to NSAIDs was not associ-
ated with an increased risk of birth defects. Results from two registry-
based studies (Ofori 2006, Ericson 2001) indicate an increased risk
of cardiac (septal) defects, which, however, could not be confirmed
in other studies (Cleves 2004, Nielsen 2001). In another evaluation
of the above-mentioned group (Killén 2003), using the same data-
base, the association seemed to disappear. More studies are neces-
sary to verify or reject earlier associations (Kéllén 2003).

The major pharmacologic action of NSAIDs on the fetus is medi-
ated through the inhibition of prostaglandin synthesis. During the
last trimester of pregnancy, NSAIDs can decrease uterine contrac-
tility and prolong pregnancy and labor. Indomethacin is the best-
studied agent in this respect; it has been extensively used as a
tocolytic agent in several prospective trials (Loe 2005).

Adverse effects, observed with indomethacin, have also been
described for most of the non-selective COX-inhibitors. Indomethacin
(and other NSAIDs) increases the risk of constriction of the ductus
arteriosus, and affects renal function. Constriction is related to gesta-
tional age, being rare before week 27 but increasing with advancing
gestational age to 50-70% at 32 weeks, rising as high as 100% when
exposed from week 34 onwards. These effects appear not to be dose-
dependent. Constriction resolved within 48 hours of stopping
indomethacin. Exposure to indomethacin close to delivery may result
in neonatal pulmonary hypertension (fatal in several patients)
(Ostensen 2001, Vermillion 1997, Moise 1993).

A persistent patent ductus arteriosus (PDA), unresponsive to
indomethacin treatment and often needing surgical closure, has
been observed. An apparently paradoxical effect, but as postulated
by some of the authors, is that indomethacin may have damaged
the intima of the ductus, thereby preventing spontaneous closure
(Hammerman 1998, Norton 1993).

NSAIDs also affect fetal renal function, causing decreased urine
output. For this effect, indomethacin has been used in the treatment
of polyhydramnios. After maternal treatment with indomethacin
(or with diclofenac, ibuprofen or naproxen), ultrasonography has
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demonstrated a reduction in the amount of amniotic fluid. These
effects can be attributed to reduced kidney perfusion and an increase
in the circulating vasopressins. Decreased urine output was reversible
in most cases, and a study addressing the long-term effects on renal
growth, structure or function in 2- to 4-year-old children did not
find a correlation with perinatal indomethacin use (Ojala 2001).
However, irreversible morphologic and functional renal damage
with fetal oligohydramnios and persistent anuria was also reported
following prolonged exposure (weeks), sometimes with fatal out-
come. These effects are probably dose-related and have been observed
following exposure during the last part of the second trimester and
later (Cuzzolin 2001, Kaplan 1994, Van Der Heijden 1994).

Many case reports and retrospective studies have reported several
adverse fetal effects when very preterm and very low birth weight
(VLBW) infants have been exposed to NSAIDs - for example, an
increased incidence of necrotizing enterocolitis (NEC) and intra-
ventricular hemorrhages (IVH) in newborns (Ojala 2000, Major
1994, Norton 1993). In a retrospective study where indomethacin
was used as first-line tocolytic, antenatal exposure to this drug was
significantly associated with an increased incidence of IVH, but not
with NEC or neonatal death (Doyle 2005).

The magnitude of the risks of indomethacin (NSAID) therapy
during pregnancy is still a subject of debate in the literature. Serious
sequelae, as mentioned above, seem to be related to longer duration
(>72 hours) and/or a short time-lapse (<48 hours) between expo-
sure and delivery. A recent meta-analysis, assessing neonatal safety
of indomethacin tocolysis, did not identify a significantly increased
risk of adverse effects, but the limited statistical power did not
allow exclusion of any increased risk of adverse neonatal outcomes
(Loe 2005). For further details on tocolysis, see Chapter 2.14.

It has not yet been demonstrated that the adverse effects
observed with indomethacin are less marked when other NSAIDs
are used. However, although experience is limited, because they
share the same prostaglandin-inhibiting properties it must be sus-
pected that all NSAIDs can have adverse effects during pregnancy.

There have been reports of persistent pulmonary hypertension
after (probably prolonged) ductus constriction in fetuses antena-
tally exposed to diclofenac for analgesic or anti-inflammatory indi-
cations (Mas 1999, Zenker 1998). An additive constrictive effect of
corticosteroids (betamethasone) on fetal ductus arteriosus was
observed in a study where tocolysis with and without antenatal
betamethasone was compared (Levy 1999).

Sulindac was thought, because of the limited ability of its active
(sulfid)metabolites to cross the placenta, not to cause changes in fetal
circulation (Carlan 1995, Kramer 1995, Rasanen 1995). However,
further experience does not confirm this advantage (Kramer 1999).
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There is no evidence that the agents with a stronger effect on
COX-2 (meloxicam, nimesulide) have lesser fetal effects (Jstensen
2001, Brent 1997). Neonatal renal insufficiency (even dialysis-
dependent) has been reported after maternal use of nimesulide
near term (Balasubramaniam 2000, Landau 1999, Peruzzi 1999),
as has ductal constriction (Simbi 2002).

Phenylbutazone and the related compounds famprofazone, kebu-
zone, mofebutazone, and oxyphenbutazon have weak analgesic and
antipyretic properties. However, they have strong anti-inflammatory
properties based on their prostaglandin antagonism. Phenylbutazone
derivatives can damage blood production; they lead to fluid retention
and are strongly cumulative (elimination half-life 30-170 hours).
These are undesirable qualities during pregnancy. Although terato-
genicity has been observed in animal studies, until now there has
been no indication of significant teratogenic potential in humans, but
experience with its use during pregnancy is limited.

Recommendation. Use of the more established NSAIDs like ibuprofen and
diclofenac can be considered in the first two trimesters for anti-inflammatory
therapy. From week 28 onward, (repeated) use of these agents for anti-
inflammatory — or analgesic — indications is relatively contraindicated. If
treatment is unavoidable, fetal circulation should be monitored regularly (once
or twice a week) with (Doppler) sonography, and medication should be
stopped as soon as signs of ductal constriction appear. Oligohydramnios
should be ruled out. Tocolysis should be reckoned with. However, the use of
prostaglandin antagonists for tocolysis is controversial, and should be reserved
for special indications (see Chapter 2.14). If a drug, other than those mentioned
above, of this group has been used in early pregnancy, it does not require a ter-
mination of pregnancy or additional invasive diagnostic procedures.

2.1.13  Selective cyclooxygenase-2 (COX-2) inhibitors

Pharmacology and toxicology

Because of their selective inhibition of COX-2, which is released in
inflammatory processes, these newer agents are thought to have sig-
nificantly fewer gastrointestinal side effects than the classic NSAIDs,
and not to exert any antiplatelet effect. Celecoxib, etoricoxib, lumira-
coxib, parecoxib, rofecoxib, and valdecoxib are among them. There
are few case reports on their use in pregnancy (such as those col-
lected by the producer of rofecoxib), and these do not to date indi-
cate a teratogenic effect in humans. Data from animal studies did not
demonstrate an embryotoxic risk; effects due to prostglandin-synthesis
inhibition (constriction of ductus arteriosus) were observed, though.
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In animal studies, COX-2 regulates the tone of the fetal ductus arte-
riosus and was present in the fetal kidney. As with classic NSAIDs,
exposure during the third trimester may result in adverse cardiovas-
cular and renal effects (Cuzzolin 2001, @stensen 2001) and treat-
ment around the time of conception may lead to fertility problems
(Pall 2001). A recent study comparing valdecoxib and placebo could
not demonstrate an advantage with respect to total analgesic con-
sumption when used during cesarean section. The authors concluded
that adding valdecoxib after cesarean delivery under spinal anesthe-
sia with intrathecal morphine is not supported at this time (Carvalho
2006).

Recommendation. Selective COX-2 inhibitors are not recommended dur-
ing pregnancy because of the lack of data. Inadvertent use during the first
trimester does not require termination of pregnancy or invasive diagnostic
procedures. Detailed fetal ultrasound may be considered.

2.1.14  Migraine medications

Migraine is an episodic headache disorder, sometimes preceded by
a prodrome or an aura. The relationship between migraine and sex
hormones (particularly estrogen) is well accepted, and prevalence
of migraine is highest among women of childbearing age. When
pregnant, migraine attacks most commonly occur during the first
trimester. During pregnancy, 60-70% of the women improve.
However, attacks often recur in the postpartum period (Silberstein
2004).
In migraine attacks there are three different phases:

1. The prodromal stage, with vasoconstriction of the vessels in the
part of the brain affected

2. The painful stage, with vasodilatation

3. The edema stage, which involves increased vessel permeability
and can last a long time.

There are different starting points for drug therapy. The drugs
mentioned in the following section may be discussed in detail in
other parts of this volume.

Ergot alkaloids

Ergot alkaloids, such as ergotamine-tartrate and dihydroergotamine
(DHE), are helpful in many cases, but are contraindicated during
pregnancy because of their ability to disrupt fetal blood supply,
which can lead to fetal damage or death. They also can produce
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uterine contractions and perfusion disturbances in the placenta
(Fox 2005, Silberstein 2004). Individual cases of birth defects due
to vascular disruption and stillbirths have been observed (Hughes
1988, Schaefer unpublished observations). Epidemiological studies
have not, as yet, documented a clear increase in the rate of birth
defects (Raymond 1995). The other ergotamine derivatives, which
are available in oral form, lisuride and methysergide, are not well
studied for their tolerability during pregnancy, and should also be
avoided (Fox 2005, Silberstein 2004).

Triptan-serotonin agonists

For severe acute attacks, sumatriptan (intranasal, s.c., oral or rectal
application) is offered to patients who are unresponsive to other
medications. Sumatriptan is a selective serotonin-receptor agonist,
the receptors being present mainly in cranial vessels. More than 700
pregnancies have been studied prospectively by the producer in a
registry and in some other prospective studies (GlaxoSmithKline
2005, Reiff-Eldridge 2000, O’Quinn 1999, Shuhaiber 1998, Eldridge
1997), and some 700 have been studied in retrospective studies
(Kallén 2001, Olesen 2000), the majority of them being exposed in
the first trimester. These data do not indicate a teratogenic potential
in human beings.

The manufacturer recorded 38 pregnancies exposed to naratrip-
tan during the first trimester (GlaxoSmithKline 2005) without indi-
cation of teratogenicity. Animal experiments have shown skeletal
and vascular anomalies associated with plasma concentrations
only 2.5 times greater than the human therapeutic level.

There are almost 100 prospective and retrospective case reports
on rizatriptan collected by the Swedish medical birth registry and
the producer, and these do not indicate teratogenicity (Fiore 2005).

Among 28 pregnancies exposed to zolmitriptan during the first
trimester, there were two major birth defects (microphthalmia plus
cataract, ventricular septal defect). These data are insufficient for
risk assessment.

There are insufficient data on almotriptan, eletriptan, and frova-
triptan.

Other migraine medications

In the edema stage of a migraine, diuretics such as furosemide have
proven useful for many (non-pregnant) patients. Diuretic-induced
maternal hypovolemia, however, may impair placental perfusion,
with possible adverse effects on fetal well-being (see Chapter 2.8).

For clonidine, flunarizine, ketanserin, and pizotifen there are
insufficient data on the use during pregnancy.
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Recommendation. Migraine suffering is frequently positively influenced
by pregnancy. Non-drug processes such as muscle relaxation therapy,
biofeedback, acupuncture and acupressure, as well as changes in lifestyle
and nutrition, are preferable in the prodromal stage and in the intervals that
are free from pain. The analgesic of choice is paracetamol, perhaps com-
bined with caffeine or codeine (see Chapter 2.1.7). Ibuprofen or aspirin can
also be considered, but these should not be used from the early third
trimester onwards. If necessary, antiemetics like meclozine or metoclo-
pramide should be given prior to analgesics. To prevent dehydration, intra-
venous (i.v.) fluids should be given. To control nausea and pain,
phenothiazines (prochlorperazine) can be administered intravenously, sup-
plemented if necessary by i.v. narcotics (like codeine) or i.v. corticosteroids.
Severe attacks can be treated with sumatriptan (preferably intranasal, s.c. or
rectal); other “triptanes” should be used only when compellingly indicated.

For prophylactic interval therapy, proven 3-receptor blockers such as pro-
pranolol or metoprolol can be used, and when compellingly indicated tri-
cyclic antidepressants can be considered.

If one of the medications not recommended is taken, termination of preg-
nancy is not justified. Following an accidental injection of ergotamine deriv-
atives in the last trimester, effects on contractions and fetal well-being can
be determined by cardiotocography and ultrasound.

2.1.15 Additional analgesics

Gabapentine, pregabalin, topiramate, and wvalproic acid are anti-
epileptic drugs that are sometimes used in the treatment of (chronical)
pain. During pregnancy, their use as an analgesic is not recom-
mended and may even be contraindicated (see Chapter 2.10).

2.1.16  Additional antiphlogistics and antirheumatics

Disease-modifying antirheumatic drugs (DMARDEs) are the pharma-
cological basis for the treatment of rheumatic diseases. DMARDs
include chloroquine and hydroxychloroquine, gold compounds,
leflunomide, methotrexate, and cyclophosphamide (see Chapter 2.12),
D-penicillamine, sulfasalazine (see Chapter 2.6), azathioprine and
cyclosporine (see Chapter 2.12). In case of necessity, NSAIDs,
COX-2 inhibitors and glucocorticoids may be added to the
DMARD therapy. Biologicals like the monoclonal antibodies adal-
imumab, etanercept, and infliximab (see Chapter 2.12) are only
indicated if two DMARDs prove insufficient. The same applies to
anakinra, which is prescribed in conjunction with methotrexate in
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case that methotrexate alone does not work. Abatacept is another
new drug for rheumatic diseases.

Pharmacology and toxicology

Chloroquine and hydroxychloroquine, antimalarial drugs from the
4-aminochinoline group, are frequently used to treat rheumatoid
arthritis and systemic lupus erythematosus (SLE), particularly when
associated with antiphospholipid antibodies. In animal studies, the
presence of chloroquine has been demonstrated in the fetal retina and
in the central nervous system. Many studies investigating reproduc-
tive toxicology were in women receiving low-dose antimalarials for
malaria prophylaxis. Chloroquine is neither embryo- nor fetotoxic
when used in the usual dosage for malaria prophylaxis, or when used
for the treatment of malarial infection in a 3-day course (Philips-
Howard 1996; see also Chapter 2.6).

Damage to the fetal retina and inner ear has been linked to chloro-
quine therapy in human pregnancy; in these cases, chloroquine was
used daily in high doses on a long-term basis (Hart 1964). Other stud-
ies covering more than 300 pregnancies with chloroquine or hydroxy-
chloroquine treatment for SLE or rheumatic diseases do not
demonstrate an increased risk of congenital malformations or other
adverse effects (Costedoat-Chalumeau 2003, Parke 1996, Philips-
Howard 1996). Ophthalmic and/or auditory evaluation, without
detection of abnormalities, was performed in several studies (Motta
2005, Borba 2004, Klinger 2001, Levy 2001). The latter also
addressed the maternal disease activity in a small, double-blind and
placebo-controlled study with hydroxychloroquine: patients scored
lower on disease-activity scales and had less need for prednisone.
Following discontinuation of therapy in pregnant SLE, patients may
precipitate a flare with harmful consequences for mother and child; it
is thus considered to be reasonable to continue with antimalarials in
SLE during pregnancy when there is no therapeutic alternative.
Furthermore, stopping treatment at recognition of pregnancy will not
prevent first-trimester exposure of the fetus, in view of the long half-
life (Costedoat-Chalumeau 2005, @stensen 2001, Borden 2001,
Janssen 2000). Due to lack of published associations with fetal toxic-
ity, and in view of the greater tissue disposition of chloroquine,
hydroxychloroquine is preferable to chloroquine (Borden 2001,
Ostensen 2001, Brent 1997).

Intramuscular (aurothioglucose and aurothiomalate) and oral
(auranofin) gold salts are used for long-term therapy of chronic
inflammatory conditions, such as rheumatoid arthritis, psoriatic
arthritis and chronic juvenile arthritis (Jstensen 2001). Unlike the
results in animal studies, in humans no noteworthy teratogenic
potential has been discovered to date. The placental transfer of gold
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compounds has, however, been proven, and gold has been detected in
the fetal liver and kidneys. Cord serum levels have been reported to
equal maternal serum concentrations. Case reports and case series,
among them one in which 119 pregnant women were treated with
gold for bronchial asthma in the first trimester, have not, however,
shown any specific developmental disorders. As these data are insuffi-
cient to rule out a developmental risk, treatment with gold com-
pounds should be discontinued as soon as pregnancy is recognized
(Dstensen 2001).

Leflunomide is a pyrimidine synthesis inhibitor, used more and
more in the treatment of active rheumatoid arthritis. In studies in rats
and rabbits with doses equivalent to human doses, leflunomide
induced maternal toxicity, was embryotoxic (causing growth retarda-
tion and embryolethality) and induced birth defects (skeletal malfor-
mations, anophthalmia, microphthalmia, and hydrocephaly). About
50 case reports (Chambers 2004, Chakravarty 2003, observations by
the authors, reports to the pharmaceutical company) on its use dur-
ing human pregnancy do not yet indicate teratogenicity. However,
data are insufficient to rule out developmental risks.

D-penicillamine works as a result of its structure as a chelating
agent, and is therefore used as an antidote for metal poisoning and
also as therapy for the copper storage illness, Wilson’s disease. In
addition, penicillamine has an antiphlogistic effect. In connection
with prenatal exposure in the case of maternal cystinuria, chronic poly-
arthritis and Wilson’s disease, five cases of inborn cutis laxa - some
with inguinal hernia and with further very different and serious birth
defects — have been described in the literature (Pinter 2004, Rosa
1986). In contrast, there are more than 100 cases with no noteworthy
effects (Sinha 2004, Tarnacka 2000, Messner 1998, Dupont 1991, as
well as unpublished experience). There is no clear-cut answer to
whether penicillamine is responsible for the sometimes reversible dis-
turbances in the development of the connective tissue. If there is a
teratogenic risk at all, it is very slight.

A copper deficiency induced by the chelating agent, penicil-
lamine, is unlikely to be the cause of teratogenic effects, since the
neonatal copper concentration is not lowered by treatment for
Wilson’s disease. In addition, a chelating agent-induced zinc defi-
ciency was discussed in association with the observed connective
tissue defects.

Where penicillamine in the treatment for rheumatic diseases has
been largely replaced by other antirheumatic drugs, it is one of the
few available drugs for patients with Wilson’s disease. In these
patients, the benefit of continued treatment may outweigh the
probably small (if any) teratogenic risk (Dstensen 2001, Janssen
2000, Brent 1997). As penicillamine antagonizes pyridoxine, 25 mg
vitamin Bg (pyridoxin) should be supplemented during treatment.
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Trientine is also used for the treatment of Wilson’s disease. No
adverse pregnancy outcomes were observed in a total of 13 women
who were treated throughout their whole pregnancy with trientine
(Devesa 1995). As trientine may cause anemia due to iron defi-
ciency, iron should be supplemented during treatment.

For methotrexate and cyclophosphamide, see Chapter 2.13.

Recommendation. Sulfasalazine is the DMARD of first choice during preg-
nancy. Azathioprine, cyclosporine, hydroxychloroquine/chloroquine, as well
as gold compounds and D-penicillamine are reserve treatment options.

If penicillamine is used for an illness outside the group of rheumatic con-
ditions (e.g. Wilson's disease), the lowest possible dosage should be
selected. Giving copper along with it as a preventive is not recommended,
since the effectiveness of the penicillamine is diminished.

Women of childbearing potential should be started on leflunomide only
when pregnancy tests are negative and safe contraception is in use.
Leflunomide should be discontinued when pregnancy is planned. Due to the
long half-life of up to more than 2 weeks, and the protracted elimination
from the plasma, it is recommended that, before conception is attempted, a
drug elimination procedure be performed (cholestyramine 8g t.i.d. for 11
days). Plasma levels should be less than 0.02 mg/l. This level (extrapolated
from animal studies) is considered not to cause an increased teratogenic or
reproductive risk. To minimize exposure to the fetus in the case of an
unplanned pregnancy, the same procedure is recommended (Brent 2001).

Cyclophosphamide, methotrexate (see Chapter 2.13), and biologicals are
contraindicated during pregnancy. NSAIDs may be given until week 30, and
prednisone/prednisolone throughout pregnancy (see section 2.1.12 and
Chapter 2.15).

Treatment with the drugs not recommended in this section does not
necessitate a termination of pregnancy or any invasive diagnostic procedures,
even when low-dose methotrexate has been used. However, a detailed fetal
ultrasound should be considered after treatment with any of these drugs.

2.1.17  Myotonolytics

Pharmacology and toxicology

Baclofen, carisoprodol, chlormezanone, clostridium botulinum toxin,
dantrolene, fenyramidol, mephenesin, methocarbamol, orphenadrine,
pridinol, quinine ethylcarbonate, tetrazepam, tizanidine, and
tolperisone are available for treating muscle tension. There are anec-
dotal reports of normal pregnancy outcomes, but also of withdrawal
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syndromes (especially convulsions) after bacolofen treatment during
pregnancy. There are five case reports on intrathecal baclofen ther-
apy; three patients were treated throughout the whole pregnancy.
All five newborns were healthy and did not show withdrawal symp-
toms (Roberts 2003, Munoz 2000). In two cases, 20-80 mg was
taken orally throughout the whole pregnancy. Again there were no
malformations, but both children suffered from withdrawal - one
with seizures on day 7 (Ratnayaka 2001). The other newborn
showed hyperirritability and respiratory problems (Moran 2004).

Following the use of chlormezanone during pregnancy, a fulmi-
nating hepatitis with a liver transplant and the birth of a healthy
child has been reported (Bourliere 1992).

The available experience with the use of the other older and out-
dated treatments in pregnancy is not sufficient for a risk assessment.

Recommendation. Myotonolytics are relatively contraindicated during
pregnancy, and should be reserved for very special indications — e.g. dantro-
lene for malignant hyperthermia. Physiotherapeutic measures and anti-
inflammatory agents or antirheumatics are preferable. In certain cases, the
tension-releasing action of the better-studied diazepam can be used.
Exposure to the myotonolytics mentioned does not require either a termina-
tion of the pregnancy or invasive diagnostic procedures.

2.1.18 Gout interval therapy

Pharmacology and toxicology

Gout seldom occurs before menopause. For women of childbearing
age, therefore, gout therapy is only a minimal issue. Gout is caused
by an elevated level of uric acid in the blood and in the tissue. Uric
acid is the end product of purine metabolism. Interval treatment
between gout attacks with uricosurics and allopurinol aims to
lower uric acid levels.

Uricosurics, like benzbromaron and probenecid, promote the
excretion of uric acid by inhibiting renal absorption.

Allopurinol causes a decrease of uric acid levels in blood by inhibit-
ing the enzyme xanthine-oxidase. Since allopurinol is structurally
similar to xanthines, there is the theoretic possibility that the drug
or its metabolites will be incorporated into the nucleic acids of the
embryo. In animal studies, allopurinol did not prove to be teratogenic
in rats; in mice there was an increase in cleft palate. Experience
in humans is limited to a few case reports. Due to additional
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confounding risk factors, like the maternal disease and other med-
ications, these case observations do not permit assessment of the
prenatal tolerability of allopurinol. Treatment during the third
trimester has not been found to induce neonatal symproms
(Gulmezoglu 1997).

There are no data on the use of benzbromaron during pregnancy.

Probenecid is transmitted to the embryo, but has proved itself to
be well tolerated by both mother and baby.

Recommendation. During pregnancy, probenecid is the drug of choice to
achieve elimination of uric acid. Allopurinol is relatively contraindicated dur-
ing pregnancy, since probenecid, a medication that has been proved to be
safe, is available as an alternative. However, the use of allopurinol and
benzbromaron do not justify a termination of pregnancy, but treatment
should be switched to probenecid. After allopurinol use in the first trimester,
a detailed fetal ultrasound should be considered.

2.1.19  Gout attack therapy

Pharmacology and toxicology

Apart from the nonsteroidal anti-inflammatory drugs (NSAIDs)
such as ibuprofen, colchicine is the classic medication for gout
attacks. Colchicine is a mitotic spindle poison, and is by this action
capable of blocking cell division. It has mutagenic and genotoxic
properties and, in various animal studies, an embryotoxic action.
Mutagenic effects on lymphocytes have been described in patients
who are treated with colchicine. Colchicine is the only effective
therapy to prevent attacks of Familial Mediterranean Fever (FMF)
and to treat the renal amyloidosis that often accompanies FMF and
which may itself cause several maternal and fetal complications
(Ben-Chetrit 2003, Mordel 1993). However, to date, teratogenic
damage or other adverse pregnancy outcomes in women with long-
term colchicine treatment for FMF have not been observed in sev-
eral reports. In one study, evaluating the outcome of 225 completed
pregnancies in mothers with FMF, the authors also did not find an
unusual frequency of fetal abnormalities in the 131 prenatally (first
trimester) exposed children (Rabinovitch 1992). This was con-
firmed in a retrospective study of 1124 infants born to mothers with
FMF, where results indicated that the use of colchicine before or
during pregnancy was not associated with adverse pregnancy out-
comes (Barkai 2000). Two cases of aneuploidy (one trisomy 21, one
Klinefelter) were found in a more recent group of 444 colchicine-
treated women (viewed as a significantly increased rate by the same
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authors). Performing amniocentesis, in view of the possible chro-
mosomal abnormalities and insufficient clinical data, is advocated
by some (Berkenstadt 2005, Ben-Chetrit 2003, Barkai 2000) but
not all (Mijatovic 2003) authors.

Recommendation. Ibuprofen is the medication of choice in those rare
cases of gout attacks during pregnancy, with the same restrictions as dis-
cussed in section 2.1.12. Colchicine is a drug of second choice. Inadvertent
use does not justify a termination of the pregnancy or invasive diagnostic
procedures. In case of FMF in pregnant women, long-term treatment with
colchicine may be indicated to improve maternal and fetal outcome. After
colchicine use in the first trimester, a detailed fetal ultrasound should be
recommended.
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To date, the treatment of allergic symptoms in pregnancy with anti-
histamines has not been incriminated as being embryo- or fetotoxic.
Some antihistamines are used for the treatment of hyperemesis
gravidarum (see Chapter 2.4) and also as hypnotic drugs (see
Chapter 2.11). The treatment of allergy with corticosteroids is
described in Chapters 2.3 and 2.15, and with sodium cromoglycate
in Chapter 2.3.

2.2.1 Antihistamines (Hq-blocker)

Pharmacology

Antihistamines are substances that competitively block the action
of histamine on the histamine receptors. Histamine release results
in the stimulation of H;-receptors located on the smooth muscles
of many organs, or Hy-receptors located in the mucosa of the stom-
ach, producing an increase in acid secretion. Only the blocking of
the H-receptors is essential in antiallergy therapy.

H;-antihistamines are mostly used in antiallergy therapy; some
are used as antiemetics and some as sedatives. The less sedating
antihistamines are preferred for antiallergy therapy.
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Of the first-generation antihistamines, alimemazine, bamipine,
brompheniramine, carbinoxamine, chlorpheniramine, chlorphenox-
amine, clemastine, cyproheptadine, dexchlorpheniramine, dimetin-
dene, diphenhydramine, hydroxyzine, mebhydroline, oxatomide,
pheniramine, triprolidine, and tripelenamine among others, have
been or are still used as antiallergic drugs.

Second- and third-generation antihistamines such as acrivastin,
astemizole, azelastine, cetirizine, desloratadine, ebastin, fexofenadin,
levocabastine, levocetirizine, loratadine, mequitazine, mizolastine,
oxatomide, terfenadine, and tritoqualin are less sedating than the first-
generation agents. The half-lives for astemizole and for terfenadine
are very long (20-26 hours, astemizole metabolites 9 days!). Serious
cardiovascular events and potentially serious drug interactions have
been reported with respect to terfenadine and astemizol. In many
countries, astemizole and terfenadine have been removed from the
market. Some of the above-mentioned drugs are only available for
local use. For azelastine and oxatomide, see also Chapter 2.3.

Toxicology

First-generation antihistamines

A large number of pregnancies exposed to first-generation anti-
histamines such as cklorpheniramine, clemastine, dexchlorpheni-
ramine, dimetindene, diphenhydramine, hydroxyzine, mebhydroline,
and pheniramine have been studied to date. No increased terato-
genic risk has been detected (Gilbert 2005, Kallén 2002, 2003,
Schatz 1997, Lione 1996).

Only a limited number of pregnancies exposed to brompheni-
ramine, cyproheptadine, triprolidine, and tripelenamine have been
studied, but no increased risk of congenital malformations was
noted (Mazzotta 1999). In animal experiments, cyproheptadine
was toxic to fetal pancreatic cells. The comparable effects in
humans have not been reported, but experience with the use of
cyproheptadine in pregnancy is very limited.

One study uncovered an association between the use of antihist-
amines during the 2 weeks preceding delivery and an increased risk
of retrolental fibroplasia (Zierler 1986). Other investigators have
not confirmed this association.

Diphenhydramine and dimenhydrinate, when used parenterally
in late pregnancy, may stimulate uterine contractions, leading to
concern about fetal hypoxia (Broussard 1998; see also Chapter 2.4).

Withdrawal symptoms (e.g. generalized tremulousness and diar-
rhea) have been reported after the use of the antihistamines diphen-
hydramine and hydroxyzine throughout pregnancy (Lione 1996). A
recent publication reports on a term newborn with tonic-clonic
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seizures starting 4 hours after birth, whose mother had received
150 mg hydroxyzine per day for anxiolysis. The newborn’s plasma
levels paralleled those of its mother 6 hours after birth. The authors
interpreted the seizures as withdrawal symptoms. The neurological
development was uneventful at the age of 6 months (Serreau 2005).

Second- and third-generation antihistamines

Among 66 pregnant women exposed to acrivastin during early preg-
nancy, no indication for teratogenicity was observed (Kéllén 2002,
Wilton 1998).

In prospective studies on astemizole use in 187 pregnancies, no
association was found between astemizole exposure in the first
trimester and the occurrence of congenital malformations or other
adverse effects (Diav-Citrin 2003, Pastuszak 1998). However, like
terfenadine, astemizole has been withdrawn in many countries
because of cardiotoxicity.

There is a fair amount of experience with the use of cetirizine -
an active metabolite of hydroxyzine — during pregnancy. In a very
small prospective study (39 pregnancies), cetirizine use during the
first trimester was not associated with a teratogenic risk (Einarson
1997). Two recent prospective controlled studies by members of the
European Network of Teratology Information Services (ENTIS)
demonstrated no increased risk of congenital malformations or other
adverse effects after exposure to cetirizine during pregnancy, of
which 292 were first-trimester exposures (Weber-Schondorfer 2005,
Paulus 2004). Data from the Swedish Medical Birth Registry on
cetirizine exposure during pregnancy (n = 917) confirm these find-
ings (Kéllén 2002).

Among 39 first-trimester exposures, there were no indications for
teratogenicity of ebastin (Kallén 2002).

Post-marketing prescription-event monitoring found no drug-
related adverse outcome in 47 pregnancies exposed to fexofenadine,
the active metabolite of terfenadine (Craig-McFeely 2001).

The best-studied second-generation antihistamine is loratadine.
Data on more than 4000 exposed pregnancies are documented. The
Swedish Medical Birth Registry reported finding a prevalence of
hypospadias in male offspring that was twice that of the general popu-
lation among approximately 3000 women who had taken loratadine
in pregnancy (Kéllén 2001). This report had a number of design lim-
itations. The finding of an increased risk of hypospadias was not
confirmed in various subsequent studies and reports. Two prospective
controlled studies found no increased risk of congenital malforma-
tions and no cases of hypospadias after exposure to loratadine in
approximately 370 pregnancies, of which 336 were exposed at least
during the first trimester (Diav-Citrin 2003, Moretti 2003). Unpub-
lished data of the European Network of Teratology Information
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Services (ENTIS ) on loratadine exposure during pregnancy did not
yield any case of hypospadias to date. Investigators at the Centers
for Disease Control analyzed data from the National Birth Defects
Prevention Study. The use of loratadine was identified in only 1.7%
of the entire study population, and no statistical association with the
use of loratadine (or other antihistamines) and hypospadias was
detected in these data (Werler 2004). An examination of Danish birth
registries, reported in abstract, identified cases of hypospadias and
investigated prescription records for each case and a matched control
group. This study did not find a significant association between mater-
nal exposure to loratadine and an increased risk of hypospadias
(Pedersen 2004). To date, continuous post-marketing surveillance has
found no further evidence of an increased risk of hypospadias.

In prospective studies covering almost 300 pregnancies, and one
record linkage study on ferfenadine use during pregnancy, no
increased risk of malformations could be detected after the first-
trimester use (Diav-Citrin 2003, Loebstein 1999, Schick 1994).
Data from the Swedish Medical Birth Registry on terfenadine expo-
sure during pregnancy confirm these findings (Killén 2002).
However, terfenadine has been withdrawn in many countries
because of cardiotoxicity.

There are absent or few human data on the use of the following
antihistamines: bamipine, carbinoxamine, desloratadine, levocabas-
tine, levocetirizine, mequitazin, mizolastine, and tritoqualin (Gilbert
2005, Kéllén 2002).

Recommendation. First-generation H;-blockers like chlorpheniramine,
dexchlorpheniramine, mebhydroline, clemastine, and dimetindene can be
used during pregnancy for the treatment of allergic conditions. As the best-
studied second-generation antihistamine, loratadine can be used during
pregnancy for the treatment of allergic conditions. Cetirizine could be an
acceptable second choice. It should be noted that neonatal respiratory
depression has been reported after perinatal use of some first-generation
antihistamines. To date, the inadvertent use of the new and/or less well-
documented antihistamines does not require termination of pregnancy or
invasive diagnostic procedures. When feasible, local treatment with
intranasal sodium cromoglycate, beclomethason or budesonide is preferred
in conditions like allergic rhinitis etc. (see Chapter 2.3).

2.2.2 Glucocorticosteroids

See Chapters 2.3 and 2.15.
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2.2.3 Mast cell stabilizers
See Chapter 2.3.

224 Immunotherapy

Pharmacology and toxicology

Allergen immunotherapy (allergy shots) is an antiallergy therapy in
which continuously increasing doses of an allergen are injected sub-
cutaneously. This therapy stimulates the production of immunoglob-
ulins that bind the allergen before it can react with the mast cells.
After immunotherapy, the allergic reaction on exposure to the aller-
gen will be diminished because less histamine will be released by the
mast cells. Immunotherapy is often effective for those allergic
patients in whom the symptoms persist despite optimal environmen-
tal control and drug therapy. No specific embryo- or fetotoxic effects
are to be expected after immunotherapy in pregnancy (Gilbert 2005,
Shaikh 1993). However, a maternal anaphylactic reaction can cause
hypotension and decreased uterine perfusion, which may result in
fetal damage induced by fetal hypoxia (Luciano 1997).

Recommendation. Allergen immunotherapy can be carefully continued
during pregnancy in patients who benefit and are not experiencing adverse
reactions. Due to the greater risk of anaphylaxis with increasing doses of
immunotherapy, and a delay of several months before immunotherapy
becomes effective, it is generally recommended that this therapy is not
started during pregnancy. For the same reason, doses should not be
increased. There is no indication for the termination of pregnancy or addi-
tional diagnostic procedures after immunotherapy during pregnancy.
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2.3.1 Asthma and pregnancy

An increasing number of pregnancies (5-8%) are complicated by
asthma. The course and severity of asthma can change during preg-
nancy, and may improve, remain unchanged or worsen.

Asthmatic women have an increased risk of pregnancy complica-
tions and adverse outcome, such as hypertensive disorders, preterm
labor and delivery, intrauterine growth restriction, placenta praevia,
cesarean delivery and low birth weight, especially when asthma is
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inadequately or poorly controlled (Beckmann 2003, Bracken 2003,
Mihrshahi 2003, Wen 2001, Killén 2000, Alexander 1998, Demissie
1998). However, when asthma is aggressively controlled and well-
managed, there has been no reported association with adverse infant
and maternal outcomes or asthma complicating pregnancies (Olesen
2001, Jana 1995, Schatz 1995).

Stenius-Aarniala and colleagues report that there is no serious
effect on pregnancy outcome if an acute asthma attack is adequately
treated (Stenius-Aarniala 1996). The risk of suffering an acute attack
is higher in patients using inadequate anti-inflammatory treatment.

Pregnant women with asthma should receive optimal treatment
and be closely monitored (Cousins 1999). The commonly used
drugs for the treatment of asthma do not pose a risk to pregnant
women. These drugs are:

inhaled selective 3,-adrenergic agonists

inhaled corticosteroids

inhaled anticholinergics

systemic theophylline

inhaled cromoglycic acid (sodium cromoglycate) for prevention
of allergic asthma.

The drugs of first choice during pregnancy are inhaled short-act-
ing B,-adrenergic agonists and inhaled corticosteroids.

A number of reviews on the pathophysiology and management of
asthma during pregnancy have been published (Murphy 2005,
NAEPP Expert Panel Report 2005, Joint Committee of ACOG and
ACAAI 2000, Schatz 1999, Liccardi 1998).

2.3.2 Selective 3,-adrenergic agonists

Pharmacology and toxicology

Br-adrenergic drugs specifically act at 3,-receptors. The intermediate-
acting 3,-adrenergic agonists bifolterol, fenoterol, metaproterenol, pir-
buterol, reproterol, salbutamol (albuterol), terbutaline, and tulobuterol,
and the long-acting 3,-adrenergic agonists formoterol and salmeterol,
belong to this group and are used for the treatment of asthma.

Bo-agonists cause bronchodilation. They also inhibit uterine con-
tractions in the second and third trimesters, and therefore are effec-
tive in the treatment of premature labor. They can be given orally, by
inhalation, or by subcutaneous or intravenous injection. Inhalation
is as effective as the other routes, and is preferred since the side
effects are minimal.

Bp-agonists are well-absorbed when given orally, but have a low
systemic availability. Plasma protein binding is low, elimination is by
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the kidneys, and the half-life (3-6 hours) is short in the intermediate-
acting agonists but much longer (over 12 hours) in the long-acting
agonists formoterol and salmeterol. 3,-agonists rapidly cross the
placenta. Lyrends and colleagues found an increase in the clear-
ance of terbutaline during pregnancy resulting in lower plasma
concentrations (Lyrends 1986).

Therapy with inhaled B,-adrenergic agonists appears to be safe
during pregnancy. No increase in the rate of congenital malforma-
tions or other adverse pregnancy outcome has been reported (Schatz
2004, 1997, 1988). Most data are available for metaproterenol, salbu-
tamol (albuterol) and terbutaline. There is insufficient experience
with bambuterol, clenbuterol, pirbuterol, and tulobuterol during the
first trimester; however, there is no indication yet for teratogenicity.

The experience with the use of the newer long-acting (3,-agonists
formoterol and salmeterol during pregnancy is limited. High serum
concentrations can occur with the use of these substances. In ani-
mal experiments, malformations have been found after prenatal
exposure to salmeterol.

Adverse reactions in the fetus and the newborn (tremors, tachy-
cardia, hypoglycemia, and hypokalemia) have been reported, espe-
cially when high doses of (3,-agonists are used. The effects are less
common when used by inhalation, and they are reversible. Baker
and Flanagan reported a case of maternal and fetal tachycardia
after inadvertant inhalation of high doses of albuterol for 24 hours
in week 33 (Baker 1997). The heart rate became normal after the
discontinuation of albuterol.

High doses at the end of pregnancy can cause an inhibition of
labor. Large intravenous doses of salbutamol as given for premature
labor can produce hyperglycemic ketoacidosis in diabetic women.

Recommendation. 3,-adrenergic agonists can be safely used during preg-
nancy. The short-acting salbutamol (albuterol), metaproterenol and terbutaline
are first-choice drugs in the treatment of pregnant women. According to ther-
apy guidelines, their use by inhalation is preferred. The dose may need to be
adjusted. The long-acting 3,-agonists formoterol and salmeterol should only be
used if they are essential to an optimal treatment. A tocolytic potential and
betamimetic effects in the fetus have to be considered in case of a treatment
at the end of pregnancy.

2.3.3 Corticosteroids
See also Chapter 2.15.
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Pharmacology and toxicology

Inhaled corticosteroids are effective in the treatment of asthma and
are first choice drugs. Stenius-Aarniala and colleagues reported
that treatment with inhaled corticosteroids clearly reduces the risk
of having an acute attack of asthma during pregnancy (Stenius-
Aarniala 1996).

Inhaled corticosteroids have anti-inflammatory properties and
increase the sensitivity of the bronchial system for 3-adrenergic
drugs. Beclomethasone dipropionate, budesonide, flunisolide, fluti-
casone propionate, mometasone, and triamcinolone acetonide are
available for this purpose.

Topically active corticosteroids have minimal or no systemic side
effects when used at the recommended doses. It is only high doses
of inhaled corticosteroids that have been associated with systemic
side effects, especially adrenal suppression (e.g. beclomethasone at
a daily dose of 1500 ug or more).

All inhaled corticosteroids except for beclomethasone dipropi-
onate pass into the systemic circulation as unchanged active drug.
Beclomethasone dipropionate undergoes first-pass activation in the
lungs and nose. They all are rapidly cleared after absorption.

Corticosteroids have been found to induce cleft palate in the
mouse. There is no strong evidence that they are teratogenic in the
human.

Beclomethasone has been used for many years in pregnant
women without evidence of adverse effects on pregnancy or fetal
development (Dombrowski 2004, 1997, Schatz 2004, 1997,
Greenberger 1983).

In several large studies covering more than 6000 pregnancies, no
increased incidence of congenital malformations or other adverse
pregnancy outcome could be found after maternal exposure to
inhaled budesonide (Gluck 2005, Norjavaara 2003, Kéllén 1999)
and other inhaled cortisteroids (Rahimi 2006).

Maternal use of inhaled corticosteroids does not impair fetal
growth (Rahimi 2006, Bakhireva 2005, Namazy 2005).

High doses of systemic corticosteroids for longer periods may
cause intrauterine growth restriction, and are best avoided
(Bakhireva 2005). In cases where higher doses are required, fetal
growth should be monitored during treatment.

Several authors have found that pregnant women who used oral
corticosteroids had an increased risk of hypertensive disorders. As
oral corticosteroids were used mainly by women with severe
asthma, it was difficult to separate the effects of the drug from those
associated with the asthma. The authors concluded that, when indi-
cated, there is no reason to withhold oral corticosteroids from preg-
nant women (Schatz 2004, 1997, Alexander 1998, Stenius-Aarniala
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1988). Rahimi and colleagues could not confirm an increased risk
of inhaled corticosteroids for hypertensive disorders (Rahimi
2006).

Intranasal corticosteroids are effective in the treatment of allergic
rhinitis. They are safe, and there is no evidence of systemic effects.
Bioavailability is higher than after inhalation, but the recom-
mended dose for allergic rhinitis is lower than the dose given by
inhalation. For this indication, beclomethasone has also been
shown to be safe during pregnancy (Gilbert 2005). Data on preg-
nancy outcome after maternal exposure to intranasal budesonide
are limited, but as pharmacological studies did show a much lower
systemic exposure after intranasal administration, their safety is
comparable to orally inhaled budesonide (Gluck 2005).

Recommendation. Inhaled corticosteroids are the first drugs of choice for
the treatment of asthma in pregnant women. The use of beclomethasone or
budesonide is preferred, because these have been widely used in pregnancy
and have a good safety record. Systemic use of the corticosteroids, pred-
nisone, and its metabolite, prednisolone, is indicated in case of acute exac-
erbations of asthma or severe asthma during pregnancy. In the case of
long-term treatment (for months), it is recommended that fetal growth and
neonatal adrenal function be monitored, especially if higher doses are used.
For allergic rhinitis, intranasal corticoids may be used. The use of inhaled or
systemic corticosteroids in the first trimester is not an indication for the ter-
mination of pregnancy or for invasive diagnostics.

234 Anticholinergic drugs

Pharmacology and toxicology

Bronchodilating effects can also be achieved by drugs that act on
the vagus nerve, such as anticholinergic drugs.

Inhaled ipratropium bromide is the drug of choice for the long-
term treatment of chronic bronchitis. Its bronchodilating activity is
about two-thirds of that of 3,-adrenergic drugs, and it may augment
the bronchodilator responsiveness to f3,-agonists. Ipratropium is
available as a single drug or in combination with a (3,-agonist
(fenoterol and salbutamol). Side effects are minimal.

Data on the use of inhaled ipratropium during pregnancy are
limited, but the drug has not been related to an increased risk of
congenital malformations or other adverse pregnancy outcomes.

There is no or very limited experience with the treatment of
oxitropium bromide and tiotropium bromide during pregnancy.

Pregnancy
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Recommendation. Inhaled ipratropium bromide can be used during preg-
nancy if needed. Inadvertent use of oxitropium bromide or tiotropium bromide
is not an indication for the termination of pregnancy or for specific diagnostics.

2.35 Theophylline

Pharmacology and toxicology

Theophylline is a methylxanthine and has been used for many years
as a bronchodilator in the treatment and the prophylaxis of chronic
asthma; it also has anti-inflammatory and immunomodulatory
properties. Theophylline is also useful in the treatment of apnea in
premature infants as it increases the sensitivity of the respiratory
center in the brain, resulting in an increased respiratory frequency.

Theophylline acts by inhibiting phosphodiesterase enzymes which
cause an increase in the intracellular concentration of c-AMP, and a
subsequent relaxation of the smooth muscles in the airways and the
pulmonary artery.

Since the availability of newer pharmacological agents, and
because of concern about its toxicity, theophylline is no longer a
first-line treatment. It may be added when severe symptoms do not
respond rapidly to routine treatment with inhaled (3,-agonists and
corticosteroids.

Theophylline has a narrow therapeutic index; therapeutic con-
centrations are between 10 and 20pg/ml. It is demethylated and
hydroxylated in the liver, and eliminated by the kidneys. The half-
life in adults is about 5 hours.

During pregnancy the plasma protein binding of theophylline is
reduced, resulting in an increase in the free drug. Moreover, the
elimination of theophylline is decreased by about 25% in the third
trimester (Connelly 1990, Gardner 1987). Therefore, serum con-
centrations should be monitored and the dose adjusted if necessary.
It is recommended that theophylline plasma levels be kept between
8 and 12pg/ml in pregnant asthmatics (NAEPP Expert Panel
Report 2005, Connelly 1990).

Theophylline readily crosses the placenta, and is metabolized to
caffeine in the fetal liver. Therapeutic levels of theophylline have
been found in the newborn. The half-life in the newborn is 10-16
hours, but is even longer (up to 30 hours) in premature infants. As
a result of the longer half-life, toxic concentrations may be reached
in the neonate. Therefore, it is recommended that newborns be
monitored for signs of toxicity, especially when premature.

There are conflicting data as to whether or not theophylline is
associated with malformations. Park and colleagues reported three
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cases of severe cardiovascular malformations after prenatal expo-
sure to theophylline (Park 1990), but other studies demonstrate no
association with congenital malformations (Dombrowski 2004,
Schatz 2004, 1997, Stenius-Aarniala 1995, Heinonen 1977). There
is disagreement concerning data on the possible association
between the use of theophylline and an increased risk of pre-
eclampsia. The development of pre-eclampsia is most probably due
to factors other than theophylline.

Theophylline causes changes in fetal breathing movements
(Ishikawa 1996). Adverse effects such as vomiting, irritability, jitteri-
ness, bradycardia or tachycardia, and cyanosis have been reported in
the newborn. Due to the prolonged half-life of theophylline in the new-
born, the effects disappear only slowly. Therefore, high doses of theo-
phylline are best avoided during pregnancy, especially near term.
Neonatal jaundice has been reported after the oral use of theophylline.

Gastrointestinal dysfunction in premature newborns has also
been reported. Prenatal theophylline is used to enhance organ mat-
uration and to avoid risks related to premature birth when the
maternal disease does not allow the use of steroids. Gastric irri-
tability and inhibition of the gut motility were seen in the newborn
during the first days of life, but the risk of necrotizing enterocolitis
was not increased (Zanardo 1996).

Recommendation. Theophylline may be used for cases where the inhaled
B3,-agonists and corticosteroids are insufficient to control the asthmatic dis-
eases. Steady-state serum concentrations should be closely monitored, and
maintained at 8-12 ug/ml. High doses should be avoided, especially near
term, in order to avoid toxic concentrations in the newborn. Newborns,
especially when preterm, should be monitored for adverse effects.

2.3.6 Cromoglycate, nedocromil, and lodoxamide

Pharmacology and toxicology

Sodium cromoglycate is widely used in the prophylactic treatment of
allergic diseases, especially bronchial asthma and allergic rhinitis. It
inhibits histamine release from mast cells by a stabilizing effect on the
cell membrane. It is usually given by inhalation or intranasally. The
bioavailability following inhalation is low (<10%), and side effects
are few.

Sodium cromoglycate can be safely used during pregnancy
(Gilbert 2005). Schatz (1997) and Wilson (1982) report on the preg-
nancy outcome of asthmatic women who were treated throughout
pregnancy with sodium cromoglycate. The incidence of congenital

Pregnancy

2.3 Antiasthmatic and cough medication



70 2.3.8 Antileukotrienes

malformations in the offspring was not increased, and there were
no adverse effects on the course of pregnancy.

Nedocromil sodium is not chemically related to sodium cromo-
glycate, but has similar pharmacological and pharmacokinetic
properties; and it suppresses the influx of eosinophils into allergic
lesions. There is insufficient experience with the use of nedocromil
and lodoxamide during pregnancy.

Recommendation. Sodium cromoglycate can be safely used in pregnant
women for the prophylactic treatment of allergic diseases such as asthma
and allergic rhinitis. Lodoxamide and nedocromil should be avoided until
data on their safety during pregnancy are available. Inadvertent use does
not require any intervention.

2.3.7 Other mast cell inhibitors

Pharmacology and toxicology

Ketotifen and oxatomide are second-generation H;-receptor antag-
onists. They not only inhibit mast cell degranulation, but also have
antihistaminic and antianaphylactic effects by blocking histamine
receptors. There is no primary role for these agents in the manage-
ment of asthmatic disease, but they can be used when oral therapy
is preferred.

Azelastine has a similar activity, and also protects against
leukotriene-induced bronchospasms. There are no data on the safety
of ketotifen, oxatomide and azelastine for pregnant women.

Recommendation. The use of ketotifen, oxatomide, and azelastine should be
avoided during pregnancy. Inadvertent use does not require any intervention.

2.3.8 Antileukotrienes

Pharmacology and toxicology

Leukotrienes are involved in the pathogenesis of both acute and
chronic asthma. They cause increased bronchoconstriction, mucous
secretion, and vascular permeability. The action of leukotrienes can
be blocked via inhibition of their production, e.g. with zileuton, or by
blocking the leukotriene receptors with a new pharmacological class
of drugs, e.g. montelukast and zafirlukast. Antileukotrienes are well
tolerated, but data on their use during pregnancy are scarce.
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There are limited data on pregnancy outcomes after maternal use of
montelukast. In two prospective studies with small numbers, no
increased rates of congenital malformations, preterm births, or low
birth weights were found (Bakhireva 2006, Sarkar 2005). Several
prospective and retrospective cases of limb reduction defects have
been reported to the manufacturer and in international reports, but a
causative relationship between montelukast and limb defects has not
yet been established. It should be used only in patients with recalci-
trant asthma with known favorable response before pregnancy.

Pregnancy

Recommendation. Apart from selected cases, antileukotrienes should be
avoided in pregnant women. The use of montelukast and zafirlukast may be
considered in patients with recalcitrant asthma who have shown a uniquely
favorable response prior to pregnancy. The use of zileuton should be
avoided, because of non-reassuring animal data (Namazy 2004). In the case
of first-trimester use of antileukotrienes, a detailed fetal scan should be
offered. It is not an indication for the termination of pregnancy.

2.3.9 Monoclonal antibodies and other asthma
medications

Pharmacology and toxicology

A new approach in asthma therapy is the use of monoclonal anti-
bodies against IgE. Omalizumab was introduced in 2005. There is
no experience with its use in pregnancy yet.

The so-called PDEH-type-4 agent roflumilast has not yet been
licensed. It has anti-inflammatory but no bronchodilating proper-
ties, is orally available, and may be effective in chronic obstructive
lung diseases. There is no experience in pregnancy with roflumilast
or with cilomilast.

Recommendation. The use of these new agents should be avoided in preg-
nancy. In the case of first-trimester exposure, a detailed fetal scan should be
offered. It is not an indication for the termination of pregnancy.

2.3.10 Expectorants and mucolytic agents

Pharmacology and toxicology

Expectorants and mucolytic agents enhance or facilitate the clear-
ance of mucus in the respiratory tract.

2.3 Antiasthmatic and cough medication
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Ambroxol is a metabolite of bromhexine, and has been used in
the prevention of neonatal respiratory distress syndrome with no
reported maternal or fetal/neonatal side effects.

N-acetylcysteine is a derivative of the amino acid L-cysteine, and
is used as a mucolytic agent and an antidote in paracetamol (aceta-
minophen) poisoning. Although the documented data on its use as
a mucolytic during pregnancy are scarce, it seems to be safe when
used in low doses.

Carbocysteine is a mucus regulator rather than a mucolytic agent.

Guaifenesin and guaiacol stimulate the clearance of viscous
mucus via stimulation of the gastropulmonary vagal reflex, but they
have no effect on the thickness of the mucus. There is no evidence
of an increased risk of congenital malformations or other adverse
effects on pregnancy outcome.

Mesna is an expectorant that breaks the disulfide bonds in
mucopolysaccharides present in the mucus. Data on human preg-
nancy outcome are not available.

Potassium iodide also has mucolytic properties. However, it may
suppress fetal thyroid function.

Recommendation. N-acetylcysteine, ambroxol and bromhexine are first-
choice mucolytics during pregnancy, if (oral) fluid therapy, and other non-
medical treatment is not effective. lodine-containing mucolytics are
contraindicated, especially after the first trimester. Inadvertent short-term use
of the other expectorants and mucolytics does not require any intervention.

2.3.11  Antitussives

Pharmacology and toxicology

Codeine is the most widely used antitussive. It is a derivative of
morphine, and has strong antitussive and analgesic properties.
Because of its analgesic action, it is also used in compound antitus-
sive preparations. An association between the prenatal use of
codeine and congenital malformations has not been shown. When
codeine is used in high doses for longer periods, or near term, res-
piratory depression and withdrawal symptoms can occur in the
neonate (see also Chapter 2.1).

Dextromethorphan has no analgesic properties, but its antitussive
effect is similar to that of codeine. Its use is considered safe during
pregnancy. Einarson and associates reported pregnancy outcomes
of women who had used dextromethorphan during pregnancy, most
of them in the first trimester. No increased incidence of congenital
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malformations or other adverse pregnancy outcomes was found
(Einarson 2001). In another recent study, an association between
congenital malformations and prenatal exposure to dextromethor-
phan could not be established (Martinez-Frias 2001).

There is no experience in the use of other antitussives, such as
benproperine, clobutinol, dropropizine, eprazinone, noscapin, pen-
toxyverin, and pipacetate, during pregnancy.

Recommendation. In the case of persistent dry cough, codeine and dex-
tromethorphan can be given in all trimesters of pregnancy. Higher doses
given for longer periods, or use near delivery, can cause neonatal with-
drawal symptoms and respiratory depression. Inadvertent use of other anti-
tussives does not require any intervention.

2.3.12 Non-selective 3-adrenergic agonists

Non-selective (3-adrenergic agonists are not recommended for
asthma treatment. Some of these drugs are used in oral OTC drugs
for the common cold. These combinations do not follow good ther-
apeutic practices, and are not recommended during pregnancy.

| 4 Hexoprenaline, isoprenaline, and orciprenaline

Pharmacology and toxicology

Hexoprenaline, isoprenaline (isoproterenol), and orciprenaline have a
stimulating effect on p-receptors. They are non-selective 3-adrenergic
agents that act on both (3;- and (,-receptors, and therefore have
unwanted side effects on cardiac and metabolic functions, central
nervous system, and motility of the gastrointestinal tract.

There is no experience in the use of orciprenaline and hexopre-
naline during pregnancy. Limited experience with isoprenaline
does not show adverse effects on embryonal and fetal development.

Recommendation. Hexoprenaline, isoprenaline, and orciprenaline should
not be given to pregnant women. Only specific 3,-adrenergic drugs are rec-
ommended during pregnancy. Inadvertent use is not an indication for the ter-

mination of pregnancy.
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[ 4 Adrenalin (epinephrine)

Pharmacology and toxicology

Adrenalin (epinephrine) is a catecholamine, which is normally
present in the body. It has both o- and 3-adrenergic properties, and
causes a slight vasoconstriction in the bronchi. Adverse effects on
the cardiovascular system are so severe that it is not indicated for
the treatment of bronchial asthma. 3,-adrenergic agents are pre-
ferred. In the case of acute spastic airway obstruction, adrenalin
may be effective when given subcutaneously or as an aerosol. Due
to a-adrenergic effects, systemic application can impair uterine
blood flow resulting in fetal hypoxia. Catecholamines cross the pla-
centa where they are inactivated. There is no clear evidence of an
increased risk of congenital malformations when using adrenalin in
human pregnancy (Heinonen 1977).

Adrenalin is also available in combination with local anesthetics.
Adpverse effects during pregnancy have not been reported following
the use of such preparations.

Recommendation. The systemic use of adrenaline during pregnancy is
restricted to emergency cases. Inadvertent use is not an indication for the
termination of pregnancy. Local anesthetics with adrenaline may be used
during pregnancy.

| 4 Ephedrine and other sympathomimetics

Pharmacology and toxicology

Ephedrine, pseudoephedrine, phenylephrine, and related com-
pounds are a-adrenergic receptor agonists, which cause blood-
vessel constriction. It has been demonstrated that «-adrenergic
receptor agonists slow uterine blood flow, but their effects have not
been sufficiently studied in relation to most reproductive outcomes
in animals or humans. Ephedrine is one of the first drugs that was
used for the treatment of asthma. It causes an increased release of
catecholamines, and has both «- and 3-adrenergic properties. It has
a short duration of action. Ephedrine is no longer in use for the
treatment of asthma because of the unwanted side effects, especially
on the cardiovascular system. Pseudoephedrine, phenylephrine, and
phenylpropanolamine are sometimes used in combination with dex-
tromethorphan, doxylamine, etc., for treating the common cold.
Pseudoephedrine is often used to reduce airflow resistance in the
nasal cavity. Ephedrine, and phenylephrine, have been associated
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with hemorrhages and cardiovascular and limb malformations in
animal models. Risk of ventricular septal defects was associated
with decongestant use in pregnant women in one recent study
(review in Werler 2006). The vasoconstrictive effects of these drugs
raise the hypothesis that their use in early pregnancy might
increase the risk of vascular disruption defects. Decongestant use
in the first trimester has been discussed in association with small
increases in risks of gastroschisis, small intestinal atresia, and hemi-
facial microsomia (review in Werler 2006). The majority of decon-
gestant use is in oral form, and the question of whether intranasal
formulations carry risk has not been adequately addressed.

Recommendation. The systemic use of ephedrine and other sympatho-
mimetics should be avoided during pregnancy. Inadvertent use is not an
indication for the termination of pregnancy.
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2.4.1 Nausea and vomiting in pregnancy

Of all pregnant women, 50-80% suffer from nausea and vomiting of
pregnancy (NVP), also known as morning sickness — although symp-
toms may persist throughout the whole day. Usually limited to the
first trimester, NVP may continue for the entire pregnancy.
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NVP may range from mild discomfort to severe vomiting and
nausea, weight loss, dehydration and metabolic compromise.
In severe cases, NVP can be fatal. The death of the famous Charlotte
Bronté, author of Jane Eyre (1855), reflects the potential severity of
NVP and the fact that at that time (the turn of the twentieth cen-
tury) no therapy was considered necessary, as NVP was attributed
solely to psychological factors and as such was not treated med-
ically. NVP may pose a serious socioeconomic burden, as 25% of
women suffering from NVP miss work as a result of their symptoms
(Vellacott 1988).

The pathogenesis of NVP has been attributed to multiple factors
such as elevated levels of 3-hCG, prostaglandin levels (by relaxing
the gastroesophageal sphincter), gastric dysrhythmia, vitamin Bg
deficiency, and hyperolfaction. Psychological factors (depression,
anxiety, eating disorders), once considered the only etiology of
NVP, might in fact be a result of the NVP. A genetic predisposition
has been suggested based on the concordance in monozygotic
twins, variation within ethnic groups, and the fact that siblings and
mothers of patients with NVP are likely to have experienced NVP
themselves (Goodwin 2002).

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

Women with past pregnancies complicated by severe forms of
NVP or hyperemesis gravidarum may benefit by pre-emptive ther-
apy, initiated 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 antiemetic
therapy before symptoms of NVP became evident, and gradually
increased the dosage of the antiemetic therapy 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 initiated antiemetic treatment only when
the nausea and vomiting appeared (Koren 2004).

24.2 Diet manipulations and treatment

Nausea and vomiting is a common predicament in early pregnancy.
Patients can be reassured of the benign nature of their condition and
should be encouraged to use the various treatment options that have
been proven efficacious with little risk to the fetus.

Pregnancy
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The treatment options for NVP range from conservative measures
such as reassurance and diet manipulations in the mildly sympto-
matic women to drug therapy and, if necessary, in severe and
intractable cases, intravenous rehydration and total parenteral
nutrition (Koren 2000, Broussard 1998). Therapeutic pregnancy ter-
mination might be considered in severe intractable cases; however,
this option is seldom utilized.

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

An algorithm of treatment would depend on the women’s prefer-
ences and the availability of the different modes of therapy. It would
seem sensible to start treatment with dietary measures, lifestyle mod-
ifications and vitamin Bg. If symptoms persist, treatment with meto-
clopramide or diclectine (if available) should be started. The first-
and some of the second-generation antihistamines are a good option,
and if they fail then ondansetron would be the next choice.
Intractable cases are best treated with intravenous antiemetics and
steroids, and rehydration therapy; in severe cases, parenteral nutri-
tion should be considered. Vitamin B1 should be administered in
severe protracted cases in order to prevent thiamine deficiency.
Alternative or complementary therapy such as acustimulation, hyp-
nosis, and ginger can be considered at any stage. Hypnosis has
proved efficient in a small number of trials, and the evidence for
acustimulation as treatment of NVP is mixed. Ginger is safe and
efficient when applied in the correct quantities and to women with
certain yin-yang characteristics. These modes of therapy may be
beneficial and are probably harmless to the pregnancy, and so may
be worth a try if the woman is willing.

243 Complementary treatment options

Complementary therapy has become very popular in Western
countries. Many people prefer complementary or “natural” therapy
to medical therapy, believing that “natural” treatment is less harm-
ful. Pregnant women and their doctors have been reluctant to use
medical therapy during pregnancy, especially during the first
trimester, when symptoms of NVP are worse, and so may prefer
alternative therapy. See also Chapter 2.19.

The following section presents a review on the various alterna-
tive therapies available for NVP, and the evidence, if any, of efficacy
and safety.
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244 Acupuncture and acupressure

Acupuncture is a popular form of Chinese medicine, based on the
notion that vital life energy (gi) 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 stimulating of acupoints
within the meridian system is believed to restore health by correcting
this flow. By inserting very thin needles 5 mm deep under the skin, dif-
ferent 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 ten-
dons. This point can be activated using needles (acupuncture) or by
pressure (acupressure) applied by an acupressure band.

Numerous explanations have been proposed to explain the
antiemetic influence of acupuncture and acupressure. The acupunc-
ture needle presumably affects the diffuse noxious inhibitory con-
trols of the spinal cord, causing secretion of 3-endorphins (analgesic
effect) and ACTH from the hypothalamus. The surge of ACTH
causes an elevation of blood cortisol levels, influencing the brain
stem emetic center (Streitberger 1998, Foster 1987, Malizia 1979).
The acupuncture directly affects the upper GI tract by enhancing
gastric myoelectrical activity and vagal tone (Li 1992).

Recently, acupuncture has been reported to have a relatively low
incidence of complications, mostly temporary, in large population
studies (total of 65000 patients) (MacPherson 2001, Vincent 2001,
White 2001). A trial comparing 4 weeks of traditional acupuncture,
P6 acupuncture and placebo on NVP of approximately 600 preg-
nant women concluded that acupuncture in early pregnancy
reduced or resolved nausea and dry retching earlier than if women
waited for their symptoms to resolve spontaneously, but did not
influence vomiting (Smith 2002A). There was no difference
between the groups with regard to the incidence of spontaneous
abortion, stillbirth or neonatal death. The incidence of major mal-
formations was no larger than the incidence in the general popula-
tion (3% total), and the overall risk of pregnancy complications did
not differ between groups (antepartum hemorrhage, pregnancy-
induced hypertension, pre-eclampsia and preterm birth). There
were no differences in any birth outcomes, such as gestational age,
weight, length, and head circumference (Smith 2002B). Also, P6
acupressure was useful in reducing nausea, vomiting, and dry retch-
ing (Markose 2004, Dundee 1988). Meta-analysis of the studies in
1306 patients summarized in the Cochrane database demonstrated
mixed evidence, and did not clearly prove acupressure or acupunc-
ture to be more effective than standard dietary and lifestyle advice
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(Jewell 2003). Acustimulation, which is electrical stimulation of the
P6 acupoint, does seem to be effective, but further trials are war-
ranted (Rosen 2003).

Recommendation, see 2.4.6.

2.4.5 Hypnosis

Hypnotherapy may be used as an adjunct to medical therapy in
patients with NVP, or hyperemesis gravidarum. In a study of 138
patients hospitalized with refractory hyperemesis gravidarum, 88%
stopped vomiting after one to three sessions of medical hypnosis
(Simon 1999, Fuchs 1994). The hypnotic state induces a deep state
of psychological relaxation, with a corresponding decrease in sym-
pathetic tone. Symptoms associated with hypersympathetic arousal
tend to remit. Patients might be given suggestions during the hyp-
notic state to relax their stomach and throat muscles, causing their
nausea, gagging, and vomiting to subside.
Recommendation, see 2.4.6.

2.4.6 Ginger

Ginger is used in Asian and Indian medicine to treat nausea, indi-
gestion, diarrhea, stomachache, and flatulence, and is used with
caution for treating NVP. It has been found to be effective in treat-
ment of motion sickness and postoperative nausea (Bone 1990,
Mowry 1982).

Concern has been expressed regarding the safety of ginger’s use
by pregnant women due to the mutagenic activity of 6-gingerol, one
of the constituents of ginger (Nakamura 1982). The whole rhizome,
however, is not mutagenic due to the substance zingerone, which
suppresses the mutagenic activity of 6-gingerol (Nakamura 1982).
Ginger has been claimed to inhibit platelet aggregation, and theo-
retically could affect testosterone receptor binding and sex steroid
differentiation of the fetus; however, no clinical evidence has sug-
gested that this is the case (Guh 1995, Backon 1991, Murphy
1988). In a large prospective trial following women who took vari-
ous types of ginger during the first trimester, there was no evidence
of an increased rate of major malformations (Portnoi 2003).

A number of trials have shown the efficacy of ginger in NVP. The
first trial involved 27 women hospitalized with hyperemesis gravi-
darum who were randomized to receive ginger capsules four times
daily (total 1g daily) versus placebo in a double-blind, crossover
designed study. The ginger significantly reduced the symptoms of
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hyperemesis, reducing both the degree of nausea and the number of
attacks of vomiting (Fischer-Rasmussen 1990). Two additional tri-
als proved the efficacy of ginger in reducing symptoms of NVP in
women without hyperemesis gravidarum. Ginger treatment was
associated with reduced nausea and vomiting in one trial (70 par-
ticipants), and nausea and retching only in the other trial (120 par-
ticipants). Participants in both trials were treated with 1-1.25¢g of
ginger daily in four doses. The side effects were minor — mostly mild
gastrointestinal discomfort - and no adverse effects were noted for
the pregnancy or for the fetus (Willetts 2003, Vutyavanich 2001).

These trials employed dry capsules of ginger rhizome. Ginger bis-
cuits, however, might worsen the symptoms of NVP due to their
sugar content, which could cause surges of blood glucose levels, asso-
ciated with worsening of symptoms (Tiran 2002). Exacerbation of
the symptoms of NVP after taking ginger might also be associated
with the yin-yang principle of the traditional Chinese medicine; gin-
ger is considered a yang (or hot) remedy, and would help women
with deficient yang energy or gi. The NVP of gi-deficient women is
characteristically worse in the morning, and improves after eating
and resting. 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,
from a yin or “cool” remedy such as peppermint (Tiran 2002).

In summary, ginger is efficient for NVP and has not been associated
with malformations; however, larger trials are required, see also
Chapter 2.19.

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

2.4.7 Antihistamines (H,-blockers)

Pharmacology and toxicology

The first- and some of the second-generation antihistamines are
effective and safe treatment for nausea and vomiting of pregnancy.
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 is their sedative effect; however, the fact that they
have been on the market for so long, with no evidence of adverse
effects on the newborn, is very reassuring. The newer antihistamines,
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such as meclizine, are also safe and less sedating. A large meta-analy-
sis of 24 studies with more than 200000 participating women
showed no increased risk for major malformations; on the contrary,
it seemed that the use of antihistamines for NVP might even be pro-
tective (Seto 1997). Another large prospective study on antihista-
mine use in the first trimester, involving 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).

Buclizine is a piperazine-derivative antihistamine; it acts cen-
trally and via the labyrinthine apparatus to suppress nausea and
vomiting. There is very little evidence supporting use during preg-
nancy, although it is probably safe - as are the other related antihis-
tamines, such as cyclizine and meclizine.

Cyclizine is a piperazine-derivative antihistamine with anticholin-
ergic properties that exerts its antiemetic effect via direct effects on
the labyrinthine apparatus, the chemoreceptor trigger zone, and pos-
sibly by increasing the muscular tone of the lower esophagus. The
antihistaminic effect lasts for 4-6 hours only.

Dimenhydrinate is the chlorotheophylline salt of diphenhydramine,
and inhibits labyrinthine stimulation and the vestibular system. As
with diphenhydramine, dimenhydrinate is safe during early pregnancy
(Mazzota 2000), but should be avoided during the third trimester due
to its potential to stimulate uterine contractions (Brost 1996).

Diphenhydramine is an ethanolamine antihistamine that acts by
competitively antagonizing histamine at the H; histamine receptor.
Diphenhydramine is a first-generation antihistamine that is mainly
used as a sedative, although it is safe and effective as an antiemetic
during pregnancy (Mazzota 2000). Diphenhydramine has oxyctocin-
like effects, especially when given intravenously or in an overdose,
and may cause uterine contractions (Brost 1996); therefore, it should
not be given during the third trimester.

Doxylamine is an antihistamine, marketed with pyridoxine alone
or together with dicyclomine (an antispasmodic), that has been used
worldwide by millions of pregnant women as an effective treatment
for NVP. In the mid-1970s, limb and various gastrointestinal malfor-
mations were suspected to be associated with the combination.
Numerous studies, retrospective and prospective, failed to prove an
association; nevertheless, Bendectin (Lenotan in Germany and
Debendox in the UK) was withdrawn from the market in most
European countries and in the USA (Einarson 1988, Barash 1986,
Sheffield 1985). Following withdrawal from the market, an impres-
sive surge in rates of hospitalization rates due to NVP was observed,
and no difference in the rate of malformations (Neutel 1995). To
date, Diclectin, a generic version of doxylamine combined with
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pyridoxine, is marketed in Canada (only). Outside of Canada, this
combination may be used by combining the two medications.

Meclizine (meclozine) is a piperazine antihistamine with anticholin-
ergic 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 takes 1 hour, but the effect is
prolonged — usually 24 hours - so once-daily dosing is appropriate.

Meclizine is the antiemetic antihistamine of choice when doxy-
lamine is unavailable. It has a long-lasting effect in approximately
90% of patients, and there is no evidence of adverse consequences
to the child (Broussard 1998).

Recommendation. First- and second-generation antihistamines are a safe
and effective treatment for NVP. Doxylamine should be the first choice, prefer-
ably combined with vitamin B6 (Diclectin, if available); otherwise, second-
generation antihistamines such as meclizine should be used because of the
sedative effects of the first-generation antihistamines.

248 Dopamine antagonists

Pharmacology and toxicology

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

Metoclopramide is an effective antiemetic that acts both centrally
(causing dopamine blockade in the chemoreceptor trigger zone and
decreasing sensitivity of the visceral nerves that transmit GI
impulses to the central emetic center) and peripherally by stimulat-
ing motility of the upper gastrointestinal tract and increasing the
lower esophageal sphincter basal tone. Metoclopramide counter-
acts 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 and increased transit time of the small intestine.

Metoclopramide is effective as antiemetic therapy for all stages of
NVP, including hyperemesis gravidarum, and has been used to
manage NVP successfully at home using a continuous subcuta-
neous pump (Buttino 2000).

No adverse fetal effects were reported in a number of studies
when metoclopramide was administered during the first and sec-
ond trimesters, with no significant risk of major malformations
(Berkovitch 2002, 2000, Magee 2002, Serensen 2000). A prospec-
tive follow-up of 175 women exposed to metoclopramide during the
first trimester established that the rates of major malformations,
spontaneous abortions, and birth weight were comparable with
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controls, although the metoclopramide group had a significantly
higher rate of premature births (8.1% vs 2.4%) (Berkovitch 2002).
No adverse birth outcomes (birth weight, major malformations,
preterm delivery) were found in a study of 309 women, identified
from the Danish Medical Birth Registry, exposed to metoclo-
pramide during the first trimester of pregnancy (Serensen 2000).

Phenothiazines like chlorpromazine, perphenazine, prochlorper-
azine, promethazine, and ftrifluoperazine significantly decrease
NVP (Fitzgerald 1955, Lask 1953), and a meta-analysis of 2948
patients demonstrated no evidence of teratogenicity (Magee 2002;
see also Chapter 2.11).

Domperidone shows no teratogenicity in animals (Shepard
1992), but there are insufficient data regarding use in humans.

One trial combined droperidol with diphenhydramine for treat-
ment of 80 women with hyperemesis gravidarum. This is the only
published trial of exposure to droperidol in the first trimester. In
comparison to another group exposed to various antiemetics, the
combination of intravenous droperidol (1-1.25mg/h) and diphen-
hydramine shortened the length of hospitalization and reduced
readmissions (Nageotte 1996).

Pooling the results of three studies on trimethobenzamide (two
cohort and one case control), there was no increased risk for mal-
formations. In comparison to placebo alone or in combination with
pyridoxine, trimethobenzamide significantly improved symptoms
of NVP (Magee 2002).

Recommendation. Dopamine antagonists are widely used for treatment
of NVP, especially in countries where Benedectin is unavailable.
Metoclopramide seems safe and efficacious, and has less of the sedating
properties of the phenothiazines; it should probably be first choice among
the dopamine antagonists.

249 Pyridoxine (vitamin Bg)

Pharmacology and toxicology

Pyridoxine has been empirically recommended for NVP for more
than 40 years, although no association has ever been found between
vitamin Bg levels and NVP (Schuster 1985). Pyridoxine requirements
increase during pregnancy, although low serum concentrations are
usually normal until the second or third trimester.

Proof of efficacy has been obtained in two large trials showing a
significant reduction of nausea and the number of vomiting
episodes (Vutyavanich 1995, Sahakian 1991). The first trial demon-
strated efficacy in severe NVP only, but the second trial, larger and
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more adequately powered, showed efficacy in moderate and mild
NVP as well. Pyridoxine was administered for 3-5 days, but the max-
imum benefit was during the first 3 days of treatment, and the benefi-
cial effect appeared to diminish with time (Vutyavanich 1995). There
is no indication for teratogenicity, even with higher than standard
doses (Atanackovic 2001). Another study found that 50 mg pyridox-
ine i.m. along with 10 mg metoclopramide orally (on request every
6 hours) was more efficient in treating hyperemesis during the first
trimester than prochlorperazine or promethazin as monotherapy.
Again, there was no increased malformation rate in either group
(Bsat 2003).

It is important to note that the large doses of pyridoxine are neuro-
logically detrimental in non-pregnant patients, and therefore maxi-
mum doses of 80 mg per day are warranted (Schaumburg 1983).

Recommendation. For NVP, 40 mg/d should be used initially and the
maximum 80 mg/d can be tried. If vitamin Bg alone is not successful, then
combining with the antihistamine doxylamine (10 mg), a combination simi-
lar to Diclectin (available in Canada), may improve the efficacy.

2.4.10 Thiamine (vitamin B,)

Pharmacology and toxicology

Vitamin B; 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. Thiamine deficiency has been
described in 20 cases, causing memory loss, ataxia, nystagmus,
visual disturbances, permanent neurological symptoms, and even
maternal death (Gardian 1999).

Recommendation. Consider treatment with vitamin B; as an adjunctive
to other antiemetic therapy for prolonged hyperemesis gravidarum:
100-500mg thiamine intravenously for 3 days, and then maintenance of
2-3mg daily. Intravenous dextrose should not be given without prior
administration of thiamine, as the metabolism of the dextrose consumes the
remaining B; and may worsen symptoms.

2.4.11  Serotonin antagonists

Pharmacology and toxicology

Ondansetron is a selective serotonin-(5-HT3)-antagonist, used for
treating chemotherapy-induced nausea and vomiting. Ondansetron
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binds to the serotonin receptors located on the vagal neurons lining
the gastrointestinal tract and blocks signaling to the vomiting cen-
ter in the brain, thus preventing nausea and vomiting.

Although widely used for severe cases of NVP, there is scarce infor-
mation regarding fetal safety. In the largest study published to date,
the outcome of 176 pregnancies exposed to ondansetron between the
fifth and ninth weeks of gestation was no different from a control
group with regard to fetal outcome and major malformations. There
was a slight but insignificant increase in the rate of hypospadias (three
cases); although the sample size lacked power to show the apparent
six-fold increase in this anomaly (Einarson 2004). There is insuffi-
cient information on the other serotonin-antagonists dolasetron,
granisetron, palonosetron, and tropisetron during pregnancy.

Recommendation. Ondansetron should be used only if other antiemetics
fail, due to the lack of safety studies. The use of a serotonin antagonist is
not, in itself, an indication either for invasive diagnostic procedures or for
termination of pregnancy. After use in the first trimester, a detailed fetal
ultrasound should be considered.

2.4.12 Glucocorticoids

Pharmacology and toxicology

Corticosteroids have been proposed to modify the chemoreceptor
trigger zone in the brain, and are used to control nausea and eme-
sis associated with chemotherapy (Italian Group for Antiemetic
Research 2000, Safari 1998).

Corticosteroids are currently used to treat intractable hypereme-
sis gravidarum, the most extreme form of NVP. These patients have
severe nausea and vomiting, causing weight loss and dehydration
and occasionally requiring hospitalization. In the first randomized
trial examining intramuscular ACTH versus placebo, 32 women
with hyperemesis gravidarum were studied. There was no differ-
ence in response between the two groups (Ylikorkal 1979). A num-
ber of randomized controlled studies have since been published: 25
patients were randomized to receive 40 mg prednisolone daily ver-
sus placebo. The only difference among the groups was that the
sense of well-being improved in the prednisolone group (Nelson-
Piercy 2001). In a randomized, double-blind trial that compared
parenteral followed by oral corticosteroids versus placebo for
treatment of intractable hyperemesis gravidarum, the corticos-
teroids had no effect on the hyperemesis gravidarum and did not
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reduce recurrent hospitalizations. In addition, all patients were
treated with promethazine and metoclopramide (Yost 2003). When
compared with promethazine, however, a short course of methylpred-
nisolone was more effective than promethazine (Safari 1998). Treat-
ment with oral prednisolone promptly resolved symptoms if given
specifically to the subset of patients with the more severe hyperemesis,
defined as weight loss of greater than 5% (Moran 2002). For safety of
glucocorticoids in pregnancy, see Chapter 2.15.

Recommendation. Corticosteroids may be effective therapy for severe
intractable hyperemesis gravidarum associated with dehydration. Their use
is not, in itself, an indication either for invasive diagnostic procedures or for
termination of pregnancy.

2.4.13  Other agents with antiemetic properties

Pharmacology and toxicology

With respect to the antiemetics such as alizapride and aprepitant,
used primarily in oncology, there is insufficient experience to esti-
mate prenatal risk.

Betahistine, a histamine analog, and the antihistamines cinnarizine
and flunarizin have long been in use, and no increase in birth defects
after clinical use has been shown. However, the absence of controlled
studies on the use of these agents during pregnancy argues against
their routine use. Betahistine and cinnarizine are both effective for
treatment of vestibulair vertigo, as in Meniére’s syndrome.

Scopolamine is a parasympatholytic used transdermally in patch
form as antiemetic treatment. Among 309 pregnant women
exposed to scopolamine in the first trimester, no increase in the rate
of birth defects was seen (Heinonen 1977). Other studies have also
given no indication of an increase in birth defects after clinical use.
Scopolamine crosses the placenta, and can cause anticholinergic
symptoms such as tachycardia and decreased heart rate variability
in the fetus. This effect could, at least theoretically, interfere with
the detection of hypoxia-induced fetal bradycardia.

Recommendation. Betahistine, cinnarizine, flunarizin, scopolamine, and,
most particularly, alizapride and aprepitant should only be used when those
substances recommended in the previous sections have failed. The use of any
other antihistamine or antiemetic is not, in itself, an indication either for inva-

sive diagnostic procedures or for termination of pregnancy.
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2.5.1 Gastritis and peptic ulcer during pregnancy

During pregnancy, motility changes occur throughout the gastroin-
testinal tract. These changes are largely attributed to increased levels
of progesterone and estrogen. The mechanisms promoting gastro-
esophageal reflux during gestation primarily involve decreased lower
esophageal sphincter (LES) pressure and a decrease in the sphincter’s
adaptive responses, but mechanical factors may also be important.
Gastroesophageal reflux and heartburn are common during preg-
nancy. In mild cases, lifestyle and dietary modifications alone may
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be all that is required to improve the symptomatic relief. If drug treat-
ment is indicated, first-line therapy includes antacids or sucralfate. H,-
blockers or proton-pump inhibitors should be reserved for patients
with more severe symptoms, refractory to antacid or sucralfate ther-
apy (Katz 1998).

Interestingly, in contrast, the frequency, symptoms and complica-
tion rate of peptic ulcer disease appear to decrease during pregnancy
(Cappell 1998).

2.5.2 Antacids and sucralfate

Pharmacology

Antacids are basic compounds which neutralize hydrochloric acid
in the gastric secretions. For this purpose, the following are used:

m sodium hydrogen carbonate, aluminum hydroxide, aluminum
phosphate, algeldrate, calcium carbonate, magnesium (hydr)oxide,
magnesium carbonate, and magnesium trisilicate

m combination preparations of aluminum, magnesium, and carbonate

m the structurally newer aluminum-magnesium complexes almasi-
late, hydrotalcite, and magaldrate; and the aluminum saccharide
combination, sucralfate.

Regarding aluminum-containing antacids, the bioavailability of
ingested aluminum is reported to be 0.01-1% (Greger 1993). Priest
reports, referring to studies employing 2°Al as a tracer, that approxi-
mately 0.01% of ingested aluminum, as aluminum hydroxide, may be
absorbed. Co-administration of citrate may enhance the uptake a
tenth-fold, up to 0.14%. Excretion occurs primarily through the kid-
neys; about 2% of aluminum entering the blood is retained within the
body for years (Priest 2004). Renal failure may reduce renal excre-
tion of aluminum. Because of its molecular structure, the aluminum
bound in the newer complex preparations like magaldrate may be
more poorly absorbed in comparison to aluminum in classical
antacids. It has been shown in animal studies that the absorbed alu-
minum salts can also reach the fetus (Domingo 2000). Aluminum-
containing antacids can be constipating.

Regarding calcium-containing antacids, about 15-30% of oral
calcium carbonate intake is absorbed. In patients with normal kid-
ney function, there is no danger of hypercalcemia with normal ther-
apeutic use. High intake of calcium carbonate antacids has been
associated with (life-threatening) milk-alkali syndrome during
pregnancy (Gordon 2005).
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Regarding magnesium-containing antacids, about 5-10% of oral
magnesium intake may be absorbed. Magnesium-containing antacids
have a laxative effect.

Chronic consumption of high doses of antacids can cause alter-
ations in mineral metabolism.

Sucralfate, a water-soluble aluminum salt of a sulfated polysaccha-
ride, attaches to the surface of an ulcer and thus protects the mucosa
from further injury by acid and pepsin. The systemic absorption of
sucralfate is negligible.

Toxicology

Antacids are generally considered safe in pregnancy. The available
data do not suggest teratogenic effects or other developmental tox-
icity associated with normal therapeutic use of antacids during
pregnancy.

It has been proposed that the aluminum absorbed from aluminum-
containing antacids could lead to functional disturbances in poten-
tially sensitive organs in the fetus, such as the central nervous system
and the kidneys. A 1998 case report has described a 9-year-old with a
fatal neurodegenerative disorder, whose mother had taken an exces-
sive amount of aluminum hydroxide (an average of 15000 mg daily)
throughout the entire pregnancy. The authors postulate that the
high levels of aluminum ingested by this mother during pregnancy
resulted in neurologic impairment in this infant (Gilbert-Barness
1998). However, with normal therapeutic use there have been no clin-
ical indications of teratogenic effects or other developmental toxicity.

In a case reported by Robertson (2002), it is suggested that maternal
ingestion of high doses of calcium carbonate-containing antacid may
have temporarily suppressed neonatal parathormone production,
causing neonatal seizures secondary to late neonatal hypocalcemia.
However, there have been no clinical indications of teratogenic effects
or other developmental toxicity with normal therapeutic use.

Antacids containing sodium bicarbonate can induce maternal and
fetal metabolic alkalosis and fluid overload (review by Richter 2003,
Cappell 1998, Katz 1998).

Compounds containing magnesium trisilicate, when used long
term and in high doses, can lead to nephrolithiasis, hypotonia, respi-
ratory distress and cardiovascular impairment in the fetus (review by
Richter 2003, Cappell 1998, Katz 1998).

Generally speaking, magnesium salts can inhibit contractions
(see Chapters 2.8 and 2.14), but after oral ingestion as an antacid,
with its limited systemic absorption, such an effect is unlikely to
occur.

Antacids may interfere with iron absorption (review by Richter
2003, Cappell 1998, Katz 1998).
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Recommendation. Antacids and sucralfate may be used during all phases
of pregnancy. The unrestricted/long-term use of antacids during pregnancy
should be avoided. Among the aluminum-containing antacids, magaldrate and
sucralfate may be considered the drugs of choice because of their apparently
limited aluminum absorption.

253 H,-receptor antagonists

Pharmacology and toxicology

Cimetidine, famotidine, nizatidine, ranitidine, and roxatidine promote
the healing of stomach and duodenal ulcers by blocking the
H,-receptors in the gastric mucosa. In this way, the stimulation by his-
tamine, which induces the secretion of hydrochloric acid, is pre-
vented. Pepsin production is reduced as well. Hp-receptor antagonists
are used to treat gastroesophageal reflux and peptic ulcer disease.
These agents are all well-absorbed and cross the placenta.

Cimetidine showed weak anti-androgenic effects in some animal
experiments. However, there are no reports of human sexual develop-
mental disorders in infants exposed to cimetidine in utero (review by
Richter 2003).

The best-studied agent is ranitidine, with documented experience
on approximately 1500 exposed pregnancies altogether, followed
by cimetidine, with documentation for approximately 800 exposed
pregnancies. In one prospective controlled study on H,-blockers
(mostly ranitidine), no increased risk of major malformations was
found after first-trimester exposure (Magee 1996). Other studies on
H,-blockers (mostly ranitidine and cimetidine), based on linkage of
record/prescription databases with birth registers, also argue against
a teratogenic potential in humans (Ruigomez 1999, Killén 1998).
A large prospective study by the European Network of Teratology
Information Services (ENTIS) on 553 pregnancies exposed to
H,-blockers - 335 to ranitidine, 113 to cimetidine, 75 to famotidine,
15 to nizatidine and 15 to roxatidine - confirms earlier data that the
use of ranitidine and cimetidine during pregnancy does not signifi-
cantly increase the risk of major malformations or other pregnancy
complications (Garbis-Berkvens 2005).

One case report noted a possible association between transient
neonatal liver impairment with hyperbilirubinemia and cimetidine
exposure during the last month of gestation (Glade 1980), but this
finding has not been confirmed in other studies. There is considerable
experience in the use of cimetidine and ranitidine in late pregnancy; no
adverse neonatal effects were attributed to their use. When cimetidine
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or ranitidine is given to reduce the risk of aspiration during a cesarean
section, it is well tolerated by the mother and the fetus (Broussard
1998, Cappell 1998).

There is very limited experience in the use of famotidine, nizatidine,
and roxatidine in pregnancy (see the aforementioned ENTIS study);
data are insufficient for a well-grounded risk assessment, but there are
no indications of a teratogenic risk in humans as yet.

Recommendation. During pregnancy, H,-receptor antagonists may be pre-
scribed when antacids or sucralfate have failed. Ranitidine — the best-studied
agent — may be preferable to cimetidine because of a theoretical concern
about the anti-androgenic properties of cimetidine. The use of one of the
other H,-receptor antagonists is not grounds for either the termination of
pregnancy or invasive diagnostic procedures.

254 Proton-pump inhibitors

Pharmacology and toxicology

Proton-pump inhibitors such as omeprazole, esomeprazole, lanso-
prazole, pantoprazole, and rabeprazole suppress gastric acid secre-
tion by inhibiting the H*/K*-ATPase enzyme system on the surface
of the parietal cell. Proton-pump inhibitors are used to treat gastro-
esophageal reflux and peptic ulcers. Omeprazole has been shown to
be well-absorbed and to cross the placenta.

The best-studied agent is omeprazole, with documented experience
on approximately 1300 exposed pregnancies altogether. In one
prospective controlled study on omeprazole use in 113 pregnancies,
the authors found no association between exposure during the first
trimester and an increased risk for major malformations (Lalkin
1998). Other studies on omeprazole, based on linkage of record/pre-
scription databases with birth registers, yielded similar results (Kéllén
2001, Ruigomez 1999). The aforementioned studies were all included
in a meta-analysis (Nikfar 2002). A recently published prospective
controlled study by the ENTIS on 410 pregnancies exposed to proton-
pump inhibitors - 295 to omeprazole, 62 to lanzoprazole and 53 to
pantoprazole - suggests that proton-pump inhibitors do not represent
a major teratogenic risk in humans (Diav-Citrin 2005).

In multiple human studies, oral administration of omeprazole
during labor and delivery to prevent aspiration of gastric acid was
well tolerated by mother and fetus (Cappell 1998).

Experience in the use of lansoprazole, rabeprazole, and pantopra-
zole in pregnancy is very limited (see the pertinent ENTIS study)
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and insufficient for a well-grounded risk assessment, but there are,
to date, no indications of a teratogenic potential in humans.

Recommendation. Omeprazole is a drug of choice for reflux esophagitis
in pregnancy. For other treatment indications, proton-pump inhibitors are
second-choice drugs during pregnancy when antacids, sucralfate, and raniti-
dine are not effective. In such a case, omeprazole, the proton-pump inhibitor
with the largest experience, should again be chosen. Treatment with other
proton-pump inhibitors is not grounds for the termination of the pregnancy.
Detailed fetal ultrasonography during the second trimester can be considered.

2.5.5 Bismuth salts

Pharmacology and toxicology

With the discovery of the relationship between the occurrence of
gastric and duodenal ulcers and infection with the bacterium Heli-
cobacter pylori, bismuth salts, which were formerly used as a non-
specific antidiarrheal and antiulcer drug, have experienced a renais-
sance in recent years. Bismuth combinations have antimicrobial
effects against Helicobacter pylori. Bismuth subcitrate, bismuth sub-
salicylate, bismuth subcarbonate, bismuth subnitrate, dibismuth-
tris (-tetraoxodialuminate), and bismuth I1l-citrate hydroxide complex
are available. Salicylate is released from bismuth subsalicylate and
rapidly absorbed (see Chapter 2.1 for acetylsalicylic acid). Bismuth
nitrate can form nitrite.

The data available for bismuth exposure in pregnancy are not suffi-
cient for a well-grounded risk assessment (Friedman 1990). There have
been no indications of a specific teratogenic effect in humans as yet.

Recommendation. Bismuth salts are relatively contraindicated during
pregnancy. When antimicrobial treatment for H. pylori is necessary, the use
of macrolides is preferred (see Chapter 2.6).

2.5.6 Additional ulcer therapeutics

Pharmacology and toxicology

Carbenoxolone appears to act by stimulating the synthesis of protec-
tive mucus, and has no direct effect on the production of hydrochloric

Pregnancy

2.5 Gastrointestinal and antilipidemic agents and spasmolytics



100 2.5.6 Additional ulcer therapeutics

acid. It has mineral corticoid-like effects, and may produce sodium
and water retention and hypokalemia.

Methantheline, an anticholinergic drug, is used for the treatment
of peptic ulcer disease (see also spasmolytics).

Pirenzepine is an anticholinergic drug (so-called M;-receptor
blocker), which apparently works selectively in the stomach, reducing
the secretion of gastric acid; up to 25% is absorbed.

Proglumide is a cholecystokinine antagonist with an inhibitory
effect on gastric secretion.

Because of a lack of human studies for carbenoxolone, methanthe-
line, pirenzepine, and proglumide, a well-grounded risk assessment is
not possible.

Misoprostol is a synthetic prostaglandin E; analog with antisecre-
tory and mucosal protective properties, used to treat or prevent
NSAID-induced gastric ulcers. Oral use of misoprostol induces uterine
contractions that can result in uterine bleeding or abortion. There is a
report of fetal death in the thirty-first week of pregnancy as a result of
tonic uterine contractions after the ingestion of a high dosage with the
intention of committing suicide (Bond 1994).

In Brazil and Central America, misoprostol is used as an illegal
abortifacient. In Brazil, cases of Moebius sequence were observed in
children whose mothers had tried to induce abortion with misopros-
tol (see Chapter 2.14 for details).

Few data are available on the inadvertent therapeutic (gastric
ulcers) use of misoprostol during pregnancy. In a French collabora-
tive study of 125 pregnancies exposed to misoprostol, 61 patients
used misoprostol for prevention of NSAID-induced gastrointestinal
lesions. Although the study was too small to draw conclusions, no
increased risk for major malformations was noted and no consistent
pattern of malformations was seen. In particular, Moebius sequence
and limb-reduction defects were not observed (Bellemin 1999).
However, the timing of exposures for all of these cases may not be
during the most sensitive periods for inducing Moebius sequence
and limb-reduction defects.

Recommendation. Carbenoxolone, misoprostol, pirenzepine, and proglu-
mide should not be used during pregnancy. Their inadvertent use does not
necessitate the termination of the pregnancy or invasive diagnostic procedures.
In the case of inadvertent misoprostol use during the first trimester, a detailed
fetal ultrasound examination during the second trimester should be offered to
evaluate morphologic development; however, the features of Moebius
sequence may not be identifiable using this technique (see Chapter 2.14 for
details).
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2.5.7 Helicobacter pylori therapy

In recent years, antibiotic treatment of H. pylori has fundamentally
altered the therapy of gastric and duodenal ulcers. It is recommended
that treatment should consist of triple therapy, namely a proton-
pump inhibitor and two of the following antibiotics: clarithromycin,
metronidazole, and amoxicillin. Several different regimens are used;
the choice depends on local patterns of bacterial resistance and
regional preference. An example of an effective regimen is: omepra-
zole 20 mg, amoxicillin 1000 mg and clarithromycin 500 mg, all given
twice daily for 1 week. Generally these triple therapy regimens
achieve an eradication rate of about 90%. However, in case of bacte-
rial resistance to clarithromycin or metronidazole, effectiveness
decreases to less than 50%.

Quadruple therapy with omeprazole, bismuth, tetracycline, and
metronidazole is used when triple therapy fails or may be ineffec-
tive because of local bacterial resistance.

In a publication of several cases, it is discussed that when the
symptoms of hyperemesis gravidarum are persistent into the second
trimester, active peptic ulcer disease from H. pylori could be the
cause (Jacoby 1999). The results of several studies do not support an
involvement of H. pylori infection in the generation of gastrointesti-
nal symptoms during pregnancy, although a possible relationship
with severe forms of emesis is suggested by Larraz (Weyermann
2003, McKenna 2003, Larraz 2002).

Recommendation. Eradication of H. pylori with triple therapy can be
undertaken during pregnancy when clearly indicated. As mentioned in
Chapter 2.6, amoxicillin can be safely used during pregnancy in the usual
doses. There are as yet no clear indications of embryo- or fetotoxic effects due
to the use of macrolides such as, for instance, clarithromycin, during human
pregnancy, although data on clarithromycin are still limited (see Chapter 2.6).
Based on experimental results, metronidazole may be evaluated more cau-
tiously; however, human data do not indicate an increased risk (see Chapter
2.6). At least during the first trimester, application of metronidazole should be
carefully considered. This applies as well to the proton-pump inhibitors,
among which the oldest medication, omeprazole, should have preference.
Quadruple therapy is not recommended during pregnancy, because tetracy-
clines are contraindicated after the fifteenth week of gestation (see Chapter
2.6), and bismuth salts are relatively contraindicated because of lack of
human studies (see section 2.5.5).
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2.5.8 Acids

Pharmacology and toxicology

For digestive problems caused by too little production of stomach
acid, glutamic acid and citric acid with pepsin proteinase are avail-
able. 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. For appropriate indications, these therapies may be
taken during pregnancy.

259 Atropine and other anticholinergic
spasmolytics

Pharmacology and toxicology

Atropine, a belladonna-alkaloid, is a classic parasympatholytic,
which inhibits the action of acetylcholine by competitively blocking
muscarine receptors. With local application (in the eye), systemic
availability is negligible when applied properly. I-Atropine is the bio-
logically active enantiomer, and is sometimes encountered under the
name hyoscyamine.

Atropine reaches concentrations in the fetus equivalent to those
in the mother within a few minutes. Although atropine may alter
fetal heart rate or inhibit fetal breathing after systemic application,
exposure to this drug during pregnancy has not been associated with
adverse developmental effects or significant fetotoxicity at recom-
mended therapeutic dosages.

Atropine-like belladonna-alkaloids and their derivatives are
parasympathicolytic agents, used in the relief of visceral spasms of the
gastrointestinal tract and of colic of the biliary and genitourinary sys-
tems; some of these agents are used in the treatment of peptic ulcer.
Mydriasis (for diagnostical purpose), respiratory tract disorders, uri-
nary incontinence and Parkinsonism are other indications.

Atropine-like belladonna alkaloids such as scopolamine and
homatropine, and the tertiary amine derivatives of these belladonna
alkaloids such as flavoxate, oxybutynin, tolterodine, cyclopentolate,
and tropicamide, have central (CNS) and peripheral effects similar
to those of atropine. With systemic use, effects similar to those of
atropine cannot be ruled out. Scopolamine has an hypnotic action.
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It is also available as a mydriatic, and as a patch for prevention of
motion sickness (see Chapter 2.4). Homatropine, cyclopentolate, and
tropicamide are available as a mydriatic.

Flavoxate, oxybutynin, and tolterodine are smooth-muscle relax-
ants for the urinary tract or bladder.

The quaternary ammonium derivatives of atropine-like belladonna
alkaloids have peripheral effects similar to those of atropine; central
(CNS) effects are negligible. With systemic application, peripheral
effects similar to those of atropine cannot be ruled out. The quater-
nary ammonium derivatives are mostly used as spasmolytics and for
gastrointestinal disorders. Among them, butylscopolamine is the
most widely used spasmolytic. Butylscopolamine is poorly absorbed
after oral administration. Two cases of eclamptic seizures after the
intravenous administration of butylscopolamine in patients with
severe pre-eclampsia were reported (Kobayashi 2002).

Others are clidinium, glycopyrronium, methantheline, methylscopo-
lamine, pipenzolate, pipoxolan, propantheline, and trospium chloride.

There are no detailed studies in humans concerning the use of
these anticholinergic drugs during pregnancy. The same applies to
the antispasmodics denaverin, hymecromon, mebeverine, papaver-
ine, phenamazide, pinaverium, and tiropramide.

Specific embryotoxic effects in humans have not thus far been
observed with the use of the belladonna alkaloids and derivatives
mentioned, but documented experience is very limited.

Diclofenac, a nonsteroidal anti-inflammatory drug (NSAID), and
as such a prostaglandin synthetase inhibitor, is used as a spas-
molytic in the relief of kidney and biliary colic (see Chapter 2.1).

Recommendation. Anticholinergics, including atropine, can be used
throughout pregnancy when strongly indicated. Functional effects, i.e. on the
fetal heart rate, must be considered with systemic use. Butylscopolamine is
the spasmolytic of choice in this group of medications. Diagnostic application
of anticholinergics in the eye can be undertaken during pregnancy. Diarrhea
should not be treated routinely with anticholinergics.

2.5.10 Cholinergics

Pharmacology and toxicology

In the past 30 years, numerous publications have appeared on use of
pyridostigmine and neostigmine during pregnancy for the treatment
of the autoimmune illness myasthenia gravis. According to these
experiences, the use of these cholinergics has not been associated
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with congenital malformations or other adverse effects (review by
Tellez-Zenteno 2004, Batocchi 1999). In 10-15% of babies born to
mothers with myasthenia gravis, transient signs of neonatal myasthe-
nia are noted, which are apparently caused by the placental transfer
of receptor-blocking antibodies and not associated with the choliner-
gic therapy. In a few cases, placental transfer of receptor-blocking
antibodies results in fetal/neonatal arthrogryposis multiplex con-
genita (AMC) (Polizzi 2000).

There is insufficient published information concerning the use dur-
ing pregnancy for other cholinergics, ambenonium, aneth-oltrithion,
bethanechol, carbachol, ceruletide, edrophonium, distigmine, and
physostigmine.

Recommendation. For appropriate indications, such as glaucoma, myas-
thenia, or intestinal or bladder atonia, the cholinergics (e.g. neostigmine,
pyridostigmine, carbachol, distigmine and physostigmine) may be used dur-
ing pregnancy. If another medication in this group is used accidentally, this
does not require termination of pregnancy or invasive diagnostic procedures.

2.5.11  Other prokinetic agents

Pharmacology and toxicology

Metoclopramide, bromopride, cisapride, and domperidon are licensed
for treating motility disturbances in the upper intestinal tract. Dexpan-
thenol is used for intestinal atonia.

Metoclopramide is discussed in Chapter 2.4.

In a prospective, controlled multicenter study, the authors con-
cluded that exposure to cisapride during pregnancy was not associ-
ated with an increased risk of malformations or other adverse effects,
although the sample size (88 first-trimester exposures) is too small to
draw conclusions as yet (Bailey 1997). Cisapride has been withdrawn
from the market in some countries because of serious side effects
such as fatal cardiac arrhythmias.

Experience in the use of bromopride and domperidon during
pregnancy is insufficient for a well-grounded risk assessment.

Recommendation. Metoclopramide is the drug of choice for motility dis-
turbances (with nausea) in the upper gastrointestinal tract. An (accidental)
use of the other agents does not require termination of pregnancy or inva-
sive diagnostic procedures.
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2.5.12  Constipation during pregnancy

Constipation is common during pregnancy, occurring in up to one-
third of women. Constipation during pregnancy is probably caused
by progesterone-related changes in both small bowel and colon
motility, and by the increased absorption of water and electrolytes
during pregnancy. The subjective experience of the pregnant woman
(a feeling of fullness due to the growing uterus) certainly also plays a
role. Therefore, before prescribing laxatives it must be determined
whether there is, in fact, any constipation (hard, dry stool, painful,
less than three times a week).

Therapeutically, an improvement should first be attempted with
dietary changes, including increased fluid and fiber intake, training
of the defecation reflex, and increased physical activity. When these
measures are not successful, it may be necessary to use a laxative to
enhance the effectiveness of defecation.

Habituation to these medications, resulting in the abuse of exces-
sively high doses, should be counteracted because water loss, elec-
trolyte imbalance and, in advanced pregnancy, uterine contractions,
can endanger the fetus.

Laxatives should only be used in pregnancy when dietary and
physical measures have been unsuccessful. In this case, stool-bulking
agents are the drugs of choice (Bonapace 1998).

2.5.13  Stool-bulking agents

Pharmacology and toxicology

Stool-bulking agents are non-absorbed substances that increase in
volume when absorbing water; they promote intestinal peristalsis.
Foods with high cellulose content, such as wheat bran, linseed, psyl-
lium, and wheat germ, as well as agar-agar, carboxymethyl-cellulose,
guar gum, ispaghula, methylcellulose, and sterculia, belong to this
group of laxatives.

Recommendation. All stool-bulking and absorbent substances are seen
as safe in pregnancy, and should be used preferentially.

2.5.14  Hyperosmotic and saline laxatives

Pharmacology and toxicology

Lactulose, a poorly absorbed disaccharide, and its analog, lactitol,
increase osmolar tension, creating an increase in water collection,
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distension, peristalsis, and evacuation. Lactulose is widely used, and
in moderate use it is well tolerated. Poorly absorbed alcohols such
as mannitol and sorbitol are used with the same effect. Macrogol
works similarly; macrogols with a molecular weight of more than
3000 are not absorbed.

Saline laxatives are poorly absorbed as well; they work in a similar
way to lactulose, but use saline to create an increase in fluid accumula-
tion. Isotonic solutions are recommended because hypertonic solu-
tions have the disadvantage that they remove significant quantities of
fluid from the body. The salts, which are most appropriate as saline lax-
atives, are sodium sulfate and magnesium sulfate; potassium-sodium
tartrate, magnesium citrate, potassium bitartrate, and potassium cit-
rate are also used. Generally speaking, magnesium salts can inhibit
contractions (see Chapters 2.8 and 2.14), but after oral ingestion as a
laxative, with its limited systemic absorption, this effect is unlikely to
occur.

Recommendation. After stool-bulking agents, lactulose is the first-choice
laxative in pregnancy. Lactitol, mannitol, and sorbitol, as well as the saline lax-
ative sodium sulfate, can also be used as laxatives during pregnancy. However,
sodium sulfate in higher doses and magnesium sulfate are contraindicated in
pregnant women with cardiac or renal insufficiency, because absorption of
sodium or magnesium can mean an additional burden for them. Other salts are
not recommended.

2.5.15 Diphenylmethanes

Pharmacology and toxicology

The diphenylmethane phenolphthalein and its derivatives bisacodyl
and sodium picosulfate have a laxative effect by stimulating the colon
peristalsis; hence they are stimulant laxatives. Up to 15% of phe-
nolphthalein is absorbed, and after glucuronidation is excreted in the
urine (reddish coloring). Only about 5% of bisacodyl is absorbed.

Neither teratogenic nor fetotoxic effects have been observed with
diphenylmethanes (Bonapace 1998).

Recommendation. When constipation needs to be treated with medica-
tion and neither bulk nor osmotic laxatives like lactulose work effectively
enough, bisacodyl is the drug of choice throughout the entire pregnancy.
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2.5.16  Anthraquinone derivatives

Pharmacology and toxicology

Anthraquinone derivatives with a laxative action occur in a number
of plants: folia sennae, rhizoma rhei, cortex frangulae, and aloe. They
have a laxative effect by directly stimulating colonic smooth muscles.
Anthraquinone derivatives occur as glycosides. After the sugar por-
tion is cleaved in the intestine, these agents are partially absorbed
and excreted in the urine (colored!). Anthraquinone derivatives do
not appear to be teratogenic. Reported experience is the most exten-
sive with senna laxatives. No stimulating effect on uterine contrac-
tions or other side effects relevant to pregnancy were noted when
senna laxatives were used in pregnancy (Anonymous 1992).

A stimulating effect on uterine muscles as well as the risk of meco-
nium passage in utero as a result of the direct action of the aloe
ingredient aloin have been discussed.

Recommendation. Anthraquinone derivatives should be avoided during
pregnancy because some of them have a stimulating effect on uterine con-
tractions. However, treatment with them does not necessitate either termi-
nation of the pregnancy or invasive diagnostic procedures.

2.5.17 Castor oil

Pharmacology and toxicology

Castor oil (oleum ricini) is a triglyceride that is hydrolyzed in the
small intestine to release glycerol and ricinoleic acid. This causes a
laxative effect by irritating the intestinal mucosa. Castor oil is a laxa-
tive with a harsh action; it is not appropriate for long-term therapy. In
addition, it has a very unpleasant taste. No specific embryotoxic
effects have been observed in human beings; however, studies during
early pregnancy have to our knowledge not been reported. Many
authors warn against a possible uterine contraction-stimulating effect.
Steingrub (1988) reported a single case of amniotic fluid embolism
associated with ingestion of castor oil, which was taken in an effort to
induce labor.

Recommendation. Castor oil should not be used during pregnancy because
it may stimulate uterine contraction. Nevertheless, exposure does not require

any action other than changing medication.
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2.5.18 Lubricants and emollient laxatives

Pharmacology and toxicology

Paraffinum subliquidum (mineral oil) interferes with the intestinal
absorption of fat-soluble substances, including fat-soluble vitamins
such as vitamin K, and can therefore affect fetal development; neona-
tal hypoprothrombinemia and hemorrhage have been reported
(Bonapace 1998). The fact that limited amounts are absorbed and can
lead to granulomatous reactions, as well as the risk of lipoid pneumo-
nia if aspirated, generally limit the therapeutic value of paraffinum
subliquidum (Gatusso 1994).

Docusate is an emollient laxative which also has some stimulant
activity in the colon. It affects the function of the intestinal mucosa,
and may enhance the uptake of other drugs and thus increase their
potential toxicity. No increased risk of malformations has been
observed after use of docusate during pregnancy (Bonapace 1998).
There is a single case report of clinically manifest neonatal hypomag-
nesemia after maternal overuse of oral docusate sodium (Schindler
1984).

Recommendation. Paraffinum subliquidum is contraindicated during
pregnancy. Nevertheless, exposure does not require any action other than
changing medication. Docusate can be used in low doses when indicated.
Stool-bulking agents, lactulose or bisacodyl are preferred.

2.5.19 Antidiarrheals

For acute diarrhea, symptomatic therapy with fluid replacement and
maintenance of electrolyte balance is the mainstay of treatment dur-
ing pregnancy. If infectious enteritis has an invasive course (bloody
stools, high fever), antibiotic treatment may be necessary.

Pharmacology and toxicology

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

Loperamide is related to diphenoxylate with respect to structure
and action. Its systemic bioavailability is less than 1%. Experience
indicates that its central action is less opiate-like than that of diphe-
noxylate, because very little loperamide enters the CNS. In a prospec-
tive controlled study on 105 pregnant women, of whom 89 had used



2.5.20 Drugs for chronic inflammatory bowel disease 109

loperamide in the first trimester, no increased risk of malformations
was noted. However, women who took loperamide throughout preg-
nancy had babies that tended to be 200 g smaller (Einarson 2000).
There are no indications of specific teratogenic effects for either of
these drugs; however, documented experience is not large (Bonapace
1998).
The same applies to tannin albumate.

Recommendation. Only rarely does acute diarrhea require treatment that
goes beyond dietary measures. In cases where a drug-induced inhibition of
intestinal motility is indicated, loperamide can be chosen.

2.5.20 Drugs for chronic inflammatory bowel disease

Inflammatory bowel disease (IBD) often affects young adults, and
young women with IBD may become pregnant. Several earlier ret-
rospective studies suggest that the rates of prematurity, fetal loss,
and congenital malformations in IBD approximate the incidence of
these findings in the normal population (review by Katz 2001). Recent
population-based studies, however, have demonstrated an increased
risk of preterm delivery and have documented neonates born to
mothers with IBD to have lower birth weight and to be small for
gestational age (Dominitz 2002, Nergard 2000, Fonager 1998,
Kornfeld 1997). Two studies also reported an increased risk of mal-
formations, contradicting earlier findings (Nergard 2003, Dominitz
2002). Disease symptoms and activity play a dominant role in
determining pregnancy outcome. Active inflammatory bowel dis-
ease in pregnancy has been associated with low birth weight, higher
rates of spontaneous abortion, prematurity, and perinatal complica-
tions. Therefore, optimal treatment of (active) IBD is important in
improving pregnancy outcome (review by Friedman 2002, Katz
2001). The severity of the disease and the potential for drug toxicity
determine the choice of treatment.

Pharmacology

Choices for treatment of ulcerative colitis and Crohn’s disease include
sulfonamides, 5-amino-salicylic acids, glucocorticoids, immunosup-
pressives like azathioprine and also methotrexate, 6-mercaptopurine,
thioguanine, and monoclonal antibodies like infliximab are being
used. Heparin has been used to treat refractory ulcerative colitis.
Sulfasalazine, a combination of a sulfonamide part and 5-amino-
salicylic acid (5-ASA), was for a long time the drug of choice for
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IBD. A significant clinical obstacle to the use of sulfasalazine in inflam-
matory bowel disease is the frequency of side effects due to the sulfon-
amide moiety. In most cases, the antiphlogistically active part of
sulfasalazine - 5-ASA - is just as effective by itself for treating chronic
inflammatory bowel disease, without the side effects. 5-ASA has
been available for some years as a single substance - mesalazine
(mesalamine), and is currently a first-line drug in the treatment of IBD.

Mesalazine-delivering drugs differ in the systemic bioavailability of
mesalazine. Up to 50% of mesalazine is absorbed when taken orally.
5-amino-salicylic acid transits the placenta, and fetal plasma concen-
trations of the drug are lower than in maternal plasma (Christensen
1994).

Olsalazine, used as treatment and as prophylaxis against recur-
rence of chronic inflammatory bowel disease, is a double molecule
consisting of two mesalazine parts.

For balsalazide, mesalazine is coupled to an inert molecule.

For glucorticosteroids, see Chapter 2.15; for immunomodulating
agents, see Chapter 2.12; and for cytostatic drugs, see Chapter 2.13.

Toxicology

Substantial experience with use of sulfasalazine in human beings
demonstrates that sulfasalazine therapy is not teratogenic (overview
by Connell 1999). Concerns that the sulfonamide moiety might
potentiate kernicterus in the prenatally exposed newborn are more
of a theoretical nature. In a case report, reversible neonatal neutrope-
nia was associated with maternal sulfasalazine therapy of 3 g daily
(Levi 1988).

Mesalazine has been prescribed frequently in pregnancy without
indications as yet that there may be a teratogenic activity or other
adverse potential, when used at recommended doses (overview by
Connell 1999, Marteau 1998). Renal insufficiency was reported in
a newborn whose mother took 2-4 g of oral mesalazine daily from
the third to the fifth months of pregnancy (Colombel 1994); a
prostaglandin antagonism of the 5-ASA was suggested as the cause
by the authors. To date, no prostaglandin antagonism-like effects of
5-ASA on the fetal ductus arteriosus have been reported.

A prospective controlled study on 165 women exposed to
mesalazine during pregnancy confirms earlier results that the use of
mesalazine during pregnancy does not significantly increase the risk
of major malformations or other pregnancy complications. It was sug-
gested by the authors that the increase in the rate of preterm deliver-
ies and decrease in the mean birth weight, which were reported in this
study, could be attributed to the disease (Diav-Citrin 1998). A recently
published small, controlled cohort study on 5-ASA exposure during
pregnancies complicated by IBD - based on data from a prescription
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registry — reported an increased risk of stillbirth and preterm birth
only in patients with ulcerative colitis; no increased risk of malforma-
tions was noted. However, it was difficult to distinguish the specific
effects of disease activity and the 5-ASA drugs (Nergard 2003). In an
as yet unpublished study of the ENTIS, data on 318 prospectively fol-
lowed pregnancies exposed to mesalazine do not suggest a teratogenic
risk or other drug-related adverse effects, even when used in high
doses. An increase in the rate of preterm deliveries, a higher rate of
neonates with low birth weight, and a lower mean birth weight were
reported in the exposed group; however, in quiescent disease no sta-
tistically significant differences in pregnancy outcome were found
comparing exposed cases with controls, except for a lower mean birth
weight with Crohn’s disease (Rost van Tonningen 2004, unpublished
data).

There is limited or no experience with use of olsalazine and bal-
salazide in pregnancy.

For glucorticosteroids, see Chapter 2.15.

Documented experience — principally involving renal transplant
recipients — with the use of azathioprine during pregnancy does not
demonstrate an increased risk of malformations. Some small stud-
ies report the use of azathioprine during pregnancy for the treat-
ment of inflammatory bowel disease as well, with similar results
(review by Alstead 2003). See Chapter 2.12 for details.

Documented experience with the use of 6-mercaptopurine during
pregnancy is still insufficient for a definitive risk assessment. See
Chapter 2.13 for details.

A case report describes the use of low-dose 6-thioguanine during
two pregnancies for the treatment of Crohn’s disease refractory to
other therapy. The pregnancies resulted in two healthy infants (De
Boer 2005). See Chapter 2.13 for details.

In the post-marketing surveillance of infliximmab, used in the
treatment of Crohn’s disease and rheumatoid arthritis, a number of
pregnancies have been reported with no increase in adverse events
(Katz 2004). However, experience is too limited for a definitive risk
assessment. See Chapter 2.12 for details.

Successful treatment of an acute flare of steroid-resistant Crohn’s
disease during pregnancy with unfractioned heparin has been
reported (Prajapati 2002).

Recommendation. Mesalazine is the drug of choice for treatment of chronic
inflammatory bowel disease during pregnancy. Dosage should be as required
for optimal treatment of the inflammatory bowel disease, as undertreatment
may have adverse effects on pregnancy and the fetus due to active disease.
Sulfasalazine and olsalazine may also be used if necessary. Corticosteroids may
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also be used, locally as well as systemically, when indicated (see Chapter 2.15
for details). Immunosuppressive agents such as azathioprine should only be
used when compellingly indicated (see Chapter 2.12). 6-mercaptopurine, 6-
thioguanine and infliximab should be avoided if possible, and only be used
when the aforementioned agents have failed (see Chapters 2.12 and 2.13).
Methotrexate should not be prescribed (see Chapter 2.13).

2.5.21 Dimeticon and plant-based carminatives

Pharmacology and toxicology

Substances that relieve meteorism are collectively referred to as
carminatives. Among these are caraway, anise, and peppermint with
their active essential oils. They are viewed as safe in pregnancy (see
also Chapter 2.19).

Dimeticon/simethicone is a silicone product that is used as an
antiflatulent. It defoams and disperses gas bubbles that accumulate
in the gastrointestinal tract, causing meteorism. In this way, it makes
transport of the intestinal contents easier. It is not absorbed, and is
well-tolerated during pregnancy.

Recommendation. Dimeticon/simethicone and the plant-based substances,
which contain anise, caraway, or peppermint, may be used throughout the
pregnancy as carminatives.

2.5.22  Chenodeoxycholic acid and
ursodeoxycholic acid

Pharmacology and toxicology

Ursodeoxycholic acid (UDCA) is a naturally occurring bile acid that
has been used to change the composition of bile in an effort to dis-
solve gallstones, and in the management of chronic cholestatic dis-
orders. It also has been used as a therapy for intrahepatic cholestasis
of pregnancy. Intrahepatic cholestasis of pregnancy is characterized
by maternal pruritis with elevated serum bile acids and liver-func-
tion test abnormalities, and associated with an increased rate of fetal
distress, stillbirth, premature deliveries, and perinatal morbidity. One
study reported that only high levels of serum bile acids (= 40 umol/l)
were associated with increased fetal risks (Glantz 2004). Ursodeoxy-
cholic acid improves pruritis and biochemical abnormalities in
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patients with intrahepatic cholestasis of pregnancy (Roncaglia 2004,
Reyes 2000, McDonald 1999). It is too early to say whether the
use of UDCA improves fetal outcome in pregnancies affected by
intrahepatic cholestasis of pregnancy, but several studies suggest bet-
ter perinatal outcome (Zapata 2005, Palma 1997, Diaferia 1996). In a
randomized study on 84 pregnant women with intrahepatic cholesta-
sis of pregnancy who received either ursodeoxycholic acid or
cholestyramine, pruritus was more effectively reduced by ursodeoxy-
cholic acid than by cholestyramine, as were the biochemical abnor-
malities; babies were delivered significantly closer to term by patients
treated with ursodeoxycholic acid than those treated with cholestyra-
mine (Kondrackiene 2005).

As yet, there are no definitive studies on the use of ursodeoxycholic
acid in early pregnancy, only for the second and third trimesters.
There have not been reports of fetal damage following the treatment
of a pregnant woman with intrahepatic cholestasis (Zapata 2005,
Roncaglia 2004, Reyes 2000, McDonald 1999, Palma 1997, Diaferia
1996).

There is no documented experience with the use of chenodeoxy-
cholic acid in pregnancy. In experimental animal studies, fetal liver
damage has been noted after large maternal doses of this agent.
This effect has not been described in humans as yet.

Recommendation. Ursodeoxycholic acid should be avoided during the
first 3 months of pregnancy. If a patient becomes pregnant during treatment,
the medication should be stopped, except when chronic use is necessary for
primary biliary cirrhosis. Ursodeoxycholic acid can be used in the second and
third trimesters for the treatment of intrahepatic cholestasis of pregnancy
when indicated. Chenodeoxycholic acid should not be used during preg-
nancy. Treatment in the first trimester with bile acids does not require termi-
nation of the pregnancy or invasive diagnostic procedures.

2.5.23  Clofibrine acid derivatives and analogs

Pharmacology and toxicology

Clofibrate is a lipid reducer that acts on the triglycerides and, to a lim-
ited extent, on cholesterol. It is used for primary hyperlipidemia.
Clofibrate has been withdrawn from the market in some countries
because of serious side effects. In animal studies, clofibrate was identi-
fied in fetal tissue and was capable of inducing fetal hepatic enzymes.
Because of the reduced glucuronide conjugation of clofibrate in the
fetus, it is possible that fetal accumulation of the drug could occur
with treatment towards the end of pregnancy.
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The analog products bezafibrate, etofibrate, fenofibrate, ciprofi-
brate, and gemfibrozil can be evaluated pharmacologically and tox-
icologically in the similar manner as clofibrate.

Experience with clofibrate - and primarily with the other
ingredients - is very limited and insufficient for risk assessment, but
no reports linking the use of clofibrate with congenital defects have
been located.

Recommendation. Clofibrate, like bezafibrate, etofibrate, fenofibrate, and
gemfibrozil, should not be prescribed during pregnancy. Inadvertent treat-
ment with these lipid reducers during pregnancy does not necessitate either
termination of pregnancy or invasive diagnostic procedures.

2.5.24  Cholesterol synthesis-enzyme inhibitors

Pharmacology and toxicology

The lipophylic statins atorvastatin, fluvastatin, lovastatin (mevinolinic
acid), pitavastatin, simvastatin, and hydrophilic statins pravastatin
and rosuvastatin, are used to treat hyperlipidemia and hypercholes-
terolemia. These agents reduce the biosynthesis of cholesterol through
a competitive inhibition of the rate-limiting enzyme, 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase.

The proliferation-inhibiting properties of some of these agents
(‘-statin’-induced apoptosis) with respect to tumors/malignant dis-
eases are an ongoing topic of discussion.

A case study (Ghidin 1992) described a newborn with birth
defects (VATER-association) following maternal treatment with
lovastatin in the first trimester; the mother had taken dexampheta-
mine at the same time. Another case report described the occur-
rence of a neural tube defect in a fetus exposed to lovastatin (Hayes
1995).

A collection of human malformations - including the aforemen-
tioned cases, holoprocencephaly, other CNS malformations, and limb
anomalies — involving first-trimester exposure to the lipophylic HMG-
CoA reductase inhibitors atorvastatin, cerivastatin, lovastatin, and
simwvastatin has been published. The authors suggest a possible link
to abnormal Sonic Hedgehog signaling. Cholesterol binding to
Sonic Hedgehog protein is required for this protein to play a signal-
ing role in embryonic development. The same authors hypothesized
that statins may affect fetal development by lowering in utero cho-
lesterol biosynthesis. No malformations were reported after expo-
sure to hydrophilic statins (Edison 2005A, 2004). In this collection, a
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cardiac malformation was misclassified as holoprosencephaly
(Edison 2005B). These cases were based upon spontaneous uncon-
trolled reports, and are not proof of a causal association.

On the other hand, experience of the manufacturers involving
prospectively collected data on pregnancy exposure to simvastatine
(191 cases) and lovastatin (34 cases), and retrospectively collected
cases, did not demonstrate an increase in adverse pregnancy outcome
compared to general population rates obtained from the US CDC. No
specific pattern of anomalies was identified in either the prospective
or the retrospective reports. The authors report that a case with
hydrocephalus was misclassified as holoprosencephaly in their earlier
study by Manson (Pollack 2005, Manson 1996). However, data are
still insufficient to exclude a teratogenic risk.

There are no published studies on use of atorvastatin, cerivastatin,
fluvastatin, pitavastatin, pravastatin, and rosuvastatin in human preg-
nancy. To date, the only case of holoprosencephaly in a fetus, involv-
ing exposure to statins during pregnancy, was exposed to cerivastatin
(withdrawn from clinical use in 2001).

Experimental animal studies with these agents do not indicate a
substantial teratogenic risk; only very high-dose lovastatin exposure
of pregnant rats resulted in abnormalities of the skeleton and gas-
troschisis in the offspring. Holoprosencephaly as a marker of Sonic
Hedgehog dysfunction due to impaired cholesterol biosynthesis has
been supported by rat studies; however, the exact relation remains to
be clarified. It is clear, however, that the role of cholesterol in embry-
onic development must be taken into account (Roux 2000).

Recommendation. Atorvastatin, fluvastatin, lovastatin, pitavastatin, pravas-
tatin, rosuvastatin, and simvastatin should not be prescribed during pregnancy;
discontinuing this medication would not significantly impair the long-term
treatment of hyperlipidemia, and their safety has not been proven. In addition,
theoretical considerations concerning the role of cholesterol in embryo devel-
opment argue against the intentional use of statins during pregnancy.
Nevertheless, inadvertent treatment with these drugs does not require termi-
nation of the pregnancy, but a detailed fetal ultrasound to confirm normal mor-
phologic development may be considered.

2.5.25 Cholestyramine and other lipid reducers

Pharmacology and toxicology

Cholestyramine is an anion-exchange resin which is not absorbed
systemically. It binds bile acids, producing an insoluble complex
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which is excreted in the stool. This leads to a reduction of cholesterol
and the low-density (LD) lipoproteins in the serum. Cholestyramine
is used in pregnancy for the treatment of obstetric cholestasis to
relieve the itching. Ursodeoxycholic acid is, however, more effective
than cholestyramine in intrahepatic cholestasis of pregnancy (see
ursodeoxycholic acid; Kondrackiene 2005). There is at least a theo-
retical risk for the fetus because, in addition to bile acids, cholestyra-
mine also binds other lipophile substances - such as fat-soluble
vitamins and medications. One case report concerning the gesta-
tional use of cholestyramine has described severe intracranial hemor-
rhage in a fetus; vitamin K deficiency was suspected (Sadler 1995).

Individual case studies argue against teratogenic properties
(Landon 1987).

Other lipid reducers, such as acipimox, colestipol, (-sitosterin, eze-
timibe xantinol and inositol nicotinate, and probucol, have not been
sufficiently studied for pregnancy effects. Little systemic absorption
of colestipol is believed to occur. As with the related agent cholestyra-
mine, colestipol can bind and impede the absorption of a variety of
nutrients, including the fat-soluble vitamins.

For these medications, too, there have not, as yet, been indica-
tions of specific teratogenic effects.

Recommendation. Cholestyramine — and, as a second choice, colestipol —
may be used for intrahepatic cholestasis of pregnancy or when the use of a
lipid reducer is strongly indicated. If used, sufficient supplementation of fat-
soluble vitamins should be considered. These vitamins must be taken at a dif-
ferent time than the medication. Acipimox, 3-sitosterin, ezetimibe, xantinol
and inositol nicotinate, and probucol should not be used in pregnancy.
However, their (inadvertent) use does not require either an interruption of
the pregnancy or invasive diagnostic procedures.

2.5.26  Appetite suppressants, obesity and
weight loss

Pharmacology and toxicology

Amfepramone (synonym diethylpropion), clobenzorex, dexfen-
fluramine, fenfluramine, fenproporex, mazindol, mefenorex, norpseu-
doephedrine, phentermine, and sibutramine are used as appetite sup-
pressants. Amfepramone, clobenzorex, fenproporex, mefenorex, and
phentermine share the pharmacological properties of amphetamines;
dexfenfluramine, fenfluramine, and sibutramine stimulate the release
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of serotonin and block its reuptake; norpseudoephedrine is a sympa-
thomimetic amine; mazindol is a tricyclic drug structurally unrelated
to amphetamine, but with the same actions as amphetamine.

Orlistat inhibits intestinal lipase and reduces fat absorption,
which results in weight reduction.

Concerns about these medications have been repeatedly mentioned
because of results in animal experiments and in connection with indi-
vidual case studies. Because some of these drugs are vasoactive sub-
stances, it has been suggested that the perfusion-reducing effect could
theoretically lead to vascular disruption-related birth defects.

A French collaborative study by Teratology Information Services,
which evaluated 168 pregnancies primarily exposed to dexfenflu-
ramine, did not provide any indication of teratogenic properties in
this appetite suppressant (Vial 1992).

Pregnancy outcome in 98 prospectively ascertained pregnancies,
exposed to the combination of fenfluramine and phentermine in early
pregnancy, has been reported. No increased risk of malformations or
other adverse effects was noted in this controlled study, although data
are still insufficient for definitive conclusions (Jones 2002).

In two small case series, 11 live births (normal healthy babies)
were reported after first-trimester exposure to sibutramine (Kadioglu
2004, Einarson 2004).

There is no or very limited experience with the use of mazindol
or orlistat in pregnancy.

Obesity and weight loss

It has been hypothesized by other authors that disturbances in tem-
perature regulation or ketoacidosis connected with weight loss
could be responsible for embryotoxic damage such as, for instance,
neural tube defects (Robert 1995, 1994).

Several publications discuss the association of maternal obesity
and pregnancy complications, including birth defects (Scialli 2006).
A preconceptionally existing maternal obesity is, according to a ret-
rospective case-control study on 277 neural tube defect cases and
controls, associated with at least a two-fold increased risk for neural
tube defects, independent of periconceptional intake of folic acid and
vitamins (Shaw 2000A). A prospective study evaluating 1451 chil-
dren of obese mothers (Body mass index (BMI) = 30 kg/m?) found
an increased malformation rate (11.1%) with more than expected
cases of encephalopathy, truncus arteriosus communis, and Potter
sequence (Wiesel 2001). It is controversially discussed whether car-
diovascular defects are more frequent among infants of obese moth-
ers (Correa-Villasesor 2004). Another retrospective study observed
significantly more obstructive renal anomalies in children of mothers
with decreased fertility and a BMI = 25 kg/m (Honein 2003). Ceder-
gen and co-workers (2005) report an increase of cleft lip/palate if
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maternal BMI is = 29kg/m?. An impaired glucose metabolism or
undiagnosed diabetes mellitus may be responsible for the observed
increase of birth defects.

In another retrospective case-control study on 538 neural tube
defect cases and 539 non-malformed controls, maternal lowered
weight gain during pregnancy was associated with an increased risk of
neural tube defects among offspring, especially when weight gain was
less than 5kg. The effect was independent of folic acid intake.
According to Shaw and associates (2000B), it is not clear whether the
lowered weight gain is cause of or caused by the neural tube defect.
The same cases and controls were studied on dieting behaviors; the
data suggest that restricted food intake during the first trimester may
be associated with increased neural tube defect risk (Carmichael
2003).

Recommendation. Appetite suppressants are contraindicated during
pregnancy. Accidental ingestion does not necessitate a termination of the
pregnancy. 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; screen-
ing for neural tube defects using maternal serum or amniotic fluid a-fetoprotein
can be considered.
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2.6.1 Penicillins

Pharmacology and toxicology

Penicillins belong to the 3-lactam antibiotics. They inhibit cell-wall
synthesis in bacteria and have bactericidal properties. Similar meta-
bolic pathways do not exist in mammals, and therefore penicillins
and related (3-lactam antibiotics have a low toxicity profile for both
the pregnant and non-pregnant patient when used in therapeutic
doses. Only penicillin allergy may present a problem. In such cases,
erythromycin is an alternative.

The group of penicillins includes amoxicillin, ampicillin, azidocillin,
azlocillin, bacampicillin, cloxacillin, dicloxacillin, flucloxacillin,
mezlocillin, nafcillin, oxacillin, panamecillin, penicillin G and V,
phenoxymethylpenicillin, piperacillin, and propicillin. Penicillins
are sometimes used in combination with 3-lactamase inhibitors such
as clavulanic acid, sulbactam, and tazobactam. Penicillins cross the
placenta in low concentrations, and can be detected in amniotic
fluid. Elimination of penicillins is more rapid in pregnant women,
and therefore dosage or dosage intervals should be adjusted if nec-
essary (Heikkild 1994, Chamberlain 1993).

There is no evidence that penicillins have teratogenic or
embryo/fetotoxic properties (Berkovitch 2004, Jepsen 2003, Dencker
2002, Larsen 2001, 2000, Czeizel 2000A, 1998). Czeizel (2001A)
found a higher prevalence of cleft palate after prenatal exposure to
ampicillin in the second and third months of pregnancy, but they state
that the risk is probably not real but due to chance. 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
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contractions may occur (Myles 1998). There are no differences
between the various penicillins regarding their safety in pregnancy.

Recommendation. Penicillins can be safely used during pregnancy in the
usual doses; they are the antibiotics of choice in pregnancy.

2.6.2 Cephalosporins

Pharmacology and toxicology

Cephalosporins also belong to the 3-lactam antibiotics, but their phar-
macokinetic and antibacterial properties are different from those of
penicillins. They may cause hypersensitivity reactions. Some patients
with penicillin allergy also react with cephalosporins. Cephalosporins
are classified according to their antimicrobial activity.

First-generation cephalosporins are cefaclor, cefradin, cefadroxil,
cefalexin, cefalotine, and cefazolin.

Second-generation cephalosporins are cefamandole, ceftnetazol,
cefoxitin, and cefuroxime.

Third-generation cephalosporins are cefdinir, cefetamet, cefixime,
cefodizim, cefoperazone, cefotaxime, cefotetan, cefpirome, cefpo-
doxime, cefprozil, cefsulodin, ceftazidime, ceftibuten, ceftizoxime,
ceftriaxone, and latamoxef.

Cefipime is a fourth-generation cephalosporin.

Second- and third-generation cephalosporins, especially cefote-
tan, are increasingly associated with severe immune hemolytic ane-
mia (Garratty 1999).

Cephalosporins cross the placenta, and can reach therapeutic
levels in amniotic fluid and fetal tissues (Mitchell 2001). Elimination
in pregnant women is faster, and it may be necessary to adjust
dosage (Heikkild 1994).

There is no evidence of teratogenic or embryo/fetotoxic proper-
ties (Czeizel 2001B, Berkovitch 2000).

In a recent study, Manka (2000) reported that the physical and
mental development was normal in children of women who had
been treated with cefuroxim at any time during pregnancy.

Recommendation. Cephalosporins can be used safely during pregnancy if

needed. The older cephalosporins are preferred.
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2.6.3 Other 3-lactam antibiotics and 3-lactamase
inhibitors

Pharmacology and toxicology

Aztreonam, imipenem, loracarbef, and meropenem are synthetic
B-lactam antibiotics, belonging to the groups of carbapenems or
carbacefems. They have excellent antimicrobic activity against
gram-negative bacteria, especially against enterobacteria. Their sta-
bility for bacterial 3-lactamase is the same as for third-generation
cephalosporins.

Sulbactam and tazobactam are 3-lactamase inhibitors which are
used in combination with 3-lactam antibiotics such as ampicillin or
cephalosporins.

Clavulanic acid is also a (3-lactamase inhibitor, and is used in
combination with amoxicillin or ticarcillin.

B-lactam antibiotics and 3-lactamase inhibitors cross the placenta
and can be found in high concentrations in the fetus. They are more
rapidly eliminated during pregnancy (Heikkild 1994).

There is no evidence for teratogenicity or other adverse effects on
pregnancy outcome after maternal use of amoxicillin/clavulanic
acid (Czeizel 2001C, Berkovitch 2004).

Recommendation. 3-lactam antibiotics from this group and 3-lactamase
inhibitors can be used during pregnancy when strongly indicated, such as in
cases where penicillins or cephalosporins have been ineffective.

2.64 Macrolide antibiotics

Pharmacology and toxicology

Macrolides inhibit bacterial protein synthesis and have bacteriosta-
tic properties. Erythromycin is the oldest of the macrolides.
Azithromycin, clarithromycin, dirithromycin, josamycin, mide-
camycin, oleandomycin, and roxithromycin are newer macrolides.
Azithromycin belongs to the azalides, a new class of macrolides
which resemble erythromycin but have different pharmacokinetic
profiles and antibacterial activity. The newer macrolides have a
longer half-life and fewer gastrointestinal side effects.

Little is known about the pharmacokinetics in pregnant women.
Maternal and fetal serum levels are low and may vary; fetal plasma
concentrations are 5-20% of maternal plasma concentrations. In a
study using in vitro perfusion of placentas at term, Heikkinen (2000)
found that the transplacental transfer of the macrolides erythromycin,
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roxithromycin, and azithromycin was relatively low (<5%). In patients
scheduled for elective cesarean section who were given azithromycin
6-168 hours before the procedure, high placental levels were found.
Fetal serum levels of azithromycin, however, were low (Ramsey 2003).
Data from a recent study suggest that in patients who are treated in the
third trimester, gastrointestinal absorption of erythromycin may be
delayed; severe adverse gastrointestinal events may forewarn of sub-
therapeutic plasma concentrations which could have consequences
for the treatment outcome (Larsen 1998).

Erythromycin has always been considered a safe and effective
antibiotic during pregnancy. Data on more than 7000 first-trimester
exposures do not support an association between erythromycin and
congenital malformations (Briggs 2005, Czeizel 1999). In a recent
study, however, Kéllén (2005) reported an increased rate of cardio-
vascular malformations (1.8%), especially ventricular and atrial sep-
tal defects. They conclude that even if the association is causal, the
individual risk for an infant is still low. The same authors also found
an increased incidence of pyloric stenosis (0.2%). Louik (2002), on
the contrary, did not find an increased risk of pyloris stenosis as did
Cooper (2002), but the last publication reports a possible association
with other macrolides. The association between prenatal exposure to
erythromycin and other macrolides and infant pyloric stenosis is still
uncertain.

Erythromycin estolate and troleandomycin may adversely influ-
ence maternal liver function; hepatotoxicity is especially seen in the
second half of pregnancy, and is reversible. Fetal development is
not impaired in such cases (Lewis 1991, McCormack 1977).

Available data on the newer macrolides are still limited. Several
studies are available on the pregnancy outcome after clarithromycin
exposure. Cardiovascular malformations have been reported in rat
species after prenatal exposure to clarithromycin, but so far no evi-
dence exists that prenatal exposure in the human does increase the
rate of cardiovascular or other major malformations (Drinkard
2000, Einarson 1998, Schick 1996). Einarson (1998) found only a
significantly higher rate of spontaneous abortions in the exposed
group (122 first-trimester exposures), which might be due to con-
founding factors such as maternal diseases.

Spiramycin is recommended during pregnancy for the treatment
of maternal toxoplasmosis to prevent congenital toxoplasmosis.
Adpverse effects have not been reported.

Recommendation. Erythromycin is still the drug of choice among the
macrolides during pregnancy. Erythromycin estolate and troleandomycin
should not be given in the second and third trimesters. Newer macrolides such

Pregnancy

2.6 Anti-infective agents



128 2.6.6 Tetracyclines

as azithromycin, clarithromycin, josamycin, and roxithromycin are second-
choice macrolides. Spiramycin is the drug of choice for the treatment of toxo-
plasmosis during the first trimester.

2.6.5 Lincomycin and clindamycin

Pharmacology and toxicology

Lincomycin and its derivative clindamycin inhibit bacterial protein
synthesis and have bacteriostatic and bacteriocidal activity.

No teratogenic or fetotoxic effects have been reported for lin-
comycin in 302 pregnancies (Czeizel 2000B).

Clindamycin may cause pseudomembranous colitis, which recently
has also been reported after intravaginal application (Trexler 1997).
The drug is best avoided during pregnancy.

Intravaginal clindamycin appears to be effective in the treatment
of bacterial vaginosis, but is less effective in preventing the increased
incidence of adverse pregnancy outcome caused by bacterial vagi-
nosis (Joesoef 1999; see also Chapter 2.14).

Recommendation. Clindamycin and lincomycin are only indicated during
pregnancy when penicillins, cephalosporins, erythromycin or the other
macrolides are not effective. Inadvertent use of these agents is not an indi-
cation for termination of pregnancy or for additional prenatal diagnostic
procedures.

2.6.6 Tetracyclines

Pharmacology and toxicology

Tetracyclines are among the first antibiotics which became avail-
able, and are still widely used. They are broad-spectrum antibiotics
and have bacteriostatic activity by inhibiting protein synthesis.
Chlortetracycline, doxycycline, minocycline, oxytetracycline, and
tetracycline belong to this group.

Tetracyclines cross the placenta, and they bind strongly to cal-
cium ions (especially tetracycline itself).

From the sixteenth week of pregnancy, tetracyclines are strongly
bound in this way in developing tooth and bone structures, causing
brown discoloration of deciduous teeth and inhibition of bone
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growth. In the 1950s, tetracyclines were also commonly used in late
pregnancy. This resulted in many reports in the 1960s of brown dis-
coloration of teeth in children who were prenatally exposed to tetra-
cyclines. Since then, the use of tetracyclines has been contraindicated
during pregnancy.

Inadvertent first-trimester use of tetracyclines occurs frequently, and
has not been associated with an increased risk of other congenital
malformations. The results of two population-based case-control stud-
ies suggested that oxytetracycline was associated with an increased
incidence of congenital malformations when treatment occurred in
the second month of pregnancy (Czeizel 1997, 2000C). The number of
first-trimester exposures in controls and cases was, however, very
small, and there are no other studies confirming this suspicion.

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. As tetracy-
clines are now contraindicated in this stage of pregnancy, this
should no longer occur.

Recommendation. Tetracyclines are contraindicated beyond the fifteenth
week of gestation. In the first trimester, they are considered to be second-
line therapy. Doxycycline should be preferred in such cases. Inadvertent use
of tetracyclines, even after the fifteenth week, is not an indication for termi-
nation of pregnancy or for invasive prenatal diagnostic procedures.

2.6.7 Sulfonamides, trimethoprim, atovaquone, and
pentamidine

Pharmacology and toxicology

Sulfonamides are among the oldest antibiotics. They inhibit the
metabolism of bacteria and have bacteriostatic properties. They
cross the placenta well; fetal concentrations are 50-90% of mater-
nal plasma concentrations. Sulfonamides compete with bilirubin
for binding sites on albumin.

Sulfonamides have not been associated with an increased inci-
dence of congenital malformations. Due to their bilirubin-mobilizing
capacity, they may increase the risk of hyperbilirubinemia in the
neonate when used near to delivery.

Most sulfonamides are used in combination with other antibiotics.
Cotrimoxazole is a combination of sulfamethoxazole and trimetho-
prim (see below).

Pregnancy

2.6 Anti-infective agents



130 2.6.7 Sulfonamides, trimethoprim, atovaquone, and pentamidine

Sulfasalazine is a combination of sulfapyridine and 5-amino
salicylic acid, which has been used for many decades as an
antirheumatic drug and in the treatment of inflammatory bowel dis-
ease. The bilirubin-mobilizing capacity of sulfapyridine is low (see
also Chapter 2.5).

Sulfadiazine in combination with pyrimethamine is used in the
treatment of toxoplasmosis.

Sulfalene and sulfadoxine are used in combination with
pyrimethamine in the treatment and prophylaxis of malaria (see
section 2.6.28).

Sulfamethizole and sulfafurazole have been prescribed in the
past to treat urinary tract infections, but are no longer in use.

Sulfadicramide is used in ocular preparations.

Trimethoprim antagonizes folic acid in bacteria, but does not
affect the human enzyme system with similar potency. Measurable
folate depression will occur only with high doses or in those
patients who are already folate-depleted. At the usual doses, hema-
tological side effects of trimethoprim or cotrimoxazole have been
rare, even after long-term use (Kinzie 1984).

Trimethoprim alone or in combination with sulfamethoxazole
attains high renal tissue levels, and is therefore effective in the
treatment of urinary tract infections. Levels of trimethoprim and
sulfamethoxazole are unchanged during pregnancy.

Very high doses of trimethoprim have produced teratogenic
effects (cleft palate) in rats. However, there is no strong evidence to
suggest that trimethoprim or cotrimoxazole cause a serious risk
of teratogenicity in the human (Czeizel 1990, Brumfitt 1973).
Trimethoprim has been used for many decades in non-pregnant
subjects and also in pregnant women. At the moment, there is an
ongoing discussion concerning the association between the use
of folic-acid antagonists and an increased risk of congenital malfor-
mations (Shepard 2002, Hernandez-Dias 2001, 2000). Trimethoprim
is not a drug of first choice, but is an alternative if penicillins or
cephalosporins are ineffective. The risk of folic-acid depletion after
low doses of trimethoprim is small. It is recommended that folic
acid be supplied in the usual dosage for pregnant women (0.5 mg
daily) if trimethoprim is needed in the first trimester.

Tetroxoprim is also a folic-acid antagonist and is used in combi-
nation with a sulfonamide, but there are insufficient data on use
during pregnancy.

Atovaquone and pentamidine are used in the treatment of
Pneumocystis carinii infections. Experience with the use of both
drugs during pregnancy is limited. Pentamidine given to rats in
doses similar to those recommended for human use had embry-
otoxic but no teratogenic effects. Pentamidine in aerosol form has a
high affinity for lung tissue, but circulating amounts are small. The
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dose which a healthcare worker will receive is likely to be lower
than the dose received by a patient.

Recommendation. Sulfonamides, trimethoprim, and cotrimoxazole may
be safe alternative drugs for antibiotic treatment of urinary tract infections
when penicillins and cephalosporins are ineffective. When trimethoprim or
cotrimoxazole are needed in the first trimester, folic-acid supplementation
(0.5mg daily) is recommended for theoretical reasons. Tetroxoprim should
not be given during pregnancy because of a lack of safety data. Atovaquone
and pentamidine should only be given in cases of life-threatening infections
and when other antibiotics are ineffective. Although the risk for a pregnant
healthcare worker is probably small after aerosol exposure, regular occupa-
tional exposure to pentamidine should be avoided until more data on its
safety are available. Inadvertent use of tetroxoprim, atovaquone or pen-
tamidine is not an indication for termination of pregnancy or for invasive
prenatal diagnostic procedures.

2.6.8 Quinolones

Pharmacology and toxicology

Quinolones impair bacterial DNA metabolism by inhibiting DNA
gyrase. They have bactericidal activity at normal doses; at higher
doses they have also bacteriostatic properties by inhibiting bacterial
RNA and protein synthesis. Quinolones have a high affinity for car-
tilage and bone tissue; this affinity is highest in immature cartilage.

Pipemidic acid, cinoxacin, and nalidixic acid belong to the group
of older quinolones. They concentrate in the urinary tract. Few
data on their safety during pregnancy are available.

The newer fluoroquinolones have more favorable efficacy and
pharmacokinetic properties, and are therefore suitable for the treat-
ment of systemic infections. Ciprofloxacin, enoxacin, fleroxacin, gat-
ifloxacin, grepafloxacin, levofloxacin, lomefloxacin, moxifloxacin,
norfloxacin, ofloxacin, pefloxacin, rosoxacin, and sparfloxacin
belong to the fluoroquinolones group.

Quinolones cross the placenta and are found in the amniotic fluid at
low concentrations. Umbilical cord concentrations of ciprofloxacin,
pefloxacin, and ofloxacin have been found to be lower than maternal
blood concentrations (Giamarellou 1989).

The use of fluoroquinolones in the first trimester of pregnancy
has not been associated with an increased risk of major malforma-
tions or other adverse effects on pregnancy outcome (Larsen 2001,
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Loebstein 1998, Schaefer 1996, Berkovitch 1994). Most data are
available for norfloxacin and ciprofloxacin and, to a lesser extent,
for ofloxacin and pefloxacin. There are no or few data for the other
fluoroquinolones. Quinolones have not been found to be terato-
genic in animals.

Animal experiments have shown that quinolones can cause dam-
age to the cartilage of immature animals and the fetus, resulting in
arthropathy. The sensitivity is highest in the dog. The effects are
dependent on the dose and duration of treatment, and occur only in
the sensitive period.

Musculoskeletal dysfunctions have so far not been found after pre-
natal exposure in humans (Loebstein 1998, Berkovitch 1994, Peled
1991). Wogelius (2005) expressed concern that prenatal use of fluo-
roquinolones may be associated with an increased risk of bone mal-
formations. However, the study on 130 women who redeemed a
prescription for fluoroquinolones during the first trimester or 30 days
before conception did not find a significant increase of (such) birth
defects (Wogelius 2005).

Recommendation. Quinolones should only be used in case of complicated
infections resistant to the antibiotics of choice in pregnancy. Ciprofloxacin
and norfloxacin should then be chosen, because of their relatively large doc-
umented experience. Even the first-trimester use of a quinolone antibiotic is
not an indication for termination of pregnancy, but detailed fetal ultrasonog-
raphy can be offered in such cases.

2.6.9 Nitrofurantoin and other drugs for urinary
tract infections

Pharmacology and toxicology

Nitrofurantoin is an antiseptic drug which has been used for many
decades as an effective agent for the treatment and prophylaxis of
urinary tract infections and asymptomatic bacteriuria in pregnancy.
High concentrations appear only in the urinary tract; maternal and
fetal serum concentrations are low; marked placental transfer does
not occur. Nitrofurantoin has not been associated with an increased
risk of congenital malformations (Briggs 2005, Ben-David 1994).

Nitrofurantoin may cause hemolytic reactions, especially in
patients with glucose-6-phosphatase dehydrogenase deficiency, but
except for one case (Bruel 2000) hemolytic anemia in the newborn
has never been reported after in utero exposure to nitrofurantoin
(Gait 1990).
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Fosfomycin is a broad-spectrum antibiotic which inhibits cell-wall
synthesis and is indicated for the treatment of uncomplicated urinary
tract infections, especially acute cystitis. A single dose produces ther-
apeutic concentrations in the urine which may last for 1-3 days
(Stein 1998). Fosfomycin appears to be safe for use during pregnancy
(Reeves 1992).

Methenamine mandelate and methenamine hippurate are antiseptic
agents for the treatment of urinary tract infections. In urine, formalde-
hyde is produced from methenamine. In general, they are controver-
sially discussed drugs. Adverse effects on pregnancy outcome have not
been reported, but documented experience is very limited.

Recommendation. Nitrofurantoin and fosfomycin can be given during
pregnancy to treat urinary tract infections when the antibiotics of choice
have been ineffective. Methenamine is contraindicated during pregnancy.
Inadvertent use is not an indication for termination of pregnancy or for inva-
sive prenatal diagnostic procedures.

2.6.10 Aminoglycosides

Pharmacology and toxicology

The aminoglycosides amikacin, gentamycin, kanamycin, neomycin,
netilmycin, paromomycin, spectinomycin, streptomycin, and
tobramycin inhibit protein synthesis in gram-negative bacteria and
have bactericidal activity. Aminoglycosides rapidly cross the pla-
centa. After parenteral administration, fetal plasma concentrations
vary between 20 and 40% of maternal plasma concentrations.
Gastrointestinal absorption is minimal.

Administration of aminoglycosides to pregnant women may
result in cumulation of the drug in fetal plasma, amniotic fluid, and
the kidneys (Jin 1992, Bourget 1991, Bernard 1977).

Renal elimination of aminoglycosides is more rapid in pregnant
women, and has been reported for gentamycin in obstetric patients
by Zaske (1980). This may lead to subtherapeutic serum concentra-
tions. Congenital hearing loss has been documented in association
with prenatal exposure to streptomycin and kanamycin, but not
with the use of gentamycin and tobramycin. However, a case of
severe hearing loss after maternal use of gentamycin has been
reported (Sanchez-Sainz-Trapaga 1998). The most sensitive period
is the first 4 months of pregnancy.
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In animal experiments, dose-dependent fetal nephrotoxicity has
been reported after prenatal exposure to aminoglycosides (Mantovani
1992, Mallie 1988). Although fetal nephrotoxicity has not been
reported in human pregnancy, a theoretical risk exists because amino-
glycosides concentrate in the fetal kidneys. There has been one case of
renal dysplasia after prenatal exposure to gentamycin and corticos-
teroids for which a causal relationship could not be excluded (Hulton
1995). Another case of renal anomaly has been reported after
first-trimester exposure to gentamycin and ciprofloxacin by Yaris
(2004).

Recommendation. Aminoglycosides are not recommended for parenteral
use during pregnancy. They should only be administered in case of life-
threatening infections. In those cases, maternal serum levels should be care-
fully monitored and dose should be adjusted if necessary. Treatment with
aminoglycosides in pregnancy is not an indication for termination of preg-
nancy or for invasive prenatal diagnostic procedures. When higher doses
have been used, renal function should be monitored in the neonate and an
auditory test should be performed. If local or oral application of aminoglyco-
sides is indicated they can be given because systemic absorption is minimal
by these routes.

2.6.11  Chloramphenicol

Pharmacology and toxicology

Chloramphenicol and thiamphenicol inhibit bacterial protein syn-
thesis and have bacteriostatic activity.

Chloramphenicol is relatively toxic, and can cause severe agran-
ulocytosis. It crosses the placenta well and can reach therapeutic
concentrations in the fetus.

Sufficient experience with the use of chloramphenicol is avail-
able. There is no evidence that chloramphenicol increases the inci-
dence of congenital malformations.

Chloramphenicol should not be used in the last weeks of preg-
nancy as, owing to inadequate metabolism in the neonate, toxic
concentrations can be reached which may cause the “gray baby
syndrome” (feeding problems, vomiting, ash-gray skin, respiratory
distress, and cardiovascular collapse), which may be fatal in the
neonate.
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Recommendation. Chloramphenicol and thiamphenicol are contraindi-
cated during pregnancy unless there is a serious indication. Treatment dur-
ing the first trimester is not an indication for termination of pregnancy or for
invasive prenatal diagnostic procedures.

2.6.12 Metronidazole and other nitroimidazole
antibiotics

Pharmacology and toxicology

The nitroimidazole antibiotic metronidazole is an antibacterial and
antiprotozoal agent used in trichomonas infections, amebiasis, giar-
diasis, bacterial vaginosis, and anaerobic infections. It acts as an elec-
tron acceptor in the metabolism of the bacteria, and causes growth
disturbances in the susceptible microorganism. Active metabolites
that interact with and disrupt the DNA-synthesis are responsible for
the effect. After oral and intravenous administration, concentrations
as high as those in the mother are reached in the embryo/fetus.
Significant systemic absorption occurs after vaginal application,
exposing the fetus as well.

Because metronidazole is mutagenic in bacterial tests and carcino-
genic in some animals (review by Dobias 1994), it was feared that it
could also be mutagenic and carcinogenic in humans. Such effects
have not been reported. A 20-year ongoing study gave no indication
of an elevated risk for malignancies after metronidazole therapy
(Beard 1988). In a retrospective study, no increased risk of childhood
cancer associated with in utero exposure to metronidazole was
found; only a non-significant association with neuroblastoma was
observed (Thapa 1998). Metronidazole does not appear to have ter-
atogenic effects in the human, according to considerable experience
(Caro-Paton 1997, Burtin 1995, Piper 1993). A recent prospective
controlled study on 228 women exposed to metronidazole in preg-
nancy, 86% of whom with first-trimester exposure, confirmed these
findings (Diav-Citrin 2001).

Metronidazole is now being recommended by some investigators
for the treatment of bacterial vaginosis in pregnancies at high risk for
preterm delivery, as a strategy to decrease this risk. For this purpose,
oral therapy against possible subclinical genital upper tract infection
seems to be more effective than intravaginal therapy (Donders 2000,
review by Joesoef 1999). A review by Yudin confirms that vaginal
treatment regimens of bacterial vaginosis are ineffective in preventing
preterm birth (Yudin 2005; see also Chapter 2.14).

Nimorazole and tinidazole, both registered for the treatment of
trichomonas infections, amebiasis, and bacterial vaginosis, cannot
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be evaluated sufficiently because of lack of human data. The same
applies to ornidazole.

Recommendation. If strongly indicated, metronidazole can be used in
pregnancy. For treatment of trichomoniasis, a single oral dose of 2 g should be
used. Parenteral administration is only indicated for life-threatening anaerabic
infections. Protracted vaginal treatment of vaginosis should be avoided
because it is not considered effective enough; moreover, it exposes the fetus
for longer. Metronidazole is preferred over nimorazole and tinidazole.
Treatment with nimorazole, ornidazole or tinidazole during pregnancy does
not require termination of pregnancy or invasive diagnostic procedures.
However, a detailed fetal ultrasound may be considered after first-trimester
exposure to these compounds.

2.6.13  Polypeptide antibiotics

Pharmacology and toxicology

Vancomycin, colistin, polymyxin B, and teicoplanine belong to the
polypeptide antibiotics. Polypeptide antibiotics increase the perme-
ability of the cytoplasma membrane of sensitive bacteria. They
work against gram-positive bacteria.

For example, vancomycin is used against multiresistant staphylo-
coccus. Experience with treatment in human pregnancy is limited;
neither malformations nor nephrotoxicity or auditory impairment
were seen in neonates (Reyes 1989). There is a case report of a
woman who became hypotensive when vancomycin was infused too
rapidly during labor; the fetus exhibited a bradycardia during the
hypotensive episode (Hill 1985).

Colistin and polymyxin B have as yet not shown teratogenic
properties in humans, although documented experience is very lim-
ited (Kazy 2005). Experience with teicoplanine is insufficient for a
risk assessment.

Recommendation. Vancomycin should only be used in case of life-
threatening bacterial infections. Also, colistin, polymyxin B and (especially) the
little-tested teicoplanine should only be used if compellingly indicated. The
use of these substances is not in itself an indication either for termination of
pregnancy or for invasive diagnostic procedures.

2.6.14  Antimycotics in general

For the treatment of mycosis, topical therapy with the older agents
is to be considered safe in pregnancy.
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There is less experience and fewer data with systemic agents. If
systemic therapy is actually necessary, then there should be a care-
ful choice from this group of questionable drugs.

Lately it has become “fashionable” to use antimycotics for treat-
ment of aspecific symptoms supposedly associated with the harm-
less presence of fungus in the stool; in pregnancy, at least, this
should be omitted.

The treatment of asymptomatic colonization of the vagina is
unnecessary (Sobel 2000).

2.6.15 Nystatin

Pharmacology and toxicology

Npystatin is an antimycotic that is effective against candida infections
of the skin and mucosa, and is not absorbed. It is bound to ergosterol
in the cell membrane of the fungi, and causes a disturbance in the
permeability of the cell membrane. Extensive data on intravaginal
application of nystatin during pregnancy do not give any indication
of embryo/fetotoxic effects (King 1998). Nystatin use is limited by
lower efficacy rates and by the need for longer duration of treatment
required with this agent.

Recommendation. Nystatin can be used throughout pregnancy without
restriction. It is a drug of choice for the treatment of superficial candida
infections of the mucous membranes of mouth, intestine, and vagina, but
may be less effective than newer agents.

2.6.16  Clotrimazole and miconazole for topical use

Pharmacology and toxicology

Clotrimazole and miconazole are antimycotics belonging to the group
of imidazole derivatives. These agents inhibit the ergosterol biosynthe-
sis, thereby causing disturbances in the permeability and function of
the cell membrane. Systemic absorption of these agents is minimal.
Clotrimazole is only used for the local treatment of mycosis of the
skin and mucosa. In studies comparing intravaginal use of imidazoles
to nystatin, imidazoles have superior cure rates and lower relapse
rates. In a population-based study it was found that vulvovaginal clot-
rimoxazole treatment during pregnancy reduces the prevalence of
preterm birth significantly (Czeizel 2004A).

Considerable experience with clotrimazole and miconazole for
the local therapy of vaginal mycosis in pregnancy did not show any
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embryotoxic potential of these topical antifungal agents (King 1998).
For miconazole these findings were confirmed in a population-based
case control study (Czeizel 2004B).

Recommendation. Clotrimazole and miconazole are topical antimycotics
of choice in pregnancy.

2.6.17  Other local “conazole” antimycotics

Pharmacology and toxicology

Bifonazole, croconazole, econazole, fenticonazole, isoconazole,
ketoconazole, omoconazole, oxiconazole, sertaconazole, sulcona-
zole, and tioconazole are imidazole derivatives, and structurally
and functionally related to clotrimazole. No teratogenic effects
have been observed as a result of local treatment with these antimy-
cotics. For econazole, these findings were confirmed in a popula-
tion-based case control study (Czeizel 2003A). They are, however,
less tried than clotrimazole and miconazole (King 1998).

Recommendation. Bifonazole, croconazole, econazole, fenticonazole, iso-
conazole, ketoconazole, omoconazole, oxiconazole, sertaconazole, sulcona-
zole, and tioconazole are second-choice antimycotics for local therapy.
Nystatin, clotrimazole, and miconazole are preferred.

2.6.18  Other local antimycotics

Pharmacology and toxicology

Amorolfin, ciclopiroxolamine, nafiifin, terbinafine, tolciclate, and
tolnaftate have been insufficiently studied with regard to their pre-
natal toxicity. As yet, there is no substantial indication for an
increased risk of malformations after local use.

A population-based case-control study on vaginal natamycin
treatment during pregnancy did not show an increased teratogenic
risk (Czeizel 2003B).

Recommendation. Amorolfin, ciclopiroxolamine, naftifin, terbinafine, tol-
ciclate, and tolnaftate are to be avoided during pregnancy. The use of these
substances is not, in itself, an indication either for a termination of pregnancy
or for invasive diagnostic procedures. Natamycin is a second-choice antimy-
cotic for local therapy. Nystatin, clotrimazole, and miconazole are preferred.
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2.6.19 "Conazole” antimycotics for systemic use

Pharmacology and toxicology

Itraconazole and miconazole are systemically used antimycotics
belonging to the group of imidazole derivatives. These agents
inhibit the ergosterol biosynthesis, thereby causing disturbances in
the permeability and functions of the fungal cell membrane. In ani-
mal experiments, they cross the fetal-placental barrier easily.

Fluconazole and ketoconazole are triazole derivates. Their activ-
ity matches that of the structurally related imidazole derivatives.

In animal experiments, teratogenic effects have been observed
after administration of very high doses of these antimycotics.

Concerning the use of fluconazole in pregnancy, there was a report
of three children with craniofacial, skeletal, and cardiac malforma-
tions, similar to those seen in animal studies. 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 (Pursley
1996). A fourth case was reported of a child with similar malforma-
tions, whose mother was also treated, with high doses of fluconazole
on a long-term basis for meningitis. They all shared some character-
istics with the Antley-Bixler syndrome (Aleck 1997). Another mal-
formed baby with encephalocele and an aorta emerging from the
right ventricle was published. The mother had been taken a single
fluconazole dose for vaginal candidiasis around conception, which
makes a causal relation unprobable (Sanchez 1998). Recently, another
case with craniofacial and skeletal abnormalities was reported after
prenatal exposure to high doses of fluconazole on a long-term basis
(Lopez-Rangel 2004).

In a prospectively studied controlled cohort of 226 women, first-
trimester exposure to low-dosage regimens (150 mg/d) of fluconazole
for vaginal candidiasis did not appear to cause an increased risk of
malformations (Mastroiacovo 1996). In an unpublished (to date)
ongoing prospective study by the European Network of Teratology
Information Services (ENTIS) concerning the new systemic “cona-
zole” antimycotics, preliminary data on 191 fluconazole-exposed
pregnancies give no indication of an increased risk of malformations.
Fluconazole was mostly used very early in pregnancy on a short-term
basis and in low doses (Vial 2001). In several other studies, based on
linkage of prescription databases with birth registries, first-trimester
exposure to low-dosage regimens of fluconazole for vaginal candidia-
sis did not appear to cause an increased risk of malformations. These
studies included more than 400 first-trimester exposures (Jick 1999,
Serensen 1999, Inman 1994).

Experience with use of itraconazole in pregnancy is still fairly lim-
ited. In the aforementioned prospective study by ENTIS, preliminary
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data on 182 itraconazole-exposed pregnancies show no increased
teratogenic risk in humans after short-term use in the first trimester
(Vial 2001). In a recent controlled prospective study, the first-
trimester use of itraconazole in 198 pregnancies did not seem to be
associated with an increased teratogenic risk either (Bar-Oz 2000).
A small study, based on linkage of prescription databases with birth
registries, yielded similar results (Jick 1999).

Ketoconazole is an inhibitor of steroid synthesis, and as such is also
used for the treatment of Cushing’s syndrome. Ketoconazole inhibits
testosterone synthesis as well. Whether these properties have a possi-
ble effect on fetal corticosteroid synthesis and may cause abnormali-
ties in the development of male fetuses exposed to ketoconazole
prenatally is unknown. However, in two case reports treatment of
Cushing’s syndrome with ketoconazole during pregnancy resulted in
healthy male and female infants. The male infant was prenatally
exposed throughout pregnancy, except for the third to seventh weeks;
the female infant was exposed during the late third trimester. No dis-
turbed sexual differentiation or neonatal adrenal insufficiency were
observed (Berwaerts 1999, Amado 1990). In the aforementioned
prospective study by ENTIS concerning the new systemic “conazole”
antimycotics, preliminary data on 280 ketoconazole-exposed preg-
nancies give no indication of an increased teratogenic risk in humans
after short-term systemic use in the early first trimester (Vial 2001).

Experience with systemic use of miconazole in pregnancy is lim-
ited to a few cases, in which no adverse effects on pregnancy out-
come were seen after first-trimester exposure (Vial 2001).

Recommendation. In particular during the first trimester, systemic
antimycotic therapy with fluconazole, ketoconazole, miconazole or itracona-
zole should be used only if compellingly indicated. For treatment of serious
disseminated mycoses, amphotericin B is the preferred drug in early preg-
nancy. For treatment of vaginal candidiasis where local treatment has failed,
low-dose fluconazole, as the best documented “conazole” compound for
this indication, is preferred. Treatment during pregnancy is not an indication
for termination of pregnancy, but a detailed ultrasound examination of fetal
anatomy should be considered after first-trimester use.

2.6.20 Amphotericin B

Pharmacology and toxicology

Amphotericin B can be applied locally or can be used as a systemic
therapy for mycosis — for instance, in systemic candida infection,
cryptococcosis, and coccidiomycosis. Amphotericin B is bound to
ergosterol in the fungal cell membrane, and causes a disturbance in
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the permeability of the cell membrane. This antimycotic can cause
febrile reactions, electrolyte disorders, and nephrotoxicity, when
administered parenterally. Amphotericin B crosses the placenta and
may be retained in the placenta and other tissues, prolonging expo-
sure for the fetus and neonate. This effect may have contributed to
reported transient neonatal renal dysfunction (Dean 1994).

There are several case reports of small numbers of pregnant
women being treated with amphotericin B without an apparent
increased risk of malformations (Ely 1998, review by Dean 1994);
however, the number of reported cases is too small for a definitive
risk assessment. Experience with the newer lipid formulations of
amphotericin B is still very limited. To date, there is only one report
of the use of amphotericin B liposome for the treatment of visceral
leishmaniasis in a pregnant patient during the second trimester; no
adverse effects were reported (King 1998).

Recommendation. Local application is considered safe. Parenteral use of
amphotericin B in pregnancy should be restricted to dangerous dissemi-
nated mycoses.

2.6.21  Flucytosine

Pharmacology and toxicology

Flucytosine is effective against Cryptococcus neoformans and many
candida species. It is used in systemic infections with these pathogens,
and works through inhibition of DNA synthesis. There is concern
about adverse developmental and reproductive effects of this agent
because in the fungus cell flucytosine is metabolized to — among oth-
ers — 5-fluorouracil, a cytostatic agent. To a lesser degree, this reaction
is also to be expected in the human organism. In animal experiments,
flucytosine has a teratogenic effect in doses that are lower than those
used in human therapy. As yet, no malformations have been reported
in humans; however, there is practically no published experience with
the use of flucytosine in the first trimester. Limited experience in the
second and third trimesters of pregnancy with flucytosine for treat-
ment of life-threatening disseminated cryptococcosis has yielded no
adverse fetal outcomes (Ely 1998).

Recommendation. Flucytosine should only be used for life-threatening
disseminated fungal infections. Such a treatment during the first trimester
does not require termination of pregnancy, but detailed fetal ultrasonogra-

phy should be considered.
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2.6.22  Griseofulvin

Pharmacology and toxicology

Griseofulvin is an organically derived antifungal agent; it is used as
an oral preparation for the treatment of dermatophytosis of skin,
hair and nails. Because it is deposited in keratine, it is suitable for
the therapy of nail mycoses. In animal experiments it has a terato-
genic effect and, moreover, a carcinogenic effect in high doses.

Experience in human pregnancy is limited. In one report, two
pairs of conjoined twins were observed after use of griseofulvin in
pregnancy (Rosa 1987); however, in contrast to this report, data
from two birth defect registries did not uncover an association
between griseofulvin and conjoined twinning or other anomalies
(Knudsen 1987, Metneki 1987). The birth rate of conjoined twins
might be 1:100 000 births.

Recommendation. Because it is not prescribed for life-threatening fungal
infections, therapy with griseofulvin is contraindicated in pregnancy. However,
if inadvertent exposure has occurred, neither termination of pregnancy nor
invasive diagnostic procedures are required. A detailed ultrasound examination
can be considered.

2.6.23  Terbinafine

Pharmacology and toxicology

Terbinafine is used for both oral and topical therapy of nail mycoses
and various tineal skin infections. There is little experience with its
use during human pregnancy. In an ongoing study, the Canadian
Motherisk program reports on 54 pregnancies exposed to
terbinafine; of these, 24 were exposed to systemic therapy and 23 to
topical; 24 were exposed during the first trimester. Data collected
thus far appear to suggest no increased risk for major malforma-
tions (Sarkar 2003).

Recommendation. Terbinafine should not be used during pregnancy,
because data on pregnancy outcome are lacking and nail mycosis is not a
condition requiring urgent treatment. Inadvertent pregnancy exposure does
not require termination of pregnancy. Detailed fetal ultrasonography can be
considered after first-trimester exposure.
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2.6.24  Malaria prophylaxis and therapy in pregnancy

Apart from pregnant women living in malaria areas, ever more often
pregnant women are traveling in tropical countries and asking for
appropriate malaria prophylaxis. As multidrug resistance of the para-
site is emerging, a general recommendation is increasingly more dif-
ficult. Prophylaxis against and treatment for malaria tropica, caused
by Plasmodium falciparum, is especially difficult. Pregnancy
enhances the clinical severity of falciparum malaria, especially in the
primiparous or non-immune woman. Pregnancy alters a woman’s
immunity to malaria, making her more susceptible to malaria infec-
tion and increasing the risk of illness, severe anemia, and death.
Maternal malaria increases the risk of spontaneous abortion, still-
birth, prematurity, and low birth weight, and thus results in excess
infant mortality (Shulman 2003). Therefore, mosquito-bite preven-
tion, prophylaxis, and treatment of malaria should not be shortened
or omitted in an ongoing pregnancy. Depending on the drug, the
chemoprophylaxis must be continued for up to 4 weeks after leaving
the malarial region. Traveling to areas with multidrug-resistant
malaria should be avoided if possible.

For travelers to malaria-endemic areas, generally chloroquine
is the drug of choice for malaria prophylaxis during pregnancy, in
some situations in combination with proguanil. If resistance
for these agents is likely, mefloquine is second choice. No anti-
malarial prophylactic regimen gives complete protection, but good
chemoprophylaxis does reduce the risk of fatal disease (WHO
2005A).

For women living in falciparum-endemic areas, the WHO rec-
ommends insecticide-treated nets (ITNs) and intermittent preven-
tive treatment (IPT) in areas with stable transmission, and ITNs
and effective case management of malarial illness in areas with
unstable transmission, as prevention and management of malaria
during pregnancy (WHO 2005B).

For treatment of malarial infection in the first trimester, chloroquine
(if the parasite is fully-sensitive!) and quinine are usually the drugs of
choice; in the second and third trimesters, in addition to quinine and
chloroquine, artesiminin derivatives, sulphadoxin/pyrimethamin
(see also Chapter 2.18.7), and amodiaquine can be used. Mefloquine
should only be used if no other drug is available.

The choice of drug for malaria prophylaxis and treatment during
pregnancy depends on the local pattern of antimalarial drug resist-
ance, the severity of the malaria, and the degree of pre-existing
immunity. It is important to be well informed about the current rec-
ommendations for prophylaxis and treatment of malaria in the area
to be visited (review by Shulman 2003).

Pregnancy
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2.6.25 Chloroquine

Pharmacology and toxicology

Chloroquine, an antimalarial drug from the 4-aminochinoline
group, is a rapidly-acting blood schizonticide, destroying the asex-
ual blood forms of all Plasmodium species. Chloroquine resistance
is common in many malaria-endemic regions. This resistance
mainly concerns the pathogenic parasite of the severe and often
deadly progressing malaria tropica (pathogen: Plasmodium falci-
parum). However, resistance against chloroquine has also been
observed in Plasmodium vivax, the pathogenic parasite of the less
severely progressing malaria tertiana.

Chloroquine is neither embryo- nor fetotoxic when used in the
usual dosage for malaria prophylaxis, and when used for the treat-
ment of the malarial infection in a 3-day course (Philips-Howard
1996). A study on the use of chloroquine in a 3-day course for the
treatment of Plasmodium vivax infection during the first trimester
of pregnancy confirms these findings (McGready 2002).

Damage to the fetal retina and inner ear has been linked to
chloroquine therapy in pregnancy; in these cases, chloroquine was
used daily in high doses on a long-term basis (Hart 1964). Such
long-term, high-dose therapy may be used for other indications -
for instance, in chronic inflammatory diseases. However, small
series of patients taking large doses of (hydroxy)chloroquine during
pregnancy for treatment of systemic lupus erythematosus did not
show an increased risk of congenital malformations or other adverse
effects (Parke 1996; see also Chapter 2.1).

Recommendation. Chloroquine is the drug of choice for prophylaxis and
treatment of malaria during all phases of pregnancy if the parasite is sensitive,
and if appropriate for the type and severity of the malarial infection. If chloro-
quine resistance of the parasite is likely or has been demonstrated, other drugs
must be used for the prophylaxis and treatment of malaria. It is important to
keep informed of current recommendations for the region in question.

2.6.26  Proguanil

Pharmacology and toxicology

Proguanil is an older agent for malaria prophylaxis. It is a folic-acid
antagonist. Owing to the increasing appearance of chloroquine-
resistant malaria species, proguanil has experienced a revival. In
some tropical areas, it is the drug of choice for malaria prophylaxis.
Proguanil is used alone or in combination with chloroquine for
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malaria prophylaxis and, more recently, in combination with ato-
vaquone for malaria prophylaxis and treatment (see Chapter 2.6.33
regarding atovaquone). There is no indication of embryotoxic
effects (Philips-Howard 1996).

Recommendation. Proguanil can be prescribed in all phases of pregnancy.
Proguanil alone or in combination with chloroquine is the malaria prophy-
laxis of choice in regions where chloroquine alone does not give adequate
protection. If resistance of the parasite is likely or has been demonstrated,
other drugs must be used for the prophylaxis of malaria. It is important to
keep informed of current recommendations for the region in question.

2.6.27 Mefloquine

Pharmacology and toxicology

Mefloquine is a very effective antimalarial drug. It is a potent, long-
acting blood schizonticide that destroys the erythrocytic forms of
all Plasmodium species. It is still effective against most chloro-
quine-resistant pathogens, except for clearly defined regions of
multidrug resistance.

As yet, experience with first-trimester use of mefloquine for prophy-
laxis in several hundred pregnancies gives no indication for a terato-
genic potential in humans (Schlagenhauf 1999, Philips-Howard 1998,
unpublished experience by the European Network of Teratology
Information Services, ENTIS). More extensive experience with meflo-
quine prophylaxis in the second and third trimesters of pregnancy
gave no clear indication for mefloquine-associated adverse effects
(Schlagenhauf 1999, Philips-Howard 1996).

Cumulative evidence is reassuring, and has led the WHO and the
US CDC&P to sanction the use of mefloquine in the second and
third trimesters of pregnancy both for prophylaxis and treatment
(Schlagenhauf 1999, WHO 1996A). However, one group of investi-
gators reported that their data provided evidence that mefloquine
treatment during pregnancy may be associated with stillbirth: women
who were treated with mefloquine in pregnancy had a significant
greater risk of stillbirth than did women treated with quinine alone
(Nosten 1999).

Recommendation. Mefloquine can be used for prophylaxis or treatment
of malaria in cases with chloroquine/proguanil-resistant P. falciparum. It is
important to keep informed of current recommendations for the region in
question. Exposure to mefloquine in the first trimester does not require ter-

mination of pregnancy or invasive diagnostic procedures.
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2.6.28  Pyrimethamine, sulfadoxine and dapsone

Pharmacology and toxicology

Pyrimethamine is an inhibitor of folic-acid synthesis and a well-tried
malaria prophylactic agent in pregnancy. However, nowadays it is
only used in combination with sulfonamides and sulfones such as
sulfadoxine, sulfalene, and dapsone; these agents are also inhibitors
of folic-acid synthesis.

Severe cutaneous reactions like erythema exsudativum multiforme
and Stevens-Johnson syndrome were reported as unwanted side
effects of the combination sulfadoxin/pyrimethamine. Therefore, use
of the combination for malariaprophylaxis is not recommended, but
the combination is used for treatment of acute chloroquine-resistant
falciparum malaria and as intermittent preventive treatment (IPT)
for prevention of malaria-associated adverse effects during preg-
nancy in women living in malaria-endemic areas. Pregnant women
suffering from resistant malaria forms were successfully treated
with the combination sulfadoxine/pyrimethamine (Philips-Howard
1996). Intermittent preventive treatment (ITP) with sulfadoxin/
pyrimethamine seems to be the most effective in preventing the
adverse outcomes associated with malaria in pregnancy in countries
where Plasmodium falciparum is sensitive, although the spread of
resistance is affecting its efficacy (Newman 2003).

The combination dapson/pyrimethamine is used for prophylaxis of
chloroquine-resistant malaria. Significant side effects like agranulocy-
tosis have restricted its use (for dapsone, see also tuberculostatics).
Data on pregnancy outcome after the use of this combination during
pregnancy for malaria prophylaxis and treatment are limited and insuf-
ficient for a well-grounded risk assessment (review by Brabin 2004).

Pyrimethamine, in combination with a long-acting sulfonamide,
is also used therapeutically for toxoplasmosis infection of the fetus,
in particular after the first trimester. The effectiveness of the various
schedules for prevention and treatment of toxoplasmosis is an
ongoing topic of discussion (Wallon 1999).

Because of embryotoxic effects in animal experiments, there
were initial objections against use of these folic acid antagonists in
early pregnancy (see also trimethoprim). Currently, there is an
ongoing discussion concerning the association between the use of
folic-acid antagonists and an increased risk of congenital malfor-
mations (Shepard 2002, Hernandez-Diaz 2001, 2000).

Recommendation. If indicated, the combination sulfadoxine/pyrimethamine
can be used during pregnancy for the treatment of acute chloroquine-resistant
malaria tropica; the combination can also be used in intermittent preventive
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treatment (IPT) in the second and third trimesters although it is not recom-
mended for prophylaxis. Significant side effects have restricted the use of dap-
sone/pyrimethamine for prophylaxis of chloroquine-resistant malaria tropica.
This combination should be considered as second choice in pregnancy. It is
important to keep informed of current recommendations for the region in ques-
tion. Pyrimethamine, in combination with a long-acting sulfonamide, can be
used for the prevention/treatment of toxoplasmosis infection of the fetus.

2.6.29  Quinine

Pharmacology and toxicology

Quinine is the oldest antimalarial agent. It has a good and rapid sch-
izonticide activity against the erythrocytic forms of all Plasmodium
species. In spite of relatively high toxicity and a narrow therapeutic
range, it is used more often for the treatment of chloroquine-resistant
malaria today. Concentrations in the fetus are just as high as in the
mother, and are potentially toxic. There are some reports describing
eye defects and hearing loss in children after use of quinine in preg-
nancy. However, in those cases considerably higher doses had gen-
erally been administered than are used nowadays for the treatment
of acute malaria. There is no evidence of an increased risk of abor-
tion or preterm delivery with the use of a standard dosage of quinine
for treatment of acute malaria (Philips-Howard 1996). In a study on
the use of quinine for the treatment of Plasmodium falciparum infec-
tion during the first trimester of pregnancy (7 = 165) these findings
were confirmed, as no increased rates of spontaneous abortion, con-
genital malformations, stillbirth or low birth weight were found
(McGready 2002).

Pregnancy outcome has been compared between mefloquine-
treated and quinine-treated pregnant women. Women who were
treated with mefloquine in pregnancy had a significant greater risk
of stillbirth than did women treated with quinine alone; there was
no difference in risk of congenital malformations (Nosten 1999).

A trial comparing quinine-clindamycine (7 = 64) with artesunate
(n = 65) for the treatment of falciparum malaria during the second or
third trimesters of pregnancy found no serious adverse effects, no
increase in stillbirths or congenital malformations above expected
rates, and no negative impact on child development for both regimens
(McGready 2001A). A small trial comparing quinine with artesunate-
atovaquone-proguanil (n = 39) for the treatment of falciparum-
malaria during the second or third trimesters of pregnancy found no
serious adverse effects and no significant differences in birth weight,
gestational age, congenital malformation rates, or in growth and
developmental parameters of infants (McGready 2005).

Pregnancy
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Especially in the last part of pregnancy, severe maternal hypo-
glycemia has been induced by quinine therapy.

Induction of contractions with high doses of quinine cannot be
excluded. Quinine is a component of some analgesic compounds
and of certain beverages, although in lower and apparently non-
embryotoxic doses.

Recommendation. In pregnancy, quinine can be used for therapy of acute
chloroquine-resistant falciparum malaria. The potential risk for the fetus due
to the therapy is much less than the hazards due to the severe maternal dis-
ease. Attention should be paid to possible maternal hypoglycemia. Even
though embryotoxic effects due to quinine in analgesic compounds are not
to be expected, these agents should be avoided because they do not con-
form to good therapeutical practice.

2.6.30 Halofantrine

Pharmacology and toxicology

Halofantrine is a malaria drug with a rapid schizonticide activity
against the erythrocytic forms of those Plasmodium species that
are resistant to chloroquine and other malaria drugs. Halofantrine
lengthens the QT interval in the ECG. Halofantrine can provoke
life-threatening arrhythmias in patients with cardiac disease, and in
combination with other arrhythmogenic agents.

Experience with the use of halofantrine in human pregnancy is
too limited for a defined risk assessment.

Recommendation. Halofantrine should only be used in those cases of severe
falciparum malaria which cannot be effectively treated with better-studied and
less toxic agents (e.g. chloroquine, quinine, artemisinin derivatives, mefloquine).
Halofantrine is not indicated in other malaria forms, like malaria tertiana. In
cases of predisposition to cardiac rhythm disturbances, other malaria drugs
should definitely be selected. Treatment with halofantrine does not require ter-
mination of pregnancy. To evaluate fetal morphologic development, a detailed
ultrasound examination can be considered after first-trimester exposure.

2.6.31 Primaquine

Pharmacology and toxicology

Primaquine, an 8-aminochinoline derivative, acts against vivax and
ovale malaria by destroying the exoerythrocytic forms of the malaria
parasite. It is used after suppressive therapy with chloroquine to
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eliminate the pathogen completely to prevent a relapse of vivax and
ovale malaria. 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 poten-
tial in humans (Philips-Howard 1996).

Recommendation. Primaquine should not be used in pregnancy. Instead, it
is recommended that weekly prophylaxis be continued in these cases, with
300 mg chloroquine base, until delivery. After delivery, therapy with primaquine
can be started. Inadvertent pregnancy exposure during the first trimester
requires neither termination of pregnancy nor invasive diagnostic procedures.

2.6.32  Artemisinin derivatives

Pharmacology and toxicology

Artemisinin derivatives like artesunate, artemether, artemether dihy-
droartemisinin, and artemotil are the most potent antimalarials avail-
able. These compounds combine rapid blood schizonticide activity
with a wide therapeutic index. Artemisinin derivatives are used nowa-
days as artimisin-based-combination therapy (ACT) or as monother-
apy for the treatment of multidrug-resistant falciparum malaria.
Recommended artimisin-based combinations are artemether plus
lumefantrine, artesunate plus sulphadoxine/pyrimethamine, arte-
sunate plus amodiaquine, and artesunate plus mefloquine.

Very limited experience with artemisinin use in the second and
third trimesters did not demonstrate any adverse effects on the chil-
dren (Philips-Howard 1996). In a prospective treatment study, arte-
sunate (7 = 528) or artemether (n = 11) was used to treat 539
episodes of acute P. falciparum malaria (44 episodes occurred during
the first trimester). Birth outcomes were not significantly different
from community rates for abortion, stillbirth, congenital abnormality,
or mean duration of gestation. An earlier report from the same group
on 83 women treated with artemisinin derivatives appears to be a
subset of the more recent publication (McGready 2001B, 1998). In
Gambia, a total of 287 pregnant women were exposed to artesunate
plus sulphadoxine/pyrimethamine during a mass drug administra-
tion, and no increased risk of adverse pregnancy outcome was noted,
comparing the exposed to the non-exposed pregnancies; 35 women
were exposed in the first trimester (Deen 2001). In a small study
(n = 28), no increased risk of adverse pregnancy outcome was found
after the use of artemether for the treatment of falciparum malaria in
the second or third trimester of pregnancy (Adam 2004A).
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These reassuring data have led the WHO to sanction the use of
artemisinin derivatives in the second and third trimesters of preg-
nancy for treatment of multidrug-resistant falciparum malaria
(WHO 2002). However, first-trimester experience is still too lim-
ited for a well-grounded risk assessment.

Recommendation. The artemisinin derivatives can be used as monotherapy
or as ACT (e.g. artesunate plus sulphadoxine/pyrimethamine, artesunate plus
mefloquine) in the second and third trimesters of pregnancy for treatment of
multidrug-resistant falciparum malaria. During first trimester, artemisinin deriva-
tives should only be used if there is no safe and effective alternative. Inadvertent
use of these antimalarials during the first trimester does not require termination
of pregnancy. To evaluate fetal morphologic development, a detailed ultrasound
examination can be considered after first-trimester exposure to artemisinin
derivatives.

2.6.33  Other malarial agents

Pharmacology and toxicology

As multidrug resistance of the parasite to the well-known medi-
cines is emerging - especially for Plasmodium falciparum (malaria
tropica) — more than 10 combinations of various antimalarial drugs
are used. In some regions, the combination of chloroquine plus
pyrimethamine or doxycycline has proven effective. Clindamycin
combined with quinine is used to treat multidrug-resistant malaria
in pregnancy in some areas (Alecrim 2000). A recent trial compar-
ing quinine-clindamycine (n = 64) with artesunate (# = 65) for the
treatment of falciparum malaria during the second or third trimester
of pregnancy found no serious adverse effects, no increase in still-
births or congenital malformations above expected rates, and no
negative impact on child development (McGready 2001A).
Amodiaquine is a malarial agent related to chloroquine. To date,
there is no indication for specific teratogenic effects (review by Thomas
2004). Severe side effects such as toxic hepatitis and fatal agranulocy-
tosis were attributed to the use of amodiaquine as prophylaxis. This
and increasing drug resistance precludes its use for prophylaxis, but it
is used therapeutically (Alecrim 2000). In a recent study, 900 pregnant
women with a gestational age of 16 weeks or more and P. falciparum
asexual stage parasitaemia were randomly assigned chloroquine, sul-
phadoxine-pyrimethamine, amodiaquine, or amodiaquine plus sulpha-
doxine-pyrimethamine. No serious liver toxic effects or white blood
cell dyscrasias were noted. The authors concluded that amodiaquine
alone or in combination with sulphadoxine-pyrimethamine, although
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associated with minor side effects, is most effective when used to treat
malaria in pregnancy (Tagbor 2006). There was no significant differ-
ence with respect to the rates of spontaneous abortion, prematurity,
stillbirth, and birth defects. However, considering the methodological
limitations of the study and the limited experience with first-trimester
exposure, these results do not rule out embryotoxic effects.

Atovaquone is a new antimalarial agent. Used in combination with
proguanil, it seems to be very effective against multidrug-resistant
Plasmodium falciparum as prophylaxis and treatment. As yet, there
is very little documented experience of the use of this combination
in human pregnancy. A small trial comparing quinine with artesunate-
atovaquone-proguanil (n = 39) for the treatment of falciparum
malaria during the second or third trimester of pregnancy found no
significant differences in birth weight or gestational age, the congenital
malformations rates, or the growth and developmental parameters of
infants (McGready 2005). In a small study, no increased risk of
adverse pregnancy outcome was noted after the use of atovaquone-
proguanil for the treatment of falciparum malaria in 22 third-trimester
pregnant women; the pharmacokinetics of atovaquone appeared to be
influenced by the pregnancy status (Na-Bangchang 2005).

Lumefantrine is used in combination with artemether in the
treatment of malaria disease. There is no documented experience of
its use in pregnancy.

Recommendation. The antimalarial agents in this section are reserve
drugs for the treatment of malaria. When indicated, clindamycin can be used
in pregnancy (see clindamycin). Doxycycline should not be used after the fif-
teenth week of pregnancy (see tetracyclines). Significant side effects have
precluded the use of amodiaquine for prophylaxis. It should be considered
as a second-choice drug in pregnancy; safer antimalarials are preferred.
Atovaquone should only be used in pregnancy if there is no safe and effec-
tive alternative for the treatment of acute multidrug-resistant malaria.
Inadvertent use of these antimalarials does not require termination of preg-
nancy. To evaluate fetal morphologic development, a detailed ultrasound
examination can be considered after first trimester exposure to atovaquone.

2.6.34  Tuberculosis and pregnancy

The indications for treatment of active tuberculosis in pregnant
women are no different from those for non-pregnant women.
Transmission and infection are felt to be the same as in the non-
pregnant individual, and pregnancy does not seem to influence the
course of the disease (Laibl 2005, Tripathy 2002, Espinal 1996).
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Untreated tuberculosis represents a greater hazard to the mother and
her fetus than does the treatment of the disease (Bothamley 2001,
Raju 1998, Brost 1997). There are slight differences in the recommen-
dations of the different organizations in the world, such as the WHO,
the International Union against Tuberculosis and Lung Disease
(IUATLD), and several national organizations (Frieden 2003).
Treatment considerations depend on disease status and drug resist-
ance. Some treatment schedules recommend delaying preventive
therapy until after delivery in pregnant women with only a positive
tuberculin skin test (PPD) but a negative chest radiograph, unless
they have a high risk of progressing to active disease (for example,
HIV patients, diabetics, recent converters, and those who are close
contacts of a person with an active disease). For the treatment of
active tuberculosis, isoniazide (INH), rifampicin, and ethambutol are
considered to be the first-line antituberculous drugs during preg-
nancy; a regimen including pyrazinamide for the first 2 months can be
considered. A particular problem is the increasing incidence of single-
and multidrug-resistant tuberculosis (MDR-TB). Therefore, treatment
should always consist of at least two, but usually three or more, drugs.
Pregnant women with MDR-TB may also require second-line antitu-
berculous drugs; the necessity for treatment should be weighed
against the risk for the fetus on an individual base (Laibl 2005,
Frieden 2003, Shin 2003, Tripathy 2002, Bothamley 2001, Raju 1998,
Brost 1997). A major cause of tuberculosis resistance and treatment
failure is medication non-compliance. Because of the seriousness of
tuberculosis in pregnancy, the importance of daily intake should be
emphasized and this should be supervised if necessary.

2.6.35 Isoniazid (INH)

Pharmacology and toxicology

Isoniazid 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 ter-
atogenic. An increased rate of malformations, as mentioned in ear-
lier publications, has not been confirmed. As isoniazid increases
pyridoxine metabolism, which may be responsible for CNS toxicity,
INH therapy in the pregnant woman should be combined with
pyridoxine. As a possible increased risk of INH-induced hepatotox-
icity in pregnant women has been reported in the literature, it is
recommended that liver-function tests should be performed at least
monthly in INH-treated pregnant women (Laibl 2005, Bothamley
2001, Raju 1998).
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Recommendation. Isoniazid is the drug of choice for prophylaxis and
treatment of tuberculosis in pregnancy. It should be combined with pyridox-
ine (vitamine Bg). Liver-function tests should be performed at least monthly.

2.6.36  Rifampicin

Pharmacology and toxicology

Rifampicin is indicated as part of a multidrug regimen for the treat-
ment of active tuberculosis in pregnancy. Rifampicin can cross the
placenta. Because rifampicin inhibits DNA-dependent RNA poly-
merase, there has been concern that it might interfere with fetal
development. Until now, no reports in the literature have con-
firmed this fear; the risk of congenital malformations seems not to
be increased. Several observations suggest that concomitant
rifampicin administration may enhance the hepatotoxicity of INH.
As rifampicin influences vitamin K synthesis and is associated with
an increased risk of hemorrhagic complications in the mother as
well as in the newborn, prophylactic administration of vitamin K to
the mother and the neonate is advised.

Recommendation. Rifampicin is a drug of choice for the treatment of
tuberculosis during pregnancy. When used near term, prophylactic vitamin K
should be administered to the mother and neonate to prevent hemorrhagic
complications (see vitamin K, Chapter 2.9). Rifampicin may also be given
prophylactically to prevent meningococci infection.

2.6.37 Ethambutol

Pharmacology and toxicology

Ethambutol has bacteriostatic properties and is used in combina-
tion with either INH or rifampin, or both. Like INH and rifampin,
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 tuber-
culosis during pregnancy in combination with INH and rifampicin.

Pregnancy
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2.6.38  Pyrazinamide (PZA)

Pharmacology and toxicology

Pyrazinamide is a bactericidal antituberculous drug that (in non-
pregnant patients) is routinely used as a first-line agent, having per-
mitted the introduction of a short course (6-month) regimen. Use of
PZA during pregnancy is not adequately documented, but adverse
outcomes were not found in a small study (Davidson 1995). A
small risk of birth defects cannot be excluded based upon current
reports. Its use is limited to cases where susceptibility to PZA and
resistance to first-line antituberculous drugs is suspected or docu-
mented (Laibl 2005, Bothamley 2001).

Recommendation. Pyrazinamide (PZA) can be used during pregnancy in
those cases where resistance of the other first-line drugs is suspected or
documented.

2.6.39 Aminoglycosides in tuberculosis

Pharmacology and toxicology

Streptomycin, an aminoglycoside with bactericidal properties, is
frequently used in combination with other antituberculous drugs in
the non-pregnant patient. Fetal ototoxicity is documented, and use
during pregnancy is contraindicated (see section 2.6.10).

Other aminoglycosides, used as second-line drugs in antitubercu-
lous treatment (kanamycin, amikacin, and the newer capre-
omycin), possibly share the same ototoxic potential, and they
should be avoided during pregnancy (Shin 2003, Brost 1997).

Recommendation. Streptomycin (a first-line drug in the non-pregnant
patient) and kanamycin, amikacin, and capreomycin (second-line drugs) are
contraindicated during pregnancy because of their ototoxic properties.
Inadvertent use does not require termination of pregnancy or invasive diag-
nostic procedures, but hearing tests should be performed after birth.

2.6.40 Para-aminosalicylic acid (PAS)

Pharmacology and toxicology

Para-aminosalicylic acid (4-amino salicylic acid) is a folic acid-
synthesis inhibitor. It was commonly used with INH in the 1950s
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and 1960s. Because of its (gastrointestinal) side effects, it is often
not tolerated during pregnancy and is scarcely used anymore. There
have been no indications for embryo- or fetotoxic potential.

Recommendation. Para-aminosalicylic acid (PAS) is a second-line drug
that is not recommended during pregnancy. Inadvertent use does not
require termination of pregnancy or invasive diagnostic procedures.

2.6.41  Quinolones in tuberculosis

Pharmacology and toxicology

Quinolones (ciprofloxacin, levofloxacin, ofloxacin, and sparfloxacin)
have become the mainstay of multidrug-resistant tuberculosis
(MDR-TB) treatment regimens in the past few years (Frieden
2003, Raju 1998). Their use during pregnancy is discussed in
section 2.6.8.

Recommendation. Quinolones (ciprofloxacin, ofloxacin, levofloxacin, and
sparfloxacin) are second-line drugs for the treatment of MDR-TB. As their
safety has not been established, they should only be used in the pregnant
patient when the benefit for the mother outweighs possible fetal risk. In such
a case ciprofloxacine should be preferred, because of its relatively large docu-
mented experience.

2.6.42  Other second-line antituberculous drugs

Pharmacology and toxicology

Ethionamide and protionamide are effective in the treatment of
many strains of mycobacterium. There are no adequate data
regarding their use in pregnancy.

Cycloserine is a broad-spectrum antibiotic, used in combination
with other medications after the failure of first-line antituberculosis
agents. Information is lacking about its use during pregnancy.

Rifabutine (used also for Myobacterium avium infections in
HIV-patients) and rifapentine are both semisynthetic rifamycin
derivatives. A few case reports of normal pregnancy outcomes do
not allow for a risk estimation of their use during pregnancy.

Pregnancy
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Terizidon has not been evaluated for its use during pregnancy.

Recommendation. Ethionamide, protionamid, cycloserine, rifabutine, rifapen-
tine, and terizidon are not recommended during pregnancy. Inadvertent use
does not require termination of pregnancy or invasive diagnostic procedures.
However, a detailed fetal ultrasound may be considered after first-trimester
exposure.

2.6.43 Dapsone

Pharmacology and toxicology

Because of increasing multidrug resistance, it was expected that
dapsone, used mainly in the treatment of leprosy, would become
more important in the treatment of tuberculosis. However, it is
scarcely used for the treatment of tuberculosis currently. From its
use in leprosy patients, dapsone does not appear to have an
increased teratogenic potential (Bhargava 1996). Case reports of
hemolytic anemia in the mother and child have been published.
However, the risk cannot be estimated due to a paucity of docu-
mented data.

Recommendation. During pregnancy, dapsone should be reserved for
specific indications.

2.6.44  Aciclovir and other herpes antivirals

Pharmacology and toxicology

Aciclovir (acyclovir) is an acyclic nucleoside analog, highly specific
for HSV-infected cells. It inhibits viral ribonucleotide production in
Herpes 1 and 2 and in varicella zoster infections. Valaciclovir is the
prodrug of aciclovir, with the benefit of a greater bioavailability and a
longer half-life (less frequent dosing). Aciclovir can cross the placenta,
and fetal aciclovir levels are comparable to maternal levels once a
steady state is reached. It is concentrated in the amniotic fluid,
approximately four-fold, but does not concentrate in the fetus
(Frenkel 1991). There is substantial experience with systemic use of
aciclovir during pregnancy. The manufacturer initiated the Acyclovir
Pregnancy Registry (June 1984-April 1999). In total, the outcomes of
1234 prospectively registered pregnancies were obtained; 756 infants
were exposed during the first trimester and 291 in the third trimester.
There was no evidence of an increased risk of congenital defects or
adverse fetal or neonatal outcomes in this study (Stone 2004). The
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same applies to other publications. In total, more than 1800 infants
are reported to have been prenatally exposed without any apparent
drug-related adverse outcome (Scott 1999). Many studies have been
conducted to evaluate the safety and efficacy of systemic aciclovir for
the treatment of genital herpes in pregnancy, with the objective of pre-
venting transmission of the virus and subsequent serious neonatal
herpes. Of neonatal herpes, 85% results from viral transmission near
delivery. To date, the conclusions and recommendations made are not
definitive, but as maternal primary and nonprimary first-episode gen-
ital herpes seem to have the greatest risk for prolonged shedding and
transmitting the virus, treatment of these conditions is generally
viewed as justified. Treatment of recurrent episodes of genital herpes,
when there is no or minimal risk of transmission, is not routinely rec-
ommended, but can be considered when maternal infection is severe
(Brown 2005, Hill 2005, Scott 1999, RCOG 1998). To reduce the
need for cesarean delivery in women with symptomatic genital her-
pes, antiviral suppressive therapy initiated at 36 weeks to all asympto-
matic HSV-2 seropositive pregnant women is presently a focus of
discussion (Brown 2005, Whitley 2004, Watts 2003). Intravenous
administration is required in patients with life-threatening conditions
like disseminated herpes infection or varicella pneumonia.

After topical use of aciclovir, there will be only minimal resorp-
tion through the skin.

Valaciclovir, the prodrug of aciclovir, has an increased bioavailabil-
ity to the mother (and possibly to the fetus). Pregnancy outcomes
were obtained from 111 prospectively registered pregnancies in the
Valaciclovir Pregnancy Registry (same manufacturer), including 29
infants exposed in the first trimester and 50 in the third trimester.
Although no apparent adverse outcomes were reported, these data,
together with those from some other small studies, provide insuffi-
cient information for a risk evaluation.

There are a few case reports describing normal pregnancy out-
come after first-trimester treatment with ganciclovir (Pescovitz
1999). However, these data are inadequate to evaluate the safety of
ganciclovir in pregnancy. The same applies to the prodrug valgan-
cicliovir, and penciclovir or its prodrug famciclovir. In animal stud-
ies, embryotoxicity of ganciclovir was reported.

Recommendation. Topical use of aciclovir is, regarding the minimal sys-
temic absorption, probably safe. Oral treatment should be considered when
first-episode genital herpes is diagnosed in a pregnant woman, to prevent
neonatal infection by vertical transmission of the virus. Intravenous adminis-
tration is indicated for treatment of life-threatening maternal infections like
varicella pneumonia or disseminated herpes simplex infection. It should not
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be routinely administered in case of uncomplicated herpes zoster. The use of
famciclovir, ganciclovir, penciclovir or valaciclovir is not recommended during
pregnancy because of insufficient data. Inadvertent use does not require ter-
mination of pregnancy or invasive diagnostic procedures.

2.6.45  Antiviral drugs for influenza

Pharmacology and toxicology

Amantadine, oseltamivir, and zanamivir are the available drugs for
prophylaxis or treatment of influenza-virus infection. Amantadine
(against influenza A) has been on the market for a long time now. It
is a drug with dopaminergic activity, and is therefore also used in
Parkinsonian-like disorders. In one animal study the drug was
found to be teratogenic (no specific anomalies were mentioned),
but no other reports of teratogenicity have been located. A few case
reports describe malformations in the offspring, but none of these
reports provide sufficient information for any conclusion about
developmental toxicity. In a letter to the editor (Rosa 1994), 64
pregnancies were reported where first-trimester exposure to aman-
tadine had occurred. There were five congenital defects (three sta-
tistically expected), one of which was a cardiovascular defect. The
author concluded that no definite conclusion could be drawn from
these numbers, but that if there is any risk with amantadine it is not
high, based on the available data.

Experience during pregnancy with oseltamivir or zanamivir (against
influenza A and B, the latter especially in HIV-infected patients) is
insufficient for a risk assessment. Reports from animal studies have
not clearly indicated the teratogenic potentials of these drugs.

Recommendation. Amantadine, oseltamivir, and zanamivir are not rec-
ommended during pregnancy, and should be reserved for vital indications.
Inadvertent use does not require termination of pregnancy or invasive diag-
nostic procedures. However, a detailed fetal ultrasound may be considered
after first-trimester exposure.

2.6.46  Ribavirin

Pharmacology and toxicology

Ribavirin is an antiviral with broad-spectrum activity. Severe viral
infections, like hepatitis C (in combination with interferon then)
and respiratory syncytial virus (RSV) infection in young infants,
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may be an indication. It was found to be teratogenic and/or embry-
olethal in several animal studies. The infants of nine women who were
treated with ribavirin for severe measles during the second half of preg-
nancy did not have an increased incidence of anomalies (Atmar 1992).
A woman treated at 7 weeks’ gestation with ribavirin by injection at
200 mg/d for 3 days had a normal child (Rezvani 2006). Because of the
potential absorption of this agent by hospital staff (when ribavirin
aerosol is administered to the patient), concern has been expressed
regarding the possible exposure of pregnant healthcare workers to this
drug. There is insufficient information regarding exposure to this drug
during pregnancy to make any conclusion about its safety. A Ribavirin
Pregnancy Registry (www.ribavirinpregnancyregistry.com) has been
established to follow women who have conceived while taking the
medication, or whose spouse has taken the medication. This Registry
also includes women who have concluded their therapy within the
previous 6 months, because of the long half-life of Ribavirin.

Recommendation. Ribavirin should be used in pregnancy only for life-
threatening infections. Detailed ultrasound diagnosis can be considered
after first-trimester exposure. Pregnant hospital staff should refrain from
administering ribavirin aerosol to patients on a regular base.

2.6.47  Other antiviral drugs

Pharmacology and toxicology

Brivudine is being used in varicella zoster and HSV-I infections;
cidofouvir and foscarnet are indicated for severe cytomegaly (CMV)
infections. No published data on their use during pregnancy are
available.

Recommendation. Use of brivudine, cidofovir, and foscarnet during preg-
nancy should be reserved for vital indications. When one of these drugs has
been used during the first trimester, termination of pregnancy is not advo-
cated; however, a detailed ultrasound diagnosis may be considered.

2.6.48  HIV prophylaxis and therapy

HIV therapy (ART, antiretroviral therapy) may be indicated for
maternal as well as for fetal reasons. During the recent past the treat-
ment guidelines for HIV-infected adults have been changing, and for
pregnant women the treatment should focus both on the fetal protec-
tion and on the optimal antiretroviral therapy of the mother.
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Treatment decisions for HIV-infected women should consider the
present and future health of the mother, prevention of perinatal
transmission, and toxicity limitation to the antiretroviral-exposed
fetus (US Dept of Health Guidelines 2005, http: //aidsinfo.nih.gov.,
US Public Health Service Task Force 2004, WHO).

Nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside
reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs)
are used currently, mostly in combination, for the treatment of HIV
infections. In the pregnant HIV patient, highly active antiretroviral
therapy (HAART) is being used more frequently, especially in devel-
oped countries.

m The NRTIs used are abacavir, didanosine, emtricitabine, lamivu-
dine, stavudine, tenofovir, zalcitabine, and zidovudine

m The NNRTIs used are delavirdine, efavirenz, and nevirapine

m The Pls are amprenavir, atazanavir, fosamprenavir, indinavir,
lopinavir, nelfinavir, ritonavir, saquinavir, and tipranavir

m Enfuvirtide is a fusion inhibitor.

Pharmacology and toxicology

Zidovudine, also known as azidothymidine (AZT), is a pyrimidine
analog used in the treatment of HIV-1 and HIV-2 infections. AZT is a
nucleoside reverse transcriptase inhibitor (NRTI). Pharmacokinetic
studies indicate that AZT crosses the placenta; fetal AZT levels are
found to be similar to or higher than maternal levels. The administra-
tion of zidovudine monotherapy to the mother (and to the infant after
birth) rapidly became standard practice once it had been shown to
reduce mother-to-child transmission by two-thirds (AIDS Clinical
Trial Group, protocol 076, 1994). In combination with other anti-
retroviral drugs such as lamivudine and, recently, with HAART, the
risk of perinatal transmission has decreased even more and is
presently around 1-2%.

Zidovudine is the best-studied compound; the manufacturer has
recorded pregnancy outcomes of more than 1000 pregnant women
exposed in the first trimester. The rate of adverse outcomes was
not different from that expected (Watts 2004, Covington 2004A,
Antiretroviral Pregnancy Registry 2004 (www.apregistr.com and
www.pregnancyregistry.gsk.com/antiretroviral html)). This is con-
firmed by the experience from several other trials (Fowler 2000,
Mofenson 2000A), where again no adverse fetal effects of zidovudine
were described, except for a small decrease in hemoglobin levels
at birth which resolved by 12 weeks of age (review by Mofenson
2000B). No long-term sequelae regarding growth or neurological,
immunologic or neurodevelopmental characteristics have been found
in the 234 zidovudine-exposed children from the PACTG 076 study,
who were followed for as long as 6 years, and no cancers have
been detected (Culnane 1999, Hanson 1999). A study in monkeys
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prenatally exposed to zidovudine at comparable human levels
revealed abnormalities in mitochondrial structure and function in
heart and skeletal muscle. There has been concern about the possibil-
ity that this mitochondrial dysfunction might adversely affect develop-
ment, particularly cardiac function. Although a group of French
investigators has identified 12 children with possible mitochondrial
dysfunction from a series of 2644 infants treated with zidovudine
and other nucleoside-analog reverse-transcriptase inhibitors
(Barrett 2003, Blanche 1999), evidence was not considered conclu-
sive (Morris 1999) and other studies were reassuring (Arnold 2002,
Lipshultz 2000, Culnane 1999, Hanson 1999). However, the risk is
not considered large, compared to the major reduction in perinatal
HIV-transmission that has been associated with the prenatal adminis-
tration of this agent. After combination therapy of lamivudine/
zidovudine, some severe adverse outcomes (anemia, neutropenia, and
mitochondrial dysfunction) occurred (Mandelbrot 2001). A recent
report (Witt 2007) demonstrated the genotoxic potential for ZDV but
not for other anti-HIV agents via the induction of micronucleated
reticulocytes in cord blood and mother’s blood. Based upon these
investigations, it is recommended that long term monitoring of the
ZDV exposed infants should continue.

Lamiyudine is a cytidine analog used as a reverse transcriptase
antagonist in the therapy of retroviral infection. Lamivudine
appears to cross the human term placenta by simple diffusion, with
cord blood levels at term similar to maternal blood levels. The man-
ufacturer has again recorded pregnancy outcomes of more than
1000 pregnant women exposed in the first trimester, and the rate of
adverse outcomes was not different from that expected (Watts
2004, Antiretroviral Pregnancy Registry 2004).

For nelfinavir, stavudine, nevirapine, and abacavir, pregnancy out-
comes after first-trimester exposure were also monitored in the preg-
nancy registry of the manufacturer. The rate of adverse outcomes was
not different from that expected. Although the numbers (between 250
and 450 exposures of each drug) are not sufficient for definite conclu-
sions, the findings might be viewed as reassuring (Covington 2004B,
Watts 2004, Antiretroviral Pregnancy Registry 2004). Increased
maternal hepatotoxicity is observed in pregnant women treated with
nevirapine (Hitti 2004).

Limited data are available regarding birth defects after prenatal
exposure to efavirenz. There have been retrospective reports of neu-
ral tube defects, including three cases of meningomyelocele and one
Dandy Walker syndrome, after first-trimester exposure to efavirenz-
containing regimens (de Santis 2002). In monkeys, similar defects
were observed. However, prospectively followed pregnancies in 206
women exposed to efavirenz in the first trimester resulted in 188 live
births, of which 5 had a birth defect, none of them being a neural
tube defect (Martin 2005).
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In a series of 233 HIV-infected women treated with protease
inhibitors (PIs), HAART including PIs was confirmed to be effective
in preventing perinatal transmission. In this multicenter, retrospective
study, prematurity and low birth weight were not significantly
increased compared with other studies where HIV-infected preg-
nant women were not treated with PIs (Morris 2005).

Based on three cases of fatal lactic acidosis in pregnant women
treated with a combination of stavudine and didanosine, the manu-
facturer issued a warning in 2001 to alert clinicians to an apparent
increased risk of liver disease and pancreatitis in women treated
with this drug combination.

Data on antiretroviral drugs not mentioned here are too limited
for any conclusions about their safety during pregnancy.

A recent prospective controlled study of the neurodevelopment
of 39 exposed children demonstrated that perinatal highly active
antiretroviral therapy exposure is not associated with altered devel-
opment and behavior at 18-36 months of age (Alimenti 2006).

Recommendation. Treatment decisions for HIV-infected women should con-
sider the present and future health of the mother, the prevention of perinatal
transmission, and toxicity limitation to the antiretroviral-exposed fetus. In
cases of compelling maternal or fetal (preventing transmission in zidovudine
resistance) indications, combination ART or HAART with one or more of the
abovementioned substances should be applied. Management must remain
individually based, using HIV RNA levels throughout pregnancy and previous
disease and obstetric history to plan optimal ART for the mother and child.
After combination ART in the first trimester, a detailed ultrasound diagnosis
should be considered. Treatment should be conducted in specialized centers
and according to established regimen guidelines. Long term follow up of ZDV
prenatally exposed infants should continue upon recent genotoxic results.

2.6.49 Mebendazole and flubendazole

Pharmacology and toxicology

Most infections of adults with common nematodes like ascaris and
trichuris will be asymptomatic, and there is rarely an indication for
treatment during pregnancy. Severe infections with hookworms
may cause anemia, responsible, if during pregnancy, for increased
perinatal mortality and morbidity worldwide. The WHO estimates
that as many as 44 million pregnant women throughout the world
are infected with hookworms (WHO 1996B).

Mebendazole is a highly effective and well-tolerated drug against
nematodes in the gastrointestinal tract (such as enterobius, ascaris,
trichuris, ankylostoma - pinworms, round-worms, whipworms, and
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hookworms). The drug is poorly absorbed from the gut. Mebendazole
exerts its action through inhibition of glucose uptake by the parasite,
causing its starvation and death. Mebendazole had teratogenic effects
in some animal studies. Conflicting results of several case reports and
(retrospective) studies in hundreds of human pregnancies (including
many first-trimester exposures) do not allow a well-founded estima-
tion of human risk. However, an increased risk of congenital malfor-
mations 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 prospective study, where 192 preg-
nancy outcomes were evaluated and compared with a matched con-
trol group (Diav-Citrin 2003). There was no increase in the rate of
major malformations. In another prospective study on anthelmintics
during pregnancy, where 64 women were exposed to mebendazole in
the first trimester (Reuvers-Lodewijks 1999), only one malformation
(bilateral clubfoot) was observed, which is below the expected back-
ground rate. Although numbers are too small for any definite conclu-
sion, mebendazole does not appear to represent a major teratogenic
risk. Improvement of pregnancy outcomes (regarding stillbirths, peri-
natal deaths, and birth weight) was observed when mebendazole was
used during the second and third trimesters in developing countries,
where intestinal helminthiasis is endemic (de Silva 1999).

Flubendazole is structurally related to mebendazole. Teratogenicity
has been reported in rats. No significant increase in major malforma-
tions was observed in a prospective study of 150 pregnancies after
exposure to flubendazole in the first trimester (Reuvers-Lodewijks
1999), and a smaller prospective investigation covering 11 pregnan-
cies (Choi 2005; see also section 2.6.50).

Recommendation. Mebendazole may be used during pregnancy with
helmintic infections that require treatment, but during the first trimester should
only be used when strictly indicated and when treatment cannot be delayed.
For the treatment of pinworms, pyrvinium, if available, is preferred. Inadvertent
use during the first trimester does not require termination of pregnancy or
additional diagnostic procedures. The same applies to flubendazole.

2.6.50 Pyrviniumembonate

Pharmacology and toxicology

Pyrviniumembonate, which is not available in all countries, is effec-
tive against enterobius (pinworms) and is very poorly absorbed
from the gastrointestinal tract. Embryo- or fetotoxicity has not been
observed.
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Recommendation. Pyrviniumembonate is the drug of choice for the treat-
ment of enterobiasis/oxyuriasis.

2.6.51 Albendazole and thiabendazole

Pharmacology and toxicology

Albendazole is a highly effective broad-spectrum anthelmintic, struc-
turally related to mebendazole. It also kills the parasite through inhi-
bition of the glucose uptake. It is the first-line drug for the treatment
of alveolar forms of echinococcosis (Echinococcus multilocularis),
and also for the advanced cystic forms (Echinococcus granulosus).
During a mass drug administration for lymphatic filiriasis in Ghana,
50 women were inadvertently (because their pregnancy was not rec-
ognized) treated with ivermectin and albendazole; their pregnancy
outcomes were compared with those of 293 women with a recognized
pregnancy who were not treated. Of the 39 children who were
exposed during the first trimester, 1 congenital malformation (a hear-
ing impairment), versus 5 of the untreated group, was reported. The
authors concluded that there was no evidence of increased risk after
exposure to ivermectin and albendazole (Gyapong 2003). One Down
syndrome was observed in a small prospective study of albendazole
(n = 12) and flubendazole (7 = 11) (Choi 2005). No malformations
were observed among 24 children born after first-trimester exposure
to albendazole in a prospective study (Reuvers-Lodewijks 1999).

Thiabendazole is indicated for the treatment of strongyloidiasis,
larva migrans cutanea, and trichinosis. There are no reports of thi-
abendazole use during human pregnancies.

Recommendation. When there is a vital indication for the treatment of
echinococcosis, albendazole may be used during all stages of pregnancy.
However, a small risk of birth defects cannot be excluded. For all other indi-
cations, more established anthelmintics should be used. When used during
the first trimester, a detailed ultrasound diagnosis is recommended.

2.6.52 Niclosamide

Pharmacology and toxicology

Niclosamide is an effective anthelmintic against most human ces-
todes. It appears to act by inhibiting respiration of the parasite, and
is hardly absorbed in the gastrointestinal tract. The drug has been
widely used for a long time, and is not suspected of causing an
increased risk for birth defects to date; however, experience in
humans is not well-documented. In a prospective follow-up study



2.6.54 Pyrantel 165

of 39 pregnant women exposed in the first trimester, one child was
born with a minor malformation (Reuvers-Lodewijks 1999), which
is below the expected background rate.

Recommendation. Only when there is a clear need for treatment of a
cestode infection should niclosamide be used during pregnancy; treatment
during the first trimester should be restricted to vital indications. However, a
small risk of birth defects cannot be excluded. When used during the first
trimester, a detailed ultrasound diagnosis is recommended.

2.6.53 Praziquantel

Pharmacology and toxicology

Praziquantel is a highly effective broad-spectrum anthelmintic against
many trematodes and cestodes, but is also the first-line drug against
schistosomiasis (bilharziosis). No teratogenicity has been reported in
animal studies. A case report of a normal child, born after treatment of
the mother from weeks 8 to 11, has been published (Paparone 1996).
In a retrospective study, during treatment of their mothers for schisto-
somiasis 88 children were exposed to praziquantel (47 during the first
trimester); no increase in adverse outcomes was reported (Adam
2004B). The same research team also followed and evaluated pros-
pectively 25 pregnancy outcomes after exposure (6 during the first
trimester) to praziquantel. Apart from one spontaneous abortion, no
adverse outcomes were observed (Adam 2005). In another prospec-
tive study on anthelmintics, four pregnant women treated in the first
trimester delivered four normal children (Reuvers-Lodewijks 1999).
The health benefits, for both mother and unborn child, that are gained
from the treatment for schistosomiasis are viewed by many to out-
weigh by far the probably very small risk of adverse pregnancy out-
come (Olds 2003, Savioli 2003, WHO 2002).

Recommendation. Praziquantel is not recommended during pregnancy
when other better-established anthelmintics are available. Treatment should
be reserved for specific vital indications. Inadvertent use does not require
termination of pregnancy or invasive diagnostic procedures. It is the first-
line drug against bilharziosis.

2.6.54 Pyrantel

Pharmacology and toxicology

Pyrantel is a broad-spectrum anthelmintic that acts by inhibition of
cholinesterase, causing spastic paralysis and subsequent death of
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the parasite. Published experience on its use during pregnancy is
not sufficient to determine risk.

Recommendation. Pyrantel is not recommended during pregnancy because
better-established anthelmintics are available for all indications. Inadvertent
use does not require termination of pregnancy or invasive diagnostic proce-
dures. A detailed ultrasound diagnosis may be considered when pyrantel has
been used during the first trimester of pregnancy.

2.6.55 Ivermectin and diethylcarbamazine

Pharmacology and toxicology

Ivermectin is a highly effective drug in the treatment of onchocerci-
asis (river blindness) and lymphatic filiriasis. Reports from animal
studies do not indicate a teratogenic potential of this drug. In some
cases inadvertent exposure during pregnancy has occurred without
apparent adverse effects (Gyapong 2003), but data are not suffi-
cient for risk estimation.

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

Recommendation. Ivermectin treatment during pregnancy should be
reserved for compelling indications. Inadvertent use does not require termi-
nation of pregnancy or invasive diagnostic procedures. The same applies to
diethylcarbamazine.

2.6.56  Hyperthermia

Hyperthermia can be caused by fevers and by environmental expo-
sure to heat sources. Maternal temperature increases are transmitted
to the fetus. For several decades it has been demonstrated that ele-
vated body temperature can cause malformations in animal studies.
There is growing evidence that the same also applies to humans; mild
exposure during the pre-implantation period and more severe expo-
sure during embryonic and fetal development often result in prenatal
death and abortion. Hyperthermia also causes a wide range of struc-
tural and functional defects. The central nervous system (CNS)
is most at risk, probably because it cannot compensate for the
loss of prospective neurons by additional divisions by the surviving
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neuroblasts, and it remains at risk at stages throughout pre- and
postnatal life, although its possible effects at these stages have not
been studied in detail (Edwards 2006). There are indications that
some malformations, such as neural tube defects (Shaw 1998), but
also heart defects, renal anomalies, and gastroschisis, were more fre-
quently observed after prolonged periods of high fever in early preg-
nancy (e.g. Abe 2003, Chambers 1998). In this prospective study,
115 pregnant women with high fever (38.9° C for 24 hours or more)
were compared with 147 women with moderate fever (<38.9° C, or
<24 hours) and with women without fever. About 80% of these
febrile periods occurred in the first trimester. The relative risk for
congenital malformations calculated in this study, however, was not
of statistical significance. In a cohort study of 24 040 pregnant
women, where 1145 pregnancies resulted in a miscarriage or still-
birth, there was no evidence that fever in the first 16 weeks of preg-
nancy is associated with fetal death was found (Andersen 2002). In
a commentary it was pointed out that the main limitation of this
study was that the risk of fetal death before week 6 could not be
assessed, and therefore no definite conclusions could be made
(Chambers 2006). The question of whether elevated body tempera-
ture may be responsible for the so-called “vascular disruption disor-
ders”, where developing organs are deprived of sufficient blood
supply, is still under discussion (Martinez-Frias 2001, Graham
1998). A rise in body temperature of = 2° C for more than 24 hours
is acknowledged nowadays to be associated with an increased risk
of developmental defects.

An increased risk from sauna or hot-tub bathing has been dis-
cussed (Li 2003, Milunsky 1992), but data are not sufficient for defi-
nite conclusions (Chambers 2006, Herz-Picciotto 2003). However,
in view of the relatively large volume of animal data and the associa-
tion between high maternal fever and NTDs, a risk cannot be
excluded. In a hot-tub (39-40° C), body temperature (studied in non-
pregnant women) may reach 38.9° C after only 10-20 minutes
(Harvey 1981). Women of reproductive age and who may be preg-
nant should limit exposure to hot-tubs to less than 15 minutes in 39°
C water and less than 10 minutes in 40° C water (Chambers 2006).
Time limits for hot-tubs are shorter than for saunas; the latter permit
greater heat loss by evaporation and perspiration. In Finland, where
sauna bathing is very common, even during pregnancy, no associa-
tion with adverse pregnancy outcomes has been detected.

Use of electric blankets or heated waterbeds has not demon-
strated any additional risk of congenital malformations to date. The
use of birthing pools has raised some concern in a case report
(Rosevaer 1993), where, after staying in water of 39° C for several
hours, two mothers delivered infants in poor condition; both new-
borns died shortly afterwards.
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Recommendation. When high fever does arise in early pregnancy, paraceta-
mol (acetaminophen) should be taken to lower the body temperature, together
if necessary with other measurements such as cool wrappings and sufficient
fluid intake. Saunas or hot-tubs should not exceed 10 minutes. In general,
sources of possible overheating should be avoided. In cases of high fever
episodes in early pregnancy, diagnostic measurements such as detailed fetal
ultrasound should be considered.

2.6.57 Traveling

When pregnant patients are traveling long distances, or going
abroad, several possible risks should be discussed:

m Prophylactic measurements to prevent infections (for malaria
prophylaxis, see section 2.6.24; for vaccinations, see Chapter 2.7)

m The risk of other infections (fever, fluid loss), and required therapy

= In long-distance air travel, cosmic radiation, the increased risk of
thrombotic events due to prolonged immobilization, decreased
air (oxygen) pressure comparable with an altitude of approxi-
mately 2500 m, and physical and psychic stress.

No specific malformations have been associated with established
vaccinations or with malaria prophylaxis. However, with some of
them there is insufficient experience with use in pregnancy (see
Chapter 2.7). It should be pointed out that the increased physical
stress associated with long-distance travel in predisposed women
might increase their risk for spontaneous abortion. Another risk is
of “common” infections, due to altered hygienic standards in the
destination country. The accompanying fever, dehydration or other
complications may also endanger the fetus.

The quantity of ionizing radiation in air travel will vary according
to several conditions, but as far as we know doses will not be high
enough to incorporate an additional risk of malformations.

Staying at high altitudes carries the problem of decreased air pres-
sure and the risk of high altitude sickness. Although a decreased birth
weight in infants born to mothers who live at (moderate) high alti-
tudes has been observed, a short-term stay in conditions with moder-
ate decreased air pressure does not seem to carry a risk of fetal
hypoxia. Fetal oxygen supply at very high altitudes (>3300m or
11000 ft) cannot be guaranteed, and the risk of maternal high alti-
tude sickness may endanger the mother and child. Healthy pregnant
women can probably stay at a moderately high altitude for a short
period, but avoiding exercise, or maintaining hydration and waiting
several days for acclimatization before starting moderate exercise, is
recommended (Jean 2005, Rodway 2004, Niermeyer 1999). Heavy
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exercise with increasing body temperature must be avoided (Samuel
1998). During long-distance flights, air pressure and the oxygen par-
tial pressure are kept to the same level as at an altitude of 2500 m,
which carries no risk for healthy (pregnant) individuals.

Recommendation. The need for long journeys, especially to tropical desti-
nations, by pregnant women should be critically evaluated. Women with a his-
tory of spontaneous abortion should preferably postpone their journey.
Women with risk factors for spontaneous abortion, pre-eclampsia or placental
abruption, or whose babies are at risk of intrauterine growth restriction
(IUGR), should not go to (very) high altitudes. When a journey has been made
during pregnancy without any complications, further diagnostic procedures
are not warranted.
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2.7.1 Vaccination and pregnancy

Protective and booster immunizations should be carried out before
pregnancy. Even though no embryotoxic or teratogenic effects have
been proven for any vaccine, the indications for immunization,
especially in the first trimester, should be limited strictly to rare sit-
uations. With live vaccines, the risk of a fetal infection from the
vaccine is more of a theoretical nature, but routine immunization
should be avoided during pregnancy. Another reason for avoiding
vaccinations in early pregnancy is the possible risk of maternal
hyperthermia (see Chapter 2.6) as a reaction to the vaccine. This
risk is moderate, but common to almost all types of vaccines. If
fever occurs, it should be treated with paracetamol (acetamino-
phen) as soon as it occurs. A third reason for avoiding vaccinations,
especially in later stages of pregnancy, would be that postnatally
the developing child might not recognize the antigen and since the
immune system has become tolerant no seroconversion would be
the result.

When there is a high infection risk without protection from prior
immunization, a vaccination should be pursued in the interest of both
mother and child, even during pregnancy. Candidate vaccines should
be immunogenic, safe, and cause minimal reactions. The potential
effect on the incidence of communicable diseases in the newborn and
young infant will increase as more candidate vaccines that could be
administered during pregnancy become available. In the future, infec-
tions such as herpes simplex virus infection, cytomegalomrus and
human immunodeficiency virus infection could be prevented with
this intervention (Munoz 2001). Details of different compounds are
discussed below.

The use of thiomersal (ethyl mercury) as a preservative in vac-
cines has been debated (Bigham 2005), since ethyl mercury might
be a risk for the brain of the unborn or developing child. However,
the blood-brain barrier passage of ethyl mercury is much more
difficult than for the known fetotoxicant methyl mercury. There
are as yet no data indicating embryotoxity for the unborn related
to ethyl mercury in vaccines (about 5ug). According to the
WHO, thiomersal will stay in the vaccines where necessary for
developing countries (Bigham 2005). In these countries, the so-
called “cold-chain” might not be optimal to prevent vaccines to be
contaminated.

In general, and this holds for all successful vaccines and vaccina-
tions, the advantages of protection and prevention of the popula-
tion from the pertinent diseases outweigh by far the individual
adverse reactions that vaccines might cause.
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2.7.2 Cholera vaccine

The cholera vaccine contains inactivated vibrios of the serotypes
Inaba and Ogawa. There are no studies on the use of this vaccine
during pregnancy. Protection is incomplete and only short-term.
Antibiotic treatment of a cholera infection is obviously the choice
during pregnancy. It should, however, be considered that there is
already a high antibiotic resistance among vibrios. Thus, no univer-
sally valid recommendations for infection prophylaxis in pregnancy
can be made, because the appropriate procedure depends on the
situation of the individual case (e.g. length of the trip, destination,
housing conditions). Pregnant women who must travel in epidemic
areas should, in any case, strictly adhere to the basic hygienic meas-
ures: “boil it, cook it, peel it or forget it”

Recommendation. If compellingly indicated, assuming that travel to an
endemic area cannot be postponed, vaccination should also be performed
during pregnancy.

2.7.3 Hemophilus influenza b (HIB) vaccine

Hemophilus b conjugate vaccine is a combination of the capsular
polysaccharides or oligosaccharides purified from HIB type b bound
with various proteins. Two reports and a review have described the
maternal immunization with the capsular polysaccharide vaccine of
HIB during the third trimester of pregnancy to achieve passive
immunity in the fetus and newborn. No adverse effects were observed
in the newborns (review in Briggs 2005).

Recommendation. Vaccination results in pregnancy are lacking; discussion
about the innocuity and effectivity are still ongoing.

2.7.4 Hepatitis A vaccine

Hepatitis A infection is usually not more severe during pregnancy
than at other times, and does not affect the outcome of pregnancy.
There have been reports, however, of acute fulminate conditions in
pregnant women during the third trimester, when there is also an
increased risk of premature labor and fetal death. These events have
occurred in women from developing countries, and may have been
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related to underlying malnutrition. The hepatitis A virus is rarely
transmitted to the fetus, but this can occur during viremia or from
fecal contamination at delivery (Tanaka 1995).

Hepatitis A vaccine contains inactivated hepatitis A viruses that
are cultivated from human cell cultures. Its use in pregnancy has
not been systematically investigated. However, there is no indica-
tion of developmental toxicity.

Recommendation. Pregnant women without immunity to hepatitis
A need protection before traveling to developing countries. Based on the
experience with other inactivated viral vaccines, hepatitis A vaccine can
be given to the pregnant woman at high risk of infection. Immune
globulin is safe and effective in preventing hepatitis A, but immunization
with one of the hepatitis A vaccines gives a more complete and prolonged
protection.

2.7.5 Hepatitis B vaccine

A Dbiotechnologically produced non-reproducible surface antigen
is used as hepatitis B vaccine (HBV). It is therefore a non-infectious
vaccine, and no risks to the fetus have been reported following
vaccination of their mothers in pregnancy (ACOG 1993). Imm-
unization of groups at risk is recommended; if possible, it should be
given after the twelfth week of pregnancy. Ayoola (1987) described
a series of 72 pregnant Nigerians who were seronegative for hepati-
tis B and were given two intramuscular doses of vaccine in the third
trimester. One month after the second dose, 84% were anti-HBs
positive. No significant adverse effects were observed in the mothers
or their newborns. Passive transfer of anti-HBs occurred in 59% of
the newborns. The antibodies disappeared rapidly in these infants,
and by 3 months only 23% had detectable antibodies (Ingardia
1999, Reddy 1994). No HBsAg carrier status developed in this
group. In contrast, the infants born to HBsAg-positive mothers had
a cumulative rate of HBV events of 20%. The authors concluded
that HBV vaccine is safe and immunogenic in pregnant women.
The passive immunity conferred on the infants is of short duration
(Lee 2006). Therefore, in, for example, The Netherlands, newborns
from HBsAg-positive mothers will be vaccinated immediately or
otherwise within 48 hours after birth, preferably following the
administration of hepatitis-B immunoglobulin with booster vacci-
nations at the ages of 3, 4 and 11 months, according to the Dutch
Health Council advice (Geelen 2006).
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Recommendation. Vaccination of pregnant mothers in hepatitis B high-
risk populations may provide adequate protection before the child is vacci-
nated. There are no negative adverse effects to be expected.

2.7.6 Human Papilloma Virus (HPV) vaccine

In June 2006 the US FDA licensed the first vaccine developed to pre-
vent cervical cancer and other diseases in females caused by certain
types of genital human papillomavirus (HPV) types (6, 11, 16 and 18),
responsible for 70% of cervical cancers and 90% of genital warts. The
duration of the protection is unclear. Current studies (with 5-year
follow-up) indicate that the vaccine is effective for at least 5 years
(Anonymous 2006). The vaccine has not been causally associated with
adverse outcomes of pregnancy or adverse reactions to the devel-
oping fetus. However, data on vaccination in pregnancy are limited.

Recommendation. The HPV vaccine is not recommended in pregnancy.
Inadvertant exposure during pregnancy is not a reason for invasive diagnos-
tics or for interruption of pregnancy.

2.7.7 Influenza vaccine

Pregnant women are supposed to have an increased risk of influenza
infection and complications. Evaluation of more than 2000 pregnan-
cies exposed to influenza vaccine could not demonstrate an increased
risk of maternal complications or adverse fetal outcomes associated
with the vaccine (Naleway 2006, Munoz 2005). The selected vac-
cine should be the vaccine advised for that influenza season. The
American College of Obstetricians and Gynecologists (ACOG)
(1991) recommended that the vaccine should be given only to preg-
nant women with serious underlying diseases (chronic diseases or
pulmonary problems). In contrast, the Advisory Committee on
Immunization Practices recommends standing orders, programs or
reminders for patients and providers as strategies to improve vacci-
nation rates during pregnancy, which are estimated to be less than
10%. The Joint Committee on Vaccination and Immunisations (JCVI
2006) in the UK agreed in June 2006 that pregnant women were at
an increased risk of morbidity and mortality from seasonal influenza,
and recommended that women in the second and third trimesters
should be routinely offered vaccination. A study (Hartert 2003) on
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respiratory hospitalizations among pregnant women during influenza
seasons revealed that the further advanced the pregnancy, the more
vulnerable the women appeared. At 37-42 weeks of pregnancy, they
were nearly five times more likely to end up in hospital with influenza
than were women who were up to 6 months’ pregnant. There have
been only a few and small studies of the effect of the influenza vac-
cination on the fetus, but they have shown no ill effects.

Recommendation. Influenza vaccination in the influenza season before
planning a pregnancy is preferred, but there are no indications of an adverse
effect of vaccination during pregnancy for the mother, or on the fetal outcome.

2.7.8 Measles and mumps vaccines

There is insufficient documented experience with the use of these
vaccines during pregnancy.

Measles (rubeola) vaccine is a live attenuated virus vaccine.
Although transplacental passage of this vaccine has never been
demonstrated, the vaccine should not be used during pregnancy
because fetal infection with the attenuated virus cannot be excluded.
Because this vaccine is normally administered together with the
rubella vaccine, its contraindications are similar. The American
College of Obstetricians and Gynecologists lists the vaccine as con-
traindicated in pregnancy and also recommends a 3-month interval
before conception (ACOG 1993). In case of a significant exposure
risk in a non-immune patient, a vaccination during the third trimester
is suggested.

Mumps vaccine is also a live attenuated virus vaccine. Mumps
occurring during pregnancy may result in an increased rate of first-
trimester abortion. Although a fetal risk from the vaccine has not
been confirmed, the vaccine should not be used during pregnancy
because, in theory, fetal infection with the attenuated viruses might
occur. Several publications dealt with the controversy over the
alleged link between MMR vaccination in the child and autism, but
this is now discredited in the eyes of most scientists.

Recommendation. Both vaccines are contraindicated in pregnancy because,
theoretically, fetal infection with the attenuated vaccines might occur. Because
these vaccines are normally administered together with the rubella vaccine, its
contraindications are similar. There is no indication for termination of preg-
nancy if vaccination has taken place in pregnancy. The manufacturer recom-
mends avoiding pregnancy for 3 months following vaccination.
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2.7.9 Meningococcal meningitis vaccine

The polyvalent meningococcal meningitis vaccine may be adminis-
tered during pregnancy if the woman is entering an area where the
disease is endemic. From the use of this vaccine, mostly in the third
trimester of pregnancy, it is concluded that there are no indications
for harm of the unborn (Letson 1998). Protecting antibodies have
been found to cross the placenta. In breast milk and in the serum of
the newborn, significantly higher IgA and IgG levels were found in
157 individuals vaccinated in the third trimester, in comparison
with controls (Shahid 2002).

Recommendation. Vaccination, if necessary, is not known to be associ-
ated with developmental disorders.

2.7.10 Pneumococcal vaccination

Pneumococcal vaccination during pregnancy was thought to be the
way of preventing pneumococcal disease during the first month of
life. From studies with 280 participants (Chaithongwongwatthana
2006), it was concluded that there was no adverse effect on preg-
nancy and on the health of the newborn. However, there was no
evidence that pneumococcal vaccination during pregnancy reduced
neonatal infection.

Recommendation. There are no indications to vaccinate against neonatal
pneumococcal infection during pregnancy. On the other hand, vaccination
does not seem to be harmful for the fetus, and does not require any
intervention.

2.7.11  Poliomyelitis vaccine

Oral polio vaccine (Sabin) contains attenuated live poliomyelitis
viruses of all three poliovirus types. It is no longer recommended
for routine vaccinations because in very rare cases it may cause
poliomyelitis. The inactivated form of the vaccine (Salk), mostly in
combinations with other vaccines (injection), is now preferred.
When there were outbreaks of poliovirus in Israel and Finland,
mass oral polio vaccinations of the population, including pregnant



2.7.12 Rabies vaccine 185

women, were performed. Based on the observation of more than
15000 pregnancies, there was no increased risk of spontaneous
abortion and no increase in birth defects or prematurity (Harjulehto-
Mervaala 1995, Ornoy 2006, 1993, 1990). The authors consider the
oral poliovirus vaccine as safe for pregnant women; however, it
should not be used in the last month of pregnancy, to avoid contam-
ination of delivery rooms by the virus-shedding mother. Live attenu-
ated poliovirus is no longer relevant as a result of practical extinction
of the disease, at least in the developed world. Polio-like changes
(damage to the anterior horn cells of the spinal cord) were noted in
a fetus aborted at 21 weeks’ gestation when the previously immune
mother received oral polio vaccine at 18 weeks (Castleman 1964),
but no similar effect has been published since.

Recommendation. Immunization with inactivated polio vaccine can be
performed when compellingly indicated. There is no reason to terminate a
pregnancy when polio vaccination (with inactivated or attenuated virus vac-
cine) has been administered to a pregnant woman.

2.7.12 Rabies vaccine

The rabies vaccine contains attenuated live virus matter, which is
produced nowadays from human cell cultures. This vaccine, which
has been available since 1980, has, in contrast to earlier vaccines,
virtually no side effects. Case reports on active and/or passive immu-
nization during a pregnancy indicate an uncomplicated course of
pregnancy (Chutivongse 1995, Chabala 1991, Fescharek 1989). A
study was published regarding the safety and immunogenicity of puri-
fied vero cell rabies vaccine (PVRV) during pregnancy (Sudarshan
1999). Twenty-nine pregnant women exposed to rabies were vacci-
nated with PVRV, and none of the women experienced any adverse
side effects to the vaccine. The intrauterine growth and development
monitored by ultrasound examination was found to be normal, and
the outcome of pregnancy was satisfactory. There were no congenital
anomalies in any of the infants born, and they were healthy with
normal growth and development during the 1-year follow-up period.
The rabies-neutralizing antibody titers from day 14 to day 365 fol-
lowing vaccination in these women was adequate and well above the
minimum protective level of 0.5IU/ml serum. Protective levels of
antibodies were also present in the serum of some of the babies
tested, until 3 months of age. The mothers and infants followed for a
1-year period were doing well at the end of the study period.
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Recommendation. Since rabies is an illness with fatal consequences, a
pregnant woman must always be simultaneously immunized (actively and
passively) following a bite from an animal suspected to be rabid.

2.7.13  Rubella vaccine

Rubella immunization uses attenuated live virus vaccine. Antibody
levels of 10-15 international units IgG/ml are considered protective.
Naturally acquired rubella generally confers a lifelong and usually
high degree of immunity against the disease for the majority of indi-
viduals. Rubella immunization is contraindicated shortly before and
during pregnancy (Tookey 2001), despite the fact that in all surveil-
lance studies to date (including more then 700 pregnancies) no child
has been born with congenital rubella syndrome after vaccination of
its seronegative mother during pregnancy (see, for example, Hamkar
2006, Enders 2005, Best 1991, Tookey 1991). A study led by the
Motherisk Program of Toronto in Canada, quoted by Josefson (2001),
compared the rates of fetal malformations in the infants of 94 women
who mistakenly received rubella vaccinations while pregnant with
94 pregnant women who were not vaccinated during pregnancy. The
rate of fetal anomalies was similar in both groups. In addition, no
significant differences existed in miscarriage rates, birth weight or
developmental milestones between the two groups. Hearing-test
results were also equivalent across the groups. The only significant
difference was the higher rate of abortions in the group who received
vaccinations during pregnancy. In one case, a child was born with a
congenital cataract discussed in association with maternal rubella
vaccination (Fleet 1974). This case was not validated, and it is pos-
sible that the wild virus infected this mother just before she received
the vaccination.

However, the rubella vaccine virus does cross the placenta and can
infect the fetus (Hamkar 2006). In 2% of the cases studied there
was a proof of rubella-specific [gM-antibodies in the newborn, and
in 3-20% the vaccine virus could be isolated in abortion material
(CDC 1989). In another publication, inadvertent immunization sev-
eral weeks before and after conception of seronegative women with
RA27/3 rubella virus live-attenuated vaccine was reported (Hofmann
2000). Whereas in five cases the vaccine virus was not transmitted
vertically, in one case vaccination led to the development of persistent
fetal infection with prolonged virus shedding for more than 8 months.
Sequence analysis performed on isolates from amniotic fluid and from
cord blood leukocytes, as well as from infantile urine, confirmed an
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infection by the vaccine strain. At birth, the newborn infant exhib-
ited none of the symptoms compatible with the congenital rubella
syndrome, and signs indicative for the development of late-onset
disease were not apparent. This observation constitutes the first
unequivocal documented case of rubella vaccine virus related to per-
sistent fetal infection. In the US, the CDC changed the recommen-
dation concerning the pregnancy interval after receiving rubella
vaccination only, reducing it from 3 months to 1 month (CDC 2001).

Recommendation. The risk of congenital rubella syndrome from rubella
vaccination is theoretical, and in any case is not comparable with the high
risk of a rubella embryopathy when the wild virus has infected the mother. If
a rubella vaccination has inadvertently been administered to a woman
before or during pregnancy, there is no indication for termination of preg-
nancy or invasive diagnostic tests.

2.7.14  Tetanus and diphtheria vaccines

These vaccines are bacteriological vaccines that contain the relevant
toxoids, and there are no indications of embryotoxic properties in
these vaccines, which have been used for many decades - also in
pregnant women. The suspicion of an increased risk of funnel thorax
and clubfoot as a result of tetanus toxoid, suggested about 30 years
ago and never confirmed, is of anecdotal character (Heinonen 1977).
A large case-control pair analysis conducted in Hungary (Czeizel
1999) failed to detect any teratogenic effect of tetanus toxoid.

Recommendation. To protect against maternal iliness and neonatal tetanus,
sufficientimmune protection should be guaranteed during the pregnancy. As
a rule, basic immunization is given in childhood; afterwards, a booster
immunization is recommended every 10 years. If the booster has been neg-
lected, it can be made up in the second or third trimester. The mother may
also be immunized in the first trimester if this is indicated.

2.7.15 Typhoid vaccine

There are two types of typhoid vaccine: the older, inactivated typhoid
vaccine, administered parenterally, and the oral live typhoid vaccine
with Salmonella typhi type 21a. The live vaccine does not protect
against paratyphoid A and B, but has a lower rate of side effects
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than does the inactivated vaccine. When a typhoid infection occurs
during pregnancy, the risk of miscarriage is increased as a result of
typhoid septicemia. For this reason, neither of these vaccines is
absolutely contraindicated during pregnancy, according to the
Advisory Committee on Immunization Practices. No adverse reac-
tions are known from the vaccine (Mazzone 1994).

Recommendation. A preference for immunization with the oral typhoid
vaccine has been expressed, because of its better efficacy and fewer adverse
reactions, in particular fever.

2.7.16  Varicella vaccine

Varicella vaccine is a live attenuated viral vaccine that was licensed
in 1995 in the US. Although indications of this vaccine in Europe are
limited to children with deficient immunity of any cause, the prob-
lem of vaccination during pregnancy may arise in selected cases. A
Pregnancy Registry for this vaccine was established in the US as a
collaborative effort between the manufacturer (Merck Pregnancy
Registry Program, 2000) and the Centers for Disease Control and
Prevention because congenital varicella syndrome has occurred in
newborns of women who experienced primary infection with natu-
ral chickenpox during the first half of their pregnancies (Ingardia
1999, Enders 1994). Congenital varicella syndrome is characterized
by cutaneous scarring in a certain dermatome and/or hypoplasia of
an extremity (Roberts 1990). Additional manifestations may include
low birth weight, microcephaly, localized muscular atrophy, ocular
anomalies, and neurological abnormalities.

The varicella vaccine registry obtained the outcomes of 362 pros-
pectively registered pregnancies (Shields 2001). The rates of sponta-
neous abortions, late fetal deaths, and minor or major congenital
anomalies were not increased. The reported defects showed no spe-
cific pattern. Timing of vaccine exposure and biologic plausibility do
not support the assumption of a causal relationship between varicella
vaccination and the congenital anomalies observed in the registry.
Although the number of exposures is not sufficient to rule out a very
low risk, data collected in the registry to date do not show congenital
varicella syndrome in association with the vaccination.

Recommendation. Varicella vaccination is not recommended during preg-
nancy, but inadvertent vaccination does not seem to be at high risk for the
fetus and does not require any intervention.
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2.7.17  Yellow fever vaccine

The yellow fever vaccine contains attenuated live viruses. Fifty-eight
pregnancies followed by the European Network of Teratology Infor-
mation Services (ENTIS) gave no substantial indication of embryo-
or fetotoxic effect after first-trimester vaccination (Robert 1999). In a
small number of women who received this vaccine during various
stages of pregnancy there was no evidence of transplacental passage
of the attenuated virus, although in most mothers who produced
neutralizing antibodies these antibodies either crossed the placenta
or were transferred to neonates through the colostrum. No adverse
effects associated with prenatal exposure to this vaccine were
observed at birth or during a 3- to 4-year follow-up period (Nasidi
1993). There is one report on congenital infection after first-trimester
vaccination (Tsai 1993), but no other report has confirmed this
potential risk. Finally, a small case-control study conducted in Brazil
(Nishioka 1998) compared 39 women who attended a hospital after
spontaneous abortion with 74 women attending the antenatal clinic
of the same hospital. A non-significant risk for spontaneous abortion
was found.

Recommendation. Yellow fever vaccine should be avoided during preg-
nancy. However, since yellow fever can be life-threatening, a pregnant woman
should be immunized — even in the first trimester — if a trip to a region
where the disease is endemic cannot be postponed.

2.7.18  Immunoglobulins

Immunoglobulin solutions contain primarily immunoglobulin-G
(IgG) antibodies, and are produced from pooled human plasma. The
extent to which IgG antibodies pass through the placenta is depend-
ent on the gestational age, the dosage, the length of treatment, and
the kind of preparation given. However, Fab fragments do not pass
(Miller et al. 2003). Immunoglobulins are used for different maternal
or fetal indications - for example, in cases of antibody deficiency or
infectious diseases (especially as a preventive measure), to improve
the symptoms of some maternal autoimmune diseases, or to treat the
symptoms of some fetal conditions (such as, for instance, heart block
in the fetuses of mothers with lupus erythematosus).

Both immunoglobulins and hyperimmune sera against specific
infections are not, as far as we know today, embryotoxic (review in
Briggs 2005).
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Non-specific risks via human blood products, such as the transfer
of virus infections and anaphylaxis, cannot be ruled out completely,
and can indirectly endanger the fetus.

A study of 93 children whose mothers had been given ~-globulin
prophylaxis against hepatitis during pregnancy on known gesta-
tional dates showed significant dermatoglyphic changes on the fin-
gertips of the children exposed prenatally (Ross 1996). This effect,
which can hardly be considered to be a birth defect, only occurred
when ~-globulin had been administered in the first 163 days of preg-
nancy. This anecdotal report does not modify the recommendation.

Recommendation. Inmunoglobulins — standard ~-globulin and hyperim-
mune sera — may be used in pregnancy for appropriate indications.
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There are enormous hemodynamic changes during pregnancy. By
gestational week 5, the mother’s blood volume has already risen; by
the end of pregnancy, the increase is 50%. Vascular resistance and
blood pressure drop, and the resting pulse rate rises 10-20 bpm,
resulting in a 30-50 percent increase in cardiac output. During
delivery, blood pressure rises and ejection volume further increases.
Approximately 1-3 days after delivery, and sometimes as late as 1
week, the cardiac pre-pregnancy situation returns (Oakley 2003).
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Heart disease is rare during pregnancy (<I percent), but hypertonic
and hypotonic regulatory disturbances are much more common and
may require treatment.

2.8.1 Arterial hypertension and pregnancy

Different kinds of arterial hypertension should be distinguished
from one another as follows (for pulmonary hypertension, see
section 2.8.14):

m Chronic hypertension (with or without proteinuria) which was
diagnosed before, during or after pregnancy

m Pre-eclampsia, eclampsia that is proteinuria (>300mg/d), and
newly diagnosed hypertension (edemas are no longer necessary
symptoms)

m Pre-eclampsia in a pregnant woman with pre-existing chronic
hypertension, which occurs in 20-25 percent of all pregnancies
with chronic hypertension

m Pregnancy-induced hypertension (PIH) that occurs beyond 20
weeks without proteinuria and returns to normal 12 weeks after
delivery; approximately half of these pregnant women develop
pre-eclampsia.

Blood pressure of 140/90 mmHg is the threshold for hyperten-
sion in pregnancy. Treatment should only be initiated at levels higher
than 160/110 mmHg, because below that there are no advantages
in treatment for the outcome of mother and child. If a patient has
no proteinuria, a blood pressure at threshold level, normal ECG
and echocardiography, and no abnormalities at the examination,
the outcome is usually favorable.

Complications of severe hypertension in pregnant women may
include intracerebral bleeding, cardiac problems, and placental
dysfunction. Placental detachment, prematurity, intrauterine growth
restriction, and perinatal death are problems that may occur due to
placental dysfunction. The risk for mother and child in any case of
pre-eclampsia is high. It has been suggested that there is a deranged
interaction between invasion of the trophoblast and decidua, fol-
lowed by insufficient dilatation of the uterine spiral arteries, which
leads to placental hypoperfusion. There is no other causal therapy
in this case, except delivery. A conservative option for therapy is
antihypertensive therapy at diastolic values beyond 110 mmHg,
plus 100 mg per day acetylsalicylic acid, if there is to be strict con-
trol of this pregnancy. The HELLP syndrome (hemolysis, elevated
liver enzymes, low platelet count) can be a life-threatening condi-
tion for mother and fetus.



2.8.2 a-methyldopa 195

A prospective study with almost 2000 pregnant women confirmed
that the risk is strikingly higher in pre-eclampsia compared with other
forms of hypertension (Ray 2001). A meta-analysis concerning anti-
hypertensive drugs and the possible changes of fetal and neonatal
heart rate stated that the data concerning nifedipine, hydalazine,
labetalol, and methyldopa are insufficient for any conclusion to be
drawn (Waterman 2004).

The drugs of choice for the treatment of hypertension in pregnancy
are different from those used to treat non-pregnant patients, but
despite many studies and experiences there are still no uniform rec-
ommendations for pregnant women. Controlled systematic large
studies are rare. Drugs that have been on the market a long time
tend to be used in preference to newer drugs because of lack of
safety data for the fetus in the latter group.

In cases of chronic hypertension, the drug of first choice is methyl-
dopa, followed by metoprolol, dihydralazine/hydralazine, and
nifedipine.

If a pregnancy is complicated by any form of pre-eclampsia, dihy-
dralazine, nifedipine and urapidil show good results. 3-blockers are
also acceptable, of which labetalol is the best proven one.

Hypertensive diseases in pregnancy require good control and diag-
nostic procedures in order to decide on the optimum therapy.

2.8.2 a-methyldopa

Pharmacology

Methyldopa is well-absorbed orally, and has a half-life of about
2 hours. The mechanism of action in the CNS is not known. It is acti-
vated by decarboxylation to a-methyl-noradrenaline, a false trans-
mitter with a much weaker action than noradrenaline. Methyldopa is
well suited for long-term use because it does not normally alter car-
diac function. Cardiac minute output particularly, and blood flow to
the kidney or uterus, is not changed, but peripheral total resistance is
lowered. According to one study, a-methyldopa had no influence on
the vascular resistance of the umbilical artery (Houlihan 2004).
Giinenc (2002) analyzed the effect of a-methyldopa in 24 pregnant
women with pre-eclampsia using Doppler sonography: The vascular
resistance in the uterine artery was reduced, but not in the umbilical
artery or in the fetal middle cerebral artery.

Methyldopa is well-absorbed both by the intravenous (i.v.) and
oral routes. The onset of action is delayed for 1-2 hours after i.v.
administration and 4-6 hours after oral administration. It is effective
for 6-12 hours. Methyldopa crosses the placenta, producing fetal
serum concentrations similar to those in the mother (Jones 1978).

Pregnancy
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Toxicology

In a group of 242 children exposed in the first trimester, neither the
frequency nor the type of birth defect was remarkable (Rosa, cited
in Briggs 2005).

Concerns have been raised regarding the effect of methyldopa on
brain development due to its effects on cerebral monoamine metab-
olism. Results of a 7.5-year follow-up study of children born to
hypertensive women who had participated in a trial of methyldopa
treatment during pregnancy produced inconclusive results
(Ounsted 1980, Moar 1978, Redman 1976). The sons of mothers
who had started treatment at 16-20 weeks’ gestation were found to
have smaller (about 1.3 cm) head circumferences than those born to
untreated hypertensive mothers. This statistically significant difference
was no longer seen at 6 and 12 months of age. There were no other
differences, including in mean intelligence quotients, between the two
groups at 4.5 and 7.5 years of age. A reduction in skull growth has not
been confirmed by other workers, and no consistent adverse effect has
been observed among children born to women treated with methyl-
dopa late in pregnancy (Montan 1996, Pearson 1993, Fidler 1983).
One recently published case report describes maternal hepatitis during
pregnancy probably caused by methyldopa (Phadnis 2006). Another
publication discusses the causal relationship between intrauterine
long-term methyldopa exposure and neonatal suppurative parotitis
(Todoroki 2006), which has been seen in adults previously.

Transient tremor, irritability, and mildly decreased systolic blood
pressure (4-5mmHg lower in the first 48 hours of life) have been
reported in neonates whose mothers were treated with methyldopa
either chronically or late in pregnancy (Sulyok 1991, Bodis 1982,
Whitelaw 1981). No clinically significant long-term problems have
been associated with these findings. In individual cases, hepato-
toxic effects were observed following the use of methyldopa during
pregnancy (Smith 1995).

Recommendation. a-methyldopa is one of the preferred first-line drugs
of choice for the treatment of hypertension in pregnancy.

2.8.3 B-adrenergic receptor blockers

Pharmacology

B-blockers (acebutolol, alprenolol, atenolol, betaxolol, bisoprolol,
celiprolol, carvedilol, esmolol, labetalol, metoprolol, nadolol,
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nebivolol, oxprenolol, pindolol, propranolol, sotalol, and timolol)
have a wide spectrum of activity, and are often used to treat hyper-
tension. There are two types of 3-receptors; 3;-receptors predomi-
nate in the heart, and (,-receptors mediate relaxation (dilatation) of
vascular and other smooth muscle (e.g. in the airways and blood ves-
sels). Metoprolol is 3;-specific, whereas the classic 3-blockers such as
propranolol and oxprenolol have both 3; and (3, activity. Labetalol
has both 3- and a-receptor blocking activity, and has been success-
fully used in a number of pregnancies (Pickles 1992, Plouin 1990,
1987). All 8-blockers cross the placenta.

Toxicology

To date, there is no clear evidence to indicate that 3-blockers are
teratogens (Magee 2000). There have been occasional reports of
congenital anomalies following in utero exposure to 3-blockers, but
no causal relationship has been proven.

A report on 105 newborns exposed to atenolol in the first trimester
described 12 infants with birth defects (Rosa, cited in Briggs 2005).
However, there was no pattern of malformations, and the data have
not been confirmed by other studies.

In the TIS in Berlin, we have analyzed more than 200 prospec-
tively ascertained pregnancies which were exposed to metoprolol
in the first trimester. Among 175 live births there were 7 with major
malformations (4 percent): cleft palate (n = 2), atrial septal defect
(n = 2), stenosis of pulmonary artery (n = 1), diaphragmatic hernia
(n = 1), and polycystic kidney (1 = 1).

Statistically significant growth restriction was described in a
number of studies on atenolol (Tabacova 2003A, Easterling 1999A).
Some of these investigations found a stronger effect of atenolol com-
pared with acebutolol, pindolol, and labetalol. Growth restriction
could not be confirmed when compared with a non-exposed control
group (Lydakis 1999, Katz 1987), but there is a continuing debate
whether other 3-blockers might produce the same effects as atenolol
(Magee 2003). It is difficult to determine whether atenolol itself or
the underlying maternal disease has the potential to cause a reduc-
tion of placental perfusion. Intrauterine growth restriction may be
attributed to reduced substrate availability due to the lowering of
blood sugar as a result of 3-receptor blockade. Postnatal growth in
the first year of life and other developmental landmarks seem not
to be adversely affected (Reynolds 1984).

Bayliss (2002) analyzed 491 pregnant hypertensive women, of
whom 302 took at least one antihypertensive drug; the remaining
189 women, without medication, were the controls. Only those
newborns who were exposed from conception or from the first
trimester until birth (# = 40) had a significant lower birth weight.

Pregnancy
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Atenolol, only taken in the second trimester, did not produce such
results. In any case, and independent of the mother’s medication,
pre-eclampsia led to growth restriction.

Some studies have compared i.v. labetalol for pre-eclampsia with
nifedipine, and described a favorable outcome (Scardo 1999,
Vermillion 1999). Meta-analysis revealed advantages of i.v. labetalol
compared with dihydralazine or diazoxide in cases of severe late-
onset hypertension in late pregnancy (Magee 2000).

There is insufficient experience of use in pregnancy of alprenolol,
betaxolol, bopindolol, bupranolol, carazolol, carteolol, carvedilol,
celiprolol, mepindolol, nadolol, nebivolol, penbutolol, talinolol,
and tertatolol to determine their safety.

Although a significant teratogenic risk is not expected with 8-
blockers, there is a theoretical risk of neonatal 3-receptor blockade —
leading to neonatal bradycardia, hypotension, and hypoglycemia
(Rubin 1983A, Dumez 1981). Respiratory distress and apnea have
been reported following in utero exposure to propranolol until birth,
but such adverse effects are rare (Turnstall 1969). There are conflicting
opinions regarding the safety of stopping medication with 3-blockers
24-48 hours before delivery. Neonatal symptoms of 3-blockade are
usually mild and improve within 48 hours of delivery with no long-
term effects. Nevertheless, obstetricians, midwives, and pediatricians
should be informed about maternal medication and made aware of
the possibility of neonatal toxicity.

There is a theoretical risk of intensifying premature uterine con-
tractions as a result of B-receptor blockers. However, no negative
influence on inhibition of contractions was described as a result of
giving B;-receptor blockers during a tocolysis with (,-sympatho-
mimetics (Trolp 1980).

Recommendation. 3-receptor blockers such as labetalol, propranolol, and
metoprolol, which have been in long-term use, are among the first-line drugs of
choice for treating hypertension in pregnancy. Treatment with other 3-blockers
with less information on its safe use in pregnancy is not an indication for inva-
sive diagnostic procedures or for termination of pregnancy. It is important to be
aware of pharmacological effects such as decreased heart rate, hypoglycemia,
and respiratory problems, particularly in premature neonates, when treatment
with 3-blockers continues until birth.

284 Hydralazine and dihydralazine

Pharmacology

Hydralazine and dihydralazine are structurally similar vasodilator
drugs that have been used for the treatment of hypertension in
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pregnancy for over 40 years. Following oral administration, up to
80 percent absorption occurs, and approximately 66 percent of the
drug is deactivated in the liver. The half-life is 2-8 hours.
Hydralazine and dihydralazine cross the placenta well, and cord-
blood drug concentrations may exceed those in the mother (Franke
1986). Although results from animal studies show an increase in
uterine blood flow (Lipshitz 1987, Weiner 1986) after hydralazine
administration, studies in hypertensive women indicate that
changes in intervillous blood flow are, at best, variable or non-
existent (Gudmundsson 1995, Grunewald 1993, Suionio 1986). In
the past, hydralazine has been administered by intermittent intra-
muscular injection or continuous intravenous infusion (Pritchard
1984, Sibai 1984, Garden 1982). Occasionally, continuous intra-
venous infusion has res