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eveloping guidelines for the use of medications in
pregnancy pose unique challenges; there are few

ontrolled trials that include pregnant patients and even
ewer that are specifically designed to study this patient
opulation. When an adverse event occurs during preg-
ancy, the role of a particular medication has to be
etermined, taking into account the contribution of the
nderlying disease state and any concomitant medica-
ions to which the patient may have been exposed.
ausality is best established when the same adverse event

ie, cleft palate, limb deformity) occurs repeatedly with
he same drug exposure, a finding that rarely occurs.

Determining the teratogenicity of medications is an
nexact science; safety in animal models does not ensure
afety in humans because of species specificity and lack of
ata in controlled human trials. In addition, neurodevel-
pmental or cytologic congenital abnormalities may not
anifest until late childhood, as evidenced by in utero

iethylstilbestrol exposure and subsequent vaginal ade-
ocarcinoma.1 Often, exposure is during parturition
ather than during the crucial period of organogenesis in
he first trimester. If exposure does occur during orga-
ogenesis, not all medications are capable of crossing the
lacenta or being metabolized by the fetus during that
mmature stage.

This review examines the safety of medications used
y practicing gastroenterologists to treat a myriad of
astrointestinal and hepatic conditions. Although most
regnant patients will take the advice of their obstetri-
ian or primary care physician, in some cases the patient
s referred for an acute or chronic illness for which the
astroenterologist has to determine therapy. Each ther-
py has to be individually assessed as to the potential
isks versus therapeutic benefit, and the consequences of
o therapy also must be included in the conversation and
ocumented. Close communication with the patient’s
bstetrician is paramount.

In this review, medications are categorized under the
isease state for which they are used and, when available,

nformation regarding breast-feeding is discussed. A lit-
rature review was performed using both electronic and
anual MEDLINE searches. Search terms included

pregnancy,” “congenital abnormality,” and “congenital
nomaly” crossed with the specific disease and medica-
ion in question. The information from those reports was
hen reviewed and referenced if appropriate. The major-
ty of the evidence presented in this review comes from
arge retrospective databases and case series. Because the
iterature regarding medication safety during pregnancy
s limited, no pertinent citations were eliminated. Single
ase reports or small series may have been discarded if
arger case-control series or population-based studies
ere available. The few controlled trials available are
oted. The Food and Drug Administration (FDA) clas-
ification of drugs offers a guide to the use of medications
uring pregnancy. The FDA categories are listed in
able 1 and are noted for each drug discussed. Recom-
endations on breast-feeding come from literature re-

iew, the textbook Drugs in Pregnancy and Lactation,2 and
he American Academy of Pediatrics (AAP) guidelines,
pdated on the AAP Web site on June 15, 2005.3

Endoscopy

Endoscopy constitutes a large portion of the gas-
roenterologist’s role in patient care. While many preg-
ant women have appropriate indications for endoscopy,
etal drug safety is a major consideration in the choice
nd dosage of endoscopic medications. For particularly
igh-risk endoscopy such as therapeutic endoscopic ret-
ograde cholangiopancreatography (ERCP), an anesthe-
iologist may be helpful in titration of medications and
atient monitoring. In patients who present with signif-

Abbreviations used in this paper: AAP, American Academy of Pedi-
trics; CI, confidence interval; ERCP, endoscopic retrograde cholangio-
ancreatography; FDA, Food and Drug Administration; GERD, gastro-
sophageal reflux disease; H2RA, H2-receptor antagonist; IBS, irritable
owel syndrome; OR, odds ratio; SSRI, selective serotonin reuptake

nhibitor.
© 2006 by the American Gastroenterological Association Institute
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cant gastrointestinal bleeding, where diagnosis and
herapeutic intervention are necessary, therapeutic endo-
copes should be utilized. Table 2 summarizes the use of
edications for endoscopy.

Meperidine

Meperidine, a pregnancy category B drug, is com-
only used in gastrointestinal endoscopy for analgesia

nd sedation. Meperidine is rapidly transferred across the
lacenta. Peak cord blood concentrations average about
5% of maternal plasma levels. Physicians have extensive
xperience prescribing meperidine during pregnancy,

able 1. FDA Categories for the Use of Medications in
Pregnancy231

FDA pregnancy
category Interpretation

A Controlled studies in animals and women have
shown no risk in the first trimester, and
possible fetal harm is remote

B Either animal studies have not demonstrated a
fetal risk but there are no controlled studies
in pregnant women, or animal studies have
shown an adverse effect that was not
confirmed in controlled studies in women in
the first trimester

C No controlled studies in humans have been
performed, and animal studies have shown
adverse events, or studies in humans and
animals are not available; give if potential
benefit outweighs the risk

D Positive evidence of fetal risk is available, but
the benefits may outweigh the risk if life-
threatening or serious disease

X Studies in animals or humans show fetal
abnormalities; drug contraindicated

able 2. Medications Used for Endoscopy

Drug
FDA pregnancy

category Recommend

mpicillin B Low risk to use wh
iatrizoate D Minimal use for th
iazepam D Midazolam preferre
lectricity — Use for therapeutic
pinephrine C Avoid unless for he
entanyl C Use in low doses
lumazenil C Only for significant
entamicin C Short courses low

if used for �48
lucagon B Avoid except for ER
idocaine B Gargle and spit
eperidine B Use in low doses
idazolam D Use in low doses
aloxone B Only for severe na
EG electrolyte C No human studies
ropofol B Avoid in first trime
imethicone C Can be avoided bu

odium glycol electrolyte C Low risk one-time use
articularly during labor. Two large studies revealed no
eratogenicity from meperidine administration during
he first trimester. The Collaborative Perinatal Project, a
ational study with the primary aim of documenting the
eratogenicity of drugs taken during the first 4 months of
regnancy, followed up more than 50,000 women in 12
S centers between 1959 and 1965. They reported no

eratogenicity from use of meperidine in 268 mothers
ith first-trimester exposure.4 In a surveillance study of
ichigan Medicaid recipients, 229,101 pregnancies were

ollowed from 1985 to 1992. Three of 62 newborns with
rst-trimester in utero exposure to meperidine had major
ongenital defects, similar to the rate in the unexposed
ontrol group.5 Meperidine is preferred over morphine
or obstetric pain because it is slower to cross the fetal
lood-brain barrier.6 In a placebo-controlled randomized
rial, there was no difference in fetal outcomes when
ethidine (the European name for meperidine) was used
or pain control during parturition.7 Meperidine can
ause diminished fetal beat-to-beat cardiac variability
hat lasts for approximately 1 hour after maternal intra-
enous administration8 and is a common cause of de-
reased fetal cardiac variability during endoscopy. Gen-
rally, diminished cardiac variability is a sign of fetal
istress, such as fetal acidosis or hypoxemia, but the
ffect produced by a single small to medium dose of
eperidine is reversible, transient, and not a poor prog-

ostic indicator.
The FDA-approved labeling for meperidine carries the

ollowing warning: “Meperidine should not be used in
regnant women prior to the labor period, unless in the
udgment of the physician the potential benefits out-

s for pregnancy Recommendations for breast-feeding2

rophylaxis required Compatible
utic ERCP Limited human data: probably compatible
nzodiazepine Limited human data: potential toxicity
P No human data
tasis No human data: potential toxicity

Compatible
odiazepine overdose No human data: probably compatible
check serum levels Compatible

No human data
Limited human data: probably compatible
Compatible
Limited human data: potential toxicity

overdoses No human data: probably compatible
able Probably low risk

Limited human data: probably compatible
risk No human data: probably compatible
ation

en p
erape
d be
ERC

mos

benz
risk,
hours
CP

rcotic
avail

ster
t low
No human data
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eigh the possible hazards, because safe use in pregnancy
rior to labor has not been established relative to possible
ffects on fetal development.” Meperidine is preferred
ver diazepam or midazolam as an endoscopic premedi-
ation during pregnancy. Dosage of meperidine should
e titrated to produce calmness, restfulness, and mild
nalgesia without somnolence. Approved by the AAP for
se in breast-feeding mothers, a single dose is appropri-
te, but the possibility of accumulation should be con-
idered if meperidine is given repeatedly. In 9 women
iven a single dose of 50 mg, peak breast milk levels
fter 24 hours still produced an average milk/plasma
atio �1.9 In another study of 2 women who received 75
r 150 mg of meperidine, breast milk levels were sig-
ificantly high even after 56 hours, reflecting the slow
learance of the metabolite.10

Fentanyl

Fentanyl is a pregnancy category C drug, and
ccumulated anecdotal experience suggests that it may
e used in low doses for endoscopy during pregnancy.
entanyl is sometimes used as an alternative to meperi-
ine during endoscopy because of a more rapid onset of
ction. While not teratogenic, fentanyl was found to be
mbryocidal in rats administered 23 times the maximal
uman equivalent for prolonged periods.11 However, in a
umber of human studies, maternal fentanyl administra-
ion during labor produced no neonatal toxicity.12–15 It
as been associated in single case reports with respiratory
epression,16 muscle rigidity,17 and opioid withdrawal.18

Fentanyl is excreted in breast milk, but its bioavail-
bility to the breast-feeding infant is low, so it is con-
idered acceptable to breast-feed following its use.2

Propofol

Propofol is a pregnancy category B drug and is
ow a preferred agent for sedation in some endoscopy
enters. However, it has not been extensively studied in
omen in the first and second trimesters and therefore is
ot recommended for use during this time based on the
earth of studies in the obstetric literature. It rapidly
ransfers across the placenta near term. In one study, 20
nfants exposed to propofol during parturition had de-
ressed Apgar scores at birth compared with unexposed
ontrols, but the neurodepression quickly reversed.19

umerous other studies have failed to demonstrate any
eonatal toxicity when administered during parturition,
ut again, the safety of first-trimester exposure has been
nadequately studied.20–22 Experience with propofol and
reast-feeding is limited, but it is believed to be com-
atible. Small amounts are excreted into breast milk and

olostrum, but the concentration is considered negligible s
hen compared with amounts the infant receives before
irth from placental transfer.23

Naloxone

Naloxone is a pregnancy category B drug. In
ubjects who are opiate dependent, small doses of nalox-
ne precipitate a syndrome resembling that produced by
piate withdrawal. Symptoms include restlessness, anxi-
ty, insomnia, irritability, hyperalgesia, nausea, and
uscle cramps. Because opiates cross the placenta, nal-

xone administration is dangerous and contraindicated in
he pregnant patient who is specifically opiate depen-
ent.24 For example, one newborn, born to a mother with
piate dependency, experienced convulsions precipitated
y naloxone administration.25 The FDA-approved label-
ng for naloxone has the following precaution about use
uring pregnancy: “Naloxone should be used in preg-
ancy only if clearly needed.” There is one reported
atality associated with neonatal administration, and nal-
xone is not recommended for routine use in endoscopy
uring pregnancy. Administration of naloxone is appro-
riate, however, for pregnant patients with serious signs
f potential meperidine toxicity, such as respiratory de-
ression, systemic hypotension, or unresponsiveness.
here are no human data regarding naloxone concentra-

ions in breast milk.

Benzodiazepines

Diazepam and midazolam, pregnancy category D
rugs, should have restricted use during endoscopy in
regnant patients, particularly during the first trimester.
enzodiazepines, including diazepam and midazolam,
re commonly administered before gastrointestinal en-
oscopy to reduce anxiety, induce brief amnesia, and
roduce muscle relaxation. Diazepam freely and rapidly
rosses the placenta and accumulates in the fetal circu-
ation at levels equal to or higher than maternal serum
evels. The FDA-approved labeling for diazepam carries
he following warning about use in pregnancy: “An
ncreased risk of congenital malformations associated
ith the use of minor tranquilizers during the first

rimester of pregnancy has been suggested in several
tudies. Because use of these drugs is rarely a matter of
rgency, their use during this period should almost
lways be avoided.” Early studies suggested an increased
isk for cleft palate.26 However, more recent studies have
ot found this association.27 There is a possible associa-
ion with other congenital abnormalities, including con-
enital inguinal hernias, cardiac defects, pyloric stenosis,
nd Möbius’ syndrome, after in utero exposure.28,29 In a
tudy of 355 infants with in utero first-trimester expo-

ure, including diazepam in 25% of cases, there was a
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ongenital malformation rate of 3.1% compared with
.6% in unexposed controls.30 A meta-analysis of 9
ohort studies did not show any association with con-
enital malformations, whereas a meta-analysis of 9 case-
ontrol studies did (odds ratio [OR], 3.01; 95% confi-
ence interval [CI], 1.32–6.84).31 Diazepam is not
ecommended by the AAP because it, along with its
etabolite N-demethyldiazepam, can accumulate in

reast-fed infants.32

Many endoscopists prefer midazolam over diazepam
or endoscopic premedication because of faster onset and
ecovery time, more intense transient antegrade amnesia,
nd lower risk of thrombophlebitis. Midazolam crosses
he human placenta, but fetal serum levels increase to
nly about one third to two thirds of maternal serum
evels after oral, intramuscular, or intravenous maternal
dministration.

Midazolam appears to be preferable to diazepam for
ndoscopy during pregnancy because of the potential
ssociation between diazepam and oral clefts and neona-
al neurobehavioral abnormalities. In a controlled study
f 52 infants, exposure to midazolam during cesarean
ection resulted in lower Apgar scores at 1 minute after
irth compared with unexposed controls.33 Another
tudy found similar results.34 Two small, uncontrolled
bservational studies following endoscopy with sedation
ave not shown any adverse effects with exposure in the
rst or second trimesters.35,36 Because the mechanism of
ction is similar to that of diazepam, midazolam should
e used cautiously and in low doses during pregnancy,
articularly during the first trimester. Dosages should be
arefully titrated to an end point of relaxation and calm-
ess but not somnolence.
Midazolam and its metabolite are excreted into milk,

nd one study has estimated that the exposure of the
nfant would be nil in early breast milk if breast-feeding
as held for 4 hours after administration of a 15-mg
ose.37

Flumazenil

Flumazenil, a pregnancy category C drug, is a
enzodiazepine antagonist that rapidly reverses the cen-
ral effects of benzodiazepines. It is sometimes used to
everse the effects of benzodiazepines administered dur-
ng endoscopy. Little is known about the safety of fluma-
enil during pregnancy or in infants. In a case report,
etal cardiac rhythm abnormalities were reversed after a
aternal diazepam overdose, and the infant was born

ealthy 2 weeks later.38 Flumazenil should be used dur-
ng pregnancy only if the potential benefit clearly out-
eighs the risks. The need for flumazenil can be pre-

ented by careful and slow titration of benzodiazepine t
osage and by use of the minimal benzodiazepine dosage
equired for endoscopic examination. There are no hu-
an data regarding the use of flumazenil during breast-

eeding.

Simethicone

Simethicone, a pregnancy category C drug, is used
o reduce gastric foam during upper endoscopy. The
ichigan Medicaid Study failed to show a statistically

ignificant difference between exposed and nonexposed
regnancies, and there is a low risk for use during
ndoscopy because it is not systemically absorbed.5 There
re no human data regarding use of simethicone during
reast-feeding, but its risk to the breast-feeding infant is
ost likely negligible because it is not absorbed.

Glucagon

Glucagon is a pregnancy category B drug. Repro-
uction studies have been performed in rats at dosages up
o 2 mg/kg twice daily (up to 120 times the human
osage) and have revealed no evidence of harm to the
etus. There are, however, no adequate and well-con-
rolled studies in pregnant women, and thus this drug
hould be used during pregnancy only if clearly needed.
t has not been shown to relax uterine muscle,39 and it
as been used to reverse severe hypoglycemia in 12
regnant patients without harm.40 Although fetal risk is
ncompletely characterized, administration of glucagon
ppears to be justified to decrease motility to help reduce
rocedure time and aid in cannulation of the bile duct
nd sphincterotomy during therapeutic ERCP because of
he high risk of untreated maternal cholangitis.

Antibiotics

Ampicillin. Ampicillin, a pregnancy category B
rug, is recommended by the American Heart Associa-
ion as intravenous antibiotic prophylaxis for patients at
igh and medium risk for endocarditis (ie, artificial heart
alves, certain congenital heart defects) undergoing en-
oscopic sclerotherapy for esophageal varices, endoscopic
ilation of an esophageal stricture, and ERCP in the
resence of biliary obstruction. Ampicillin, a penicillin
ntibiotic, rapidly crosses the placenta, and fetal serum
evels equilibrate with maternal values within 3 hours of
aternal administration. Physicians have extensive expe-

ience prescribing ampicillin and related penicillins dur-
ng pregnancy.4 First-trimester use in 3546 expectant
others was not associated with any congenital malfor-
ations. Another surveillance study of 10,011 newborns
ith first-trimester in utero exposure noted 441 major
irth defects observed compared with 426 expected.5 In

he Hungarian Case Control Surveillance of Congenital
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bnormalities Study, the rate of congenital anomalies
een after ampicillin use in 22,865 exposed women was
he same as the rate of congenital anomalies seen in
8,151 controls.41 Penicillin has been approved by the
AP as compatible with use during breast-feeding.42

Gentamicin. Gentamicin, a pregnancy category C
rug, is recommended by the American Heart Associa-
ion as part of a prophylactic antibiotic regimen for
atients at high and medium risk for endocarditis un-
ergoing ERCP in the presence of biliary obstruction.
entamicin, an aminoglycoside antibiotic, rapidly

rosses the placenta, and fetal serum levels peak at about
ne half of maternal levels after administration. Even
hough a literature review revealed no cases of gentam-
cin-associated congenital defects, maternal gentamicin
dministration may potentially cause fetal ototoxicity.43

ineteen of 22,865 babies (0.08%) born after exposure
ad a congenital abnormality versus 19 of 38,151 con-
rols (0.05%). Given the incomplete data concerning the
afety of gentamicin, caution in administering gentami-
in prophylaxis for endoscopy during pregnancy, partic-
larly during the first trimester, has been advised. The
rug should be administered, however, if required to
reat known biliary sepsis. Gentamicin is compatible
ith use during breast-feeding because small amounts
et into milk and are poorly absorbed by the infant.44

Colonic Lavage Preparations

Polyethylene glycol (PEG) electrolyte solution has
ot been extensively studied in pregnancy, and it is
nknown whether it can cause fetal harm. One study of
25 patients demonstrated safety of the agent when used
o treat constipation.45 Sodium phosphate solution is also
sed at high doses for colonic preparation. One newborn
xperienced bone demineralization and bone growth fail-
re because of maternal phosphate use; however, the
other had repeatedly taken phosphate enemas during

regnancy.46 Because full colonoscopy is rarely indicated
uring pregnancy, tap water enemas are recommended as
owel preparation for lower endoscopy.

Lidocaine

Lidocaine, a pregnancy category B drug, is often
pplied topically to the oropharynx before upper endos-
opy and ERCP. No fetal harm was noted during par-
urition in the Collaborative Perinatal Project, where
93 infants were exposed in the first trimester.4 The
regnant patient who is administered topical lidocaine
hould be instructed to gargle and spit it out, rather than
wallow the preparation, to minimize systemic absorp-

ion. p
Therapeutic Agents for Hemostasis

Injection of epinephrine is used during endoscopy
o achieve hemostasis of actively bleeding lesions. In the
ollaborative Perinatal Project, 189 infants with first-

rimester in utero exposure to epinephrine had a signif-
cantly higher rate of major congenital malformations,
nd in particular congenital inguinal hernias, than un-
xposed controls.4 This finding was not seen in the
ichigan Medicaid study.5 Epinephrine has been used

uring parturition without fetal toxicity. During thera-
eutic endoscopy, its use is to stop active bleeding, and
n this clinical scenario the benefit outweighs the poten-
ial risk of its use.

Electricity is readily transferred across the uterus be-
ause amniotic fluid is an excellent conductor. Fetal risk
epends on the voltage and current amplitude, duration
nd frequency time, and location on the body. Fetal
ortality is rare from electroconvulsive therapy or direct

urrent cardioversion during pregnancy. During endos-
opy, bicap electrocautery should be used, because no
rounding pad is necessary. For therapeutic ERCP with
phincterotomy, the grounding pad should be positioned
o that the uterus is not directly between the electrical
atheter and grounding pad.

Contrast Dye

Diatrizoate, a contrast agent injected into the
iliary tree, has been used in diagnostic and therapeutic
mniography without fetal harm.47 Although it has been
ocumented to impair fetal thyroid function and is clas-
ified as pregnancy category D, the risk of its use for
holangiography is less than for amniography because of
he doses used. The risk of maternal cholangitis will
ikely outweigh the theoretical risk of transient fetal
ypothyroidism in the appropriate clinical setting.

Nausea and Vomiting

Nausea and vomiting are extremely common
ymptoms during pregnancy and have multiple etiolo-
ies. Most women can be supported through their epi-
odes without the use of antiemetics. However, for those
ith a protracted course or underlying conditions that
ay predispose to these symptoms, medical therapy is
arranted to prevent complications from volume deple-

ion. Table 3 summarizes the use of antiemetic medica-
ions during pregnancy.

Metoclopramide

As discussed in the following section on gastro-
sophageal reflux disease (GERD), metoclopramide is a

regnancy category B drug. Its use as an antiemetic is
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sually confined to the first trimester, but it is also used
o enhance gastric emptying throughout pregnancy. A
anish study identified 309 women over a 5-year period
ith singleton pregnancies and prescriptions for meto-

lopramide. As compared with 13,327 controls, there
ere no major differences in the risk for malformations

OR, 1.11; 95% CI, 0.6–2.1), low birth weight (OR,
.79; 95% CI, 0.8–3.9), or preterm delivery (OR, 1.02;
5% CI, 0.6–1.7).48 In a later study, 175 women treated
uring their first trimester were matched for age, smok-
ng, and alcohol consumption with unexposed pregnant
omen. There was no difference in major malformations,
ut there was a higher rate of premature births (8.1% vs
.4%).49

Prochlorperazine

Prochlorperazine, a pregnancy category C drug,
eadily crosses the placenta. However, most studies have
ot found an increased risk of adverse outcomes in preg-
ancy. In the Collaborative Perinatal Project, 877 moth-
rs had first-trimester exposure and a total of 2023 had
ny time exposure. No evidence was found in either
roup of malformations or effects on birth weight or
ntelligence quotient scores up to 4 years of age.4 In the

ichigan Medicaid study, 704 women were exposed to
rochlorperazine during the first trimester. There were a
otal of 24 major birth defects, with 29 expected.5 There
re no data available regarding its use during lactation.
rug excretion should be anticipated, and sedation is a
ossible effect in the breast-feeding infant.

Promethazine

Promethazine is also a pregnancy category C drug. It
s an antihistamine that is occasionally used as an antiemetic
uring pregnancy and adjunctive therapy for narcotics dur-
ng labor. The antiemetic effect of promethazine versus
lacebo was studied during labor.50 In 477 women,
romethazine was compared with metoclopramide for post-
artum emesis. While both were superior to placebo, there
as more sedation noted in the promethazine group. In the

able 3. Medications Used in the Treatment of Nausea and

Drug
FDA pregnancy

category Recommendatio

olasetron B No human studies
omperidone C Safety unknown
ranisetron B No human studies
etoclopramide B No teratogenicity, low ris
ndansetron B No teratogenicity, low ris
rochlorperazine C No teratogenicity, low ris
romethazine C No teratogenicity, low ris
rimethobenzamide C No teratogenicity, low ris
ollaborative Perinatal Project, a total of 746 exposures r
ere reported. There was no evidence to suggest an in-
reased risk of major or minor malformations.4 In the
ichigan Medicaid study, 1197 newborns were exposed to

romethazine during the first trimester. There were 61
ajor birth defects seen, with 51 expected. Seventeen of

hese were cardiovascular events that were believed to pos-
ibly be associated with exposure.5 There are no human data
egarding breast milk levels, because the accurate detection
f promethazine and the other phenothiazines is difficult
iven their rapid metabolism. It is expected to be present in
reast milk, and the potential effects of this exposure are
nknown.

Trimethobenzamide

Trimethobenzamide is a pregnancy category C
rug. There are 3 studies that have followed up outcomes
n women who used trimethobenzamide in their first
rimester for nausea and vomiting, and there was no
ncrease in the incidence of malformations in all 3 stud-
es.51–53 There are no data regarding the use of this agent
uring breast-feeding.

Ondansetron

Ondansetron, a pregnancy category B drug, is used
or the prevention and treatment of chemotherapy-induced
ausea and vomiting and for hyperemesis gravidarum. A
andomized double-blind study compared intravenous on-
ansetron with promethazine for hyperemesis. It was well
olerated and efficacious with no side effects; however, in-
ant outcomes were not reported in this trial.54 Results from
he Teratogen Information Services database do not dem-
nstrate an increase in major malformations (3.6%) as com-
ared with exposure to other antiemetics or normal con-
rols.55 There are no human data regarding the use of
ndansetron during lactation.

Granisetron and Dolasetron

Granisetron and dolasetron are both pregnancy
ategory B drugs. There have been no studies on preg-
ant humans exposed to these agents. However, pregnant

iting

r pregnancy Recommendations for breast-feeding2

No human data: probably compatible
Limited human data: probably compatible
No human data: probably compatible

pulation-based study Limited human data: potential toxicity
ntrolled trial No human data: probably compatible
ge database study No human data: potential toxicity
ge database study No human data: probably compatible
se series No human data: probably compatible
Vom

ns fo

k: po
k: co
k: lar
k: lar
ats and rabbits administered doses up to 146 times those
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sed in humans have failed to demonstrate any adverse
utcomes.56 Similarly, there are no data regarding their
afety in breast-feeding.

Domperidone

Domperidone, a pregnancy category C drug, is a
opamine antagonist used for short-term treatment of
ausea and vomiting and for its prokinetic properties. It
s not currently available in the United States by pre-
cription. It is not known whether it crosses the placenta,
ut its bioavailability after oral ingestion is low. There
re no data regarding its use in breast-feeding.

GERD

Heartburn is estimated to occur in 30%–50% of
regnancies. For mild symptoms, lifestyle and dietary
odifications may be all that are required. Medications

or the treatment of GERD have not been routinely
ested in randomized controlled trials in pregnant
omen. Table 4 summarizes the use of medications for
ERD and peptic ulcer disease.

Antacids

Antacids that contain magnesium, aluminum, or

able 4. Medications Used in the Treatment of Gastroesoph

Drug
FDA pregnancy

category Recommen

ntacids
Aluminum containing None Most low risk: m
Calcium containing None Most low risk: m
Magnesium containing None Most low risk: m
Magnesium trisilicates None Avoid long-term o
Sodium bicarbonate None Not safe: alkalos
ucosal protectants
Sucralfate B Low risk

2RAs
Cimetidine B Controlled data:
Famotidine B Paucity of safety
Nizatidine B Limited human d
Ranitidine B Low risk

roton pump inhibitors
Esomeprazole B Limited data: low
Lansoprazole B Limited data: low
Omeprazole C Embryonic and fe

large data sets
Pantoprazole B Limited data: low
Rabeprazole B Limited data: low

romotility agents
Cisapride C Controlled study:
Metoclopramide B Low risk

reatment of H pylori infection
Amoxicillin B Low risk
Bismuth C Not safe: teratog
Clarithromycin C Avoid in first trim
Metronidazole B Low risk: avoid in
Tetracycline D Not safe: teratog
alcium are not teratogenic in animal studies.57 One w
ase-control study reported a significant increase in major
nd minor congenital abnormalities in infants exposed to
ntacids during the first trimester of pregnancy.58 How-
ver, no analysis of individual agents was conducted, and
resently most antacids are considered acceptable in
regnancy in normal therapeutic doses. Magnesium tri-
ilicate, found in alginic acid, can lead to fetal nephro-
ithiasis, hypotonia, and respiratory distress if used long-
erm and in high doses. Antacids containing sodium
icarbonate should not be used because they can cause
aternal or fetal metabolic alkalosis and fluid overload.
xcessive intake of calcium carbonate can result in the
ilk-alkali syndrome characterized by hypercalcemia,

enal impairment, and metabolic alkalosis.59 None of the
ntacids have been shown to concentrate in breast milk
nd are acceptable when breast-feeding.

Sucralfate

Sucralfate, a pregnancy category B drug, is a
onabsorbable drug that exerts a local rather than sys-
emic effect and has been tested in a prospective random-
zed controlled trial. Ranchet et al evaluated 66 patients
ith heartburn during pregnancy.60 Forty-two women

eceived 1 g of sucralfate 3 times daily versus 24 women

l Reflux and Peptic Ulcer Disease

ns for pregnancy Recommendations for breast-feeding2

l absorption Low risk
l absorption Low risk
l absorption Low risk
h doses Low risk

Low risk

No human data: probably compatible

sk Compatible
Limited human data: probably compatible

ow risk in animals Limited human data: probably compatible
Limited human data: probably compatible

No human data: potential toxicity
No human data: potential toxicity

xicity reported, but
gest low risk

Limited human data: potential toxicity

No human data: potential toxicity
No human data: potential toxicity

risk, limited availability Limited human data: probably compatible
Limited human data: potential toxicity

Compatible
ty No human data: potential toxicity

No human data: probably compatible
trimester Limited human data: potential toxicity

ty Compatible
agea

datio

inima
inima
inima
r hig
is

low ri
data
ata: l

risk
risk
tal to
sug
risk
risk

low

enici
ester
first
ho were treated with dietary and lifestyle modifica-



t
o
�
t
t
t
s

M
e
4
s
S
5
a
w
T
t
o
p
w
p
d
p
w
c
a

p
t
1
t
t
r
2
5
.
b
m
1
i
t
a
T
t
w
T
p

m
p
t
o
t
r
h
g
m
t
m
n
b
m

n
d
p
a
f
m
a
b
t
t
s
w

N
h
p
b
m
b
r
h
f
t
c
o
o
t
e

p

290 AMERICAN GASTROENTEROLOGICAL ASSOCIATION INSTITUTE GASTROENTEROLOGY Vol. 131, No. 1
ions. Sucralfate-treated women had a higher frequency
f symptomatic remission than controls (90% vs 43%; P

.05). In rodent studies, sucralfate did not affect fer-
ility and was not teratogenic with doses up to 50 times
hose used in humans. There is minimal absorption and
herefore minimal excretion into breast milk, making
ucralfate acceptable for breast-feeding.2

Cimetidine

Cimetidine is a pregnancy category B drug. In the
ichigan Medicaid Birth Registry, 460 newborns were

xposed to cimetidine during the first trimester and a
.3% rate of major birth defects was observed, a rate
imilar to that reported in healthy controls.5 In the
wedish Medical Birth Registry, 553 babies delivered by
47 women using various acid-suppressing agents found
3.1% incidence rate of congenital defects compared
ith 3.9% of women not taking these medications.61

wo other European databases were combined to study
he incidence of congenital malformations in the progeny
f women administered cimetidine, ranitidine, or ome-
razole during the first trimester of pregnancy compared
ith unexposed controls.62 Cimetidine was taken in 333
regnancies, resulting in 3 stillbirths and one neonatal
eath; 4.7% of exposed infants had a malformation com-
ared with 4.1% of controls. The calculated relative risk
as 1.3 (95% CI, 0.7–2.6). Cimetidine is excreted and

oncentrated in breast milk but is classified by the AAP
s compatible with breast-feeding.3

Ranitidine

Ranitidine, like the other H2 blockers, is also a
regnancy category B drug. Ruigomez et al62 reported
he relative risk of malformation with use of ranitidine as
.5 (95% CI, 0.9–2.6). In a double-blind placebo-con-
rolled study of ranitidine, Larson et al compared rani-
idine once or twice daily with placebo.63 Twenty women
eceived 150 mg once or twice daily versus placebo after
0 weeks of pregnancy, and heartburn was reduced
5.6% with ranitidine versus 44.2% with placebo (P �
01). In the Michigan Medicaid study,5 23 of 560 new-
orns (4.5%) exposed during the first trimester had
ajor birth defects compared with 4.3% of controls. In

996, Magee et al conducted a prospective cohort study
n 178 women exposed to histamine blockers (H2-recep-
or antagonists [H2RAs]) and 178 controls matched for
ge, history of smoking, and history of alcohol use.64

here were no differences in terms of live births, spon-
aneous or elective abortions, gestational age, birth
eight, or major malformations between the 2 groups.
he rate of congenital malformations was 2.1% in ex-

osed women versus 3.0% in nonexposed women. In the C
ost recently published study of ranitidine use during
regnancy, data from a large network database for tera-
ology information were collected prospectively. A total
f 335 pregnancies exposed to ranitidine, 113 to cime-
idine, 75 to famotidine, and 15 to nizatidine were
eported.65 The incidence of premature deliveries was
igher in the exposed group compared with the control
roup, but there was no increase in the incidence of
ajor malformations. The investigators concluded that

here was no indication of an increased risk for major
alformations after the use of H2 blockers during preg-

ancy. Ranitidine is excreted in a similar fashion into
reast milk and considered acceptable for breast-feeding
others.

Famotidine and Nizatidine

While both famotidine and nizatidine are preg-
ancy category B drugs, the relatively smaller amount of
ata available from animal and human studies as com-
ared with other H2RAs makes the choice of another
gent prudent. In the Michigan Medicaid study, 2 of 33
etuses exposed to famotidine developed major malfor-
ations compared with the expected number of 1.5 Of

ll the H2RAs, famotidine is concentrated the least in
reast milk. Animal studies of nizatidine with 300 times
he recommended human dose resulted in more abor-
ions, lower fetal weight, and fewer live fetuses. Another
tudy showed a higher rate of abortions in rabbits treated
ith large doses.66

Promotility Agents

Metoclopramide is a pregnancy category B drug.
o congenital malformations or other neonatal toxicities

ave been reported in humans with the use of metoclo-
ramide. In the Michigan Medicaid study, 10 major
irth defects were reported in 192 newborns exposed to
etoclopramide during the first trimester, with 8 major

irth defects expected.5 Reproductive studies in mice,
ats, and rabbits of up to 250 times the recommended
uman dose have failed to demonstrate any increases in
etal toxicity. Metoclopramide has been used as a lacta-
ion stimulant, and the total daily dose that would be
onsumed by a breast-feeding infant during maternal use
f 30 mg/day is much less than the maximum daily dose
f 500 �g/kg recommended in infants.67 Therefore, ma-
ernal dosages of �45 mg/day should not have adverse
ffects on the breast-feeding infant.

Cisapride

Cisapride is a pregnancy category C drug. In a
rospective, multicenter study, the outcomes of 129

anadian women who took cisapride between November
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996 and November 1998 were compared with matched
ontrols.68 The mean daily dose of cisapride was 25 mg
range, 5–120 mg) and mean length of exposure was 4.6
eeks (range, 0.41–41 weeks). Most women were also

aking multiple other medications, including H2RAs,
roton pump inhibitors, and antacids. There were no
ifferences in rates of major or minor congenital malfor-
ations in the cisapride group compared with controls.

n July 2000, Janssen removed cisapride from the market
ue to cardiovascular concerns, and it is available only
hrough a limited-access program.

Omeprazole

Omeprazole was the first proton pump inhibitor
nd is a pregnancy category C drug. At doses similar to
hose used in humans, it has been shown to produce
ose-related embryonic and fetal mortality in pregnant
ats and rabbits.69 However, several prospective database
tudies have shown the safety of omeprazole. In the
wedish Medical Birth Registry, it was the only acid-
uppression exposure in 262 infants. The rate of birth
efects was 3.1% compared with 3.9% in controls. Five
f 8 malformations were of the cardiac system.70 In
nother cohort study, the outcome of 113 women ex-
osed to omeprazole during pregnancy was compared
ith 113 disease-matched controls exposed to H2RAs

nd 113 untreated controls.71 The incidence of major
bnormalities in those exposed to omeprazole was 5.1%,
ompared with 3.1% in the H2RA group and 3.0% in
he untreated group. The relative risk from the previ-
usly cited Swedish observational study was 0.9 (95%
I, 0.4–2.4).70 Two of the 5 reported congenital abnor-
alities were atrial septal defects. In a recent prospective

tudy, Diav-Citrin et al followed up 295 pregnancies
xposed to omeprazole, the majority of which (233) had
xposure starting in the first trimester.72 There was a
.6% rate of major congenital anomalies compared with
.8% of healthy controls. In the only report published on
reast-feeding, omeprazole was taken by the mother and
equential serum analyses documented infant concentra-
ions lower than maternal concentrations, with no clin-
cal effects to 1 year. However, proton pump inhibitors
re not recommended for breast-feeding mothers because
f the paucity of data.

Lansoprazole

Lansoprazole is a pregnancy category B drug. In
ne nonobservational cohort study of lansoprazole, 6
regnant patients exposed during the first trimester de-
ivered 7 healthy newborns.73 In a study by Nielsen et al,
5 patients were treated with omeprazole and 3 with

ansoprazole.74 The relative risk for a congenital malfor- m
ation was 1.6 (95% CI, 0.1–5.2), and the relative risk
or low birth weight was 1.8 (95% CI, 0.2–13.1). In the
wedish Medical Birth Registry, lansoprazole was the
nly acid-suppression exposure in 13 infants, and 2 birth
efects were observed.61 In the study by Diav-Citrin et
l, 62 patients were exposed to lansoprazole, with a rate
or congenital anomalies of 3.9%.72

Pantoprazole

Pantoprazole is also a pregnancy category B drug.
n the previously mentioned study by Diav-Citrin et al,
3 pregnancies were exposed to pantoprazole. There was
n observed rate of 2.1% for congenital anomalies.72

lthough the newer proton pump inhibitors rabeprazole
nd esomeprazole are also categorized as pregnancy cat-
gory B drugs, no controlled data are available for these
gents, so their use is not suggested during pregnancy.

Peptic Ulcer Disease

Treatment of patients with peptic ulcer disease in-
olves the use of proton pump inhibitors or H2 blockers,
hich are covered in detail in the section on GERD. In the

vent that peptic ulcer disease is related to Helicobacter pylori
nfection, treatment can be deferred until after pregnancy.
he most common regimen involves triple therapy with a
roton pump inhibitor, amoxicillin, and clarithromycin.
lternatively, metronidazole, bismuth, and tetracycline are
sed as part of the regimen. In the unusual case when
reatment is warranted during the gravid period, tetracy-
line and bismuth should not be used. These, along with
ther agents, are discussed in the following text.

Amoxicillin

Amoxicillin is a pregnancy category B drug. A
opulation-based study of maternal use of amoxicillin, a
enicillin drug, in 401 women did not show any in-
reased risk of congenital malformation or any other
dverse event.75 Amoxicillin is low risk in lactation
ccording to the AAP.

Clarithromycin

Clarithromycin, a pregnancy category C drug, has a
igher placental passage rate than other macrolide antibi-
tics.76 In a prospective study of clarithromycin in preg-
ancy, there was no increased risk of congenital malforma-
ions; however, there was a higher rate of spontaneous
bortions than in the unexposed group.77 A retrospective
urveillance study of clarithromycin exposure within 270
ays of delivery showed no increase in congenital malfor-
ations compared with the general population.78 Clarithro-

ycin has mean peak concentrations in breast milk of 25%
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f the maternal serum concentration.79 The safety of clar-
thromycin in lactation is unknown.

Tetracycline

Tetracycline is a pregnancy category D drug and
s possibly unsafe in lactation. It is covered in more detail
n the section on infectious diarrhea.

Metronidazole

Metronidazole is a pregnancy category B drug and
resents a low risk in lactation. It is covered in more
etail in the section on infectious diarrhea.

Bismuth

Bismuth, a pregnancy category C drug, is one of the
ost commonly used over-the-counter antacids. Fetotoxic-

ty with bismuth has been described in animals.80,81 Expo-
ure to bismuth subsalicylate during late pregnancy may
ncrease the risk of closure or constriction of the fetal ductus
rteriosus with resultant pulmonary hypertension.82 Bis-
uth is considered possibly unsafe in lactation.

Acute and Chronic Pancreatitis

Acute pancreatitis often resolves with supportive
are. In the event that analgesia is required, meperidine
nd fentanyl are the preferred medications and are cov-
red in detail in the section on endoscopy. In acute
ecrotizing pancreatitis, 3 approaches to decrease bacte-
ial infections include the use of enteral feedings to avoid
entral line-related infections, selective decontamination
f the gut with nonabsorbable antibiotics, and the use of
rophylactic systemic antibiotics.
Gut decontamination in the setting of acute pancre-

titis is achieved by a combination of norfloxacin, colis-
in, and amphotericin.83 Norfloxacin is a pregnancy cat-
gory C drug. Fluoroquinolone antibiotics cross the
lacenta and have a high affinity for cartilage, raising
oncern for fetotoxicity.84 However, a prospective study
f 200 women with fluoroquinolone exposure during the
rst trimester did not demonstrate an increased risk of
ajor congenital malformations when compared with

ontrols matched for age, tobacco use, and alcohol use.84

pontaneous abortions, fetal distress, and prematurity
ere also similar, but the rate of therapeutic abortion was
igher in the fluoroquinolone group. A smaller study
sing the prescription database in Denmark supported
hese findings.85 There are no available data on preg-
ancy outcomes for colistin (polymyxin E) and no FDA
ategory rating, but polymyxin B is a pregnancy category

drug. Amphotericin is a pregnancy category B drug.

he Collaborative Perinatal Project monitored 50,282 s
other-child pairs, of whom 9 had first-trimester expo-
ure to amphotericin B. No adverse events were noted.2

ultiple other studies have also shown no association
ith congenital malformations, and amphotericin is the

ntifungal of choice during pregnancy.86

Randomized trials and meta-analysis of the benefit of
rophylactic antibiotics in the setting of severe acute pan-
reatitis have been conflicting. If necrotizing pancreatitis is
oted, antimicrobial therapy with imipenem is often
tarted. Imipenem/cilastatin is a pregnancy category C drug
ecause animal studies show no teratogenicity, but data in
umans are limited. It does cross the placenta in rats, and
oncentrations in breast milk equal that in the serum.87 The
harmacokinetics of imipenem change considerably during
regnancy, with larger volumes of distribution and faster
otal clearance from plasma.88 Appropriate dose adjust-
ents during pregnancy should be considered. In the event

hat a pregnant patient has necrotizing pancreatitis, the
orbidity from this condition is sufficiently high to warrant

mipenem therapy.
Chronic pancreatitis is managed with alcohol cessa-

ion, small low-fat meals, analgesia, and pancreatic en-
yme supplements. For analgesia, fentanyl (endoscopy)
nd amitriptyline (irritable bowel syndrome [IBS]) are
overed elsewhere. Long-acting morphine is often used in
his setting and is a pregnancy category C drug. Six case
eports of morphine use for analgesia during pregnancy
id not demonstrate any congenital anomalies or neona-
al opioid withdrawal.89 A study of slow-release mor-
hine in pregnant opioid-addicted women noted that all
nfants were healthy, although some required treatment
or neonatal withdrawal.90 Finally, pancreatic enzymes
re classified as pregnancy category C. Animal reproduc-
ion studies have not been performed with pancreatic
nzymes, and there are limited data on safety during
regnancy and lactation. In general, these medications
hould be avoided if nonessential. However, in patients
ith cystic fibrosis and pancreatic insufficiency, mainte-
ance of nutritional status is a critical factor in pregnancy
utcome. In a study of 23 women with 33 pregnancies,
1% of the women received pancreatic supplementation
uring pregnancy. Severity of lung disease predicted
reterm delivery, and no congenital malformations were
oted.91 A case series reported 2 women on pancreatic
upplementation who had successful pregnancies and
reast-fed their infants with appropriate growth.92

Biliary Tract Disease

Choledocholithiasis

Laparoscopic cholecystectomy has become the

tandard of care for the management of cholecystitis and
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ymptomatic choledocholithiasis. Surgical intervention
uring pregnancy does not appear to be associated with
ncreased complications.93 Nonsurgical approaches, such
s oral chenodeoxycholic acid and ursodeoxycholic acid
UDCA) and extracorporeal shock wave lithotripsy, have
ot been used in pregnancy and are not recommended.94

henodeoxycholic acid and UDCA have been used with
imited success in the treatment of cholesterol gallstones
n the general population. There are no available data on
henodeoxycholic acid in pregnancy, but UDCA is dis-
ussed in the section on primary biliary cirrhosis.

Primary Sclerosing Cholangitis

There is no effective medical therapy for primary
clerosing cholangitis that impacts mortality. The most
ommonly used medication is UDCA, which can provide
ymptomatic and serologic improvement. UDCA is a
regnancy category B drug and is discussed in the section
n primary biliary cirrhosis. Safety in lactation is un-
nown. Fetotoxicity of UDCA has not been reported in
umans; however, data are insufficient to determine risk
n the first trimester.95 Case reports have noted the safety
f UDCA use in primary sclerosing cholangitis,96,97 pri-
ary biliary cirrhosis,98 and intrahepatic cholestasis of

regnancy.99 UDCA can be used during pregnancy, es-
ecially after the first trimester, to reduce cholestasis and

able 5. Medications Used in the Treatment of Diseases of

Drug
FDA pregnancy

category Recommenda

defovir C Minimal data: no tera

ntithymocyte globulin C Human specific agen
yclosporin A C Safest of immune su
ntecavir C Not recommended un
nterferon C Not recommended: tr

delivery
amivudine C Low risk
ycophenolate mofetil C Not recommended
adolol C: first trimester

D: second/third
trimesters

Prolonged half-life, us
intrauterine growth
trimesters

KT3 (Muromonab-CD3) C No pregnancy data bu
enicillamine D Significant embryopa

dose to 250 mg/d
ropranolol C: first trimester Fetal bradycardia, int

in second/third trim
D: second/third

trimesters
ibavirin X Contraindicated: seve
irolimus C Not recommended
acrolimus C Use if mother’s healt
rientine C Limited human data:
rsodiol B Low risk: used in intr

pregnancy
ccompanying sequelae such as pruritus. w
Diseases of the Liver

Table 5 summarizes the use of medications for
iseases of the liver, including liver transplantation.

Viral Hepatitis

Hepatitis A is a self-limited condition, and treat-
ent in pregnancy is similar to that of nonpregnant
omen. Both the inactivated vaccine against hepatitis A

nd postexposure immunoglobulin prophylaxis are low
isk in pregnancy.100

Hepatitis B infection carries a high rate of vertical
ransmission, and the indications to treat are much
reater during pregnancy. The vaccine is low risk to use.
assive and active immunization, given together, are
ery effective in preventing neonatal transmission, reduc-
ng the carrier state of infants born to hepatitis B e
ntigen/hepatitis B surface antigen–positive women from
0%–90% to almost zero.101

Lamivudine. Lamivudine is a pregnancy category
drug. For those women with chronic hepatitis B,

tudies have documented the safety of lamivudine for
ontinued treatment during pregnancy. Su et al followed
p 38 pregnancies in which the mothers were treated
ith lamivudine and compared the outcomes with a
istorical control group. Standard doses of lamivudine

iver

for pregnancy Recommendations for breast-feeding2

nicity No human data: probably compatible
(hepatitis B)

Safety unknown
sants Limited human data: potential toxicity
benefit outweighs risk Contraindicated
ent deferred until after Limited human data: probably compatible

Contraindicated
Contraindicated

ernative; risk of
dation in second/third

Limited human data: potential toxicity

bably low risk Contraindicated
required, reduce

weeks before delivery
No human data: potential toxicity

rine growth retardation
rs

Limited human data: potential toxicity

tal neurotoxicity No human data: potential toxicity
No human data: potential toxicity

ndates Limited human data: potential toxicity
native to penicillamine No human data: potential toxicity
atic cholestasis of No human data: probably compatible
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irus DNA seroconversion rate of 92%. There were no
eported complications or congenital abnormalities.102 In
n earlier study, investigators treated 8 highly viremic
omen with 150 mg of lamivudine in the third trimester
f pregnancy in an attempt to prevent perinatal trans-
ission of hepatitis B virus infection.103 One child was

elivered early because of intrauterine growth retarda-
ion. All but one woman had a significant decrease in
epatitis B virus DNA levels before delivery, and vertical
ransmission occurred in only one child.

In the human immunodeficiency virus literature, the
ntiretroviral Pregnancy Registry contains 526 live
irths that were exposed to lamivudine during the first
rimester with a congenital defect rate of 1.7%. Twenty-
ve of 1256 live births had a history of exposure any time
uring pregnancy and showed a slightly higher rate
2.5% [95% CI, 1.3–3.0]) but not statistically higher
han expected.104 The use of lamivudine is contraindi-
ated during breast-feeding because it is excreted into
ilk in high concentrations.105

Adefovir dipivoxil. There are currently no ade-
uate well-controlled studies of adefovir dipivoxil, a
regnancy category C drug, in pregnant women. Adefo-
ir dipivoxil is indicated for the treatment of chronic
epatitis B in adults with evidence of active viral repli-
ation and either evidence of persistent elevations in
erum aminotransferase levels or histologically active
isease. During clinical trials with this agent, 16 preg-
ancies with known outcomes were reported. Ten pa-
ients had a therapeutic abortion, 2 patients had a spon-
aneous abortion, 3 patients delivered healthy babies, and
ne patient delivered a live infant at 25 weeks’ gestation
hat subsequently died 4 days later. Studies conducted
ith adefovir administered orally in doses up to 23 times

hat achieved in humans have failed to show any em-
ryotoxicity or teratogenicity in laboratory animals.
here are no human studies regarding the use of adefovir
uring lactation, and its use during this time is not
ecommended.

Interferon. Interferon, a pregnancy category C
rug, is contraindicated during pregnancy because of its
ntiproliferative activity. When administered to preg-
ant Rhesus monkeys, there was a statistically significant
ncrease in the number of spontaneous abortions. No
eratogenic effects were observed in this species when
oses of 1–25 million IU · kg�1 · day�1 were adminis-
ered during the early to mid-fetal period.106 To date,
here have only been 26 reported pregnancies following
xposure to interferon. Most have been in women treated
or essential thrombocythemia and not hepatitis C virus
nfection. Premature delivery occurred in 15% and in-

rauterine growth retardation in 6 of 27 (22%) of these 1
atients.107 A total of 8 children have been born to
others on interferon believed to be at high risk for

hronic hepatitis infection. In patients with chronic in-
ection, it is prudent to delay treatment; in women with
ctive infection, use still should be considered only if the
ealth of the mother mandates therapy, with close and
areful monitoring. There is a single case report of its use
n a 26-year-old woman diagnosed with acute hepatitis C
n the 16th week of pregnancy.108 She sustained a com-
lete biochemical and virologic response after a total of
2 million units was given over 10 weeks. Therapy was
iscontinued at that point secondary to maternal side
ffects. Twin infants were born prematurely but had
ormal development. The treatment of hepatitis C with
nterferon in combination with ribavirin is contraindi-
ated because of severe neurotoxicity in children younger
han 2 years and its high potential for teratogenicity (see
ollowing text).

Ribavirin. Ribavirin is an antiviral agent used in
ombination with interferon for the treatment of hepa-
itis C and is a pregnancy category X drug. A dose-
elated teratogenicity has been demonstrated, as well as
mbryolethality in all animal species tested.109 Ribavirin
s still present in human blood 4 weeks after dosing, and
t is recommended that patients wait at least 6 months
ollowing any exposure before conception.

Entecavir. Entecavir is an orally administered cy-
lopentyl guanosine analogue that has been recently ap-
roved for treatment of chronic hepatitis B virus infec-
ion in adults with evidence of active viral replication
nd either evidence of persistent elevation in serum
minotransferase levels or histologically active disease.
pproval was based on the results of three phase 3 trials

nvolving a total of 1633 patients aged 16 years and older
ho had chronic hepatitis B virus infection and persis-

ently elevated serum alanine aminotransferase levels.
lthough entecavir is a pregnancy category C drug, there

re inadequate data from well-controlled studies in preg-
ancy. Teratogenic effects have been observed in animal
tudies, and thus entecavir should be used only if benefit
utweighs risk.

Wilson’s Disease

Penicillamine. Penicillamine, a pregnancy cat-
gory D drug, is a chelating agent that is first-line
herapy for the treatment of Wilson’s disease. There
re only a few reports regarding the outcomes of
regnancies in women with Wilson’s disease. In one
eries, outcomes of 18 women with 29 normal infants
ere reported.110 Patients were treated with 0.75–1
/day. Another group reported 8 exposed women with

2 normal infants, but all mothers had been taken off
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heir medications.111 The largest recent case series in
ilson’s disease is from India, where 59 pregnancies

n 16 women were studied retrospectively.112 There
ere 24 spontaneous abortions, 3 stillbirths, 2 termi-
ations, and 30 successful pregnancies. The majority
f the spontaneous abortions were in women not on
herapy. Other case reports have documented severe
mbryopathy characterized by micrognathia, diffuse
utis laxa, and agenesis of the corpus callosum as well
s transient fetal myelosuppression.111 It is controver-
ial whether penicillamine should be continued during
regnancy, and various investigators have disagreed on
hether to use the agent and, if so, at the appropriate
osage.2 The fetus can only remove 0.044 mg of
opper per day, which is less than 10% of copper
xcreted in the urine of a patient receiving 1 g of
enicillamine daily. The manufacturer recommends
imiting dosages to 1 g/day and if cesarean section is
lanned to 250 mg/day for 6 weeks before delivery and
ostoperatively until wound healing is complete.

hile there have been no reports of adverse effects to
nfants breast-fed by mothers taking penicillamine,
here are no controlled data regarding levels in breast
ilk, and at this time it is not recommended.

Trientine. Trientine, a pregnancy category C
rug, is used if no other alternatives are appropriate to
reat the mother’s liver disease. This chelating agent is
n alternative to penicillamine and is available only as
n orphan drug for use in Wilson’s disease. A single
ublished case series described outcomes of 11 preg-
ancies in 7 women with Wilson’s disease.113 Therapy
as continued in 7 cases and interrupted in 2 others.
here were 9 live infants, 2 born prematurely and one
ith isochromosome X, not believed to be secondary

o copper deficiency. Given that there are few other
ptions, the benefit is believed to outweigh the risk.
here are no human data regarding the levels of

rientine in milk or the effect on the breast-feeding
nfant, and therefore it is not recommended in this
etting.

Primary Biliary Cirrhosis

UDCA. UDCA is a pregnancy category B drug.
iven the paucity of data regarding its safety in the first

rimester, use of UDCA during this time is not recom-
ended unless essential. It has been given to women in

he second and third trimesters with no deterioration of
iver function noted. No fetal loss or unfavorable out-
omes were noted in 10 women receiving UDCA.114 A
ecent case report of a woman with primary biliary
irrhosis with exposure to UDCA in the first 20 days

fter conception did not show any congenital anomalies m
r adverse birth outcomes.115 In a randomized controlled
rial of UDCA use in intrahepatic cholestasis of preg-
ancy, it was demonstrated to improve pruritus and liver
nzymes and allowed for delivery closer to term.99 A
econd randomized controlled trial of UDCA versus cho-
estyramine found similar results; symptoms were alle-
iated and babies were delivered significantly closer to
erm in the UDCA-treated patients.116 There are no
uman data available regarding its use during lactation.
t is believed to be low risk, however, because only small
mounts of UDCA appear in the systemic circulation and
hese are tightly bound to albumin; thus, it is unlikely to
esult in a significant amount in breast milk.

Portal Hypertension

Propranolol. Propranolol, a pregnancy category C
rug, is a nonselective �-adrenergic blocking agent used
or prophylaxis against variceal bleeding in patients with
irrhosis. It has been used during pregnancy to treat
aternal thyrotoxicosis, arrhythmias, and hypertension.

t readily crosses the placenta and thus is used for fetal
rrhythmias as well. Adverse outcomes have not been
learly linked to its use, but daily doses greater than 160
g seem to produce more serious fetal cardiac compli-

ations. There are no data for outcomes in women using
ropranolol for variceal prophylaxis. In the Michigan
edicaid study, 274 newborns were exposed to propran-

lol during the first trimester.5 A total of 11 major birth
efects were observed, with 12 expected. Intrauterine
rowth retardation has been reported but is believed to
e secondary to the underlying maternal hypertension.
ropranolol is not a teratogen, but fetal and neonatal
oxicity may occur. Maternal use after the second trimes-
er can result in significant weight reductions in the
nfant.117 It is therefore not recommended for use after
he first trimester unless the underlying condition of the
other requires continued �-blockade.
Propranolol is excreted into breast milk, and peak

oncentrations occur 2–3 hours after a dose. Events sec-
ndary to �-blockade have not been reported in the
nfants breast-fed by mothers on this agent, and the AAP
lassifies this agent as compatible with breast-feeding.

Nadolol. Nadolol, a pregnancy category C drug,
s another nonselective �-adrenergic blocker used as an
lternative to propranolol. In the Michigan Medicaid
tudy, 71 newborns were exposed to nadolol during the
rst trimester.5 One major birth defect was noted, with
expected. Again, this is a medication used predomi-

antly as an antihypertensive, and no data are available
hen used for variceal prophylaxis. Intrauterine growth

etardation was documented in a single case report of a

other with immunoglobulin A nephropathy and hy-
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ertension that required treatment throughout pregnan-
y.118 Because nadolol has a long half-life, low protein
inding, and lack of metabolism, the recommendation is
hat alternative agents in this class be used if strongly
ndicated. Like propranolol, nadolol is considered com-
atible with breast-feeding because of the apparent ab-
ence of adverse effects on the breast-feeding infant.

Liver Transplantation

The best data available regarding medications in
ransplant recipients come from the National Transplan-
ation Pregnancy Registry. Every year, an updated report
s presented with the results of a prospective database of
ll transplant recipients. The most recent published re-
orts are from 2003.119 To date, 106 liver recipients and
liver/kidney recipients were reported to the registry as

aving had a pregnancy. There were a total of 187
regnancies in these patients, with known outcomes in
90 births. There was only one death that occurred in a
atient on cyclosporin A. The rate of live births was 77%
n patients treated with cyclosporin A, 82% in patients
reated with cyclosporine, and 72% in patients treated
ith tacrolimus. Two patients were treated with myco-
henolate mofetil and delivered healthy infants. The
ean gestational age was 37 weeks, and the rate of low

irth weight was 29%–42%. The conclusion of the
dvisory board was that “the majority of pregnancy out-
omes reported to the Registry appear favorable for par-
nt and newborn.”119

Cyclosporine

Cyclosporine is a pregnancy category C drug. A
eta-analysis of 15 studies of pregnancy outcomes after

yclosporine therapy reported a total of 410 patients with
ata on major malformations.120 The calculated OR of
.83 for malformations did not achieve statistical signif-
cance (95% CI, 0.75–19.6). The rate of malformations
as 4.1%, which is not different from the general pop-
lation. The conclusion of the study was that cyclospor-
ne did not appear to be a major human teratogen. In a
tudy published in the obstetric literature, a retrospec-
ive review of 38 pregnancies in 29 women between
992 and 2002 was conducted. There were 4 spontane-
us abortions and 10 first-trimester terminations for
orsening liver function. The mean gestational age was
6.4 weeks, and there were no intrauterine or neonatal
eaths. Five minor congenital anomalies were noted. The
nvestigators concluded that planned pregnancy at least 2
ears after liver transplantation with stable allograft
unction and continued immunosuppression had an ex-

ellent maternal and neonatal outcome.121 Cyclosporine m
s excreted into breast milk in high concentrations.
herefore, the AAP considers cyclosporine contraindi-
ated during breast-feeding due to the potential for
mmune suppression and neutropenia.

Tacrolimus

Tacrolimus is also a pregnancy category C drug.
he earliest experience with this medication was in
997, with a report of 27 pregnancies with exposure to
acrolimus.122 Two infants died at weeks 23 and 24, but
he mean gestational period was 36.6 weeks. There was

36% incidence of transient perinatal hyperkalemia.
ne newborn had unilateral polycystic renal disease.
nother study from Germany reported on 100 pregnan-

ies in transplant recipients followed up from 1992 to
998.123 There was a 68% live birth rate, 12% sponta-
eous abortion rate, and 3% stillbirth rate. Fifty-nine
ercent of the infants were premature. Malformations
ccurred in 4 neonates with no consistent defects. In a
ater single-center experience, 49 pregnancies in 37
omen over 13 years were followed up prospectively.124

hirty-six women survived the pregnancy, and 2 prema-
ure babies were seen. One infant died of Alagille syn-
rome; the rest survived, and 78% were of normal birth
eight. No other congenital abnormalities were noted.
acrolimus is contraindicated in breast-feeding because
f the high concentrations found in breast milk.

Sirolimus

Sirolimus is a pregnancy category C drug, but
ittle is known about its true effect in humans. Sirolimus
s another agent for immune suppression in the trans-
lant recipient. There were 3 patients treated with siroli-
us from the National Transplantation Pregnancy Reg-

stry, but these were kidney recipients. A single case
eport of a patient receiving sirolimus during early preg-
ancy resulted in a normal infant delivered at 39
eeks.125 Given the relative paucity of information and

he reasonable alternatives for immunosuppression, this
gent is not recommended during pregnancy.

Mycophenolate Mofetil

Mycophenolate mofetil is a pregnancy category C
rug and has been shown to have teratogenic properties in
aboratory animals. Mycophenolate mofetil is a relatively
ew addition to the armamentarium for immunosuppres-
ion in liver transplant recipients. In a single case report
rom the obstetric literature, a renal transplant recipient was
reated with mycophenolate mofetil before conception and
uring the first trimester of pregnancy.126 The fetus had
acial dysmorphology and multiple midline anomalies. The

olecular weight of this agent is low enough that it most
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ikely crosses the placenta, and it is not recommended for
se in pregnancy. The manufacturer recommends women
se effective contraception before and during therapy and
or 6 weeks after therapy is stopped.

IBS

IBS is a heterogeneous disorder without a standard-
zed therapeutic regimen. No large epidemiologic studies
ave been conducted in pregnant women with preexisting
BS; however, healthy women report an 11%–38% rate of
onstipation during pregnancy, most commonly in the
hird trimester, and 34% report increased stool frequen-
y.127 If possible, medications should be avoided and dietary
lterations and fiber supplementation should be the first
tep. In the event that medications are required, the follow-
ng is a summary of available safety data, keeping in mind
hat most drug therapies for the treatment of IBS have not
emonstrated efficacy over placebo. Table 6 summarizes the

able 6. Medications Used in the Treatment of IBS

Drug
FDA pregnancy

category Recommenda

losetron B Avoid: restricted access
mitriptyline C Avoid: no malformations, b

isacodyl C Low risk in short-term use
ismuth subsalicylate C Not safe: teratogenicity
astor oil X Uterine contraction and rup
holestyramine C Low risk, but can lead to in
esipramine C Avoid: no malformations, b

icyclomine B Avoid: possible congenital

iphenoxylate/atropine C Teratogenic in animals: no

ocusate C Low risk
yoscyamine C No available data

mipramine D Avoid: no malformations, b

aopectate C Unsafe because now conta
actulose B No human studies
operamide B Low risk: possible increase

agnesium citrate B Avoid long-term use: hyperm
dehydration

ineral oil C Avoid: neonatal coagulopat
ortriptyline D Avoid: no malformations, b

aroxetine D Avoid: twice as many birth
EG C First-choice laxative in preg
enna C Low risk in short-term use
SRIs (except
paroxetine)

C Avoid: no malformations, b
fetus

imethicone C No available data: low risk
odium phosphate Avoid long-term: hypermagn

dehydration
egaserod B Low risk: human data nega
se of medications for IBS during pregnancy. t
Constipation

Symptomatic relief of constipation with laxatives
s often adequate for most patients. Osmotic laxatives
nclude saline osmotics (magnesium and sodium salts),
accharated osmotics (lactulose, sorbitol), and PEG. Sa-
ine osmotic laxatives such as magnesium citrate (preg-
ancy category B) and sodium phosphate have a rapid
nset of action but are intended for short-term intermit-
ent relief. Long-term use can result in hypermag-
esemia, hyperphosphatemia, and dehydration.128 There
re no available human studies on the use of lactulose
pregnancy category B) during pregnancy. PEG (preg-
ancy category C) is negligibly absorbed and metabo-
ized in humans, making it unlikely to cause malforma-
ions. It is also effective and well tolerated compared
ith lactulose.129 Results of animal teratogenesis studies
ave been negative. A consensus meeting on the man-
gement of constipation in pregnancy128 considered PEG

for pregnancy
Recommendations for breast-

feeding2

No human data: potential toxicity
rse outcomes Limited human data: potential

toxicity
Safety unknown
No human data: potential toxicity
Possibly unsafe

coagulopathy Compatible
rse outcomes Limited human data: potential

toxicity
alies Limited human data: potential

toxicity
n data Limited human data: potential

toxicity
Compatible
No human data: probably compatible

rse outcomes Limited human data: potential
toxicity

ismuth No human data: probably compatible
No human data: probably compatible

diovascular defects Limited human data: probably
compatible

esemia, hyperphosphatemia, Compatible

d hemorrhage Possibly unsafe
rse outcomes Limited human data: potential

toxicity
ts as other antidepressants Potential toxicity
y Low risk

Compatible
reased adverse events in Limited human data: potential

toxicity
No human data: probably compatible

ia, hyperphosphatemia, Safety unknown

or malformations Safety unknown
tions

ut wo

ture
fant
ut wo

anom

huma

ut wo

ins b

d car

agn

hy an
ut wo

defec
nanc

ut inc

esem
o meet the criteria for an ideal laxative in pregnancy:



e
a
w
a
s
(
t
S
u
n
e
s
c
b
v
a

r
s
c
t
c
g
R
e

p
b
l
e
r
s
e
u

f
g
t
i
c
i
a
m
c
a
a
p
b
1
p

C
c
p
r
H
a
t
P
r
c
t
I
m
s
a
a
p
h
t
e
t
b

fi
c
l
e
w
t
a
s

c
t
c
(
i
s
s
m
i
g
l
w
c
l
t
c
a

298 AMERICAN GASTROENTEROLOGICAL ASSOCIATION INSTITUTE GASTROENTEROLOGY Vol. 131, No. 1
ffective, not absorbed (nonteratogenic), well tolerated,
nd low risk. However, it was believed that present data
ere insufficient to conclusively demonstrate whether

bsorption of PEG affects the fetus. Stimulant laxatives
uch as senna (pregnancy category C) and bisacodyl
pregnancy category C) are considered low risk for short-
erm use, but long-term use is not recommended.128

enna is excreted in breast milk and should therefore be
sed with caution during lactation.130 Docusate (preg-
ancy category C), a stool softener, is generally consid-
red to be low risk.127 Castor oil (pregnancy category X)
hould be avoided because it is associated with uterine
ontraction and even rupture.131 Mineral oil should also
e avoided because it can impair maternal fat-soluble
itamin absorption, leading to neonatal coagulopathy
nd hemorrhage.127

Tegaserod (pregnancy category B), a serotonin 5-HT4

eceptor agonist, is approved for the treatment of con-
tipation-type IBS and chronic constipation. As of De-
ember 2004, 74 pregnancies were reported in studies on
egaserod (data on file, Novartis, 2005). Pregnancy out-
ome was similar between the placebo and tegaserod
roups. There were no congenital anomalies reported.
eproductive studies in rats and rabbits revealed no

vidence of impaired fertility or fetal malformation.
In the pregnant patient with constipation, fiber sup-

lements introduced gradually to avoid excessive gas and
loating and adequate water intake should be the first
ine of therapy. Often, new-onset constipation during
arly pregnancy is due to iron therapy and symptomatic
elief can be achieved with docusate, now a component of
ome prenatal vitamins. When these methods are inad-
quate, an osmotic laxative should be considered, partic-
larly a PEG solution.

Diarrhea

Loperamide (pregnancy category B) was not
ound to be associated with an increased risk of con-
enital malformations in a trial of 105 women exposed
o the drug during pregnancy, although 20% of the
nfants were 200 grams smaller than infants in the
ontrol group.132 However, a study of Michigan Med-
caid recipients noted 108 infants exposed to loper-
mide in the first trimester, of which 6 (5.6%) had
ajor birth defects (5 expected).2 Three of the 5 were

ardiovascular defects (one expected), raising concern
bout a possible link. This may be an errant signal,
nd the drug is probably low risk in pregnancy. Di-
henoxylate with atropine (pregnancy category C) has
een found to be teratogenic in animals.133 At least
87 cases of first-trimester exposure have been re-

orted with no evidence of developmental toxicity.2 e
holestyramine (pregnancy category C), an anion ex-
hange resin, is often used to treat cholestasis of
regnancy134 and can be used to manage diarrhea
esulting from ileal resection or cholecystectomy.
owever, fat-soluble vitamin deficiency including co-

gulopathy can occur, so it should be used with cau-
ion. Kaolin and pectin or Kaopectate (Pfizer, Morris
lains, NJ) (pregnancy category B) was an antidiar-
heal of choice because it was not absorbed and did not
ross the placenta.133 Concern did arise over the po-
ential for kaolin-induced iron deficiency anemia.135

n 2003, Kaopectate was reformulated to contain bis-
uth subsalicylate (pregnancy category C). Bismuth

ubsalicylate, alone or in Kaopectate, should be
voided in pregnancy because the salicylates can be
bsorbed and lead to increased perinatal mortality,
remature closure of the ductus arteriosus, neonatal
emorrhage, decreased birth weight, prolonged gesta-
ion and labor, and possible teratogenicity.136 Alos-
tron (pregnancy category B) has restricted access due
o concerns over ischemic colitis and should generally
e avoided during pregnancy.
In the pregnant patient with diarrhea, dietary modi-

cation, with reduction of fat and dairy consumption,
an improve symptoms. Although the human data are
imited, both loperamide and diphenoxylate are consid-
red low risk and can be used with discretion. Patients
ith a history of eating disorders can have a very difficult

ime during pregnancy and should be observed carefully
nd provided with adequate counseling and psychiatric
upport.

Antidepressants

Tricyclic antidepressants (amitriptyline [pregnancy
ategory C], desipramine [pregnancy category C], nortrip-
yline [pregnancy category D], and imipramine [pregnancy
ategory D]) and selective serotonin reuptake inhibitors
SSRIs) (generally pregnancy category C) are frequently used
n the management of IBS. Overall, the newer antidepres-
ants (citalopram, escitalopram, fluoxetine, fluvoxamine,
ertraline, reboxetine, venlafaxine, nefazodone, trazodone,
irtazapine, and bupropion) are not associated with an

ncreased rate of major malformations compared with the
eneral population.137,138 However, recently, an unpub-
ished study by GlaxoSmithKline139 of 3500 pregnant
omen noted twice as many birth defects with paroxetine

ompared with other antidepressants (Table 7). The abso-
ute rate of major congenital malformations seen in the first
rimester for paroxetine users was 4%, and the rate of
ardiovascular malformations was 2%.140 Infants exposed to
ntidepressants are also at higher risk for other adverse

vents. A large Swedish study of 997 infants exposed to
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ntidepressants during pregnancy noted an increased risk of
reterm birth, low birth weight, low Apgar score, respira-
ory distress, neonatal convulsions, and hypoglycemia.141

here was a trend toward worse outcome with tricyclic
ntidepressants versus SSRIs. Multiple studies with SSRIs
onfirm a similar rate of congenital malformations com-
ared with the general population142 but do note a higher
ate of premature delivery, respiratory difficulty, cyanosis on
eeding, and jitteriness143 as well as low birth weight144 and
eonatal convulsions.145 The effects of SSRI exposure via the
lacenta on neonatal adaptation and long-term neurocogni-
ive development remain controversial.146 Given these find-
ngs, if the antidepressant is being used solely for the
reatment of symptoms of IBS, as opposed to treatment of
n associated significant depression, cessation of the drug
uring the gravid period should be strongly considered.

Tricyclic antidepressants and SSRIs are excreted in
reast milk to varying degrees. The potential for neu-
obehavioral abnormalities in the chronically exposed
nfant is not known. The AAP classifies the drugs as
aving an unknown effect on the breast-feeding infant
ith potential for concern. They should not be used
uring breast-feeding in the mother with IBS.

Other Medications

Antispasmodics are frequently prescribed for the
anagement of abdominal pain in IBS. Dicyclomine

pregnancy category B), in combination with Bendectin,
as associated with multiple congenital anomalies, al-

hough studies have not been conclusive.147 Hyoscya-
ine (pregnancy category C) has not been studied in

regnancy.127 Simethicone (pregnancy category C) has
lso not been studied in pregnancy. See the section on
ndoscopy for further details on simethicone.

Infectious Diarrhea

Diarrhea can be described as acute (�14 days),

able 7. The Risk of Major Congenital Malformation in Infant
During the First Trimester139

Drug
Maternal

Users
Infant

Malformat

mitriptyline 146 1
upropion 248 6
italopram 188 7
luoxetine 820 18
efazodone 41 1
aroxetine 527 23
ertraline 507 7
razodone 49 2
enlafaxine 129 2
1 type of antidepressant 406 14
ersistent (�14 days), or chronic (�30 days).148 Al- s
hough most episodes of diarrhea are self-limited and
reatment is not required, certain pathogens require
reatment. The medications commonly used to treat
nfectious diarrhea are listed in the following text and are
ummarized in Table 8.

Albendazole

Albendazole, a pregnancy category C drug, is
sed in the treatment of microsporidia, cystericercosis,
elminths, and hydatid disease. The drug is embryo-
oxic and teratogenic (skeletal malformations) in rats
nd rabbits.149 Human data are limited. A study in
hana on inadvertent exposure of pregnant women to

vermectin and albendazole did not find an increased
isk of spontaneous abortion or congenital malforma-
ion.150 Albendazole therapy for the eradication of
elminths during pregnancy is associated with signif-
cantly less maternal anemia151 and no increase in
dverse pregnancy outcomes,152 prompting the World
ealth Organization to recommend antihelminthic

herapy in pregnancy.151

Ampicillin

Ampicillin is a pregnancy category B drug and
s not considered teratogenic. It is covered further in
he section on endoscopy. It is a second-line treatment
f Shigella infection. In the Collaborative Perinatal
roject, 3546 mothers took penicillin derivatives in
he first trimester of pregnancy with no increased risk
f anomalies.153 Ampicillin passes through the pla-
enta by simple diffusion and is excreted into breast
ilk in low concentrations. Although antibiotic trans-
ission to the neonate may result in modification of

owel flora or allergic response, the benefits of breast
ilk are generally believed to outweigh the relatively

cording to the Antidepressant Medication Used Maternally

Malformations per 1000
live births Adjusted OR (95% CI)

6.8 0.27 (0.04–1.96)
24.2 0.99 (0.42–2.30)
37.2 1.39 (0.62–3.11)
22.0 0.82 (0.48–1.39)
24.4 0.94 (0.13–6.96)
43.6 2.20 (1.34–3.63)
13.8 0.48 (0.22–1.05)
40.8 1.98 (0.47–8.39)
15.5 0.59 (0.14–2.42)
34.5 1.41 (0.79–2.55)
s Ac

ions
mall risk.153
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Azithromycin

Azithromycin, a macrolide antibiotic, is a preg-
ancy category B drug and is a second-line treatment of
ryptosporidium and Entamoeba histolytica infection. A

tudy of 20 women who received the drug for Chlamydia
rachomatis noted that 40% reported moderate to severe
astrointestinal side effects.154 A trial of 94 pregnant
omen with Trichomonas vaginalis treated with a combi-
ation of azithromycin, cefixime, and metronidazole
emonstrated increased rates of infant low birth weight,
reterm birth, and 2-year mortality compared with the
hildren of 112 infected mothers who were not treated
or the same infection.155 Whether it was a single anti-
iotic or the combination of antibiotics that led to this
esult is not clear. The drug does accumulate in breast
ilk but presents a low risk in breast-feeding.

Doxycycline/Tetracycline

Doxycycline and tetracycline are pregnancy cate-
ory D drugs. Doxycycline is used as second-line treat-
ent of Vibrio cholera, Campylobacter, and enterotoxigenic
scherichia coli infection. Along with tetracycline, this
lass of medications crosses the placenta and is bound by
helating to calcium in developing bone and teeth.156

his results in discoloration of the teeth, hypoplasia of
namel, and inhibition of skeletal growth. A population-
ased study found a higher rate of congenital anomalies
n the infants of mothers treated with doxycycline during
regnancy; however, the case-control pair analysis did
ot show a significantly higher rate of doxycycline treat-
ent in the second and third months of gestation in any

roup of congenital abnormalities.157

Doxycycline and tetracycline are compatible with
reast-feeding. Although there is a potential for dental

able 8. Medications Used in the Treatment of Infectious Dia

Drug
FDA pregnancy

category Recommen

lbendazole C Embryotoxic in ani
human data sup
outcomes with h

mpicillin B Low risk
zithromycin B Low risk
iprofloxacin (all quinolones) C Potential toxicity to
oxycycline D Contraindicated: te
urazolidone C Low risk; limited d
etronidazole B Low risk:? Cleft lip
ifaximin C Animal teratogen:
etracycline D Not safe: teratoge
inidazole C Low risk: limited d
rimethoprim-sulfamethoxazole C Teratogenic
ancomycin C Low risk
taining and inhibition of bone growth, this possibility is i
emote given the undetectable serum levels of tetracy-
line found in exposed infants.

Furazolidone

Furazolidone is a pregnancy category C drug and
s a second-line treatment of giardiasis. There are limited
ata on its safety in pregnancy. The Collaborative Peri-
atal Project monitored 50,282 mother-child pairs, of
hom 132 had first-trimester exposure to furazolidone.
here was no association with congenital malforma-

ions.158 There are no human data in breast-feeding, and
t may be potentially toxic.

Metronidazole

Metronidazole is a pregnancy category B drug
nd is used in the treatment of Clostridium difficile
nfection, amebiasis, and giardiasis. Multiple studies
ave suggested that prenatal use of metronidazole is
ot associated with birth defects. These studies in-
lude 2 meta-analyses,159,160 2 retrospective cohort
tudies,161,162 and a prospective controlled study of
28 women exposed to metronidazole during pregnan-
y.163 A population-based case-control study found
hat overall teratogenic risk was low, but infants of
omen exposed to metronidazole in the second to

hird months of pregnancy had higher rates of cleft lip
ith or without cleft palate.164 This increase was

light and not believed to be clinically significant.
Metronidazole is excreted in breast milk. If a single

ose of metronidazole is given, as for the treatment of
richomoniasis, the AAP recommends that breast-feed-
ng should be suspended for 12–24 hours.3 Potential
oxicity exists for longer-term use of metronidazole, and

a

ns for pregnancy Recommendations for breast-feeding2

avoid in first trimester;
improved pregnancy
th eradication

No human data: probably compatible

Compatible
Limited human data: probably compatible

ilage: avoid Limited human data: probably compatible
enic Compatible

No human data: potential toxicity
te Limited human data: potential toxicity
man data No human data: probably compatible

Compatible
Unsafe
Compatible
Limited human data: probably compatible
rrhe

datio

mals;
port
elmin

cart
ratog
ata
/pala
no hu
nicity
ata
t is not compatible with breast-feeding.
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Quinolones

Quinolones (eg, ciprofloxacin, levofloxacin, nor-
oxacin) are pregnancy category C drugs and are used in
he treatment of Shigella, Campylobacter, Yersinia, entero-
oxigenic and enteroinvasive E coli, and Vibrio cholerae
nfection. Quinolones have a high affinity for bone tissue
nd cartilage and may cause arthropathies in children.153

he manufacturer reports damage to cartilage in weight-
earing joints after quinolone exposure in immature rats
nd dogs. However, a prospective controlled study of 200
omen exposed to quinolones84 and a population-based

ohort study of 57 women exposed to quinolones85 did
ot find an increased risk of congenital malformations.
verall, the risk is believed to be minimal, but given

afer alternatives, the drug should be avoided in preg-
ancy.
The data in breast-feeding are limited, but quinolones

re probably compatible with use.2

Rifaximin

Rifaximin is a pregnancy category C drug and is
sed in the treatment of traveler’s diarrhea. This is a new
gent, and little information exists on safety in preg-
ancy. Rifaximin has not been found to affect fertility or
regnancy outcome in rats165 or cause teratogenic com-
lications in rats and rabbits in one study,166 although
ther studies have noted teratogenicity in rats and rab-
its, including cleft palate and incomplete ossifica-
ion.167 Safety in breast-feeding is unknown.

Tinidazole

Tinidazole, a pregnancy category C drug, is a sec-
nd-line treatment for giardiasis and amebiasis. Placental
ransfer of tinidazole does occur early in pregnancy,168

aising concerns for its use in the first trimester. A
opulation-based study from Hungary did not note an
ncreased rate of congenital malformations when used in
regnancy; however, the numbers were small.169 Limited
uman data are available, and the drug is considered
nsafe in breast-feeding.170

Trimethoprim-sulfamethoxazole

Trimethoprim-sulfamethoxazole, a pregnancy
ategory C drug, is first-line treatment of Isospora and
yclospora infection and second-line treatment of Shigella,
ersinia, and enterotoxigenic E coli infection. Tri-
ethoprim has antifolate effects, increasing the potential

f congenital anomalies. A study of 2296 Michigan
edicaid recipients with first-trimester exposure to tri-
ethoprim noted an increased risk of birth defects, par-
icularly cardiovascular defects.5 A population-based B
ase-control study in Hungary noted a higher rate of
ultiple congenital anomalies and cardiovascular mal-

ormations.171 Trimethoprim-sulfamethoxazole should
e avoided in pregnancy based on these data.
Trimethoprim-sulfamethoxazole is excreted in low

oncentrations in breast milk. The AAP classifies this
rug as compatible with breast-feeding.3

Vancomycin

Vancomycin, a pregnancy category C drug, is
sed in the treatment of C difficile colitis refractory to
herapy with metronidazole. Reproduction studies in rats
nd rabbits have not demonstrated teratogenic effects.172

ancomycin did not result in sensorineural hearing loss
r nephrotoxicity in 10 infants whose mothers were
reated with the drug during pregnancy.173 No cases of
ongenital defects attributable to vancomycin have been
ocated to date,2 and it is considered low risk in preg-
ancy. There are limited human data in breast-feeding,
ut it is probably compatible.

Inflammatory Bowel Disease

For patients with Crohn’s disease and ulcerative
olitis, disease activity at the time of conception can be
ssociated with a higher risk of spontaneous abortions;
isease activity during the course of pregnancy can be
ssociated with higher rates of low birth weight and
remature infants.174 It is advisable that patients be in
emission when considering pregnancy, and for the ma-
ority, this requires continuing their medications. Med-
cations used in the treatment of inflammatory bowel
isease (IBD) are summarized in Table 9.

Aminosalicylates

All aminosalicylates (sulfasalazine, mesalamine,
alsalazide) are pregnancy category B except olsalazine,
hich is pregnancy category C. Sulfasalazine is composed
f 5-aminosalicylic acid azo-bonded to sulfapyridine. Ini-
ial case reports suggested sulfasalazine teratogenicity
ith evidence of cardiovascular, genitourinary, and neu-

ologic defects.175–177 However, a larger series of 181
regnant women did not note an increase in congenital
nomalies.178 A population-based study using the Hun-
arian Case Control Surveillance of Congenital Abnor-
alities database179 also did not find a significant in-

rease in the prevalence of congenital abnormalities in
he children of women treated with sulfasalazine. Given
he concern over potential antifolate effects of the drug,
t is recommended that women take folic acid 1 mg twice
aily in the prenatal period and throughout pregnancy.

reast-feeding is also considered low risk with sulfasala-
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ine. Unlike other sulfonamides, bilirubin displacement,
nd therefore kernicterus, does not occur in the infant.180

his may be due to negligible transfer via breast milk.
Sulfasalazine has been clearly associated with infertil-

ty in men. Abnormalities in sperm number, motility,
nd morphology have been noted.181,182 The effect ap-
ears to be reversible; when men were switched from
ulfasalazine to mesalamine, semen quality returned to
ormal.183,184 An association between sulfasalazine use in
he parent and congenital malformations in the progeny
as been described.185 Because the life span of sperm is
20 days, men desiring conception should either discon-
inue sulfasalazine or switch to mesalamine at least 3
onths before attempting conception.
Case series of mesalamine use in pregnancy do not

uggest an increased risk to the fetus.186–188 This has
een supported by a prospective controlled trial of 165
omen exposed to mesalamine compared with matched

ontrols with no exposure189 and a population-based
ohort study from Denmark.190 Neither trial demon-
trated teratogenic risk, but there was an increased risk of
remature birth, low birth weight, and stillbirth. The
atter complications may reflect disease effect because the
esalamine group had IBD and the nonexposed group
as from the general population.
Breast-feeding while on aminosalicylates has been as-

ociated with diarrhea in the infant.191 Women can
reast-feed while being treated with 5-aminosalicylates,
ut infants should be observed for a persistent change in

able 9. Medications Used in the Treatment of IBD

Drug

FDA
pregnancy
category Recommenda

dalimumab B Limited human data: l
moxicillin/clavulanic acid B Low risk
zathioprine/6-mercaptopurine D Data in IBD, transplan
alsalazide B Low risk
iprofloxacin C Avoid: potential toxicit
orticosteroids C Low risk; possible inc

adrenal insufficienc
membranes

yclosporine C Low risk
ish oil supplements — Low risk: possibly ben
nfliximab B Low risk
esalamine B Low risk
ethotrexate X Contraindicated: terat
etronidazole B Given limited efficacy

would avoid
lsalazine C Low risk
ifaximin C Animal teratogen: no
ulfasalazine B Considered low risk; g
acrolimus C Use if mother’s health
halidomide X Contraindicated: terat
tool frequency. s
Antibiotics

Metronidazole, the quinolones, and rifaximin are
overed in the section on infectious diarrhea. In general,
iven the limited evidence of benefit of these agents in
BD and the extended duration of use in the treatment of
rohn’s disease and ulcerative colitis, they should be
voided during pregnancy. Short courses for the treat-
ent of pouchitis can be considered based on the safety

ata presented previously. An alternative antibiotic for
ouchitis is amoxicillin/clavulanic acid, a pregnancy cat-
gory B drug. A population-based case-control study192

nd a prospective controlled study193 did not show evi-
ence of increased teratogenic risk, and it is compatible
ith breast-feeding.

Corticosteroids

Corticosteroids are pregnancy category C drugs. A
ase-control study of corticosteroid use during the first
rimester of pregnancy noted an increased risk of oral
lefts in the newborn.194 This was confirmed by a large
ase-control study195 and a meta-analysis that reported a
ummary OR for case-control studies examining the risk
f oral clefts (3.35 [95% CI, 1.97–5.69]).196 However,
he overall risk of major malformations was low (1.45
95% CI, 0.80–2.60]). A prospective controlled study of
11 women who received glucocorticosteroids during the
rst trimester did not note an increased rate of major
nomalies and no cases of oral cleft were noted.197 The

for pregnancy Recommendations for breast-feeding2

sk No human data: probably compatible
Probably compatible

rature suggest low risk No human data: potential toxicity
No human data: potential diarrhea

artilage Limited human data: probably compatible
d risk: cleft palate,
mature rupture of

Compatible

Limited human data: potential toxicity
l No human data

No human data: probably compatible
Limited human data: potential diarrhea

c Contraindicated
, risk of cleft palate, Limited human data: potential toxicity

Limited human data: potential diarrhea
n data No human data: probably compatible
late 2 mg daily Limited human data: potential diarrhea
dates Limited human data: potential toxicity
c No human data: potential toxicity
tions

ow ri

t lite

y to c
rease
y, pre

eficia

ogeni
in IBD

huma
ive fo
man
tudy was powered to find a 2.5-fold increase in the
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verall rate of major anomalies. An increased risk of
remature rupture of membranes and adrenal insuffi-
iency in the newborn has been reported in the transplant
etting.198 Overall, the use of corticosteroids poses a
mall risk to the developing infant and the mother needs
o be informed of both the benefits and the risks of
herapy. Prednisone and prednisolone are compatible
ith breast-feeding.
There are no published data on the safety of oral

udesonide in pregnancy. A retrospective review of 4
atients with IBD treated with budesonide during preg-
ancy did not demonstrate congenital malformations or
n increase in adverse outcomes (personal communica-
ion, D. Binion, July 2005). Inhaled or intranasal budes-
nide is not associated with adverse fetal outcomes based
n large clinical series.199,200 Safety in lactation is not
nown.

Bisphosphonates

The bisphosphonates alendronate and risedronate
re pregnancy category C drugs, and the safety in breast-
eeding is unknown. Many patients with IBD are started
n these medications in conjunction with corticosteroids
or prevention of bone loss. Both agents should be
voided in pregnancy because animal studies show that
lendronate does cross the placenta and store in fetal
one, causing anatomic changes.201 The effects on human
etal bone development are unknown. The half-life of
lendronate is more than 10 years, and it accumulates in
one. The concern in giving this agent to a woman of
hild-bearing potential is that the drug is slowly released
rom bone and may result in a low level of continuous
xposure to the fetus throughout gestation. Risedronate
as a reported half-life of 20 days. However, an ongoing
tudy by the manufacturer suggests that the half-life may
e significantly longer. The long-term use of bisphos-
honates in women of child-bearing potential should be
one with caution and under the guidance of an endo-
rinologist or rheumatologist.

Immunomodulators

The immunomodulators are the most controver-
ial agents used in the treatment of the pregnant woman
ith IBD.

Methotrexate. Methotrexate, a pregnancy cate-
ory X drug, is clearly teratogenic and should not be
sed in women or men considering conception. Metho-
rexate is a folic acid antagonist, and use during the
ritical period of organogenesis (6–8 weeks postconcep-
ion) is associated with multiple congenital anomalies
ollectively called methotrexate embryopathy or the fetal

minopterin-methotrexate syndrome.2 The syndrome is m
haracterized by intrauterine growth retardation; de-
reased ossification of the calvarium; hypoplastic supraor-
ital ridges; small, low-set ears; micrognathia; limb ab-
ormalities; and sometimes mental retardation.202

xposure in the second and third trimesters may be
ssociated with fetal toxicity and mortality.2 Methotrex-
te may cause reversible oligospermia in men.203 There
re no case reports to date of resultant congenital anom-
lies in the offspring of men treated with methotrexate.
ethotrexate may persist in tissues for long periods, and

t is suggested that patients wait at least 3–6 months
rom the discontinuation of the drug before attempting
onception.

Methotrexate is excreted in breast milk and may ac-
umulate in neonatal tissues. The AAP classifies metho-
rexate as a cytotoxic drug with the potential to interfere
ith cellular metabolism.3 It is contraindicated in
reast-feeding.

Azathioprine/6-mercaptopurine. 6-Mercaptopu-
ine and its prodrug azathioprine are pregnancy category

drugs. Animal studies have demonstrated teratogenic-
ty with increased frequencies of cleft palate, open-eye,
nd skeletal anomalies seen in mice exposed to azathio-
rine and cleft palate, skeletal anomalies, and urogenital
nomalies seen in rats.204 Transplacental and transamni-
tic transmission of azathioprine and its metabolites
rom the mother to the fetus can occur.205 The oral
ioavailability of azathioprine (47%) and 6-mercaptopu-
ine (16%) is low,204 and the early fetal liver lacks the
nzyme inosinate pyrophosphorylase needed to convert
zathioprine to 6-mercaptopurine. Both features may
rotect the fetus from toxic drug exposure during the
rucial period of organogenesis. The largest evidence on
afety comes from transplantation studies where rates of
nomalies ranged from 0 to 11.8% and no evidence of
ecurrent patterns of congenital anomalies emerged.204 A
opulation-based cohort study from Denmark compared
1 women exposed to azathioprine or 6-mercaptopurine
ith the general population.206 The adjusted OR for

ongenital malformations was 6.7 (95% CI, 1.4–32.4).
owever, when a single severely ill patient with auto-

mmune hepatitis and multiple other medications was
emoved from the cohort, the OR was 3.4 (95% CI,
.4–27.3). In IBD, multiple case series have not noted an
ncrease in congenital anomalies.207–210 Based on the
arge experience in transplant recipients and the body of
vidence in IBD, the drugs are often continued during
regnancy to keep the mother in remission. A flare of
isease during pregnancy may be more deleterious to
eonatal outcome than any potential risk from the

edication.
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Studies are currently being performed on mercapto-
urine levels in breast milk. Given the potential for
evere toxicity in the breast-feeding infant, breast-feed-
ng is not recommended.2

Cyclosporine and tacrolimus. These agents are
overed in depth in the section on liver transplantation.

case report notes the successful use of cyclosporine in
27-week pregnant woman with fulminant ulcerative

olitis.211 In the setting of severe, corticosteroid-refrac-
ory ulcerative colitis, cyclosporine may be a better op-
ion than colectomy, which is associated with a 50%–
0% rate of fetal mortality.212 A single case report of a
atient with ulcerative colitis who had a successful preg-
ancy on maintenance tacrolimus was recently pub-
ished.213 No other data in IBD are published at this
ime.

Thalidomide. Thalidomide, a pregnancy category
drug, has some anti–tumor necrosis factor effects and

as been used successfully for the treatment of Crohn’s
isease.214 However, its teratogenicity has been exten-
ively documented and includes limb defects, central
ervous system effects, and abnormalities of the respira-
ory, cardiovascular, gastrointestinal, and genitourinary
ystem.2 Thalidomide is contraindicated during preg-
ancy and in women of childbearing age who are not
sing 2 reliable methods of contraception for 1 month
efore starting therapy, during therapy, and for 1 month
fter stopping therapy.215 There are no human data on
reast-feeding, but it is not advised given the potential
oxicity.

Biologic Therapy

Infliximab. Infliximab, a pregnancy category B
rug, is used for the management of Crohn’s disease216

nd ulcerative colitis.217 There is a growing body of
vidence that suggests infliximab is low risk in preg-
ancy. There were 4 early case reports in patients with
rohn’s disease. In one case,218 the mother received in-
iximab during the conception period and first trimester,
ad active disease throughout, and was also on azathio-
rine, metronidazole, and mesalamine. The pregnancy
nded in premature birth at 24 weeks and death of the
nfant 3 days later of intracerebral and intrapulmonary
leeding. In the 3 other cases, the pregnancy ended in a
ive birth; 2 infants were full-term and one was preterm
t 36 weeks, and the infants were healthy at last
ollow-up.219–221

The 2 largest studies are from the TREAT Registry222

nd the Infliximab Safety Database223 maintained by
entocor (Malvern, PA). The TREAT Registry is a pro-

pective registry of patients with Crohn’s disease. Pa-

ients may or may not be treated with infliximab. Of the A
807 patients enrolled, 66 pregnancies were reported, 36
ith prior infliximab exposure. Fetal malformations have
ot occurred in any of the pregnancies. The rates of
iscarriage (11.1% vs 7.1%; P � .53) and neonatal

omplications (8.3% vs 7.1%; P � .78) are not signifi-
antly different between infliximab-treated and inflix-
mab-naïve patients, respectively.

The Infliximab Safety Database is a retrospective data
ollection instrument. Pregnancy outcome data are avail-
ble for 96 women with direct exposure to infliximab.223

he 96 pregnancies resulted in 100 births. The expected
ersus observed outcomes among women exposed to
nfliximab were not different from those of the general
opulation. A series of 10 women with maintenance
nfliximab use throughout pregnancy was reported.224

ll 10 pregnancies ended in live births, with no reported
ongenital malformations.

Infliximab probably crosses the placenta. A recent case
eport225 noted higher than detectable infliximab levels
n an infant born to a mother on infliximab therapy every
weeks. The mother breast-fed and continued to receive

nfliximab but the infant’s infliximab level dropped over
months, suggesting placental rather than breast milk

ransfer. The effect of the high infliximab levels on the
nfant’s developing immune system is not known, al-
hough at 7 months the infant had appropriate responses
o vaccination.

It is not known whether infliximab is excreted in
uman milk or absorbed systemically after ingestion.
he only available study on infliximab in breast milk

ound that levels were either not present or were too low
o be detected in the single patient studied.226 Case
eports of women who breast-fed while on infliximab do
ot suggest toxicity,224,225 and it is probably compatible
ith breast-feeding.

Adalimumab. Adalimumab, a pregnancy cate-
ory B drug, has recently demonstrated safety and effi-
acy for induction of remission in Crohn’s disease.227

urrently the drug is FDA approved for the treatment of
heumatoid arthritis; however, it is being administered
ff-label to patients with Crohn’s disease who are intol-
rant of infliximab. A case report documents a successful
regnancy in a woman with long-standing Crohn’s dis-
ase who began treatment with adalimumab 1 month
efore conception and received a total of 38 doses during
er pregnancy.228

Fish Oil Supplements

Many patients with IBD use fish oil supplements
s an adjunct to standard medical therapy. Because this is
supplement and not a drug, it is not rated by the FDA.

randomized controlled trial of fish oil supplementation
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emonstrated a prolongation of pregnancy without det-
imental effects on the growth of the fetus or on the
ourse of labor.229 Fish oil supplementation may also play

role in preventing miscarriage associated with the
ntiphospholipid antibody syndrome.230 In women with
BD who may be at increased risk for preterm birth and
iscarriage, fish oil supplementation is not harmful and
ay be of some benefit.

Summary

The majority of the medications used in com-
only treated gastrointestinal and hepatological condi-

ions are relatively low risk for use during pregnancy and
actation. In all cases, the benefit of the drug for the
reatment of the underlying condition versus the poten-
ial toxicity to the infant needs to be carefully consid-
red. The mother should be informed of the available
ata, and the obstetrician and pediatrician, where indi-
ated, should be involved in the decision-making pro-
ess. When possible, a proactive approach should be
aken for pregnancy and childbearing because the best
utcomes will be when appropriate medications can be
topped before exposure in the first trimester when or-
anogenesis is occurring.

Future Directions

The ethical concerns regarding enrollment of
regnant women in clinical trials will always be
resent. Collaborative studies from multiple centers
nd population-based databases will continue to pro-
ide the best evidence and the means with which to
ollect safety data on pregnant patients. Clinicians
ho care for pregnant patients should be made aware
f local and national resources to report outcomes of
heir patients. Particularly, any patient who becomes
regnant on prescription medications and has an ad-
erse outcome should be reported to the manufacturer
f the drug and to the FDA’s Medwatch (http://
ww.fda.gov/medwatch). Teratogenic studies on lab-
ratory animals will continue to be important as new
edications become available. Finally, milk-based as-

ays for drug concentrations need to be developed to
etermine the true risk to the breast-feeding infant.
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