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Abstract The interaction of pregnancy and the rheumatic diseases varies, ranging from
life-threatening conditions such as thromboembolic events and progressive renal
disease in some autoimmune disorders, to minor flares of peripheral arthritis in
inflammatory rheumatic disease. As a consequence, treatment strategy will vary
according to the maternal or fetal compromise expected.

All nonsteroidal anti-inflammatory drugs (NSAIDs), including high dose as-
pirin (acetylsalicylic acid), can cause adverse effects during pregnancy related to
the inhibition of prostaglandin synthesis. Prolongation of gestation and labour,
constriction of the ductus arteriosus, persistent fetal circulation, impairment of
renal function and bleeding are risks of third trimester exposure of pregnant
women to all inhibitors of cyclo-oxygenase. Most of these adverse effects can be
prevented by discontinuing NSAIDs 8 weeks prior to delivery. Low dose aspirin
has not been associated with fetal or neonatal toxicity.

Some corticosteroids such as prednisone and prednisolone do not readily cross
the placenta and can be safely used during pregnancy as immunosuppressive
drugs. Maternal complications related to corticosteroids may occur and close
monitoring is therefore mandatory. There is limited information on the safety of
disease-modifying antirheumatic drugs including gold, antimalarials, penicillam-
ine (D-penicillamine), sulfasalazine and cyclosporin. Of these agents, sulfasalaz-
ine has the best record for tolerability and can be used by pregnant patients. Gold
compounds and penicillamine should be discontinued when pregnancy is
recognised. Hydroxychloroquine has not been associated with congenital malfor-
mations and seems preferable to chloroquine in patients requiring treatment with
antimalarials. Use of cyclosporin may be an alternative to other therapy in preg-
nant patients with severe rheumatic disease. Indications for treatment with col-
chicine during pregnancy are few, except for familial Mediterranean fever.

Azathioprine can be used when the maternal condition requires a cytotoxic
drug during the first trimester. Cyclophosphamide, chlorambucil and methotrex-
ate are contraindicated during pregnancy because of their teratogenic potential.
Their use may be considered in late pregnancy if the mother has a life-threatening
condition.

When women with inflammatory rheumatic dis-
ease become pregnant, management of peripheral
arthritis and systemic disease becomes a challenge
for the physician. The interaction of pregnancy and
rheumatic diseases varies, ranging from life-threat-
ening conditions such as thromboembolic events
and progressive renal disease in some autoimmune
disorders, to minor flares of peripheral arthritis
in inflammatory rheumatic disease. As a conse-
quence, treatment strategy will vary according to
the maternal or fetal compromise expected. In the
following text, the effect of pregnancy on the ac-

tivity of inflammatory rheumatic diseases is re-
viewed; however, the reader interested in detailed
surveys of pregnancy and the rheumatic diseases is
referred to specialist literature in this field.[1,2]

1. The Interaction of Pregnancy and
Rheumatic Disease

1.1 Rheumatoid Arthritis

About 75% of rheumatoid arthritis patients im-
prove during pregnancy.[3,4] The reduction of dis-
ease activity develops early and is apparent in
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about 70 to 75% of patients at the end of the first
trimester, whereas amelioration is delayed until the
second and third trimester in 25 to 30% of patients.
Complete remission of all signs and symptoms
leading to no need for medication has been de-
scribed in about 65% of pregnancies which show
improvement of disease activity.[3] Only about 20
to 30% of pregnant rheumatoid arthritis patients
will need medications to control flares of arthritis
or systemic disease.[4] Complications of pregnancy
such as pre-eclampsia or premature labour have
rarely been reported in rheumatoid arthritis.[3] As
a rule, the disease does not compromise fetal out-
come.[3,4]

1.2 Juvenile Chronic Arthritis and 
Adult Still’s Disease

Juvenile chronic arthritis, defined by a disease
onset before the age of 16, includes polyarticular,
pauciarticular and systemic subgroup involve-
ment. Complete remission of the signs and symp-
toms of juvenile chronic arthritis occurs in about
70% of the patients in early adulthood.[3] A small
study found no reactivation of quiescent juvenile
chronic arthritis by pregnancy.[5] Studying patients
with persisting active juvenile chronic arthritis
showed that improvement during pregnancy was
most often seen in patients in the polyarticular sub-
group, whereas it was less frequent in those with
pauciarticular involvement and rare in patients
with systemic juvenile chronic arthritis.[5] Compli-
cations of juvenile chronic arthritis requiring treat-
ment during pregnancy have included active ante-
rior uveitis, severe systemic disease and renal
amyloidosis. No increase in adverse pregnancy
outcomes has been reported.[5] The systemic form
of juvenile chronic arthritis may have its symptom
onset occur during adulthood. The few pregnancies
reported in patients with adult Still’s disease
showed no consistent pattern with regard to disease
activity. Acute flares occurred in several patients
requiring high doses of salicylates or prednisone.[3]

1.3 Spondylarthropathies

Rheumatoid factor negative arthritis associated
with the cell surface marker HLA-B27 with limited
internal organ involvement includes disorders such
as ankylosing spondylitis, psoriatic arthritis and
Reiter’s syndrome. Characteristics of ankylosing
spondylitis are involvement of the spine, the sacro-
iliac and the large proximal girdle joints. Prospec-
tive and retrospective studies have documented
that the signs and symptoms of ankylosing spon-
dylitis are largely unaltered by pregnancy.[1] Exac-
erbations of spinal symptoms or peripheral arthri-
tis are common around mid-gestation and may
require treatment with nonsteroidal anti-inflamma-
tory drugs (NSAIDs) in order to relieve pain and
stiffness.[6] Complications during pregnancy are
not increased in ankylosing spondylitis and fetal
outcome is not compromised.[7]

In the only small prospective study of pregnan-
cies in patients with psoriatic arthritis, improve-
ment during pregnancy occurred in 80% of pa-
tients; of those patients showing improvement,
complete resolution of all signs and symptoms oc-
curred in half of them.[8] Amelioration was noted
early in the first trimester and progressed during
the latter half of gestation. Skin disease tended to
subside during pregnancy.

Reactive arthritis following urogenital or gas-
trointestinal bacterial infections are not uncom-
mon during the reproductive years. However, there
have been no reports of pregnant patients with
these conditions. The concurrence of pregnancy
and inflammatory bowel disease is well recog-
nised, but to date, no systematic study of the course
of the associated arthritis has been performed in
pregnant patients.

1.4 Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) occurs
predominantly in women of childbearing ages.
Women with SLE frequently have symptoms of
their disease during pregnancy and can have active
disease post partum. The results of 6 recent studies
are split 50 : 50 in their outcomes for SLE preg-
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nancy: 3 support SLE flare during pregnancy,[9-11]

and 3 groups have indicated that SLE flare is not
increased in the setting of pregnancy.[12-14] Most
series agree that SLE symptoms can occur during
any trimester and post partum. Control of SLE
symptoms in pregnant patients with medication is
frequently needed prior to, during and after preg-
nancy.

Fetal outcome is adversely affected by maternal
SLE. Approximately 50% of pregnancies in
women with SLE result in a full term, healthy birth-
weight infant.[15] The adverse fetal outcomes in
maternal SLE include fetal death, preterm birth
(before 37 weeks gestation) and intrauterine
growth retardation.[15,16] Maternal renal disease or
hypertension, previous history of fetal death, or the
presence of antiphospholipid antibodies adversely
influence the risk of a poor fetal outcome in women
with SLE.[17] The manifestations of neonatal SLE
include transient rash within the newborn period,
permanent heart block, or both.[18]

1.5 Scleroderma

Scleroderma or systemic sclerosis is a rare con-
nective tissue disease with both inflammatory and
vascular changes in the skin and internal organs.
Early series described adverse maternal outcomes
in pregnant patients with scleroderma.[19] In a re-
cent comprehensive study, 69 patients with 133
pregnancies had no change in disease-related
symptoms in 88% of pregnancies, 5% had im-
provement and 7% had an exacerbation of their dis-
ease.[20]

Renal crisis usually occurs in the setting of new
onset disease or recent rapid progression of skin
disease. Renal crisis is rare in the setting of preg-
nancy, and progression of skin disease is uncom-
mon during pregnancy or post partum.

Women with scleroderma have an increased risk
of preterm and small for dates infants. These pa-
tients are considered at high risk and treatment is
directed at specific scleroderma-related symptoms.

Raynaud’s disease is treated conservatively
with avoidance of cold temperatures. Vasodilators
such as nifedipine have been used successfully dur-

ing pregnancy.[21] Gastroesophageal symptoms are
managed with usual anti-reflux measures.[19] ACE
inhibitors are contraindicated during pregnancy;
however, in the unusual circumstance of renal cri-
sis, their use may be considered life-saving for the
mother.[19] There are no treatment modalities pro-
ven to be effective in modifying the overall course
of the disease.

In the rare instance of early aggressive disease
during pregnancy, the use of penicillamine (D-
penicillamine), cytotoxic agents, or cyclosporin in
the pregnant patient must be weighed against the
risks to the fetus.[19]

1.6 Polymyositis and Dermatomyositis

Polymyositis is an inflammatory disease of un-
known aetiology which affects striated muscle,
while dermatomyositis includes both skin and
muscle involvement. There are little data on preg-
nant women with polymyositis and dermatomyos-
itis. The outcome for mother and fetus varies with
the time of disease onset.[22] If the mother develops
polymyositis or dermatomyositis during preg-
nancy or the puerperium, approximately 50% of
pregnancies may result in fetal or neonatal
death.[23] In contrast, most pregnancies in women
with established disease have resulted in live
births,[23-25] although most of these pregnancies
were complicated by intrauterine growth retarda-
tion and/or preterm delivery. In 6 women who de-
veloped polymyositis or dermatomyositis during
pregnancy or the puerperium, 3 of 6 (50%) had
pregnancies complicated by fetal loss or neonatal
death.[26] In 11 women with established disease, 12
of 15 pregnancies resulted in live births.[26] Of
these 11 live births only 1 pregnancy was compli-
cated by intrauterine growth retardation and 3
pregnancies were preterm.[24,25]

It is important to control disease prior to preg-
nancy and to control a disease flare if it occurs dur-
ing pregnancy.[22,25] Therefore, medication man-
agement throughout a women’s disease course is
important.
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1.7 Vasculitis

Vasculitis is a clinicopathological process char-
acterised by inflammation and necrosis of blood
vessels. The most common primary types of vas-
culitis are Wegener’s granulomatosis, polyarteritis
nodosa and Churg-Strauss vasculitis. There is lim-
ited information on pregnancy outcome and medi-
cation use in these patients because most of the
primary vasculitides occur in older individuals and
they are more common in men.

Maternal and fetal outcome was satisfactory in
patients with Wegener’s granulomatosis, polyarte-
ritis nodosa and Churg-Strauss vasculitis when dis-
ease was controlled.[27-29] However, it is important
to note that some of these women had disease onset
or symptom recurrence post partum. Pregnancy
may contribute to the appearance of disease for the
first time during pregnancy and also contribute to
disease flare during pregnancy or post partum.
Therefore, it is important to treat such patients ag-
gressively with immunosuppressive drugs during
and after pregnancy if disease is active.[23] The
practitioner also may want to have the patient con-
tinue medications during pregnancy if the risk of
disease activity persists during this time or if the
mother’s life is threatened.

1.8 Other Disorders

Behçet’s disease is a multisystem disorder char-
acterised by recurrent aphthous stomatitis, genital
ulcers, uveitis, cutaneous vasculitis, arthritis and
other manifestations. Disease onset during child-
bearing age is frequent.[30] Case reports and small
series have shown a variable course of Behçet’s
disease during pregnancy. A recent larger retro-
spective study reported that disease manifestations
of Behçet’s disease were not consistently worsened
by pregnancy and that fetal outcome was good.[31]

Gout and acute gouty arthritis are uncommon in
women in their reproductive years. In 6 case re-
ports describing pregnancies in women with gout,
acute gouty arthritis occurred in three.[32] Gouty
nephropathy was present in 2 pregnant patients and
required treatment. Attacks of pseudogout (chon-

drocalcinosis) have been reported in 4 pregnant
women occurring during the second and third tri-
mester of pregnancy.[33]

2. Data Collection

A comprehensive search of all biomedical liter-
ature from 1960 to 1997 was conducted using
Medline. Terms included in the search were the
rheumatic diseases discussed in this article and
pregnancy, each drug, teratogenicity and immuno-
suppression. The bibliographies provided in pre-
vious review articles were reviewed for further rel-
evant articles and included if appropriate. Since
there were few data on antirheumatic drugs in hu-
man pregnancy, we decided to include all relevant
publications if published in the following lan-
guages: English, French, German and Spanish.

3. Drug Treatment During Pregnancy

Virtually all drugs given to pregnant women
will be passed to the fetus. Factors involved in pla-
cental drug transfer have been reviewed else-
where.[34,35] Lipid-soluble nonionic small mole-
cules of 0.6 to 1kD will readily cross the placenta.
Only the unbound, nonionised fraction of a drug is
available for transplacental transfer. The placental
transfer rate is highly dependent on maternal and
fetal placental blood flow rates.[36] After transpla-
cental passage, drug equilibration with fetal tissues
occurs.[37] Both drug protein binding and hepatic
metabolism in the fetus differ from those in the
mother, and depend on the stage of fetal develop-
ment.

Placental transfer has been demonstrated for the
majority of the antirheumatic drugs. The fetal to
maternal drug concentration ratio varies greatly for
different drugs and can be found to be less than,
equal to, or can exceed maternal serum concentra-
tions. Critical factors for fetal exposure are dosage,
the type of the drug, duration of treatment and tim-
ing.[38] The first 12 and last 4 weeks of pregnancy
are particularly vulnerable periods of antenatal
drug exposure, the latter because of possible drug
effects on the neonate, and the former because of
early fetal development. Toxic effect of drugs
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given during fetal organogenesis will cause malfor-
mations (teratogenesis) while drugs given at the
later stages of fetal development can cause func-
tional abnormalities. Long term effects of antenatal
drug exposure are in general unknown.

Pharmaceutical companies usually recommend
patients take no antirheumatic drugs during preg-
nancy due to a lack of intensive investigation in
such women. To date, few controlled studies have
been conducted on the safety of most antirheumatic
drugs during pregnancy. In the absence of control-
led studies, reporting bias favours the reporting of
negative events, particularly in case reports and
small series.

4. Nonsteroidal Anti-Inflammatory Drugs

NSAIDs are the mainstay of antirheumatic ther-
apy. Pregnancy-related conditions such as prema-
ture labour, polyhydramnios and pregnancy-in-
duced hypertension have also been indications for
treatment with NSAIDs. With the exception of low
dose aspirin (acetylsalicylic acid) most of the cur-
rently available NSAIDs are nonselective inhibi-
tors of cyclo-oxygenase (COX) with an effect both
on the housekeeping COX 1 and on COX 2, which
is induced by inflammation.[39] Thus, nonselective
COX inhibitors inhibit not only inflammatory but
also gastric, platelet and renal prostaglandin pro-
duction.[39] It has to be pointed out that nearly all
reports on NSAIDs in human pregnancy covered
in this review relate to indications other than rheu-
matic disease for maternal treatment. Particular in-
dications such as tocolysis may exaggerate some
adverse effects of NSAIDs and possibly minimise
others which might occur when treating rheumatic
patients.

4.1 Animal Data

High, nonpharmacological doses of aspirin and
indomethacin have caused malformations in some
animal species.[40] For the other NSAIDs surveyed
in this review, no congenital abnormalities have
been observed in animals treated with pharmaco-
logical or higher doses.[40,41] Adverse fetal effects
such as premature closure of the ductus arteriosus

and prolongation of gestation and labour has been
observed following third trimester exposure to
NSAIDs.[42,43]

4.2 Aspirin (Acetylsalicylic Acid)

Aspirin is the drug most frequently ingested
during pregnancy worldwide. It has been estimated
that about 60% of pregnant women occasionally
take aspirin during pregnancy.[42]

Reports on exposure to high dosages of aspirin
(>1 g/day) for between 1 week through to daily use
throughout pregnancy comprise more than 16 000
pregnancies.[41] In 1975, Collins and Turner[44]

published their experience with 144 mother-child
pairs in which the mother ingested salicylates dur-
ing gestation. They found a significantly decreased
mean birthweight, as well as a 5-fold increase in
stillbirths compared with control participants. Sev-
eral studies found an association between aspirin
ingestion during pregnancy and fetal malforma-
tions.[42,45] A study published in 1985[46] reported
an association between first trimester use of aspirin
and congenital heart defects, but this was not sup-
ported by 2 other controlled studies which enrolled
>3000 infants.[42,47] Several case reports have de-
scribed fetal abnormalities including cerebral
haemorrhage, constricted ductus arteriosus, neona-
tal acidosis and neonatal salicylate toxicity occur-
ring in infants exposed to high doses of aspirin an-
tenatally.[40,42]

The Collaborative Perinatal Project in the US
studied 14 864 mothers-infant pairs prospec-
tively.[48] Heavy exposure to aspirin (more than 7
days in 1 month) during the first 4 months of preg-
nancy was reported in 5128 patients and interme-
diate exposure (less than 7 days in 1 month) was
reported in 9736 patients. The study failed to show
aspirin as a cause of stillbirth or reduced birth-
weight, and was there were no increases in the rate
of congenital malformations.[48] The Michigan
Medicaid Surveillance Study which investigated
first trimester exposure to aspirin in 1709 pregnan-
cies also failed to show an increase in congenital
abnormalities.[40]
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Effects of high dose aspirin given near term
have been investigated in several studies. Signifi-
cant prolongation of gestation and labour was
found in 103 pregnant women treated with more
than 3 g/day aspirin for rheumatoid arthritis during
the last 6 months of pregnancy.[49] Increased ma-
ternal blood loss at delivery was found, although
no neonatal bleeding was reported. However, high
dose aspirin given near to delivery has been shown
to cause bleeding tendencies and CNS haemor-
rhage in neonates.[50,51] Rumack[51] found that
among premature infants, 71% had signs of ven-
tricular haemorrhage compared with 44% of con-
trol infants not exposed to aspirin. Clotting abnor-
malities have been detected in newborns exposed
to a total of aspirin 325 to 650mg within 1 week
prior to delivery.[40,41] Clotting abnormalities in the
newborn have not been reported for low dose aspi-
rin (≤80 mg/day) even when given up to term.[42]

One small study found no effect of low dose aspirin
on neonatal platelet aggregation.[52] Two studies
have shown treatment with aspirin 40 to 80 mg/day
to selectively inhibit thromboxane, but not prosta-
cyclin production, in the mother.[53,54]

Several large studies have addressed the use of
low dose aspirin during gestation (<325 mg/day)
to prevent pregnancy-induced hypertension and
pre-eclampsia, and for fetal indications such as in-
trauterine growth retardation.[55,56] Low (10 mg/µl),
but not high (>10 mg/µg) doses of aspirin increase
the production of interleukin-3, a cytokine which
positively affects pregnancy and fetal develop-
ment.[57] More than 10 000 pregnancies exposed to
60 to 80 mg/day of aspirin during the second and
third trimester up to term have been reported with-
out any increase in maternal and fetal adverse ef-
fects.[55,56,58] Two follow-up studies comparing
2573 children exposed to aspirin 60 mg/day during
the second and third trimester of pregnancy with
2580 children not exposed revealed no significant
differences between the groups with respect to con-
genital malformations, development and health
status up to 18 months.[59,60] No adverse effect of
low dose aspirin on fetal renal function, the fetal
ductus or clotting ability of the newborn has been

demonstrated.[52] Doppler investigation of fetuses
aged 15 to 40 weeks exposed to aspirin 60 mg/day
during the second and third trimester did not reveal
any effect on the ductus arteriosus.[61]

4.3 Indomethacin

Prenatal transplacental transfer of indometha-
cin is unrelated to gestational age in the human
fetus.[62] In several retrospective and prospective
studies, short courses of 1 to 3 days with 100 to 400
mg/day of indomethacin, given to suppress prema-
ture labour, showed good maternal and fetal toler-
ance, with no increase in the risk of congenital mal-
formations, premature closure of the ductus
arteriosus, pulmonary hypertension, or renal im-
pairment of the neonate.[63-65] Adverse fetal effects
have been reported involving numerous case re-
ports and retrospective studies involving more than
1000 pregnancies.[40,66] Duration of therapy over 3
weeks and administration close to delivery ap-
peared to be major risk factors for neonatal com-
plications.[66]

Several studies using fetal echocardiography
have analysed the effect of indomethacin on the
constriction of the ductus arteriosus. Constriction
was related to gestational age, and the occurrence
of constriction was rare before week 27, and oc-
curred with an incidence of about 60% after week
30.[67] Constriction was independent of the fetal
serum concentration of indomethacin.[68] Constric-
tion resolved in all fetuses within 48 hours of stop-
ping indomethacin, and none of the neonates
showed persistent fetal circulation after deliv-
ery.[69] Pulmonary hypertension has been reported
in neonates exposed to indomethacin within 24
hours of delivery.[70-72] In several of these prema-
ture infants the complication proved fatal.[73]

A marked decline in fetal urine output has been
observed within 5 hours of indomethacin treatment
with oligohydramnios developing in 70 to 82% of
patients during the first week of treatment, but
oligohydramnios disappeared after discontinua-
tion of the drug.[74,75] Development of oligo-
hydramnios has been shown to be dose-depend-
ent.[76] One study found no impairment of renal
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function in offspring of 9 mothers treated with a
mean dosage of indomethacin 117 mg/day for an
average of 40 days.[77] Transient anuria,[78] but also
fatal persistent anuria in neonates exposed to indo-
methacin within the 24 hours after delivery, has
been reported.[79,80]

Other reported adverse effects after antenatal
exposure to indomethacin have included necrotis-
ing enterocolitis[81] and intracranial haemorrhage
in the neonate.[82] The latter finding contrasts with
data suggesting that indomethacin may protect
against neonatal intraventricular haemorrhage
when given postnatally.[83]

4.4 Sulindac

Sulindac is a prodrug which is reduced by he-
patic enzymes to the active sulfide metabolite.
Transplacental passage of sulindac, and to a lesser
degree its active sulfide metabolite, has been dem-
onstrated.[84] The ability to reduce sulindac to the
active sulfide is decreased in the human fetus.[84]

First trimester exposure did not result in an in-
creased malformation rate in 69 neonates.[40] When
comparing a dosage of sulindac 400 mg/day with
indomethacin 150 mg/day in 20 women treated 2
or 4 days for preterm labour, sulindac produced
significantly less fetal adverse effects and did not
produce complications in the neonates.[85,86] In a
placebo-controlled study, treatment with sulindac
200 mg/day in 34 women for 1 week did not pro-
duce fetal renal or cardiac adverse effects.[87] Treat-
ment with sulindac 400 mg/day for 4 to 8 weeks
reduced amniotic fluid volume in 3 sets of twins,
but did not affect the ductus arteriosus.[88] A case
report described localised ileal perforation in a pre-
mature infant exposed to dexamethasone and sul-
indac within the 24 hours before delivery.[89]

4.5 Naproxen

Transplacental passage of naproxen has been
documented.[90] Fetal serum concentrations were
found to reach maternal serum concentrations after
repeated dosages of naproxen 250mg every 8
hours. First trimester exposure to naproxen in 1448
pregnant patients studied[40] has not been found to

increase fetal malformation rate. Healthy children
were born to 23 women treated for arthritis with an
average dosage of naproxen 560 mg/day during the
first and second trimester of pregnancy.[6] Antena-
tal exposure to naproxen 750mg to 1g, and in 1
patient to 5g within the 48 hours before delivery
caused primary pulmonary hypertension, increased
blood clotting time, hyperbilirubinaemia and im-
paired renal function in 4 preterm infants.[91,92]

One infant died 4 days after birth and was found to
have a short constricted ductus arteriosus.

4.6 Ibuprofen

Data from the Michigan Medicaid Surveillance
Study, including 3178 first trimester exposures to
ibuprofen, indicated no teratogenicity of the
drug.[40] Ibuprofen, 1200 to 2400 mg/day, has been
used as a tocolytic agent in 115 human pregnan-
cies.[6,93] Mild constriction of the ductus arteriosus
was found in 4 of 61 fetuses exposed to ibuprofen,
but resolved after discontinuation of the drug.[94]

The same study did not detect oligohydramnios by
ultrasonography, whereas 2 other reports found a
decrease in amniotic fluid following tocolytic ther-
apy with 1200 to 2400 mg/day.[75,95] Amniotic fluid
volume normalised after discontinuation of the
drug.

4.7 Ketoprofen

No increase in the fetal malformation rate has
been observed after first trimester exposure to
ketoprofen in 112 pregnancies.[40] Daily doses of
ketoprofen 200 to 300mg administered for 3 to 8
days to prevent preterm labour in 270 pregnancies
did not produce maternal or fetal adverse ef-
fects.[96-98] Several case reports and small series
have described toxicity due to antenatal exposure
to ketoprofen. Of 48 prematurely delivered infants,
20 had renal insufficiency, 6 had pulmonary hyper-
tension, and 5 infants died.[79,98-100] A selective ac-
cumulation of the pharmacologically active en-
antiomer of ketoprofen was demonstrated in 6
premature neonates with renal insufficiency. They
were the children of mothers treated with keto-
profen 100 to 200 mg/day for preterm labour.[101]
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4.8 Diclofenac

Studies in pregnant mice and rats have shown
that diclofenac and its metabolites cross the pla-
centa.[102] Antenatal exposure of mature rat fetuses
to diclofenac caused constriction of the ductus ar-
teriosus in a dose-dependent fashion.[43] Adminis-
tration of diclofenac during the last trimester of
pregnancy caused pulmonary hypertension in 1 pa-
tient.[103] In another study, 9 patients with prema-
ture labour were treated with diclofenac 75 to 150
mg/day for 3 to 45 days without any fetal or neo-
natal adverse effects observed.[104]

4.9 Piroxicam

First trimester exposure to piroxicam in 161
pregnancies did not increase the fetal malforma-
tion rate in the Michigan Medicaid Surveillance
Study.[40] No harmful effect on mother or neonate
was reported in 6 pregnancies treated with dosages
of piroxicam 20 mg/day during the first or second
trimester.[6] One case report described renal mal-
development and oligohydramnios in an infant ex-
posed to piroxicam around mid-gestation.[105]

However, no details on dose or duration of treat-
ment were provided.

In conclusion, the occurrence of adverse events
related to gestational use of NSAIDs in humans has
been investigated in depth only for aspirin and in-
domethacin. Experience is limited for most other
NSAIDs. However, the NSAIDs discussed in this
review have shared at least 1 of the adverse fetal
effects described for indomethacin. It has to be sus-
pected that all NSAIDs which are inhibitors of
prostaglandin synthesis can cause adverse effects
during pregnancy. The dose, duration and period of
gestation are important determinants of these ef-
fects.

Constriction of the fetal ductus arteriosus which
may result in primary pulmonary hypertension in
the newborn is a risk. Maternal consumption of
NSAIDs and aspirin has been shown to increase by
a factor of 5 to 6 the risk of pulmonary hyperten-
sion.[106] Most studies of NSAIDs used as tocolyt-
ics have indicated that the fetus is relatively resis-

tant to premature closure of the ductus before week
32 of gestation. It is not clear if this also applies for
NSAID effects on fetal renal function. High dose
aspirin and indomethacin, which have the most ex-
tensive record of adverse effects, are less fre-
quently used to treat rheumatic disorders than the
newer NSAIDs,[107] and should truly be avoided
during pregnancy. However, it is unknown whether
more selective COX 2 inhibitors such as salicylate,
meloxicam and nimesulide have less fetal effects.
A case report of a woman treated with nimesulide
200 mg/day from gestational week 16 to 36 showed
no adverse effect on the fetal ductus arteriosus.[108]

Many of the serious adverse effects reported in
newborns after intrauterine exposure to NSAIDs
have occurred in infants delivered preterm and ex-
posed to the drug near delivery as a result of at-
tempted tocolysis. It is important to bear in mind
that prematurity and low birthweight are associ-
ated with complications such as intracranial haem-
orrhage,[42] respiratory distress syndrome,[109] and
necrotising colitis[110] whether or not the infant has
been exposed to a NSAIDs.

Complications such as persistent fetal circula-
tion, impaired renal function and haemorrhage in
neonates, as well as prolongation of gestation and
labour and maternal bleeding, can be prevented by
discontinuation of the NSAIDs 6 to 8 weeks prior
to delivery. One study has found this a safe ap-
proach in pregnant, rheumatic patients in need of
NSAIDs treatment.[6]

5. Corticosteroids

Corticosteroids are frequently used during
pregnancy. The dose, frequency of administration
and route of administration of corticosteroids var-
ies with the severity and type of clinical manifes-
tation of the particular maternal disease to be
treated. Transplacental passage varies between dif-
ferent corticosteroids but is limited for prednisone
and prednisolone which are most frequently used
during pregnancy.[111] High doses of corticoste-
roids consistently cause cleft palate in rodents and
rabbits.[112-114] If mice are only exposed to cortico-
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steroids during the latter part of gestation, they
have reduced birthweight, but not cleft palate.[115]

5.1 Human Studies

There are many reports describing successful
pregnancies among women exposed to corticoste-
roids before and throughout pregnancy.[116] In early
studies, there were isolated reports of 2 infants with
cleft palate and 1 infant with adrenal cortical fail-
ure out of 260 exposed pregnancies.[117-119] In more
recent studies, cleft palate defects were not noted
in human fetuses exposed to corticosteroids in
utero.[120] Clinical observations have suggested an
increased incidence of low birthweight among off-
spring exposed to corticosteroids in utero,[10,16] but
concurrent medications and the underlying mater-
nal disease may also contribute to intrauterine
growth retardation. Maternal use of corticosteroids
may also be associated with preterm delivery.[121]

Cataracts are observed in adults receiving cortico-
steroids and congenital subcapsular cataracts have
been noted in an infant exposed to prednisone
throughout pregnancy.[122]

Lymphopenia and reduced immunoglobulin
concentrations are rarely observed in infants ex-
posed to corticosteroids and azathioprine.[123] Im-
munosuppression lasting 15 weeks after birth was
noted in 1 infant exposed to high doses of pre-
dnisone and azathioprine in utero.[124] Perinatal in-
fections, fortunately, are not a frequent complica-
tion in infants exposed to corticosteroids in
utero.[125]

In conclusion, some corticosteroids such as pre-
dnisone and prednisolone, do not readily cross the
placenta. At low dosages they can be safely used as
anti-inflammatory agents in arthritis or as immu-
nosuppressive drugs at high doses in pregnant pa-
tients with severe systemic disease. Other cortico-
steroids, e.g. dexamethasone and betamethasone,
cross the placenta and are reserved for special fetal
indications. One example of a fetal indication for
corticosteroid use is to hasten fetal lung maturity
for imminent delivery of a preterm infant.

The available data support the use of corticoste-
roids in pregnant women with rheumatic dis-

eases.[126,127] However, maternal complications re-
lated to corticosteroid use may occur, and it is nec-
essary to monitor for the following toxicities asso-
ciated with corticosteroids: (i) cataracts; (ii)
infection; (iii) avascular necrosis of bone; (iv) os-
teopenia; (v) glucose intolerance; (vi) hyperten-
sion; (vii) premature rupture of membranes; and,
(viii) pre-eclampsia. Calcium and vitamin D sup-
plementation should be considered in these pa-
tients. In addition, treatment for hyperglycaemia
and hypertension is indicated.

6. Disease-Modifying 
Antirheumatic Drugs

6.1 Gold Compounds

Sodium aurothiomalate, aurothioglucose and
auranofin (oral gold) are used for the treatment of
rheumatoid arthritis, psoriatic arthritis and juvenile
chronic arthritis. The transplacental passage of
gold has been studied in rats and rabbits, and con-
genital anomalies have been detected in rat fe-
tuses.[128,129] Gold has been detected in the pla-
centa, the liver and the kidney of human fetuses
exposed to gold in utero.[130,131] Cord serum con-
centrations equalled maternal serum concentra-
tions in a neonate born to a mother treated with
sodium aurothiomalate 100mg monthly through-
out pregnancy.[132]

Uneventful pregnancies concluding in the deliv-
ery of healthy children have been reported in
women receiving gold therapy.[133] Except for 2
children with hip abnormalities, no congenital mal-
formations were observed in 102 children born to
patients who had terminated gold therapy in early
to mid-pregnancy, or in the children of 26 patients
treated with gold throughout pregnancy.[134] One
case of multiple fetal malformations in a mother
who received sodium aurothiomalate 20 mg/week
during the first 20 weeks of pregnancy has been
reported, but a relation to gold therapy has been
disputed.[135] To date, little is known about the ef-
fect of auranofin on the human fetus. Six women
who received auranofin while pregnant delivered
healthy children.[136]
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In conclusion, information on the safety of gold
during pregnancy is insufficient.[137] Most rheuma-
tologists would hesitate to start injectable gold dur-
ing pregnancy whereas continuation of therapy, at
least in patients on monthly injections, is advo-
cated by some. Gibbons[138] has suggested a re-
starting of sodium aurothiomalate in late preg-
nancy in order to suppress the common postpartum
flare of rheumatoid arthritis, but documentation on
the efficacy of this regimen is lacking.[138] Because
of the lack of human data, statements on peroral
gold cannot be made. Auranofin has immunosup-
pressive-like properties and contains triethylphos-
phine.[139] It seems wise to stop therapy when preg-
nancy is diagnosed and not to start auranofin
during gestation.

6.2 Antimalarial Drugs

Antimalarial drugs containing 4-aminoquinol-
ine compounds are used to treat rheumatoid arthri-
tis, SLE (particularly when associated with anti-
phospholipid antibodies), and discoid SLE.
Chloroquine, the drug of choice for the prophy-
laxis of sensitive malaria species, has been studied
for its safety during pregnancy. Chloroquine
crosses the placenta and accumulates preferen-
tially in melanin-containing structures in the fetal
uveal tract and inner ear.[140,141] Abnormalities of
the eye have been detected in rat fetuses exposed
to chloroquine antenatally.[142]

A cohort study comparing 169 pregnancies ex-
posed to chloroquine 300 mg/week throughout
gestation for malaria prophylaxis, to 450 pregnan-
cies not exposed found no difference in rates of
congenital malformations between groups.[143] In
the rheumatic literature, 93 pregnancies exposed to
chloroquine or hydroxychloroquine during the
first trimester were located. No congenital malfor-
mation were reported in children of 37 pregnant
patients treated with chloroquine 250 mg/day and
56 pregnant patients treated with hydroxychloro-
quine 200 to 400 mg/day.[144-148] No congenital
malformations were reported in children exposed
antenatally to standard doses of antimalari-
als.[149,150]  Negative experiences in 2 reports were

related to women treated with higher than the rec-
ommended doses of chloroquine throughout preg-
nancy. Malformations of the inner ear and other
abnormalities were reported after intrauterine ex-
posure to chloroquine 500 mg/day in 3 siblings
born of a mother with SLE.[151] In another report,
a woman had taken chloroquine 200 to 300 mg/day
over 3 years and throughout 2 pregnancies for ma-
laria prophylaxis. Her 2 children had retinal degen-
eration.[152]

In conclusion, although antimalarials have been
used safely in pregnant patients without producing
congenital abnormalities,[153] their long elimina-
tion half-life and their tendency to accumulate in
certain tissues including the retina, restricts their
gestational use. Documentation of the safety of
chloroquine and hydroxychloroquine throughout
pregnancy is currently limited. Since discontinua-
tion of antimalarials in pregnant SLE patients may
precipitate a flare with harmful consequences for
mother and child,[154] it seems reasonable to con-
tinue antimalarials in SLE pregnancies.[146]

Hydroxychloroquine in dosages of ≤6.5 mg/kg/body-
weight has not been associated with fetal toxicity
and seems preferable to chloroquine.[150]

6.3 Penicillamine

Penicillamine is used as a second line drug in
the treatment of several inflammatory rheumatic
diseases including rheumatoid arthritis, juvenile
chronic arthritis, psoriatic arthritis and sclero-
derma. Experience from its use in human preg-
nancy relates mainly to treatment of pregnant
women with Wilson’s disease, cystinuria and rheu-
matoid arthritis.[155] In rats, hamsters and mice,
high doses of penicillamine given during gestation
caused a variety of malformations including loose
skin.[156]

Transplacental passage of penicillamine was
documented by the detection of the drug in the
urine of a neonate whose mother had been treated
for cystinuria with penicillamine 1.2 mg/day
throughout pregnancy.[157] Reports on about 100
pregnancies treated with penicillamine for Wil-
son’s disease, cystinuria, or rheumatoid arthritis
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for 1 to 9 months and in dosages varying from 0.5
to 2.25 g/day have been located.[40,155,158] Five in-
fants with congenital collagen defects after antena-
tal exposure to penicillamine have been re-
ported.[159-163] Two of the neonates had generalised
abnormalities of connective tissue and died of sep-
sis.[159,160] In other infants the cutis laxa observed
at birth was transient.[162,163] By contrast, no abnor-
malities were detected in 51 children born of 28
mothers with Wilson’s disease[164-166] and 7 with
cystinuria treated with penicillamine 0.5 to 2
g/day.[40,167] In a further report on 19 pregnant
rheumatoid arthritis patients treated with peni-
cillamine, the only congenital abnormality ob-
served was a ventricular septum defect.[168]

In conclusion, the use of penicillamine is crucial
for a successful outcome of pregnancy in patients
with Wilson’s disease. In these patients, the benefit
of continued treatment seems to outweigh the small
risk of teratogenicity associated with gestational
use of penicillamine. According to the literature
about 5% of children exposed to penicillamine an-
tenatally will have a congenital collagen defect.
This risk may not be acceptable to a woman with
inflammatory rheumatic disease where the benefit
of continued treatment is less obvious and other
treatment modalities exist.[137] As a consequence,
penicillamine should be stopped before a patient
with rheumatic disease tries to conceive, or it
should be withdrawn immediately when pregnancy
is diagnosed.[169]

6.4 Sulfasalazine

Reports regarding the use of sulfasalazine dur-
ing and after pregnancy originate exclusively from
experience in patients with inflammatory bowel
disease. Animal studies in fetal rats and rabbits ex-
posed to doses of sulfasalazine up to 6 times the
human dose have not shown an increase in congen-
ital anomalies.[170]

Sulfasalazine and its principle metabolites cross
the placenta[171] and achieve fetal blood concentra-
tions close to maternal concentrations.[172] How-
ever, the bilirubin-displacing ability of sulfasalaz-

ine and its metabolites has been demonstrated to be
small.[173]

More than 1300 pregnancies in patients with ul-
cerative colitis and nearly 800 patients with
Crohn’s disease treated either with sulfasalazine
alone or in combination with corticosteroids at
some time during pregnancy have been report-
ed.[40] No increase in birth defects, pathological
jaundice, or small for gestational age babies was
detected. Two studies examining the effect of sulfa-
salazine and corticosteroids on fetal outcome in
pregnant women with inflammatory bowel disease
did not disclose an increase in adverse pregnancy
outcome in the infants exposed antenatally to sul-
fasalazine and corticosteroids compared with in-
fants not exposed.[174,175]

There have been isolated reports on children
born with congenital malformations to mothers
treated with sulfasalazine during pregnancy.[176,177]

However, a causal relationship to the drug treat-
ment was not established. A questionnaire-based
study including 639 women and 472 men with in-
flammatory bowel disease found a significant cor-
relation between congenital abnormalities and use
of sulfasalazine both in male and female pa-
tients.[178] The study gave no details regarding sul-
fasalazine treatment and stage of pregnancy, cumu-
lative dose or additional medications used during
gestation. One case report described reversible,
profound neutropenia in a premature infant whose
mother was treated with sulfasalazine 3 g/day for
Crohn’s disease during pregnancy.[179]

In conclusion, previous reviews have regarded
the gestational use of sulfasalazine as accept-
able.[180] There is a theoretical risk of kernicterus
when sulfasalazine is taken near term; however,
severe neonatal jaundice has not been reported fol-
lowing maternal treatment.[40] The bilirubin-dis-
placing ability of sulfasalazine and its metabolites
has been demonstrated to be small.[181] Further-
more, bilirubin binds to different serum protein re-
ceptors than sulfasalazine.[181] Thus, sulfasalazine
may be continued throughout pregnancy when
strictly indicated, preferable at a dosage <3 g/day.
There is no evidence supported by the literature to
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discontinue the drug near term. Sulfasalazine may
induce folate deficiency and folic acid supplemen-
tation is therefore recommended in pregnant pa-
tients treated with the drug.[182]

6.5 Cyclosporin

Cyclosporin is used primarily as an immuno-
suppressive drug to prevent rejection of organ
transplantation.[183] The efficacy of cyclosporin
has been demonstrated in patients with rheumatoid
arthritis[184,185] and SLE[186] whose conditions have
not responded to conventional therapy. When
cyclosporin was administered at 10 mg/kg/day to
pregnant rats throughout gestation, the drug was
not toxic to the exposed fetuses. However, it was
embryotoxic at dosages of 25 to 100 mg/kg/
day.[187]

Cyclosporin crosses the placenta, but the con-
centration of drug in the newborn falls rapidly to
zero within a few days.[188-190] Renal and liver
function were normal in 166 exposed infants in 159
women, and the majority of these mothers were
treated to prevent allograft rejection with both
cyclosporin and corticosteroids.[191] Growth retar-
dation and prematurity developed in 40% of the
neonates and minor laboratory abnormalities in-
cluding thrombocytopenia, leucopenia, hypo-
glycaemia and mild disseminated intravascular co-
agulation, were observed in several babies. Other
series of transplant recipients have also noted
lower birthweight,[192] increased risk of spontane-
ous abortion,[193] and preterm labour.[194] One ne-
onate exposed to cyclosporin in utero died at age 3
days. On postmortem examination, the corpus
callosum was absent. Additional problems noted in
individual neonates exposed to cyclosporin in
utero were a hydrocele, bilateral cataracts, mild
hypoparathyroidism and hypoplasia of the bones,
muscles and subcutaneous tissue of the right leg
and foot.[40,195,196] Three patients with SLE nephri-
tis treated with cyclosporin during pregnancy had
no significant disease flares, no drug toxicity and
their pregnancies resulted in live births.[197,198]

There is limited experience with long term fol-
low-up of children exposed to cyclosporin in utero.

In several studies, physical and mental develop-
ment were normal in 10 children followed from 1
to 13 months.[190,199] In 1 follow-up study (mean
39 months), 22 infants had normal renal function
after exposure to cyclosporin in utero.[200]

In conclusion, cyclosporin is not an animal te-
ratogen and the few available human pregnancies
indicate that it is unlikely to be a human teratogen.
No consistent pattern of congenital defects have
been seen in the few newborns with anomalies. Use
of cyclosporin may be an alternative to other ther-
apy in the setting of severe disease in the pregnant
patient with rheumatic disease. The long term ef-
fects of cyclosporin exposure in utero are un-
known.

7. Colchicine

Colchicine is used for the treatment of gout and
familial Mediterranean fever. Colchicine has been
found to be teratogenic in mice and rabbits.[201]

The transplacental passage of colchicine has been
described.[202] Several case reports and a retrospec-
tive series of 36 pregnancies described the use of
colchicine during the first trimester.[203] No con-
genital malformations occurred in the newborns. A
large study of 225 pregnancies in patients with fa-
milial Mediterranean fever included 91 patients
treated with colchicine throughout pregnancy, 40
patients treated during the first trimester and 94
untreated control participants.[204] There was no in-
crease in the rate of congenital malformations, and
no growth or developmental disturbances were
noted in the children who were followed up for
more than 10 years. No chromosomal aberrations
were found in the offspring of 11 patients treated
for familial Mediterranean fever during preg-
nancy.[205]

8. Cytotoxic Drugs

8.1 Azathioprine and Mercaptopurine

Azathioprine is an immunosuppressant drug
that is usually used in conjunction with other im-
munosuppressant drugs to treat rheumatic diseases
and vasculitis or to prevent organ rejection. Aza-
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thioprine has caused skeletal defects and impaired
fetal growth in rodents[206,207] and multiple anom-
alies in rabbit fetuses exposed during gestation.[208]

 Azathioprine readily crosses the placenta and,
as expected, only trace amounts of its active meta-
bolite, mercaptopurine, have been found in fetal
blood.[209] The fetal liver lacks the enzyme, inosin-
ate pyrophosphorylase, which converts azathio-
prine to its active metabolites.

Azathioprine has not been associated with con-
genital defects in humans; however, sporadic
anomalies have been reported. No definitive asso-
ciation between the drug and the observed anoma-
lies has been firmly established. Azathioprine has
been used extensively during pregnancy in women
who require this drug to maintain a renal allo-
graft.[210,211] No predominant or frequent birth de-
fects were found. Azathioprine has also been used
to treat active disease or maintain remissions in
patients with SLE.[212,213]

Forty percent of patients with renal transplants
requiring treatment during pregnancy with azathi-
oprine and corticosteroids were noted to have in-
fants with intrauterine growth retardation even
though the patients had normal renal function dur-
ing the pregnancy.[214,215] In contrast, the authors
of the latter study were unable to assess the indi-
vidual contribution of each drug, or of the mother’s
underlying disease, to the observed decrease in fe-
tal growth. Monitoring for adequate fetal growth
and the status of maternal disease in these high risk
mothers is strongly recommended.

In conclusion, patients with renal transplants or
SLE who were treated during pregnancy with aza-
thioprine and corticosteroids have had successful
pregnancies.[216] Although increases in the rates of
birth defects, miscarriages and stillbirths have not
been established in association with this drug, the
number of reported patients with adequate follow-
up may not be sufficient to detect a small increase
in these rates or to detect late-occurring abnormal-
ities. Neonatal immunosuppression[217] and cyto-
megalovirus infection[218] have been noted in ex-
posed infants.

8.2 Chlorambucil

Chlorambucil is an alkylating agent that is most
frequently used as an antineoplastic agent. Chlor-
ambucil has been used to treat patients with rheu-
matoid arthritis, juvenile chronic arthritis, derma-
tomyositis, scleroderma, SLE and Behçet’s
syndrome. Chlorambucil is mutagenic and carcino-
genic.[219-221] Agenesis of the left kidney and ureter
has been noted in rats exposed to chlorambucil in
utero.[222] In addition, tail and limb abnormalities
have been observed in mice and rats exposed to this
drug.[223]

The use of chlorambucil during pregnancy has
resulted in both healthy and deformed infants.[224-227]

Two reports have documented unilateral agenesis
of the left kidney and ureter in male fetuses after
first trimester exposure to the drug.[225,226] A full
term infant exposed to chlorambucil during the
tenth week of gestation died at 3 days of age of
multiple cardiovascular anomalies.[228] Using the
available data from 6 exposed fetuses, the esti-
mated risk of congenital malformations during ex-
posure to chlorambucil in utero was 33% (95%
confidence interval 6.8 to 96.4).[227] A recently re-
ported retrospective study of 57 juvenile arthritis
patients with reactive amyloidosis who were
treated with chlorambucil showed that women
treated with chlorambucil previously can have suc-
cessful pregnancies.[229]

In conclusion, chlorambucil exposure during
the first trimester may cause renal anomalies in the
fetus. The teratogenic effect of the drug is enhanced
by caffeine.[137] Alternative immunosuppressive
drugs are recommended if the patient requires
treatment during pregnancy.

8.3 Cyclophosphamide

Cyclophosphamide is an alkylating agent and is
used in the rheumatic diseases for severe cases of
vasculitis, SLE, juvenile chronic arthritis and rheu-
matoid arthritis. Cyclophosphamide is adminis-
tered orally or intravenously. This agent produces
birth defects in all animal species tested. Some
teratogenic effects consistently observed in ani-
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mals are facial clefts and limb reduction de-
fects,[230-232] and exposures later in gestation in-
duced craniofacial dysmorphisms.[233]

Both healthy and malformed newborns have
been reported following the use of cyclophosph-
amide during pregnancy.[234,235] It is important to
note that the observations on the risk of malforma-
tions in infants exposed to cyclophosphamide in
utero are in mothers with cancer who were also
treated with additional therapies such as radiation
or other antineoplastic drugs. Five women with
SLE received cyclophosphamide during 6 preg-
nancies. In the first instance, the mother received
20 mg/day of prednisone throughout her preg-
nancy and 2 intravenous doses of 200mg each be-
tween 15 and 46 days’ gestation. Multiple congen-
ital anomalies were reported in this infant.[235] The
outcome of the other 5 pregnancies included 2 mis-
carriages, 1 elective termination of pregnancy, 1
infant with shortness of the arms and legs, and 1
healthy child.[236,237]

The congenital defects observed in the exposed
infants of mothers with cancer or SLE include fa-
cial anomalies (flattened nasal bridge, palate de-
fects, dysmorphic facies, bilateral blepharophimo-
sis with left microphthalmos, abnormally shaped
low-set ears and borderline microcephaly), skin
and musculoskeletal anomalies (skin tag, 4 toes on
each foot, hypoplastic middle phalanx on the fifth
finger, haemangioma, bilaterally absent thumbs,
dystrophic nails and hypotonia), visceral organ
anomalies (imperforate anus, rectovaginal fistula
and single coronary artery), growth retardation and
possible developmental delay at 10 months of
age.[227,238-243] The risk of congenital malforma-
tions from cyclophosphamide exposure has been
estimated at between 16 to 22%.[227,236]

Fetal exposure to cyclophosphamide in the sec-
ond and third trimesters is not as devastating as
exposure during the first trimester, but pancytope-
nia has been observed in those neonates exposed
during the latter part of gestation.[236] Treatment
with a combination of cyclophosphamide and cor-
ticosteroids in the second and third trimester in pa-
tients with vasculitis[244,245] and Henoch-Schön-

lein purpura resulted in healthy infants without any
haematological abnormalities.[246] The long term
effects of in utero exposure to cyclophosphamide
are unknown. There is 1 case report of a male twin
who developed thyroid papillary cancer at age 11
and neuroblastoma at age 14. His twin did not de-
velop cancer.[247]

In conclusion, cyclophosphamide is contraindi-
cated during pregnancy; however, its use may be
considered in the latter stages of pregnancy if the
mother has a life-threatening illness.

8.4 Methotrexate

Methotrexate is a folic acid antagonist which
impairs dihydrofolate reductase and interferes with
production of purines. Methotrexate has been used
for psoriasis, rheumatoid arthritis, and in some pa-
tients with SLE, juvenile chronic arthritis, poly-
myositis and vasculitis. Folic acid 1 mg/day is rec-
ommended to avoid folate depletion. Intrauterine
exposure to methotrexate is associated with birth
defects in chicks,[248] mice[249] and rats,[250] but not
in rabbits[251] or monkeys.[252] The congenital
anomalies observed in animals exposed to metho-
trexate in utero often involve the CNS and the pal-
ate.[253]

Experience with methotrexate in human preg-
nancy has been derived from patients treated for
cancer or when methotrexate was used to terminate
a pregnancy. Toxicity to fetal tissues has been dem-
onstrated when this drug has been used to termi-
nate ectopic pregnancies.[254] Three infants ex-
posed during the first trimester to methotrexate in
utero had multiple cranial anomalies.[40] In 7 pa-
tients, methotrexate was given during late preg-
nancy; 6 healthy children were born and 1 child
had pancytopenia. There is a small case series of
10 pregnancies in 8 patients with rheumatoid ar-
thritis who were receiving low dose methotrexate
during the first trimester of pregnancy.[255] Two
elective and 3 spontaneous abortions occurred.
Five full term children were born without malfor-
mations and no long term problems were identified
(mean follow-up 11.5 years). A recent report de-
scribed an infant with multiple congenital abnor-
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malities who was exposed to approximately 100mg
of methotrexate in total during the first 8 weeks of
gestation in a mother with juvenile chronic arthri-
tis.[256] The abnormalities were consistent with
those reported as part of the ‘aminopterin syn-
drome’. Another report described a healthy infant
born after first trimester exposure to weekly low
doses of methotrexate in a mother with psoriatic
arthritis.[257]

No increased risk of congenital malformations
have been noted in infants of women treated with
methotrexate prior to conception[258] with the ex-
ception of a rare pulmonary disorder, desquamat-
ing fibrosing alveolitis, which occurred in 2 off-
spring of 1 mother.[259] In the first infant, the
mother discontinued methotrexate 2 months prior
to conception and the second infant born 3 years
later also had the same disorder. However, a third
child born 4 years after the drug was stopped de-
veloped normally. The relationship between this
congenital anomaly in 2 of 3 siblings and the ma-
ternal use of methotrexate is unclear. Four healthy
pregnancies (including 1 set of twins) in 3 other
women have been reported following recent termi-
nation of methotrexate treatment.[257,260-262]

Severe myelosuppression has been reported in
2 infants after methotrexate and other neoplastic
agents were used during pregnancy.[40] Low birth-
weight may also be associated with the drug, but
the contribution of concurrent medications and the
underlying maternal disease may contribute to this
problem.

In conclusion, methotrexate is contraindicated
during pregnancy. There is a risk of congenital mal-
formations even when low dose methotrexate is
used in the treatment of rheumatic diseases. Preg-
nancy should be avoided if either partner is receiv-
ing the drug.[137] Male patients should wait a min-
imum of 3 months and female patients at least 1
ovulatory cycle after discontinuation of therapy be-
fore attempting conception.[263] Folic acid supple-
mentation must be given during the preconception
period because folate deficiency has been associ-
ated with neural tube defects.[264] Folic acid sup-

plementation should continue until after the preg-
nancy is completed.

9. Conclusions

None of the drugs surveyed can be regarded as
absolutely safe during pregnancy. Even a drug with
no recorded adverse effects during pregnancy does
not mean that that drug will be safe for all fetuses.
Adverse drug effects during pregnancy may occur
only in a few of the exposed individuals and depend
on largely unknown fetal and maternal factors. To
detect rare adverse effects would require large pro-
spective, controlled studies which are difficult to
perform in pregnant patients, particularly in those
with rare disorders.

The decision to treat must involve an assess-
ment of the known risks of the underlying disease
on maternal and fetal outcome versus the risks and
benefits of the drug in question. In conditions with
life-threatening complications such as serious
cases of SLE, antiphospholipid syndrome, sclero-
derma, polymyositis and dermatomyositis, the use
of medication in pregnant patients can hardly be
disputed. The benefit of drug treatment has also
been shown by improving pregnancy outcome in
diseases such as SLE, antiphospholipid syndrome
and familial Mediterranean fever. In more benign
disorders such as rheumatoid arthritis, ankylosing
spondylitis, psoriatic arthritis and juvenile chronic
arthritis, only drugs with a favourable history of
use in pregnant patients should be used when nec-
essary. In any case, the risks and benefits of medi-
cation should be explained to the patient and she
should be actively involved in therapeutic deci-
sions.
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