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Abstract Successful pregnancy outcomes are possible after all types of solid organ
transplantation and thousands of successful pregnancies in such women have
been reported. As immunosuppressive medications are required to maintain ad-
equate graft and maternal survival, major concerns are the effect of these agents
on the fetus and the effect of pregnancy on the well being of mother and graft,
against a background of continuing advances and modifications in immunosup-
pressive therapy.

Women should avoid unnecessary medications during pregnancy but clini-
cians worry most about teratogens; agents (environmental, pharmaceuticals or
other chemicals) that cause abnormal development, whether this be an overt
structural birth defect or more subtle derangements of embryonic or fetal devel-
opment. A concern is that any agent or combination of agents and maternal con-
dition(s) may be teratogenic, a risk that is increased in the transplant population.
The goal of immunosuppression is to ensure graft and patient survival by pre-
venting acute rejection. Combinations of agents allow for synergistic effects
while minimising drug toxicities. No specific combination has been deemed op-
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timal and the effects of more recently available combinations require further
study.

Although there are known theoretical risks to mother and fetus, successful
pregnancies are now the rule in transplant recipients. This is without an apparent
increase in the type or incidence of malformations in the newborns, and usually
with no evidence of graft dysfunction and/or irreversible deterioration either
related to prepregnancy graft problems or unpredictable gestational factors.

For immunosuppression, what is best for the mother and her survival should
ensure the best outcome for the fetus and, although no specific malformation
pattern has been reported to date, there are some interesting trends worthy of
continued analyses. A balance of good maternal and graft outcome with the lowest
risk of fetal toxicity must be the goal of management.

1. Background

The first known posttransplant pregnancy was
in 1958 (but not reported until 1963), in a patient
who had received a kidney from her identical twin
and delivered a healthy baby boy by caesarean sec-
tion.[1] In 1976, a detailed case report presented a
management scheme for a renal recipient during
pregnancy. The recipient took prednisone and aza-
thioprine, had labour induced at 36 weeks, and a
healthy baby boy in the twenty-fifth percentile was
delivered. No neonatal resuscitation was required
and no malformations occurred. The patient main-
tained stable graft function.[2] This case report
emphasised the importance of close follow-up of
these patients as well as the need for accepted pro-
tocols to aid collation of the experiences of indi-
vidual institutions, thus contributing to a better un-
derstanding of the issues involved with pregnancy
in this population. This pregnancy did not appear
to have an adverse effect on transplant function and
fetal well being, but the question was raised as to
whether the pregnancy might have had subtle ef-
fects on transplant function or on the newborn.

This case report and a survey of literature at that
time derived a set of criteria for counselling female
renal transplant recipients contemplating preg-
nancy which included: (i) good general health for
at least 2 years since transplantation; (ii) stature
compatible with good obstetric outcome; (iii) no
proteinuria; (iv) no significant hypertension; (v) no
evidence of renal rejection; (vi) no evidence of
pelvicalyceal distention on a recent excretory uro-
gram; (vii) plasma creatinine level of 2 mg/dl (180

mmol/L) or less; and (viii) drug therapy using pred-
nisone ≤15 mg/day and azathioprine ≤3 mg/kg/
day.[2]

Beginning in the early 1960s, immunosuppres-
sive regimens were based on azathioprine and pred-
nisone until the early 1980s, when cyclosporin be-
came the mainstay of immunosuppressive therapy
in combination with azathioprine and prednisone
or prednisone alone. Approximately a decade later,
tacrolimus was introduced. Tacrolimus and cyclo-
sporin are both calcineurin inhibitors and are not
used together. In the mid-1990s, mycophenolate
mofetil (MMF) was introduced, which belongs to
the anti-metabolite class of immunosuppressives,
and this agent largely replaced azathioprine.[3] Re-
cently, sirolimus has been introduced, an agent
with yet a different mechanism of action and
which, importantly, is not nephrotoxic like calcin-
eurin inhibitors, although can potentiate their nephro-
toxic effect.[4,5] Combinations of these agents in-
crease options for tailoring immunosuppressive
regimens to lower toxicities and improve graft sur-
vival.

Immunosuppressive regimens generally fall
into three categories: (i) induction regimens are
used in the first weeks post-transplant and use bi-
ological agents including anti-lymphocyte sera
(polyclonal or monoclonal antibodies) or interleu-
kin(IL)-2 receptor blockade; (ii) antirejection
regimens treat episodes of rejection using high dos-
age, short-term treatment, typically with cortico-
steroids or anti-lymphocyte sera; and finally (iii)
maintenance regimens provide long-term immu-

2362 Armenti et al.

 Adis International Limited. All rights reserved. Drugs 2002; 62 (16)



nosuppression with the goal of preventing acute
rejection episodes, typically initiated soon after
transplantation. With maintenance regimens, drug
dosages are lowered over the first year of trans-
plant to a baseline level. Most pregnant transplant
recipients will be taking maintenance immunosup-
pressive therapy.

In 1991 the National Transplantation Preg-
nancy Registry (NTPR) was established at Thomas
Jefferson University to study the safety of preg-
nancies in both female transplant recipients who
become pregnant as well as male transplant recip-
ients who father pregnancies. Entries to the regis-
try to date in female recipients are summarised in
table I. In 1997, the National Transplant Database
Pregnancy Register was initiated to evaluate preg-
nancy outcomes in female transplant recipients in
the UK.[6]

In the following sections, we briefly review the
current agents with regard to their mechanisms and
teratogenic risk, and examine pregnancy outcomes
as well as the issue of the potential adverse effects
of pregnancy on graft function. Analyses of data
from reproductive studies of immunosuppressive
regimens, from the Registries and from the litera-
ture, yield conclusions that impact on decisions
about immunosuppression during pregnancy.

2. Commonly Used Immunosuppressive
Agents and Teratology Concepts

Approximately 3 to 5% of the children born in
the US manifest developmental defects and these
birth defects can be attributed to a variety of

causes. A majority are classified as having an un-
known aetiology and it is estimated that only be-
tween 2 to 3% of these defects are classified as
teratogen-induced malformations, considered to
be the result of environmental or drug exposures
during pregnancy.[7] One of the principles of tera-
tology is that the susceptibility to teratogenesis de-
pends on the genotype of the conceptus and the
manner in which it interacts with the environ-
ment.[8] Thus, in the transplant population with
multiple aetiologies of the original organ failure
and multiple medication exposures, which include
immunosuppressive agents, susceptibility will vary
from patient to patient. Given the background in-
cidence of malformations in the general popula-
tion, assessing the incidence of malformations in
the transplant population is fraught with difficulty.
To date, case reports and registries have not ob-
served a specific pattern or an increase in the inci-
dence of malformations.

The US Food and Drug Administration (FDA)
categorises drugs for pregnancy safety as: A, con-
trolled studies, no risk; B, no evidence of risk in
humans; C, risks cannot be ruled out; D, positive
evidence of risk; and X, contraindicated. Most
agents fall into category C where risks and benefits
have to be weighed. Summaries of immunosup-
pressive agents and pregnancy information are
listed in table II.[9]

2.1 Corticosteroids

Corticosteroids have broad anti-inflammatory
and immunosuppressive effects, and are part of

Table I. Pregnancies in female transplant recipients from the National Transplantation Pregnancy Registry (NTPR) 2001

Organ Recipients Pregnancies Outcomesa

Kidney 655 1003 1031

Liver 94 162 163

Liver-kidney 3 4 5

Pancreas-kidney 31 45 47

Heart 28 49 49

Heart-lung 3 3 3

Lung 12 13 13

Total 826 1279 1311

a Includes twins and triplets.
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virtually all immunosuppressive regimens. Corti-
costeroid-associated adverse effects are numerous,
including diabetes mellitus, aseptic necrosis of joints
and peptic ulcer disease. Thus, steroid withdrawal
as well as steroid avoidance attempts continue. An
extensive survey of the literature analysed 468 cor-
tisone-exposed, non-transplant gravidas and noted
an overall fetal malformation rate of 3.5%, no
greater than the general population.[10] Corticoste-
roids are of interest in animal studies, especially in
mice, where they reproducibly cause cleft pal-
ate.[11] Corticosteroids have been implicated in in-
creasing the risk of premature rupture of mem-
branes[12] and causing adrenal insufficiency in
newborns. Prednisone or prednisolone are used
orally for maintenance therapy, and methylpred-
nisolone is the intravenous form of the drug used
for induction or treatment of rejection. They are
classified as Category B agents and low terato-
genic risk.[13]

2.2 Azathioprine

The introduction of azathioprine together with
prednisone in 1962 created the reality of successful
clinical kidney allograft transplantation and it still
has some use today. Azathioprine is an inhibitor of
purine metabolism and after absorption is rapidly
converted in the liver into a number of metabolites.
Its active metabolite, 6-mercaptopurine, has been
found in cord blood.[14] Saarikoski and Seppala[15]

suggested that the embryo might be protected
against the effects of azathioprine because it lacked
the enzyme inosinate pyrophosphorylase which
converts 6-mercaptopurine to components that act
on DNA in dividing cells. Before the introduction
of cyclosporin, azathioprine was a primary drug
used at dosages in the range of 1.5 to 3 mg/kg/day
in conjunction with prednisone. Now, azathioprine
is an adjunctive drug used at dosages of 0.5 to 1.5

Table II. Immunosuppressive drugs commonly used in transplantation[9]

Drug Usual oral dosage range
(mg/kg/day)

Animal reproductive
data?

Published
pregnancy clinical
outcomes?

FDA Pregnancy
category

Corticosteroids

prednisone, prednisolone 5-20 mg/d Yes Yesa B

methylprednisolone 500-1000 mg/d (antirejection) Yes Yesa B

Azathioprine 0.5-1.5 Yes Yesa D

Cyclosporinb 3-10 Yes Yesa C

Cyclosporin capsules USP (modified)c 3-10 Yes Noa C

Tacrolimus 0.05-0.2 Yes Yesa C

Mycophenolate mofetil 2-3 g/d Yes Yesa,d C

Muromonab-CD3 (OKT-3) 2.5-10 mg/d IV No Yesa.d C

Antithymocyte globulin (Atgam®, ATG)e 15-30 mg/kg IV No Yesd C

Antithymocyte globulin
(Thymoglobulin®)e

1.0-1.5mg IV No Noa C

Sirolimus 2-5 mg/d Yes Noa C

Basiliximab 20 mg/d IV Yes No B

Daclizumab 1 mg/kg IV No No C

a Registry data.

b Novartis formulations.

c Generic microemulsion formulation of cyclosporin.

d Case reports only.

e The use of trade names is for identification purposes only and does not imply endorsement.

B = no evidence of risk in humans; C = risk cannot be ruled out; D = positive evidence of risk; FDA = US Food and Drug Administration; IV
= intravenous.
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mg/kg/day in combination with cyclosporin or
tacrolimus ± prednisone.

While the teratogenicity of azathioprine has
been noted in animal studies with embryonic re-
sorption and/or fetal anomalies, clinical data so far
have indicated only a small teratogenic risk, yet it
is listed as a Category D agent.[13] In literature re-
views, documented problems in the newborn in-
clude thymic atrophy, leukopenia, anaemia, throm-
bocytopenia, chromosome aberrations and reduced
immunoglobulin levels along with infections and
sepsis. Preterm delivery and intrauterine growth
restriction have been noted but without any pre-
dominant structural malformation pattern.[16-19] In
a case report in a kidney transplant recipient main-
tained on azathioprine and prednisone, chromo-
somal damage was noted in the newborn peripheral
blood lymphocytes, which disappeared months later
and of note, there were similar chromosomal aber-
rations in the mother herself.[20] Azathioprine use
has decreased markedly with the availability of
newer agents.

2.3 Cyclosporin

Cyclosporin, introduced in the early 1980s, rap-
idly became the mainstay of immunosuppression.
This cyclic-11 amino acid peptide inhibits calci-
neurin, and thus blocks the transcription of cytok-
ine genes necessary for T-cell activation and pro-
liferation. The usual dosage range of cyclosporin
is 3 to 10 mg/kg/day and in contrast to corticoste-
roids and azathioprine, is monitored by measuring
blood concentrations, usually the trough concen-
tration. Some data suggest that C2 monitoring (2
hour post dose cyclosporin concentrations) is su-
perior to following trough concentrations.[21] Tox-
icities include nephrotoxicity, hypertension, tremor,
hypertrichosis and hyperlipidaemia. As cyclo-
sporin only affects lymphocytes without de-
pressing bone marrow or leucocyte counts, it is
associated with a lower risk of infection than cor-
ticosteroids or azathioprine.[22-24]

Fetal toxicities and abnormalities in animal
studies were noted at dosages higher than those in
clinical use.[25,26] When first introduced, early re-

ports raised concerns about the safety of its use in
pregnancy.[27] Subsequently, clinical data have not
indicated an increased incidence of congenital
malformations and, in reviews of the literature, the
consensus is that the magnitude of teratogenic risk
for malformations is minimal, although with a
moderate risk for fetal growth restriction.[13]

Cyclosporin is lipophilic with variable bio-
availability. A microemulsion formulation (Neo-
ral®)1 was approved in 1995, which has decreased
intra-patient and inter-patient variability and,
therefore, provides more predictable pharmacoki-
netics.[28,29] There are now generic versions of this
formulation available.

Cyclosporin is a Category C agent. It is also
worth keeping in mind that most of the outcome
data available include cyclosporin used together
with azathioprine and prednisone.

2.4 Tacrolimus

Tacrolimus is a macrolide antibiotic approved
in the US in 1995, which is a more potent
calcineurin inhibitor than cyclosporin. Common
adverse effects are nephrotoxicity, hypertension,
neurotoxicity and diabetes mellitus.[30] As with
cyclosporin, tacrolimus use in animal pregnancy
studies revealed fetal resorptions at doses higher
than expected in clinical use, whereas in the lower
dosage group (0.16 mg/kg/day) fetuses that sur-
vived appeared no different than controls.[31]

When compared with cyclosporin, a lower inci-
dence of hypertension has been highlighted as po-
tentially beneficial in pregnancy management,[32]

as well as a lower incidence of hyperlipidaemia.[33]

However, a higher incidence of diabetes and tran-
sient perinatal hyperkalaemia in the newborn has
been noted.[32] Tacrolimus, like cyclosporin, is a
Category C agent and, like cyclosporin, dosages
are adjusted based on blood concentrations.

1 The use of trade names is for product identification pur-
poses only and does not imply endorsement.
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2.5 Mycophenolate Mofetil

MMF, a category C agent, is a prodrug that
undergoes hepatic ester hydrolysis to form the ac-
tive metabolite mycophenolic acid, a reversible in-
hibitor of inosine monophosphate dehydrogenase,
which blocks de novo purine synthesis on which
lymphocytes are dependent. The toxicities of
MMF are primarily gastrointestinal adverse effects
and leukopenia. MMF was approved for use in the
US in 1995 and is typically used in combination
with a calcineurin inhibitor ± corticosteroids. The
oral dosage range in adults is 2 to 3 g/day and blood
measurements are not widely available.[34]

With regard to pregnancy safety, and in contrast
to the calcineurin inhibitors, teratogenic risks are
of concern based on the interpretation of reproduc-
tive toxicity studies in animals. Rats and rabbits
exhibited developmental toxicity, malformations,
intrauterine death or intrauterine growth retarda-
tion at doses which appear to be within recom-
mended clinical doses based on body surface
area.[35] Thus, there appears to be a possibility of
increased risk in humans because there is no safety
margin based on the animal studies. Data are ac-
cruing on the long-term benefits of this agent, so
that one must weigh the potential risk of rejection
and graft loss with discontinuation/switch against
the potential risk for teratogenicity. MMF has, to a
large extent, replaced azathioprine.

2.6 Sirolimus

Sirolimus, a category C agent, approved in the
US in 1999, is a macrolide antibiotic with a novel
mechanism of action. It has no effect on calci-
neurin activity but inhibits cytokine driven T-cell
proliferation, thus preventing the progression from
the G1 to the S-phase of the cell cycle. This is at
least two steps later in the cell activation/prolifer-
ation cascade than the calcineurin-dependent
steps. In initial trials, sirolimus in combination
with cyclosporin and prednisone provided en-
hanced immunosuppression and reduced acute re-
jection episodes.[4] Recommended dose adminis-
tration for renal recipients is 2 mg/day for adults,

adjusted for trough concentration. Decreased fetal
weights and delayed ossification of skeletal struc-
tures were reported in animal studies, but no tera-
togenicity was noted. When administered in com-
bination with cyclosporin to pregnant animals,
there was increased fetal mortality, increased num-
bers of resorptions and decreased numbers of live
fetuses, suggesting increased toxicity in conjunc-
tion with calcineurin inhibition.[36] Definitive clin-
ical pregnancy outcome data are not yet available.

2.7 Other Agents

The agents listed in this section can be used
transiently for ‘rescue situations’, such as the treat-
ment of rejection, but have only a minor role with
regard to pregnancy. Muromonab-CD3 (OKT-3),
a category C agent, is a murine monoclonal IgG2A

antibody that binds to the CD3 antigen on human
T cells, causing CD3+ cells to disappear from the
peripheral circulation. It is used for induction or
antirejection regimens.[9] No animal reproductive
studies have been conducted. This is also the case
for both antithymocyte globulin (polyclonal anti-
human thymocyte sera produced from horses or
rabbits)[9] and daclizumab, a humanised IgG1 mono-
clonal antibody directed against the IL-2 mem-
brane receptor.[35] Basiliximab, another IL-2 re-
ceptor antagonist, is a chimeric murine-human
monoclonal antibody. Basiliximab and daclizumab
are both produced by recombinant DNA technol-
ogy and are only used as induction agents. In re-
productive studies with basiliximab (Category B),
no maternal toxicity, embryotoxicity or teratoge-
nicity was observed in monkeys during the organ-
ogenesis period, even when blood concentrations
were several times higher than those seen in hu-
mans.[37] However, IgG is known to cross the hu-
man placenta[38] and animal studies are not always
predictive of human response.[39]

3. Pregnancy Outcomes

Is it reasonable to expect favourable pregnancy
outcomes in this high-risk population given the
myriad of comorbid conditions and immunosup-
pressive exposures? Surveys of the literature from
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the azathioprine era in the 1970s and 1980s attest
to thousands of successful post-transplant preg-
nancies. However, there was a spontaneous abor-
tion rate of approximately 14%, with therapeutic
terminations performed in a further 20% of con-
ceptions. Of those conceptions that continued be-
yond the first trimester more than 90% were suc-
cessful. For most women, renal function appeared
to be augmented during pregnancy, but some de-
gree of permanent impairment was apparent in
approximately 15%, whilst in others there was ev-
idence of transient deterioration, with or without
proteinuria. Hypertension appeared to complicate
approximately 30% of these pregnancies, with pre-
term delivery in approximately 45 to 60% and fetal
growth restriction in about 20%. Caesarean sec-
tions were recommended for obstetric reasons only
and neonatal complications included the sequelae
of prematurity, including respiratory distress syn-
drome, as well as infection, but no predominant or
frequent developmental anomalies.[40]

With the establishment of the NTPR in 1991
and the accumulation of cyclosporin data, analyses
comparing cyclosporin-treated recipients with
azathioprine-treated recipients could be conducted.
These revealed a higher incidence of hypertension
in the cyclosporin-treated recipients with lower
mean birth weights (2407g with cyclosporin ver-
sus 2684g with azathioprine [non-cyclosporin])
and lower gestational ages (cyclosporin 35.6
weeks versus azathioprine [non-cyclosporin] 36.2
weeks), but again no predominant pattern of con-
genital malformations. Hypertension, shorter trans-
plant to conception intervals and higher prepregn-
ancy recipient creatinine levels were among the
factors associated with lower birth weights. From
a multivariate analysis, hypertension was the most
significant of the pre- and peripartum pregnancy
factors associated with lower birth weight in the
newborns. [41]

3.1 Pregnancies with Calcineurin Inhibitors

Two extensive analyses of the two primary im-
munosuppressives, cyclosporin and tacrolimus,
were recently published.[42,43] In the meta-analysis

of cyclosporin-treated offspring from the Mother-
isk Program in Toronto, Ontario, Canada, the over-
all prevalence of malformations in the study pop-
ulation was 4.1% (14 out of 339 births), which was
not felt to vary significantly from the general pop-
ulation.[42] The overall incidence of structural mal-
formations in a recent analysis of NTPR cyclo-
sporin-treated kidney and liver recipients (425
liveborn) was also in the 3 to 5% range with no
predominant pattern of structural malformations.
No structural malformations were noted in new-
borns of pancreas-kidney (21 liveborn), heart (27
liveborn) or lung recipients (3 liveborn).[44]

In 100 pregnancies analysed in 84 women
treated with tacrolimus (83 transplant patients and
one autoimmune disease), the women were grouped
as follows: 66% liver, 27% kidney, 4% heart, 1%
each kidney-pancreas, pancreas alone and lung.
There were 71 pregnancies that progressed to de-
livery, 68 known to have resulted in live births. Of
this group, 4 of the 71 (5.6%) had evidence of a
structural malformation but, again, no specific pat-
tern was evident.[43] In each of these reports there
is some overlap with registry data. Table III com-
pares registry reports with other reports in the lit-
erature.[32,45-48] Prematurity is a common outcome
and newborn complications are generally more se-
vere the shorter the gestation. Within each recipi-
ent group, a percentage experience graft dysfunc-
tion or graft loss (table IV, table V and table VI).

3.2 Safety of Pregnancy

One has to consider at the least the following
two issues in evaluating pregnancies in the trans-
plant population. Firstly, does pregnancy in and of
itself adversely affect graft function? Secondly, is
immunosuppression necessary during pregnancy
to maintain graft function? We know that there is
a relationship between immunity and pregnancy.
For example, disorders associated with autoanti-
body production such as systemic lupus erythema-
tosus may worsen during pregnancy, especially if
active at conception, whereas other conditions
such as rheumatoid arthritis may improve.[50,51] In
patients with agammaglobulinaemia, the fetal im-
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Table III. Comparison of pregnancy data reports in the literature and from the National Transplantation Pregnancy Registry (NTPR). Adapted from Armenti VT et al.[45]

Report Recipients/
pregnancies

Immunosuppression Pre-eclampsia
(%)

Liveborn
(%)

Mean GA
(wks)

Mean BW
(g)

Newborn
complications
(%)

Neonatal
deaths
(%)

Graft dysfunction/
rejection during
pregnancy (%)

Recipient
graft loss
(%)

Kidney

Toma et al.[46] 189/194 Cyclosporin-based 52%
AZA-based 38%
Tacro-based 0.5%
Not reported 10%

24 82 35.7 2360 3a 1.4 19 13

NTPR[41] 115/154 Cyclosporin-based 25 69 35.6 2407 22 0.9 15 8b

146/238 AZA-based 92%
Steroid only 8%

21 83 36.2 2684 30 2.4 6 4b

Heart

Branch et al.[47]c 35/47 Cyclosporin-based 20 74 37 2543 20 0 24 26

Liver

Jain et al.[32] 21/27 Tacrolimus-based 4 100d 36.6e 2638e 11 7 11 10

NTPR 15/21 Tacrolimus-based 5 76 37.4 3069 38 0 14 0b

NTPR 14/18 Cyclosporin-basedf 24 72 36.9 2565 23 0 6 6b

Pancreas-Kidney

Barrou et al.[48] 17/19 Cyclosporin-based NR 100d 35 2150 11 0 0 12g

NTPR 18/23 Cyclosporin-based 25 87 34.8 2041 35 0 8.7 11b,h

Lung

NTPR 6/6 Cyclosporin-based 5
Tacrolimus-based 1

0 50 32.8 2202 67 0 33 17b

a Newborn malformations.

b Graft loss within 2 years of delivery.

c International review including NTPR data.

d Only livebirths reported.

e Neonatal deaths excluded from analysis.

f Microemulsion formulation - Novartis.

g One kidney and one pancreas loss in two different recipients.

h One kidney and one pancreas/kidney loss in two different recipients.

AZA = azathioprine; BW = birthweight; GA = gestational age; NR = not reported.



mune system develops independently of the moth-
er’s, and infants born to mothers with this condi-
tion have normal immunological maturation, de-
spite the lack of circulating maternal antibodies.[52]

Case control studies that compared transplant
recipients who became pregnant to those recipients
who did not strongly suggest that pregnancy in and
of itself did not cause serious deterioration in graft
function in the presence of stable prepregnancy
graft function and, at worst, there might be a minor
deleterious effect.[53-56] In contrast, one study has
suggested that pregnancy had an adverse effect on
graft function but the control group had 100% graft

survival.[57] From NTPR data, female kidney re-
cipients have mean postpartum serum creatinine
levels slightly higher overall than mean prepreg-
nancy levels, even when patients with rejection
during pregnancy are excluded.[49] Pregnancy may
deleteriously affect graft function unpredictably
but is more likely to have an impact in the setting
of prepregnancy graft dysfunction. This is illus-
trated by an NTPR analysis where it was noted that
a group of cyclosporin-treated renal recipients
with a high mean serum creatinine level prepreg-
nancy (≥2.5 mg/dl) were three times more likely to
experience graft loss postpartum than those recip-

Table IV. Pregnancy outcomes in female kidney recipients from the National Transplantation Pregnancy Registry (reproduced from Armenti
VT et al.[44] with permission)

Parameter Cyclosporina Microemulsion
formulation cyclosporinb

Tacrolimusc

Maternal factors (% pregnancies)
Transplant to conception interval 3.3y 4.9y 2.2y

Hypertension during pregnancy (%) 63 73 47

Diabetes during pregnancy (%) 12 7 13

Infection during pregnancy (%) 23 24 35

Rejection episode during pregnancy (%) 4 2 14

Pre-eclampsia (%) 30 23 37

Mean serum creatinine (mg/dl)

before pregnancy 1.4 1.3 1.3

during pregnancy 1.4 1.4 1.8

after pregnancy 1.6 1.5 1.7

Graft loss within 2y of delivery (%) 9 3 17

Outcomes (n)d (487) (113) (39)
Therapeutic abortions (%) 8 2 3

Spontaneous abortions (%) 12 18 21

Ectopic (%) 1 0 0

Stillborn (%) 3 1 3

Livebirths (%) 76 80 74

Livebirths (n) (369) (90) (29)
Mean gestational age (wks) 36 36 34

Mean birthweight (g) 2493 2416 2104

Premature (% <37 wks) 52 56 57

Low birthweight (% <2500g) 45 54 66

Caesarean section (%) 52 43 56

Newborn complications (%) 40 50 52

Neonatal deaths, no. (%) [within 30 days of birth] 3 (1) 0 1 (3)

a Novartis formulation (320 recipients, 478 pregnancies).

b Novartis formulation (83 recipients, 108 pregnancies).

c Tacrolimus (30 recipients, 38 pregnancies).

d Includes twins, triplets.
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ients with a mean serum creatinine level of <1.5
mg/dl.[58] Similarly, data from the UK National
Register also identified lower prepregnancy serum
creatinine levels as a favourable predictor for preg-
nancy outcome.[59] The presence of chronic rejec-
tion prepregnancy has been identified as a risk for
pregnancy-related graft deterioration.[60]

Conclusions have been drawn largely from
analyses of the renal population and to some de-
gree extrapolated to other organ recipients. Al-
though the numbers of pregnancies in non-renal
recipients are accruing but do not yet allow the
same detailed evaluation, some conclusions can
still be drawn. The importance of adequate stable
graft function is illustrated in an NTPR study that

compared the outcomes of pregnancies in female
liver recipients with biopsy proven rejection versus
pregnancies with no rejection episodes. From 119
pregnancies in 72 female liver recipients with 91
livebirths, biopsy proven rejection occurred in ten
recipients (11 pregnancies), treated with methyl-
prednisolone (n = 8), muromomab-CD3 (n = 1),
anti-lymphocyte serum (n = 1) and corticosteroids
with an increase in tacrolimus (n = 1). Birthweights
were lower in the newborn of the rejection group
compared with the no rejection group (2807g vs
1946g, p = 0.006). Also of note, biopsy proven
rejection occurred within the first 3 months post-
partum in 11 female recipients, of whom 45% had
rejection during pregnancy, underscoring the poorer

Table V. Pregnancy outcomes in liver recipients from the National Transplantation Pregnancy Registry (reproduced from Armenti VT et al.[44]

with permission)a

Parameter Cyclosporinb Microemulsion
formulation cyclosporinc

Tacrolimusd

Maternal factors (% pregnancies)
Transplant to conception interval (y) 3.4 6.1 2.8

Hypertension during pregnancy (%) 41 40 28

Diabetes during pregnancy (%) 2 0 16

Infection during pregnancy (%) 33 36 10

Rejection episode during pregnancy (%) 14 8 6

Pre-eclampsia (%) 26 32 11

Graft loss within 2y of delivery (%) 9 11 0

Outcomes (n)e (92) (26) (32)
Therapeutic abortions (%) 10 0 0

Spontaneous abortion (%) 13 27 25

Ectopic (%) 0 0 0

Stillbirth (%) 3 0 3

Live births (%) 74 73 72

Live births (n) (68) (19) (23)
Mean gestational age (wks) 37 38 37

Premature (% <37 wks) 37 26 39

Mean birthweight (g) 2686 2715 2827

Low birthweight (% <2500g) 32 37 26

Caesarean section (%) 43 21 35

Newborn complications (%) 25 26 30

Neonatal deaths (% within 30 days of birth) 0 0 0

a Eight recipients had subsequent pregnancies on different regimens.

b Novartis formulation (58 recipients, 91 pregnancies).

c Novartis formulation (19 recipients, 26 pregnancies).

d Tacrolimus (21 recipients, 32 pregnancies).

e Includes twins.
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newborn and maternal outcomes in the setting of
rejection.[49] In addition, in an analysis of registry
data, liver recipients with recurrent hepatitis C ap-
peared to be at risk for peripartum graft dysfunc-
tion with subsequent pregnancies.[61]

Two groups of pancreas-kidney recipients, with
and without postpartum graft loss were analysed.
Significant differences between the groups were
found in mean serum creatinine levels, both during

pregnancy (graft loss 2.23 mg/dl versus no graft
loss 1.49 mg/dl; p = 0.013) and postpartum (graft
loss 2.51 mg/dl versus no graft loss 1.53 mg/dl; p
= 0.013), and in rejection episodes during preg-
nancy (graft loss three of eight versus no graft loss
0 of 28; p = 0.008).[62]

If pregnancy in transplant recipients is not con-
traindicated then the goal must be to maintain sta-
ble graft function throughout pregnancy. As noted

Table VI. Pregnancy outcomes in female recipients of organs other than kidney or liver from the National Transplantation Pregnancy Registry.
Adapted from Armenti VT et al.[49]

Parameter Pancreas/kidney
(27 recipients)

Heart
(24 recipients)

Lung
(10 recipients)

Maternal factors (% pregnancies)
Hypertension during pregnancy (%) 82 47 64
Diabetes during pregnancy (%) 0 2 18
Graft dysfunction during pregnancy (%) 18
Infection during pregnancy (%) 58 14 18
Rejection episode during pregnancy (%) 9 24 36
Pre-eclampsia (%) 48 10 0
Graft loss within 2y of delivery (%) 19 0 30

Outcomes (n)a (37) (43) (11)
Therapeutic abortions (%) 8 12 36
Spontaneous abortion (%) 8 21 9
Ectopic (%) 3 2 0
Stillbirth (%) 0 0 0
Live births (%) 81 65 55

Live births (n) (30) (28) (6)
Gestational age (wks; mean) 34 37 34
Birthweight (g; mean) 2075 2703 2149
Premature (% <37 wks) 80 43 67
Low birthweight (% <2500g) 67 36 67
Caesarean section (%) 57 29 50
Newborn complications (%) 57 29 83
Neonatal deaths (% within 30 days of birth) 3b 0 0

Immunosuppression during pregnancyc

Cyclosporind, AZA, prednisone (%) 51 70 55
Cyclosporind, prednisone (%) 17 14 9
Cyclosporine, AZA, prednisone (%) 17 7 9
Cyclosporine, prednisone (%) 3
Tacrolimus, AZA, prednisone (%) 6 5 18
Tacrolimus, AZA (%) 3
Tacrolimus, prednisone (%) 2
Tacrolimus alone (%) 2 9
a Includes twins.
b One neonatal death due to sepsis.
c For pancreas/kidney, numbers do not add up to 100 due to rounding.
d Novartis formulation.
e Novartis microemulsion formulation.
AZA = azathioprine.
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previously, within each of the organ recipient
groups reported to the NTPR, a small percentage
have had pregnancies complicated by rejection, en-
dorsing the hypothesis that immunosuppression
must be maintained during pregnancy. The risks of
potential teratogenicity have to be accepted be-
cause withdrawal of immunosuppression during
pregnancy would adversely affect graft function
and pregnancy outcome.

Summarised in table VII are changes in immu-
nosuppression dose administration during preg-
nancy as reported to the NTPR.[49] As a result of
altered physiology during pregnancy, doses may
need to be adjusted to remain in the therapeutic
range. In an earlier case control study from the
NTPR of cyclosporin-treated kidney recipients,
comparing two groups, stable graft function versus
graft dysfunction, those recipients with stable graft
function in fact received higher cyclosporin dos-
ages prepregnancy and throughout pregnancy
when compared with the group with graft dysfunc-
tion.[63]

Regarding other risks to the fetus, table IV, table
V and table VI summarise pregnancy outcomes re-
ported to the registry, including details of immu-
nosuppression regimens.[44,49] Overall, there is a
higher incidence of prematurity and low birth
weight compared with the general population; many
pregnancies are complicated by hypertension and
preeclampsia, and a small number are complicated
by rejection and peripartum graft deterioration. Of
note, compared with cyclosporin, in tacrolimus-
treated liver recipients there is a trend for a lower
incidence of hypertension and preeclampsia, but in

kidney recipients a trend toward lower birth-
weights.

Continued analyses of cyclosporin- and
tacrolimus-treated offspring are in progress. Most
newborn complications are related to prematurity
with no predominant pattern or increase in malfor-
mations. Of note is a case in a tacrolimus-treated
renal recipient where a twin birth occurred and car-
diomyopathy occurred in the twins, raising con-
cern as to whether this was a cardiotoxic effect of
tacrolimus.[64] No other similar cases have been
reported to the registry. To date, we are aware of
seven female kidney recipients with 11 pregnan-
cies (seven livebirths, four spontaneous abortions)
with some exposure to MMF in combination with
cyclosporin or tacrolimus.[44,65] In a case recently
reported to the NTPR complicated by rejection at
24 weeks, treatment also involved in addition to
MMF and tacrolimus, corticosteroids, antithymo-
cyte globulin, and initiation of sirolimus, and the
newborn was reported to have a cleft lip and palate
and ear deformity.[44]

3.3 Breastfeeding and Outcomes 
of Children

Follow-up of children of recipients has been en-
couraging. Despite theoretical risks to the fetus
there have been no reports of significant impaired
immune or renal function,[66-68] and NTPR data in
cyclosporin-treated kidney recipient offspring re-
vealed no increase over the general population in
the expected number of children with developmen-
tal delay.[69]

Table VII. Immunosuppressive dose adjustments during pregnancy in female kidney recipients (reproduced from Armenti VT et al.[49] with
permission)

Adjustment Cyclosporin [no. pts (%)]a Tacrolimus [no. pts (%)]b

Increased dose 26 (44) 5 (22)

Varied dose 7 (12) 2 (9)

Decreased dose 0 (0) 1 (4)

No change 19 (32) 12 (52)

Switched agents 7 (12) 2 (9)

Discontinued agent 0 (0) 1 (4)

a Novartis microemulsion formulation (59 pregnancies).

b 23 pregnancies.
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Some recipients have chosen to breastfeed.[70]

The limited evidence in the literature must be in-
terpreted depending on one’s personal threshold
for accepting some exposure of the newborn to im-
munosuppressants.[61,71] Limited numbers of en-
tries to the NTPR have not revealed specific prob-
lems but more follow-up is needed.

Some authors have warned of the potential of
lingering effects into the next generation.[72] On-
going follow-up of cyclosporin-treated offspring,
some now approaching reproductive age, as well
as offspring of the newer recipient regimens are
goals of the NTPR. Two separate issues to be con-
sidered are: (i) the recipient’s underlying disease
and the increased risk of having newborns with
growth restriction and prematurity; and (ii) the risk
of complications and/or mortality among the trans-
plant recipient parents of these children and the
effects on child rearing. Given the complexity of
the transplant recipient population, it may be more
appropriate to consider this population as defining
its own outcomes rather than to compare them to
the general population.

4. Summary: Choice of
Immunosuppressive Agent

In the early years of transplantation, there were
no options for immunosuppression. Now there are
choices in implementing and tailoring immuno-
suppressive regimens.[73-75] Should a regimen be
specifically designed for the patient of childbear-
ing age or for consideration for pregnancy? Of
note, in the criteria from 1976 was the recommen-
dation to continue maintenance immunosuppres-
sion, which still applies today. Extensive preg-
nancy data on azathioprine- and cyclosporin-treated
recipients are already available, but nowadays re-
cipients also have the option of regimens which
include newer agents such as sirolimus and/or
MMF, whether given for maximal immunosup-
pression, calcineurin inhibitor minimisation, or
steroid minimisation or withdrawal. Over time,
there has been steady improvement in patient and
graft survival rates, associated with a shift in the
use of immunosuppressives toward newer agents.[76]

Thus, it is becoming unlikely for a clinician today
just to use cyclosporin and prednisone with or
without azathioprine, even though it is the regimen
with the greatest pregnancy experience, because if
optimal graft function is to be achieved then the
best combination of agents available should be
given to ensure this. The newer agents may have
limited reproductive and/or clinical pregnancy
data available, so unknown potential for teratoge-
nicity exists. In some patients, given the informa-
tion available, some centres have chosen to switch
patients from MMF to azathioprine (pre- and post-
conception) or reduce the MMF dosage because of
the concerns of MMF exposure during pregnancy.

The incidence of structural malformation has
not been noted to be increased compared with the
general population but newer combinations are yet
to be evaluated. Risk of rejection must be weighed
against potential teratogenicity. Rejection must be
avoided, as it is associated with poorer outcomes
for mother and child. Prednisone at low doses has
not been problematic in pregnancy, yet current
clinical regimens are often directed toward avoid-
ance or withdrawal. Steroid avoidance or with-
drawal regimens will necessarily expose the recip-
ient to agents for which there is less pregnancy
safety information.

In conclusion, no one immunosuppressive reg-
imen has been identified as being superior to an-
other for use during pregnancy. Sporadic cases of
rejection, graft dysfunction, graft deterioration and
poor pregnancy outcome have been noted with all
regimens. Continued close surveillance and col-
laboration, evaluation through case publications,
centre reports and registry analyses should con-
tinue to help caretakers involved in the manage-
ment of the pregnant transplant patient.

Acknowledgements

The authors acknowledge the staff at transplant centres
nationwide who have contributed their time and information
to the registry. The authors also acknowledge Stephen R.
Dunn, BS and Jacqueline R. Cater, PhD for statistical anal-
yses, and Lisa Coscia, RN, BSN, Robyn Richmond, BS and
Andrea Salles for their assistance with the preparation of the
manuscript. The NTPR is supported by grants from Novartis

Immunosuppression in Pregnancy 2373

 Adis International Limited. All rights reserved. Drugs 2002; 62 (16)



Pharmaceuticals Corp., Fujisawa Healthcare, Inc., Roche
Laboratories Inc., and Wyeth-Ayerst Pharmaceuticals, Inc.

References
1. Murray JE, Reid DE, Harrison JH, et al. Successful pregnancies

after human renal transplantation. N Engl J Med 1963; 269:
341-3

2. Davison JM, Lind T, Uldall PR. Planned pregnancy in a renal
transplant recipient. Br J Obstet Gynaecol 1976; 83: 518-27

3. The Mycophenolate Mofetil Renal Refractory Rejection Study
Group. Mycophenolate mofetil for the treatment of refractory,
acute, cellular renal transplant rejection. Transplantation
1996; 61: 722-9

4. Vasquez EM. Sirolimus: a new agent for the prevention of renal
allograft rejection. Am J Health Syst Pharm 2000; 57 (5):
437-51

5. Morales JM, Andres A, Rengel M, et al. Influence of cyclo-
sporin, tacrolimus and rapamycin on renal function and arte-
rial hypertension after renal transplantation. Nephrol Dial
Transplant 2001; 16 Suppl. 1: 121-4

6. Davison JM, Redman CWG. Pregnancy post-transplant: the es-
tablishment of a UK registry. Br J Obstet Gynaecol 1997; 104:
1106-7

7. Finnell RH. Teratology: general considerations and principles.
J Allergy Clin Immunol 1999; 103: S337-42

8. Wilson JG. Current status of teratology: general principles and
mechanisms derived from animal studies. In: Handbook of
Teratology. New York, NY: Plenum Press, 1977; 1: 47

9. Armenti VT, Moritz MJ, Davison JM. Drug safety issues in
pregnancy following transplantation and immunosuppres-
sion. Drug Saf 1998; 19 (3): 219-32

10. Fraser FC, Sajoo A. Teratogenic potential of corticosteroids in
humans. Teratology 1995; 51: 45-6

11. Fraser FC, Fainstat TD. The production of congenital defects in
the offspring of pregnant mice treated with cortisone: a prog-
ress report. Pediatrics 1951; 8: 527-33

12. Hou S. Pregnancy in transplant recipients. Med Clin North Am
1989; 73: 667-83

13. Friedman JM, Polifka JE. The effects of drugs on the fetus and
nursing infant: a handbook for health care professionals. Bal-
timore (MD): John Hopkins University Press, 1996

14. Yeast JD. Immunosuppressives in pregnant transplant patients-
what risks? Pharmacology 1987; 30: 117-24

15. Saarikoski S, Seppala M. Immunosuppression during preg-
nancy: transmission of azathioprine and its metabolites from
mother to the fetus. Am J Obstet Gynecol 1973; 115: 1100-6

16. Registration Committee of the European Dialysis and Trans-
plant Association. Successful pregnancies in women treated
by dialysis and kidney transplantation. Br J Obstet Gynaecol
1980; 87: 839-45

17. Penn I, Makowski EL, Harris P. Parenthood following renal and
hepatic transplantation. Transplantation 1980; 30: 397-400

18. Rudolph J, Schweizer RT, Bartus SA. Pregnancy in renal trans-
plant patients. Transplantation 1979; 27: 26-9

19. Davison JM. Dialysis, transplantation, and pregnancy. Am J
Kidney Dis 1991; 17: 127-32

20. Leb DE, Weisskopf B, Kanovitz BS. Chromosome aberrations
in the child of a kidney transplant recipient. Arch Intern Med
1971; 128: 441-4

21. Levy G, Burra P, Cavallari A, et al. Improved clinical outcomes
for liver transplant recipients using cyclosporine monitoring
based on 2-hr post-dose levels (C2). Transplantation 2002; 73
(6): 953-9

22. Johnson M, Flye MW. Long-term follow-up of the renal trans-
plant recipient. In: Flye MW, editor. Principles of organ trans-

plantation. Philadelphia (PA): W.B. Saunders Co., 1989:
Chapter 16, 309-10

23. Washer GF, Schroter GPJ, Starzl TE, et al. Causes of death after
kidney transplant. JAMA 1983; 250: 49-54

24. Tilney NL, Strom TB, Vineyard GC, et al. Factors contributing
to the declining mortality rate in renal transplantation. N Eng
J Med 1978; 299: 1321-5

25. Mason RJ, Thomson AW, Whiting PH, et al. Cyclosporine-in-
duced feto-toxicity in the rat. Transplantation 1985; 39: 9-12

26. Fein A, Vechoropoulos M, Nebel L. Cyclosporin-induced
embryotoxicity in mice. Biol Neonate 1989; 56: 165-73

27. Pickrell MD, Sawers R, Michael J. Pregnancy after renal trans-
plantation: severe intra-uterine growth retardation during
treatment with cyclosporin A. BM J 1988; 296: 825

28. Kovarik JM, Mueller EA, Richard F, et al. Evidence for earlier
stabilization of cyclosporine pharmacokinetics in de novo re-
nal transplant patients receiving a microemulsion formula-
tion. Transplantation 1996; 62: 759-63

29. Kahan BD, Welsh M, Schoenberg L, et al. Variable oral absorp-
tion of cyclosporine: a biopharmaceutical risk factor for
chronic renal allograft rejection. Transplantation 1996; 62:
599-606

30. Newstead CG. Tacrolimus in renal transplantation. Nephrol
Dial Transplant 1997; 12: 1312-5

31. Farley DE, Shelby J, Alexander D, et al. The effect of two new
immunosuppressive agents FK506 and Didemnin B, in mu-
rine pregnancy. Transplantation 1991; 52: 106-10

32. Jain A, Venkataramanan R, Fung JJ, et al. Pregnancy after liver
transplantation under tacrolimus. Transplantation 1997; 64:
559-65

33. Pirsch JD, Miller J, Deierhoi MH, et al. for the FK506 Kidney
Transplant Study Group: a comparison of tacrolimus (FK506)
and cyclosporine for immunosuppression after cadaveric re-
nal transplantation. Transplantation 1997; 63: 977-83

34. Sollinger HW, Cho S, Danovitch G. Mycophenolate mofetil for
the prevention of acute rejection in primary cadaver renal
allograft recipients. Transplantation 1995; 60: 225-32

35. Roche Laboratories. Mycophenolate mofetil and daclizumab
package inserts. Nutley, NJ: Roche Laboratories

36. Wyeth-Ayerst Pharmaceuticals. Sirolimus package insert. Phil-
adelphia, PA: Wyeth Laboratories

37. Novartis Pharmaceuticals. Basiliximab package insert. East
Hanover, NJ: Novartis Pharmaceuticals Corporation

38. Silver RM, Branch DW. The immunology of pregnancy. In:
Creasy RK and Resnik R, editors. Maternal-fetal medicine,
4th ed. Philadephia (PA): WB Saunders Company, 1999: 72-89

39. Yaffe SJ. Introduction. In: Briggs GG, Freeman RK, Yaffe SJ,
editors. Drugs in pregnancy and lactation, 5th ed. Philadelphia
(PA): Lippincott Williams and Wilkins, 1998: xiii-xix

40. Davison JM. Pregnancy in renal allograft recipients: problems,
prognosis and practicalities. In: Lindheimer MD, Davison
JM, editors. Balliere’s Clin Obstet Gynaecol. 8. London
(UK): Bailliere Tindall, 1994: 501-27

41. Armenti VT, Ahlswede KM, Ahlswede BA, et al. National
Transplantation Pregnancy Registry - Outcomes of 154 preg-
nancies in cyclosporine-treated female kidney transplant re-
cipients. Transplantation 1994; 57: 502-6

42. Oz BB, Hackman R, Einarson T, et al. Pregnancy outcome after
cyclosporine therapy during pregnancy: a meta-analysis.
Transplantation 2001; 71 (8): 1051-5

43. Kainz A, Harabacz I, Cowlrick IS, et al. Analysis of 100 preg-
nancy outcomes in women treated systemically with
tacrolimus. Transplant Int 2000; 13 (1): S299-300

44. Armenti VT, Radomski JS, Moritz MJ, et al. National Trans-
plantation Pregnancy Registry (NTPR): outcomes of preg-
nancy after transplantation. In: Cecka JM, Terasaki PI,

2374 Armenti et al.

 Adis International Limited. All rights reserved. Drugs 2002; 62 (16)



editors. Clinical Transplants 2001, 7. Los Angeles (CA),
UCLA Immunogenetics Center 2002: 97-105

45. Armenti VT, Moritz MJ, Radomski JS, et al. Pregnancy and
transplantation. Graft 2000; 3 (2): 59-63

46. Toma H, Kazunari T, Tokumoto T, et al. Pregnancy in women
receiving renal dialysis or transplantation in Japan: a nation-
wide survey. Nephrol Dial Transplant 1999; 14: 1511-6

47. Branch KR, Wagoner LE, McGrory CH, et al. Risks of sub-
sequent pregnancies on mother and newborn in female heart
transplant recipients. J Heart Lung Transplant 1998; 17: 698-702

48. Barrou BM, Gruessner AC, Sutherland DER, et al. Pregnancy
after pancreas transplantation in the cyclosporine era. Trans-
plantation 1998; 65: 524-7

49. Armenti VT, Wilson GA, Radomski JS, et al. Report from the
National Transplantation Pregnancy Registry (NTPR): out-
comes of pregnancy after transplantation. In: Cecka JM, Ter-
asaki PI, editors. Clinical Transplants 1999, 15. Los Angeles
(CA): UCLA Tissue Typing Laboratory, 2000: 111-9

50. Wegmann TG, Lin H, Guilbert L, et al. Bidirectional cytokine
interactions in the maternal-fetal relationship: is successful
pregnancy a TH2 phenomenon? Immunol Today 1993; 14:
353-6

51. Da Silva JA, Spector TD. The role of pregnancy in the course
and aetiology of rheumatoid arthritis. Clin Rheumatol 1992;
11: 189-94

52. Funakoshi N, Ohno T, Kanoh T, et al. Agammaglobulinemia in
a pregnant woman. Tohoku J Experiment Med 1986; 149 (4):
359-65

53. Sturgiss SN, Davison JM. Effect of pregnancy on long-term
function of renal allografts. Am J Kidney Dis 1992; 19: 167-72

54. First MR, Combs CA, Weiskittel P, et al. Lack of effect of
pregnancy on renal allograft survival or function. Transplan-
tation 1995; 59: 472-6

55. Sturgiss SN, Davison JM. Effect of pregnancy on the long-term
function of renal allografts: an update. Am J Kidney Dis
1995; 26: 54-6

56. Ehrich JHH, Loirat C, Davison JM, et al. Repeated successful
pregnancies after kidney transplantation in 102 women (Re-
port by the EDTA Registry). Nephrol Dial Transplant 1996;
11: 1314-7

57. Salmela KT, Kyllonen LE, Holmberg C, et al. Impaired renal
function after pregnancy in renal transplant recipients. Trans-
plantation 1993; 56: 1372-5

58. Armenti VT, McGrory CH, Cater JS, et al. Pregnancy outcomes
in female renal transplant recipients. Transplant Proc 1998;
30: 1732-4

59. Davison JM. Renal disorders in pregnancy. Curr Opin Obstet
Gynecol 2001; 13 (2): 109-14

60. Kozlowska-Boszko B, Lao M, Gaciong Z, et al. Chronic rejec-
tion as a risk factor for deterioration of renal allograft function
following pregnancy. Transplant Proc 1997; 29: 1522-3

61. Armenti VT, Herrine SK, Radomski JS, et al. Pregnancy after
liver transplantation. Liver Transplant 2000; 6 (6): 671-85

62. Wilson GA, Coscia LA, McGrory CH, et al. National Trans-
plantation Pregnancy Registry: postpregnancy graft loss
among female pancreas-kidney recipients. Transplant Proc
2001; 33: 1667-9

63. Armenti VT, Ahlswede KM, Ahlswede BA, et al. Variables
affecting birthweight and graft survival in 197 pregnancies in
cyclosporine-treated female kidney transplant recipients.
Transplantation 1995; 59: 476-9

64. Vyas S, Kumar A, Piecuch S, et al. Outcome of twin pregnancy
in a renal transplant recipient treated with tacrolimus. Trans-
plantation 1999; 67: 490-2

65. Pérgola PE, Kancharla A, Riley DJ. Kidney transplantation dur-
ing the first trimester of pregnancy: Immunosuppression with
mycophenolate mofetil, tacrolimus and prednisone. Trans-
plantation 2001; 71 (7): 94-7

66. Di Paolo S, Schena A, Morrone L, et al. Immunologic evalua-
tion during the first year of life of infants born to cyclospor-
ine-treated kidney transplant recipients: analysis of
lymphocyte subpopulation and immunoglobulin serum lev-
els. Transplantation 2000; 69 (10): 2049-54

67. Giudice PL, Dubourg L, Hadj-Aïssa A, et al. Renal function of
children exposed to cyclosporine in utero. Nephrol Dial
Transplant 2000; 15: 1575-9

68. Willis FR, Findlay CA, Gorrie MJ, et al. Children of renal trans-
plant recipient mothers. J Paediatr Child Health 2000; 36:
230-5

69. Stanley CW, Gottlieb R, Zager R, et al. Developmental well-
being in offspring of women receiving cyclosporine post-re-
nal transplant. Transplant Proc 1999; 31: 241-2

70. Thiagarajan KD, Easterling T, Davis C, et al. Breast-feeding by
a cyclosporine-treated mother. Obstet Gynecol 2001; 97 (5):
816-7

71. Nyberg G, Haljamäe U, Frisenette-Fich C, et al. Breast-feeding
during treatment with cyclosporine. Transplantation 1998;
65: 253-5

72. Scott JR, Branch DW, Holman J. Autoimmune and pregnancy
complications in the daughter of a kidney transplant patient.
Transplantation 2002; 73 (5): 815-6

73. Johnson C, Ahsan N, Gonwa T, et al. Randomized trial of
tacrolimus (Prograf) in combination with azathioprine or
mycophenolate mofetil versus cyclosporine (Neoral) with
mycophenolate mofetil after cadaveric kidney transplanta-
tion. Transplantation 2000; 69 (5): 834-41

74. Steroid Withdrawal Study Group. Prednisone withdrawal in
kidney transplant recipients on cyclosporine and myco-
phenolate mofetil: a prospective randomized study. Trans-
plantation 1999; 68 (12): 1865-74

75. Gaston RS. Maintenance immunosuppression in the renal trans-
plant recipient: an overview. Am J Kidney Dis 2001; 38 (6):
S25-35

76. Cecka JM. The UNOS Scientific Renal Transplant Registry-
ten years of kidney transplants. In: Cecka JM, Terasaki PI,
editors. Clinical Transplants 1997, 1. Los Angeles (CA):
UCLA Tissue Typing Laboratory, 1998: 1-15

Correspondence and offprints: Dr Vincent T. Armenti, 1025
Walnut Street, 605 College Building, Philadelphia, PA
19107, USA.
E-mail: Vincent.Armenti@mail.tju.edu

Immunosuppression in Pregnancy 2375

 Adis International Limited. All rights reserved. Drugs 2002; 62 (16)


	Contents 2361
	Abstract 2361
	1. Background 2362
	2. Commonly Used Immunosuppressive Agents and Teratology Concepts 2363
	2.1 Corticosteroids 2363
	2.2 Azathioprine 2364
	2.3 Cyclosporin 2365
	2.4 Tacrolimus 2365
	2.5 Mycophenolate Mofetil 2366
	2.6 Sirolimus 2366
	2.7 Other Agents 2366

	3. Pregnancy Outcomes 2366
	3.1 Pregnancies with Calcineurin Inhibitors 2367
	3.2 Safety of Pregnancy 2367
	3.3 Breastfeeding and Outcomes of Children 2372

	4. Summary: Choice of Immunosuppressive Agent 2373
	Acknowledgements 2373
	References 2374
	Correspondence and offprints 2375
	E-mail 2375

