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Pregnancy following liver transplantation: Review of 
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The first successful liver transplants were performed in the 1960s 
and, in 1978, the first successful pregnancy in a liver transplant 

recipient was reported (1). Since then, there has been a dramatic 
increase in the number of successful liver transplants worldwide, with 
a concomitant increase in the number of women who are of childbear-
ing age following transplantation. From 1988 until the present time, 
approximately 4000 women in the United States 18 to 34 years of age 
have received a liver transplant (2), highlighting the need for appro-
priate preconception counselling and management of the pregnant 
liver transplant recipient. The present review aims to summarize the 
most recent data regarding several issues including the ideal timing of 
conception following liver transplant, the optimal use of contracep-
tion and the use of immunosuppressant medications in pregnancy. In 
addition, the maternal and fetal risks associated with pregnancy will be 
reviewed.

PreConCePtion Planning
Physiology and timing of pregnancy
Severe chronic liver disease frequently results in disruption of the 
hypothalamic-pituitary-ovarian axis, leading to amenorrhea in up to 
50% of women of childbearing age (3). Hormonal imbalances often 
occur, with both hypogonadotrophic hypogonadism and elevated lev-
els of estrogens being reported causes (4,5). Consequently, successful 
conception is uncommon in women with end-stage liver disease. The 
cause of hypogonadotrophism and amenorrhea in liver disease is multi-
factorial, often dependent on the etiology of the underlying liver disease 
and frequently related to malnutrition, which is particularly common 
in cirrhotic patients. Following successful liver transplantation, 

the return of regular menstruation occurs within 10 months in the 
majority of liver transplant recipients (3,6). Approximately 30% of 
women may experience return of normal menstruation as soon as 
three months following liver transplantation; however, there is strong 
evidence that delaying conception for at least one year following suc-
cessful liver transplantation may significantly improve maternal and 
fetal outcomes (7). Thus, appropriate contraception and pregnancy 
planning is important (6). A study from the National Transplant 
Registry investigating 128 pregnancies in liver transplant recipients 
(7) demonstrated that a transplant to conception interval >2 years was 
associated with a reduction in the rates of low birth weight newborns, 
rejection during pregnancy and graft loss. Although the American 
Society of Transplantation does not have an explicit recommendation 
for a suggested interval between liver transplantation and conception 
(8), it suggests consideration of several positive prognostic factors 
when counselling patients including lack of rejection episodes in the 
previous year, adequate and stable graft function, absence of acute 
infections and stable immunosuppressant dosing.

Mode of contraception
There is limited evidence regarding the safest and most effective 
method of contraception following liver transplantation for preven-
tion of an unplanned pregnancy. Although barrier methods provide 
the lowest theoretical risk for systemic interactions and complications, 
noncompliance and overall efficacy present issues. A recent systematic 
review on contraceptive use in solid organ transplantation (9) sum-
marized the experiences of both kidney and liver transplant recipients 
who were prescribed contraception. The authors found no unplanned 
pregnancies and no major biochemical abnormalities during follow-up 
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Liver transplantation is considered to be the treatment of choice for 
end-stage liver disease and its success has led to an increase in the 
number of female liver transplant recipients who are of childbearing 
age. Several key issues that are noted when counselling patients who 
are considering pregnancy following liver transplantation include the 
optimal timing of pregnancy, optimal contraception methods and the 
management of immunosuppression during pregnancy. The present 
review summarizes the most recent literature so that the clinician may 
address these issues with their patient and enable them to make 
informed decisions about pregnancy planning. The authors review 
recent studies examining maternal and fetal outcomes, and the rates of 
complications including risk of graft rejection. Subsequently, the 
authors provide recommendations for counselling prospective mothers 
and the management of the pregnant liver transplant recipient.
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Une grossesse après une transplantation hépatique : 
l’analyse des issues et des recommandations de prise 
en charge

La transplantation hépatique est considérée comme le traitement de 
première intention de l’insuffisance hépatique au stade terminal, et sa 
réussite a suscité une augmentation du nombre de femmes greffées du 
foie en âge de procréer. On constate plusieurs enjeux importants 
lorsqu’on conseille les patientes qui envisagent une grossesse après une 
transplantation hépatique, soit le moment optimal de la grossesse, les 
méthodes de contraception optimales et la prise en charge de 
l’immunosuppression pendant la grossesse. La présente analyse résume 
les documents scientifiques les plus récents sur le sujet, afin que le 
clinicien puisse aborder ces questions avec ses patientes et leur per-
mettre de prendre des décisions éclairées en matière de planification 
de grossesse. Les auteurs ont analysé les récentes études sur les issues 
maternelles et fœtales, et le taux de complications, y compris le risque 
de rejet de la transplantation. Les auteurs ont ensuite fourni des 
recommandations au sujet des conseils aux mères prospectives et de la 
prise en charge de la transplantation hépatique des greffées.
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in patients using hormonal contraception (either oral or transdermal 
patch). Specifically in liver transplant recipients, a retrospective study 
examining 15 patients using either combined oral contraceptives 
(COC) or a transdermal contraceptive patch also found no clinical 
or biochemical abnormalities at three, six or 12 months while main-
taining 100% efficacy (10). One case report of high-dose COC (50 μg 
ethinyl estradiol) prescribed to a liver transplant recipient for severe 
menorrhagia described both clinical and biochemical intrahepatic 
cholestasis; however, discontinuation of the COC resulted in resolu-
tion of the symptoms and normalization of the liver indexes (11). In 
a series of case reports on the use of intrauterine devices (IUDs) in 
kidney transplant recipients, 60% (three of five cases) reported treat-
ment failures and unplanned pregnancies (reviewed in [9]). It is pos-
sible that the chronic immunosuppression following transplantation 
interferes with the efficacy of IUDs. Although the American Society 
of Transplantation recommends against offering IUDs as first-line con-
traceptive therapy in this population, this remains an area of debate 
because IUDs have been reported to be an effective approach in some 
patients (12). The concern that immunosuppression may predispose 
to an increased rate of IUD-associated pelvic infection is based on a 
single case report (13).

riSK of iMMUnoSUPPreSSion dUring 
PregnanCy (table 1)

Calcineurin inhibitors – cyclosporine and tacrolimus
Calcineurin inhibitors (including cyclosporine and tacrolimus) suppress 
T cell function through inhibition of cytokines such as interleukin-2. 
There have been no definitive reports of cyclosporine- or tacrolimus-
induced teratogenicity; rates of major fetal malformation in exposed 
infants have been similar to the baseline rate with no pattern of 
malformation noted (14,15). Initial reports of calcineurin inhibitor-
induced intrauterine growth restriction were not substantiated by 
subsequent studies (14,16). In addition, the doses currently used in 
transplantation to achieve therapeutic levels are much lower than 
those used previously. Cyclosporine has been associated with increased 
rates of hypertension and renal dysfunction (17). Tacrolimus was 
associated with increased rates of pre-eclampsia, renal impairment and 
infection in one case series (15), as well as increased rates of diabetes 
during pregnancy (18). There are also reports of an increased inci-
dence of transient neonatal hyperkalemia (14). Nevertheless, based on 
these data, cyclosporine and tacrolimus are classified as United States 
Food and Drug Administration (US FDA) category C medications 
and, overall, deemed as safe to use during pregnancy.

azathioprine
Azathioprine inhibits purine metabolism, resulting in suppression of 
cell-mediated immunity. Azathioprine use is well studied during preg-
nancy, with data on several thousand pregnancies due to its widespread 
use not only in transplant recipients but also in many rheumatological 
diseases and inflammatory bowel disease. To date, there has been no 
definite reported link between azathioprine and teratogenicity (19).

From the fetal/neonatal perspective, there are reports of occasional 
hematological issues including anemia, thrombocytopenia and leuco-
penia. There have been case reports of decreased immunoglobulin 
levels, neonatal infections and sepsis, as well as chromosomal abnor-
malities in exposed fetuses (20). However, the overall risk appears to 
be quite low, particularly because the fetal liver has been shown to 
lack the enzyme inosinate pyrophosphorylase needed for conversion of 
azathioprine’s metabolite 6-mercaptopurine into its active component 
thiouric acid (21). There have also been reports of an increased risk of 
preterm delivery and lower birth weight (22), although whether this 
relates to medication use or the underlying maternal condition is diffi-
cult to differentiate. Azathioprine is classified as a US FDA category D 
medication, based mainly on reports of animal studies with teratogenic 
effects, but this has not been corroborated with all of the human data 
(19). In general, most transplant physicians are quite comfortable con-
tinuing azathioprine throughout pregnancy in women who require it.

Corticosteroids
Prednisone is an important part of the antirejection regimen immedi-
ately following liver transplantation. Although initially used at high 
doses, within the first year, it is gradually tapered to low doses or com-
pletely discontinued. If the underlying etiology of the liver disease 
before transplant was autoimmune in nature or if the recipient experi-
ences episodes of rejection, higher doses or longer courses of predni-
sone may be required. 

The maternal risks – in addition to the typical complications of 
steroid use – include a predisposition to gestational hypertension and 
gestational diabetes mellitus (GDM) and increased rates of premature 
rupture of membranes have also been reported (20). In the fetus, there 
have been reports of increased cleft-palate and lip in animal studies 
(23) as well as in human exposures, with approximately a tripling of 
the risk of this uncommon malformation following first trimester 
exposure (24). In addition, there have been rare reports of fetal 
adrenal insufficiency (25,26). The overall rate of fetal/neonatal com-
plications is low; however, because the placenta metabolizes more than 
90% of the maternal prednisone dose, fetal exposure is very limited 
(27). In summary, prednisone is classified as a category B medication 
for safe use in pregnancy based on the US FDA classification system. 

Table 1
Summary of risks related to immunosuppression during pregnancy
Drug Reported side effects FDa rating*
Calcineurin inhibitors  
   (including cyclosporine and tacrolimus)

Maternal diabetes, hypertension, pre-eclampsia, renal dysfunction, fetal perinatal hyperkalemia C

Azathioprine Fetal anemia, thrombocytopenia, leucopenia, decreased fetal immunoglobulin levels,  
neonatal infection and sepsis, preterm delivery and low birth weight

D

Corticosteroids Gestational hypertension, gestational diabetes, fetal adrenal insufficiency, fetal cleft-palate and lip B
Mycophenylate mofetil Increased first trimester pregnancy loss, fetal malformation including cleft lip and palate, microtia, 

absence of auditory canals
D

*United States Food and Drug Administration (FDA) category definitions (Federal Register 1980;44:37434-67): Category A: Controlled studies in women fail to 
demonstrate a risk to the fetus in the first trimester (and there is no evidence of a risk in later trimester) and the possibility of fetal harm appears remote; Category 
B: Either animal-reproduction studies have not demonstrated a fetal risk but there are no controlled studies in pregnant women or animal-reproduction studies have 
shown an adverse effect (other than a decrease in fertility) that was not confirmed in controlled studies in women in the first trimester (and there is no evidence of a 
risk in later trimesters); Category C: Either studies in animals have revealed adverse effects on the fetus (teratogenic or embryocidal or other) and there are no 
controlled studies in women or studies in women and animals are not available. Drugs should be given only if the potential benefit justifies the potential risk to the 
fetus; Category D: There is positive evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable despite the risk (eg, if the drug is 
needed in a life-threatening situation or for a serious disease for which safer drugs cannot be used or are ineffective); Category X: Studies in animals or human 
beings have demonstrated fetal abnormalities or there is evidence of fetal risk based on human experience or both, and the risk of the use of the drug in pregnant 
women clearly outweighs any possible benefit. The drug is contraindicated in women who are or may become pregnant
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Mycophenolate mofetil
Mycophenolate mofetil (MMF) is a purine biosynthesis inhibitor that 
works by inhibiting B and T cell function. In the first trimester, MMF 
has been associated with pregnancy loss, with rates of spontaneous 
abortion ranging from 33% to 45% (28). There are multiple reports of 
malformations associated with the use of MMF during pregnancy 
(29,30). The typical pattern of malformation involves cleft lip and 
palate in addition to microtia and the absence of auditory canals. 
There have been reports of neonatal anemia, hypoplastic nails and 
shortened fifth digit (31-33). As a result of this significant teratogenic 
risk, MMF is classified as a US FDA category D medication and should 
not be used during pregnancy.

oUtCoMeS in PregnanCy folloWing  
liver tranSPlantation

The vast majority of data pertaining to maternal and fetal outcomes 
are from patient self-reported registries or from published cases series. 
The National Transplant Registry was established in 1991 and is a 
questionnaire-based registry investigating pregnancy outcomes in 
North American transplant recipients. The United Kingdom trans-
plant registry, started in 1997, collects both prospective and retro-
spective data on pregnancies, creating a data set with patients from 
1994 to 2001. In addition to these, a recent large population-based 
study also reported on obstetrical outcomes in liver transplant recipi-
ents (34). The majority of case series and reports are from Europe and 
North America, with a combined 462 pregnancies from 18 case series. 
Tables 2, 3 and 4 summarize the published literature to date on mater-
nal, obstetrical and fetal outcomes. 

Maternal outcomes
The major maternal outcomes are summarized in Table 2. Overall, there 
have been no reported associations between liver transplantation and 
increased rates of maternal mortality. One case series reported a single 

maternal fatality in a primapara at 40 years of age, who experienced an  
infrarenal aortic graft clot during labour and died two days later from a 
gangrenous allograft (35).

Pregnancy-induced hypertension has been common among liver 
transplant recipients, with rates varying from 2% to 43%. The three 
largest studies report rates of between 20% and 34% (Table 2). Pre-
eclampsia is also commonly seen, with rates between 2% and 22%. 
The reported rates of GDM have varied widely, from 0% to 37.5%, but 
in a large population-based study, the rate of GDM (2.4%) did not 
vary significantly from controls. 

Graft rejection rates during pregnancy varied from 0% to 20%. 
Factors associated with graft loss within five years were reported in the 
recent National Transplantation Pregnancy Registry in 2009. 
Important predictors included Caucasian race, viral hepatitis as etiol-
ogy of liver failure, age <18 years at time of transplant and rejection 
during pregnancy (7).

obstetrical outcomes 
The major obstetrical outcomes described to date are summarized in 
Table 3. The rates of Cesarean delivery among liver transplant recipi-
ents were consistently higher than the general nontransplant popula-
tion in the majority of reports (20% to 100%). There are several 
reasons postulated for this including increased rates of fetal distress as 
well as maternal factors such as gestational hypertension and pre-
eclampsia. Not surprisingly, uncomplicated vaginal delivery rates 
(without assistance) ranged widely (0% to 50%). 

A significant proportion of pregnancies in this population are com-
plicated by preterm labour and delivery (<37 weeks), with rates of 
12.5% to 50% being reported (Table 3). 

fetal outcomes
Fetal outcomes are summarized in Table 4. Fetal deaths are more com-
mon in liver transplant recipients, with increased rates of spontaneous 

Table 2
Summary of published data on maternal outcomes in liver transplant recipients

Study or author (reference), year
Pregnancies, n 
(deliveries, n) Death VTe Hemorrhage Infection PIH

Pre-eclampia 
(eclampsia) GDM

Graft  
rejection

Registries
   NTPR (28), 2006 205 (151) 0 NR NR NR 34 22 5 8
   UK Transplant Registry (38), 2007 18 (11) 0 NR NR NR NR NR NR NR
Population-based studies
  Coffin et al (34), 2010 206 (146) 0 0.5 9 1.9 30.1 16.5 (0) 2.4 5
Case series
   Christopher et al (39), 2006 71 (50) 0 NR NR 4.7 20 13 (1) 1 20
   Jain et al (35), 2003 NR (49) 1 NR NR NR 2 2 0 2
   Jabiry-Zieniewicz et al (40), 2011 39 (40) 0 NR NR 18 23 7.7 0 7.7
   Radomski et al (41), 1995 38 (31) 0 NR NR 26.3 44.7 20 NR 13.2
   Nagy et al (42), 2003 38 (24) 0 NR NR NR 20.8 20.8 37.5 16.7
   Kociszewska-Najman et al (43), 2011 NR (28) 0 NR NR NR 36 NR NR NR
   Patapis et al (44), 1997 29 (15) 0 NR NR NR NR 17.2 NR 6.9
   Raakow et al (45), 2001 28 (21) 0 NR NR 14.3 42.9 4.8 NR 0
   Wu et al (36), 1998 22 (23) 0 NR NR 13.0 13.0 13.0 NR 4.3
   Scantlebury et al (46), 1990 23 (20) 0 NR NR NR 27 18 NR 4.5
   Wielgos et al (47), 2011 NR (19) 0 NR NR NR NR 5.3 0 0
   Rayes et al (48), 1998 19 (13) 0 NR NR 23.1 46.2 0 NR NR
   Ville et al (37), 1993 18 (11) 0 NR NR 5.6 0 11.2 5.6 5.6
   Casele et al (17), 1998 14 (13) 0 NR NR NR NR 43 31 8
   Dei Malatesta et al (49), 2006 8 (7) 0 NR NR NR NR 12.5 NR 0
   Gerlei et al (50), 2011 8 (8) 0 NR NR NR NR NR NR 0
   Morton et al (51), 2003 6 (5) 0 NR NR NR 20 60 NR 0
   Costa et al (52), 2011 5 (5) 0 NR NR 20 0 0 0 0

Data presented as % unless otherwise indicated. GDM Gestational diabetes mellitus; NR Not reported; NTPR National Transplantation Pregnancy Registry; PIH 
Pregnancy-induced hypertension; UK United Kingdom; VTE Venothromboembolism  
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Table 4
Summary of published data on fetal complications in liver transplant recipients

Study or author (reference), year
Pregnancies, n 
(deliveries, n)

live  
births

Still births/
intrauterine 

death

Spontaneous  
or missed  
abortions

Therapeutic 
abortions

IUGR  
(<2500 g)

Fetal  
distress

Congenital 
anomaly

Registries
   NTPR (28), 2006 205 (151) 74 2 19 5 34 NR NR
   UK Transplant Registry (38), 2007 18 (11) 69 0 13 13 57 NR NR
Population-based studies
  Coffin et al (34), 2010 206 (146) 93.7 NR 4.9 NR 4.8 10.3 1.4
Case series
   Christopher et al (39), 2006 71 (50) 71.4 1.4 18.6 8.6 30 NR NR
   Jain et al (35), 2003 NR (49) 100 NR NR NR 42.9 NR
   Jabiry-Zieniewicz et al (40), 2011 39 (40) 100 NR NR NR 20 15.4 0
   Radomski et al (41), 1995 38 (31) 81.6 NR 15.8 5.3 32.3 NR NR
   Nagy et al (42), 2003 38 (24) 63.1 0 10.5 26.3 25 16.7 16.7
   Kociszewska-Najman et al (43), 2011 NR (28) 100 0 NR NR 32.1 NR NR
   Patapis et al (44), 1997 29 (15) 55.5 0 18.5 25.9 NR NR 3.7
   Raakow et al (45), 2001 28 (21) 75 NR 25 NR 28.6 NR 9.5
   Wu et al (36), 1998 22 (23) 100 0 NR NR 31.8 9.0 NR
   Scantlebury et al (46), 1990 23 (20) 82.6 NR 4.3 8.7 55 NR 0
   Wielgos et al (47), 2011 NR (19) 19 NR NR NR 11 NR 0
   Rayes et al (48), 1998 19 (13) 100 0 21.1 10.5 30.7 30.7 NR
   Ville et al (37), 1993 18 (11) 100 0 22.4 16.67 9.09 NR 0
   Casele et al (17), 1998 14 (13) 77 23 0 7.1 NR NR 0
   Dei Malatesta et al (49), 2006 8 (7) 100 NR 12.5 0 0 NR 0
   Gerlei et al (50), 2011 8 (8) 100 NR NR NR NR NR 0
   Morton et al (51), 2003 6 (5) 100 0 16.7 0 40 NR 0
   Costa et al (52), 2011 5 (5) 100 NR NR 0 80 40 0

Data presented as % unless otherwise indicated. IUGR Intrauterine growth restriction; NR Not reported; NTPR National Transplantation Pregnancy Registry; 
UK United Kingdom

Table 3
Summary of published data on obstetrical outcomes in liver transplant recipients

Study or author (reference), year
Pregnancies, n 
(deliveries, n)

Delivery Preterm 
labour*

Premature rupture 
of menbranes

Placenta  
previa

Placental 
abruptionCesarean assisted Normal

Registries
   NTPR (28), 2006 205 (151) 35 NR NR 35 NR NR NR
   UK Transplant Registry (38), 2007 18 (11) 62 0 38 50 NR NR NR
Population-based studies
  Coffin et al (34), 2010 206(146) 37.7 55.5 0.7 27 5.5 1.4 2.72
Case series
   Christopher et al (39), 2006 71 (50) 40 10 50 48 NR NR NR
   Jain et al (35), 2003 NR (49) 55 NR NR* 32 2 2 2
   Jabiry-Zieniewicz et al (40), 2011 39 (40) 79.5 0 20.5 30.8 7.7 NR NR
   Radomski et al (41), 1995 38 (31) NR NR NR 38.7 NR NR NR
   Nagy et al (42), 2003 38 (24) 45.8 NR NR 29.2 8.3 4.2 NR
   Kociszewska-Najman et al (42), 2011 NR (28) NR NR NR 46 NR NR NR
   Patapis et al (44), 1997 29 (15) 20 NR NR NR NR NR 0
   Raakow et al (45), 2001 28 (21) 47.6 NR NR 19 NR NR NR
   Wu et al (36), 1998 22 (23) 31.8 9.0 59.0 18.2 NR NR NR
   Scantlebury et al (46), 1990 23 (20) 35 NR 60 50 10 0 0
   Wielgos et al (47), 2011 NR (19) 78.9 0 21 26.3 NR NR NR
   Rayes et al (48), 1998 19 (13) 53.8 NR 46.1 15.4 NR NR NR
   Ville et al (37), 1993 18 (11) 45.4 0 54.5 0 0 NR NR
   Casele et al (17), 1998 14 (13) NR NR NR 69 31 NR NR
   Dei Malatesta et al (49), 2006 8 (7) 71.4 0 28.6 12.5 0 NR NR
   Gerlei et al (50), 2011 8 (8) 100 0 0 NR NR NR NR
   Morton et al (51), 2003 6 (5) 40 0 60 80 0 NR NR
   Costa et al (52), 2011 5 (5) 80 20 0 40 0 NR NR

Data presented as % unless otherwise indicated. *<37 weeks. NR Not reported; NTPR National Transplantation Pregnancy Registry; UK United Kingdom
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or missed abortions (4.9% to 19%). Stillbirths were quite uncommon, 
with rates of 0% to 2% being reported. Low birth weight (<2500 g) is 
also a common complication, with rates ranging from 4.8% to 57%. 
Rates of fetal distress are also increased (10.3% to 40%) during these 
pregnancies. Overall, congenital abnormalities are uncommon and 
minimally increased, with rates of 0% to 16.7%. 

Data on long-term pediatric outcomes are lacking. In a case series 
by Wu et al (36), six children were followed for 48 months postpartum. 
All children had appropriate physical development, no abnormal 
infectious complications and no difference in psychological develop-
ment based on questionnaire data. In another case series by Ville et al 
(37), 11 children were followed-up for varying periods from three 
months to five years of age. There were no reports of abnormal 
physical development, adrenal or respiratory insufficiency, or lymph-
openia. Overall, long-term developmental data based on neurocogni-
tive testing are limited.
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