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Pregnancy after liver transplantation (LT) is increasingly common and is a frequent scenario that transplant physicians, ob-

stetricians, and midwives encounter. This review summarizes the key issues surrounding preconception, pregnancy-related

outcomes, immunosuppression, and breastfeeding in female LT recipients. Prepregnancy counseling in these patients should

include recommendations to delay conception for at least 1-2 years after LT and discussions about effective methods of con-

traception. Female LT recipients are generally recommended to continue immunosuppression during pregnancy to prevent

allograft rejection; however, individual regimens may need to be altered. Although pregnancy outcomes are overall favorable,

there is an increased risk of maternal and fetal complications. Pregnancy in this cohort remains high risk and should be man-

aged vigilantly in a multidisciplinary setting. We aim to review the available evidence from national registries, population-

based studies, and case series and to provide recommendations for attending clinicians.
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Preconception

FERTILITY BEFORE LIVER
TRANSPLANTATION

Pregnancy in patients with cirrhosis was previously
uncommon but is now increasing in frequency.("?)
This relates to increased awareness and demand from
patients as well as improved clinical care, prepreg-
nancy counseling, and methods of assisted conception.
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Approximately 30%-50% of females with chronic
liver disease report amenorrhea.®# The prevalence of
amenorrhea appears to be higher in patients with es-
tablished cirrhosis compared with those with choles-
tatic disorders, which are more likely to present with
menorrhagia. The etiology of liver disease, nutritional
status, and metabolic/endocrine dysfunction all play
roles in the pathogenesis of amenorrhea.

Hypothalamic function and the release of
gonadotropin-releasing hormone (GnRH) are influ-
enced by several factors. Malnutrition itself can
cause hypothalamic hypogonadotrophic amenorrhea.
Cirrhosis can independently affect hypothalamic func-
tion as well. Hepatic encephalopathy may influence
the hypothalamic release of GnRH through effects on
growth hormone and the adrenal axis.®>>® Disruption
of the hypothalamic-pituitary axis in conjunction with
impaired hepatic metabolism of sex hormones, porto-
systemic shunting of weak androgens, and peripheral
aromatization of androgens leads to hormonal imbal-
ance (Fig. 1). The initial stages of liver disease can be
associated with increased estrogen levels. However, the
estrogen balance in more advanced disease is less clear,
with some studies suggesting that estradiol levels are
low.?)

Rates of alcohol-related liver disease, including
alcoholic hepatitis, in women of childbearing age is
increasing in the United States and other parts of the
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world.®? Alcohol can influence the hypothalamic-
pituitary axis and directly alter ovarian function, as
demonstrated by the absence of corpora lutea and the
impaired development of follicles in a histological
study on ovaries in women who died of alcohol-related
cirrhosis.1” This can lead to features of primary
gonadal failure with low estradiol levels and blunted
GnRH release.

Studies have demonstrated variable changes in
follicle-stimulating hormone (FSH), luteinizing hor-
mone (LH), prolactin, estradiol, and progesterone
before and after liver transplantation (LT).(1) A sys-
tematic review, of which only 4/12 studies included
women, showed that estradiol and prolactin levels are
elevated prior to LT and decrease afterward.!? FSH
and LH tend to increase after LT. Larger studies are
required to understand the exact hormonal mecha-
nisms involved.

FERTILITY AND SEXUAL
FUNCTION AFTER LT

Menstruation can occur as early as the first month after
transplantation with 70%-95% of recipients experienc-
ing normalization within a year.>*713) This implies
that fertility is promptly restored after LT likely due to
the rebalancing of sex hormones. Alterations in pitu-
itary function as a result of feedback mechanisms also
reverse.

An imbalance between progesterone and estrogen
may explain persistent anovulation in female LT’ recip-
ients (Fig. 2). Consequently, relative hyperestrogenic
states contribute to an increased risk of gynecological
pathologies, eg, uterine bleeding from endometrial
hyperplasia. Progesterone has been shown to reduce
vaginal bleeding in LT recipients.(!¥
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Sexual dysfunction is complex. Factors such as age,
social circumstance, drug side effects, and disturbances
in sexual desire can all reduce sexual activity. A num-
ber of these factors improve after LT, but there is still
a proportion of patients who experience problems
after LT.UL1) Sorrell et al. showed that female recip-
ients who failed to recover sexual function had issues
with self-worth as a result of unemployment, con-
tinued health problems, changes in body image, and
depression.(%)

TIMING OF PREGNANCY

In those patients in whom fertility is restored, most
experts would recommend waiting at least a year,
and some even 2 years, after L' before planning a
pregnancy.117) The reasons for this include more
predictable graft function, complete postoperative
healing, lower levels of immunosuppression, lower
risks of opportunistic infections, and reduced rates
of acute cellular rejection (ACR) during this phase of
transplantation.

The National Transplantation Pregnancy Registry
(NTPR) is a questionnaire-based US registry investi-
gating pregnancy outcomes in solid organ transplant
recipients. A report from 2009 demonstrated that a
transplant-to-conception interval of >2 years was asso-
ciated with reduced rates of low birth weight (LBW),
rejection, and graft loss. Risks for these outcomes
were highest in women conceiving within 6 months
of LT.(1®) Additionally, 1 single-center study reported
only 1 successful live birth in 7 out of 38 pregnancies
conceived within 12 months of LT. Consequently, the
authors recommended delaying conception for at least
2 years after LT.(1)

Another single-center study of 71 pregnancies
reported no difference in the live birth rate (LBR)
between their early group (conceived within first year
of L'T') and late group (conceived >1 year after LT).
However, they observed increased rates of prematu-
rity, LBW, and ACR in the early group. On the basis
of these findings, the authors recommended delaying
pregnancy for at least a year after LT.(20)

Higher-risk patients, ie, those with recent ACR,
erratic graft function, or graft failure, are more likely
to encounter poorer pregnancy outcomes. As such, it
is appropriate to delay pregnancy in these patients and
to have a period of observation prior to conception,
eg, 3-6 months. Careful prepregnancy counseling and
multidisciplinary input during this time with a medical
obstetrician is advisable.
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FIG. 1. The hypothalamic-pituitary axis in a female with chronic liver disease.
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FIG. 2. Schematic representation of estrogen-progesterone imbalance.

MODE OF CONTRACEPTION

In post-LT recipients where pregnancy should be
delayed or the patient wishes to defer starting a family,
appropriate methods of contraception should be dis-
cussed. The ideal method of contraception for female
LT recipients is unknown. Many women will be seek-
ing safe, effective, and reversible options (Table 1).
Female sterilization or partner vasectomy can be con-
sidered in patients who have completed their family.

Intrauterine devices (IUDs) may have reduced efficacy
in immunosuppressed patients, secondary to reduced
anti-inflammatory effects locally within the uterus. In a
case series on the use of IUDs in kidney transplantation
(KT) recipients, 3 (2 copper-IUDs, 1 unspecified) out of
5 patients reported unplanned pregnancies.*V

Some advocate that IUDs should be avoided in
immunocompromised patients due to an increased risk
of infectious complications, although this assertion is
based on old case reports.?12? Interestingly, the use
of IUDs is effective and widely accepted in human
immunodeficiency virus (HIV )-infected women.??
Although the American Society of Transplantation
does not recommend IUDs as first-line contracep-
tion in transplant recipients, it remains an area of
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controversy because IUDs can be an effective approach
in many women. Further studies are required to deter-
mine efficacy in the posttransplant setting.

A systematic review on contraceptive use in KT/
LT recipients reported no unplanned pregnancies or
major biochemical abnormalities during the follow-up
of patients using low-dose oral or transdermal hor-
monal therapy. However, discontinuation did occur in
2 patients (due to thrombophlebitis and graft dysfunc-
tion), and modification of antihypertensive therapy was
required in some.®") Additionally, a retrospective study
examining 15 patients on combined oral contracep-
tives (COCs) or a transdermal patch found no clinical
or biochemical abnormalities during follow-up, while
maintaining 100% efficacy.>¥ The United Kingdom
Medical Eligibility Criteria for Contraceptive Use
recommends the use of progesterone-only therapies in
organ transplant recipients because the benefits usually
outweigh the theoretical risks.?>)

ASSISTED CONCEPTION

There are various reasons why a female LT recipient
may have difficulties getting pregnant, eg, abdominal
adhesions, primary reproductive pathologies, or etiology
of liver disease. Patients should be encouraged to dis-
cuss these issues with their transplant physician. After
addressing reversible factors, they should be referred to
a specialist if necessary. Although not without risk, in
vitro fertilization in female LT recipients has previously
resulted in successful pregnancies.?%”) Fertility preser-
vation techniques, cryopreservation of oocytes, surro-
gacy, and adoption are other options to be considered.?®

PREPREGNANCY COUNSELING

Counseling of female transplant recipients wishing
to become pregnant and supervision of a subsequent
pregnancy requires expert discussions in a multidis-
ciplinary setting, particularly as concomitant chronic
disease and immunosuppressants pose potential risks.
Optimal timings of pregnancy should also be discussed.

Prepregnancy counseling is not always possible in
women who undergo emergency transplantation for
drug-induced, viral-induced, or autoimmune-induced
liver failure. However, in these cases, counseling should
occur early in the posttransplant phase, ideally before
discharge.

All women due to start mycophenolate mofetil
(MMF) must receive contraceptive counseling and
have a negative pregnancy test before starting therapy.
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Contraceptive Method
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TABLE 1. Contraceptive Options After LT

Advantages

Disadvantages

Recommendation

Barrier methods

Male condom

Female condom
Cervical cap
Diaphragm

IUDs

Hormonal contraception

Estrogen/progestin
(combined) pill

Patch
Vaginal ring
Progestin-only pill

Depot medroxyprogesterone
acetfate

Etonogestrel implant

No contraindication in LT recipients

No drug-drug interactions
Low cost

Protection against most sexually
transmitted infections

Long lasting

Low failure rate
Reversibility

No drug-drug interactions
Low failure rate
Reversibility

Less irregular bleeding

Reduced risk of endometrial and
ovarian cancer

No first pass liver metabolism
5% failure rate

2% failure rate

No liver metabolism

<1% failure rate
No liver metabolism

No decrease in bone mineral density

NOTE: Adapted from McKay et al.(16)

Patients should ideally use 2 methods of contraception
for at least 4 weeks before initiating MMF, during
treatment, and for 12 weeks after discontinuation.

Risk of Immunosuppression

During Pregnancy

As part of prepregnancy counseling, the effect of
immunosuppression on mother and fetus should be

568 |
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Noncompliance
Higher failure rates

15% failure rate

21% failure rate

Requires fitting by health care professional
16% failure rate

Increased risk of urinary tract infections

Theoretical risk of ineffectiveness and infective
complications

No protfection against sexually fransmitted
infections

Multiple contraindications, eg, migraines, veno-
thromboembolism, stroke, smokers, and so on

Possible reduced efficacy of immunosuppressive
medications

May inferfere with immunosuppressive medi-
cations via cytochrome P450 system, eg,
hepatotoxic effect

Possible cholestasis
Increased risk of cervical cancer
Possible increased risk of venothromboembolism

Liver metabolism

Irregular bleeding

Amenorrhea

Weight gain

Delayed return to fertility

Decreased bone mineral density

Similar to depot medroxyprogesterone acetate

Recommended (if efficacy
issues discussed)

Not fully recommended
(although poor evidence
to support this)

Individualized fo patient,
decision based on risk
versus benefit profile

Hypertension must be well
confrolled

discussed with the patient. The benefits of immu-
nosuppressive therapy to maintain adequate graft
function during pregnancy usually outweigh the
possible risks associated with fetal exposure. Stable
doses of immunosuppression before and during preg-
nancy are key in preventing problems in the mother
as well as in the fetus. Maintenance of preconcep-
tion immunosuppression is generally recommended,
except for MMF. Once pregnant, we recommend
that clinicians enroll patients into an appropriate

registry.
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CORTICOSTEROIDS

Approximately 10% of the maternal corticosteroid dose
reaches the fetus. Older studies have suggested an asso-
ciation between corticosteroid use in the first trimester
and cleft lip/palate abnormalities.?>3? However, these
studies used high-dose corticosteroids (mean, 30 mg)
and had several confounding factors. Newer studies have
not demonstrated evidence of teratogenicity, thereby
establishing the safe use of corticosteroids during preg-
nancy.(132) Prolonged or repeated administration of
systemic corticosteroids during pregnancy may be as-
sociated with intrauterine growth restriction (IUGR),
although short courses (eg, to aid fetal lung maturation)
in threatened preterm deliveries are likely to be safe.(33-3%

AZATHIOPRINE

Although azathioprine crosses the placenta, the fetal
liver lacks inosinate pyrophosphorylase, an enzyme
required to convert azathioprine into its active
metabolites.®® Azathioprine has good safety data for
use in human pregnancies.®”) It has been associated with
dose-related myelosuppression in the fetus, although
maintaining the mother’s white cell count >7500 mm™3
appears to minimize this risk.®® Lymphopenia, hy-
pogammaglobulinemia, and thymic hypoplasia have
been reported in children born to mothers on azathi-
oprine. However, these changes appear to reverse after
birth with no longterm consequences.'7% In clinical
practice, most transplant physicians are comfortable
continuing azathioprine during pregnancy if necessary.

CYCLOSPORINE

Cyclosporine readily crosses the placenta. Blood con-
centrations in the fetus range between 30%-60% of
the mothers’ concentration.*%*!) Current data do not
indicate an increased risk of congenital malformations
when compared with nonexposed patients. There is,
however, a moderate risk of IUGR.(#2-44)

Hepatic cytochrome P450 enzymes can be inhibited
during pregnancy, and there may also be changes in drug
distribution, renal dysfunction, and hepatic clearance
during pregnancy. To prevent toxicity or underdosing,
cyclosporine levels should be monitored during pregnancy.

TACROLIMUS

Pregnancy outcomes with tacrolimus-based im-
munosuppression have shown lower incidences of

RAHIM ET AL.

hypertension and pre-eclampsia when compared with
cyclosporine-based  therapy.*>#34)  Nephrotoxicity
and glucose intolerance during pregnancy may also be
associated with tacrolimus-based therapy. Transient
unexplained hyperkalemia in newborns of mothers
taking tacrolimus have been noted, although this is
reversible without need for treatment.*?) In a litera-
ture review of 83 pregnant LI/KT recipients treated
with tacrolimus, the incidence of fetal malformations
was 6%.4 Other studies have demonstrated rates of
4%-5% in LT/KT recipients, which is comparable to
the general population.*3#0) Overall, tacrolimus is
deemed to be safe in pregnancy, but levels should be
monitored closely by the transplant team. Target levels
should be individualized based on history of rejection
and concomitant disease.

MYCOPHENOLATE MOFETIL

MMF is contraindicated during pregnancy. Risks in-
clude spontaneous abortion (49%), stillbirth (2%),
and structural anomalies (23%).4”) Kamarajah et al.
reported 9 conceptions in 77 LT recipients while on
MMEF. The outcomes of these pregnancies included 6
live births (67%), 2 early miscarriages, and 1 maternal/
fetal death in the first trimester from preexisting chronic
graft rejection in the mother.® Sifontis et al. demon-
strated the teratogenic effects in a study of 33 pregnan-
cies in different organ transplant recipients with early
exposure to MMEF. There was a high incidence of mal-
formations, including hypoplastic nails, shortened fifth
fingers, microtia, and cleft lip/palate abnormalities.*”)
Other reported malformations included the absence of
auditory canals, Tetralogy of Fallot, and total anoma-
lous pulmonary venous return.%4-50) It has been advo-
cated that there may be a dose-related relationship with
developmental toxicity.#”) The management of MMF
exposure in the setting of unplanned pregnancies or pa-
tients who require adjunctive therapy is not clear.

MAMMALIAN TARGET OF
RAPAMYCIN INHIBITORS

There are limited data on the effects of mammalian
target of rapamycin (mTOR) inhibitors (eg, sirolimus
or everolimus) during pregnancy. The antiproliferative
effect of these drugs could theoretically prevent the
development of a fetus. A recent study reported a still-
birth at 25 weeks gestation in an LT recipient on siroli-
mus.*8) However, there have been numerous reports of
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successful pregnancies with mTOR inhibitors.(47:4%°1)

Nonetheless, these drugs remain contraindicated
during pregnancy, and we would recommend discon-
tinuation prior to an attempted conception, although
the exact interval has not been elucidated.

Table 2 classifies the risks of the most commonly
used immunosuppressive agents in L'I. The US Food
and Drug Administration (FDA) pregnancy categories
have been replaced with the Pregnancy and Lactation
Labelling Rule. The original FDA categories were
deemed too simplistic and misleading in terms of
describing the degree of risk involved with each drug.
The newer descriptive system is suggested to be better
at aiding clinicians and patients with decision making.

Imaging of the Fetus During
Pregnancy

During pregnancy, antenatal ultrasound scans should
be performed in LT recipients as per local protocol.
However, because of the increased risk of IUGR, we
would recommend further growth scans at 28, 32, and
36 weeks’ gestation. If IUGR is suspected, regular mid-
dle cerebral and umbilical artery Doppler ultrasounds
can assess the risk of ensuing hypoxia.

Outcomes in Pregnancy
Following Transplantation

Fetal deaths, antepartum admissions, and maternal/
fetal complications are overall increased 2-3—fold in
LT recipients.®? The most significant complications
include pregnancy-induced hypertension (PIH), pre-
eclampsia, prematurity, and IUGR (Fig. 3). Pregnancy
in a L'T recipient should therefore be considered high
risk and managed by an experienced obstetrician, trans-
plant physician, and midwife. A complicated pregnancy
may require delivery in a transplant center. See Fig. 4
for a proposed management plan for these patients.

Maternal OQutcomes
MATERNAL DEATH

Overall, maternal deaths have not been reported to be
higher in pregnant LT recipients when compared with

570 | REVIEW ARTICLE
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the general population.®?->% Death rates during preg-
nancy and the postpartum phase vary between 0% and
19%.02°457) In the older studies quoting higher rates of
maternal death (5%-17%), most deaths occurred more
than a year postpartum and were unlikely to be related
to the pregnancy.192043) A report from 2003 described
1 maternal death in the immediate postpartum phase
where an infra-aortic arterial graft clotted during labor
and led to a gangrenous graft, liver failure, and death
before retransplantation.*3)

PREGNANCY-INDUCED
HYPERTENSION

PIH is the development of new hypertension (systolic
blood pressure >140 mm Hg or diastolic blood pres-
sure >90 mm Hg) in a pregnant woman after 20 weeks’
gestation in the absence of proteinuria or new-onset
hepatic/renal dysfunction. Coffin et al. reported the
rate of PIH as 30% in a LT recipient group versus 9% in
a control group.®? Deshpande et al. reported a similar
rate in their meta-analysis.®® In certain patient series,
the rates of PIH range between 16% and 23%.1%-20,59-61)
This variance may be due to the inclusion of patients
with chronic hypertension in some studies.

Deshpande et al. also demonstrated that the rates
of PIH in LT recipients were lower than in KT recipi-
ents (54%).08 This is likely due to the higher levels of
immunosuppression required in KT recipients as well
as an accepted reduction in kidney graft function over
time and increased likelihood of vascular pathologies
in these individuals.

The incidence of hypertension according to the
type of immunosuppression is between 22% and 29%
with corticosteroids, 63% and 73% with cyclospo-
rine, and 47% and 54% with tacrolimus.(19:42:43,62,63)
Cyclosporine may be related to higher rates of hyper-

tension when compared with tacrolimus.

PRE-ECLAMPSIA

Pre-eclampsia is a pregnancy-specific hypertensive dis-
order that occurs after 20 weeks’ gestation and is asso-
ciated with new-onset proteinuria (>300 mg/dL/day)
with or without other multisystem involvement.(®%
Rates of pre-eclampsia in the general US popula-
tion have previously been reported as 4%.°%°%® Older
studies in pregnant LT recipients have reported pre-
eclampsia rates of 21%-26%,1%°%2) whereas newer
studies have reported rates of 7%-12%.07-%:61,65,60)
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TABLE 2. Immunosuppressive Drugs Commonly Used in LT Recipients and Their Effects on Pregnancy

Drug

Previous FDA
Pregnancy
Category*

Possible Effects on
Mother

Possible Effects on Fetus

Safety in
Breastfeeding

Corticosteroids

Azathioprine

Cyclosporine

Tacrolimus

Mycophenolate mofetil

mTOR inhibitors

OKT3 (murine monoclonal
antibody)

Antithymocyte globulin

Not assigned

Hypertension

GD

Cushingoid symptoms
Osteonecrosis

Weight gain

Dyslipidemia

Infection

Poor wound healing
Leukopenia
Gastrointestinal side effects

Hypertension

GD

Pre-eclampsia
Renal dysfunction
Hypertension

GD

Renal dysfunction
Neurotoxicity

Leukopenia
Gastrointestinal side effects

Gastrointestinal side effects
Mucositis
Infection

Flu-like symptoms
Allergic reaction
Flu-like symptoms
Leukopenia
Allergic reaction

Malformations (rate 4%)

Increased rate of cleft palate abnormalities
Premature rupture of membranes®

Adrenal insufficiency
IUGR

Malformation (rate 7%)
Preterm delivery*
Anemia’

Leukopenia®
Thrombocytopenia$
Immune deficiency$
Infection®>$

LBWH*

IUGR

Thymic hypoplasia
Malformation (rate 3%-5%)
[BW

IUGR

Malformation (rate 4%-6%)
Pre-term delivery

LBW

IUGR

Yes (use lowest
dose possible)

No
Usually normalize
within a year

No

Yes (but with
caution
and careful
monitoring)

Transient renal insufficiency (hyperkalemia)

Malformation (rate 22%)—uwide spectrum affecting cleft  No
palate, ears, limbs, heart, esophagus, and kidneys

Spontaneous abortion in the first frimester

Limited data

No

In animal models, reduced fetal weight, delayed ossifica-
tion of skeletal structures, but no teratogenicity known

Unknown

Unknown

Unknown

Unknown

*Category A: Adequate and well-controlled studies have failed to demonstrate risk to the fetus in the first and later trimesters of preg-
nancy. Category B: Animal reproduction studies have failed to demonstrate risk to the fetus, and there are no adequate well-controlled
studies in pregnant women. Category C: Animal reproduction studies have shown an adverse effect on the fetus, and there are no adequate
well-controlled studies in humans. However, potential benefits may warrant use of the drug in pregnant women despite potential risks.
Category D: There is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing experience or
studies in humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks.

TCatnach et al.®?) (1995).

¥American Academy of Pediatrics®®® (2012).

SEffect usually normalizes within a year.
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FIG. 3. The complex interplay between maternal, graft, and fetal outcomes.

Manage as high-risk pregnancy (multidisciplinary setting):

- Monthly evaluation clinically, graft function, blood pressure monitoring, urine sampling + vaginal swabs

Suggestion:

- Monthly review by Obstetric and Gynecology (increased frequency may be required in third trimester)
- Review in posttransplant clinic each trimester

Prepregnancy counseling:

- Planning of pregnancy
eg, timing

- Changein
immunosuppression if
necessary

- Folic acid

- Papsmear within 3
months of pregnancy

- Vulvovaginitis must be
treated

First trimester

Testing for diabetes

Second trimester ) Third trimester

If normal, test again

Vaccinations: at 12-14 weeks’ at 24-28 weeks’
- Influenza, pneumococcus, tetanus, hepatitis A gestation gestation
and, if indicated, hepatitis B (must occur
prepregnancy)
- Ifrequired, rubella and varicella vaccination
Shou!d CEBIrEL Ie_aSt 12.wefeks pr|<?rto pregnancy *Serial ultrasonography may be performed regularly (every 4 weeks)
- Consider pertussis vaccination during pregnancy to evaluate fetal growth, eg, at 28, 32, and 36 weeks’ gestation
If evid of i growth close ing with of fetal heart rate
and serial ul ds will be required (including Doppler of uterine and umbilical arteries)

FIG. 4. Proposed management scheme of pregnancy after LT.

Rates may have improved over time as a result of
better management of immunosuppression and risk
factors (Table 3) associated with pre-eclampsia. Pre-
eclampsia is the main contributing factor for preterm

delivery in LT recipients.(47’57) The pathophysiology
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behind this is not entirely understood, although the va-
soconstrictive effects of calcineurin inhibitors, chronic
corticosteroid use, and increased incidence of base-
line hypertension and renal dysfunction are important
factors.
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TABLE 3. Risk Factors for Pre-Eclampsia in Pregnant
Females With No Previous LT

Risk Factor Unadjusted Relative Risk*
Previous pre-eclampsia 8.4
Chronic hypertension 5.1
Previous GD 3.7
Multiple pregnancies 2.9
Pre-pregnancy BMI >30 kg/m? 2.8
Antiphospholipid syndrome 2.8
Systemic lupus erythematosus 2.5
Previous stillbirth 24
Nulliparity 2.1
Pre-pregnancy BMI >25 kg/m? 2.1
Previous placental abruption 2.0
Chronic kidney disease 1.8
Antiretroviral therapy 1.8
Maternal age >40 years 1.5
Previous IUGR 1.4
Maternal age >35 years 1.2

NOTE: Additional factors include ethnicity, smoking history,
family history of pre-eclampsia, in vitro fertilization, other assisted
reproductive technologies, and partner-related factors indicated by
Wright et al.®% (2015). Adapted from Bartsch et al.(109
*Compared with pregnant women without the risk factor.

Vitamin D deficiency has been associated with an
increased rate of pre-eclampsia, and therefore, supple-
mentation is recommended from the first trimester.(®”)
Additionally, daily aspirin (if initiated <16 weeks’ ges-
tation) improves placental hemodynamics and reduces
the risk of preterm (<37 weeks) pre-eclampsia (relative
risk, 0.62) but not term pre-eclampsia (relative risk,
0.92).0869 To avoid the risk of nonresponse, our rec-
ommendation is to start 150 mg once per day from the
first trimester.79 Where this dose is not available, a
dose of 162 mg once per day (81 mg tablets x 2) is also
suitable. Aspirin should be discontinued at 36 weeks’
gestation or at least a week before delivery.

REJECTION AND GRAFT LOSS

Pregnancy is viewed as a state of relative immuno-
suppression. Pregnant women do not necessarily have
diminished systemic immunity; however, the uterus
becomes an immunoprivileged site, with an increase in
other tolerogenic mechanisms.(’) Fetal antigens that
cross the maternoplacental barrier can induce a periph-
eral T cell response.

During pregnancy, a 3-4—fold rise in alkaline phos-

phatase is expected due to increased placental and bone
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isoenzyme production.(7273) In the later stages of preg-
nancy, female sex hormones may inhibit the hepatic
synthesis of gamma-glutamyl transpeptidase because
decreased secretion and activity have been demon-
strated in the second and third trimesters.7* Overall,
alanine aminotransferase and aspartate aminotrans-
terase levels are thought to remain stable during preg-
nancy. Hypoalbuminemia, due to a hemodilution
effect, is also common in pregnancy. Both total and
free bilirubin have been shown to be lower, as has con-
jugated bilirubin during the second and third trimes-
ters.(7¥ Markers of synthetic function, such as platelet
count, prothrombin time, and the international nor-
malized ratio, all remain within the normal range
during pregnancy. These described changes have not
been fully studied in the L'T" population.

In clinical practice, it can be difficult to deter-
mine the cause of new liver enzyme derangement,
particularly a transaminitis, in a post-LI' pregnant
woman. Baseline prepregnancy graft function and liver
enzymes need to be considered. The gestation at the
time of liver derangement is important to note as well
as the full clinical picture at the time, eg, tacrolimus
levels, noncompliance, presence of hypertension with
or without proteinuria. It is also vital to rule out viral
causes. Liver biopsy can be considered in cases of
uncertainty, particularly if it is likely to significantly
impact management.

Rates of graft rejection in pregnant LT recip-
ients can be highly variable between 0% and
209.(19,2045,52,55,61,62,6575-78) Unfortunately, some of
these studies did not employ uniform diagnostic crite-
ria for ACR. The rate of ACR in the nonpregnant LT
population is also unclear.’?) Rates of postpartum graft
rejection range between 3% and 129%.(192043,56,57,60)
Rejection during pregnancy is likely secondary to a
combination of factors: either voluntary discontinua-
tion or reduction of immunosuppression or the effect
of dilution caused by increased plasma volume during
pregnancy. Those patients who develop ACR during
pregnancy usually respond to a course of corticoste-
roids or reestablishment/augmentation of immuno-
suppression.?%#3°0) There may be a link between
biopsy-proven ACR during pregnancy, recurrent rejec-
tion, and graft loss, although it is difficult to confirm a
true causal relationship.®)

Graft loss during pregnancy as a direct result of
ACR is rare, but there are reports of graft loss after
delivery due to recurrent autoimmune hepatitis (ATH)
and chronic rejection.*3) Table 4 demonstrates the
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Not reported

6%
5%
2%

Not reported
No graff loss

Not reported
Not reported

5%
2%

8%
0% (1 case of chronic rejection)

Finland
Turkey

25

Mattila ef al.83 (2017)

26
162

130

Baskiran et al.5? (2017)
Lim et al.57 (2018)

Kamarajah 201948

No graft loss

7%
8%

United Kingdom

Not reported

United Kingdom

*NTPR data.
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rates of rejection and graft loss during pregnancy in
different studies. Lim et al. reported that 9% of their
cohort (8/93 patients) underwent retransplantation
at a median of 42 months postpartum. Indications
included chronic rejection, recurrent disease, and late
hepatic artery thrombosis. In all cases, graft losses were
not felt to be specifically related to the pregnancy.®?

Other factors that may also be associated with graft
loss include younger age at transplantation/conception,
interval between transplantation and pregnancy, renal
insufficiency, stage of graft disease, and the presence of
portal hypertension. (2%-56,57,80)

RENAL DYSFUNCTION

Christopher et al. described de novo renal impairment
in 11% of their pregnant LT cohort.??) Nagy et al.
reported that 25% of their cohort had a creatinine of
>1.3 mg/dL during pregnancy.’® However, there are
several studies that have not detected a significant de-
cline in renal function during pregnancy.“>8V) Lim et al.
demonstrated that a preconception estimated glomer-
ular filtration rate (eGFR) of <90 mL/minute in I'T
recipients was associated with preterm delivery. They
concluded that a progressive decline in eGFR during
pregnancy predicted gestational length and outcome.”

GESTATIONAL DIABETES

Pregnancy is a physiological state of insulin resistance.
Diabetogenic immunosuppressants, in conjunction
with other risk factors, may induce gestational diabetes
(GD). The rate of GD in pregnant LT recipients varies
between 0% and 119%.(20-°25458,59.61,77.78) The variance
may be due to sample size, ethnicity, and inclusion
of patients with preexisting diabetes. In a North
American population—based study, the GD rate in LT
recipients was significantly higher than the nontrans-
planted group (8.6% versus 5.4%, respectively).* As
an independent factor, it is not clear if the development
of GD alters the course of pregnancy in LT recipients.

HEMORRHAGE

Rates of antepartum hemorrhage have been reported to
be similar between LT recipients and the general pop-
ulation. However, postpartum hemorrhage has been
reported as statistically more frequent in LT recipients
when compared with controls (8% versus 3%, respec-
tively).? This was corroborated in a population-based
study that showed an increased requirement of blood
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products after pregnancy in LT recipients.5% This may
be related to several factors: increased cesarean deliv-
ery rates, immunosuppression-related thrombocytope-
nia, and coagulation defects as a result of hypertensive
disorders.

Pregnancy-related ruptures of splenic artery aneu-
rysms have also been described in the LT popula-
tion.#38283) These aneurysms should ideally undergo
intervention before pregnancy.

PREGNANCY-RELATED
INFECTIONS

The frequency of infections acquired during pregnancy
has been reported to be similar between LT recipients
and the general population.®>°¥ Christopher et al.
reported an infectious complication rate of 11% (8/71
pregnancies). Of these patients, 3 were viral-related
cases: 2 with parvovirus and 1 with cytomegalovirus
(CMV) reactivation (treated with ganciclovir).??
Genitourinary infections have been shown to be more
prevalent during pregnancy in LT recipients com-
pared with non-LT recipients (5.3% versus 1.4%,
respectively).4)

OTHER COMPLICATIONS

Pregnancy is a hypercoagulable state, which may in-
crease the likelihood of thrombosis. However, in
1 study among 4 patients who underwent transplan-
tation for Budd-Chiari, with the use of aspirin in the
first and second trimesters and low-molecular-weight
heparin in the third trimester, there was no recur-
rence during pregnancy.®?) Additionally, venothrom-
boembolism does not appear to be more prevalent in
pregnant L' recipients when compared with nontrans-
planted individuals.52%

Anemia is one of the most common complications
in pregnant LT recipients and is likely to be secondary
to physiological changes during pregnancy, effects of
immunosuppression, renal insufficiency, and iron defi-
ciency. One population-based study suggested a preva-
lence of 23% in LT recipients.®*

Finally, there have been reports of increased rates
of cholestasis of pregnancy in LT recipients.48% The
risk of intrahepatic cholestasis of pregnancy has been
shown to be significantly increased in those patients
with hepatitis C infection, but whether this risk
remains after LT has yet to be determined.(®® If there
is suspicion of this condition, monitoring with bile
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acids during pregnancy will determine the risk to the
fetus and may influence the time of delivery.®”

Fetal Outcomes

LIVE BIRTH RATE

The LBR in pregnancies of L'I' recipients has con-
sistently been quoted to be above 65%.(20,55,56,59,61,81)
Desphande et al. reported an LBR of 77% (346/450
LT pregnancies). At the time, the LBR in the general
US population was 67%.58 Lim et al. demonstrated
that the LBR has increased over the last 3 decades in
their cohort, from 60% before 1997, to 70% between
1997 and 2006, to 84% between 2007 and 2016.57)
This improvement is likely secondary to more inten-
sive specialist care during these high-risk pregnancies
as well as the reduced rate of unplanned pregnancies.

SPONTANEOUS ABORTION

The rate of spontaneous abortions in LT recipients is
thought to be in the region of 11%-19%.1920:45,56,78,81)
Deshpande et al. reported a miscarriage rate of 16%
versus 17% in the general population.®® It is difficult
to ascertain the true rates of medically induced abor-
tions because they are not reported accurately. A recent
systematic review reported a rate of 8%.(58)

STILLBIRTHS

Most studies have suggested a stillbirth rate of 0%-1.2%
in pregnant LT recipients.1%°7°8) However, rates as high
as 12% have been reported in some studies.®>*? There
are multiple risk factors for stillbirth: ethnicity, parity,
previous stillbirth, infections, obesity, smoking, diabe-
tes, hypertensive disorders, antepartum hemorrhage,
placental abruption, IUGR, genetic defects, and obstet-
ric cholestasis. According to NTPR data, the develop-
ment of cholestasis during pregnancy in LT recipients
is 6 times higher than the general population; however,
adverse outcomes have not been demonstrated.®?)

PREMATURITY

Preterm birth rates are increased in LT recip-
ients. Reported rates vary between 14% and
5309.(19,20,43,55,59-61,75,76,78,81) Deshpande et al. reported
a rate of 39%, a rate much greater than the general
US population (14%).C® Prodromidou et al. reported
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a preterm birth rate of 32% in 1079 pregnancies in a
recently published systematic review.®® The increased
risk of prematurity may be related to the increased in-
cidence of obstetric complications in LT recipients, eg,
pre-eclampsia.

FETAL GROWTH RESTRICTION
Birth weight (BW) is intrinsically related to gesta-

tional age. One prospective patient series reported the
mean BW percentile to gestational age in neonates of
LT recipients, with 8.5% having a BW percentile of
<25th and 60% having a BW percentile >50th.*3) In
another study, the mean neonatal weight in the LT
recipients was 2838 g (<34 weeks’ gestation, 1897 g;
34-36 weeks’ gestation, 2324 g; >37 weeks’ gestation,
3125 g).%9 Deshpande et al. showed that the mean
BW was significantly greater for LT recipients (2866 g)
compared with KT recipients (2420 g) but that it was
lower than the general US population (3298 g).C%)

IUGR is defined as a pathological process that
inhibits the growth of a fetus and prevents it from
reaching its full growth potential. Rates of IUGR in
LT recipients vary between 5% and 20%.(1%2>60.61)
This variance is likely due to inconsistent definitions of
TUGR between studies. Certain studies have demon-
strated that IUGR rates in LT recipients are statisti-
cally more frequent when compared with the general
population.(561,63)

CONGENITAL INFECTIONS

Infections that can be transmitted transplacentally to
the fetus include CMYV, toxoplasmosis, herpes simplex
virus, varicella, HIV, hepatitis B virus, and hepatitis
C virus. The greatest risk of congenital infection is
through primary CMV infection in the mother during
pregnancy. However, recurrent CMV infection in the
immunosuppressed female patient has also been re-
ported to cause congenital CMV infection.®V If un-
treated, this can lead to serious fetal complications, eg,
hydrops fetalis, stillbirth, mental retardation, visual/
hearing loss, prematurity, or death.? It is therefore
important to monitor CMYV levels during pregnancy in
LT recipients when indicated.

CONGENITAL MALFORMATIONS

Congenital abnormalities are uncommon in the
children of LT recipients. Rates range between 0%
and 49%.(18:43,45,52,60,7577) Older series have reported
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unusually high incidences of 10%-17%.1970) A re-
cent population-based study also reported a slightly
increased rate of congenital anomalies in LT recipi-
ents when compared with nontransplanted individu-
als, although the authors acknowledged that an earlier
study (derived from the same database) did not show a
statistical difference.©>°* Contrastingly, Coffin et al.
reported a malformation rate of 1.4% in 206 LT preg-
nancies (versus 0.6% in the nontransplanted group).©?
In 2006, the NTPR reported a malformation rate of
3%-5% in the general US population.’®

Documented congenital anomalies in the neo-
nates of female LT recipients include tracheoesopha-
geal fistula, pyloric stenosis, ventricular septal defects,
Tetralogy of Fallot, valvular disease, total anomalous
pulmonary venous defect, cystic kidney, hydrocoeles,
and hypospadias.(181943446065) There is no consistent
pattern of malformation, and it is difficult to ascertain
if these are related to immunosuppression or genetic
predisposition. In contrast, there are several studies
that have not reported any congenital malformations
in their I'T cohorts.(20°256:59,6177) Qverall, it is felt
that the malformation rate is no different between LT
recipients and the general population.

LONGTERM FOLLOW-UP OF
CHILDREN

Data on longterm pediatric outcomes are lacking.
Small studies have reported appropriate physical and
psychological development in the children of mothers
who have previously undergone LT.(”>77) Neurological
development of children born to LT recipients appear
to be similar to that of children whose mothers have
not undergone transplantation.%®

Obstetric Outcomes
MODE OF DELIVERY

The rates of cesarean delivery in pregnant L'I' recipients
varies between 20% and 63%,(19:20,43,45,52,55,56,59,60,75,76,78,81)
Deshpande et al. reported a rate of 45%, which was
significantly higher than the general US population
(32%).°®) One study reported the indications for ce-
sarean deliveries in their cohort of LT recipients, which
included pre-eclampsia, placental abruption/previa,
tetal distress, failure to progress, prolonged labor, rup-
tured membranes, and breach presentation.(43) This
was corroborated by another study that showed that
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71% of their pregnant L'T' recipients underwent ce-
sarean deliveries, all due to obstetric indications. The
length of stay in these patients was approximately
4 days longer than those who had vaginal deliveries,
which were documented to be uneventful.®¥ There are
no specific contraindications to vaginal delivery in LT
recipients. Hospitalization in a transplant center does
not appear to change obstetric outcomes.?)

OTHER OBSTETRIC
COMPLICATIONS

Frequency of premature rupture of membranes (5.5%),
placental previa (1.4%), and placental abruption (2.7%)
have been reported to be similar between pregnant LT
recipients and the general population.525%

Transplantation During
Pregnancy

The development of acute liver failure during pregnancy
from conditions such as acute fatty liver of pregnancy,
hemolysis, elevated liver enzymes and low platelets
syndrome, drug overdose, AIH, or acute hepatitis B/E
is very rare.%%) In pregnancy-induced liver failure,
delivery is nearly universally recommended to treat the
underlying liver condition; however, emergency LT
may need to be considered in selected patients.%)

Although most of the literature on this subject is
based on case reports, fetal outcomes appear to be poor.
Depending on the age of gestation and the viability of
the fetus, continuation or termination of the pregnancy
must be tactfully discussed with the patient. A multidis-
ciplinary approach in a specialist transplant center with
intensivists and transplant/obstetric surgeons and physi-
cians is mandatory. It is difficult to recommend a ges-
tation from which a live birth can be pursued. One of
the youngest reported in the literature is a woman who
was transplanted for ATH at 20 weeks’ gestation, and the
neonate delivered spontaneously at 28 weeks.”

Postpartum Phase

After pregnancy, the return to normal physiology leads
to a period that warrants careful monitoring for ma-
ternal drug toxicity. It is therefore recommended that
immunosuppressant levels are monitored postpartum,
particularly if doses were changed during pregnancy. It

RAHIM ET AL.

can take several weeks for fluid retention to improve
after delivery, so we would recommend repeating tac-
rolimus or cyclosporin level tests within a month of
delivery. Women should receive regular follow-up in
the first 3 months after delivery, although this does not
necessarily have to be done in secondary/tertiary care.

BREASTFEEDING AND DRUG
PASSAGE

In the past, it was strongly advocated that LT recip-
ients should not breastfeed. However, international
consensus has changed to the view that breastfeeding
need not be an absolute contraindication.1®) Despite
the lack of good-quality prospective studies, evidence
is slowly accruing on the safety of breastfeeding from
other disciplines, such as rheumatology, inflammatory
bowel disease, and KT. Patients should be given the
opportunity to weigh the potential risks of drug expo-
sure and the benefits of breastfeeding, eg, reduced rates
of allergies, celiac disease, infections, and colitis.*®

Corticosteroids

Small amounts of corticosteroid are present in the breast
milk of women on corticosteroid therapy. However, at
low doses, the effects on the infant are negligible. The
American Academy of Pediatrics has recommended rel-
ative safety of breastfeeding while on corticosteroids.10)
Prednis(ol)one doses up to 20 mg/day are not expected to
cause adverse effects on the infant.10?

Azathioprine

Low doses of azathioprine can be found in breast milk.
Despite this, there are concerns regarding the longterm
effects of drug exposure on immunosuppression, malig-
nancy, and development in the infant. However, the det-
rimental effects of azathioprine on newborns have not
been demonstrated in several studies.”:19? The British
Society of Rheumatology guidelines recommend that
azathioprine is compatible with breastfeeding.(10%)

Cyclosporine

Drug levels within breast milk can be highly variable re-
gardless of the maternal cyclosporine dose. Small studies
have shown low concentrations of cyclosporine in infants
with no significant adverse events noted.(1%) However,
the American Academy of Pediatrics has recommended
against breastfeeding with cyclosporine due to concerns
regarding possible immunosuppression in the infant.(10V
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Because of the lack of longterm detrimental effects on
neonates, in clinical practice we do not discourage breast-
feeding in patients on cyclosporine.

Tacrolimus

Older studies have suggested that tacrolimus content
within breast milk is high, and so, mothers on tacroli-
mus should not breastfeed.*? However, newer studies
have determined that infant ingestion/exposure of the
drug is very low, and therefore, it may be compatible
with breastfeeding.(10>100)

There are minimal data on the safety of MMF and
mTOR inhibitors in breastfeeding.

Breastfeeding in LT recipients remains a controversial
topic, and further studies are required before definitive
recommendations can be made. The benefits of combi-
nation feeding (“breast and bottle”) and timing of feed-
ing in relation to drug ingestion also need to be explored.

Conclusion

Despite increasing experience in the management of
pregnancy in transplant recipients, these pregnancies
remain high risk when compared with the general pop-
ulation. Pregnancy in these individuals should there-
fore be carefully considered, planned, and monitored
in a multidisciplinary setting, including input from
an experienced obstetrician and transplant physician.
Considering the possible complications (eg, con-
comitant chronic conditions and immunosuppressive
drugs), pregnancy outcomes are reassuringly favorable.
Although there are data from registries, population-
based studies, case series and reports, there is a lack
of good-quality randomized controlled trials on preg-
nancy in transplantation. This mandates the collection
of accurate data through registries to obtain up-to-date
and reliable data sets. Future research goals should in-
clude defining the impact of pregnancy on short-term
and longterm graft function, optimizing screening
during pregnancy, identifying LT-specific risk factors
for pre-eclampsia and IUGR, and determining the
outcomes of in vitro fertilization and mTOR inhibi-
tors on pregnancy.
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