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ABSTRACT

Transplantation is becoming increasingly widespread worldwide as a life-saving treatment for patients
with end-stage organ failure. While the woman's quality of life improves rapidly after transplantation, the
improvement of the endocrine system helps to regain fertility. The success of conception and success-
ful pregnancy rates are quite low compared to the general population. Particular attention should be paid
to obstetric complications such as hypertension, preeclampsia, fetal growth restriction, and preterm de-
livery during pregnancy. Ideally, preconception counseling should begin in the period before transplan-
tation. Initiating contraception immediately after transplantation is ideal and long-acting reversible meth-
ods such as intrauterine devices and subcutaneous implants may be preferable. Factors that influence
pregnancy outcomes in women undergoing organ transplantation include good general health within two
years of transplantation, no evidence of organ rejection in the last year, stable graft conditions, absence
of acute infections affecting the fetus, and adequate doses of immunosuppression drugs. However, fac-
tors that may adversely affect pregnancy include the etiology of the disease requiring transplantation,
chronic allograft dysfunction, renal failure, cardiopulmonary diseases, hypertension, diabetes, obesity,
and infections such as hepatitis B, hepatitis C, and Cytomegalovirus (CMV). Postponing pregnancy for
at least 1 year after transplantation is very important to optimize pregnancy outcomes. Pregnancy in the
early post-transplant period increases the risk of acute rejection, infection risk, and graft-related prob-
lems. In general, transplanted women can have successful pregnancies and live birth rates are above
70% on average. Although perinatal morbidity and mortality rates are high, most newborns are healthy
and develop normally. Specific criteria such as pre-pregnancy serum creatinine levels and blood pres-
sure control, as well as adherence to immunosuppressive therapy, significantly influence pregnancy
success in transplant patients. In this review, optimizing pregnancy outcomes often involves addressing
maternal and fetal risks, regular graft monitoring to detect potential complications such as organ rejec-
tion, and regulation of transplant medications to ensure safety and efficacy during pregnancy.
Successful management relies on a multidisciplinary approach with contributions from obstetricians,
neonatologists, nephrologists, hepatologists, and transplant surgeons.
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The ranking of organ transplant types in females in de-
creasing order is as follows: Kidney, Liver, Heart, Lung,
Kidney-Pancreas, Pancreas, Intestine; whereas the ranking of
patients who undergo transplantation and subsequently be-
come pregnant is: Kidney, Liver, Kidney-Pancreas, Heart,
Lung (3).

The rapid improvement of the endocrine system after trans-
plantation enables fertility to return. However, both the likeli-
hood of becoming pregnant and the success rates of pregnan-
cies are much lower compared to the general population.
Considering multiple risk factors for both the mother and the
developing fetus, the pregnancy of a transplant recipient is con-
sidered high-risk. Transplant recipients considering pregnancy
should be managed by a high-risk obstetrician in conjunction
with the transplant team both before and during pregnancy.

Factors affecting pregnancy outcomes in transplant recipi-
ents (4).
* Good overall health within two years post-transplant.
» Absence of organ rejection in the past year.
« Stable graft condition.
» Absence of acute infections that could affect the fetus.
* Maintenance of immunosuppression with stable doses.
» Compliance of the woman with treatment and follow-up.
* Normal blood pressure or well-controlled blood pressure
with a single medication.
* Normal graft ultrasound findings.

Co-morbid factors that may worsen pregnancy (4);

« Etiology of the disease requiring transplantation.
 Chronic allograft dysfunction.

 Renal failure.

+ Cardiopulmonary diseases.

 Hypertension.

 Diabetes.

* Obesity.

» Maternal infections (Hepatitis B, Hepatitis C, and CMV).

Use of Immunosuppressants in Pregnant Transplant

Recipients

Complications that may arise with couples planning preg-
nancy after transplantation and the impact of immunosuppres-
sion on both the mother and the fetus should be discussed with
the family as part of preconception counseling. The benefits of
immunosuppressive therapy to maintain adequate graft func-
tion during pregnancy generally outweigh the potential risks
associated with fetal effects. The use of stable doses of im-
munosuppressants before and during pregnancy is key to pre-
venting problems in both the mother and the fetus. The im-
munosuppressive treatment regimen should be switched to
medications that are less toxic to the fetus before conception.
Corticosteroids, azathioprine, and calcineurin inhibitors
(tacrolimus or cyclosporine) are commonly used medications
during pregnancy. Mycophenolate mofetil is contraindicated
during pregnancy (5)
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Corticosteroids: Prednisolone and methylprednisolone,
commonly used after transplantation, are converted to inac-
tive metabolites by the enzyme 11 B hydroxysteroid dehydro-
genase in the placenta, resulting in minimal passage to the
fetus. Studies have not shown evidence of teratogenicity, so
the safe use of corticosteroids during pregnancy has been es-
tablished (6).

Azathioprine: There is good safety data for its use during
pregnancy. It has been associated with dose-dependent myelo-
suppression in the fetus, but maintaining the mother's white
cell count >7500 mm appears to minimize this risk.
Lymphopenia, hypogammaglobulinemia, and thymic hy-
poplasia have been reported in children of mothers using aza-
thioprine. However, these changes have been reported to re-
verse without long-term consequences after birth. Continuing
azathioprine during pregnancy is safe when necessary in clin-
ical practice (7).

Calcineurin inhibitors: Cyclosporine and tacrolimus are
key molecules in the selection of immunosuppressive agents
in pregnant women who are transplant recipients (8)

i. Cyclosporine: Easily crosses the placenta. Fetal blood
concentrations vary between 30-60% of maternal concentra-
tions. Current data show no increased risk of congenital mal-
formations compared to unexposed patients. However, there is
a moderate risk of intrauterine growth restriction (IUGR).
Since suppression of hepatic cytochrome P450 enzymes dur-
ing pregnancy may lead to changes in drug distribution, renal
function, and liver clearance, cyclosporine levels should be
monitored during pregnancy to prevent toxicity or maintain a
low dose (9).

ii. Tacrolimus: Tacrolimus crosses the placenta, with
fetal/newborn concentration approximately 50% of maternal
concentration. Pregnancy outcomes with tacrolimus-based
immunosuppression have shown a lower incidence of hyper-
tension and preeclampsia compared to treatment with cy-
closporine-based therapy. Nephrotoxicity and glucose intol-
erance may occur with tacrolimus-based treatments.
Transient, unexplained hyperkalemia has been recorded in
newborns, but this condition can be reversed without the need
for treatment. The incidence of fetal malformations in preg-
nancies treated with tacrolimus is comparable to the general
population, ranging from 4-5% (1). Overall, tacrolimus is
considered safe during pregnancy, but its levels should be
closely monitored by the transplant team. Target levels
should be individualized based on the patient's history of re-
jection and concomitant conditions.

Mycophenolate Mofetil (MMF): Contraindicated during
pregnancy. Risks include spontaneous abortion (49%), still-
birth (2%), and structural abnormalities (23%). Sifontis et al.
reported teratogenic effects in 33 pregnancies involving vari-
ous organ transplant recipients exposed to MMF in early preg-
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nancy (10). High frequencies of malformations such as hy-
poplastic nails, short fifth fingers, microtia, and cleft lip/palate
abnormalities have been observed. Other reported malforma-
tions include the absence of auditory canals, Tetralogy of
Fallot, and total anomalous pulmonary venous return (11).

Rapamycin Inhibitors: Limited data are available regard-
ing the effects of rapamycin (mTOR) inhibitors (e.g.,
sirolimus or everolimus) during pregnancy. The theoretical
antiproliferative effect of these drugs may hinder fetal devel-
opment. Successful pregnancies with mTOR inhibitors have
been reported (12). However, these drugs continue to be con-
traindicated during pregnancy, and although a definitive inter-
val has not been established, discontinuation of the drug be-
fore attempting pregnancy is recommended.

The likelihood of using tacrolimus, sirolimus, cy-
closporine, azathioprine, and MMF during pregnancy is 60%,
27%, 20%, 16%, and 3%, respectively (13).

Anti-thymocyte globulins and polyclonal immunoglobu-
lins: The use of these rejection-preventive agents during preg-
nancy has never been evaluated in clinical trials. Only a few
case reports are available (5).

Rituximab: Like maternal IgG, rituximab can cross the
placental barrier. When used during pregnancy, variable con-
centrations (30-120% of maternal concentration) have been
detected in umbilical cord blood (5). Data on the use of ritux-
imab in pregnant transplant recipients are not available in hu-
mans.

Basiliximab: Currently, no data are available in humans,
and no teratogenic effects have been reported in animals (5).

Infections

Predisposing factors leading to infection development in
transplant recipients depend on epidemiological factors, in-
cluding the recipient's immunosuppression status and the vir-
ulence of encountered organisms (4).

Whether an infection develops when encountering a path-
ogenic organism depends on the host's immune response and
comorbidities. For instance, a patient with immunosuppressed
vascular involvement diabetes is at greater risk for bacterial
skin infections compared to a patient without immunosup-
pressed diabetes. If these risk factors are understood in each
transplant patient, personalized preventive strategies (prophy-
laxis, vaccination) can be developed (4,14).

Risk factors for infection in transplant patients include (15):

» The type, dosage, and duration of immunosuppressive
agents used.

» Technical difficulties during transplantation (e.g., blood,
lymph, and urine accumulation), poor wound healing, and
prolonged use of drainage catheters.

 Prolonged use of broad-spectrum antibiotics.
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* Renal or hepatic dysfunction.

* The presence of an immunomodulatory infection such as
CMV, Ebstein-Barr virus (EBV), hepatitis B virus (HBV),
hepatitis C virus (HCV), or human immunodeficiency viriis
(HIV).

Higher levels of immunosuppression may be required in
the early post-transplant period, increasing susceptibility to in-
fections such as CMV and herpes simplex virus (HSV) in
women. Opportunistic infections are less common after the
first year post-transplant. CMV infection is one of the infec-
tions that can result in serious consequences for both the
mother and the fetus (16)

Contraceptive Methods

Highly effective contraceptive methods should be recom-
mended until appropriate conditions for pregnancy are
achieved in women after transplantation.

Barrier methods provide the lowest theoretical risk in
terms of systemic interactions and complications, but issues
with compliance and overall effectiveness exist (17).

The use of hormonal contraceptive methods is generally
recommended. However, in the early post-transplant period,
hormonal contraceptive methods are not recommended due to
potential interactions with calcineurin inhibitors (17).
Following solid organ transplantation, a systematic review on
the use of hormone-containing contraceptives (18) found that
transplant recipients often experience chronic immunosup-
pression as a consequence of their condition, and treatment
with immunosuppressive drugs poses potential concerns for
the safety and efficacy of various contraceptive methods.
While few high-quality data were identified, theoretical safety
concerns exist among immune-suppressed transplant patients
using combined oral contraceptives (COCs), progestin-only
pills, medroxyprogesterone acetate (DMPA), and intrauterine
devices (IUDs) (18).

Concerns exist about decreased contraceptive effective-
ness due to drug metabolism as a result of using COCs or
progestin-only pills in transplant patients receiving immuno-
suppressive treatment. Both oral contraceptives and many im-
munosuppressive drugs are metabolized by cytochrome P450
3A4 (CYP3A4) enzyme, which can affect the activity of this
enzyme; hence drug interactions are possible (18) Induction
of CYP3A4 by immunosuppressants such as glucocorticoids
may lead to decreased efficacy of oral contraceptives.
However, a study conducted in healthy women receiving oral
glucocorticoids and COCs showed no change in contracep-
tive hormone levels. Conversely, inhibition of CYP3A4 by
COCs can increase or decrease serum levels of concomitant
immunosuppressive drugs (such as cyclosporine, tacrolimus,
and sirolimus), potentially leading to toxicity or graft rejec-
tion (18).
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All TUDs cause a local inflammatory reaction in the en-
dometrium, and it has been suggested that macrophage activ-
ity plays a significant role in the destruction of sperm and
oocytes. There is theoretical concern that the commonly used
immunosuppressive agents in transplant patients may interfere
with this inflammatory reaction; however, immunosuppres-
sive agents are believed to have minimal effect on
macrophage activity (19). Additionally, copper ions in copper
IUDs and levonorgestrel in LNG-IUD play a significant role
in the mechanism of action of these devices, and there is no
known effect of immunosuppressive agents on copper ions or
levonorgestrel (19).

Another theoretical concern is the use of DMPA. It is
known that synthetic glucocorticoid steroids commonly used
in patients after organ transplantation inhibit osteoblastic ac-
tivity and increase bone resorption, thereby reducing bone for-
mation (20). Fracture risk, along with bone loss, is the most
common form of secondary osteoporosis, with fractures oc-
curring in 30-50% of patients receiving chronic glucocorticoid
therapy (21). The use of DMPA is associated with minor and
usually reversible changes in bone mineral density, a marker
for fracture risk, in postmenopausal women. However, it is
unknown whether DMPA use exacerbates bone loss in organ
transplant recipients treated with long-term glucocorticoid
steroids or those already having osteoporosis.

Another theoretical concern regarding contraception in
organ transplant recipients is that the use of combined oral
contraceptives (COCs), combined hormonal patches, or vagi-
nal rings may increase the risk of cardiovascular disease.
According to the WHO, COCs should not be used in women
with current or past deep vein thrombosis or pulmonary em-
bolism. The risks of COC use outweigh the benefits in women
with hypertension (22).

Hypertension can develop as a side effect of immunosup-
pressive therapy in organ transplant recipients. The WHO
Medical Eligibility Criteria for Contraceptive Use states that
for women with well-controlled hypertension, the theoretical
or proven risks generally outweigh the benefits of COC use
(22). However, the report of the ATS's consensus conference
on reproduction and transplantation concluded that there is no
information showing that COCs are associated with adverse
outcomes among hypertensive transplant patients when hy-
pertension is well controlled (4).

The use of oral therapies containing only progesterone for
contraception is recommended in organ transplant recipients
as their benefits outweigh their theoretical risks (23).

Although the American Transplantation Society does not
recommend the use of IUDs as the first-line contraceptive
treatment in this population, it remains a topic of debate as
some reports suggest that IUDs may be effective in some pa-
tients (4).
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All women starting treatment with mycophenolate mofetil
(MMF) should receive contraceptive counseling before start-
ing treatment and have a negative pregnancy test. Ideally, pa-
tients should use contraception for at least 4 weeks before
starting MMF, during treatment, and for 12 weeks after dis-
continuing treatment.

Kidney Transplantation and Pregnancy

These pregnancies should be managed jointly in tertiary
centers with nephrologists, transplant surgeons, urologists, ob-
stetricians, and pediatricians. Throughout pregnancy, the
mother, fetus, and graft are at risk.

It is well known that end-stage renal disease has a devas-
tating impact on quality of life. Patients often experience dis-
ruptions or complete upheaval of education, work, and family
plans while dealing with their illnesses and treatment
processes. Renal transplantation not only improves mortality
but also increases opportunities to pursue personal and pro-
fessional goals. Although successful pregnancies have been
reported in patients with chronic kidney disease, women of
childbearing age who are dialysis-dependent often cannot
conceive. This is because uremia disrupts the hypothalamic-
pituitary axis, often leading to irregular menstruation, anovu-
lation, and infertility. Patients with chronic kidney disease
have an average menopausal transition age of 4.5 years earlier
than the general population (24).

Transplantation restores fertility and provides women with
the opportunity to have children. However, negative maternal
outcomes (such as gestational hypertension, preeclampsia,
and proteinuria) are observed more frequently in pregnancies
after transplantation, despite the restoration of fertility and the
opportunity for women to have children (25).

Richman et al. reviewed the outcomes of renal transplan-
tation pregnancies in more than 1,000 patients in North
America, Australia, and Europe. The National Transplantation
Pregnancy Registry (NTPR), established at Thomas Jefferson
University in 1991, evaluated data from 1,356 pregnancies.
Overall, the data indicate that pregnancies resulting in live
births in kidney transplant recipients have a high chance of
survival, but the risk of complications is higher compared to
the general population (26).

Pregnancies in patients treated with calcineurin inhibitors
have been shown to result in live births in 76-80% of cases,
with spontaneous miscarriages occurring in 12-24% of preg-
nancies and the remaining resulting in induced miscarriages
and stillbirths. Premature birth (<37 weeks) and low birth
weight (<2500 g) have been among the most common com-
plications affecting nearly half of the newborns. Preeclampsia
(28-31%) and hypertension (52-68%) have often necessitated
treatment in transplant patients, but very few cases have expe-
rienced rejection (1-3%) or graft loss during pregnancy (27).
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Similar findings have been reported by the Australia and
New Zealand Dialysis and Transplant (ANZDATA) registry
and the NTPR. ANZDATA reported a live birth rate of 76.9%
among 577 pregnancies. Comparisons between 120 kidney
transplant patients who had given birth and 120 who had not,
based on transplant year, time since transplant, and pre-preg-
nancy creatinine levels, showed no difference in 20-year graft
survival rates (28).

Data obtained from the United Kingdom organ transplant
registry are consistent with other findings, reporting a live
birth rate of 79%. At the beginning of pregnancy, at least 27%
of registered patients in the UK had graft dysfunction and 69%
had hypertension. Patients with normal pre-pregnancy graft
function and blood pressure were found to have a higher like-
lihood of successful pregnancy (defined as live birth).
Additionally, these patients had lower complication rates
compared to those with deteriorating kidney function or de-
veloping hypertension (29).

Compared to NTPR data, the most common neonatal com-
plications in the UK included early birth and low birth weight,
reported in approximately 50% of cases. Risk factors for low
birth weight, besides early birth, included pre-pregnancy
serum creatinine levels >150 pmol/L (1.7 mg/dL) and the
presence of hypertension requiring medication (29).

Patients with pre-pregnancy creatinine levels >150 pmol/L
(1.7 mg/dL) exhibited a greater increase in baseline creatinine
values compared to pregnant individuals with pre-pregnancy
kidney function <150 pmol/L (1.7 mg/dL). However, the 2-
year graft survival rate post-pregnancy was found to be 94%,
which was similar to the non-pregnant control group (29).

Pregnancy Timing

AST recommends delaying pregnancy for at least 1 year
after kidney transplantation. The committee stated that the
timing of pregnancy should be an individualized decision, tak-
ing into account factors such as the risk of acute rejection, in-
fection, the potential need for potentially teratogenic drugs,
and graft function. Before 2005, a waiting period of 2 years
was advised, but advancements in immunosuppression and
lower rates of early rejection have led the AST to become less
restrictive. However, data on the optimal timing of pregnancy
are insufficient (4,15,30).

Lessan-Pezeshki et al. found that in patients who became
pregnant within 2 years after transplantation, the incidence of
hypertension and preeclampsia during pregnancy was signifi-
cantly higher compared to those who delayed pregnancy.
However, the risk of preterm birth, low birth weight, early
membrane rupture, infection, or graft dysfunction did not sig-
nificantly change in patients who chose to become pregnant
before 2 years (31).

Kuvaci¢ et al. reported that in patients who became preg-
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nant within less than 2 years after transplantation, the rates of
spontaneous miscarriage and preterm birth were higher, but
these differences were not significant (32).

Studies on the impact of timing on pregnancy outcomes
are insufficient. Advising patients to wait for at least one year
before becoming pregnant to confirm graft stability and mini-
mize the risk of teratogenic infection may be the most reason-
able practice until larger studies guiding recommendations be-
come available.

Pregnancy Planning According to the 2005 AST Report (4).

* More than one year after kidney transplantation

* Optimal graft function, with serum creatinine level <1.5
mg/dL (133 micromol/L) and absence of proteinuria or min-
imal proteinuria

* No rejection episodes in the past year

» Absence of acute or recent (but currently inactive) CMV in-
fection. Patients with a recent history of CMV disease
should wait at least six months, preferably one year, after in-
fection before attempting pregnancy.

» Avoidance of teratogenic or fetotoxic drugs

* Good adherence to immunosuppressive treatment and stable
drug levels

Obstetric Qutcomes

Most centers report live birth rates averaging >70% (43-
85%). The most common newborn complications are preterm
birth and low birth weight. Among 19 centers providing data
on fetal outcomes, only Pakistan and Mexico reported an inci-
dence of preterm birth below 20%. Neonatal deaths and con-
genital anomalies are rare (33,34).

Sgro et al. reported an average gestational age at delivery
of 36.5 weeks in the study group compared to 40.2 weeks in
the control group. Babies born to transplant recipients (aver-
age 2.54+0.67 kg) weighed less than those born to control
group women (average 3.59+0.53 kg) (35). Other single-cen-
ter studies also reported similar data on average gestational
age (35.2 weeks) and birth weight (2.4 kg) (36).

In a study at Ege University examining 52 post-renal trans-
plant pregnancies, Hortu et al. reported a live birth rate of
82.6%. The average gestational age at delivery was 36.35+
2.36 weeks. The preterm birth rate was 28.8%. They reported
the mean birth weight as 2664.584+613.99 grams. They found
a significant inverse correlation between birth weight and pre-
pregnancy serum creatinine level (37).

Despite the high rates of prematurity and low birth weight,
the majority of children born to women who underwent kid-
ney transplantation have normal, healthy development
(35,38). Long-term studies show that most children reach nor-
mal height and weight and generally perform well in school
(35,38). Problems such as learning difficulties, developmental
disorders, and hearing loss have been reported but are not
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common (35). Children of kidney transplant recipients are fol-
lowed until the age of 18, but little is known about their adult-
hood. A case report suggests that exposure to immunosup-
pressive agents in utero may increase the risk of autoimmune
disorders later in life, but more data are needed to determine
the risk (39).

Successful pregnancies among organ transplant recipients
have been associated with pre-pregnancy serum creatinine
levels of 1.5 mg/dL or higher, preterm birth, and low birth
weight (34).

Ghanem et al. found that patients with proteinuria and hy-
pertension had a higher likelihood of IUGR in fetuses, but
Willis et al. did not find a relationship between kidney func-
tion and the risk of IUGR (40,41)

In a study by Bramham et al., it was reported that women
with elevated pre-pregnancy creatinine levels (>1.4 mg/dL)
and high diastolic blood pressure in the second/third trimester
had approximately a 6-fold higher risk of poor fetal outcomes
(stillbirth, abortion, neonatal death, <32 weeks gestation, and
congenital anomalies) (27,42).

Therefore, pre-pregnancy creatinine level <1.4 mg/dL, ab-
sence of hypertension, and pre-pregnancy proteinuria <500
mg are associated with successful pregnancy outcomes.
Additionally, younger maternal age and younger age at trans-
plantation increase the likelihood of successful live births.
Dialysis duration or history of transplantation from a living
donor is not associated with successful pregnancy outcomes.

The risk of developing preeclampsia in renal transplant re-
cipients is reported to be six times higher than in the normal
population, with an incidence ranging from 24% to 38% (42).
Low-dose aspirin use has been reported to reduce the risk of
preeclampsia; however, in a study by Bramham et al., there
was no difference in the risk of developing preeclampsia be-
tween pregnant women who used low-dose aspirin and those
who did not (42).

Among 17 centers reporting preeclampsia data,
preeclampsia incidence was found to be above 25% in 10 cen-
ters. Hypertension, urinary tract infection, and anemia were
also among the most common complications (43).

The incidence of gestational diabetes in renal transplant re-
cipients is reported to be 3-8%, which is not higher than the
general population (42).

The risk of cesarean delivery in women who have had a
renal transplant and become pregnant is higher compared to
the general population, ranging from 43% to 64% (27,42). In
most reports regarding the mode of delivery, it is stated that
the transplanted kidney generally does not obstruct the birth
canal, and vaginal delivery can usually be performed (44).
Additionally, it is emphasized that cesarean delivery should be
performed based on obstetric indications.
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In a study by Bramham et al., based on data from the UK,
the risk of cesarean delivery in renal transplant recipients was
reported to be 5 times higher than in the general population,
with fetal distress being the most commonly reported reason
for cesarean delivery (42).

Maternal Morbidity and Graft Outcomes

Single-center data suggests that women desiring preg-
nancy after kidney transplantation generally have excellent
graft survival but are at a high risk of developing serious com-
plications during pregnancy (45).

Five centers compared long-term outcomes in transplanta-
tion patients with a history of pregnancy to a control group of
non-pregnant individuals and found no significant difference
in graft function or survival. Fifteen-year survival rates were
85% in patients with a history of pregnancy and 79% in the
control group. Graft survival at 15 years was 61-67% in the
study groups and 58-69% in the control groups (46,47).

During a normal pregnancy, the glomerular filtration rate
(GFR) increases by approximately 50%, and there is a signif-
icant decrease in serum creatinine levels. However, in preg-
nant transplant cases, the decrease in creatinine levels may be
milder. In a study involving 101 recipients and 105 pregnan-
cies, the mean serum creatinine level decreased from 1.33
mg/dL (118 micromol/L) before pregnancy to 1.18 mg/dL
(104 micromol/L) in the first and second trimesters, then in-
creased to 1.39 mg/dL (123 micromol/L) in the third trimester.
However, 49% of patients did not experience a decrease in
serum creatinine levels in the second trimester, and 38% ex-
perienced a decrease in graft function (defined as >20% in-
crease in serum creatinine level from the lowest level during
pregnancy). Preeclampsia was observed in 63% of cases with
creatinine increase and acute rejection in 11% (48).

Serum creatinine levels should decrease in weeks 4-6 of
pregnancy, remain stable in the second trimester, and rise to
values close to pre-pregnancy levels in the third trimester. The
absence of a decrease in the first trimester or an increase in
serum creatinine level above the baseline pre-pregnancy value
should be considered, and investigations, including ultra-
sound, proteinuria measurement, donor-specific antibodies,
and possible allograft biopsy, should be planned (48).

Al Duraihimh et al. reported that patients with pre-preg-
nancy serum creatinine levels >150 umol/L (1.7 mg/dL) ex-
perienced more frequent deterioration in kidney function dur-
ing pregnancy compared to those with normal initial creati-
nine levels (43).

In pregnant women with renal transplants, the risk of in-
fection, especially bacterial urinary tract infections (UTIs) and
acute pyelonephritis is higher due to the use of immunosup-
pressive drugs. UTI screening should be done at every visit
with a urine dipstick and urine culture every 4 weeks.
Asymptomatic bacteriuria should be treated with antibiotics
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for 2 weeks and prophylactic treatment should be given for the
remainder of the pregnancy. Evaluation for viral infections is
also recommended (35).

While acute graft rejection after childbirth is not common
in transplant patients, it may occur. Therefore, immunosup-
pressive therapy should be rapidly readjusted after childbirth.
Pregnant patients, especially those with pre-existing hyperten-
sion, should be closely monitored for blood pressure, kidney
function, proteinuria, and weight every 2-4 weeks, with more
careful monitoring in the third trimester. Changes in antihy-
pertensive agents may be necessary (49).

In conclusion;

Although most renal transplant patients experience com-
mon side effects, they can still have successful pregnancies.
Serious complications, such as preterm birth before 32 weeks,
pregnancy loss in the first or second trimester, stillbirth,
neonatal death, or congenital anomalies, are seen in approxi-
mately one-fourth of pregnant women (42).

Preeclampsia, induction of labor, and cesarean delivery
rates are considerably higher compared to the general popula-
tion. Additionally, small-for-gestational-age infants and
preterm births are more common in renal transplant patients
than in the general population. While studies have shown no
increased risk of gestational diabetes in renal transplant pa-
tients, it is argued that current immunosuppressive treatments
(such as tacrolimus and prednisolone) used in recent studies
may predispose individuals to diabetes (42).

Liver Transplantation and Pregnancy

Liver transplantation is a life-saving and successful treat-
ment for acute liver failure and end-stage liver disease. Liver
transplantation is particularly planned for patients with end-
stage liver disease where life expectancy is expected to be
over one year (50).

According to data from the Ministry of Health, between
2002 and 2023, a total of 74.704 organ transplants were per-
formed in Turkey, of which 20.671 were liver transplants. In
Turkey, the survival rate after liver transplantation is reported
to be over 90% in the first year and over 75% in the fifth year.
As of 2023, there were 2.600 patients awaiting liver trans-
plantation in Turkey.

Reproductive-aged women with end-stage liver disease
often experience serious complaints such as menstrual irregu-
larities, amenorrhea, and infertility, affecting around 30-50%
of them. Successful liver transplantation can restore menstru-
ation as early as the first month, and 70-95% of recipients re-
turn to normal within a year. This likely indicates the restora-
tion of fertility shortly after transplantation due to the rebal-
ancing of sex hormones (13).

Various factors such as age, social status, side effects of
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medications, and sexual dysfunction can reduce sexual activ-
ity in individuals with liver failure. Some of these factors im-
prove after transplantation, but some patients continue to ex-
perience issues. Women recipients who fail to regain sexual
function may experience problems with self-worth due to un-
employment, ongoing health issues, changes in body image,
and depression.

Since the first reported successful pregnancy after liver
transplantation in 1978, case reports, case series, and data
from the National Transplant Pregnancy Registries in the
United States and the United Kingdom have been published.
These records have shown that maternal and perinatal out-
comes after liver transplantation are generally favorable.
However, there is an increased risk of preeclampsia, preterm
birth, and perinatal morbidity and mortality. Women after
transplantation should be closely monitored for the potential
adverse effects of immunosuppressive medications on the
fetus and the liver during pregnancy (51).

Pregnancy Timing

It is recommended to wait for at least one year, and in
some cases up to 2 years, before planning pregnancy after
transplantation. Among the reasons for this recommendation
are the attainment of more predictable graft function, com-
plete postoperative recovery, lower levels of immunosuppres-
sion requirement, reduced risk of opportunistic infections, and
decreased likelihood of acute cellular rejection (27). However,
the AST does not have a specific recommendation regarding
the interval between liver transplantation and conception (4).
When counseling patients, AST advises considering prognos-
tic factors such as the absence of rejection episodes in the pre-
vious year, adequate and stable graft function, absence of
acute infections, and stability of immunosuppressive dosage.

In 2009, the United States National Transplant Pregnancy
Registry conducted a survey investigating pregnancy out-
comes in transplant recipients, which showed that a trans-
plant-pregnancy interval of more than 2 years was associated
with decreased rates of low birth weight, rejection, and graft
loss. Adverse perinatal outcomes were highest in women who
became pregnant within 6 months after transplantation. In a
single-center study, out of 38 pregnancies occurring within 12
months post-transplantation, only 1 successful live birth was
reported. Consequently, the authors recommended delaying
pregnancy for at least 2 years after transplantation (4).

Another single-center study involving 71 pregnancies re-
ported no difference in live birth rates between the early group
(conceiving within the first year) and the late group (conceiv-
ing >1 year after transplantation). However, the early group
showed increased rates of prematurity, low birth weight, and
acute cellular rejection reactions. Based on these findings, the
authors recommended postponing pregnancy for at least one
year after transplantation (52).
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Patients at higher risk, such as those who have recently ex-
perienced acute cellular rejection or have irregular graft func-
tion or graft failure, are more likely to experience worse preg-
nancy outcomes (52). Therefore, delaying pregnancy in these
patients and observing for 3-6 months before conception is ap-
propriate. Careful counseling before pregnancy and obtaining
multidisciplinary input from obstetric specialists during this
period are advised.

Maternal and Fetal Outcomes

Generally, mortality in transplant-pregnant women is not
different from the general population. Mortality rates during
pregnancy and the postpartum period are less than 1% (53).

According to a meta-analysis evaluating 1496 pregnancies
in 1073 liver transplant recipients, the live birth rate was re-
ported as 86%, with abortion rates at 7-8% and stillbirth rates
at 3-4% (13). In most studies, the stillbirth rate in liver trans-
plant pregnancies is reported to be between 0-1.2%. However,
some studies have reported rates as high as 12% (54).

There are numerous risk factors for stillbirth, including
ethnicity, parity, previous stillbirth, infections, obesity, smok-
ing, diabetes, hypertensive disorders, antepartum hemorrhage,
placental abruption, IUGR, genetic disorders, and pregnancy
cholestasis (23). The development of cholestasis during preg-
nancy is six times more common than in the general popula-
tion; however, no adverse outcomes have been demonstrated
(23). It has been shown that the risk of intrahepatic cholesta-
sis in pregnancy significantly increases in patients with hepa-
titis C infection, but whether this risk persists after transplan-
tation has yet to be determined (23). If cholestasis is sus-
pected, monitoring with bile acids during pregnancy is recom-
mended (23).

The frequency of obstetric complications is reported as
18% for hypertension, 13% for preeclampsia, and 7% for ges-
tational diabetes in transplant recipients (13). The incidence of
pregnancy-induced hypertension in some patient series ranges
from 16% to 23%. The frequency of hypertension varies de-
pending on the type of immunosuppression, with rates of 22-
29% for corticosteroids, 63-73% for cyclosporine, and 47-
54% for tacrolimus (54). Cyclosporine may be associated with
higher rates of hypertension compared to tacrolimus.

Premature birth rates are increased in transplant pregnan-
cies, with reported rates ranging from 14% to 53%.
Prodromidou et al. reported a premature birth rate of 32% in a
systematic review of 1079 pregnancies. The increased risk of
prematurity may be associated with the increased frequency of
obstetric complications such as preeclampsia in transplant
cases (55).

Studies have shown that the incidence of IUGR is statisti-
cally more common in transplant recipients compared to the
general population (56).
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The frequency of congenital malformations does not differ
from the general population (25).

The risk of congenital CMV infection is high in pregnan-
cies occurring within the first 6 months after transplantation.
Without support from perinatal Hblg and vaccination, the pre-
natal transmission of Hepatitis B is 80%, while the risk of ver-
tical transmission of Hepatitis C is 7% (57).

Anemia is a common complication in transplant pregnan-
cies and may arise secondary to physiological changes during
pregnancy, the effects of immunosuppression, renal insuffi-
ciency, and iron deficiency.

Pregnancy is a physiological state of insulin resistance.
Diabetogenic immunosuppressants, along with other risk fac-
tors, can lead to gestational diabetes. The rate of gestational
diabetes in pregnant liver transplant recipients ranges from 0%
to 11% (23). Therefore, early screening for diabetes and hy-
pertension during pregnancy is important for all women.

Cesarean delivery rates in liver transplant pregnancies
range from 20% to 63% in different publications (23). Vaginal
delivery is not considered a contraindication.

Graft Loss and Rejection

The rates of graft rejection in pregnant liver transplant re-
cipients can vary significantly, ranging from 0% to 20%.
Postpartum graft rejection rates range from 3% to 12% (23).
Rejection during pregnancy may be secondary to a combina-
tion of factors, such as the recipient discontinuing medication
due to concerns about fetal side effects, reduction of immuno-
suppression, or the dilutional effect caused by increased
plasma volume during pregnancy leading to decreased drug
concentrations. Patients who develop acute rejection during
pregnancy typically respond to corticosteroid therapy or the
resumption or augmentation of immunosuppression.

In clinical monitoring, determining the cause of newly el-
evated liver enzyme abnormalities especially increases in
transaminase levels, can be challenging in a pregnant trans-
plant recipient. Initially, pre-pregnancy graft function and
liver enzymes should be considered. It is also important to ex-
clude viral causes. In cases of uncertainty, especially if man-
agement could be significantly impacted, liver biopsy may be
considered.

Graft loss during pregnancy as a direct result of acute re-
jection is rare, but there have been reports of graft loss after
delivery due to recurrent autoimmune hepatitis and chronic re-
jection (23).

Christopher et al. identified new kidney failure in 11% of
pregnant liver transplant cohorts (52). Nagvi et al. reported
that 25% of patients in their cohorts had creatinine levels >1.3
mg/dL during pregnancy (33). However, many studies have
not found a significant decrease in kidney function during
pregnancy (23).
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Pre-delivery bleeding rates are reported to be similar to the
general population (23). However, postpartum bleeding has
been reported to be statistically more common in cases of
transplant recipients compared to controls (8% vs. 3%, re-
spectively) (23). This may be due to increased rates of ce-
sarean delivery, immunosuppression-related thrombocytope-
nia, and coagulation disorders resulting from hypertensive dis-
orders.

Pregnancy-related splenic artery aneurysm ruptures have
also been described in transplant populations. Ideally, these
aneurysms should be addressed before pregnancy (23).

Venous thromboembolism does not appear to be more
common in transplant recipients compared to non-transplant
individuals.

Pancreas Transplantation and Pregnancy

Pregnancy is rare in patients who have undergone pancreas
transplantation, but its management is complex. In the litera-
ture, 10 pregnancies, 2 surrogate pregnancies, and 8 live births
have been reported. No birth defects were reported. Four preg-
nancies resulted in spontaneous abortions. Of those who were
able to sustain their pregnancies beyond the second trimester,
2 ended in preterm births. Graft rejection was observed only
in one patient in the postpartum fifth month. Although the
number of reported cases is limited for conclusive interpreta-
tion, it can be inferred that in patients who have undergone
pancreas transplantation alone, pregnancies can result in live
births without serious complications. Graft rejection is also
rarely observed (58).

Obstetric complications associated with solid organ trans-
plantation include preeclampsia, gestational diabetes, preterm
birth, and low birth weight.

Heart/Lung Transplantation and

Pregnancy

Lung transplantation is a valid treatment for selected pa-
tients with end-stage respiratory failure. Advances in this field
have made it possible to improve life expectancy and quality
of life. More than 43% of lung transplant patients are women
of childbearing age. Ideally, the control of complications and
achieving a stable clinical condition have made it possible for
women who have undergone solid organ transplantation to
have children. However, there are still ethical concerns (59).

There are limited studies concerning women who have un-
dergone lung transplantation, typically involving single-center
and small patient groups. According to the NTPR, a higher
risk of complications (death, allograft rejection, and preterm
birth) has been identified. Currently, there are no specific in-
ternational recommendations for managing pregnancy in
women who have undergone lung transplantation; only expert
opinions are available (59).
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Approximately 16,000 heart, lung, and heart-lung trans-
plantations have been performed, and pregnancy is rare in pa-
tients who have undergone thoracic organ transplantation.
Among 50 transplant recipients, 72 pregnancies were
achieved, resulting in 48 live births. Studies on heart trans-
plant recipients have shown that 69% of pregnancies resulted
in live births, with 32% of them being premature and low birth
weight infants. 9% ended in therapeutic abortion, and 17%
ended in spontaneous abortion (60).

Maternal complications include hypertension (46%), acute
graft rejection (21%), infection (11%), preeclampsia (10%),
and gestational diabetes (4%) reported frequency (60).

Genetic counseling before pregnancy is mandatory in pa-
tients who have undergone heart transplantation secondary to
genetic diseases such as mitochondrial myopathy, as such
conditions can be inherited by the fetus.

Graft loss after lung transplantation has been reported to
be 21% (60).

Management of Pregnant Transplant

Patients

 Pregnancy monitoring should be scheduled every 2-4 weeks
during the first and second trimesters and every 1-2 weeks
in later stages (4).

» The patient should measure her blood pressure daily, and
hypertension should be aggressively treated as it is common
in this patient group. ACE inhibitors and ARBs are con-
traindicated. Methyldopa can be used. Calcium channel
blockers and Clonidine may also be preferred in necessary
situations (61).

* Graft function should be monitored, and biopsy should be
considered if rejection is suspected. Steroids are preferred in
case of acute rejection (60).

» Pregestational diabetes is associated with congenital anom-
alies, and both pregestational and gestational diabetes are
associated with fetal growth restriction, macrosomia, and
fetal death. Glycemic control is important in early preg-
nancy to minimize potential harm to the fetus.

 If there are no obstetric indications, delivery should be
planned at term (4).

» Vaginal delivery should be preferred unless there are ob-
stetric indications for cesarean section. In the case of ce-
sarean section, the location of the graft must be known to
avoid damage to the graft (4).

» The cesarean section rate is 56.9% in kidney transplant pa-
tients and 44.6% in liver transplant patients (2).

» Antibiotic therapy should be administered for all surgical
procedures. No specific local or general anesthetic agent has
been reported as contraindicated (62).

* Patients who have undergone heart or heart/lung transplan-
tation are at higher risk for pulmonary edema (60).

 In immunosuppressive therapy, the primary goal is to use
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appropriate medications, measure their levels in the blood
periodically, and thus avoid both excessive drug use and
graft rejection or loss. Each trimester should be evaluated
separately; for example, hyperemesis in the first trimester
may affect drug absorption, while increased fetal metabo-
lism of drugs in the third trimester may require reevaluation
of dosage adjustments.

Nutritional Recommendations for Transplant Pregnant
Women
Many immunosuppressive medications such as corticos-
teroids, tacrolimus, and cyclosporine have common metabolic
and nutrition-related side effects. For example, corticosteroids
can increase appetite and lead to weight gain. Therefore, the
mother's nutrition should be appropriately monitored and
modified during pregnancy to meet metabolic demands. To
maximize complex carbohydrate intake and limit simple car-
bohydrate intake, carbohydrates should constitute 45% to 65%
of total calorie intake (2).
+ Fasting glucose should be maintained at <90 mg/dL and 2-
hour postprandial glucose should be <120 mg/dL.
 Fats should contribute to 20-35% of total calorie intake, and
trans fat intake should be minimized. Protein intake should
be 1 g/kg/day.
» Consumption of fiber, adequate hydration, and folate sup-
plementation should be provided.
* Calcium intake of 1000 mg/day and vitamin D intake of
0.25 mg/day should be ensured.
* Potassium levels should be monitored as hyperkalemia may
develop in some patients (2).

Lactation

In the past, it was strongly advocated that solid organ re-
cipients should not breastfeed. However, there has been a shift
in international consensus towards the view that breastfeeding
is not an absolute contraindication (63). While there is a lack
of high-quality prospective studies, evidence regarding the
safety of breastfeeding is slowly increasing. Patients should be
informed about the potential risks of medication exposure and
the benefits of breastfeeding.

Women receiving corticosteroid therapy may have small
amounts of corticosteroids in breast milk. However, the ef-
fects on the infant at low doses are considered negligible. The
American Academy of Pediatrics suggests that breastfeeding
is relatively safe while using corticosteroids. A single dose of
up to 20 mg of prednisolone per day is not expected to have
adverse effects on the infant (63).

Low doses of azathioprine may be found in breast milk.
Nevertheless, concerns remain regarding the long-term effects
of medication exposure on immunosuppression, malignancy,
and infant development. However, the harmful effects of aza-
thioprine on newborns have not been demonstrated in many
studies. The British Society for Rheumatology guidelines sug-
gest that azathioprine is compatible with breastfeeding (64).
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Drug levels in breast milk can vary significantly regardless
of the mother's dose of cyclosporine. The American Academy
of Pediatrics does not recommend breastfeeding with cy-
closporine due to potential concerns about immunosuppres-
sion in the infant (65). Although long-term harmful effects
have not been observed in newborns, breastfeeding is not rec-
ommended in clinical practice for patients taking cy-
closporine.

New studies indicate that tacrolimus has very low absorp-
tion/effects on the infant and may therefore be compatible
with breastfeeding (63).

The NTPR examined 98 solid organ transplant mothers
who breastfed 126 of their children while using various im-
munosuppressive agents and regimens, and no specific prob-
lems related to breastfeeding were reported in the children
(66).

There is very limited data on the safety of MMF and
mTOR inhibitors during breastfeeding (23).

Drug levels in the mother's blood should be monitored
while breastfeeding, and the decision to continue or discon-
tinue breastfeeding should be based on the levels of the drugs.

While recent studies have been supportive of breastfeeding
in solid organ transplant mothers, it remains a controversial
topic that requires further research (2).

Risks for Newborns Born to Transplant Pregnant
Women (27)

* Prematurity (up to 50% of cases), which is associated with
neonatal death, cerebral palsy, deafness, learning difficul
ties, and low 1Q.

* Fetal growth restriction.

» Immunosuppression (low Ig levels, low lymphocyte levels).

* Increased risk for congenital infections (toxoplasmosis,
HBYV, HCV, and CMV).

* Increased risk for autoimmune diseases.

Postpartum Management
* Due to changes in gastrointestinal absorption and motility
during pregnancy, loss of fetal liver metabolism effects, ma-
ternal immune system restructuring, and potential for post-
partum depression, the levels of immunosuppressive drugs
should be monitored (2).
* Graft function should be monitored.
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