Planned Pregnancy in Kidney Transplantation
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Pregnancy is not contraindicated in kidney transplant women but entails risks of maternal and fetal complications. Three
main conditions can influence the outcome of pregnancy in transplant women: preconception counseling, maternal
medical management, and correct use of drugs to prevent fetal toxicity.
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| 1. Introduction

In most women with successful kidney transplantation, fertility is spontaneously restored within a few months, resulting in
normal ovulatory cycles and regular menstruation &l This offers a chance for transplanted women to have children.
Pregnancy can be a reasonable option for women with a good function of the kidney transplant. However, pregnancy in
transplanted patients remains high risk 4. A meta-analysis and systematic review of 6712 pregnancies in 4174 kidney
transplant recipients reported that the live-birth rate was 72.9%. The other pregnancy outcomes were complicated by
cesarean section (62.6%), preterm delivery (43.1%), pregnhancy-induced hypertension (24.1%), preeclampsia (21.5%),
miscarriages (15.4%), induced abortions (12.4%), gestational diabetes (5.7%), stillbirths (5.1%), and ectopic pregnancies
(2.4%) B,

| 2. Planning Posttransplant Pregnancy

Pregnancy leads to physiologic changes in kidney and systemic hemodynamics that cause important alterations in acid—
base, electrolyte, and kidney function. Glomerular hyperfiltration occurs during pregnancy. An increase in 24 h creatinine
clearance by 25% occurs in the first 4 weeks after the last menstrual period and by 45% at 9 weeks. During the third
trimester, there is some decrease in creatinine clearance with a small increase in the first days of puerperium. An increase
in plasma uric acid concentration in pregnancy may predict the development of preeclampsia. Proteinuria may develop in
almost 40% of patients near term but disappears after delivery. Transient diabetes insipidus may occur late in pregnancy.
It disappears with puerperium but may be responsible for hypovolemia and electrolyte unbalance 8. Understanding these
changes is essential when evaluating pregnant women with kidney transplantation, outlining that transplanted pregnant
women should be closely monitored and followed by a team of expert nephrologists and gynecologists.

The potential issues of pregnancy should be discussed, preferably prior to transplantation, by women and their partners
with a multidisciplinary team of expert nephrologists and obstetricians. Such issues include preconception counseling,
knowledge of factors that may affect pregnancy success, the timing of pregnancy, and the possible impact of medical
management on maternal and fetal outcomes &l

Early counseling on contraception is important to reduce the risk of unplanned pregnancies, improve pregnancy
outcomes, and reduce maternal complications. Hormonal methods may be safe in women with stable graft function but
are not recommended in women with hypertension or risk of thrombosis. Indeed, arterial hypertension during pregnancy is
associated with increased arterial thrombotic risk . All combined oral contraceptives investigated in an analysis were
associated with an increased risk of venous thrombosis; the effect size depended both on the progestogen used and the
dose of ethinylestradiol 19, Intrauterine devices, oral contraceptives, and subdermal implants have been shown to have
great efficacy as well as low systemic drug absorption, allowing clinicians to provide a vast range of options to transplant
women in their childbearing years W23l Counseling should be repeated after transplantation 4. Emergency
contraception with high dose progestins or intrauterine devices is not contraindicated, but it should be avoided whenever
possible, even if far preferable to abortion 12,

Several factors may affect pregnancy outcomes, including rejection, poor graft function, nephrotic syndrome,
hypertension, obesity, diabetes, and infections. According to the National Transplantation Pregnancy Registry (NTPR), the
ideal candidate for posttransplant pregnancy should not have had rejection in the last year, should have adequate and



stable kidney graft function (serum creatinine < 1.5 mg/dl and protein exception < 500 mg/24 h urine protein excretion),
normal blood pressure (with or without therapy), and stable immunosuppression [l She should not suffer from comorbid
factors that may worsen pregnancy outcomes, such as chronic allograft dysfunction, cardiopulmonary diseases, severe
hypertension, diabetes mellitus, nephrotic proteinuria, morbid obesity, maternal infection with hepatitis B or C, and severe
liver failure.

The timing of conception may depend on the characteristics of the patient. The NTPR suggested that a patient can safely
proceed with the pregnancy, independently of the date of transplant, if graft function is optimal [&. However, it can be
unsafe to plan conception early after transplantation. The peritransplant period is a time of the highest use of potentially
fetotoxic or teratogenic medications and a time when optimization of immunosuppression is essential to prevent rejection
(161 A retrospective study of 729 pregnancies revealed an increased risk of death-censored graft loss during the first and
second year after transplantation (hazard ratio 1.25 and 1.26, respectively), while pregnancy in the third year was no

longer associated with an increased risk of graft failure 4. Thus, it is safer to plan pregnancy at least 2 years after
transplantation (18111911201,

The patient should be vaccinated before pregnancy. Most live attenuated vaccines are contraindicated after
transplantation. Thus, women who are not immune to rubella should receive the rubella vaccine before transplantation.
However, there are emerging safety profile and efficacy data to support the use of specific live attenuated vaccines. In the
posttransplant setting, inactivated vaccines can be administered starting at 3 months posttransplant, except for influenza,
which can be given as early as one month. Close contacts of transplant patients can receive most routine live vaccines,
including pneumococcal, influenza, hepatitis B, human papilloma virus, and meningococcal vaccines. In general, vaccines
are recommended more than two weeks prior to transplantation, or starting at 1-6 months after transplantation 2. Of
particular concern is coronavirus disease 2019 (COVID-19) which is associated with a high rate of hospitalization and
admission to intensive care units in kidney transplant recipients (22231241231 Sjnce persons on immunosuppressive
medications are at increased risk for severe COVID-19, it is recommended that those people may receive a COVID-19
vaccine along with counseling that the vaccine safety and efficacy profiles are unknown, and there is a potential for
reduced immune responses (28],

| 3. Maternal Medical Management and Outcomes during Pregnancy

The aims of the treatment are to maintain alloimmunity quiescence during and after pregnancy and to improve the
outcome of the fetus. Reaching these goals largely depends on the conditions of the patient at conception. Besides the
recommendations reported above, pregnancy should be avoided in women with acute rejection in the last 12 months
before conception and in patients with impaired graft function. In pregnant women with various stages of CKD, the risk of
adverse outcome increased from 34% to 90% from stage 1 to 4 24, In many cases, prematurity and low birth weight are
caused by obstetric management to favor early delivery in patients with severe CKD or preeclampsia. In these cases, it is
difficult to balance the interest of the pregnant woman and her fetus. Some authors have proposed that maternal
autonomy should be the dominant concern in decision making, whereas others have established the fetus as a patient
who should be treated according to the principles of beneficence.

The most frequent maternal risks include infection, hypertension, preeclampsia, gestational diabetes, and acute rejection
(Table 1).

Table 1. Main maternal adverse events during pregnancy after kidney transplantation.

Complication Incidence Consequences
Very common. Urinary tract Urinary tract infections can increase the risk of preeclampsia.
Infecti infection (often asymptomatic) Pyelonephritis is an uncommon but severe complication. The
nfection
may affect most transplant risk of viral infection is elevated in case of early pregnancy.
women. Infection may lead to graft dysfunction.

Many transplanted women are  Hypertension can predispose to preeclampsia and is a main risk
Hypertension already hypertensive before factor for cardiovascular disease, cerebrovascular disease, and
pregnancy. graft dysfunction.




Complication Incidence

Consequences

The incidence is higher in
Preeclampsia patients with poor graft function

or hypertension.

Preeclampsia may result in damage to the kidneys, liver, lung,
heart, or eyes, and may cause a stroke or other brain injury.

Gestational

, _ About 16%
diabetes mellitus

A maternal and neonate risk factor of adverse events during

pregnancy.

Acute rejection About 10%

Risk factor for graft dysfunction. Infection may develop after

aggressive immunosuppressive treatment.

| 4. Immunosuppressive Drugs and Fetal Outcome

A major issue is represented by the potential teratogenic or toxic effects on the fetus (Table 2). The immunosuppressive
agents more frequently used in kidney transplantation may be divided into three main categories: drugs that are relatively
safe, new drugs with uncertain safety, and drugs with moderate to high fetal risk (Table 2).

Table 2. Potential teratogenic effects of immunosuppressive drugs.

GC can cross the placenta but are
metabolized by 11 B-HSD2 to inactive
Glucocorticoids products with the exception of
(GC) dexamethasone and betamethasone.
Fetal toxicity cannot be ruled out (Class C

according to FDA).

Minimal risk of oral-facial cleft. It is unlikely that
moderate doses of GC lead to fetal hypothalamic-
pituitary-adrenal axis dysfunction or interfere with

the early life programming, since 11[3-hydroxysteroid
dehydrogenase 2 is a major barrier against cortisol
transfer to the fetus. Concern remains about the
fetal toxicity when the mothers receive prolonged
treatments with high-dose GC.

CNI metabolites can be seen in the
placenta. The CNI maternal—fetal
transplacental passage is influenced by
the activity of P-glycoprotein that pumps
CNI out of the trophoblast cells of

Calcineurin
inhibitors (CNI)
placenta and restricts its passage across
the placental barrier. CNI are listed in
Class C.

The relatively high number of premature births that
has been reported may be partially explained by an
obstetric policy favoring earlier delivery.
Nonetheless, long-term effects in humans prenatally
exposed to CNils require further evaluation.

Placenta is a barrier to 6-mercaptopurine
the main metabolite of AZA. This explains
the lack of teratogenicity of AZA. The FDA

classified AZA as a drug at potential risk

Azathioprine
(AZA)
of teratogenic effects (Class C) based on
animal studies.

The risk of congenital anomalies in offspring are
similar to those found in general population, but
there is a higher incidence of prematurity and lower
weight at birth in AZA-treated pregnant women.
There is also an increased risk of materno-fetal
infections, especially CMV infection. The use of AZA
is considered safe.




Mycophenolic
acid (MPA)

MPA during pregnancy is associated with
an increased risk of congenital
malformations. MPA is considered as
class D (Evidence of risk to human fetus)
by FDA.

Women being considered for treatment with MPA
should always have a negative pregnancy test.
There is an increased risk of pregnancy loss and
congenital malformations with the use of MPA during
pregnancy. If pregnancy occurs MPA should be
stopped. The later MPA is discontinued the higher is
the risk of complications.

mTOR inhibitors
(mTORI)

Animal reproduction studies have shown
an adverse effect on the fetus. There are
not adequate and well-controlled studies
in humans, but potential benefits may
warrant use of the drug in pregnant
women despite potential risks; mTORi are
considered as class C by FDA.

The mTORI exposure during pregnancy does not
appear to be associated with an increased risk or a
pattern of birth defects.

Rituximab (RTX)

Data on RTX during pregnancy are
scarce. RTX contains an IgG and can
cross the placenta. RTX is considered in
class C.

The administration of RTX to a pregnant woman is
discouraged unless the benefits outweigh the
potential risk for the fetus.

There is a selective transport of unbound
eculizumab across the placenta.
However, the levels observed in umbilical

The use of eculizumab to pregnant women with
paroxysmal hemoglobinuria nocturnal is associated

Eculizumab with a high rate of fetal survival and a low rate of
cord blood samples do not affect the o )
i i maternal complications. Therefore, eculizumab may
concentrations of complement in .
be regarded as safe in pregnancy.
newborns.
) Anecdotal cases of successful pregnancy with the
There are not formal studies for the use of .
Belatacept use of belatacept in transplant women have been

Belimumab in pregnant women.

reported.

| 5. Conclusions

Pregnancy is not contraindicated in transplant women, but it should be planned with an obstetrician and nephrologist.

Ideally, the patient should not become pregnant 1-2 years after transplantation and should have normal blood pressure

and kidney function. The maternal risks include hypertension, preeclampsia, thrombotic microangiopathy, graft
dysfunction, gestational diabetes, and infection. The main fetal risks include prematurity, low birth weight, and abortion,

particularly in patients with poor graft function. Renin—angiotensin system inhibitors and some immunosuppressive

agents, such as mycophenolate, bortezomib, and cyclophosphamide, are teratogenic and should not be prescribed to
pregnant women. If these recommendations are respected, pregnancy can be considered a safe option in kidney

transplant women.
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