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Abstract
Chronic kidney disease (CKD), especially in advanced stages, is an important 
cause of infertility. In CKD patients, infertility has been linked to multiple factors. 
The pathophysiology of infertility related to CKD is complex and forked. 
Correction of modifiable factors can improve fertility in both genders. In males as 
well as females, successful kidney transplantation offers good chances of 
restoration of reproductive function. In female renal allograft recipients, recovery 
of reproductive functions in the post-transplant period will manifest as restoration 
of normal menses and ovulation. Owing to this improvement, there is a signi-
ficant risk of unplanned pregnancy, hence the need to discuss methods of contra-
ception before transplantation. In kidney transplant recipients, different contra-
ceptive options for pregnancy planning, have been used. The selection of one 
contraception over another is based on preference and tolerability. Pregnancy, in 
renal transplanted females, is associated with physiologic changes that occur in 
pregnant women with native kidneys. Immunosuppressive medications during 
pregnancy, in a recipient with a single functioning kidney, expose the mother and 
fetus to unwanted complications. Some immunosuppressive drugs are contrain-
dicated during pregnancy. Immunosuppressive medications should be discussed 
with renal transplant recipients who are planning to breastfeed their babies. In 
addition to antirejection drugs, other medications should be managed 
accordingly, whenever pregnancy is planned.
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Core Tip: Chronic kidney disease (CKD) is a major cause of infertility in both sexes. Multiple factors 
amplify infertility in CKD patients. Kidney transplantation can restore fertility in men and women. Menses 
will return in the majority of females after kidney transplantation. This improvement increases the risk of 
accidental pregnancy, so contraception should be discussed in advance. Kidney transplant recipients utilize 
several contraceptives to plan pregnancy. Preference and tolerability determine contraception choice. If 
pregnancy occurs, transplanted women experience the same physiologic changes as pregnant women with 
native kidneys. During pregnancy, immunosuppressive drugs can cause consequences. Breastfeeding 
kidney transplant recipients should discuss immunosuppressive and other medicines.
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INTRODUCTION
Chronic kidney disease, especially in advanced stages causes fertility and sexual dysfunction in males as 
well as in females[1] (Figure 1). The male sexual health malfunction manifests as erectile dysfunction in 
up to 80% of end-stage renal disease (ESRD) patients on hemodialysis[2]. The pathophysiology is due to 
a combination of vascular calcification, accelerated atherosclerosis, uremic neuropathy, impairment of 
the hypothalamic-pituitary-testicular axis and secondary hyperparathyroidism[3]. ESRD is also with 
alteration in the levels of sex hormones which include reduction in testosterone level and elevation in 
luteinizing hormone (LH) and follicle-stimulating hormone (FSH)[4]. The prevalence of infertility in 
females, of childbearing age, with ESRD, has been reported as high as 92%[5].

Factors that are implicated in the pathogenesis of infertility in women with ESRD include impairment 
at the level of the hypothalamus-pituitary-ovarian axis manifesting as high FSH and LH and low 
estrogen levels[6], menstrual disorders in up to 75% of patients manifesting as amenorrhea, oligomen-
orrhea or functional menopause[7], and abnormal endometrial atrophy due to reduced estrogen level
[8]. Other contributions to infertility include reduced libido and orgasmic impairment, in addition to 
vaginal dryness or failure of vaginal lubrication[9], as shown in Figure 2[10].

Improvement of fertility in patients with kidney disease is achieved by correction of modifiable 
factors like anemia, hyperparathyroidism, dialysis adequacy[11], avoidance of toxic medications[12], 
and hormonal replacement therapies[13], However, kidney transplantation remains the best option for 
the management of infertility due to ESRD for both genders[14].

Following successful kidney transplantation, the function of the hypothalamic-pituitary-gonadal axis 
is gradually restored leading to normalization of sex hormone levels in men and women in the majority 
but not in all patients[15,16]. In males, this recovery manifests as improvement in erectile dysfunction, 
libido, and spermatogenesis, whereas in women as restoration of menses and ovulation[16].

Owing to the improvement in reproductive functions and sexual health within 3-6 mo, these patients 
should be counselled about the significant potential of conceiving shortly after successful kidney 
transplantation. Hence it is imperative to explain contraception during the pre-transplantation 
assessment so that pregnancy can be planned at a time when the risk to mother and fetus is minimal i.e., 
after one year of uneventful kidney transplantation.

IMPACT OF PREGNANCY ON GRAFT SURVIVAL
Intra-renal hemodynamics is reported to be altered, starting from the 1st week of pregnancy, due to a 
reduction in vascular resistance[17], increase in cardiac output[18], and increase in plasma volume[19], 
which finally lead to an increase in renal blood flow[20] and subsequently increase in GFR. In normal 
pregnancy with native kidneys, GFR increases along with an increase in renal size[19,21]. Despite 
volume expansion and increase in cardiac output, mean arterial blood pressure is reduced by about 10-
15 mmHg in the 1st trimester and then returned to normal by the 2nd trimester[22].

It is well established that acute kidney injury can occur during pregnancy in non-transplant females 
due to pregnancy itself. Pregnancy-related acute kidney injury can also happen in the transplanted 
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Figure 1 The hypothalamic-pituitary-gonadotropin axis in men and women with end-stage renal disease. ESRD: End-stage renal disease; FSH: 
Follicle-stimulating hormone; LH: Luteinizing hormone.

allograft, however, when it occurs it affects not only the pregnant patient but also the fetus. Refer to 
Figure 3[23].

Several studies evaluated the impact of pregnancy on graft survival. Levidiotis et al[24], using 
ANZDT Registry data of pregnancy in transplant recipients, demonstrated that the delivery of first live 
birth was comparable between the study group and control group, and was not associated with worse 
twenty-year graft survival.

Rahamimov et al[25] evaluated the long-term impact of pregnancy on allograft and patient survival 
and reported that graft and recipient survival did not differ from the control group in the follow-up.

Shah et al[26] conducted a systemic review and meta-analysis about pregnancy outcomes in kidney 
transplant recipients. They reported that the rejection rate during pregnancy was 9.4% which is 
comparable to the United States mean of 9.1%.

To evaluate possible bias in patients' selection that may affect outcomes and interpretation of results, 
M. Pappias and colleagues evaluated pregnancy outcomes after living kidney donation in a systematic 
review. In this study, 2 authors used the Risk of Bias In Non-randomized Studies of Interventions 
(ROBINS-I) method to evaluate participant selection, exposure, and results. Robvis online software 
plotted risk-of-bias evaluations. Grading of recommendations, assessment, development, and 
evaluations method graded study certainty. As a result, authors concluded that after donation, the 
absolute chance of pregnancy related and associated complications remain minimal, which is 
comparable to other studies[27].

In conclusion, pregnancy is not associated with worse graft outcomes in kidney transplanted 
recipients, however, female recipients should be carefully selected before pregnancy planning and 
should be counseled about possible complications. Stability of kidney function at time of pregnancy 
detection, should be monitored attentively throughout the course of pregnancy.

IMPACT OF TRANSPLANTATION ON THE OUTCOME OF PREGNANCY
Although the majority of female recipients restore their ability to conceive, pregnancy rates are much 
lower when compared to the general population[24,28,29]. Gill et al[28] demonstrated that the rate of 
pregnancy in transplanted females was less than 1/3 of the general population in the first 3 years 
following transplantation surgery.

Shah et al[26], based on a meta-analysis of the outcomes of pregnancy in transplanted patients, 
reported an increased risk of gestational diabetes and gestational hypertension. Preeclampsia was 
reported to be sixfold higher in transplant women. Shah et al[26] reported higher rates of preterm 
delivery, stillbirths, and neonatal death. Other pregnancy-associated complications such as induced 
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Figure 2 Male and Female factors implicated in the development of infertility in chronic kidney disease patients. FSH: Follicle-stimulating 
hormone; LH: Luteinizing hormone.

Figure 3 Pregnancy related acute kidney injury etiologies. TMA: Thrombotic microangiopathy; HELLP: Hemolysis, elevated liver enzymes and low 
platelet.

abortions, miscarriages and ectopic pregnancies were reported to be more common in kidney transplant 
recipients.

Deshpande et al[29] reported a live birth rate among pregnant renal transplant recipients comparable 
to that of the general population. Other retrospective studies have reported live birth rates of up to 79%
[30,31]. Preterm delivery was reported to occur in 46% of recipients[30].



Habli M et al. Pregnancy in kidney transplantation recipients: Key issues

WJMA https://www.wjgnet.com 59 March 2, 2023 Volume 11 Issue 3

Cesarean delivery was significantly more frequent in the transplant population reaching 43%-72%, 
although no clear evidence to support this practice[29-31]. The United Kingdom Transplant Pregnancy 
Registry, showed a higher rate of low birth weight in 20% to 50% of cases[30,31].

MANAGEMENT OF IMMUNOSUPPRESSION 
T-lymphocyte-depleting agents and IL-2 inhibitors (basilixumab) are commonly used as induction 
therapy for transplant patients. Maintenance therapy is commenced in the hospital and continued to 
prevent acute rejection. Before conception, modification of immunosuppression is frequently needed, as 
some drugs have shown to be associated with adverse outcomes in the pregnancy and fetus[32].

In addition to female recipient preparation for pregnancy, male recipients who desires paternity 
should be also properly counseled about the impact of immunosuppression on fertility. Few studies 
have reported the negative effect of immunosuppressive drugs, particularly sirolimus, on male fertility. 
Sirolimus was shown to be linked to reduced fertility following kidney transplantation, due to its toxic 
effect on the sperm[33,34]. That’s why, unrecovered fertility in male recipients maintained on 
mammalian target of rapamycin inhibitors (mTORi) following renal transplant surgery, should raise the 
suspicion of possible drug toxicity.

In the other hand, maintenance immunosuppression in females is modified to avoid teratogenic effect 
on the fetus. Generally, Mycophenolate Mofetil (MMF)/Mycophenolic Sodium (MPS) is considered 
unsafe during pregnancy. Kidney transplant recipients who are on MMF during pregnancy are at 
higher risk of pregnancy loss in the first-trimester first trimester along with severe congenital fetal 
structural malformations[35-37]. Following exposure to MMF, congenital malformations such as ear, 
eye, and lip/palate malformations have been reported in 23%-27% of live births[38]. Therefore, MMF 
should switch over to azathioprine that is, not associated with maternal or fetal risks[39].

Calcineurin inhibitors are the cornerstone of maintenance immunosuppressive therapy in any kidney 
transplant recipient. Calcineurin inhibitors (CNIs) have been evaluated during pregnancy in renal 
transplant females. The use of tacrolimus in kidney transplanted pregnant is considered safe. 
Physiologic changes during pregnancy can alter some pharmacokinetic properties of tacrolimus, that’s 
why frequent monitoring of tacrolimus levels is recommended[40]. Furthermore, several studies have 
examined the effect of cyclosporine on the fetus and demonstrated that it is not teratogenic[41,42]. 
However, the Food and Drug Administration (FDA) categorizes Cyclosporin as category C, which 
indicates that human risk cannot be excluded. CNIs, in particular tacrolimus, are associated with 
increased risk of Post-transplant Diabetes Mellitus. It is well established that tacrolimus is more 
diabetogenic than cyclosporine[43,44]. Increased tacrolimus levels have been strongly linked to altered 
glucose tolerance, toxic effect on islet cells with subsequent development of diabetes mellitus. In 
pregnant recipients treated with tacrolimus with new onset hyperglycemia, shifting to safer drug such 
as cyclosporine could be an option. However, a recent systematic review and meta-analysis compared 
the impact of cyclosporine and tacrolimus on pregnancy outcomes in liver/kidney transplant recipients, 
found no significant differences in the incidence of gestational diabetes between them[45].

The use of mammalian target of rapamycin (mTOR) inhibitors is considered a contraindication 
during pregnancy. Sirolimus should be discontinued at least 12 wk before pregnancy, while everolimus 
should be discontinued at least 8 wk before conception. Boulay et al[46], and Framarino et al[47]. 
Reported limited data on the use of mTOR inhibitors in pregnant patients.

With the increased use of co-stimulation blocker, Belatacept, in non-pregnant recipients, there is still 
no clear evidence on the safety of its use in pregnant recipients[48].

In conclusion, the combination of calcineurin inhibitors, azathioprine and steroids is the mainstay 
maintenance therapy in pregnant recipients, as no major fetal or maternal effects have been reported.

APPROACH TO THE USE OF COMMON NON-IMMUNOSUPPRESSION DRUGS
Hypertension is reported to be more common in pregnant transplant recipients accounting for 20%-70% 
compared to 1%-5% in pregnant women in the general population[26,30,49]. Hypertension in pregnant 
transplant recipients, is associated with a higher risk of preeclampsia and eclampsia.

In hypertensive pregnant females, medications such as labetalol[50], calcium channel blockers of 
dihydropyridine group[51], methyldopa[52], and hydralazine[53] can effectively manage hypertension 
with a safe profile regarding the pregnant transplant recipient and fetus.

Non-dihydropyridine calcium channel blockers (such as diltiazem and verapamil), should not be 
administered with calcineurin inhibitors, because of their effect on enzyme CYP3A4 metabolism[54].

Angiotensin-converting enzyme inhibitors, angiotensin receptor inhibitors, and direct renin inhibitors 
are not acceptable during pregnancy because they are associated with significant fetal risk[55]. 
Therefore, it is recommended to plan conception at least 6 wk after discontinuation of these drugs.
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There is very limited data on the safety of angiotensin-converting enzyme inhibitors in normal 
lactation. The minimal concentration of angiotensin converting enzyme inhibitors, in breast milk, can 
cause hemodynamic instability in premature infants and neonates in therapeutic doses. Captopril and 
Enalapril are excreted in very low doses in breast milk and considered safe with breastfeeding, 
nonetheless, babies should be monitored for adverse events[56].

Thiazide and loop diuretics use during pregnancy, have not been linked to increased risk of fetal 
unfavorable outcomes, when prescribed for volume overload and elevated blood pressure. Diuretic 
usage should be limited, because of major concern about affecting physiologic volume expansion during 
pregnancy[57].

In the other hand, antibiotics during pregnancy are used more frequently, as the incidence of 
infections is higher in transplanted patients, owing to the use of potent immunosuppression. Urinary 
tract infections are prevalent in female transplant patients, and the risk rises by up to 40% during 
pregnancy, presumably due to physiologic anatomic changes occurring in the urinary tract[58]. The 
prescription of antibiotics in kidney transplant recipients should always be considered for a potential 
interaction and possible adverse effects. Antibiotics such as Nitrofurantoin, Amoxicillin, Cephalexin, 
Cefpodoxime and Fosfomycin are considered safe in pregnancy in kidney transplant recipients with no 
drug-drug interaction[59]. Ciprofloxacin and Trimethoprim/Sulfamethoxazole are generally not 
recommended in pregnancy with and without transplantation. Antibiotics that are generally used for 
the management of upper and lower tract infections include macrolides, quinolones, penicillins and 
cephalosporins. Clarithromycin, but not azithromycin should be avoided in kidney transplant recipients 
irrespective of pregnancy, because of its effect on the hepatic/intestinal enzyme CYP3A4 metabolism 
and subsequent increase in tacrolimus level and possible toxicity. Azithromycin is safe to use during 
pregnancy in renal transplant recipients, but attention should be paid to the risk of arrythmia as both 
drugs increase QTc interval. The use of quinolones in pregnancy is still controversial in literature 
because of concerns on their adverse effects on the fetus formation. However, animal studies did not 
show an increase in major birth defects, abortion or maternal complications[60]. Hence, quinolones can 
be prescribed in complicated and life threating infections.

Penicillins and cephalosporins are generally acceptable in kidney transplant recipients in the context 
of pregnancy.

IMPACT OF KIDNEY TRANSPLANTATION AND PREGNANCY ON THE INCIDENCE OF 
INFECTION AND OUTCOMES
After kidney transplantation, infection is the second major cause of mortality among transplant patients, 
behind cardiovascular disease. Up to seventy percent of kidney transplant recipients will encounter an 
infection episode during the first three years following transplantation, according to estimates[61]. As 
mentioned earlier, bacterial urinary tract infections are more prevalent during pregnancy in a kidney 
transplant recipient because of potent immunosuppression used.

Other than urinary tract infection, pregnant transplant recipients are at risk of TORCH infections. 
TORCH infections are a category of infectious disorders that can be transmitted to a newborn during 
pregnancy, delivery, or shortly after birth. Toxoplasmosis, rubella, cytomegalovirus, herpes, and others 
are termed as TORCH. In transplant recipients, the risk of cytomegalovirus infection during pregnancy 
is minimal, as conception is often planned 1-2 years following transplantation. Congenital cytomega-
lovirus (CMV) is the leading nongenetic cause of congenital sensorineural hearing loss and neurological 
impairment[62,63]. Therefore, it is essential that CMV infections be monitored.

Another TORCH virus, Herpes simplex virus can occur during pregnancy in immunocompromised 
patients as primary infection or activation of latent infection. In case of herpetic infection valacyclovir or 
acyclovir can be used safely during pregnancy. Caesarean delivery in infected mothers reduces the 
incidence of newborn herpes 1 or 2. Therefore, caesarean section should be performed if cervical 
cultures show herpes. To prevent primary varicella-zoster virus (VZV) infection after transplantation, 
pretransplant screening for past VZV infection should be conducted, and naive patients should be 
immunized with live attenuated varicella vaccine if possible[58].

Toxoplasmosis in pregnant transplant recipients can be caused by either reactivation of a latent 
infection or primary infection. In a fitting clinical setting, toxoplasmosis should be evaluated in the 
differential diagnosis of pneumonia, culture-negative sepsis, and encephalitis. Toxoplasmosis should be 
screened quarterly in pregnant kidney transplant patients. Sulfadiazine, pyrimethamine and spiramycin 
should be given to immunosuppressed individuals with growing antibody titers to prevent congenital 
toxoplasmosis infection[64].

As a conclusion, many illnesses can be avoided or ameliorated by pre- and post-transplant care, 
pretransplant screening of infections and updated immunization remain the major standard of 
treatment. Protocol polymerase chain reaction screening of CMV, BK virus and others, in the post-
operative period has been also shown to reduce the incidence of infectious complications. Finally, most 
opportunistic infections occurring in pregnant transplanted patients can be preventable, therefore, 
transplant nephrologists carry a major responsibility in the delivery of best available medical care for all 
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patients.

IMPACT OF PROTEINURIA AND KIDNEY DYSFUNCTION ON THE ALLOGRAFT 
SURVIVAL IN PREGNANT KIDNEY TRANSPLANT RECIPIENTS
Pregnancy in transplant patients with stable kidney function and no risk factors is associated with 
favorable graft outcomes. The graft failure rate in pregnant transplanted women was comparable to that 
in non-pregnant allograft recipients at a follow-up of ten years[65]. Renal transplant recipients with 
hypertension, pre-gestational elevated creatinine, and proteinuria are at higher risk to develop 
accelerated graft loss.

National Transplantation Pregnancy Registry revealed that recipients who faced graft loss in five 
years had lower eGFR at baseline before pregnancy, higher serum creatinine after pregnancy, and a 
higher rejection rate three months after pregnancy[66]. Recurrent acute rejections with renal impairment 
before and during pregnancy increase the risk of graft failure.

The likelihood of graft failure at five years was significantly higher when serum creatinine was > 1.3 
mg/dL pre-pregnancy. Serum creatinine at > 1.6 mg/dL was associated even with a more than 7-fold 
higher risk of graft failure. Keitel et al[67] reported that pre-pregnancy creatinine was > 1.5 mg/dL in all 
recipients who experienced graft failure 2 years following childbirth.

Schwarz and colleagues also reported poor graft outcomes in patients with low eGFR before or 
during pregnancy[68].

Proteinuria before or during pregnancy, especially proteinuria of > 1 g/d, is associated with worse 
graft survival[69]. Higher the proteinuria, the higher the risk of premature birth, Intrauterine growth 
retardation, and miscarriages. Hence, it is strongly recommended to achieve low proteinuria levels 
below 500 mg before pregnancy to avoid adverse events[69].

CONTRACEPTION OPTIONS FOR KIDNEY TRANSPLANT RECIPIENTS
Despite the fact that end-stage renal disease negatively affects fertility, there is a recovery of 
reproductive function after a kidney transplant, and pregnancy is common. Fertility can be efficiently 
reverted in the few months after a kidney transplant. Hence, to guarantee that pregnancies do not occur 
prior to maternal optimization, it is crucial that women with a history of kidney transplants plan their 
pregnancies and have access to adequate contraception[70]. Female recipients should be educated about 
contraceptive methods which could be selected based on old experience, medical history, comorbidities, 
and preference[71].

Irreversible contraception is usually achieved by surgical procedures like vasectomy[72,73], or tubal 
ligation[74,75]. Reversible contraception is achieved using an intrauterine device (IUD), hormonal 
pills/injections or patches and other barrier methods.

Hormonal contraceptives are commonly used and highly effective with a minimal failure rate[76]. 
Estrogen-based contraceptives are associated with exacerbation of migraines, the risk of venous 
thromboembolism (VTE), and worsening hypertension control. Depo medroxyprogesterone (DMPA) is 
an effective and safe contraceptive method, with prolonged effect over 3 mo. The use of DMPA 
increases the risk of VTE[77]. Other hormonal contraceptives include etonogestrel implant[78], 
transdermal patch and others.

IUDs are highly effective, easy to insert and low failure rate with no increased risk of VTE. IUDs are 
not associated with an increased risk of infectious complications[79].

The vaginal ring is another effective method of contraception. It is associated with a lower incidence 
of adverse events[80].

Barrier methods include condoms, spermicides, diaphragm, cervical caps and sponges are associated 
with failure rates due to compliance issues. Education of couples on its correct use may reduce the 
failure rate[81]. In conclusion, there is no study comparing the efficacy of different types of contra-
ception in transplanted females. Therefore, an individualized approach to contraception is 
recommended, based on comorbidities, associated risk, and preference. A comparison of the effect-
iveness of contraceptive methods is demonstrated in Figure 4[82].

POST-TRANSPLANT BREASTFEEDING 
Pregnancy in a kidney transplant recipient remains to be complicated because of the detrimental effects 
of immunosuppressive therapy on the renal allograft, fetus and the transplant recipient. The safety of 
immunosuppression therapy on breastfed babies was addressed in a few studies[83-100]. There is 
reassuring data on the use of calcineurin inhibitors based regimen in addition to prednisone and 
azathioprine during lactation. Prednisolone is excreted at very low levels in breast milk. The studied 
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Figure 4  Different contraceptive methods options for pregnancy planning in kidney transplant recipients.

dose of 50 mg/d was not shown to affect growth. The risk of infections or hematological complications 
in infants is not increased[31].

Regarding azathioprine, its metabolites were undetectable in the breast milk and there was no side 
effect noted in the infants. Infants of mothers receiving azathioprine did not show any significant 
increase in infection rate[84-88].

Cyclosporine was reported to have minimal excretion in breast milk. The study showed no 
nephrotoxic effect, growth retardation or immunosuppressive effects on the baby. Another study 
demonstrated undetectable Cyclosporine levels in breastfed babies from mothers on Cyclosporine[89-
96]. Tacrolimus levels were undetectable in infants. Studies demonstrated that lactation in renal 
transplant recipients on tacrolimus was safe but needs close monitoring of the infant[97-100].

As mTORi are contraindicated during pregnancy, it is also advised not to initiate mTORi during 
lactation, as there are no studies that support this practice[101]. MMF usage in breastfeeding was not 
studied in humans, however, results extrapolated from animal studies demonstrated harm[35]. 
Belatacept was suggested by transplant experts not to be used while breastfeeding as no study 
evaluated its effect on infants[102].

CONCLUSION
As ESRD is associated with infertility, kidney transplantation offers the best option to restore sexual 
health and the ability to conceive. Proper contraception and pregnancy planning are mandatory, to 
avoid unwanted pregnancy and the toxic effects of immunosuppression on the fetus. Modifications in 
immunosuppression are essential before conception. Normal lactation is the best feeding for babies, but 
patients on immunosuppressive drugs should be counseled about their possible side effects. Normal 
delivery is considered the normal way of delivery, although practice patterns may differ.

Primary care physicians and nephrologists should make a greater effort to discuss menstrual and 
reproductive issues with women who have received a kidney transplant. The transplant team should 
provide complete information and counseling to women of childbearing age who are considering 
pregnancy.

Finally, pregnancy is generally considered safe in the setting of kidney transplant, however, a team 
approach to care that includes the primary care physician, a transplant nephrologist, and a qualified 
obstetrician in high-risk pregnancies, is crucial for a successful pregnancy and better outcomes.
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