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dominant in this region. As the risks and outcomes of pregnancy should be a part of
counselling for both recipients and donors, we reviewed available reports on mater-
nal and foetal outcomes in these particular populations.

Methods: Information was obtained from retrospective analyses of a large data-
base, and from single-centre reports indexed in PubMed on pregnancy in donors and
kidney transplant recipients. The keywords used for the search included ‘fertility’,
‘kidney disease’, ‘pregnancy’, ‘maternal/foetal outcomes’, ‘kidney transplant recipi-
ent’, ‘immunosuppression side-effects’, ‘living donor’ and ‘Arab countries’.

Results: Pregnancies in kidney transplant recipients are most successful in those
with adequate kidney function and controlled comorbidities. Similarly to other
regions, pregnant recipients in the Middle East had a higher risk of pre-eclampsia
(26%) and gestational diabetes (7%) than in the general population. Caesarean
section was quite common, with an incidence rate of 61%, and the incidence of
pre-term birth reached 46%.

Conclusions: Most living donors can have successful pregnancies and should not
be routinely discouraged. Women who had pregnancies before and after donation
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were more likely to have adverse maternal outcomes (gestational diabetes, hyperten-
sion, proteinuria, and pre-eclampsia) in the latter, but no adverse foetal outcomes
were found after donation. The evaluation before donation should include a gesta-
tional history and counselling about the potential risks.

© 2012 Arab Association of Urology. Production and hosting by Elsevier B.V.

All rights reserved.

Introduction

End-stage kidney disease (ESKD) negatively affects fer-
tility due to hypothalamic-pituitary suppression, result-
ing in abnormal or even cessation of menstruation in
most pre-menopausal women [1,2]. The incidence of
pregnancy in patients on haemodialysis is <1% to
~7% [3-7], but an improvement in conception rates to
15.9% was reported in patients on nocturnal dialysis
[8]. The pregnancy rate on peritoneal dialysis was re-
ported to be even lower (1.1%), possibly due to hyper-
tonic solution causing damage to the Fallopian tubes
or interference with ovum transport from the ovaries
to the Fallopian tubes [7]. Pregnancies in patients on
dialysis are associated with significant risks, including
hypertension (67%), pre-eclampsia (19%) and polyhy-
dramnios (40%). Foetal outcomes are adversely
affected, with an increased incidence of pre-term deliv-
ery, lower gestational age and birth weight, especially
in women with pre-eclampsia [9]. Successful kidney
transplantation leads to restoration of fertility, with
pituitary-gonadal hormone levels returning to the nor-
mal range as early as 3—4 months after transplantation.
Moreover, both men and women report an improve-
ment in libido and sexual function [10].

Pregnancies in women with a solitary kidney have
been previously described and are not contraindicated,
although there is a known association between the na-
tive kidney disease and adverse maternal/fetal outcomes
[11,12]. Many studies suggested that an elevated creati-
nine level of >1.5mg/dL is associated with pre-term
delivery, increased risk of graft loss, low weight birth
and increased incidence of Caesarean section in kidney
transplant recipients [13,14]. Those results stem the con-
cern about the potential effect of a reduced GFR on
pregnancy in kidney transplant recipients and their do-
nors. The first encouraging results on pregnancy in
transplantation came from the recipient-donor pair,
Edith and Wanda Helm. After receiving a kidney trans-
plant from her sister in 1956, Edith later gave birth to
two healthy babies. The donor, Wanda, gave birth to
four healthy babies after donation [15]. Edith died from
causes unrelated to transplantation at the age of
76 years on 4 April 2011, as the world’s longest surviv-
ing kidney transplant recipient.

The Helm sisters were the first examples of many
other encouraging results that contributed to allowing
pregnancies in transplant recipients and their donors.

Recipients and donors of reproductive age seek advice
about potential maternal/fetal complications related to
the reduced nephron mass and long-term health after
pregnancy. Increasing reports contribute to understand-
ing the potential maternal/fetal risks and facilitate coun-
seling by the physician of these populations both before
and after conception.

Kidney transplant recipients

The number of female kidney transplant recipients of
reproductive age has been steadily increasing, and many
look forward to starting a family after the transplant.
While the optimum interval between the transplant
and conception has not been well determined, the Amer-
ican Society of Transplantation and the National Trans-
plantation Pregnancy Registry group [16,17], as well as
‘Kidney Disease: Improving Global Outcomes’ (KDI-
GO) guidelines (2009) [18] recommend waiting at least
1 year after the transplant, to allow for the stabilisation
of kidney function and to minimise the risks to mother
and fetus. Recipients should be on a stable immunosup-
pression regimen and should have no active infections or
acute rejection episodes in the preceding year. Special
considerations should be given to potential mothers of
advanced age, suboptimal kidney allograft function
and those with multiple comorbidities that might com-
promise the pregnancy outcomes, as well as recipients
with rejection episodes in the first year after transplanta-
tion and a history of medical noncompliance. Maternal
fetal specialists well versed in the special needs of kidney
transplant recipients should be involved early in the
management of the potential mother, ideally before
she conceives.

The potential teratogenicity of commonly used
immunosuppressants should be thoroughly discussed,
with an understanding that the comprehensive data on
the safety and pharmacokinetics of immunosuppres-
sants in pregnancy are not adequate [19]. Reclassified
by the USA Food and Drug Administration from a cat-
egory C (adequate, well-controlled human studies are
lacking, and animal studies have shown a risk to the fe-
tus or are lacking as well) to D (studies in humans or
investigational or post-marketing data have shown fetal
risk), mycophenolate mofetil should be discontinued at
least 6 weeks before pregnancy, as it has been shown
in case reports and registry data to cause fetal malfor-
mations, with the distinctive and unique phenotypes of
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ear, mouth, finger and ocular/organ involvement [20].
Although there are some concerns from the association
of azathioprine use with fetal abnormalities in animals,
most practitioners consider this medication a safe alter-
native, based on its long record of use in transplant
recipients. Azathioprine and corticosteroids both have
little to no evidence of teratogenic risk. Although calci-
neurin inhibitors can cross the placenta, and have been
previously shown to have immunosuppressive properties
in fetal blood, the USA registry data have shown no pat-
tern of congenital anomalies associated with these
agents, and both cyclosporin and tacrolimus are usually
continued during the pregnancy [21]. Data on the safety
profile of sirolimus and everolimus are limited, and both
are currently classified as category C and should be
stopped before conception, as per the KDIGO guide-
lines [18].

Maternal risks

Medical optimisation of comorbidities is essential to in-
crease the success of pregnancy for both mother and fe-
tus. The prevalence of comorbidities is much higher than
in the general population, which might be related to the
pre-existing kidney disease and immunosuppression. Up
to 70% of recipients can develop hypertension before
conception [22], which is associated with intrauterine
growth retardation, pre-term delivery, miscarriages
and low birth rate [23]. Thus, optimising blood pressure
control before conception is prudent. Foetotoxic antihy-
pertensive agents (e.g. angiotensin-converting enzyme
inhibitors) should be avoided and replaced, if necessary,
with alternatives with proven safety records, including
o-methyldopa, nifedipine, labetalol and hydralazine
[24]. Blood pressure during pregnancy should be main-
tained close to normal [18]. In many recipients protein-
uria in late gestation is due to increased protein
filtration, which can exceed tubular re-absorptive capac-
ity [25], but excessive proteinuria might require a kidney
biopsy, which should not be delayed until after the preg-
nancy. Diabetes is yet another highly prevalent comor-
bidity, with a potential negative effect on pregnancy
outcomes. About 30% of recipients are diagnosed with
diabetes at the time of transplantation, and another
15% can develop new-onset diabetes after transplanta-
tion [26]. Preconception care should include optimising
the management of diabetes. The risk of maternal infec-
tions is increased due to ongoing immunosuppression.
UTIs are common, with an incidence as high as 40%
[6]. Physiological hydronephrosis can be present in
two-thirds of women, and increases the risk of urinary
reflux and subsequent pyelonephritis [27,28]. For an
early diagnosis, urine should be analysed and cultured
at every prenatal visit. Treatment, preferably with peni-
cillin or cephalosporin, is typically necessary to avoid
maternal and fetal complications [29]. While impairment

of graft function due to hydronephrosis is rare, ultraso-
nography of the transplanted kidney should be a part of
the evaluation for graft dysfunction, and appropriate
management of obstruction with a ureteric stent or
nephrostomy tube is recommended [30].

The risk for opportunistic infections in the transplant
recipient is relatively high. One of the most common is
cytomegalovirus (CMYV), which can be transmitted with
the transplanted organ or reactivate in women on main-
tenance immunosuppression. Infection typically occurs
in the first few months after transplanting, but the delay
in onset is possible due to the common use of CMV pro-
phylaxis [31]. CMYV infection in utero carries the risks of
fetal abnormalities, including microcephaly, intracranial
calcifications, growth restriction and others, especially
seen in women not previously exposed to CMV. Val-
ganciclovir is the treatment of choice for the CMV infec-
tions, but its efficacy is unknown in pregnancy. The
other opportunistic infections associated with the ad-
verse fetal outcomes include herpes simplex virus and
toxoplasmosis [32].

The management of other comorbidities, related to
pre-existing ESKD, suboptimal kidney allograft func-
tion and the side-effects of immunosuppressants, should
be optimised. Osteopenia, osteoporosis and bone frac-
tures are significantly more prevalent in transplant recip-
ients than in the general population. Vitamin D
deficiency is common, and supplements should be initi-
ated ideally before conception, unless contraindicated.
Anaemia is highly prevalent in the antenatal period,
and can affect up to 25% of pregnant women. While
dilutional anaemia occurs due to the disproportional in-
crease in plasma volume compared to red blood cells,
iron deficiency is a common finding [33]. Moreover,
abnormally low erythropoietin levels and blunted eryth-
ropoiesis were reported [34]. Management should focus
on replacing iron stores and other nutritional deficien-
cies as necessary. Whether or not the treatment with
erythropoietin is beneficial needs further investigation.

Kidney allograft survival does not seem to be affected
by pregnancy in recipients with a good graft function
[35]. However, those with elevated creatinine levels
might have accelerated graft loss. It was shown previ-
ously that serum creatinine levels of >1.5 mg/dL and
proteinuria of > 500 mg/24 h increase the risk of future
allograft failure [13,27].

Most recent reports indicate that ~<4.2% of recipients
can experience acute rejection during pregnancy [36],
therefore careful monitoring of renal function is essen-
tial. The incidence of rejection is no higher than in
non-pregnant recipients. Adjustment of drug levels due
to an increased volume of distribution, as well as weight
gain, might be frequently necessary. Also, hyperemesis
gravidum can lead to decreased absorption of immuno-
suppressive medications. Renal blood flow and the GFR
can increase by up to 60% during pregnancy, and
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therefore any increase in serum creatinine levels should
prompt a thorough and timely evaluation, including a
kidney transplant biopsy. Davison et al. [27] measured
24-h creatinine clearance before conception and serially
in transplant recipients, and compared the values to
those from similar studies in healthy women. By the
10th gestational week the mean (SD) 24-h creatinine
clearance was 105 (28.1) mL/min (an increase of 34%;
range 10-60%), as compared to 124 (15.9) mL/min (an
increase of 38%; range 18—-69%) in healthy women, with
the greatest increase in those whose transplanted kidney
functioned best before the conception, regardless of do-
nor source and sex or the transplant-pregnancy interval.
In the third trimester the mean (range) 24-h creatinine
clearance decreased by 34 (12-57)% in the transplant
patients and by 19 (6-28)% in healthy women. The de-
crease in creatinine clearance in transplant recipients
was not associated with the deterioration of allograft
function.

Pregnancy outcomes

Perhaps the most comprehensive review of pregnancy
outcomes is that of Desphande et al. [36], based on a
meta-analysis involving data available from national
transplant registries, and from retrospective single-co-
hort studies published between 2000 and 2010. These
authors reported pregnancy outcomes, including miscar-
riage rates, obstetric complications and delivery out-
comes, of 4002 pregnancies in 3570 kidney-transplant
recipients, based on the reports from Europe, the Mid-
dle East, Asia, North America and Australia. Amongst
those, there were 73.5% live births, a 14.0% abortion
rate, 2.5% still births and 0.6% ectopic pregnancies.
Overall, the rate of live birth was higher than in USA
general population (73.4% vs. 66.7%) and varied across
the regions, from 69% in Asia to 79% in the Middle
East. The incidence of pregnancy-related complications
and adverse delivery outcomes were significantly higher
in kidney-transplant recipients than in the USA general
population (Table 1). The most frequently reported
obstetric complication was pre-eclampsia, which was
diagnosed in up to a third of recipients, 5-10 times high-
er than in the non-transplant USA population. How-
ever, the diagnosis of pre-eclampsia might not be as
reliable as in the non-transplant population due to the
higher rates of pre-existing hypertension and protein-
uria, potentially undiagnosed before conception.
Regardless, the high incidence of pre-eclampsia is of
concern, as it carries significant fetal and maternal risks.
Moreover, potential risks can extend beyond the preg-
nancy, as pre-eclampsia has been associated with cardio-
vascular disease and an increased incidence of ESKD in
the long-term follow up after pregnancy [37,38].

Other pregnancy complications, although not as
common, were found to be more prevalent than in the
general USA population. Gestational diabetes was al-

most twice as high across all geographical regions, ex-
cept in Australia (8% vs. 3.9% in transplant recipients
and the general population, respectively). The higher
incidence of gestational diabetes might be related to
the diabetogenic risk of immunosuppressants, including
calcineurin inhibitors, corticosteroids and sirolimus.
Early and frequent testing with the oral glucose-toler-
ance test is therefore necessary and might need to be ini-
tiated as early as during the first prenatal visit, to
unmask unrecognized pre-gestational diabetes [24]. If re-
quired, new-onset diabetes should be managed by
aggressive dietary modifications and insulin.

Delivery complications are more frequent in this pop-
ulation, with overall 50% of kidney transplant recipients
undergoing Caesarean section (vs. 31.9% in the USA
general population) and 45% of pre-term deliveries
(vs. 12.5% in the general population). The overall gesta-
tional age for kidney transplant recipients was
35.8 weeks and the birth weight was 2420 g. Women
aged <30 years had more favourable outcomes in terms
of live birth and miscarriages [36].

Although registry data and case series indicate a sim-
ilar incidence of fetal malformation as in the general
population, other risks exist, including those related to
low birth weight, which can result in various neurologi-
cal, endocrine, cardiac and renal abnormalities. More-
over, other subtle defects, not apparent at birth, can
have life-long consequences, but this requires further
evaluation by observational studies [21]. Recommenda-
tions for breast feeding remain controversial due to
the potential secretion of immunosuppressants in breast
milk [39], and additional studies are needed to determine
which agents can be safely used during breast feeding.
Counselling and thorough discussion about the lack of
data on the safety of infant exposure to immunosuppres-
sant agents are important for any mother planning to
breast feed [21].

In Middle Eastern countries the incidence of preg-
nancies is higher than in other regions. Al Duraihimh
et al. [41] surveyed transplant centres in Middle Eastern
countries and report data from five different countries
(Kingdom of Saudi Arabia, Lebanon, Syria, Turkey
and Oman). In general, all surveyed centres did not ad-
vise against pregnancy, unless the interval from the
transplant was <2 years, or there was a history of
hypertension or impaired kidney function. The mean
prevalence of pregnancy after transplant was 24.1%,
with the lowest in Turkey (13%) and the highest in Sau-
di Arabia (55%). This is in contrast to 12% reported in
the UK. The authors speculated that the higher inci-
dence of pregnancies might be related to the social pres-
sure on women to bear a child [41]. Similarly to other
regions, pregnant recipients in the Middle East had
higher risks of pre-eclampsia (26%), gestational diabetes
(7%) and pre-term birth (46%) than in the general
population. Caesarean sections were quite common,
with an incidence rate of 61%. Rejection rates were as
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Table 1 Maternal/fetal complications of pregnancies in kidney transplant recipients.

Group Complications (%)
Miscarriage Pre-eclampsia Gestational diabetes Caesarean section Pre-term birth

USA general population 17.1 3.8 3.9 31.9 12.5

Overall 14 27 8 56.9 45.6

Asia 12 30 10 51 41

Australia 11 26 1 NR 56

Europe 13 32 7 66 51

Middle East 14 26 7 61 46

North America 15 27 9 44 44

South America 11 21 8 46 46

NR - not reported.

high as 8%, but graft loss after pregnancy was no higher
than in other regions [36]. Most importantly, similarly to
other countries, recipients with good pre-conceptional
kidney function had comparable long-term allograft
outcomes to those who were never pregnant.

Living donors

Living-donor kidney transplants are widely accepted
and preferable to deceased donor transplants; the possi-
bility of living donations allows an expansion of the do-
nor pool, shortens the time on dialysis, or even avoids
the need for dialysis altogether. Superior patient and
allograft outcomes after living-donor kidney transplants
have been reported often [42]. Living-donor transplanta-
tion is predominant, or even exclusive in most Arab
countries, due to the strong influence of religion on per-
sonal life, and government legislation which requires
waiting for procurement and transplantation until reli-
gious edicts (fatwas) are passed about the permissibility
of organ donation and a diagnosis of brain death [43].
The long-term follow-up of living donors is reassuring,
with survival rates and risks of ESKD similar to those
in the general population, and an excellent health-re-
lated quality of life [44]. Ibrahim et al. [44] followed do-
nors for a mean (SD) of 12.2 (9.2) years after donation,
and found that the prevalence of hypertension and albu-
minuria was similar to controls from the general popu-
lation matched by age, gender, ethnicity and body
mass index. Most importantly, the risk of ESKD was
no higher than in the general population.

Most living donors worldwide are women of repro-
ductive age, but the female to male ratio can be reversed
in Middle Eastern countries. A recent study from Saudi
Arabia showed that men donate more frequently than
women (67.4% vs. 32.6%) [45]. This might be due to so-
cio-cultural reasons and overprotection of the female in
Middle Eastern societies. However, the authors noted
that the rate of female donation in this country is
increasing. Although pregnancies in former living
donors are considered relatively safe, concerns were
raised by reports of a mild increase in blood pressure
and proteinuria [46,47].

The most recent contributions to understanding preg-
nancy outcomes after kidney donation were provided by
Reisaeter et al. [48] and Ibrahim et al. [49]. The former
study examined data from the Medical Birth Registry
of Norway, containing information on the outcomes
of pregnancies since 1967. In all, 326 former living do-
nors with 726 pregnancies were identified. Of those,
620 pregnancies occurred before and 106 after the dona-
tion. Pregnancies before the kidney donation and a ran-
dom sample of those not donating kidneys constituted a
control group. Ibrahim et al. [49] surveyed 1769 women
who donated a kidney at the University of Minnesota;
of those, 1085 reported one or more pregnancies, with
pregnancies both before and after donation occurring
in 98 donors. Table 2 summarises the maternal and fetal
complications based on both studies. The outcomes of
interest were gestational hypertension, gestational dia-
betes, pre-eclampsia, low birth weight, prematurity
and fetal loss.

Opverall, gestational hypertension before and after
donation was comparable to that in the general popula-
tion, based on the Norway birth registry, but it was sig-
nificantly higher in pregnancies after than before
donation in the study of Ibrahim etal. (5.7% vs.
0.6%, respectively; P < 0.001). Similarly, a higher risk
for gestational diabetes was reported in pregnancies
after donation (2.7% vs. 0.7% in the general population;
P < 0.001). Women who had pregnancies both before
and after donation had significantly higher risks for ges-
tational diabetes, hypertension and proteinuria after
donation. The rates of pre-eclampsia were lower than
in the general population for pregnancies before dona-
tion (2.6% based on the Norway Registry, 0.8% at the
University of Minnesota, vs. 3.1% in general popula-
tion), but significantly increased after donation to
>5% in both studies. Women who had babies before
and after donation had a significantly increased risk of
pre-eclampsia in the latter. Pregnancy after donation
was a prominent risk factor for an adverse composite
maternal outcome, including gestational hypertension,
diabetes and pre-eclampsia. While the adverse maternal
outcomes had no future negative effect on kidney func-
tion, about half of the women who had gestational
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Table 2 Maternal/fetal complications of pregnancies in former living donors.

Complications (%) General population® Norway University of Minnesota

BD AD BD AD
No. of pregnancies 21,511 6210 106 2723 490
Gestational hypertension 1.5 1.8 2.8 0.6 5.7
Gestational diabetes NR NR NR 0.7 2.7
Preeclampsia 3.1 2.6 5.7 0.8 5.5
Proteinuria NR NR NR 1.1 43
Low birth weight 4.8° 5.5° 7.5° NR NR
Prematurity 6.6° 7.5¢ 9.8° 4 7.1
Fetal loss 1.14 1.1¢ 2.8¢ 11.3 19.2

Defined as death, miscarriage and abortion. NR, not reported. BD/AD, before/after donation.

4 Medical birth registry of Norway.
® Defined as <2500 g.

¢ Defined as <37 weeks of gestation.
4 Stillbirth.

hypertension went onto develop hypertension, and 18%
developed proteinuria. Over a third of donors with a his-
tory of pre-eclampsia developed proteinuria, and over
half became hypertensive [49]. The Norway registry re-
ported similar fetal outcomes to those in the general
population. The results of these two studies indicate a
slightly higher risk of adverse maternal outcomes in wo-
men who decide to become pregnant after donation.
However, the current data still leave healthcare profes-
sionals with uncertainty about the appropriate counsel-
ling of potential donors of child-bearing age. The
retrospective nature of published studies and the short-
comings of registry-based and survey-based studies do
not provide a definite answer, but rather constitute
important background information for future prospec-
tive studies. Regardless, the risk of adverse events is
small and available data do not support routinely
declining potential mothers from donation. Gestational
history should also be considered in the donor evalua-
tion, and any woman with a history of gestational com-
plications or pregnancy-induced hypertension should be
discouraged from pregnancy after donation, as she
could have a higher risk of complications. While there
are no guidelines on the timing of pregnancy after dona-
tion, waiting 1 year after nephrectomy should be consid-
ered, to allow stabilisation of kidney function.

Conclusion

Successful kidney transplantation restores fertility and
allows women with ESKD to bear and deliver healthy
babies. Although the concerns of safety and pregnancy
outcomes are justifiable, with an increased risk of mater-
nal/fetal complications, the risk of negative outcomes is
highest in those with suboptimal graft function and
multiple comorbidities. Women with stable graft func-
tion are much more likely to have successful pregnan-
cies. Counselling before conception, cooperative
management with maternal/foetal specialists, and in-
tense antenatal monitoring for complications are all

imperative steps to ensure a safe pregnancy. Because
the safety and pharmacokinetics of immunosuppressive
agents have not been determined, more research is nec-
essary before encouraging their use. Extensive discus-
sion on the potentially higher risks of complications
(mainly pre-eclampsia) is a key point when counselling
any living donor wishing to conceive after donation.
While most women can have successful pregnancies
after donation, multicentre prospective studies are cru-
cial to better delineate the risks.
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