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Achieving parenthood can be an important priority for women and men with kidney failure. In recent

decades, the paradigm has shifted toward greater support of parenthood, with advances in our under-

standing of risks related to pregnancy and improvements in obstetrical and perinatal care. This review,

codesigned by people with personal experience of kidney disease, provides guidance for nephrologists on

how to answer the questions most asked by patients when planning for parenthood. We focus on

important issues that arise in preconception counseling for women receiving dialysis and postkidney

transplant. We summarize recent studies reflecting pregnancy outcomes in the modern era of nephrology,

obstetrical, and perinatal care in developed countries. We present visual aids to help clinicians and women

navigate pregnancy planning and risk assessment. Key principles of pregnancy management are outlined.

Finally, we explore outcomes of fatherhood in males with kidney failure.
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P
arenthood is an important life goal, and parenthood
planning is a core component of care for many

people living with chronic kidney disease (CKD) and
kidney failure. Among patients receiving kidney
replacement therapy, 4% to 16% are aged 18 to 45
years,1,2 representing thousands of people who may
consider parenthood. The first experiences with preg-
nancy in dialyzed3 and transplanted4 women were
extraordinary events. With improvements in outcomes
over the decades, historical attitudes have evolved to-
ward shared decision-making that supports patient
goals and autonomy.5–9 Although nephrologists should
be prepared for questions about parenthood, nephrol-
ogist confidence and leadership in addressing women’s
health issues remain suboptimal.10,11 The rarity of
events and heterogeneity of data at all stages of kidney
disease in pregnancy give rise to uncertainties that
make counseling challenging.
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In this review, we discuss the evidence and man-
agement recommendations on common questions that
patients may ask (or be afraid to ask) about pregnancy
with dialysis or a kidney transplant. The questions
were codeveloped by our Parenthood in Kidney Disease
Consumer Advisory Group and supported by personal
perspectives from patient coauthors AW and BH
(Table 1).
WOMEN WITH KIDNEY FAILURE—DIALYSIS

AND TRANSPLANT RECIPIENTS

Should I Have a Baby?

Driven by major hemodynamic shifts, there is a sig-
nificant alteration of renal physiology in pregnancy
which results in increased renal perfusion and rise in
glomerular filtration rate (GFR) by approximately
50%.12,13 Pregnancy confers significant kidney
“stress” that may unmask or worsen underlying kid-
ney conditions and challenge kidney reserve in women
with established native renal impairment or allografts.

Nephrologist’s responses to the question “Should I
have a baby?” will define the patient experience of
parenthood planning. Table 27,8,14–17 outlines our rec-
ommended approach to counseling women with kidney
1477

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
https://doi.org/10.1016/j.ekir.2022.04.081
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Shilpa.jesudason@sa.gov.au
mailto:Shilpa.jesudason@sa.gov.au
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ekir.2022.04.081&domain=pdf


REVIEW S Jesudason et al.: Parenthood With Kidney Failure
failure. Contraception should be in place while these
discussions occur (reviewed by Sachdeva 202018). A
dedicated counseling service is valuable to women with
CKD.14,19 Shared decision-making is essential and must
reflect the patients’ values and preferences, clinical
context and complexity, the level of risk they are
willing to accept, and the level of autonomy they
desire.7,8,15,20 Input from other clinicians who may be
part of the future antenatal care team, especially high-
risk pregnancy obstetricians, is recommended to co-
create a management plan.12,21 Peer support is also
highly valued by women, if available.14

Whether to undertake a pregnancy posing potential
hazards to maternal and infant health is a highly
individualized decision.20 Women balance the desire
for motherhood with fears of fetal harm, impact of
pregnancy on future health, and parenting while
juggling the demands of their condition (including
potentially reduced survival). The emotional, social,
and ethical challenges are heightened when clinicians
catastrophize about pregnancy risk or if they “forbid”
it.14,15 Women with kidney disease report feelings of
guilt, failure, and grief, concerns about loss of control
over decisions, and defending their choices to health
professionals.15,16

The question “Should I have a baby?” raises
ethical issues7,22 that may conflict with the clinician’s
values, creating tensions between clinician duty to
the patient, fetus, health system, and society. Navi-
gating this requires shared decision-making and
trusting relationships between clinician and patient.
Advising women against pregnancy risks disengage-
ment and significant distress through loss of repro-
ductive rights and parenthood goals.15
Table 1. Personal perspective from patient co-authors

Patient perspective 1
After living with dialysis (peritoneal dialysis then hemodialysis), my husband and I had hoped c
transplant. We discussed pregnancy options with my Renal Specialist and made the decision to
care arrangement with my GP, Renal Specialist, and Obstetrician. I was closely monitored dur
However, we were able to ask kidney and pregnancy questions throughout the process and de

Things were smooth sailing until about 26 weeks, and I became sick with CMV. I had a steroid inje
because my kidney function levels were unstable and CMV made me unwell. My local hospital
This meant I did not have my usual Obstetrician or Renal Specialist when I had my cesarean se
transplanted kidney was slightly cut in the cesarean.

It was a stressful birth; it took me mentally and physically a long time to recover. However
worth it. A partnership between Renal Specialist, GP, and Obstetrician creates a support

Patient perspective 2
I never thought I wanted children, or that it was even possible with a transplant. But after meeting
having a serious discussion with my nephrologist about falling pregnant and was told that I w
transplant patients and ideally has worked with my nephrologist previously.

It took a while to fall pregnant, but I finally had a positive pregnancy test at the beginning of 202
conducted by telehealth; however, my obstetrical appointments were still face-to-face, which I wa
scales, blood pressure machine, and thermometer at home. When I got to around 28 weeks, I st
weeks when I was still pregnant with no signs of pre-eclampsia. At 37 weeks, it was decided t
cesarean section as the induction was not successful and my baby was born at 37 weeks an

I felt very confident in my care because the obstetrician and my nephrologist were in contact disc
questions, which were mainly about my graft function during and after pregnancy. On reflection,
was critical in kidney prepregnancy and pregnancy conversations. If we can encourage these
than those already possible.

CMV, cytomegalovirus; COVID, coronavirus disease; IUD, intrauterine device; GP, general prac
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Finally, we recognize that supporting pregnancy
with comorbid kidney failure is especially challenging
and possibly not feasible in low-income and medium-
income settings where access to nephrology care and
high-cost treatments are limited.23 This highlights the
inequities in care globally for kidney disease, particu-
larly affecting women.24

Can I Have a Baby?

Fertility and likelihood of pregnancy are closely
linked to CKD stage. Uremia leads to dysregulation to
the hypothalamic-pituitary-gonadal axis, hyper-
prolactinemia, and disrupted menstrual cycles.25,26

Sexual dysfunction is highly prevalent in dialyzed
women,27,28 with few interventions available.29

Fertility is improved with kidney transplantation
but not fully restored compared with women without
kidney disease.30,31 The cosmetic and libido-reducing
physiological effects of uremia, anemia, medications
(particularly glucocorticoids and calcineurin in-
hibitors), dialysis access, and abdominal surgeries all
may affect sexual desire and function.27,32

Anti-Mullerian hormone is a marker of ovarian
function but requires cautious interpretation in kidney
failure. Anti-Mullerian hormone levels, though glob-
ally lower in women with CKD, are dependent on age
rather than GFR stage.33 Anti-Mullerian hormone levels
have been found to be both lower and equivalent to
healthy controls in women receiving hemodialysis,
vary in dialyzed women with normal versus dysfunc-
tional uterine bleeding, and do not normalize post-
transplant.34–36 Anti-Mullerian hormone levels do not
always predict the probability of conception, but may
be helpful in predicting success of assisted
hildren were in our future. Having a family was a dream come true, even after a kidney
have my IUD removed. Amazingly, I fell pregnant naturally and chose a shared maternity
ing my pregnancy . there were a lot of extra appointments, scans, and time off work.
veloped relationships along the way which put us at ease.
ction at 29 weeks to prepare for an early birth. Our beautiful girl Jade arrived at 30 weeks,
could not cater for a 30-week gestation baby, so I was rushed to a metropolitan hospital.
ction. This was not the birth plan I hoped for. I had complications during the birth and my

, the joy of the beautiful baby my husband and I had always dreamt of made it all
ive environment for the patient during pregnancy.

the right person, my mind started to change. Ten years after my kidney transplant, I was
as high risk. It was important to me that my obstetrician has experience in caring for

0, just when COVID hit Australia. This meant that my nephrology appointments were all
s thankful for. I felt that I could manage my nephrology care via telehealth as I had my own
arted to get nervous because I really was hoping to make it to 30 weeks. I celebrated at 30
hat I would be induced as my creatinine was starting to creep up. I ended up requiring a
d 3 days, full term!
ussing my results and plans going forward. My nephrologist always answered my many
the positive partnership between my Renal Specialist, Obstetrician, and my husband and I
partnerships for kidney patients who are wanting a family, we will see better outcomes

titioner.

Kidney International Reports (2022) 7, 1477–1492



Table 2. Recommended approach to pregnancy counseling in
women with kidney failure
Domain Suggested approach

Timing Raise potential motherhood as early as feasible to allow planning

Prospectively discuss the best window for pregnancy

Allow sufficient time for evolution of discussions over multiple visits

Review and revisit discussions at regular intervals

Communication Support the woman’s right to pursue pregnancy (or not)

Avoid making women defend their choices

Avoid judgmental comments or “forbidding” pregnancy

Explain risks without catastrophizing

Provide hope where possible

Identify and include any other key persons (partner, family)

Provide reassurance that care will be given

Patient values Identify and acknowledge patient goals

Do not assume motherhood is desired by all

Acknowledge grief related to limitations to motherhood

Understand how fears are balanced with desire for parenthood

Define external pressures, obligations and feelings of guilt

Decision-
making

Acknowledge the decisional burden

Identify how much decisional control women want

Assess risk based on individual clinical context

Understand how risks and decisions are rationalized

Determine individual appetite for “risk”

Facilitate autonomy and decisional ownership

Adopt shared decision-making approaches

Information Identify how much information women want to have

Discuss maternal and fetal risks, long-term health impact, potential
pregnancy outcomes, likely pregnancy management and progress

Refer to other services (obstetrical, maternal-fetal medicine, genetic,
reproductive medicine) for additional information and counseling

Actively facilitate and address questions

This framework for clinical counseling is drawn from our experience, patient per-
spectives, and supporting literature.7,8,14–17
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reproduction and strategies for ovarian protection,
such as gonadotropin-releasing hormone analog ther-
apy in women receiving gamete-toxic therapy, for
example cyclophosphamide.37

Fertility and Birth Rates in Dialyzed Women

Though secondary amenorrhea is common and preg-
nancy on dialysis is rare, kidney failure alone is not
sufficiently contraceptive. Contraception should be
addressed in predialysis preparation, although uptake
remains low.38,39 At least 30% of dialyzed women
menstruate and may have ovulatory cycles.40 Im-
provements in well-being after starting dialysis,
including correction of hypertension, anemia, and
uremia, may lead to improved fertility and unexpected
ovulation. Most pregnancies occur in the first year after
dialysis commencement41,42; the combination of low
contraception use and improved health may facilitate
unplanned pregnancy. Furthermore, the wider use of
nocturnal home hemodialysis may have potential clin-
ical benefits on female fertility. Improvements in pro-
lactin and reproductive hormones have been observed
in patients undergoing extended hours of dialysis.43 A
Kidney International Reports (2022) 7, 1477–1492
nocturnal hemodialysis program in Canada observed a
conception rate of 15.6% and improved fetal
outcomes.44

Comparison of fertility data is difficult because of
variability in definitions (conception, live birth, de-
livery) and heterogeneous data across studies. Never-
theless, pregnancy numbers are rising in hemodialysis
populations across the world, although they remain
significantly lower than transplanted women and
nonkidney failure cohorts.41,42,45–49 Using the
Australian and New Zealand Dialysis and Transplant
registry linked to birth data sets from 1991 to 2013, we
reported that the fertility rate (births/1000 women) for
dialyzed women was 91% (95% CI: 87–93) lower than
the nonkidney failure cohort and 73% (95% CI: 61–
81) lower than transplanted women.41 Despite this,
dialyzed women had a rise in both fertility rates and
incident-rate ratio of births compared with women
without kidney failure, whereas rates in transplanted
women and the general nonkidney failure cohort
remained stable. Oliverio et al.48 have also revealed
that delivery rates increased from 2.1 to 3.6/1000
patient-years from 2002 to 2015 in women receiving
hemodialysis in the United States Renal Data System
registry. These data reflect the well-reported clinical
paradigm shift toward supporting pregnancies on
dialysis.6,21

Many registry and cohort studies have reported that
pregnancy is exceedingly rare in peritoneal dialysis
(PD) recipients and 40% to 50% lower compared with
hemodialysis.41,42,46–50 The impact of i.p. fluid and re-
sidual renal function on ovulation in PD recipients also
remains undefined. It is not clear whether fertility is
reduced, early pregnancy loss is higher, or conversion
to hemodialysis occurs, as recommended in recent
guidelines.19

Fertility and Birth Rates Post-Kidney Transplant

Improvements in fertility occur early post-transplant,
but awareness of this is poor and contraception use is
low, even in women who do not desire pregnancy.39,51

Pregnancy rates in transplanted women are not
normalized compared with the general population,
although again early pregnancy loss is likely under-
reported.41,52,53 Birth rates post-kidney transplantation
increased in the 1980s and 1990s and have since sta-
bilized.41,49,54 In Australia, we observed a fertility rate
of 21.4 live births/1000 women/yr (95% CI: 18.6–24.6)
in transplanted women from 1991 to 2013, with a minor
drop in 2001 to 2005, potentially coinciding with the
introduction of mycophenolate mofetil.41 Across both
dialyzed and transplanted cohorts, lower pregnancy
and birth rates are observed in women with diabetes,
whereas White transplanted women have lower birth
1479
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rates in the United States but significantly higher in
Australia compared with other ethnicities.41,42,55

Assisted Reproduction and Preimplantation Genetic

Testing

Robust fertility should not be assumed at any stage of
CKD. Early pregnancy planning facilitates the oppor-
tunity for fertility assessments, fertility preservation,
and assisted reproduction interventions if required.12

Little is known about assisted reproduction in the
kidney failure cohort. Successful cases have been re-
ported in transplanted women with no signal of
increased adverse outcomes or excessive multiple
births.56,57 In Australia, the Australian and New Zea-
land Dialysis and Transplant registry recently has
commenced capturing assisted reproduction data,
which may inform this field further.58

Access to genetic testing and genetic counseling for
renal disorders has expanded substantially in recent
years. It is estimated that 20% of patients aged <25
years with the most common causes of CKD for that age
group will have a monogenic condition.59 Preimplan-
tation genetic diagnosis and embryo selection for
monogenic kidney diseases are available but not uni-
versally acceptable to all patients,60 nor may be
affordable or covered by insurance. Patients with
monogenic conditions should be made aware of this
option and referred for genetic and fertility counseling
if desired.61

When Is the Best Time for Me to Have a Baby?

Women value the opportunity to plan life decisions
around the best timing of parenthood, based on their
individual context. The optimal “window” for preg-
nancy reflects biological factors (age, CKD stage, like-
lihood and timing of transplantation, comorbidities,
and potential fertility) and social factors and individual
context. In established kidney failure, the likelihood of
pregnancy and favorable outcomes is generally better
in transplanted women compared with dialyzed women
or advanced CKD.41,49,62–64 Advice to defer conception
until post-transplantation must account for time-to-
transplant, transplant-pregnancy interval, and the
biological window for childbearing. Timing should be
explicitly discussed to avoid expectations that preg-
nancy can occur immediately after transplantation.

In women established on dialysis who are unlikely
to be transplanted within their childbearing years, the
decision to proceed with a planned pregnancy on
dialysis is complex and high risk, but increasingly the
paradigm is shifting.6,9 Carefully planned pregnancies
with extended-hour dialysis have had remarkably good
outcomes44,65–67 but may not be feasible in all centers
or all women. Recent UK data on women with
advanced CKD (stages 3B–5) reassuringly suggest that
1480
the risk of commencing dialysis is <5% in pregnancy
and 7% within a year postpartum.63

Meta-analyses of heterogeneous studies vary
regarding the optimal transplant-pregnancy interval
for graft and pregnancy outcomes55,68,69 and lack of
data on early post-transplant pregnancy. The Austra-
lian and New Zealand Dialysis and Transplant registry
reports that women have median transplant-to-
pregnancy interval of 5 years, with very few preg-
nancies in the first year post-transplant and no impact
of transplant-pregnancy interval on outcomes.53,70

Higher graft loss in women with pregnancies in the
first 2 years post-transplantation compared has been
reported.71 Guidelines currently recommend a mini-
mum of 1 to 2 years post-transplant for lower risk of
rejection and infection, switch to nonteratogenic drugs
and optimization of overall health.21,72–74

What Happens If I Have an Unexpected

Pregnancy?

Studies on pregnancy outcomes in kidney disease or
transplant have rarely captured data on or stratified
outcomes according to whether pregnancies were un-
planned. An unexpected pregnancy without precon-
ception planning presents challenging choices to
women and their partners.7,8,75 Informing women that
pregnancy will be safer and more successful if planned
with their clinical team may provide compelling
incentive to use contraception and optimize health.
Decision-making around continuation of an unplanned
pregnancy depends on the gestational age, potential
teratogenic exposures, risks of miscarriage, risk of
proceeding with pregnancy, and patient preferences.
All unplanned pregnancies, regardless of whether they
are continued or terminated, should be followed up
with clear advice on safe and effective contraception
options that suit their clinical context.18,76

Will Pregnancy Be Dangerous for Me or My

Baby?

A consistent challenge with interpreting studies and
syntheses of pregnancy outcomes in kidney failure is
the substantial heterogeneity between studies—usually
retrospective, often drawn from different eras and
models of care, with varying clinical and outcomes
data. Prospective studies will no doubt improve the
quality of data for future research.77

Quantifying and communicating pregnancy risk to
women is an essential component of counseling.20 In
Figure 1,42,48–50,65,68,78–85 we provide a contempora-
neous “snapshot” of key perinatal and obstetrical
outcomes for dialyzed and transplanted women, based
on selected recent, larger studies of cohorts in devel-
oped countries. In Figure 2, we provide a “traffic light
Kidney International Reports (2022) 7, 1477–1492
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Figure 1. A snapshot of maternal and fetal outcomes for pregnancies in women with (a, b) a kidney transplant49,68,78–84 and (c) women receiving
dialysis.42,48–50,65,82,85 Small for gestational age is defined as birth weight <10th percentile for gestational age. These studies were chosen based
on large cohort size, contemporaneous cohorts from developed countries. A pooled average is illustrated with no weighting or other data
manipulation or analysis to reveal the range of data reported for key outcomes. NICU, neonatal intensive care unit.
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system” co-designed by patients from our Pregnancy
Advisory Group. Both figures may be used in discus-
sions with patients about pregnancy risk.

On the basis of systematic reviews of heterogeneous
studies, women with kidney failure have 2- to 10-fold
increased risk of adverse maternal-fetal outcomes,
including early pregnancy loss, pregnancy-induced
hypertension, including pre-eclampsia, preterm
birth <37 weeks, and extreme preterm birth <28
weeks gestation, low birth weight <2500 g, and small
for gestational age babies <10th centile, induced de-
livery, and cesarean section, requirement for neonatal
intensive care, and perinatal death.47,55,68,69,86 Women
should be made aware of the magnitude of risk, so they
are prepared for these outcomes, but also reassured that
maternal death with kidney failure or transplant is
rarely found (if at all) in developed
countries.42,55,64,70,78,87,88 Although these outcomes
data underline the necessity for careful planning and
specialized management, it is important to emphasize
that successful pregnancy outcome is highly feasible
Kidney International Reports (2022) 7, 1477–1492
with appropriate care—from the patient perspective,
this means going home with a baby.

Outcomes in Dialyzed Women

The risk of pregnancy complications is highest in dia-
lyzed women (Figure 1,42,48–50,65,68,78–85). Live birth
rates have improved greatly over time.41,42,46–50

Women with residual kidney function have better
birth rates and perinatal outcomes,50,66,67 and dialysis
dose may be titrated to maternal urea.66,89 In women
without residual function, enhanced maternal urea
clearances via intensive dialysis regimes (>36 hours
per week) are associated with gains in live birth rate,
gestational age, and fetal birth weight, less poly-
hydramnios, and superior hypertension control.47,65

Dialysis may be commenced in pregnancy for
maternal symptoms, hypertension or fluid manage-
ment, polyhydramnios, or other effects of uremia.
Women who commence chronic dialysis during preg-
nancy have higher estimated GFR at dialysis start than
women who conceive on dialysis, with >90% chance
1481



Figure 2. A traffic light system to help women understand the potential risks of pregnancy with kidney failure. The text and graphics have been
codeveloped with our Pregnancy Advisory Consumer Group, led by coauthors BH and AW. These are designed to be used as a shared decision-
making tool to encourage open discussion between clinician and patient for determining level of risk based on a woman’s health, to assist
informed discussions with women who are planning pregnancies while living with kidney failure. Women can use the circles for a “tick” system
to determine their risk in conjunction with their nephrologists. Women can keep these traffic lights and use them to discuss with partners and
families. *Involvement—The patient is an active partner in their own care and illustrates high level of self-management skills. This may include,
however not limited to, the following: takes medications regularly, engages with health care staff, happy to ask questions, and turns up to
regular appointments. Patient has strong family/friend support network.

Transplant recipient:
Green: Pregnancy outcome is likely to be very good, with some increased risks of adverse maternal and fetal outcomes. Close monitoring in
pregnancy is required. Pregnancy is unlikely to affect kidney transplant function and transplant survival.
Yellow: Pregnancy has increased risks for mother and baby. Very close monitoring is required. There is some risk that the pregnancy will affect
kidney transplant function and transplant survival.
Red: Very high-risk pregnancy for mother and baby. Very close monitoring in pregnancy required. Pregnancy is likely to affect the transplant
temporarily or permanently.

Dialysis Recipient:
Yellow: Pregnancy has increased risks for mother and baby. Very close monitoring is required. Intensive (long hours and frequent) dialysis may
not be required.
Red: Very high-risk pregnancy for mother and baby. Very close monitoring in pregnancy required. Requires intensive dialysis (long hours, more
frequent) to improve health of mother and baby.

REVIEW S Jesudason et al.: Parenthood With Kidney Failure

1482 Kidney International Reports (2022) 7, 1477–1492



S Jesudason et al.: Parenthood With Kidney Failure REVIEW
of live birth.50 The level of renal dysfunction at which
dialysis commencement will optimize pregnancy out-
comes remains uncertain with limited evidence base.
Expert consensus has suggested commencing dialysis
at urea 17 mmol/l,21,90 but this is not absolute; the in-
dividual context and gestational age should be
considered.

PD may be initiated in pregnancy, but most often,
women are switched from PD to hemodialysis. Perito-
nitis and catheter-related problems have been
frequently reported,83 and along with concerns about
tolerability of intraperitoneal fluid with a gravid uterus,
may deter clinicians from continuing PD. Data are
limited, but many cases of successful pregnancy
outcome have been reported.47,91–94 A recent systematic
review found that gestational age was similar to the
hemodialysis cohort; however, the rates of small for
gestational age were significantly higher (67% vs.
31%).47 Hybrid therapy can also aid individualized care
in selected women and ease hemodialysis burden.94

Outcomes in Transplanted Women

Transplanted women have an excellent live birth rate
of 72% to 93%, similar or higher than that observed in
the general population,52,55,62,78,79 but early pregnancy
loss remains high (13%–17%). A recent meta-analysis
of pregnancy outcomes in >4100 kidney transplant
recipients globally highlighted the large variation in
rates of adverse events, with substantial disparity be-
tween countries.55 Pregnancies in transplanted women
have increased risk of pre-eclampsia, preterm birth,
and low birth weight babies (Figure 1,42,48–50,65,68,78–85),
although drivers of these outcomes remain unclear.
Risk factors for adverse pregnancy outcome in women
with CKD including preconception estimated GFR,
hypertension, diabetes, active primary disease, and
proteinuria >1 g/l remain relevant post-transplant.
Even women with “good” kidney function (serum
creatinine 110–125 mmol/l) have increased risk of
pregnancy complications.78,79,95 Majak et al.96 demon-
strated chronic hypertension, previous pre-eclampsia,
or preconception serum creatinine $125 mmol/l have
cumulative risks, and women with all 3 factors had a
96% risk of pre-eclampsia.

Drivers of excess preterm birth in transplanted
women remain undefined. Rates of preterm labor are
not clearly increased.49 Higher gestational diabetes
rates (5%–11%) have been reported in some studies
but not consistently observed.55,68 Pregnancy-related
hypertension and pre-eclampsia will precipitate early
delivery but can be difficult to differentiate from
declining kidney from other causes, including rejec-
tion.97 Calcineurin inhibitor toxicity maybe confused
with pre-eclampsia as both cause graft dysfunction,
Kidney International Reports (2022) 7, 1477–1492
thrombotic microangiopathy, and hypertension.79,98

Tacrolimus levels are difficult to interpret in preg-
nancy because of the change in the free versus bound
tacrolimus ratio.99 Whole blood tacrolimus levels fall in
the second trimester.79 Clinicians may escalate dosing
in response, leading to third trimester blood pressure
and creatinine creep which may be diagnosed as pre-
eclampsia and precipitate early delivery, although
high preterm delivery rates have been observed irre-
spective of calcineurin inhibitor use.98 Finally, clinician
reluctance to progress with pregnancy in later gesta-
tion (where risks of continuing pregnancy outweigh
risks of early delivery) may drive preterm birth.
Regardless, women and clinicians should anticipate
possible preterm delivery and undertake shared
decision-making about timing of delivery.

Longer-Term Outcomes of Babies Born to Dialyzed

and Transplanted Women

Maternal health affects babies via direct and epigenetic
effects; therefore, it is reasonable to hypothesize that
immunosuppression, placental dysfunction, uremia, and
systemic comorbidity may have lasting impacts. Prema-
turity and restricted growth are linked to future kidney
and cardiovascular disease in the general popula-
tion.100,101 Owing tominimal follow-up studies, the long-
term developmental, cognitive, and health outcomes of
babies frommothers with CKD are uncertain.101 Children
of 16 dialyzed mothers from Italy were found to have
broadly normal development as reported by parents.102

Albuminuria was noted in 3 of 9 preterm children of
dialyzed mothers in France (at 0.8–25 years follow-up),
with normal blood pressure and kidney function.103

There are more data on children of transplanted
mothers. By 2 years post-birth, “catch-up” growth to age-
appropriate levels is reported.104,105 Immunosuppressive
exposures from most often used drugs in transplantation
have not been proven to increase congenital defects
beyond the general population rate.55,106–109 Babies of
transplanted mothers have clearly altered immunologic
cell profile at birth,110 particularly B-cell reduction, but
normal immunoglobulin levels, preserved transfer of
antibodies from maternal vaccination and normal vacci-
nation responses.111–113 Neurocognitive development
seems to be normal,105,108,114 but owing to small numbers
and short duration of follow-up, cautious interpretation is
required.

Overall, women should be advised of the paucity of
evidence both suggesting or refuting long-term impacts
on their children, and this should be incorporated into
the risk-benefit matrix.

Will a Pregnancy Harm My Kidney Transplant?

Short-term and long-term impact on graft function is a
key concern for transplanted women, who may fear
1483



Figure 3. A summary of key decision points and elements for pregnancy planning and care through the spectrum of kidney disease. CKD,
chronic kidney disease.
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gambling with this precious gift.15,16 Pregnancy has
not been clearly found to accelerate graft failure.
Matched cohorts with and without pregnancy have not
demonstrated long-term impact on graft outcomes;
however, these were studies in women with better
clinical parameters or stable graft function.53,78,95

Pregnancy in women with worse renal function, hy-
pertension, proteinuria >500 mg/d, and immunologic
activity (recent or ongoing rejection) poses greatest
risk. Temporary or permanent graft dysfunction is
dependent on preconception graft function.69,78,79,98,115

Even in women with “good” graft function (serum
creatinine <110 mmol/l), a proportion of women have
decline in function antenatally and postpartum “stage-
shift,”69,79; however, further studies have not linked
this GFR drop to excessive graft failure.116 Late cessa-
tion of mycophenolic acid derivatives (<6 weeks pre-
pregnancy) has been associated with increased risk of
graft loss at 5 years,117 possibly reflecting unplanned
pregnancy. Acute rejection during pregnancy has been
reported in 1% to 10% of pregnancies.55,97 The impact
of transplant-to-pregnancy interval on long-term graft
outcomes is uncertain with conflicting data from
various studies.53,69–71,78,95 Overall, the potential
impact of pregnancy must be individualized to each
patient and graft.

How Should I Prepare for Pregnancy?

Figure 3 summarizes key elements to guide pregnancy
preparation throughout the CKD stages. The ideal sce-
nario is a planned pregnancy at the safest time, with a
well-counseled patient, specialized multidisciplinary
team, proximity to high-risk antenatal care, and
contraception in place until ready for pregnancy.12,21

Referral to maternal-fetal medicine specialists ahead of
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pregnancy is ideal. Patients may also benefit from ge-
netics, fertility, dietitian, and psychology input.12,21

Maternal health should be optimized across a range of
domains: medication exposures, correction of anemia to
>100 g/l, control of infection, smoking cessation, and
updated vaccination. Blood pressure optimization is
crucial, and a target blood pressure of <140/90 mmg
should be achieved preconception. Continuation of
angiotensin-converting enzyme inhibitor or angiotensin
II receptor blocker until conception should be deter-
mined on an individual basis, depending on risks of
cessation, likelihood of time to conception, and benefits
of antiproteinuric effect. Optimization of glycemic
control in pre-existing diabetes reduces adverse
maternal and fetal outcomes.118 Treating asymptomatic
bacteriuria may reduce the risk of overt infection and
pyelonephritis.119

Preparing for a Pregnancy With Dialysis

Planned pregnancies in dialysis recipients are less
common; more likely women will present with an un-
expected or unplanned pregnancy. An individualized
plan should include optimizing dialysis clearances,
assessment of residual function, correcting anemia, and
ensuring excellent control of hypertension. Women
should be made aware of the increased dialysis burden
during pregnancy. Vascular access options should be
reviewed; arteriovenous fistulae or catheters are suit-
able for use in pregnancy. Extended-hour dialysis (>36
h/wk) for women with minimal residual kidney func-
tion is logistically challenging but can be achieved
through daily or nocturnal dialysis44,65 and is recom-
mended in clinical guidelines.21,120 For women estab-
lished on PD, optimizing clearances may require
changing to hemodialysis.
Kidney International Reports (2022) 7, 1477–1492



Table 3. Recommended medical management for pregnant women
with kidney failure
Dialysis recipient Transplant recipient

Model of care

� Establish a team including nephrologists, obstetricians with maternal-fetal medicine
and high-risk pregnancy experience, midwives, and allied health support, including
dietetics, psychology, and pharmacy. Identify the coordinator of care.

� Care close to a tertiary center for expert nephrology, transplant, and obstetrical care.

Medications

� Stop phosphate binders, calcimimetics
� Switch to pregnancy-safe

antihypertensives
� Commence low-dose aspirin 75–150

mg daily

� Switch to pregnancy-safe
antihypertensives and
immunosuppression

� Cease antiviral therapy
� Commence low-dose aspirin 75–150

mg daily

Modality-specific management

� Measure residual function
� Consider PD switch to HD where

feasible
� Titrate dialysis hours and frequency

based on residual function; aim for
predialysis urea < 12 mmol/l

� Implement intensive dialysis regimen
(>36 h/wk, titrated to predialysis
urea) in women with no residual
function

� Do not use Kt/V to assess clearances
� Use minimal anticoagulation
� Regularly review and titrate dialysate

composition based on bicarbonate,
potassium, calcium, and phosphate
blood levels

� Adjust peritoneal dialysis prescription
to increase clearances; reduce volume
if required for patient comfort

� Frequently review and adjust dry
weight by 0.3–0.5 kg/wk from second
trimester

� Monitor dialysis access closely for
infection and complications

� Minimum weekly clinical review

� Minimum monthly clinical review and
measurement of renal function, pro-
teinuria, and immunosuppressive
trough levels

� Increase frequency of review as gesta-
tion progresses.

� Anticipate a fall in whole blood
(bound) trough CNI levels in the sec-
ond trimester. Interpret falling CNI levels
cautiously and beware of potential
toxicity after dose increases

� Consider transplant biopsy if acute graft
dysfunction without clinical suspicion
of pre-eclampsia; balance value of
biopsy against gestational age and
likelihood of early delivery

Blood pressure

� Recommend home BP monitor
� Vigilance for superimposed pre-

eclampsia
� Consider sFLT1/PlGF levels where

available
� Aim for BP <135/85 mm Hg
� Avoid placental hypoperfusion from

intradialytic hypotension

� Recommend home BP monitor
� Vigilance for superimposed pre-

eclampsia
� Value of sFLT1/PlGF levels uncertain
� Aim for BP <135/85 mm Hg
� Avoid hypotension <110/70 mm Hg

Anemia

� Use ESA to achieve target Hb 110 g/dl
� Ensure iron stored are replete according to local protocols
� Develop criteria for blood transfusion—optimize hemoglobin to avoid transfusion

Infection

� Monitor closely for catheter sepsis or
AVF infection

� Screen for and treat bacteriuria/UTI;
consider prophylaxis

� Coronavirus vaccination

� Screen for and treat bacteriuria/UTI;
consider prophylaxis

� Coronavirus vaccination
� Screen/monitor for CMV in women at

risk (past CMV, previous prophylaxis)

Nutrition

� Start or increase dose of vitamins C, B
and folic acid supplements

� Reduce fluid, potassium and phos-
phate restrictions; may require
supplementation

� Expert dietitian involvement to optimize
protein and calorie intake

� Dietitian review as required

(Continued)

Table 3. (Continued) Recommended medical management for
pregnant women with kidney failure
Dialysis recipient Transplant recipient

Diabetes screening

� Early screening (16–20 wks) in high-risk patients (prednisolone, tacrolimus, family
history, past gestational diabetes mellitus, obesity)

� Routine screening at 28 weeks’ gestation or as per local practice

Diabetes management

� Diabetes education and dietitian
� Insulin therapy

� Diabetes education and dietitian
� Metformin or insulin

Fetal monitoring

� Dating, morphology scans, and first trimester screening as per local practice
� Consider noninvasive prenatal testing (cell-free DNA) for aneuploidy
� Frequent (fortnightly) growth scans in third trimester to monitor growth restriction,

amniotic fluid index, and vascular changes suggesting pre-eclampsia

Delivery and early postpartum care

� Stop aspirin at 35 wks gestation
� Develop and regularly review the “goal posts” for delivery including timing
� Trial of labor is not contraindicated
� Clarify transplant anatomy before delivery
� Steroid “stress dose” if on chronic glucocorticoid therapy
� Avoid nonsteroidal anti-inflammatory medications for pain relief
� Consider venous thromboembolism prophylaxis following operative delivery
� Urgent post-delivery transplant imaging for any reduction in function or urine output
� Establish breastfeeding if desired by mother; support decisions about breastfeeding

Postpregnancy care

� Contraception in place
� Psychosocial support
� Resume nonpregnant dialysis

prescription
� Monitor residual renal function

� Contraception in place
� Psychosocial support
� Close monitoring of graft function and

CNI levels
� Adjust/reinstate medications

AVF, arteriovenous fistula; BP, blood pressure; CMV, cytomegalovirus; CNI, calcineurin
inhibitor; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; HD, hemodialysis;
sFLT1, soluble fms-like tyrosine kinase 1; PD, peritoneal dialysis; PlGF, placental growth
factor; UTI, urinary tract infection.
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Preparing for Pregnancy With a Kidney Transplant

Ovulation and fertility may return rapidly; therefore,
establishing contraception and pregnancy preparation (if
desired) should occur well before transplantation. Stable
graft function, stable and pregnancy-safe immunosup-
pression, low risk of rejection, and controlled infections
are favorable conditions for planning for pregnancy.
Screening for potential new-onset post-transplant dia-
betes should occur.Women should understand that there
is fetal exposure to all immunosuppressants used in
pregnancy, and robust data on safety are limited
(reviewed in detail by Gonzalez Suarez et al.109). Pred-
nisolone, azathioprine, and calcineurin inhibitors are the
safer options and have been widely used, whereas all
other immunosuppressants have very limited data to
support common use in pregnancy. Although the mini-
mum time for withdrawal of mycophenolate mofetil
agents before conception is 6 weeks,117 our practice is to
institute pregnancy-compatible immunosuppression at
least 3 to 6 months preconception and allow a period of
observation to ensure graft stability.12

There are little published data on the role of pre-
conception kidney transplant biopsy, but this may be a
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highly informative step in women with suspicion of
subclinical rejection after immunosuppression switch
or any cause of unstable graft function. Women with
significant allograft dysfunction should be prepared for
decline in function and possible dialysis start during
pregnancy.

Cytomegalovirus (CMV) infection in pregnancy can
be a catastrophic event because of the teratogenicity of
antiviral treatments, risk of systemic maternal infec-
tion, and fetal outcomes of congenital CMV.121 Women
who have had CMV active viremia post-transplantation
are at greatest risk of CMV in pregnancy, but data are
very limited.109 In women who have received long-
term antiviral prophylaxis for either past CMV
viremia or seronegative status, our practice is to un-
dertake a preconception trial of antiviral therapy
cessation and observe whether CMV viremia emerges.

What Care Do I Need During Pregnancy?

Our detailed recommendations for management across
several domains for dialyzed and transplanted women
are presented in Table 3. A multidisciplinary team
should be established before conception, where
feasible, or soon after pregnancy diagnosis.21 A single
point for coordination of care is preferred—likely the
nephrologist. Both dialyzed and transplanted women
require heightened maternal and fetal surveillance.
Women should anticipate frequent clinic visits, in-
vestigations, and multiple care providers across disci-
plines. They should be warned of potential
hospitalization during pregnancy and longer length of
stay postpartum. In later gestation, women should
remain in proximity to centers with access to high-risk
pregnancy/perinatal and nephrology care. Women in
regional centers may need to relocate for delivery
depending on their clinical status.

Can I Have a Normal Delivery?

The high-risk of preterm delivery and decisions about
delivery timing, mode of delivery, and location of de-
livery should be discussed early in pregnancy. The
mode of delivery should be based on obstetrical rea-
sons. Vaginal delivery and trial of labor can be safely
undertaken and may be associated with less perinatal
morbidity122; therefore, they are recommended where
feasible. However, cesarean section rates (particularly
emergency section) and instrumental delivery are
substantially higher in women receiving kidney
replacement therapy and increasing over
time.49,55,64,88,122 The use of analgesia for delivery is
poorly defined in women with kidney failure—local
practice and patient preference should guide choice.
Transplant anatomy should be defined and docu-
mented early in pregnancy in case of emergency
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surgical delivery. We recommend early transplant im-
aging post�cesarean section; any reduction in urine
output warrants immediate imaging.

Can I Breastfeed My Baby?

Mothers with kidney failure or transplants should not
be discouraged from breastfeeding if they wish. True
contraindications are extremely rare, and benefits
outweigh the minimal risks; however, we recognize
that there are practice variations across countries. Self-
reported breastfeeding rates in transplanted women
have risen.123 Medications used during pregnancy can
be continued postpartum, and drug exposure is much
higher in utero than through breast milk. Tacrolimus,
prednisolone, and azathioprine all have minimal
transfer into the breast milk.124–127 Quinapril, enalapril,
and captopril are suitable for lactating mothers
requiring resumption of renin-angiotensin blockade.128

MEN WITH KIDNEY FAILURE

The uremic environment effect has detrimental effects on
male sexual hormones and erectile function, sperm qual-
ity, and fertility and is not improved by dialysis.129–134

Disruption to the hypothalamic-pituitary-gonadal axis
results in hyperprolactinemia and reduction in effective
testosterone, with sexual function. Psychosocial stressors
and body image issues are relevant to relationships and
sexual activity, whereas many factors (vascular, endo-
crine, neurologic, and pharmacologic) can contribute to
the high prevalence of erectile dysfunction observed.133–
135 Nocturnal hemodialysis may improve the hormonal
environment,43 but the impact on fertility is unknown.
Proven treatments for sexual dysfunction in men with
CKD are very limited.28 Although kidney transplantation
restores the endocrine milieu, there may be incomplete
resolution of erectile dysfunction and high prevalence of
epididymal microcalcification, oligo/azoospermia, and
morphologic abnormalities.134,136

Despite these challenges, men receiving kidney
replacement therapy do successfully father children
with excellent outcomes, although almost all data are
for transplanted fathers with very few studies in dia-
lyzed men.134,137–139 The largest study of fatherhood
outcomes in dialyzed and transplanted men was from
the Australian and New Zealand Dialysis and Trans-
plant registry, analyzing 960 babies born to trans-
planted fathers and 333 babies of dialyzed fathers over
several decades.140 Equivalent live birth rates, gesta-
tional age, and birth weight were observed for babies
conceived by fathers treated with either modality, even
after adjusting for paternal age, era of treatment, and
comorbid conditions. Age-standardized paternity event
rates for Australian fathers after transplantation have
decreased in recent years, whereas the reported
Kidney International Reports (2022) 7, 1477–1492
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fatherhood rate for dialyzed men has remained stable
(although rates are <50% of that in transplanted fa-
thers).140 A likely reason is concern regarding the lack
of safety data for mycophenolic acid derivatives on
male reproduction and female exposure via semen,
leading to recommendations for heightened contra-
ception use by regulatory agencies in the mid-2010s.
However, given several studies from different cohorts
reporting excellent outcomes for children fathered by
males exposed to mycophenolic acid, men may be
counseled that there is no currently clear signal for
increased fetal malformations.137,139–144 Mammalian
target of rapamycin inhibitors influence spermatogen-
esis and fertility rates in animal models and
humans,145,146 but there is uncertainty about the effect
of other immunosuppressants owing to rarity of cases.
The impact of immunosuppression switch in male
transplant recipients for the purpose of conception is
also unknown. These uncertainties should be conveyed
in preconception counseling.

CONCLUSIONS

Parenthood planning for men and women is an
important part of nephrology care, but it may be
complex and requires time, trusted relationships, and a
robust understanding of the evidence base. Pregnancy
should be raised early in the CKD journey, so patients
understand the risks and challenges and can determine
the safest window of opportunity for achieving this
important life goal.
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