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1  |  INTRODUC TION

Living kidney donor (LKD) transplants are a valuable resource. 
They have a greater survival advantage compared to deceased 
donor transplantation or remaining on dialysis,1 they are 

cost- efficient,2 and help combat the deficit in available organs. It 
was long believed that kidney donation did not infer a risk to the 
health of the LKD. Recently, some studies have called this into 
question,3,4 though this is not a universal finding5,6 and the abso-
lute risk to LKDs remains low.
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Abstract
Understanding and communicating the risk of pregnancy complications post- living 
kidney donation is imperative as the majority of living kidney donors (LKD) are women 
of childbearing age. We aimed to identify all original research articles examining com-
plications in post- donation pregnancies and compared the quality and consistency of 
related guidelines. We searched Embase, MEDLINE, PubMed, society webpages, and 
guideline registries for English- language publications published up until December 18, 
2020. Ninety- three articles were screened from which 16 studies were identified, with 
a total of 1399 post- donation pregnancies. The outcome of interest, post- donation 
pregnancy complications, was not calculable, and only a narrative synthesis of the 
evidence was possible. The absolute risk of pre- eclampsia increased from ~1%– 3% 
pre- donation (lower than the general population) to ~4%– 10% post- donation (com-
parable to the general population). The risks of adverse fetal and neonatal outcomes 
were no different between post- donation and pre- donation pregnancies. Guidelines 
and consensus statements were consistent in stating the need to inform LKDs of 
their post- donation pregnancy risk, however, the depth and scope of this guidance 
were variable. While the absolute risk of pregnancy complications remains low post- 
donation, a concerted effort is required to better identify and individualize risk in 
these women, such that consent to donation is truly informed.
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Kidney donation results in a degree of kidney function loss; by 
10 years post- donation 12% of LKDs will have an estimated glomer-
ular filtration rate (GFR) of <60 ml/min.7 Piccoli et al., demonstrated 
that even early stages of chronic kidney disease (CKD) can lead to 
an increased risk of adverse events in pregnancy.8 As the majority 
of LKD are women of childbearing age,9 it is vital that a clear picture 
of the risks associated with pregnancy post- kidney donation is ob-
tained and that the available guidance is comprehensive.

We performed a systematic review to answer the question “Are 
LKD at an increased risk of pregnancy- induced complications following 
a donor nephrectomy, compared to the risks of pregnancy- induced com-
plications in healthy women who have not undergone a donor nephrec-
tomy?” Second, we identify guidelines, consensus statements, and 
expert opinions which include the issue of pregnancy in LKD. Third, 
we identify areas which could be addressed in guidelines focusing 
on pregnancy in LKD.

2  |  METHODS

2.1  |  Systematic review of pregnancy outcomes in 
LKD

On December 18, 2020, a PubMed, EMBASE, and Cochrane library 
search was performed for the medical subject headings (MeSH) terms 
and text words for kidney transplantation, living kidney donor com-
bined with the MeSH terms for pregnancy; maternal, fetal, pregnan*, 
nephrect*, kidney, rena*, nephrol*, postdona*, and donation (Figure S1).

All study designs which included LKD with a post- donation 
pregnancy with any maternal or fetal complication were included. 
Publications were limited to human- based, English- language studies, 
without time limits for the length of follow- up or publication date. 
Nephrectomies for non- donation causes were excluded. Initial screen-
ing of study titles and abstracts was independently performed by three 
authors (MP, LS, and KJJ) using Rayyan software.10 Disagreements 
were resolved by consensus or discussion with a third reviewer. 
Eligibility assessment of the full article and data extraction was per-
formed independently by two authors (MP and MN, LS, or KJJ). A pre- 
specified list of maternal, fetal, and neonatal outcomes was extracted 
as proportions and/or odds ratios without limitations on outcome do-
mains, that is, all time points were included (Table S1, Appendix S1). 
The reference lists of relevant publications were hand- searched. Study 
authors were directly contacted when clarification was required, that 
is, uncertainty over study duplication11 or missing data.12

MP and LS independently assessed the risk of bias pertaining 
to a study's participant selection, ascertainment of exposure, and 
assessment of outcomes using the Risk Of Bias In Non- randomized 
Studies of Interventions (ROBINS- I) tool.13 Consensus was reached 
using dialogue. The plots for visualizing the risk- of- bias assessments 
were created using the robvis web app.14 Certainty in the study was 
assessed using the GRADE approach to rating certainty.15

Populations were grouped as pre- donation, post- donation, and 
general population. Bar charts were used to graphically represent 

the percentage of hypertensive disorders in pregnancy and fetal 
complications by population group as reported in studies deemed 
moderate/low risk of bias. A lack of consistent outcome definitions 
and the heterogeneity of the controls inhibited a pre- specified meta- 
analysis. Heterogeneity was informally investigated by structuring 
figures and tables by study design.16 See the PRISMA 2020 checklist 
(Appendix S2).

2.2  |  Guidelines, consensus statements, and 
expert opinions

A PubMed search was performed for the MeSH terms and text words 
for guidelines (practice guideline(s), clinical practice guideline(s), 
standards, consensus statement, and consensus) combined with 
the MeSH terms for kidney transplantation and living kidney donor. 
Furthermore, national renal bodies' websites were examined along 
with a Google search and a hand- search of the relevant guidelines' 
reference lists. Based on the available studies of pregnancy out-
comes in LKD, which from 2009 were far superior in terms of study 
design to prior studies, we limited the inclusion of guidelines to those 
published from 2010 onwards. Where two guidelines from the same 
group had been published since 2010, we included the most recent.

3  |  RESULTS

3.1  |  Systematic review of pregnancy outcomes in LKD

Of the 93 articles identified, 66 were excluded based on the initial 
title/abstract screening, leaving 27 for full screening; 16 articles were 
included in the systematic review (Figure 1).11,12,17– 30 These were 
published over 35 years (1985– 2020), from eight countries (Table 1). 
Four case studies/series were identified but not discussed fur-
ther.20,23,25,28 Risk- of- bias, varied from low21,24,26 to moderate12,22,30 
to serious17– 19 (Figure 2). Studies with a low risk of bias were broadly 
consistent in the direction of their findings. The certainty in the evi-
dence was deemed low for the outcomes gestational hypertension 
and pre- eclampsia (Table 2) and very low for gestation (<37 weeks) 
and birthweight (<2500 g, Table 2). The percentage of hypertensive 
disorders in pregnancy and fetal complications in the pre- donation, 
post- donation, and general population are summarized in Figures 3 
and 4, respectively. Although all pregnancy complications were in-
cluded, the predominant complications identified were hypertensive 
disorders of pregnancy, proteinuria, and gestational diabetes.

3.2  |  Maternal outcomes

The initial three studies by Buszta et al.,17 Jones et al.,18 and Wrenshall 
et al.,19 published over 25 years ago, were all US- based single- center 
retrospective studies, with a study design that was either a review of 
the medical notes, a telephone-  or postal- survey, respectively. The 
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LKD pregnancy outcomes in these studies were compared to general 
population outcomes and not to well- matched control groups. In 39 
post- donation pregnancies in 23 LKD studied by Buszta, all women 
were normotensive during pregnancy.17 Similarly, none of the 25 
pregnancies in 14 post- donation women in the Jones cohort were 
complicated by gestational hypertension.18 Wrenshall reported pre- 
eclampsia in 4.4% of post- donation pregnancies as compared to the 
general population incidence of 6%– 8%.19 Based on the poor quality 
of these studies (i.e., high risk of recall- , survival-  and response- bias, 
small sample sizes, and incomplete data reporting), they were ex-
cluded from Figures 3 and 4.

We identified seven retrospective cohort studies with con-
trol groups.11,21,22,24,26,27,30 Of these, three had a before- after- 
design,21,22,30 whereby pregnancy outcomes were assessed in 
women both before and after LKD and three studies compared 
the pregnancy outcomes of LKD with ("healthy") controls.21,22,30 
Reisæter et al., via the Norwegian Renal Registry identified 408 LKD 
of childbearing age (≤45 years old) between 1967 and 2002.21 Using 
the Norwegian Medical Birth Registry, they identified 326 LKD with 
pregnancies before and/or after kidney donation. They compared 
106 post- donation pregnancies in 69 LKD to 620 pre- donation preg-
nancies, and a random sample of 21 511 general population preg-
nancies. The incidence of gestational hypertension was similar in 
all groups (2.8% post- donation, 1.8% pre- donation, and 1.5% in the 

general population, p = .26). In the adjusted analysis, pre- eclampsia 
occurred at double the rate in post- donation (5.7% vs. 2.6%, p = .026) 
pregnancies. The mean post- donation pregnancy age was 31.9 years, 
versus 25 years in the pre- donation pregnancy group. The higher 
rate of pre- eclampsia remained even after adjustments for maternal 
age, pregnancy number, and birth year.

Ibrahim et al., presented a before- and- after study by means of a 
postal survey to all 2102 LKD who donated between 1963 and 2007 
in Minnesota, US; 75% responded. When comparing post- donation 
to pre- donation outcomes, there was a higher percentage of gesta-
tional diabetes (2.7% vs. 0.7%, p = .0001), gestational hypertension 
(5.7% vs. 0.6%, p < .0001), pre- eclampsia (5.5% vs. 0.8%, p < .0001), 
and proteinuria (4.3% vs. 1.1%, p < .0001). Overall, post- donation 
outcomes were worse than pre- donation, but similar to general 
population outcomes. Expanding on the same cohort, the group pre-
sented the long- term consequences of post- donation pre- eclampsia 
in the LKDs (followed up for 21 ± 12 years from the index preg-
nancy) in a 2017 abstract.11 They reported an increased likelihood 
of proteinuria, hypertension, and eGFR decline in post- donation 
pregnancies complicated by pre- eclampsia, though these risks were 
comparable to the risks experienced by the general population with 
pre- eclampsia.11

In a Korean study of 225 LKD, Yoo et al. (2018) compared 56 post- 
donation pregnancies in 39 LKD with 370 pre- donation pregnancies in 

F I G U R E  1  Selection of studies and 
reasons for exclusion at each stage of the 
systematic review.  [Color figure can be 
viewed at wileyonlinelibrary.com]

27 full-text ar�cles assessed for eligibility 11 excluded:
Reasons for exclusion:
Wrong outcome (n=4)
Wrong popula�on (n=2)
Wrong publica�on type (n=5)

142 records iden�fied
PubMed (n =47)
EMBASE (n= 66)
Ovid MEDLINE (n= 28)
Cochrane library (n=1)
Searching references (n=1)

Duplicates (n = 49)

66 excluded
Reasons for exclusion:
Wrong outcome (n=31)
Wrong popula�on (n=23)
Wrong publica�on type (n=12)

93 records screened on basis of �tle
and abstract

Literature search
Databases: Embase, Medline, Cochrane, PubMed, Google search
Limits: English-language ar�cles only, human studies only 

16 ar�cles included in review 

9 ar�cles included in bias assessment 7 excluded:
Reasons for exclusion:
Case series/reports (n=4) (20, 23, 25, 28)
Conference abstracts (n=3) (11, 27, 29)

6 ar�cles included in evidence synthesis 3 excluded:
Reasons for exclusion:
Serious bias (n=3) (17-19)

https://onlinelibrary.wiley.com/
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at
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 p
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 .2
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.
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 D
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 m
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 c
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 p
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 C
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l d
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 C
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 p
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186 pre- LKDs and with 437 propensity- matched non- donor pregnan-
cies. There were no significant differences between the incidence of 
gestational hypertension (5.4% post- donation vs. 2.7% pre- donation, 
p = .282; and 4.1% in non- donors, p = .889) or pre- eclampsia (3.6% 
post- donation vs. 2.4% pre- donation, p = .616; and 2.7% in non- 
donors, p = .704). Post- donation women were older with a higher body 
mass index (BMI) and were more likely to undergo cesarean section.30

Three studies compared outcomes to the general population. 
Garg et al. (2015)24 compared 131 post- donation pregnancy out-
comes in 85 LKD who donated during 1992– 2010 in Ontario, Canada 

to a healthy general population cohort of 510 women with 788 preg-
nancies. The risk of gestational hypertension or pre- eclampsia was 
higher in LKDs (11% vs. 5%, odds ratio [OR]:2.4, 95% confidence 
interval [CI]:1.2– 5.0, p = .01). Older LKD mothers (>32 years) had 
a significantly higher likelihood of these outcomes (OR:9.4, 95% 
CI:3.2– 27.5). In pregnancies occurring >2 years from donation/co-
hort entry the odds of gestational hypertension or pre- eclampsia 
was 3.6 (95% CI:1.6– 8.3) times higher in LKD.

Lee et al. (2019, conference abstract) retrospectively reviewed 
5 665 787 pregnancies, from US centers, recorded in the Healthcare Cost 

TA B L E  2  Outcomes and certainty of evidence

Maternal outcomes Effect
Number of pregnancies/events 
overall/events in donors

Number of 
studies

Certainty in the 
evidence

Pre- eclampsia The occurrence of pre- eclampsia was 
more common in LKD after donation, 
compared to before donation or in the 
general population.

27 904/812/56 5 Low ⊕⊕◯◯◯

Gestational 
hypertension

The occurrence of gestational hypertension 
was more common in LKD after donation, 
compared to before donation or in the 
general population.

27 904/464/55 5 Low ⊕⊕◯◯

Fetal outcomes Effect Number of pregnancies/
events overall/events in donor 
pregnancies

Number of 
studies

Certainty in the 
evidence

Gestation <37 weeks The occurrence of delivery <37/40 weeks 
gestation appears to be more common in 
LKD after donation, compared to before 
donation or in the general population.

27 904/1728/90 5 Very low ⊕◯◯◯
due to imprecision 

and inconsistency

Birthweight <2500 g The occurrence of a birthweight <2500 g 
appears to be more common in LKD after 
donation, compared to before donation or 
in the general population.

27 904/1221/22 3 Very low ⊕◯◯◯
due to imprecision 

and inconsistency

Note: Certainty in evidence assessed by methodological limitations of the studies, indirectness, imprecision, inconsistency, and likelihood of 
publication bias.

F I G U R E  2  Traffic light plot of the 
domain level, risk of bias judgments for 
each individual retrospective cohort, 
and matched- controlled studies and 
retrospective descriptive studies without 
a control group. *Additional information 
on missing data obtained by direct contact 
with author.  [Color figure can be viewed at 
wileyonlinelibrary.com]

https://onlinelibrary.wiley.com/
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and Utilization Project State Inpatient Databases.27 The same proportion 
of hypertensive complications were noted in the 248 LKD post- donation 
pregnancies compared to the 5 665 539 non- donor pregnancies. LKD 
had an increased risk of premature rupture of membranes and oligohy-
dramnios (OR: 1.48, 95% CI: 1.01– 2.11, p = .045) but a decreased risk of 
gestational diabetes (OR: 0.53, 95% CI: 0.30– 0.96, p = .037).

Davis et al. (2019) using the Intermountain Healthcare Enterprise 
Data Warehouse, compared pregnancy outcomes in 59 LKD (≥2 years 
after donation) with 236 age-  and race- matched controls.26 The risk 
of pre- eclampsia/eclampsia was not statistically different between 
the groups (OR: 2.96, 95% CI: 0.98– 8.94, p = .06). LKD ≤30 years, 
had a four- fold increased risk of pre- eclampsia/eclampsia (OR: 4.09, 
95% CI: 1.07– 15.59, p = .04). Although the number of women in this 
sub- group was not stated and the observed differences may be con-
founded by the absence of co- morbidity- matched controls.

3.3  |  Fetal and neonatal outcomes

In most studies, there were no differences in adverse fetal and 
neonatal outcomes between post- donation, pre- donation, and 

non- donor pregnancies (Figure 4). Reisaeter and Garg found similar 
rates of low birthweight (<2500 g) or premature (delivery <37 weeks) 
neonates.21,24 In the study by Yoo, no neonates from post- donation 
pregnancies were of a low birthweight, although it should be men-
tioned that this was defined as <2800 g, as compared to the more 
widely adopted threshold of <2500 g.30

There were no fetal or neonatal deaths in the post- donation cohort 
studied by Garg and similar death rates between groups in the studies 
by Reisaeter and Yoo (2018).21,24,30 In contrast, Ibrahim reported an in-
crease in fetal loss (OR: 1.83, 95% CI: 1.37– 2.46) and premature deliv-
eries (<36 weeks) (OR: 1.90, 95% CI: 1.03– 3.48).11 However, fetal loss 
was reported as a composite of fetal death, miscarriage, and abortion. 
No statistical analysis is offered to compare fetal death specifically, 
though rates were lower in post- donation pregnancies (2.1% vs. 4.9%).

3.4  |  The available guidance: what is recommend?

Table 3 lists the eight clinical practice guidelines,31- 38 three consen-
sus statements,39- 41 and four expert- opinion papers,42- 45 all pub-
lished between 2010 and 2020.

F I G U R E  3  Hypertensive complications in pregnancy in the pre- donation, post- donation, and general population presented by study for 
pre- eclampsia (upper panel) and gestational hypertension (lower panel).  [Color figure can be viewed at wileyonlinelibrary.com]

Key
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Pre-LKD pregnancy control
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Y axis denotes first author of publica�on. 
n = number of pregnancies in post-LKD group
p values, odds ra�os (OR; 95% CI) where available from the 
original publica�ons.
$ Odds ra�o for pre-eclampsia and eclampsia 
∞ Odds ra�o and p value for post-LKD vs non-donor control
*p value adjusted for par�cipa�on with more than one 
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Hong et al, 2018 did not have comparator group to post-LKD 
pregnancies; no pregnancies were complicated by 
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Four guidelines and two consensus statements recommended 
enquiring into previous pregnancy complications during the as-
sessment of a potential LKD.31,32,35,40,41 Six guidelines recom-
mended informing the potential LKD of the increased risk of 
post- donation pregnancy complications.31,33- 37 One consensus 
statement suggested that alternative donors should be sought for 
women who had not completed their family and had a history of 
pre- eclampsia.40 The 2017 KDIGO guidelines advised against ex-
cluding women solely on their desire to conceive post- donation 
and suggested that women with a history of pre- eclampsia may 
be suitable donor candidates.35 Three guidelines31,35,37 and two 
consensus statements40,41 suggested increased or close follow- up 
of pregnant LKD. The UK Renal Association guideline suggested 
all LKD were offered low dose aspirin to reduce the risk of 
pre- eclampsia.38

Some guidelines gave conflicting information, for example, one 
guideline stated that “no additional risks have been described during 
the pregnancy of patients having donated a kidney’. However, they 
then specified that the consent form should state: ‘If you want to 
become pregnant after donation, you must inform your gynecologist as 
you are more likely to suffer from high blood pressure or diabetes during 
pregnancy.”31

The consensus from the expert opinions was that women should 
be counseled on the increased likelihood of gestational hyperten-
sion or pre- eclampsia (Table 2).39,41- 46

Mandelbrot et al. recommended quantifying this increased risk, 
advising clinicians state that “overall the rates of gestational hyper-
tension or pre- eclampsia increase from ~5% to 11%.”41 However, they 
continued by recommending that pregnancy care is tailored accord-
ing to a woman's individualized risk of complications, taking into 
consideration the impact of race, BMI, and age on their risk of pre- 
eclampsia.41 Lentine and Segev point out that potential LKD must 
also be informed that most women had uncomplicated pregnancies 
after kidney donation.45

4  |  DISCUSSION

We performed a systematic review to answer the question “Are 
LKD at an increased risk of pregnancy- induced complications follow-
ing a donor nephrectomy, compared to the risks of pregnancy- induced 
complications in healthy women who have not undergone a donor ne-
phrectomy?” We found nine relevant studies, the consensus from 
which was that the maternal risks associated with pregnancy in LKD 

F I G U R E  4  Fetal complications in pregnancy in the pre- donation, post- donation, and general population presented by study. From top to 
bottom: gestation <37 weeks, birthweight <2500 g, infant death <28 days/transfer to NCCU, and fetal death.  [Color figure can be viewed at 
wileyonlinelibrary.com]
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increased from the pre- donation risk. In relative terms, donation 
took LKDs from a risk level below that of the general population 
prior to kidney- donation, to a risk level comparable to that of the 
general population post- kidney donation. Risk of adverse fetal and 
neonatal outcomes was not different between post- donation and 
pre- donation pregnancies.

The main limitations of these studies were a low number of 
post- donation pregnancies and event rates, the choice of relevant 
outcome measures, limited generalizability of the study groups, 
and the lack of suitable comparators. In the largest study using 
a before- and- after design, there were six cases of pre- eclampsia 
and six of gestational hypertension in 173 post- donation preg-
nancies.22 The largest matched- cohort study by Garg reported on 
131 post- donation pregnancies, of which 15 were complicated by 
pre- eclampsia and hypertension and eight babies were born before 
37 weeks gestation.24

Wiles et al., demonstrated that hypertension (rather than eGFR) 
is the strongest predictor of pre- term (<34 weeks) delivery (OR: 16.5, 
2.74– ∞) in women with CKD.47 Furthermore, they reported an in-
creased likelihood of low birthweight infants born to women with 
proteinuric CKD.47 These pre- pregnancy parameters were not re-
ported in any of the studies. While, in the absence of proteinuria, 
LKDs are not considered to have CKD, screening for proteinuria 
and/or hypertension should form part of the pre- pregnancy work 
up to better inform women of their risk of adverse fetal outcomes. 
This would also aid in identifying women who are likely to require 
increased surveillance in pregnancy for the development of superim-
posed pre- eclampsia, given the challenge in diagnosing this condition 
in women with pre- existing hypertension, proteinuria, and a single 
kidney. Overall, however, the equally low rates of fetal complications 
in post- donation and pre- donation or general population pregnan-
cies can be used to provide relative reassurance to women undergo-
ing LKD that their likelihood of placental disease affecting the fetus 
is unchanged by donation.

The generalizability of the results of these studies is limited 
to white women, as up to 98% were of this ethnicity (Table 1). 
Information on post- donation risk of hypertensive complications 
of pregnancy in ethnic minority groups (EMG) cannot be inferred 
from the studies to date. Women from EMG are known to have a 
higher risk of pre- eclampsia.48 Moreover, a recent review suggests 
that African American women with pre- eclampsia experience more 
severe hypertension and increased mortality as compared to women 
of other ethnicities.49 As such, more studies documenting the preg-
nancy outcomes of non- white LKDs are required to better inform 
post- donation risk in this group.

The lack of a suitable comparator has been a particular problem 
when analyzing long- term post- donation risk. Until 2009, the studies 
by Buszta, Jones, and Wrenshall were the body of evidence with 
which guidelines on pregnancy risk in LKD were issued.50,51 These 
studies compared the pregnancy outcomes of LKD to known out-
comes in the unscreened general population. LKD are not a random 
subset of the population, rather an extensively screened group who 

are deemed to be at low risk of end- stage kidney disease (ESKD). 
Given the overlap between risk factors for hypertensive complica-
tions of pregnancy, and those for ESKD (e.g., BMI >35 kg/m2, CKD, 
diabetes mellitus), comparison of LKDs to the general population is 
unlikely to yield accurate attributable risk.35, 52- 54

To solve the conundrum of the adequate control group three 
studies included the pregnancy outcomes of the LKD both pre-  and 
post- donation. Although the before- and- after design is useful for 
assessing short- term impacts, "threat to internal validity" may occur 
when assessing long- term impacts. Over a longer period, one is 
more likely to develop a confounding condition which may obscure 
the effects of an intervention, for example, an increased BMI post- 
donation. While the before/after design may appropriate risk more 
accurately than comparison to the general population, a more ac-
curate comparator would be potential LKDs considered suitable for 
donation who did not proceed to donate. Accurate coding of these 
individuals in healthcare databases would allow for this group to be 
identified and their outcomes investigated.

The final limitation of all the studies reviewed was the absence of 
information on the LKD who did not have a post- donation pregnancy 
and the reasons why. Therefore, potential medical or psychosocial 
consequences of donation that may have precluded pregnancy in 
LKDs remain unknown.

As a result of the small sample sizes and inconsistent compara-
tor groups, we were unable to perform a meta- analysis to provide a 
single estimate of effect. Our search for studies was comprehensive, 
albeit limited to English language studies. Furthermore, we do not 
strongly suspect publication bias as both negative and positive stud-
ies have been published.

Our second aim was to identify guidelines, consensus state-
ments, and expert opinions which included the issue of pregnancy 
in LKD. While the guidelines offered albeit limited guidance on the 
acceptance of women of childbearing age as potential LKD, they 
were broadly consistent in stating that overall pregnancy after 
kidney- donation was of a risk similar to that of the general popu-
lation and that women should be informed of this risk. They varied 
in their guidance regarding enquiring into prior pregnancy- induced 
complications, such as gestational diabetes and post- donation preg-
nancy care.34 The 2017 KDIGO guidelines state that, “women should 
not be excluded from donation solely on…a desire to have children after 
donation.”35

More recent guidelines tended to be more comprehensive in 
their guidance, increasingly recognizing the importance of indi-
vidualizing care. For example, as opposed to the blanket exclusion 
of women who have yet to complete their families, KDIGO and 
Canadian expert commentaries suggest that history of previous 
hypertensive disorders of pregnancy should be used to inform the 
prediction of individual post- donation pregnancy risk and as such 
guide decisions as to potential LKD acceptability.35,40 Similarly, ex-
pert consensus from the US published in 2020 suggests that care 
in post- donation pregnancies should be tailored to individual risk.41 
This is particularly important given the increasing rates of obesity 
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and older- age pregnancy, both factors recognized to increase risk of 
pregnancy complications.42

4.1  |  Communicating risks

Lentine and Segev propose that informed consent must be based 
on informing potential LKD of their baseline (pre- donation) risk, the 
risk attributable to donation and their subsequent absolute (post- 
donation) risk of adverse pregnancy outcomes.45

Baseline risk comprises demographic (e.g., age, ethnicity) and 
clinical (e.g., BMI, smoking status) characteristics, which in combina-
tion with the risk attributable to donation, can be used to calculate 
an absolute risk score for hypertensive complications of pregnancy. 
Established perinatal registries could be used to calculate the base-
line risk of hypertensive disorders of pregnancy. To be able to com-
bine both the baseline risk and the risk attributable to donation to 
create the absolute risk score, linkage of perinatal registry data to a 

robust large dataset, such as a prospective LKD registry is required. 
In an ideal scenario, the absolute risk of hypertensive pregnancy 
complications for the potential LKD would be derived by input-
ting baseline characteristics into a predicted risk calculator, such as 
www.trans plant models.com.

Additionally, potential LKDs should be informed of the long- term 
maternal consequences of pregnancy- induced hypertensive compli-
cations. In the general population, pre- eclampsia is associated with a 
greater than two- fold risk of death from cardiovascular disease, a 5-  to 
9- fold increased risk of ESKD and an increased risk of diabetes.55- 58 
A recent study found that women with a pre- donation pregnancy 
complicated by gestational hypertension had an increased risk of de-
veloping post- donation hypertension, as compared to LKDs without 
pre- donation gestational hypertension.59 Population- based prospec-
tive LKD registries could be used to examine the association between 
post- donation hypertensive disorders of pregnancy and risk of long- 
term maternal cardiovascular and kidney disease to better inform po-
tential donors.

Given the uncertainties surrounding post- donation hypertensive 
complications in pregnancy, the communication of risk to potential 
LKDs remains challenging. In a recent survey of 392 transplant pro-
fessionals from 30 countries, there was marked variability in the 
frequency with which adverse pregnancy outcomes were discussed. 
Fifty- six percent of respondents always discussed pre- eclampsia, 

BOX 1 How can the guidance and consent 
procedure on pregnancy outcomes in LKD be 
improved?

1. Post LKD pregnancy risk needs to be personalized in 
light of the changing profile of the LKD who is increas-
ingly older and more often overweight at the time of 
donation.

2. The additional post- donation risk of pregnancy com-
plications in LKD should always be seen in light of the 
national or regional baseline risk of adverse pregnancy 
outcomes.

3. The absolute risk of hypertensive- pregnancy complica-
tions in LKD should be available in a risk- stratified man-
ner, for example, by age, BMI, and ethnicity, however, 
further studies powered to detect differences between 
these population sub- sets are required to provide this 
information.

4. Informing potential LKD of their overall level of risk, tak-
ing into consideration the risks outlined in 1– 3, should 
form part of the LKD consent process.

5. There should be uniformity in enquiring about previous 
pregnancy- associated complications, that is gestational 
diabetes and hypertension, and neonatal complications 
while consenting for LKD.

6. Clearer guidance on LKD pregnancy follow- up is needed. 
LKD should be secured follow- up according to general 
international guidelines for pregnancies. Furthermore, 
they should be risk evaluated and referred to specialist 
obstetric care if deemed to be at increased risk.

7. It would be best to utilize more recent guidelines as 
those published prior to 2015 require revision.

BOX 2 Future research priorities and 
recommendations

1. Living kidney donor registries should collect the base-
line characteristics required to calculate attributable 
risk of living kidney donation to hypertensive disorders 
of pregnancy, that is ethnicity, previous hypertensive 
disorders of pregnancy, and body mass index.

2. The baseline risk of hypertensive disorders of preg-
nancy should be determined using data held in perinatal 
registries.

3. Risk prediction models for hypertensive complications 
of pregnancy in LKD should be developed by linking 
LKD and perinatal registry data. One should accept that 
these registries, in the short term, may lack some vari-
ables required to individualize risk, that is, ethnicity.

4. LKD registries should prospectively collect data on suit-
able LKDs that did not proceed to donation. This will 
improve the quality of control groups required to under-
stand long- term LKD outcomes.

5. Qualitative research to understand prospective LKDs' 
concerns surrounding post- donation pregnancy is 
needed.

6. The long- term health consequences of hypertensive 
pregnancies in women post- kidney donation should be 
established.

http://www.transplantmodels.com
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12% often did, 12% rarely did and 6% never discussed it. Only 20% 
of respondents were able to accurately answer questions on abso-
lute versus relative risk for rare outcomes.60 While this survey may 
be subject to the inherent biases of self- reports, it suggests there 
is a need to improve and standardize the communication of risk to 
potential LKDs. Box 1 lists our guidance on this topic, Box 2 lists our 
recommendations for future studies, and Box 3, provides a guide for 
practitioners counseling potential LKDs.

5  |  CONCLUSION

The increased risk of hypertensive disorders in pregnancy post- 
donation is evident in four retrospective studies, although all were 
limited to some extent by sample size and the lack of well- matched 
controls. Though the relative risk of pregnancy- related complica-
tions in LKD increases relative to the risk in the non- donor, the 
absolute risk remains very low. The risk of long- term complica-
tions from hypertensive disorders in pregnancy is minimal.57,61 
Perhaps, the combination of these two factors is the reason why 
LKD guidelines vary in the degree of attention paid to this issue. 
The LKD of the future is likely to differ from the LKD of yester-
year. As such more focus should be placed on better identifying 
and individualizing risk for LKD in the face of both older age and 
higher BMI at kidney- donation and subsequent pregnancy, and in 
non- white LKD. Only by doing so will consent to donation be truly 
informed.

For now, one should keep in mind that a potential LKD's per-
sonalized risk remains unknown, however, the consensus is that a 
LKD could be reassured that the absolute risk of post- donation preg-
nancy complications to mother and baby remains low.
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