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Background: Woman kidney donors face obstetric complication risks after kidney donation, such as gestational
hypertension and preeclampsia. Studies on childbirth-related complications among Asian women donors are scarce.

Methods: This retrospective cohort study included woman donors aged 45 years or younger at the time of kidney
donation in a single tertiary hospital between 1985 and 2014. Pregnancy associated complications were investigated
using medical records and telephone questionnaires for 426 pregnancies among 225 donors. Matched non-donor
controls were selected by propensity score and the maternal and fetal outcomes were compared with those of
donors. Primary outcomes were differences in maternal complications, and secondary outcomes were fetal outcomes
in pregnancies of the donor and control groups.

Results: A total of 56 cases had post-donation pregnancies. The post-donation pregnancies group was younger at
the time of donation and older at the time of delivery than the pre-donation pregnancies group, and there were no
differences in primary outcomes between the groups except the proportion receiving cesarean section. Comparison
of the complication risk between post-donation pregnancies and non-donor matched controls showed no significant
differences in gestational hypertension, preeclampsia, or composite outcomes after propensity score matching
including age at delivery, era at pregnancy, systolic blood pressure, body weight, and estimated glomerular filtration
ratio (odds ratio, 0.63; 95% confidence interval, 0.19—2.14; P= 0.724).

Conclusion: This study revealed that maternal and fetal outcomes between woman kidney donors and non-donor
matched controls were comparable. Studies with general population pregnancy controls are warranted to compare
pregnancy outcomes for donors.
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Introduction

Living donor kidney transplantation is reported to be
the most suitable method for prolonging survival [1,2]
and improving quality of life [3] in patients with end-
stage renal disease (ESRD). However, since donor organs
are not in abundance worldwide, many efforts have been
made to procure altruistic living donors while ensuring
maximal donor safety [4]. Generally, women outnumber
men among kidney donors [5,6]. Nevertheless, women
kidney donor candidates tend to have concerns about
complications related to pregnancy after donation.

Women donor candidates of childbearing age have con-
cerns regarding the safety and possible risks of pregnancy
after donation. First, kidney donation may decrease
kidney capacity for gestational hyperfiltration to reduce
renal reserve capacity. Our recent reports suggested that
the absence of gestational hyperfiltration is linked to ob-
stetric complications [7,8]. Second, kidney donation usu-
ally involves acute kidney injury (AKI), mild elevations in
blood pressure [9], and/or reduced long-term renal func-
tion [10]. Women with both AKI (even after recovery) [11]
and chronic kidney disease (CKD) (even from stage 1) [12]
are exposed to higher risks of adverse pregnancy-related
outcomes. Thus, concerns have been raised regarding
pregnancy-induced hypertension and related complica-
tions, such as preeclampsia, in kidney donors of child-
bearing age.

There have been three large studies on kidney donors
and maternal and fetal pregnancy outcomes. The Norway
study used national registry data for 2009 and suggested
that women donors may have a higher risk of preeclamp-
sia after adjusting for associated factors (5.7% vs. 2.6%, P =
0.026) [13]. Ibrahim et al [14] presented results based on
questionnaire responses and showed that post-donation
pregnancies were more frequently associated with pre-
eclampsia by a factor of seven. However, these studies
have raised controversy due to their use of controls. Both
of these studies compared post-donation pregnancy out-
comes with pregnancies before donation from the same
donors, not with pregnancy outcomes of the general pop-
ulation. In 2015, a study that overcame this limitation was
presented by researchers in Ontario [6]. This multicenter
cohort study revealed that gestational hypertension and
preeclampsia increased after kidney donation compared
with matched non-donor controls. However, the main

limitation of their non-donor controls was that they were
matched without considering baseline renal function.

In this study, we investigate the obstetric complica-
tions of kidney donors before and after kidney donation
at a single institution for kidney transplantation over the
past 30 years by reviewing medical records and under-
taking telephone questionnaires. We also compared the
pregnancy outcomes of kidney donors with a matched
general delivery cohort at two separate institutions and
considered baseline renal function.

Methods
Study participants in donor and control groups

During the 1985 to 2014 study period, living women
kidney donors (n = 635) were enrolled in the study (Fig. 1).
We attempted to personally contact 417 women donors
of childbearing age (from 15 to 45 years old) at the time of
donation by telephone. Of these, 164 (39.3%) donors re-
fused to respond to the telephone questionnaire. Among
responders, 28 did not have any pregnancy experience.
Finally, 225 (54.0%) questionnaires were obtained from
donors with history of pregnancy.

For the matched non-donor control group, general
pregnancy delivery cohort data was collected from two
tertiary hospitals, as described in previous studies (Fig. 1)
[7,8]. Briefly, 17,432 pregnancies among 15,028 mothers
from 1999 to 2014 at Seoul National University Hospital
(SNUH) and 14,004 pregnancies among 11,059 moth-
ers from 2003 to 2015 at Seoul National University Bun-
dang Hospital (SNUBH) were reviewed. Patient records
without a delivery date or baseline kidney function level
based on the estimated glomerular filtration rate (eGFR)
and multigravida patients were excluded from the study.
Patients with previous history of diabetes mellitus and
hypertension, which were usually considered exclusion
criteria for donors, were also excluded for matched anal-
ysis (Supplementary Table 1). The estimated date of con-
ception (era at pregnancy) was calculated by subtracting
the age of delivery from the delivery date. The eGFR of
anytime from three years before the delivery date to the
estimated date of conception or for 1 year before the de-
livery date were used as baseline data, as previously de-
scribed [7,8].
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All delivery record in SNUH/SNUBH
(SNUH: 15,028 women with 17,432 pregnancies)
(SNUBH: 11,059 women with 14,004 pregnancies)

Living women kidney donors for transplantation in
SNUH from 1985 to 2014
(n =635)

General population pregnancy cohort
Singletone deliveries with baseline kidney
function
(n = 3,608 pregnancies)

Excluding HTN or DM
before pregnancy experience —
(HTN, n =505: DM, n = 213: HTN + DM, n = 42)

Phone poll attempted from 15 to 45 years old at
kidney donation (n = 417)

Phone survey completed from 15 to 45 years
old at kidney donation (n = 253)

Excluding 28 donors without pregnancy
experience (n = 225)

Pre-donation pregnancies (n = 370) &
post-donation pregnancies (n = 56) in 225 donors

General population pregnancy cohort
without previous history of HTN or DM
(n = 2,932 pregnancies)

Kidney donors with post-donation pregnancy history
confirmed medical health record or by phone poll
(n = 56 pregnancies)

10:1 Propensity score matching
Age at delivery, SBP, body weight, era at pregnancy, eGFR

Matched non-donor control
pregnancies group
(n=437)

Matched post-donation
pregnancies group
(n =56)

Figure 1. Study flow chart.

DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HTN, hypertension; SBP, systolic blood pressure; SNUBH, Seoul National

University Boramae Hospital; SNUH, Seoul National University Hospital.

Ethics statement

The institutional review boards at SNUH (IRB no.
H-1412-104-634) and SNUBH (IRB no. B-1506/304-302)
approved this study. This was a retrospective study with-
out medical intervention, so the need for informed con-
sent was waived for data collection. All questionnaires
were completed with direct informed consent of subjects
obtained via telephone.

Data collection

Medical chart abstraction and reviews were used to col-
lect the baseline parameters and outcomes of donors. In
the donor group, baseline parameters included age, body
weight, donation type (such as related or unrelated), do-
nation era, and donor ABO blood type. In addition, elec-
tronic medical records associated with pregnancy events
of the enrolled women donors were reviewed. Changes in
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women donor characteristics according to transplant era
were described (Supplementary Table 2). Futher details
on Supplementary materials are presented online (avail-
able at https://doi.org/10.23876/j.krcp.18.0050).

In the control group with non-donors, the following ob-
stetrical characteristics were obtained before the time of
delivery: age, body mass index (before and after pregnan-
cy), medication history, history of gestational hyperten-
sion, history of overt or gestational diabetes, multipara,
multigravida, and delivery method. Telephone question-
naires were used to determine and include pregnancy
outcomes that occurred outside of the study hospitals.
Donors were contacted at least twice if necessary to in-
crease response rate, and the telephone contact process
was performed by experienced women nurse practitio-
ners. Donors over the age of 45 years were excluded from
the phone poll to minimize recall bias associated with
obstetrical history. Every phone call was started by ob-
taining direct informed consent from the subject.
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Outcome assessment using questionnaires

To access the clinical obstetric outcomes of kidney
donors, the following factors were included in question-
naires; number of pregnancies, year of pregnancy, age at
donation and delivery, body weight, and height at time
of delivery. To evaluate maternal outcomes, the presence
of proteinuria, gestational hypertension, preeclampsia
events, and cesarean section delivery were determined,
as previously described [7,8]. Proteinuria was defined
by positive results from a urine dipstick. An obstetrician
diagnosed preeclampsia at the time of delivery. Preterm
birth, fetal growth restriction, and fetal death were the
primary fetal outcomes. Gestational age of less than 37
weeks was defined as a preterm birth, and fetal body
weight of less than 2.7 kg was defined as indicative of fe-
tal growth restriction.

Statistical analysis

Baseline characteristics were compared using the t test
for continuous variables and the chi-squared test for
categorical variables. In this study, matching variables
were selected to adjust for factors affecting pregnancy
outcome. To select the matched non-donor control

A B

Propensity score

Age at delivery Unmatched treatment units

SBP Matched treatment units
Body weight #h
Matched control units

Era at pregnancy WS 0. 30 S R
Baseline kidney function Unmatched control units
(eGFR) | iy

o Before matching|

 After matching

T T T T T T T T T T
-0.5 0.0 05 0.0 0.1 02 03 04 05 06

Propensity score

Figure 2. Difference in propensity score between post-donation
pregnancy group and non-donor control group before and after
propensity matching. Using propensity score matched analysis,
differences in baseline characteristics were minimized between
post-donation pregnancy group and non-donor matched control
group. (A) Changes in propensity scores of attributes before and af-
ter matching. (B) Distribution of propensity scores.

eGFR, estimated glomerular filtration rate; SBP, systolic blood pres-
sure.

subjects, 10:1 propensity score matching (PSM) was ap-
plied using variables that showed significant differences
among the study and control groups, such as age at de-
livery, era at pregnancy, systolic blood pressure, body
weight, and baseline kidney function using eGFR. Differ-
ences between groups were presented as standardized
difference values before and after PSM (Fig. 2). Recent
studies have shown that in addition to CKD [12], episodic
AKI also affects pregnancy outcome [11]. Therefore, we
tried to control for differences in baseline kidney func-
tion between the groups. Body weight was selected as a
matching variable because being overweight or obese
is a well-known risk factor for hypertensive complica-
tions during pregnancy in patients without a history of
preeclampsia [15], and is also an independent risk factor
for incident hypertension after kidney donation [16]. The
balance between the donor group and non-donor control
groups was evaluated using the standardized difference,
quintile—quintile (QQ) plot of continuous covariates,
and histogram of the distance measured to minimize the
propensity score [17]. Fig. 2 summarizes the distribution
of propensity scores and changes in propensity scores in
various attributes before and after matching. The authors
performed PSM with the PSM Match It application us-
ing R (open source package, version 3.2.1, http://www.
r-project.org). Two-sided P values of 0.05 indicated sta-
tistical significance. SPSS Statistics software (version 22.0;
IBM Corp., Armonk, NY, USA) was used for statistical
analysis.

Results
Baseline characteristics of responding kidney donors

A total of 426 pregnancies from 225 kidney donors were
included in the final analyses (Fig. 1). Among them, 21
women had been pregnant both before and after dona-
tion. Table 1 shows a comparison of the baseline charac-
teristics of pre-donation pregnancies and post-donation
pregnancies. There were 56 pregnancies after kidney
donation, of which data for 39 donors were obtained. Of
patients with post-donation pregnancy, 71.4% had been
donors relatively recently (i.e., 2007—2014). The mean
age at delivery was 26.6 + 4.0 years old in the pre-dona-
tion pregnancy group and 32.0 + 3.8 years old in the post-
donation pregnancy group. The mean body weight at the
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Table 1. Baseline characteristics of living women responding donors

Characteristic Pre-dohation Post-do'nation P value
pregnancies group pregnancies group

Number of donors 186 39
Number of pregnancies 370 56
Era at pregnancy <0.001

~1999 282 (77.7) 6 (10.7)

2000-2006 65 (17.9) 10 (17.9)

2007-2014 16 (4.4) 40 (71.4)
Age at donation (yr) 38.8+5.1 272 +55 <0.001
Age at delivery (yr) 26.6+4.0 32.0+38 <0.001
Body weight* (kg) 57.9+8.4 64.0+12.7 0.001
Duration from kidney donation to response 9.7+6.3 134+ 176 0.020

for questionnaire (yr)

BMI (kg/m?) at response 22.97 £ 3.05 24.25 + 4.66 0.008
Current smoking at response 6(3.2) 1(2.6) 0.928
DM development after donation 4(2.2) 0(0)
HTN development after donation 10 (5.4) 1(2.6) 0.687

Data are presented as number only, number (%), or mean + standard deviation.
BMI, body mass index; DM, diabetes mellitus; HTN, hypertension.
*Body weight (kg) at time of donation for transplant operation.

Table 2. Comparisons of maternal and fetal outcomes between living kidney donors and non-donors

Post-donation Pre-donation Non-donor unmatched
Outcome pregnancies pregnancies P value* control pregnancies P value'
(n=56) (n=370) (n=2,932)
Fetal outcome
Fetal death 1(1.8) 4(11) 0.648 8(0.3) 0.041
Preterm birth (< 37 wk) 0(0) 16 (4.3) 0.113 485 (16.5) 0.001
Gestational age (wk) 393+11 39.50+1.33 0.729 376+3.3 <0.001
Fetal growth restriction (< 2.8 kg) 0(0) 51 (13.8) 0.003 479 (16.3) 0.001
Maternal outcome
Proteinuria 1(1.8) 1(0.3) 0.122 133 (4.5) 0.325
Gestational hypertension 3(5.4) 10 (2.7) 0.282 111 (3.8) 0.543
Preeclampsia 2(3.6) 9(2.4) 0.616 91 (3.1) 0.842
Cesarean section 19 (33.9) 80 (21.6) 0.005 767 (26.2) 0.028

Data are presented as number (%) or mean + standard deviation.
*Comparisons of maternal and fetal outcomes between the post-donation pregnancy group and pre-donation pregnancy group.
TComparisons of maternal and fetal outcomes between the post-donation pregnancy group and normal pregnancy unmatched control group.

time of donation was 57.9 + 8.4 kg in the pre-donation = Comparisons of obstetric complications between living

pregnancy group, and 64.0 + 12.7 kg in the post-donation  kidney donors and non-donors

pregnancy group. Although more time elapsed from kid-

ney donation to phone poll response in the post-dona- Next, fetal and maternal outcomes in pre-donation and

tion pregnancy group, there was no significant difference  post-donation pregnancies were compared, and Table 2

in the development of diabetes or hypertension among summarizes the results. There were no significant differ-

the groups. ences in fetal outcomes between the pre-donation and
post-donation groups except for fetal growth restriction.
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In terms of maternal outcomes, the development of pro-
teinuria, gestational hypertension, and preeclampsia
seemed to increase, although the differences were not
significant between the pre-donation pregnancy and
post-donation pregnancy groups. However, the propor-
tion of donors who received a cesarean section was sig-
nificantly higher in the post-donation pregnancy group
than in the pre-donation pregnancy group (33.9% vs.
21.6%, P = 0.005). Based on these results, further com-
parisons with the non-donor matched control group only
included the post-donation pregnancy group.

Table 2 also compares maternal and fetal outcomes
in the post-donation pregnancy group with that of the
non-donor control group without matched analysis. In
terms of fetal outcomes, fetal death rate was not differ-
ent between the post-donation group and non-donor
control group; however, donors who were pregnant after
donation had a longer gestational duration than the non-
donor controls and none of them experienced preterm
birth. Fetal growth restriction was not shown in the post-
donation pregnancy group, which was significantly lower
than in the non-donor control group (16.3%). Preterm
birth was also higher in the non-donor control group
than in the post-donation pregnancy group.

Regarding maternal outcomes, proteinuria was only
recorded in one case (1/56, 1.8%) in the post-donation
group compared with the non-donor unmatched control
group (133/2,932, 4.5%; Table 2). Gestational hyperten-
sion and preeclampsia events were not different than

those in the non-donor unmatched control group. The
proportion of cesarean sections in the post-donation
group was significantly higher than that in the non-donor
unmatched control group (33.9% vs. 26.2 %, P = 0.028).

Between-group differences in baseline characteristics
before and after PSM

Baseline characteristics of patients were compared be-
tween the post-donation pregnancy group and normal
pregnancy control group before and after PSM. Before
PSM, between-group differences were identified in age
at delivery, systolic blood pressure, body weight, era at
pregnancy, and baseline kidney function estimated us-
ing eGFR. These characteristics are summarized in Table
3. Patients in the post-donation pregnancies group had a
higher body weight than those in the unmatched control
group (64.0 + 12.7 vs. 54.6 + 7.9 kg, respectively; P < 0.001,
standardized difference 0.726). There were no differences
in age at delivery or systolic blood pressure between the
groups, and there was a marginal difference in eGFR
between the groups (101.8 in post-donation pregnan-
cies group vs. 96.6 mL/min/1.73 m” in unmatched con-
trol group; P = 0.065, standardized difference 0.258). As
shown in Fig. 2 and Table 3, between-group differences
decreased after PSM, and there were comparable distri-
butions of age at delivery, systolic blood pressure, and
baseline kidney function using eGFR between the groups.
However, the differences in body weight and era at preg-

Table 3. Patient characteristics before and after propensity score matching (PSM) between post-donation group and non-donor

control group

Before PSM After PSM
Characteristic Post-dona‘.tion Unmatched gontrol Standardized Post—dona'Fion Matched cgntrol Standardized
pregnancies pregnancies P value difference pregnancies pregnancies P value difference
(n=56) (n=2,932) (n=56) (n=437)
Total propensity score 0.488 0.094
Age at delivery (yr) 32.0+3.8 324 +3.7 0.477  -0.109 320+3.7 322+36 0.760  -0.067
Era at pregnancy <0.001 -0.040 <0.001 -0.024
~1999 6(10.7) 8(0.3) 6 (10.7) 1(0.2)
2000—-2006 10 (17.9) 1,085 (37.0) 10 (17.9) 177 (40.3)
2007-2014 40 (71.4) 1,839 (62.7) 40 (71.4) 261 (59.5)
Systolic blood pressure 1171 +£11.2 1171 +£13.0 0.997 0.007 1171 +£11.2 116.3+124 0.671 0.036
(mmHg)
Body weight (kg) 64.0+12.7 546+79 <0.001 0.726 64.0 £12.7 60.0+10.1 0.037 0.045
eGFR (mL/min/1.73m?  101.8 + 20.4 96.6 £ 24.8 0.065 0.258 101.8 +20.4 97.4 +24.0 0.217 0.060

Data are presented as mean + standard deviation or number (%).
eGFR, estimated glomerular filtration rate.
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Table 4. Odds ratio (OR) for maternal and fetal outcomes of pregnancies in post-donation and matched non-donor controls

Post-donation Matched control
Outcome pregnancies (n = 56) pregnancies (n = 437) OR (95% Cl) Pvalue

Fetal outcome

Fetal death 1(1.8) 1(0.2) 8.26 (0.50—134.07) 0.137

Preterm birth (< 37 wk) 0(0) 55 (12.6)

Fetal growth restriction (< 2.7 kg) 0(0) 68 (15.6)
Maternal outcome

Proteinuria 1(1.8) 26 (5.9) 0.29 (0.03—-2.25) 0.241

Gestational hypertension 3(5.4) 18 (4.1) 0.89 (0.20-3.98) 0.889

Preeclampsia 2(3.6) 12 (2.7) 0.67 (0.08-5.26) 0.704

Cesarean section 19 (33.9) 123 (28.1) 1.87 (1.00-3.51) 0.049
Composite maternal outcome for hypertensive disorder

Proteinuria, preeclampsia & gestational hypertension 3(5.4) 37 (8.4) 0.63(0.19-2.14) 0.724

Data are presented as number (%).
95% Cl, 95% confidence interval.

nancy remained after adjustment for propensity score.

Comparisons of maternal and fetal outcomes between
post-donation and matched non-donor pregnancies

Further comparative analysis was performed be-
tween the post-donation pregnancy group and the non-
donor matched control group in this study to overcome
limitations of previous studies that compared only pre-
donation and post-donation pregnancy outcomes. The
odds ratios (OR) for maternal and fetal outcomes in each
group are presented in Table 4. There were three cases of
composite outcomes for proteinuria, gestational hyper-
tension, and preeclampsia events in the post-donation
pregnancy group (5.4%) and 37 events in the matched
control group (8.4%) (OR, 0.63; 95% confidence interval
[CI], 0.19—2.14; P = 0.724) (Table 4). Gestational hyper-
tension was identified in three donors (OR, 0.89; 95% CI,
0.20—3.98; P = 0.889), and two cases had been diagnosed
as preeclampsia (OR, 0.67; 95% CI, 0.08—5.26; P = 0.704)
in the post-donation pregnancy group. There were no
differences in fetal death; however, preterm birth and
fetal growth restriction were prominent in the non-donor
matched control group. The risk of cesarean section was
marginally higher in the post-donation group (OR, 1.87;
95% CI, 1.00-3.51, P = 0.049).

Discussion

Kidney transplantation is the best treatment option for
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inpatients with ESRD [1-3]; consequently, there have
been attempts to overcome donor-organ shortages. Glob-
ally, a higher proportion of kidney donors are women
than men [18,19]. Although there is a need to promote
kidney donation, various women health problems after
kidney donation are significant obstacles to overcome
when encouraging kidney donation. Although current
data are limited, these issues should be considered when
a woman decides to donate her kidney. The Best Practice
in Live Kidney Donation Consensus Conference of 2014
advised that potential donors with reproductive poten-
tial should be counseled on the possibility of a greater
likelihood of gestational hypertension or preeclampsia if
they choose to donate a kidney [20]. Living kidney dona-
tion appears to increase the risk of gestational hyperten-
sion and preeclampsia compared with the experience
of otherwise similarly healthy women. Consistent with
the recommendations of a 2015 American Society of
Transplantation (AST) consensus statement and Kidney
Disease: Improving Global Outcomes (KDIGO) clinical
practice guidelines, the Organ Procurement and Trans-
plantation Network (OPTN) policy requires that women
donor candidates are informed of the increased risk of
preeclampsia or gestational hypertension in pregnancies
after donation [20,21]. In this study, we investigated the
post-donation pregnancy outcomes of women donors
by comparisons with pre-donation pregnancies and
matched non-donor controls. We revealed that pregnan-
cies after donation did not have worse fetal and maternal
outcomes, except for an increase in cesarean section
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operations. This is the first study on the pregnancy out-
comes of women donors in the Asian population.

The main strength of our study is that it compared do-
nors with matched controls, as in the Ontario study [6]. It
also included a large, validated, normal pregnancy con-
trol group. Two important studies in the past compared
pre-donation and post-donation pregnancy outcomes
[13,14]; however, the risk of post-donation complications
may have been overestimated in these studies because
donors were also included in the pre-donation preg-
nancy group due to their approach to health screening.
Even though the Norway study compared information
from a large registry with a large control group [13] and
the Minnesota group included long-term follow-up data
on creatinine levels, blood pressure, and proteinuria
[14], these studies have some limitations. In the Norway
study, obstetric diagnosis and treatment were inconsis-
tent because the results were retrospectively analyzed
from registry data. In our study, medical chart review and
data abstraction using diagnosis codes only covered the
delivery records in our study hospitals. Additionally, we
used telephone questionnaires to include information on
pregnancies that may have occurred outside of our study
hospitals.

The Minnesota study was limited because results were
based on surveys and could have been biased by non-
responders (180 non-responders and 333 individuals
were not contacted). Some responders reported that their
pregnancies occurred 40 years prior, indicating the po-
tential for recall bias and inaccurate information. These
studies show that the incidence of severe maternal and
fetal outcomes among living kidney donors was low: < 1%
for maternal and fetal death and < 10% for preeclampsia
and preterm birth before 37 weeks of gestation [6,13,14].
Most living kidney donors in these studies had uncompli-
cated pregnancies after donation. A recent meta-analysis
identified a more than two-fold increased relative risk of
preeclampsia in donors but no significant difference in
the risk of gestational hypertension, low birth weight, or
preterm birth compared with normal pregnancies [22].
Although the relative risk of preeclampsia is elevated in
donors, the absolute risk remains low. Moreover, the gen-
eralizability is limited due to few previous studies. There-
fore, further studies are warranted to provide appropriate
information to living kidney donor candidates who plan
for future pregnancy [6,13,14].

Instead of conducting a mail survey in our study,
trained nurse practitioners conducted a telephone survey
(after obtaining direct informed consent) to increase the
response rate and reduce recall bias. Comparative analy-
sis was performed by comparing donor post-donation
pregnancies to those of a matched control group. Inter-
estingly, there was an increased risk of cesarean resection
in the post-donation pregnancy group than in the post-
donation group and the normal control group. There are
possible explanations for this; for example, complica-
tions related to living donor nephrectomy, even during
a laparoscopic procedure, could have had an influence.
However, there are no conclusive studies on the asso-
ciation between kidney donation and obstetric surgery.
Thus, there is a need for further studies into possible as-
sociations between appropriate obstetric surgery timing
and kidney donation.

Racial differences in ESRD progression [23—25] and
mortality [26,27] are important to consider for donors
after nephrectomy. Because previous studies of post-do-
nation pregnancy outcomes mainly involved Caucasian
populations [13,14,28], their results may not be directly
generalizable to Asian populations. Pregnancy compli-
cations in the general population are more common in
African Americans than in Caucasians and Asians [29].
Another study showed that pregnancy complications are
less common in Asians than in Caucasians [29]. In a Nor-
wegian study [13] well known for assessing pregnancy
complications in kidney donors, hypertensive complica-
tions occurred in 5.7% of the post-donation pregnancy
group, similar to the 5.5% reported in the Minnesota
study [14] and 6.0% identified in the current study.

This study has some limitations. At first, there were
too few post-donation pregnancies (56 cases) to pro-
vide a rigorous assessment of statistical significance.
Another important limitation is that high-risk mothers
with poor maternal and fetal outcomes were included in
the non-donor pregnancy control group. Globally, gen-
eral gestational care does not include measurement of
serum creatinine [30]. Mothers with gestational serum
creatinine values often had medical or obstetrical issues
during their pregnancies. Our non-donor controls were
extracted from two tertiary hospitals, indicating that they
might have underlying diseases or risk factors. To reduce
the limitations of high-risk controls, the authors tried
to exclude mothers with confirmed underlying diseases
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that would not be considered suitable as kidney donors
(Fig. 1). Because serum creatinine levels are not rou-
tinely measured in pregnant women in general obstetric
practice, our controls were considered the best available
option. Further studies may be helpful to compare post-
donation pregnancy outcomes with “general pregnan-
cies’) although renal function cannot be adjusted.

In conclusion, fetal and maternal outcomes for post-
donation pregnancies are comparable to those of the
non-donor control group. Well-designed studies with
more appropriate controls group are warranted to in-
crease the donation rate of kidneys from living women in
the future.
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