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Long-term Graft Survival and Graft Function
Following Pregnancy in Kidney Transplant
Recipients: A Systematic Review and Meta-analysis
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Background. The incidence of pregnancy in kidney transplantation (KT) recipients is increasing. Studies report that the
incidence of graft loss (GL) during pregnancy is low, but less data are available on long-term effects of pregnancy on the
graft. Methods. Therefore, we performed a meta-analysis and systematic review on GL and graft function, measured by
serum creatinine (SCr), after pregnancy in KT recipients, stratified in years postpartum. Furthermore, we included studies
of nulliparous KT recipients. Results. Our search yielded 38 studies on GL and 18 studies on SCr. The pooled incidence
of GL was 9.4% within 2 years after pregnancy, 9.2% within 2-5 years, 22.3% within 5-10 years, and 38.5% >10 years
postpartum. In addition, our data show that, in case of graft survival, SCr remains stable over the years. Only within 2 years
postpartum, A SCr was marginally higher (0.18 mg/dL, 95%ClI [0.05-0.32], P = 0.01). Furthermore, no differences in GL
were observed in 10 studies comparing GL after pregnancy with nulliparous controls. Systematic review of the literature
showed that mainly prepregnancy proteinuria, hypertension, and high SCr are risk factors for GL. Conclusions. Overall,
these data show that pregnancy after KT has no effect on long-term graft survival and only a possible effect on graft func-
tion within 2 years postpartum. This might be due to publication bias. No significant differences were observed between
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pre- and postpartum SCr at longer follow-up intervals.

(Transplantation 2020;104: 1675-1685).
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INTRODUCTION

With increasing numbers of kidney transplantation (KT)
performed worldwide and good short-term pregnancy as
well as graft outcomes, there is an increasing incidence
of pregnancy in KT patients. In 2011, over 11 000 births
after KT have been reported worldwide." The Transplant
Pregnancy Registry International (TPR) reported, in 2018,
a total of 1993 pregnancies in 1101 KT recipients in the
United States.” Pregnancy in KT recipients is labeled as
high risk with increased fetal and maternal risks for adverse
pregnancy outcome. Reported live birth rates after KT are
consistently between 72% and 80%."** Compared to the
US general population, pregnancies after KT are associ-
ated with higher rates of cesarean sections (56.9% versus
31.9%), preterm (<37 wk of gestation), deliveries (45.6%
versus 12.5%) and increased rates of small for gestational
age and low birth weight (mean birth weight 2420g ver-
sus 3298g).* In addition, the pregnancies are reported to
have high maternal complication rates of hypertension and
proteinuria’: with an increased risk to develop pre-eclamp-
sia 27% versus 3%. In previous meta-analysis, 4.2% of
recipients experienced an episode of acute rejection during
their pregnancy.

Besides the pregnancy-related complications mentioned
above, little is known on what effect pregnancy has on
long-term graft survival and graft function. At the time of
KT, the transplanted kidney develops compensatory renal
hypertrophy, which results in hyperfiltration.® During preg-
nancy, physiological changes occur in the kidney and cardi-
ovascular system, including vasodilatation and increase in
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glomerular filtration rate (GFR).” This increased pressure
and/or plasma flow during pregnancy on top of the already
existing hyperfiltration may cause progressive loss of graft
function due to glomerular sclerosis.® It is unknown which
effect this temporary extra demand has on the long-term
graft survival and graft function. These insights would be
helpful in preconceptional counseling of KT patients.

A meta-analysis of KT recipients published in 2011 ana-
lyzed graft loss (GL) incidence in a small number of ret-
rospective studies, reporting 8% postpregnancy GL at 2
years, 7% at § years, and 19% at 10 years.' Limited stud-
ies reviewed a year later showed no significant increase
in serum creatinine (SCr) at 3 months and GL at 2 years
postpartum.® No reviews analyzed the effect on long-term
consequence of pregnancy on graft function (SCr).

A limitation of previous meta-analysis and reviews is
that they did not include a control group of nulliparous
KT recipients."”® Furthermore, they do not systematically
report on predictive factors regarding long-term graft
function after pregnancy.

Currently, optimal timings of pregnancy after KT are
described as follows: an interval of >1 year between KT
and pregnancy, and an interval of >1 year between the last
episode of acute rejection. Furthermore, SCr levels should
be below 1.5mg/dL, no acute infections should be pre-
sent, and stable maintenance of nonteratogenic immuno-
suppressive medication.”!® However, the aforementioned
guidelines are based mainly on data from voluntary reg-
istries and expert opinions, focusing primarily on (predic-
tors of) adverse pregnancy outcomes.

To increase insight in the effect of pregnancy on long-
term graft survival and function as guidance for preconcep-
tional counseling: the aim of this study was to perform an
updated meta-analysis on graft survival with comparison
with nonpregnant KT recipients and for the first time long-
term (up to 10 y) graft function (SCr) after pregnancy. We
included new studies since 2010 and studies with nullipa-
rous KT recipient control groups. In addition, systematic
review was performed to give an overview of predictors
for adverse long-term graft outcomes after pregnancy.

MATERIALS AND METHODS

Search Strategy and Study Selection

A systematic search of literature was performed in
Pubmed, Embase, and Cochrane library to identify all
studies on SCr and GL after pregnancy in KT recipients
until September 2018 (Appendix 1, SDC, http://links.lww.
com/TP/B836). Two reviewers (A.S. and N.P.) indepen-
dently screened the abstracts of all eligible studies. Studies
reported in English, focusing on SCr or GL following
pregnancy in KT recipients were eligible. Furthermore, we
conducted snowballing strategy to include eligible reports.
Case studies, reviews, and studies that reported <6 months
postpregnancy follow-up were excluded.

Data Extraction

Two independent reviewers (A.S. and M.B.) extracted
data from all eligible studies. The following data were
extracted from each study: study outcomes on prepreg-
nancy SCr, postpregnancy SCr, and GL or graft survival.
For all the included studies, data on pre- and postpreg-
nancy SCr were extracted or calculated in mean = SD (in
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mg/dL). When median with range were reported, the mean
+ SD were calculated by the method of Hozo et al.!* SCr
levels that were reported in pmol/L were converted into
mg/dL. If graft survival was reported, this was converted
to GL. In 11 studies, there were missing or incomplete
data, this was requested from the authors and in 3 cases we
gained enough information to include them in our meta-
analysis. Using the observational cohort studies with a con-
trol group, it was examined whether pregnancy affects GL
or SCr, versus nulliparous KT recipients. In addition, all
included studies were reviewed for different predictors of
adverse graft outcomes (eg, hypertension, proteinuria, SCr
before pregnancy, and transplant to conception interval).

Pooled Estimates

To pool data on GL and postpregnancy SCr, subcatego-
ries were created based on the number of years postpartum.
Articles on GL were divided into 4 categories based on
timing since pregnancy: GL within 2 year postpregnancy,
2-5 year, 5-10 year postpregnancy, and >10 year post-
pregnancy. Data on SCr postpregnancy were divided into
3 subcategories: within 2 year postpregnancy, 2—5 years,
and 5-10 years postpregnancy. The difference between
postpregnancy SCr and prepregnancy SCr (A SCr) was cal-
culated. For binary outcomes (GL), pooled estimates and
95% confidence intervals were calculated using Excel.'?
For continuous outcomes (pre- and postpregnancy SCr),
pooled estimates and 95% confidence intervals were cal-
culated using mean difference and random effect size, con-
ducted by Review Manager 5.3."

Quality Assessment and Assessment of
Publication Bias

Two reviewers (A.S. and M.B.) screened the studies for
full text and performed a critical appraisal on applicability
and validity (Appendix 2, SDC, http://links.lww.com/TP/
B836). Every study was scored for design, size, domain,
determinant, outcome, missing data, lost to follow up,
standardization of outcome, analysis, confounding factors,
and the possibility to extract data. To test for publication
bias, we performed funnel plot analysis for every subtopic
within GL and SCr.

RESULTS

As a result of the search from 3 electronic databases,
1416 studies qualified for abstract screening. Among
these, 43 individual publications were selected for inclu-
sion of which 38 studies reported on GL and 18 articles on
SCr postpregnancy (Figure 1). One study by Levidiotis'
divided graft survival in different periods of time that is
why we could only use the data of the subanalysis of the
matched cohort. Ten of these were observational cohort
studies with a control group,>'*?? Table 1 presents the
study characteristics and reported graft outcomes for all of
the included studies.

Pooled Incidence of GL After Pregnancy in KT
Recipients

A total of 38 studies reported on GL in 2453 recipi-
ents. Median follow-up time was very heterogenic among
the studies and varied from 6 months until 15 years after
pregnancy GL occurred in 321 (13%) patients following
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Records identified through database
searching
Pubmed (n = 437)
Embase (n = 693)
Cochrane (n = 286)

¥

Records screened
(n=1416)

Records excluded (n = 1362)

Study design (letters to the editor, case reports,
commentaries, review, meta-analysis, no fulltext available,
not English or Dutch)

'

Full-text articles assessed for
eligibility (n =54)

Full-text articles excluded (n=11)

Multiple articles from same cohort (n=1)

No data extraction possible (n=7)

Post pregnancy follow-up not reported or < 6 months (n =
3)

v

v

Studies included in meta-
analysis (n =43)

/\

Post pregnancy graft loss

Post pregnancy renal function

<2 year (n=11) <2 year (n=14)
2-5 year (n=15) 2-5 year (n=4)
5-10 year (n=11) 5-10 year (n=2)
> 10 year (n=5)

FIGURE 1. Study selection for studies reporting postpregnancy graft function and/or postpregnancy graft loss.

pregnancy. The risk on GL is increasing in time with pooled
incidences of 9.4%, 9.2%, 22.3%, and 38.5% for <2 year,
2-5 year, 5-10 year, and >10 years after pregnancy, respec-
tively (Figure 2A-D).

Among the 10 studies with a nulliparous control groups,
matching criteria differed as shown in Table 2. The median
follow-up time of these studies was 100 months (range
45-168) after pregnancy.

Pooled Incidence of SCr After Pregnancy in KT
Recipients

The postpregnancy data of 18 individual studies on SCr
within women were pooled in 3 postpartum time intervals.
Fourteen studies reported on 1-year postpregnancy SCr in
KT recipients. A pooled increase in SCr is seen of 0.18 mg/
dL, 95% CI [0.05-0.32], P = 0.01 in the group compar-
ing prepregnancy SCr within 2-year postpregnancy SCr.
(Figure 3A) Four studies reported on SCr 2-5 years fol-
lowing pregnancy, and only 2 studies on long-term (5-10
y) postpregnancy SCr and no significant differences were
found when comparing pre- versus postpregnancy SCr
(Figure 3B and C).

Predictors of Adverse Outcomes on Graft Function
and Risk of GL

Among the included studies,
47,48,50.54 {ifferent predictors of adverse outcomes on graft
function were described, including hypertension before
pregnancy, presence of proteinuria before pregnancy, pre-
eclampsia, SCr before pregnancy, and transplant to con-
ception interval (TCI). An overview of the literature on
these risk factors is given and described in more detail
below (Table 3). In addition to these most reported risk
factors, some incidental risk factors were reported. Type

3,4,16,18,19,22,24,26,31,37,41-43,

of delivery or type of donor was no significant risk factor
for GL.** High panel reactive antibody (PRA) levels and
donor-specific anti-HLA antibodies (DSA) have a high risk
of antibody-mediated rejection (AMR) and have more pre-
eclampsia.”® The type of immunosuppressive regime had
no effect on graft survival.*®

Preconceptional Hypertension as a Risk Factor for
Accelerated GL

Four studies reported an effect of hypertension, before,
or at the beginning of pregnancy, in relation to long-term
graft function.****** Hypertension was defined as blood-
pressure >140/90 mm Hg. These 4 authors concluded that
(drug treated) hypertension before pregnancy is associ-
ated with worse graft function or is a risk factor for graft
function decline and/or chronic rejection. In one of these
studies, postpregnancy graft function (SCr) was compared
between patients with hypertension before pregnancy
(n = 5) and no hypertension before pregnancy (n = 15).
The SCr was significantly worse (P = 0.03) in patients with
hypertension before pregnancy.”® Another study showed
that hypertensive patients (n = 28) compared to normoten-
sive patients (n = 23) had worse graft function (SCr) before
pregnancy (1.39mg/dL versus 1.10mg/dL), P < 0.01.*
Two recent studies of which one was a matched cohort
study did not see a relation between graft failure and
chronic hypertension.”

Preconceptional Proteinuria and Preconceptional SCr
as Risk Factors for Accelerated GL

Proteinuria before or during pregnancy, especially pro-
teinuria of >1g/day, is associated with worse graft sur-
vival.*®* Two studies, which compared high levels of
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proteinuria (>0.3 or 0.5g/d), found no deleterious effect
= on SCr or GL.”%*
Tl 0 o i Ten different studies analyzed the influence of prepreg-
E j'r'l Cfl g nancy SCr on graft outcomes (SCr postpregnancy and
N - & GL or graft survival). Multiple different cut-off values
= N were described among these studies, ranging from SCr
2 > 1.47mg/dL to 2.26 mg/dL. and >1.0mg/dL to 2.1 mg/
dL.18:24.2642:43.47,98,50.54 Ty studies found a negative effect
: |3 on graft function in patients with high SCr before preg-
= P nancy. Eight of them used SCr > 1.47mg/dL as cut off
25| 2 point, '8:2426:31:43:47.48,50 1 ¢4y defined worse graft func-
s E o o~ © tion as >1.24mg/dL, 2 of them used no cutoff point where
{'a’;-.' g one described a negative effect of worse graft function
g | (OR 1.71,95% CI [1.15-3.45], P = 0.04)** and one found
£ 3 no relationship between prepregnancy SCr and GL (OR
-0.11, 95% CI [-0.44 to 0.23], P = 0.52). Two other stud-
f. < < . ies used cut off points <2.26 mg/dL and <1.3 mg/dL also
&l > S found no negative effect on postpregnancy graft function
b in women with high SCr before pregnancy*** (Table 3).
(1]
5 Pre-eclampsia as a Risk Factor for Accelerated GL
2, o~ The deyelopment of pre-eclampsia during pregnancy
S8 R was mentioned by 1 study as factor for graft dysfunction
;-; 2= = 4 during pregnancy.** Pre-eclampsia was defined as hyper-
= i tension and proteinuria >0.30g/24h. One study showed
s that pre-eclampsia was a “borderline” risk factor for GL
(OR 1.09; 95% CI [0.92-1.34], P = 0.09).* The latest
& matched cohort study did not see a relation between pre-
(7] © : 51
z o = eclampsia and GL.
S 5 +
;‘;’ g © Transplant to Conception Interval as a Risk Factor for
ne"_' - Accelerated GL
The relationship between transplant to conception inter-
= val (TCI) and graft function is reported by 5 individual
g}, g < . studies, which report on different outcomes of TCI (in gen-
sE| 1 aooH : eral, TCI < 1y, TCI < 2 y, TCI > 5 y).>'®1%237 Stoumpos
é 2ol SN _ E et al found no negative relationship between graft func-
e T £ tion and TCL> One study found more GL in patients with
E 5 TCI < 1 year,*® whereas another study found no significant
B B § § impact on graft outcome.'” In another study, there was no
g = & v © g s £ adversely effect on graft survival in patients with TCI < 2
) = T 2 % = year, compared to other subgroups.'® A TCI of >5 years
a g 5 f has acceptable outcomes on postpregnancy graft func-
£ 3 £ £ tion and rejection during pregnancy and up to 3 months
:::,;'E o T o~ g é g postpartum.’’
e g = <
E 5 ::f S % Assessment of Quality and Publication Bias
k= % g § = é We assessed study quality with the use of critical
=2 £ £ 2 2 appraisal on applicability and validity (Appendix 2, SDC,
= IS E ¢ s B http://links.lww.com/TP/B836). Seventeen studies had a
= bel=] ég 2 s F sample size of <20 women. Missing data were not well
| E R g g é g o described in 21 of the studies. Ten studies did not describe
§ E g 3 <5 § E§§§§ s their statistical analysis precisely. In 6 studies, possible
c =¥ g9 ¢ _|Szgss & confounding factors were not mentioned in the article.
= g 85 8 S = S —% 2525 % Publication bias for studies on GL is unlikely as GL fun-
8 @l e TETEE H =§ §§ ;: nel-plot shows symmetry (Appendix 3, SDC, http:/links.
= 9 “3,5 . %’:z s = Iww.com/TP/B836). There is a funnel-plot asymmetry in
E & 5] cg\l £% ;é% EC;' 'Fhe subg.rou.p of A SCr <2 years afte.r pregnancy indicat-
EI % g = 55 gg s& ing publication bias toward the publication of small stud-
< = g = ESEEE-SE ies with positive A SCr values (Appendix 4A, SDC, http://
= S S £ | 3S£FEPES links.lww.com/TP/B836).
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FIGURE 2. A-D, Pooled incidence of postpregnancy graft loss. A, Graft loss within 2 y postpregnancy: 9.4%, n = 1347 (range 10—
1100), total graft loss n = 126 (range 0-111). B, Graft loss 2-5 y postpregnancy: 9.2%, n = 600 (range 8-139), total graft loss n = 55
(range 1-8). C, Graft loss 5-10 y postpregnancy: 22.3%, n = 395 (range 12-81), total graft loss n = 88 (range 0-18). D, Graft loss >10
y postpregnancy: 38.5%, 234 (range 18-118), total graft loss n = 90 (range 1-51).

DISCUSSION

In this meta-analysis and systematic review, we aimed
to investigate the effect of pregnancy on long-term graft
survival and function as guidance for preconceptional
counseling using data derived from 42 studies. This meta-
analysis gives an update on GL after pregnancy after KT.
It includes cohort studies with nulliparous control groups
and pooled data on graft function after pregnancy after
KT. We are the first to analyze pooled data on long-term
SCr after pregnancy in KT recipients. GL and SCr after
pregnancy in KT recipients are reassuring with no differ-
ence in GL when compared to nulliparous KT recipients
and stable SCr up to 10 years postpartum. We only found
a slight significant rise in SCr in the period within 2 years
after delivery of 0.18 mg/dL of which it can be discussed
if such a small increase is clinically relevant, especially
since A SCr was not increased at later time points after
pregnancy.

The present meta-analysis added >500 women from 23
additional studies to the literature since the last meta-anal-
ysis from 2011 on the subject." We report slightly higher
outcomes on GL within 2 years (9.4% versus 8%) and
higher numbers of GL of 22.3% versus 19% after 5-10
years postpregnancy, this was mainly caused by the TPR
report.” Desphande reported 12.5-year postpregnancy GL
of 11%, based on one study of Gorgulu.*” We could not
include this study in our meta-analysis because they only
reported on GL after KT and not on GL after pregnancy.

Our outcome of GL of 38.5% >10-year postpartum is
based on a pooled incidence of 5 new studies,'**0-2>43

We added 10 studies that compared the result of GL
after KT with a nulliparous KT control group. The absence
of a difference in GL between parous and nulliparous is
reassuring. We ascertained that the control groups used
were heterogenic among the studies: almost all studies
were age and SCr before conception matched. The ques-
tion remains whether the used control groups are really
comparable because the reason they did not conceive
might be the result of other underlying conditions, which
also can influence SCr and GL.

This study provides us insight into incidence of GL
per years postpartum. It would have been informative
to perform the same analyses per years posttransplant.
Unfortunately, posttransplant years were rarely reported,
which restricted us from performing this analysis.
Therefore, it is hard to compare our results with the GL
numbers from the registries. When comparing GL results
after pregnancy to the age group of 16-34 years (men and
women) of the Eurotransplant region, the number of GL
after pregnancy are lower than the number of GL after
KT in the general KT population. Ten years GL after KT
(living and postmortal donors) is 46% and 15 years GL
is 60% for this age group in the Eurotransplant region.’®
This finding of relatively good graft survival in women
with pregnancy after KT is reassuring. Although the argu-
ment that KT recipients with worse renal and physical
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A post-pregnancy SCr mg/dl pre-pregnancy SCr mg/dl Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean sD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Abe 2008 1.29 0.51 20 1.15 0.27 20 8.6%  0.14[-0.11, 0.39] -
Alfi 2008 1.76 2.15 12 1.24 0.27 12 1.1% 0.52[-0.71, 1.75]
Areia 2009 1.34 0.95 28 1.29 0.34 28 6.3%  0.05[-0.32,0.42] o h—
Candido 2016 1.59 0.2 36 1.19 0.07 36 12.1% 0.40[0.33,0.47] -
Crowe 1999 1.91 1.18 29 1.77 1.18 29 3.5% 0.14 [-0.47, 0.75] —
Galdo 2005 1.38 0.53 30 1.19 0.38 30 9.0%  0.19[-0.04, 0.42] T
Gorgulu 2010 1.15 0.29 19 1.06 0.3 19  10.0% 0.09 [-0.10, 0.28] T
Hooi 2003 1.35 0.44 46 1.27 0.37 46 10.5% 0.08 [-0.09, 0.25] T
Kato 2012 1.4 0.8 21 1.16 0.39 21 6.2% 0.24 [-0.14, 0.62] T
Keitel 2004 2 1.8 40 1.2 0.5 41 3.7% 0.80[0.22, 1.38] —_—
Kim 2008 1.1 0.98 48 1.12 0.25 49 7.9% -0.02[-0.31, 0.27] I
Kwek 2015 2.23 1.26 10 1.39 0.25 10 2.3% 0.84 [0.04, 1.64]
Stoumpos 2016 1.62 1.21 76 1.45 0.87 83 7.1% 0.17 [-0.16, 0.50] T
Yildirim 2005 1.19 0.12 17 1.18 0.16 17 11.8% 0.01[-0.09, 0.11] T
Total (95% CI) 432 441 100.0% 0.18 [0.05, 0.32] <o
Heterogeneity: Tau? = 0.04; Chi? = 59.80, df = 13 (P < 0.00001); I = 78% L + + J
-2 -1 0 1 2
Test for overall effect: Z = 2.72 (P = 0.007) < SCr post-pregnancy > SCr post-pregnancy
B post-pregnancy SCr mg/dl pre-pregnancy SCr mg/dl Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Basaran 2005 1.42 0.8 8 1.15 0.2 8 12.1%  0.27[-0.30, 0.84] —
Little 2000 1.71 0.68 19 1.59 0.46 19 29.1%  0.12[-0.25, 0.49] — T
Stoumpos 2016 1.86 1.6 57 1.45 0.87 83 19.1%  0.41[-0.05, 0.87] T
Thompson 2003 1.24 0.69 24 1.18 0.43 30 39.7% 0.06[-0.26, 0.38] —
Total (95% CI) 108 140 100.0% 0.17 [-0.03, 0.37] =
Heterogeneity: Tau? = 0.00; Chi? = 1.72, df = 3 (P = 0.63); I* = 0% ?_2 _51 ) ?1 2?
Test for overall effect: Z = 1.67 (P = 0.09) < SCr post-pregnancy > SCr post-pregnancy
C post-pregnancy SCr mg/dl pre-pregnancy SCr mg/dl| Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Stoumpos 2016 1.51 0.56 34 1.45 0.87 83 71.1%  0.06 [-0.21, 0.33]
Sturgiss 1992 1.26 0.83 17 1.06 0.29 18 28.9% 0.20 [-0.22, 0.62]
Total (95% CI) 51 101 100.0% 0.10 [-0.12, 0.32]
Heterogeneity: Tau? = 0.00; Chi? = 0.31, df = 1 (P = 0.58); I> = 0% ?_2 _51 ) ?1 2?

Test for overall effect: Z = 0.88 (P = 0.38)

< SCr post-pregnancy > SCr post-pregnancy

FIGURE 3. A-C, Pooled difference (mean difference [95% CI] in prepregnancy SCr and postpregnancy SCR (A SCr pre- and
postpregnancy). A, Delta SCr within 2 y postpregnancy: SCr 0.18 mg/dL [0.05, 0.32], P=0.007, n = 441. B, A SCr 2-5y postpregnancy:
SCr 0.17mg/dL [-0.03, 0.37], P = 0.09, n = 175. C, A SCr 5-10 y postpregnancy: SCr 0.10mg/dL [-0.12, 0.32], P = 0.38, n = 101. Cl,
confidence interval; SCr, serum creatinine; SD, standard deviation.

condition are less likely to get pregnant also counts for this
comparison.

In addition to previous meta-analysis,’ we examined
long-term graft function after pregnancy in KT recipients.
A small significant rise in SCr within 2 years after deliv-
ery as described in 87 KT recipients derived from 3 stud-
ies.’**%* Possibly, this might be caused by physiological
changes after pregnancy or restart of medication such as
ACE inhibitors. On the contrary, this could be the result
of high rate of risk factors in the study population (65.9%
hypertension, 36.5% SCr >1.5 mg/dL before pregnancy™®),
which makes these women more prone for deterioration
of graft function or even GL. Most importantly, we do not
find an increase in SCr during the period 5 years after preg-
nancy. However, women with a malfunctioning graft or
lost to follow-up are not present in subgroups longer time
after pregnancy possibly inducing bias. This is in line with
the recent systematic review on the effect of pregnancy in
chronic kidney disease, which reported no shift in CKD
stage after pregnancy.

Risk factors for GL after pregnancy in KT were hyper-
tension, proteinuria, transplant to conception/delivery
interval, and preconception graft function. However, only
a few of the studies reporting on these risk factors per-
formed a multivariate analysis, influenced by power. It is
difficult to establish cause-relationship effects of risk fac-
tors. These risk factors are mentioned in the European and
American guidelines, aiming at improving outcome in KT

recipients.”!” The TCI is a point of discussion as it was
stated by the European guidelines for 2 years after KT.
The American guidelines changed their advice to postpone
pregnancy at least until 1 year after pregnancy. Studies such
as Fischer and Pour Reza Gholi showed reassuring results
of pregnancies after 1 year after pregnancy.'®!” Pregnancy
within 1 year after KT is associated with an increased risk
on GL, which Rose et al showed in their recent study.’®
Data on the association of pre-eclampsia with GL show
confliction results.?***!

The strength of our meta-analysis is that we pooled data
on GL including studies with a nulliparous control group
and for the first time examined pooled incidences of graft
function after pregnancy. One of the limitations of this
study is that the quality of some studies was poor with
small sample size. The funnel plot analysis in the subgroup
of A SCr 24 months after pregnancy showed an asym-
metry, possibly publication bias is present (Appendix 4A,
SDC, http://links.lww.com/TP/B836). In addition, this is an
unadjusted meta-analysis in which we could not account
for factors such as differences in healthcare systems or
socio-economic status or difference in SCr measurements
because of lack of such information.

Unfortunately, we were not able to perform a meta-
analysis on estimated glomerular filtration rate (eGFR).
Most studies only report SCr without age, calculation
of eGFR was not possible.”” We assumed that precon-
ceptional creatinine was really preconceptional as it was
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TABLE 3.

Predictors of graft loss or renal function deterioration after pregnancy

Negative association

No association

Risk factors Unit Author Unit Author
Hypertension >140/90mm Hg Queipo Zaragoza (2003) Pre-existing hypertension Stoumpos (2016)
Before or atthe  Drug-treated hypertension Sibanda (2007), Abe (2008), Chronic hypertension Svetitsky (2018)
beginning of Kato (2012) Chronic hypertension Vannevel (2018)
pregnancy
Proteinuria >1g/d Queipo Zaragoza (2003) >0.3¢g/d Thompson (2003)
>0.5¢/d Rocha (2013)
Pre-eclampsia Borderline effect (OR, 1.09; Svetitsky (2018) —2.69 (-14.54 10 9.15), Vannevel (2018)
95% CI[0.92-1.34], P=0.09). P=0.65
Prepregnancy SCr >1.47-1.50 mg/dL O'Reilly (2001), Alfi (2008) <2.26 mg/dL Hooi (2003)
>1.69-1.75mg/dL <1.3mg/dL Rocha (2013)

>2.10mg/dL
Worse graft function (OR 1.71;

Thompson (2003), Keitel (2004)
Kim (2008), Crowe (1999),

Worse graft function (OR -011;
95% Cl [-0.44 10 0.23], P=0.52)

Vannevel (2018)

95% ClI [Cl 1.15-3.45], P=0.04) Queipo Zaragoza (2003)
Aivazoglou (2010)
Svetitsky (2018)

Age at Older age (OR 1.13; 95% Svetitsky (2018)
transplantation Cl[1.03-1.21], P=0.03)

Transplant to <1y Alfi et al (2008) General Stoumpos (2016)
conception <1y Fischer (2005)
interval <2y Pour-Reza-Gholi (2005)

>hy Gaughan (1996)
Mo (OR, 0.05; 95% CI [-0.07 to Vannevel (2018)
0.18], P=0.42)
Cl, confidence interval; SCr, serum creatinine.
stated in the text. It could be possible that the precon- REFERENCES

ceptional SCr that was used for the included studies were
not completely preconceptional and that the SCr was
already physiologically increased. Ultimately, evalua-
tion of individual slope of eGFR pre- and postpregnancy
would be performed by means of a multilevel analysis
to answer the question whether pregnancy has effect on
longer-term GFR. Additionally, it would be possible to
identify the most important predictors for worse graft
outcomes after pregnancy after KT in relation to eGFR
slope change.

In conclusion, this systematic review and meta-analysis
showed a possible association with short-term SCr decline
postpartum, but no association at longer periods of time
after delivery. The incidence of GL up to 10 years post-
pregnancy is limited but data analyzed show reassuring
data on GL with pregnancy after KT compared to nullipa-
rous controls and age-matched and SCr-matched controls.
This should be taken into consideration during preconcep-
tional counseling. Based on the risk factors for GL, it could
be concluded that if prepregnancy KT function is good,
it remains good after pregnancy. Systematic review of the
literature showed that mainly prepregnancy proteinuria,
hypertension, and high SCr are risk factors for GL.

ACKNOWLEDGMENTS

We thank all members of the Dutch PARTOUT (Pregnancy
After Renal Transplantation Outcomes) network for their
support.

1. Deshpande NA, James NT, Kucirka LM, et al. Pregnancy outcomes in
kidney transplant recipients: a systematic review and meta-analysis.
Am J Transplant. 2011;11:2388-2404.

2. Transplant Pregnancy Registry International (TPR). 20717 Annual
Report. Philadelphia, PA: Gift of Life Institute; 2018.

3. Stoumpos S, McNeill SH, Gorrie M, et al. Obstetric and long-term
kidney outcomes in renal transplant recipients: a 40-yr single-center
study. Clin Transplant. 2016;30:673-681.

4. Sibanda N, Briggs JD, Davison JM, et al. Pregnancy after organ
transplantation: a report from the UK transplant pregnancy registry.
Transplantation. 2007;83:1301-1307.

5. Chittka D, Hutchinson JA. Pregnancy after renal transplantation.
Transplantation. 2017;101:675-678.

6. Davison JM. The effect of pregnancy on kidney function in renal allo-
graft recipients. Kidney Int. 1985;27:74-79.

7. Dunlop W. Serial changes in renal haemodynamics during normal
human pregnancy. Br J Obstet Gynaecol. 1981;88:1-9.

8. Richman K, Gohh R. Pregnancy after renal transplantation: a review
of registry and single-center practices and outcomes. Nephrol Dial
Transplant. 2012;27:3428-3434.

9. McKay DB, Josephson MA, Armenti VT, et al; Women's Health
Committee of the American Society of Transplantation. Reproduction
and transplantation: report on the AST consensus conference on repro-
ductive issues and transplantation. Am J Transplant. 2005;5:1592-1599.

10. EBPG Expert Group on Renal Transplantation. European best practice
guidelines for renal transplantation. Section IV: Long-term manage-
ment of the transplant recipient. IV.10. Pregnancy in renal transplant
recipients. Nephrol Dial Transplant. 2002;17(Suppl 4):50-55.

11. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance
from the median, range, and the size of a sample. BMC Med Res
Methodol. 2005;5:13.

12. Statistical analysis: Microsoft Excel 2010 [computer program].
Indianapolis, IN: QUE; 2011.

13. Review Manager (RevMan) [computer program]. Version 5.3.
Copenhagen, Denmark: The Nordic Cochrane Centre, The Cochrane
Collaboration; 2014.



© 2019 Wolters Kluwer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Levidiotis V, Chang S, McDonald S. Pregnancy and maternal out-
comes among kidney transplant recipients. J Am Soc Nephrol.
2009;20:2433-2440.

First MR, Combs CA, Weiskittel P, et al. Lack of effect of pregnancy on
renal allograft survival or function. Transplantation. 1995;569:472-476.
Fischer T, Neumayer HH, Fischer R, et al. Effect of pregnancy on long-
term kidney function in renal transplant recipients treated with cyclo-
sporine and with azathioprine. Am J Transplant. 2005;5:2732-2739.
Kashanizadeh N, Nemati E, Sharifi-Bonab M, et al. Impact of preg-
nancy on the outcome of kidney transplantation. Transplant Proc.
2007;39:1136-1138.

Kim HW, Seok HJ, Kim TH, et al. The experience of pregnancy after
renal transplantation: pregnancies even within postoperative 1 year
may be tolerable. Transplantation. 2008;85:1412-1419.
Pour-Reza-Gholi F, Nafar M, Farrokhi F, et al. Pregnancy in kidney
transplant recipients. Transplant Proc. 2005;37:3090-3092.
Rahamimov R, Ben-Haroush A, Wittenberg C, et al. Pregnancy in
renal transplant recipients: long-term effect on patient and graft sur-
vival. A single-center experience. Transplantation. 2006;81:660-664.
Sturgiss SN, Davison JM. Effect of pregnancy on the long-term func-
tion of renal allografts: an update. Am J Kidney Dis. 1995;26:54-56.
Svetitsky S, Baruch R, Schwartz IF, et al. Long-term effects of pregnancy
on renal graft function in women after kidney transplantation compared
with matched controls. Transplant Proc. 2018;50:1461-1465.

Abe T, Ichimaru N, Okumi M, et al. Pregnancy after renal transplanta-
tion: a single-center experience. Int J Urol. 2008;15:587-592.
Aivazoglou L, Sass N, Silva HT Jr, et al. Pregnancy after renal trans-
plantation: an evaluation of the graft function. Eur J Obstet Gynecol
Reprod Biol. 2011;155:129-131.

Ajaimy M, Lubetzky M, Jones T, et al. Pregnancy in sensitized kid-
ney transplant recipients: a single-center experience. Clin Transplant.
2016;30:791-795.

Alfi AY, Al-essawy MA, Al-lakany M, et al. Successful pregnancies post
renal transplantation. Saudi J Kidney Dis Transpl. 2008;19:746-750.
Amine BHH, Haythem S, Kais H, et al. Pregnancy after renal trans-
plantation: a retrospective study at the military hospital of Tunis from
1992 to 2011. Pan Afr Med J. 2017;28:137.

Areia A, Galvéo A, Pais MS, et al. Outcome of pregnancy in renal
allograft recipients. Arch Gynecol Obstet. 2009;279:273-277.
Basaran O, Emiroglu R, Secme S, et al. Pregnancy and renal trans-
plantation. Transplant Proc. 2004;36:122-124.

Candido G, Cristelli MP, Fernandes AR, et al. Pregnancy after kidney
transplantation: high rates of maternal complications. J Bras Nefrol.
2016;38:421-426.

Crowe AV, Rustom R, Gradden C, et al. Pregnancy does not adversely
affect renal transplant function. QUM. 1999;92:631-635.
Debska-Slizied A, Gatgowska J, Chamienia A, et al. Pregnancy after
kidney transplantation: a single-center experience and review of the
literature. Transplant Proc. 2014;46:2668-2672.

Di Loreto P, Martino F, Chiaramonte S, et al. Pregnancy after kidney
transplantation: two transplantation centers—vicenza-udine experi-
ence. Transplant Proc. 2010;42:1158-1161.

El Houssni S, Sabri S, Benamar L, et al. Pregnancy after renal trans-
plantation: effects on mother, child, and renal graft function. Saudi J
Kidney Dis Transpl. 2016;27:227-232.

Farr A, Bader Y, Husslein PW, et al. Ultra-high-risk pregnancies in
women after renal transplantation. Eur J Obstet Gynecol Reprod Biol.
2014;180:72-76.

GaldoT, Gonzalez F, Espinoza M, et al. Impact of pregnancy on the func-
tion of transplanted kidneys. Transplant Proc. 2005;37:1577-1579.
Gaughan WJ, Moritz MJ, Radomski JS, et al. National transplantation
pregnancy registry: report on outcomes in cyclosporine-treated female

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

van Buren et al 1685

kidney transplant recipients with an interval from transplant to preg-
nancy of greater than five years. Am J Kidney Dis. 1996;28:266-269.
Ghafari A, Sanadgol H. Pregnancy after renal transplantation: ten-year
single-center experience. Transplant Proc. 2008;40:251-252.
Gorgulu N, Yelken B, Caliskan Y, et al. Does pregnancy increase
graft loss in female renal allograft recipients? Clin Exp Nephrol.
2010;14:244-247.

Hebral AL, Cointault O, Connan L, et al. Pregnancy after kidney trans-
plantation: outcome and anti-human leucocyte antigen alloimmuniza-
tion risk. Nephrol Dial Transplant. 2014;29:1786-1793.

Hooi LS, Rozina G, Shaariah MY, et al. Pregnancy in patients with
renal transplants in Malaysia. Med J Malaysia. 2003;58:27-36.

Kato M, Hattori R, Kinukawa T, et al. Correlation between treated
hypertension in prepregnancy and transplanted kidney function dete-
rioration during pregnancy even if within pregnancy permission crite-
ria. Transplant Proc. 2012;44.635-637.

Keitel E, Bruno RM, Duarte M, et al. Pregnancy outcome after renal
transplantation. Transplant Proc. 2004;36:870-871.

Kwek JL, Tey V, Yang L, et al. Renal and obstetric outcomes
in pregnancy after kidney transplantation: twelve-year experi-
ence in a Singapore transplant center. J Obstet Gynaecol Res.
2015;41:1337-1344.

Little MA, Abraham KA, Kavanagh J, et al. Pregnancy in lIrish
renal transplant recipients in the cyclosporine era. Ir J Med Sci.
2000;169:19-21.

Melchor JL, Gracida C, Sanmartin MA. Kidney transplantation
and pregnancy in a Mexican women sample. Transplant Proc.
2002;34:361-362.

O’Reilly B, Compton F, Ogg C, et al. Renal function following pregnancy
in renal transplant recipients. J Obstet Gynaecol. 2001;21:12-16.
Queipo-Zaragoza JA, Vera-Donoso CD, Soldevila A, et al. Impact of
pregnancy on kidney transplant. Transplant Proc. 2003;35:866-867.
Salmela K, Kyllénen L, Holmberg C, et al. Influence of pregnancy on
kidney graft function. Transplant Proc. 1993;25(1 Pt 2):1302.
Thompson BC, Kingdon EJ, Tuck SM, et al. Pregnancy in renal
transplant recipients: the royal free hospital experience. QJM.
2003;96:837-844.

Vannevel V, Claes K, Baud D, et al. Preeclampsia and long-term renal
function in women who underwent kidney transplantation. Obstet
Gynecol. 2018;131:57-62.

Yassaee F, Moshiri F. Pregnancy outcome in kidney transplant
patients. Urol J. 2007;4:14-17.

Yildirim Y, Uslu A. Pregnancy in patients with previous successful renal
transplantation. Int J Gynaecol Obstet. 2005;90:198-202.

Rocha A, Cardoso A, Malheiro J, et al. Pregnancy after kidney trans-
plantation: graft, mother, and newborn complications. Transplant
Proc. 2013;45:1088-1091.

Fernandez-Fresnedo G, Plaza JJ, Sanchez-Plumed J, et al.
Proteinuria: a new marker of long-term graft and patient survival in
kidney transplantation. Nephrol Dial Transplant. 2004;19(Suppl 3):
iiid7-51.

Eurotransplant International Foundation. 2018. Available at www.
eurotransplant.org.

Piccoli GB, Cabiddu G, Attini R, et al. Risk of adverse pregnancy out-
comes in women with CKD. J Am Soc Nephrol. 2015;26:2011-2022.
Rose C, Gill J, Zalunardo N, et al. Timing of pregnancy after kid-
ney transplantation and risk of allograft failure. Am J Transplant.
2016;16:2360-2367.

Levey AS, Stevens LA. Estimating GFR using the CKD epidemiology
collaboration (CKD-EPI) creatinine equation: more accurate GFR esti-
mates, lower CKD prevalence estimates, and better risk predictions.
Am J Kidney Dis. 2010;55:622-627.


www.eurotransplant.org
www.eurotransplant.org

