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SUMMARY

Within pregnancies occurring between 1986 and 2017 in Dutch kidney
transplant recipients (KTR), we retrospectively compared short-term
maternal and foetal outcomes between patients on calcineurin inhibitor
(CNI) based (CNI+) and CNI-free immunosuppression (CNI—). We iden-
tified 129 CNI+ and 125 CNI— pregnancies in 177 KTR. Demographics
differed with CNI+ having higher body mass index (P = 0.045), shorter
transplant-pregnancy interval (P < 0.01), later year of transplantation and
-pregnancy (P < 0.01). Serum creatinine levels were numerically higher in
CNI+ in all study phases, but only reached statistical significance in third
trimester (127 vs. 105 um; P < 0.01), where the percentual changes from
preconceptional level also differed (+3.1% vs. —2.2% in CNI—; P = 0.05).
Postpartum both groups showed 11-12% serum creatinine rise from pre-
conceptional level. Incidence of low birth weight (LBW) tended to be
higher in CNI+ (52% vs. 46%; P = 0.07). Both groups showed equal high
rates of preterm delivery. Using CNIs during pregnancy lead to a rise in
creatinine in the third trimester but does not negatively influence the
course of graft function in the first year postpartum or direct foetal out-
comes. High rates of preterm delivery and LBW in KTR, irrespective of
CNI use, classify all pregnancies as high risk.
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Introduction

Thousands of pregnancies in kidney transplant recipi-
ents (KTR) have been documented since the first suc-
cessful pregnancy in 1958 [1]. Pregnancy after kidney

transplantation (KT) is considered high risk because of
possible foetal and maternal complications, such as pre-
term deliveries (43-51%), low birth weight (LBW)
(42%) and pre-eclampsia (22-32%) [2,3]. These risks
increase in case of preconceptional hypertension, poor
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or unstable graft function and/or relevant proteinuria
[4]. Moreover, pregnancy is generally discouraged in the
first year after transplantation because of the increased
risk of acute rejection and infection in this period [5].
Despite the higher incidence of pregnancy complications
in KTR, most pregnancies have good outcomes for
mother and child. The majority of children are reported
as healthy and the reported risk of graft loss or rejection
after delivery is approximately 10% [2,4,6]. Unfortu-
nately, most data on these pregnancies come from vol-
untary registries, such as the Transplant Pregnancy
Registry (USA), and are subject to reporting bias and/or
include small numbers of patients [2,7,8]. Physicians are
in need of more objective data on pre-pregnancy risk
factors, pregnancy complications and outcomes in an
unselected population of pregnant KTRs.

Immunosuppressive medication is one of the impor-
tant aspects in (pre)pregnancy considerations, and there-
fore, information 1is needed to decide which
immunosuppressive agents are preferred during preg-
nancy. Most medications are considered relatively safe
with the exception of mycophenolate mofetil (MMF),
because of its high incidence of spontaneous abortion
and birth defects [7]. Although azathioprine has an old
FDA pregnancy rating D whereas calcineurin inhibitors
(CNIs, i.e., tacrolimus and cyclosporin) have FDA rate C,
available data suggest that both drugs are safe and
well tolerated during pregnancy, which will be
included in the future in the more descriptive FDA Preg-
nancy and Lactation Labeling Rule. However, detailed
information about possible negative effects of the
immunosuppressive regimens during pregnancy is still
lacking. Nowadays, CNIs are often the mainstay of the
immunosuppressive regimen in KTR. However, CNIs
have vasoconstrictive properties that are associated with
nephrotoxicity and hypertension, which are absent with
azathioprine [9-11]. We, therefore, hypothesize that
pregnant KTR using CNIs (CNI+) are at higher risk to
develop vascular complications (e.g. hypertension and
increased serum creatinine) and consequently possibly
also higher rates of foetal complications (LBW, preterm
delivery) compared to patients using a CNI-free regimen
(CNI—). Therefore, the aim of this study was to compare
maternal and foetal outcomes of pregnancies in KTR using
either a CNI+or CNI— immunosuppressive regimen.

Methods

In this retrospective cohort study, we included data of
pregnancies in KTR after widespread introduction of
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CNIs in the mid-eighties from all seven university medi-
cal centres in The Netherlands (Radboud University
Medical Center (UMC) Nijmegen, UMC Groningen,
Erasmus Medical Center Rotterdam, Amsterdam UMC
(VU/AMC), Leiden UMC, Maastricht UMC and UMC
Utrecht). Patients were closely monitored in one of the
university medical centres during pregnancy with regu-
lar check-ups on both the obstetric and nephrology
departments. All KTR with singleton pregnancies ending
in live birth in 1986-2017 were eligible for inclusion.
Pregnancies ending in intrauterine foetal death (IUFD)
and pregnancies with unknown immunosuppressive reg-
imen were excluded (Fig. 1). The study was conducted
retrospectively with anonymously analysed data and
approval of Ethical review boards of all transplant cen-
tres was obtained (MEC-2014-077, MEC-2015-2262,
MEC-2016-014, MEC-2016-021, MEC-2016-634).

Data collection and management was performed
using OpenClinica open-source software. Nephrologic
and obstetric characteristics were collected retrospec-
tively by checking digital- and paper medical records.
For maternal characteristics, we collected data on demo-
graphics, KT and pregnancy (Table 1). For every trime-
ster of pregnancy, mean serum creatinine value and
mean blood pressure level were calculated from all
available values in that trimester. For our analysis on
the postpartum serum creatinine value, we used the first
value available between 6 and18 months postpartum,
since it takes approximately 6 months for the serum
creatinine level to stabilize after delivery.

Hypertension before pregnancy was defined as a sys-
tolic blood pressure (SBP) >140 mmHg, a diastolic
blood pressure (DBP) >90 mmHg and/or the use of
antihypertensive medication [12]. Gestational hyperten-
sion was defined as new-onset hypertension after
20 weeks of gestation. Diagnosis of pre-eclampsia could
unfortunately not be established unambiguously in most
of our pregnant transplant patients because of the
incomplete registration of proteinuria. As surrogate
measure, we compared the number of patients with a
diagnosis of pre-eclampsia as registered by the responsi-
ble physician.

For neonatal outcomes, we collected data on gesta-
tional age and birth weight. Preterm delivery was
defined as delivery before 37 weeks of gestation and
very preterm delivery as before 34 weeks of gestation
[13]. LBW was defined as a birth weight <2500 g and
very low birth weight as <1500 g [14].

All patients included were divided into two groups
depending on their immunosuppressive regimen in the
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301 pregnancies after
kidney transplantation
between 1986 - 2017

Calcineurin inhibitors during pregnancy

Exclusion because of: *
- Multiple pregnancy (n=13)
| -1UFD (n=19)

Inclusion of 254
pregnancies

"| - Unknown pregnancy outcome (n=6)
- Unknown immunosuppressive
medication (n=14)

A 4

CNI+ (n=129)

-TAC+AZA+ Pred (n=19)
- Csa+AZA+ Pred (n=26)
-TAC + Pred (n=34)

- CsA+ Pred (n=28)

- Tac + AZA (n=13)

- CsA+ AZA (n=1)

- TAC (n=6)

- CsA (n=2)

CNI- (n=125)

- AZA + Pred (n=121)
- Pred (n=4)

Figure 1 Flowchart of exclusion of Dutch pregnancies after kidney transplantation in this study. *Overlap in exclusion criteria. AZA: azathio-
prine, CNI+: calcineurin inhibitor use during pregnancy, CNI—: no calcineurin inhibitor use during pregnancy, CsA: cyclosporin, IUFD: Intra-

uterine foetal death, Pred: prednisolone, TAC: tacrolimus.

first trimester of pregnancy: patients using CNIs (CNI+)
and patients not using CNIs (CNI—).

Statistical analyses were performed with SPSS version
22 (IBM, Amornk, NY, USA). Data were described as
mean (standard deviation (SD)). Categorical variables
were described as frequencies with percentages. Analyses
were done using one sample T-tests and Chi-squared
tests. In all analyses, a P-value <0.05 was considered sta-
tistically significant. Logistic regression analysis was used
to correct for differences in baseline characteristics.
Odds Ratios (OR) were calculated for the risk of LBW
and for >20% creatinine rise during pregnancy in CNI+
compared to CNI—.

Results

In 1986-2017, we identified 301 pregnancies in KTR
in the Netherlands, from which 47 pregnancies had to
be excluded (Fig. 1). The excluded IUFDs (12 in
CNI+ vs. 9 in CNI—; P = 0.418) and the mean gesta-
tional age of the IUFD (178 days in CNI+ vs. 213 in

Transplant International 2021; 34: 2669-2679

CNI—; P =0.084) were equally distributed. Of the
remaining 254 pregnancies, 129 were CNI+ and 125
were CNI—. In CNI+, 72 patients used a tacrolimus-
based regimen and 57 patients a cyclosporin-based
regimen. In CNI—, 121 patients used azathioprine in
combination with prednisolone and four patients used
prednisolone as monotherapy (Fig. 1). Three patients
were using MMF in the first 4 weeks of pregnancy;
however, two patients switched to CNI directly
after discovering the pregnancy, one switched to aza-
thioprine.

We included 174 first pregnancies, 75 second preg-
nancies and five third pregnancies, equally distributed
between CNI+ and CNI— (Table 1). CNI+ and CNI—
groups were comparable except for the year of KT,
which was performed, on average, 11 years later in the
CNI+ group, and the mean time between transplanta-
tion and pregnancy, which was 35 months shorter in
CNI+. In addition, the mean body mass index (BMI)
was significantly higher in CNI+ and the mean year of
pregnancy was 8 years later in CNI+.

2671
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Table 1. Demographic characteristics of kidney transplant recipients with pregnancies between 1986 and 2017 in the

Netherlands.

BMI, Body mass index; CNI+, calcineurin inhibitor use during the first trimester of pregnancy; CNI—, no calcineurin inhibitor
use during the first trimester of pregnancy; ESRD, end-stage renal disease; N, number.

Figure 2 shows serum creatinine levels before preg-
nancy, during all three trimesters and postpartum.
Preconceptionally, in the first and second trimester of
pregnancy, creatinine levels were slightly, but not signif-
icantly higher in CNI+. In the third trimester, creatinine
levels were significantly higher in CNI+ (127 £ 54 um
vs. 105 £ 42 pMm in CNI—; P < 0.01). This difference in
creatinine levels was no longer detected 6—18 months
postpartum, but unfortunately, we were not able to
obtain creatinine levels of all patients at this stage,
resulting in 31% missing data (33% in CNI+ vs. 30% in
CNI—). The average time between child birth and the
first included postpartum serum creatinine did not dif-
fer between the two study arms (353 & 11 days in
CNI+ vs. 357 £ 11 days in CNI—; P = 0.8).

2672

Preconceptionally, there was no difference in the
presence of hypertension between CNI+ and CNI—
patients nor in the amount of antihypertensive drugs
used (Table 1). Mean blood pressure levels were com-
parable in both groups preconceptionally and also in
all trimesters of pregnancy (Table 2). During the third
trimester, highest values of SBP, but not DBP tended
to be higher in CNI+ patients (P = 0.08). Moreover,
in CNI+ significantly more patients used antihyperten-
sive medication during pregnancy (72% in CNI+ vs.
52% in CNI—, P = 0.04). No statistically significant
differences were found in the percentage of patients
with a diagnosis of pre-eclampsia in the two groups
during pregnancy (28% in CNI— vs. 40% in CNI+
P =0.07).

Transplant International 2021; 34: 2669-2679
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Figure 2 Serum creatinine levels during CNI+- and CNI— pregnancies. ~ First, second and third trimester: mean of all values in that trimester,
found in medical records. A Postpartum: measured at the first check-up between 6 and 18 months postpartum. P-values: last before concep-
tion: P = 0.14, first trimester: P = 0.05, second trimester: P = 0.14, third trimester: P < 0.01, postpartum: P = 0.12. CNI+: calcineurin inhibitor
use during pregnancy, CNI—: no calcineurin inhibitor use during pregnancy.

Three patients needed rejection therapy during preg-
nancy, two in the CNI+ arm (one patient received corti-
costeroids, in the other therapy was unknown) and one
in the CNI— arm (unknown therapy). There were no
cases of graft loss during pregnancy, but 24 patients lost
their graft in the first 5 years after pregnancy, all due to
chronic graft dysfunction (10 patients (7.8%) in CNI+
vs. 14 patients (11.2%) in CNI—; P = 0.35). The inter-
val between delivery and graft loss was significantly
shorter in CNI+ (1.2 years vs. 3.1 years in CNI—;
P <0.01) (Table 2). We provided data on graft loss
within 10, 15 and 25 years, but since the total follow-up
duration differs between both arms of the study, no sta-
tistical conclusion can be taken of these data. Unfortu-
nately, we only retrieved information of four patients
that underwent biopsy, all showing interstitial fibrosis
and tubular atrophy.

Table 3 describes percentual changes in creatinine
levels throughout pregnancy. The percentual change in
creatinine levels from preconception to the third trime-
ster was slightly different between the two groups
(+3.1 £ 19.1 in CNI+ wvs. —2.2 £ 20.6 in CNI—;
P =0.05). When comparing the change from precon-
ceptional to 6-18 months postpartum, both groups
show a similar increase of around 11-12% in the
approximately 2-year interval between the measure-
ments. Additionally, we evaluated the number of
patients whose creatinine levels increased >20% from
the preconceptional level during the three trimesters of
pregnancy. Only in the third trimester, the number of
patients with >20% increase of creatinine was slightly

Transplant International 2021; 34: 2669-2679

but not significantly higher in the CNI+ group. How-
ever, after correcting for differences in demographics,
this difference was no longer observed (OR 2.06 (95%
Confidence Interval (CI) 0.62-6.89)). When comparing
the postpartum to the preconceptional period, the num-
ber of patients with >20% increase in serum creatinine
did not differ between CNI+ and CNI—.

Table 4 shows neonatal outcomes. Of all deliveries,
approximately 50% were spontaneous or assisted vaginal
deliveries and 50% were caesarean sections, all equally
distributed between CNI+ and CNI—. The mean gesta-
tional age in CNI+ and CNI— was identical (253 days).
The incidence of (very) preterm delivery between the
two groups was comparable.

Mean birth weight of the offspring was similar in
CNI+ and CNI—, but in CNI+ slightly more children
were born with LBW (27% vs. 19% in CNI—;
P =0.07). In additional univariate analysis, none of the
statistically significant differences in demographics had
an influence on the difference in incidence of LBW in
the two groups and, therefore, multivariate logistic
regression was not possible.

The CNI+ group included both patients on a
tacrolimus-based regimen and cyclosporin-based regi-
men. Therefore, we performed an additional subgroup
analysis, comparing the two regimens separately with
the CNI— group. This analysis could not detect any
new statistically significant differences, nor did statisti-
cally significant differences disappear (data not shown).

Since this study covers a period of more than 30 years
and significant changes in the fields of transplant
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Table 2. Maternal pregnancy outcomes.

CNI+, calcineurin inhibitor use during the first trimester of pregnancy; CNI—, no calcineurin inhibitor use during the first trime-
ster of pregnancy; N, number of pregnancies with available data for that period; NA, not applicable.

*Missing values were equally distributed in CNI+- and CNI— arms of the study.

nephrology and obstetrics have occurred in this time, we
added an analysis in which we compared pregnancies in
19862001 with pregnancies in 2002—2017. In the latter
era were more pregnancies after KT (106 in 1986—2001
vs. 148 in 2002-2017) with more living donors (13% in
19862001 vs. 64% in 2002-2017, P < 0.01). Mothers
had more often pre-existing hypertension (46% in 1986—
2001 vs. 87% in 2002-2017, P = 0.01), higher systolic
blood pressure in the first and second trimester and dias-
tolic blood pressure in second trimester (all P = 0.01),
and more often pre-eclampsia (25% in 1986-2001 vs.
40% in 2002-2017, P = 0.02). Other maternal or neona-
tal outcomes did not differ between these two eras.

Discussion

In this relatively large retrospective study in unselected
pregnant KTR, short-term maternal and foetal

2674

pregnancy outcomes were compared between patients
using a CNI+ immunosuppressive regimen and patients
on a CNI— regimen. Maternal and foetal outcomes
were compared in a unique population that included all
KTR that became pregnant in an overlapping 30-year
time period after the widespread introduction of CNIs
in the mid-eighties in the Netherlands. Besides a bor-
derline significant rise in serum creatinine in the CNI+
group in the third trimester that disappeared 6-
18 months postpartum, we did not find differences in
major maternal or foetal outcomes between the two
groups.

The relatively short mean gestational age (36 weeks
in both groups) and low mean birth weight (CNI+ 2434
vs. CNI— 2541 g) in our cohort are comparable to the
35.6 weeks and 2420 g described in a systematic review
from 2011 about pregnancy after KT by Deshpande
et al [4]. However, the rates of preterm birth (49%

Transplant International 2021; 34: 2669-2679
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Table 3. Change in creatinine levels throughout pregnancy.

CNI, calcineurin inhibitor use during the first trimester of pregnancy; CNI—, no calcineurin inhibitor use during the first trime-
ster of pregnancy; N, number of pregnancies with available data for that period; NA, not applicable.

*Confounders found in univariate logistic regression: BMI, year of pregnancy, year of renal transplantation, time between renal

transplantation and pregnancy.
tConfounders found in univariate logistic regression: BMI.

tConfounders found in univariate logistic regression: BMI, time between renal transplantation and pregnancy.

Table 4. Neonatal outcomes in kidney transplant recipients’ offspring.

CNHI, calcineurin inhibitor use during pregnancy; CNI—, no calcineurin inhibitor use during pregnancy; N, number.

*Includes spontaneous or assisted vaginal delivery.

CNI+, 45% CNI—) and LBW (CNI+ 52%, CNI— 40%)
are substantially lower in the general population of the
Netherlands (7.2% and 6.2% respectively) [15].

When comparing postpartum serum creatinine to
preconceptional levels with an inherent interval of on
average 2 years, an 11-12% increase in serum creatinine

Transplant International 2021; 34: 2669-2679

was observed in our short-term postpartum follow-up,
which is a little less than the 17-33% described in the
literature [16-18]. However, in these studies, large SDs
have been observed because only small numbers of
patients, all using a CNI during pregnancy, were in-
cluded. Without pregnancy, in a unselected population
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of KTR in the USRDS registry transplanted between
1987 and 1996, a general decline in eGFR of 1.66 ml/
min/1.73 m® per year from a baseline level of 49.6 ml/
min/1.73 m*> was observed during a mean follow-up of
6 years after transplantation, which indicates a decline
in graft function of 3.3% per year [19].
decrease in eGFR in patients with almost similar age is
determined almost exclusively by the rise in serum crea-
tinine, the decrease in eGFR in the USRDS registry can
be compared to the increase of serum creatinine in our
study. The 11-12%
observed in the 2-year interval between postpartum and
prepregnancy level in our study appears to be almost
twice the expected 6.6% increase in creatinine from the
USRDS registry, despite the fact that our cohort consists
of young female patients that would be expected to have
an even less decline in graft function without preg-
nancy. Our data, thus, might indicate that pregnancy is
a risk factor for a more rapid loss of graft function in
the short term, but should be confirmed by comparison
of slope of creatinine decline during longer periods
before and after pregnancy.

Although serum creatinine levels were somewhat
higher in the third trimester in our CNI+, this differ-
ence between the two groups disappeared postpartum.
Interestingly, in a study by Mohammadi et al., the risk
of increased serum creatinine during pregnancy is sub-
stantially higher when preconceptional serum creatinine
is 110-129 um as compared with patients with precon-
ceptional creatinine <110 pum (approximately 20% vs.
60% increase respectively) [20] which might indicate
that the significant difference in rise of creatinine that
we observed in the third trimester is not caused by the
use of a CNI during pregnancy per se, but is rather a
consequence of the higher preconceptional serum crea-
tinine in the CNI+ group. In the study from Moham-
madi, fitting our data of comparable postpartum
in CNI+ and CNI- groups, the
increase of creatinine 12 months postpartum between
the two groups with different baseline creatinine levels
was the same with approximately 20% [20].

Even though there were similar rates of preconcep-
tional hypertension and antihypertensive drug use in
both study groups, the highest SBP in the third trime-
ster tended to be somewhat higher in CNI+ and signifi-
cantly more patients needed antihypertensives during
their pregnancy. This suggests that the use of a CNI
during pregnancy is related to an increased risk of ges-
tational hypertension and could also explain the slightly,
but not significantly higher percentage of pre-eclampsia
diagnosis in our CNI+ patients.

Because the

increase in serum creatinine

creatinine levels
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Although it is well known that the use of CNIs is one
of the main causes of hypertension after transplantation
[11], we did not observe any differences in the percent-
age of patients with hypertension nor the amount of
antihypertensive drugs between the CNI+ and the CNI—
groups preconceptionally, which could be related to the
fact that patients with difficult to treat hypertension
were counselled to avoid pregnancy by their physician.

In our retrospective analyses, almost half of the
patients became pregnant during azathioprine without a
CNI, which represents a much higher percentage than,
for example, reported in the USA, where only 24% did
not use a CNI as primary immunosuppressant during
pregnancy [21]. This difference likely occurs because in
the Netherlands and in most other European countries,
transplant physicians are less reluctant to replace a CNI
by MMEF or a mechanistic target of rapamycin (mTOR)
inhibitor in case of decreasing transplant function due
to chronic CNI toxicity, irrespective of the type of kid-
ney donor. In patients considering pregnancy, the MMF
or mTOR inhibitor will then have to be replaced by
azathioprine to make pregnancy possible. Moreover, in
the early years of CNI use between 1985 and 1995, in
most patients, physicians performed elective conversion
from cyclosporin to azathioprine 3 months after trans-
plantation, in order to avoid chronic CNI toxicity.
Hence, patients on azathioprine are a mix of patients
transplanted before CNI was available, a positive selec-
tion of patients that endured elective conversion from
cyclosporin to azathioprine, and a negative selection of
patients where the CNI was replaced because of chronic
CNI toxicity. Because of the small numbers involved, it
is not possible to analyse these subgroups separately.

Previous research indicates that the risk of side effects
declines with lower CNI dosage, for example, achieved
by triple immunosuppressive therapy [9]. We did not
include CNI dosage in our study, but in 35% of the
pregnancies in the CNI+ group, the mother received tri-
ple therapy with probably lower dose of CNI. However,
subgroup analysis without patients on triple therapy did
not demonstrate differences between CNI+ and CNI—
patients (data not shown).

Many changes have been made in transplant nephrol-
ogy and obstetrics in the timespan of this study. Our
subgroup analysis comparing outcomes of pregnancies
between 1986-2001 and 2002-2017 only showed an
increased number of pregnancies after KT, more living-
donor transplantations over time and more cases of
hypertension before and during the first few months of
pregnancy. All is in line of expectation, with literature
already showing the increase in pregnancies after organ

Transplant International 2021; 34: 2669-2679
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transplantation [22]. The benefits of living-donor trans-
plantations have already been proven [23] and the dif-
ference in hypertension before and during pregnancy is
most likely related to development in medical knowl-
edge as well. Over the years, we gained comprehension
on the pathophysiology and treatments of hypertension
during pregnancy and pre-eclampsia, which made it
possible for more KTR with hypertension to become
pregnant. None of the above-mentioned differences over
time affected other maternal or neonatal outcomes.
Therefore, although CNI+ and CNI— groups mainly
became pregnant in different decades, it did not affect
maternal and neonatal outcomes.

To the best of our knowledge, this is one of the first
studies that compared the influence of a CNI—based
and a CNI-free immunosuppressive regimen on mater-
nal and foetal outcomes in a 30-year cohort of all preg-
nant KTR in the Netherlands. Because of the mandatory
follow-up of all KTR in all university medical centres in
the Netherlands, we could analyse these effects in this
unselected population and, hence, prevent selection bias.
Even though the number of included patients is rela-
tively high for studies on pregnancy in KTR, unfortu-
nately sample size is still limited for firm statistical
conclusions. Another main limitation of our study is its
retrospective nature, leading to recall bias and missing
data, especially for pregnancies from the previous cen-
tury. We could not include proteinuria as variable in
our analysis, because there were too many missing data.
Additionally, we have no reliable information on the
use of medications, other than the immunosuppressants
that we studied, nor on the dose of drugs, such as pred-
nisone, that will have changed over the past 30 years.
This might have influenced our results, because preg-
nancies in CNI— patients occurred earlier than the
pregnancies in CNI+ patients. For the variables included
in our analysis, only a maximum of 13% of data per
variable was missing, with the only exception of the
postpartum serum creatinine, in which 31% of values
were missing. Besides, since pregnancies in the CNI—
group statistically occurred earlier than in the CNI+, it
is reasonable to assume that the management of the
immunosuppressive medication dosage changed in some
of the later pregnancies. However, most of the pregnan-
cies within CNI+ and CNI— occurred in overlapping
periods of time and we have used binary logistic regres-
sion analysis to adjust our analysis on differences in
serum creatinine levels for year of transplantation and
year of pregnancy.

Previous research indicates that CNI use, irrespective
of pregnancy, increases the risk of decline in graft
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function in the long term [9]. We did not find these
effects during or shortly after pregnancy. However, we
hypothesize that the increased vascular stress of preg-
nancy might accelerate or aggravate this decrease in
graft function in the long term. Therefore, future
research is needed to assess if pregnancy increases graft
function decline in the long term and whether the use
of a CNI is associated with a more rapid decline.

With respect to long-term consequences for the off-
spring, previous
maternal-to-foetal transfer of tacrolimus and cyclos-
porin to therapeutic levels in the offspring [24-27].
Studies in both pregnant rabbits and rats demonstrated
that antenatal exposure to therapeutic doses of cyclos-
porin in the mother, only during the phase of preg-
nancy wherein the kidneys develop in their offspring,
led to nephron deficits, glomerular, tubular and intrare-
nal haemodynamic dysfunction and endothelin-
dependent systemic hypertension in their adult-aged
offspring [28-30]. Unfortunately, in humans, there are
few reliable data of long-term follow-up of glomerular
and tubular function and blood pressure until adult age
in offspring of mothers exposed to CNI during their
pregnancy. The only available human study in 22 chil-
dren of mothers exposed to cyclosporin could not
demonstrate any difference in blood and urine tests of
delivery  [31].
Recently, a study from Egerup et al. showed an
increased risk of early (<1 year follow-up) and late (1-
to 5-year follow-up) infections in offspring of KTR, but
unfortunately information on immunosuppressive regi-
men was absent [32]. Further research should, therefore,
explore long-term follow-up up to adulthood of the oft-
spring of KTR exposed to CNI to see if these problems
also occur in humans and if they are indeed related to
use of CNL

Based on the data we retrieved, we can conclude that
CNIs only temporarily induce a larger rise in serum cre-
atinine towards the end of pregnancy, which does not
seem to influence the course of serum creatinine levels
6-18 months postpartum negatively. Moreover, CNIs
do not have major effects on the short-term foetal out-
comes when compared with CNI— pregnancies. There-
fore, our data do not support replacement of CNI by
azathioprine before pregnancy in KTR to prevent
pregnancy-related complications in mother and child.
Further research is needed to reach more firm conclu-
sions on short-term and long-term effects of maternal
exposure to CNI on blood pressure, renal function and
possible other health aspects, such as infections, in their
offspring.

research in humans confirmed

renal function 6-72 months after
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