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INTRODUCTION

terus transplant (UTx) is a treatment for uterine

factor infertility. Globally, the number of UTx
recipients is increasing.l’3 Many recipients have
Mayer-Rokitansky-Kuster-Hauser syndrome, which
may include unilateral kidney agenesis in addition to
a congenitally absent uterus and vaginal aplasia.’
Therefore, kidney dysfunction is a potential complica-
tion of UTx.

We have previously demonstrated that UTx re-
cipients experience a decrease in estimated glomerular
filtration rate (eGFR) early posttransplant,” that persists
into the early postpartum period. We have also
demonstrated that the incidence of acute kidney injury
(AKI) and preeclampsia (28%) are increased.” However,
UTx is a unique transplant paradigm; after child-
bearing is complete, a graft hysterectomy is performed
and immunosuppression is discontinued. The cumula-
tive effect of pregnancy, AKI episodes, preeclampsia,
and temporary calcineurin inhibitor (CNI) exposure on
longer-term kidney function remains undefined. We
undertook this study in a cohort representing most of
the United States UTx population and selected
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participants from Europe to elucidate intermediate-
term kidney outcomes among UTx recipients.

RESULTS

Twenty-two received UTx from
September 2016 to February 2020 across 4 in-
stitutions were included in the study (Table 1;
Supplementary Methods/Supplementary References
S5 Supplementary Table S1). All the women
have had at least 1 successful pregnancy; 5 have
delivered 2 children. At last follow-up, 20 have had a
hysterectomy and discontinued immunosuppression;
2 recipients have retained their uteri for an addi-
tional pregnancy. Most had Mayer-Rokitansky-
Kuster-Hauser syndrome as etiology of uterine
factor infertility (95.5%) and only 1 had radiological
evidence of a solitary kidney. Mean pretransplant
serum creatinine in the cohort overall was 0.76 mg/dl
(4=0.08 mg/dl) and the mean pretransplant eGFR was
106.5 ml/min per 1.73 m® (£11.4 ml/min per 1.73
m?). Median follow-up since UTx was 3.01 years
(interquartile range 2.23-3.43 years) and the median
exposure to immunosuppression was 2 years

women who
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Table 1. Demographics of the uterus transplant recipients included
in this cohort

UTx recipients

Characteristic N =22
Mean age at fransplant in yrs (+SD) 31 (£4.9)
Race

Black 1 (4.5%)
Middle Eastern 1 (4.5%)
White 20 (90.9%)
Etiology of uterine factor infertility

MRKH 21 (95.5%)
Hysterectomy 1 (4.5%)
Solitary kidney 1 (4.5%)
Transplant type

Living 14 (63.6%)
Deceased 8 (36.4%)
Mean prefransplant creatinine, mg/dl (+SD) 0.76 (+0.08)
Mean pretransplant eGFR, mi/min/1.73 m? (+SD) 106.5 (£11.4)
On immunosuppression at last follow-up 2 (9.1%)
AKI af any fime during pregnancy 10 (45.5%)
Pre-eclampsia 5 (22.7%)

AKI, acute kidney injury; eGFR, estimated glomerular filtration rate; MRKH,
Mayer-Rokitansky-Kuster-Hauser syndrome; UTx, uterus transplant.

(interquartile range 1.2-3.1 years). Mean eGFR at last
follow-up (92.1 ml/min per 1.73 m® + 18.4 ml/min
per 1.73 m®) was significantly lower than the pre-
transplant eGFR (pre-eGFR 106.4 ml/min per 1.73 m?
+ 11.8 ml/min per 1.73 m’, P = 0.001)
(Supplementary Figure SI).

The eGER slope is depicted in Figure la to c. Using
linear mixed effect models, we estimated the post-
partum eGFR while on immunosuppression was 25.7
ml/min per 1.73 m” lower (95% confidence interval
[CI]: 18.7-32.7 ml/min per 1.73 m?) than pretransplant
values. eGFR rebounds after immunosuppression
discontinuation by an average 11.6 ml/min per 1.73 m*
(95% CI: 6.1-17.1 ml/min per 1.73 mz); however, eGFR
off immunosuppression was still 14.1 ml/min per 1.73
m? lower (95% CI: 8.5-19.8 ml/min per 1.73 mz] than
pretransplant. Rebound in eGFR was smallest early
after immunosuppression discontinuation (rebound of
8.0 ml/min per 1.73 m? 95% CL: 1.9-14.1 and 9.9 ml/
min per 1.73 m?, 95% CI: 3.7-16.0 at 1 and 3 months
after stopping, respectively) but increased at later
timepoints (15.0 ml/min per 1.73 m?, 95% CI: 8.8-21.2
at 6 months). The eGFR slope at 12 months postpartum
was —10.2 ml/min per 1.73 m” lower than the pre-
transplant eGFR (Figure la).

We examined factors hypothesized to moderate
eGFR change. Participants experiencing AKI during
pregnancy (6.3 ml/min per 1.73 m® greater decline,
95% CI: —4.8 to 17.3 ml/min per 1.73 m?) and pre-
eclampsia (7.3 ml/min per 1.73 m? greater decline,
95% CI: —5.4 to 20.0 ml/min per 1.73 m?) had greater
declines in eGFR from baseline but differences were
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not statistically significant. The effect of immuno-
suppression duration was small (0.1 ml/min per 1.73
m® difference in eGFR per 100 days of additional
immunosuppression, 95% CI: —1.1 to 1.4 ml/min per
1.73 m?). For every 10 ml/min/m? decline in eGFR from
pre-UTx to embryo transfer, we observed an estimated
5.2 ml/min/m® (95% CI: 3.4-7.0 ml/min/m®) greater
decline in postpartum eGFR slope.

DISCUSSION

We demonstrate that during a median of 3 years
follow-up, UTx recipients are at risk for ongoing
kidney dysfunction, manifested as a persistent
reduction in eGFR of 10.2 ml/min per 1.73 m?, despite
hysterectomy and immunosuppression withdrawal.
We observed a trend toward lower eGFR among UTx
recipients who experienced AKI or preeclampsia
during pregnancy.

This study, with more participants and longer
follow-up, extends our previous observations’ of a
numerically lower eGFR in the postpartum period. We
demonstrate a significant difference in both pretrans-
plant versus 12 months postpartum eGFR and in esti-
mates of eGFR slope. This result has important
implications for the long-term health of UTx recipients.
An annual decline in eGFR of —3 ml/min per 1.73 m®
per year confers a 31% increase in all-cause mortal-
ity.”” The rate of eGFR decline we observed exceeds
typical eGER loss rates of —0.3 to 1 ml/min per 1.73 m”
per year expected in individuals without significant
comorbidities or proteinuria.” Discontinuation of
immunosuppression did not completely restore kidney
function, despite UTx recipients being healthy, rigor-
ously prescreened for systemic illnesses and having
normal pretransplant kidney function (in contrast to
other solid organ transplant recipients who often have
comorbidities including preexisting kidney disease).
UTx recipients are young women with normal life ex-
pectancies; therefore, an early loss of kidney function
is particularly concerning. Chronic kidney disease,
where stage I is defined as an eGFR =90 ml/min per
1.73 m®, has negative implications for overall health,
increasing the risk of mortality, cardiovascular disease,
AKI, and end-stage kidney disease.” UTx is not a life-
saving procedure and the risks must be weighed
against the benefits. Longer follow-up of UTx re-
cipients is needed to determine if their eGFR slope
stabilizes over several years or if glomerular filtration
rate decline continues.

In the general population, preeclampsia and AKI
episodes have been associated with an increased risk of
future chronic kidney disease.”"® We also observed a
trend toward lower eGFR slope among UTx recipients
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Figure 1. eGFR trajectory pretransplant, during pregnancy and in the postpartum period off immunosuppression. (a) Entire cohort (N = 22).
Among women with 2 pregnancies, only data from the second pregnancy are included. (b) Women with only 1 pregnancy (n = 17). (c) Women
with 2 pregnancies (n = 5). The circles plot average delta eGFR with 1 standard error bars. Starting delta eGFR at time of uterus transplant is
zero; subsequent eGFR negative values indicate a relative loss (decline) in eGFR from the baseline established prior to transplant. eGFR,

estimated glomerular filtration rate.

who experienced AKI or preeclampsia in our cohort.
This observation is useful when counseling UTx
recipients considering a second pregnancy, because
AKI or preeclampsia during a first pregnancy could
increase their future chronic kidney disease risk.

Our findings highlight the need for mitigation
strategies. Effective options to prevent preeclampsia
are limited. All UTx recipients are maintained on low-
dose aspirin, the standard intervention in the general

. S9 . .
population.” AKI episodes during pregnancy are
infrequent but more common among those with pre-

.. . . . S10
existing chronic kidney disease or transplants® ;
fluctuations and inaccuracies in whole blood CNI
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measurements during pregnancy may contribute to
this risk among transplant recipients.SlI Although the
effect of immunosuppression duration on eGFR among
UTx recipients was minimal, efforts to reduce CNI
exposure, such as reducing the time interval between
transplant and embryo transfer and withdrawing
immunosuppression immediately after hysterectomy,
are warranted. Dedicated studies to determine the
ideal CNI trough levels among UTx recipients and
optimize CNI dosing during pregnancy would be
beneficial. CNIs have well-described nephrotoxicity.
Alternatives, such as belatacept, exist but have not
been extensively studied in pregnancy”'” and there
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are theoretical concerns regarding fetal toxicity.513

Our study highlights the need for prospective study
of targeted interventions, such as CNI-free immuno-
suppressive regimens, that could mitigate some of the
deleterious effects of UTx on kidney function.

Our study has notable strengths. Our cohort repre-
sents a large, multicenter and international group of
UTx recipients with serial kidney function measure-
ments. We used linear mixed effects models to examine
trends in eGFR. Linear mixed effects models naturally
handle missing data and are enhanced by multiple
observations across different timepoints. We were able
to account for the impact of AKI and preeclampsia.
There are limitations to our work: a lack of consistent
proteinuria assessments, variation in candidate evalu-
ation and follow-up, and center-level variation in
immunosuppression protocols. Compared to typical
studies of eGFR slope trajectory, the overall size of our
cohort is small; however, this should bias our findings
toward the null.

UTx is an established treatment for uterine factor
infertility and moving into general clinical care; how-
ever, kidney risks persist beyond the period in which
recipients are on immunosuppression. Reduction in
eGFR has negative implications for long-term health
outcomes. It will be important to clarify the contribu-
tion of Mayer-Rokitansky-Kuster-Hauser syndrome
versus aspects of the transplant procedure or immu-
nosuppression. Further study is required to delineate
these risks and provided optimal informed consent to
UTx candidates.
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Figure S1. Mean eGFR with standard deviation from pre-
uterus transplant through delivery and last follow-up
among (a) women with only one pregnancy and (b)
women with 2 pregnancies.

Table S1. Mean tacrolimus levels with standard deviation
among UTx recipients at different time points during the
study.
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