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The prognosis of donors’ glomerular filtration rate (GFR)
after living-donor nephrectomy has been a subject of great
concern for physicians. Several years ago, the major
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The donors’ estimated glomerular filtration rate (eGFR) after living
nephrectomy has been a concern, particularly in donors with smaller kin-
deys. Therefore, we developed this retrospective observational study in 195
donors to determine the ability remaining kidney volume indexed to
weight (RKV/W) to predict eGFR at 1 year through multivariate linear
regression and to explore this relationship between annual eGFR change
from 1 to 4 years postdonation evaluated by a linear mixed model. Com-
paring RKV/W tertiles (T1, T2, T3), RKV/W was a good predictor of 1-
year eGFR which was significantly better in T3 donors. Gender, predona-
tion eGFR, and RKV/W were independent predictors of eGFR at 1-year. In
a subgroup with predonation eGFR < 90mL/min/1.73 m®, a significant
prediction of eGFR < 60mL/min/1.73 m* was detected in males with RKV/
W < 2.51cm’/kg. Annual eGFR (ml/min/year) change from 1 to 4 years
was + 0.77. RKV/W divided by tertiles (T1-T3) was the only significant
predictor: T2 and T3 donors had an annual eGFR improvement opposing
to T1l. RKV/W was a good predictor of eGFR at 1 year, independently
from predonation eGFR. A higher RKV/W was associated with improved
eGFR at 1 year. A decline in eGFR on the four years after surgery was only
noticeable in donors with RKV/W < 2.13cm’/kg.
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argument was that cardiovascular disease risk or overall
mortality risk in kidney transplant donors was comparable
to those in a matched nondonor population [1]. However,
studies on kidney living donors have shown an increase in
the serum creatinine level (SCr) by 20% above baseline
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after radical nephrectomy (RN) [2]. It has also been shown
that RN in patients results in functional adaptation and
compensatory hypertrophy of the remaining kidney. The
range of the GFR after RN has been reported to be 75—
80% of its baseline level [3]. Studies after RN also showed
that eGFR decreased immediately after the procedure, but
improved slightly but significantly thereafter during a 5-
year follow-up period [4]. Data from nondonor cohorts
suggested that baseline estimated glomerular filtration rate
(eGFR) is one of the strongest independent predictors of
future kidney disease [5].

Many different equations and measurements have been
previously used to calculate donor kidney function
through the serum creatinine (SCr) value. The CKD-EPI
(Chronic Kidney Disease Epidemiology Collaboration)
formula has been proposed to possibly be a more accurate
assessment of healthy living donors [6]. Comparing with
SCr, Cystatin C (CysC) is less affected by muscle mass,
gender, race, and diet, and several equations incorporating
CysC alone or with SCr have been proposed [7,8].

Kidney volume as a surrogate marker of nephron
mass and renal function has been presented by many
authors as a good predictor of recipient renal function.
Many studies to date have investigated donor factors
associated with recipient renal function and outcomes,
though scarce data are available about factors associated
with donor’s renal function after nephrectomy [9-16].

Computed tomography (CT) is used for preoperative
evaluation of living kidney donors. Apart from giving
anatomic details of the kidney, vasculature, and collect-
ing systems, it can also be used to reliably estimate kid-
ney volume [10,17]. The degree to which remaining
kidney volume (RKV) may associate with postdonation
kidney function in relation to other donor factors such
as weight, body mass index (BMI), and body surface
area (BSA) is poorly understood [18,19].

Taking into account the importance of clear informa-
tion about factors that affect the postdonation kidney
function, we studied a cohort of living kidney donors to
establish the relationship between RKV indexed to
donor weight (RKV/W) and eGFR at 1 year. Addition-
ally, we also explored its association with renal function
compensation beyond 1 year, by analyzing the annual
eGFR change until 4 years after donation.

Study cohort

We retrospectively reviewed data from all donors who
underwent living-donor nephrectomy consecutively at
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our institution between January 2008 and December
2017 (n = 210). After exclusion of 15 donors, ten whose
CT scans were unavailable for our examination (per-
formed outside our institution) and another 5 without
evaluation of eGFR at 1 year and the remaining 195
donors defined our study cohort.

In all donors, age at donation, gender, weight, height,
and predonation and 1 year after donation SCr were
collected. The institutional review board at our institu-
tion approved this study (Ref.: 2017.154(131-DEFI/123-
CES).

Renal function and kidney volume assessment

Serum creatinine-based CKD-EPI equation [20] was
used to predict eGFR. CysC-based eGFR was also deter-
mined in donors with predonation CysC measurement
(n = 133) with the respective CKD-EPI equation [21].

Body surface area (BSA) was calculated using the
DuBois formula [22]. We explored RKV indexed to two
anthropometric measurements: BSA and weight, calcu-
lating the ratio of remaining whole parenchymal kidney
volume divided by BSA (RKV/BSA, cm’/m?) and W
(RKV/W, cm’/kg).

During the study, all potential living donors were
evaluated with one of two multidetector-row CT scans
available at our institution (a 64-detector GE VCT
LightSpeed® or a 16-detector GE Brightspeed®) using
the same image acquisition protocols. Images were
obtained prior to contrast and after the administration
of 100-150 ml of iodinated contrast media during the
nephrographic (70-90 s) and excretory phases (approxi-
mately 240 s) of enhancement. This examination was
usually done in less than three months of the nephrec-
tomy in order to elucidate us about anatomic variants
and rule out solid lesions and urolithiasis. Based on CT
scan, we usually exclude kidney units with three or
more arteries, with suspicious solid lesions and kidney
stones (except cases of < 5mm solitary calyceal stone
with no history of stone passage and low metabolic risk
on 24-h urine analysis).

Volumes were measured through the voxel counting
technique (the sum resulting from the tracing of the renal
contours in sequential 2.5-mm transversal CT nephro-
graphic images, excluding the renal sinus area) using the
Osirix® (Pixmeo Sarl, Geneva, Switzerland) software.

Statistical analysis

Continuous data were described using mean + standard
deviation (SD) or median (interquartile range [IQR]),

1263



Nunes-Carneiro et al.

and categorical data were expressed as number (and
percentages). Categorical data including were compared
using Pearson’s chi-square test or Fisher’s exact test,
and continuous variables were compared with Student’s
t-test or Mann—Whitney U test, as appropriate. Correla-
tion between eGFR values and RKV metrics are pre-
sented as Pearson’s coefficient.

Linear prediction of eGFR and risk factors for an
eGFR < 60 ml/min at 1-year were analyzed through
a univariate regression
model. In order to establish comparisons between
covariates regarding strength of association, the
increment in continuous variables was assessed per
standard deviation. To further explore the relation-
ship between RKV/W and eGFR at 1 year, we used a
restricted cubic regression spline basis matrix to
graphically model (using the same multivariable
model as above) the linear prediction of eGFR at
1 year, using the adjustrcspline command of postrc-
spline package for Stata.

Donor eGFR change between 1 and 4 years postdo-
nation was assessed by univariate and multivariable lin-
ear mixed regression model that imputed subject-
specific random effects (intercept and slope defined as
eGFR at 1 year and time in years, respectively) on an
unstructured covariance matrix. The dependent variable
was all eGFR measurements, and the independent vari-
ables were entered as 2-way interaction terms between
them and the time (in years) variable. All 195 donors
were studied, and a median of 3 (IQR: 2-4) annual
measurements of eGFR were available. All multivariable
models were constructed by including variables with a
univariate P-value < 0.150.

A 2-sided P-value < 0.05 was considered as statisti-
cally significant. Statistical calculations were performed
using STATA/MP, version 15.1 (Stata Corp, College Sta-
tion, TX).

and multivariable linear

Study population

The population’s characteristics are described in
Table 1. We found a positive correlation between RKV
and both predonation eGFR (r = 0.151 P = 0.035) and
l-year eGFR (r = 0.171 P = 0.017) and, in comparison,
RKV indexed to anthropometric measurements (BSA
and W) was more strongly correlated with eGFR mea-
surements (Fig 1). RKV/W presented higher correlation
with eGFR than RKW/BSA (Fig. 1). Given these results,
we decided to use RKV/W as the RKV metric for the

1264

prediction of postdonation eGFR. Mean RKV/W was
2.30 & 0.37 cm’/kg.

w?>We analyzed donors’ baseline characteristics con-
sidering RKV/W tertiles as presented in Table 1. Com-
paring donors in the first (T1) and second (T2) tertiles,
the only significant differences observed were a higher
CysC-based eGFR (P =0.048) and a lower BMI
(P =0.019) in T2. On the other hand, those in the
third tertile (T3) were younger (P = 0.003, P = 0.016)
and had lower BMI and BSA (both P < 0.001) and a
higher creatinine- (both P < 0.001) or cystatin-based
(P <0.001, P=0.029) eGFR when compared with T1
(T1 vs T3) and T2 (T2 vs T3) donors, respectively. As
expected, RKV, RKV/W, and RKV/BSA were signifi-
cantly different between each tertile, with the exception
of RKV comparison between T2 and T3 (P = 0.085).

Donors’ mean eGFR at 1 year was 71.1 4+ 14.5 ml/
min/1.73 m?, with a median of 69.8 ml/min/1.73 m?>
(IQR: 60.6-79.8). As shown in Fig. 2, T1 and T2 donors
had similar of eGFR at 1 year, while those in T3 showed
a significantly (both P < 0.001) higher value. Taking
into account the nonlinear relationship between RKV/
W tertiles and eGFR at 1 year, we explored the former
as a continuous predictor variable in the regression
analyses.

Linear prediction of eGFR at 1 year

All considered variables were significantly associated
with eGFR at 1 year in univariate linear regression
(Table S1). Multivariable analysis showed that indepen-
dent predictors of eGFR at 1 year, ordered by the
weight of their importance, were predonation eGFR
(per SD = 3.36: B = 7.042; P < 0.001), gender (Female
vsMale: P =4.289; P =0.012), and RKV/W (per
SD = 0.37: = 4.281; P <0.001) (Table 2). Addition-
ally, the prediction ability of model 2 (that included
RKV/W) was significantly improved, in comparison
with model 1 (which did not), with an increase of 6.2%
between these models R,

A nonlinear association between eGFR at 1 year
and RKV/W through restricted cubic spline regres-
sion was then explored graphically, using the same
multivariable model discussed above. As depicted in
Fig. 3 (top left), in the overall cohort, the predicted
eGFR was above 60 ml/min, being noticeable that
eGFR predicted values plateaued around 65-70 ml/
min with values of RKV/W below 2.25 cm®/kg while,
above it, a linear increase in eGFR was observed.
Given the curved relationship observed in this
regression, the analysis of the quadratic effect of
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Figure 1 Scatterplots with regression lines representing the correlations. Top left, predonation eGFR and RKV/BSA. Top right, predonation
eGFR and RKV/W. Bottom left, 1-year eGFR and RKV/BSA. Bottom right, 1-year eGFR and RKV/W.

RKV/W as an approximation of the spline model
was added as model 3 in Table 2.

After stratification according to predonation eGFR, a
trend towards an eGFR at 1 year < 60 ml/min was
observed in a subgroup of donors with predonation
eGFR < 90 ml/min/1.73 m* and a RKV/W < 2.36 cm’/
kg (Fig. 3 middle left). In this subgroup, a similar obser-
vation was predicted for RKV/W < 2.16cm’/kg in
females, while a significant prediction of eGFR at
1 year < 60 ml/min was detected in males with RKV/
W <251 cm’/kg (Fig. 3 top right), demonstrating that
this subgroup of donors is particularly at risk of an
“inadequate” eGFR 1-year postdonation.

Donor eGFR change after 1 year

Through mixed linear regression models, donor annual
eGFR change from 1 year to 4 years after donation
was analyzed (Table 3). Overall, annual eGFR change
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was + 0.77 ml/min/year, showing that an improvement
in eGFR occurred on the mid-term after donation.
Considering the same predictors analyzed above, per-
forming univariate and multivariable analysis, only
RKV/W tertiles were significantly associated with longi-
tudinal annual change in eGFR. Marginal prediction of
mean eGFR by RKV/W tertiles (Fig. 4 left) showed an
eGFR improvement in donors in T2 and T3 longitudi-
nally, while a decline in T1 was observed. Annual
change in eGFR was —0.42, +1.61, and + 1.10 ml/min/
year in T1, T2, and T3 donors, respectively (Fig. 4
right), with significant differences being observed
between T2 (P = 0.009) and T3 (P = 0.046) in com-
parison with T1.

In this study, we showed that RKV was independently

correlated with eGFR before (r = 0.151, P = 0.035)

Transplant International 2020; 33: 1262-1273
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Scatter plot of eGFR at 1-year by RKV/W
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Figure 2 Top: scatterplot of the distribution of 1-year eGFR by RKV/W; eGFR values > 60 ml/min are plotted in black and those < 60 ml/min

in red. Dashed lines represent 33th and 67th percentiles of RKV/W. B

ottom: Boxplots of 1-year eGFR by RKV/W tertiles. Boxes show the

interquartile range of the values (median and percentile 25-75); whiskers show the lowest and the highest value within 1.5 times below or

above the interquartile range, respectively.

and after 1 year of donation (r =0.171, P = 0.017).
We also found that RKV, adjusted to donor’s weight
and predonation eGFR (described as “volume dose”
[15]), had positive and strong correlation with eGFR
one year after donation, agreeing with most recent ser-
ies [14,16,23]. A larger mass of nephrons remaining

Transplant International 2020; 33: 1262-1273
© 2020 Steunstichting ESOT. Published by John Wiley & Sons Ltd.

adjusted to donor’s weight seems to predict a better
long-term eGFR.

As is showed in Table 1, over the tertiles, the
donor’s showed a better health profile, such as
younger age, tendentially more women, with lower
weight and BMI, higher predonation eGFR (SCr and
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Remaining kidney volume indexed to weight as a predictor of eGFR after donation
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Figure 3 Linear prediction of 1-year eGFR by RKV/W values according with a restricted cubic spline multivariable (see Table S3) model. Left:
Top, full cohort. Middle, by predonation eGFR (<90, 90-100, >100 ml/min/1.73 m?). Bottom, by gender. Right: stratification for predonation
eGFR group (<90, 90-100 and > 100 ml/min) by gender. Top, predonation eGFR < 90 ml/min. Middle, predonation eGFR 90-100 ml/min.

CysC-based), and higher kidney volume. These charac-
teristics were translated into a better renal function
one year after donation as represented in Fig. 2. When
we analyzed this population regarding to the first year
eGFR, we observed a very homogenous group in T1
and T2, in opposition to a significantly better popula-
tion regarding eGFR 1 year after donation in T3
(Fig. 2).

Predonation eGFR is one of the strongest predictors
of 1l-year postdonation renal function [24], and we

Transplant International 2020; 33: 1262-1273
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showed that the predonation eGFR had a linear inde-
pendent positive correlation with 1-year eGFR (each
increase of 14 ml/min/1,73 m® in baseline eGFR
decreased the risk of having eGFR < 60 ml/min/1,73 m>
one year after donation by 69%) agreeing with these
studies. Living-donor’s population is composed by very
healthy individuals: young (mean 48 years), low BMI
(mean 25 kg/m®), and good predonation eGFR (mean
100 ml/min/1.73 m?) [25]. These findings could explain
how eGFR plateaus around 65-70 ml/min/1,73 m? and

1269



Nunes-Carneiro et al.

Table 3. Predictors of annual SCr-eGFR change (ml/min/year) from 1- to 4-years postdonation by linear mixed

regression

Univariate Multivariable

B 95% Cl P B 95% Cl P
Time (yearly) 0.77 0.13-1.40 0.018 —-0.42 —1.52 to 0.68 0.452
Age per SD (10.4) —5.99 —7.93 to —4.05) <0.001 —1.74 —3.24 to —0.24) 0.023
Time*Age per SD (10.4) —0.02 —0.67 to 0.63 0.952 - - -
Female (vs male) gender 5.00 0.33-9.66 0.036 1.22 —1.65 to 4.09 0.404
Time*Female (vs male) gender —0.38 —1.86to 1.10 0.615 - - -
Time*Male 1.05 —0.25to 2.34
Time* Female 0.67 —0.06 to 1.39
BMI per SD (3.36) —2.85 —4.93 to —0.76 0.008 1.06 —0.35 to 2.47 0.139
Time*BMI per SD (3.36) 0.17 —0.47 t0 0.82 0.598 - - -
Predonation eGFR per SD (13.9) 9.49 7.98-11.01 <0.001 6.86 5.30-8.42 <0.001
Time*Predonation eGFR per SD (13.9) —0.23 —0.89 to 0.43 0.498 - - -
RKV/W
T2 vs T1 2.39 —2.21 to 7.00 0.308 2.28 —1.34 to 5.91 0.217
T3 vsT1 14.58 10.06-19.10 <0.001 9.19 5.27-13.11 <0.001
Time*RKV/W
T2 vs T1 2.00 0.48-3.51 0.015 2.03 0.50-3.56 0.009
T3 vs T1 1.59 0.12-3.07 0.034 1.52 0.03-3.01 0.046
Time*T1 —0.48 —1.57 to0 0.60 —0.42 —1.52 to0 0.68
Time*T2 1.51 0.46-2.57 1.61 0.54-2.67
Time*T3 1.11 0.12-2.11 1.101.10 0.09-2.11
Constant 16.69 —2.01 to 35.38 0.080

eGFR, estimated glomerular filtration rate; Cl, confidence interval; SD, standard deviation; BMI, body mass index; RKV/W,
remaining kidney volume indexed to donor’s weight; T1, tertile 1; T2, tertile 2; T3, tertile 3. Interaction terms (Time*variable)
and time variable (in bold) correspond to annual decline eGFR rate of the respective variable.

also an eGFR above 60 ml/min/1.73 m® for all RKV/W
values in full cohort (Fig. 3 top left).

Being overconcerned with the target eGFR < 60 ml/
min/1.73 m* after donation, without taking into
account other factors could have unintended and detri-
mental consequences in selecting transplant candidates.
In fact, there has been considerable debate over whether
it is justifiable to consider or not healthy kidney donors
with isolated eGFR values below 60 ml/min/1.73 m* as
having chronic kidney disease (CKD) or vice versa
[14,16,26]. Considering this, in our cohort, we showed
that having predonation eGFR < 90 ml/min/1.73 m? is
associated with a stronger trend towards an eGFR
1 year after donation < 60 ml/min/1.73 m>, particularly
in male donors with a ratio of RKV/W bellow 2.51
cm’/kg (Fig. 3 top right). These findings allow us to
safely propose donors with lower predonation eGFR,
particularly when RKV/W is above 2,51cm?/kg. This
variable offers an added value to predonation eGFR
improving the prediction of postdonation eGFR.

Given the 4 years follow-up of this cohort, we noted a
distinct evolution in eGFR after 1 year of donation

1270

between T1 and T2, T3. The homogenous population we
saw during the first year postdonation acquired a differ-
ent behavior after the first year, in which T1 had a steady
renal function decline (approximately —0.5 ml/min/1.73
m” each year) whereas the population of the second ter-
tile experienced an improvement in function every year
with a median yearly improvement of function of 1.6 ml/
min/1.73 m* (Fig. 4 left). Although T1 donors experience
a decline, it is still less marked than physiological decline
with aging described in literature [27] underlining the
steady and continuous process associated with remaining
kidney adaptation and function recovery [3]. Differently,
we observed that predonation eGFR was not significantly
associated with eGFR decline after 1 year, emphasizing
the added value that RKV/W may have in the prediction
of postdonation eGFR trend beyond the first year, in con-
trast with predonation eGFR.

Comparing characteristics between tertiles, we found
that T1 individuals had a significantly lower RKW when
compared with T2 (138.8 £ 22.2 vs 158.2 + 24.2cm?,
P < 0,001) while there was no difference between T2
and T3 regarding RKV (Table 1). Predonation SCr-

Transplant International 2020; 33: 1262-1273
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Marginal prediction of eGFR from 1- to 4-years by RKV/W tertiles

Annual eGFR change by RKV/W tertiles
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Figure 4 Change in donors eGFR from 1 to 4 years postdonation. Left, marginal mean prediction of eGFR at 1 to 4 years by RKV/W tertiles.

Right, annual eGFR change by RKV/W tertiles.

based eGFR did not correlate with 4 years renal func-
tion when compared T1 vs T2 (P = 0,277) opposing the
strong correlation found of predonation eGFR and
short-term (1 year) renal function. In the same line, the
predonation eGFR, determined through the serum
CysC, was significantly higher in T1 when compared
with the two other groups (0.74 vs 0.67 mg/l,
P =0.032) (Table 1). Even though the Cys measure-
ments were not available in full cohort, the findings
were equivalent when studied the population where we
had the CysC data (Table S2 and Table S3). These find-
ings could contribute for growing our knowledge
because predonation eGFR seems to have a good corre-
lation with first-year eGFR but this correlation is lost
considering the first two tertiles from first to fourth
year after donation. In this pool of donors (T1 and T2),
CysC-based eGFR appeared as an useful tool to under-
stand the differences between this population. Estimate
GFR, measured by cystatin C, might be a better predic-
tor of an eGFR improvement from the first year after
donation associated with RKV/W when compared with
SCr-based eGFR.

The current study has some important limitations.
Though we controlled for important demographic fac-
tors and baseline eGFR, the retrospective, observational
nature of the study design makes residual confounding
factors plausible. The nature of this cohort, which is
composed by young, very healthy donors may be not
applicable when we are facing expanded criteria living
donors. Additionally, data on postdonation albuminuria

Transplant International 2020; 33: 1262-1273
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emergence and hypertension were not available for our
analysis.

RKV/W was a potent predictor of both linear eGFR
at 1 year, independently from predonation eGFR. Over-
all, a higher RKV/W was associated with improved
eGFR at 1 year, although eGFR at 1 year plateaued
around 65-70 ml/min in donors with RKV/W < 2.25
cm’/kg. Importantly, a decline in eGFR after the first
year was only noticeable in donors in the T1. Gender,
RKV/W measured by CT scan and predonation eGFR
were the three strongest predictors of worse renal func-
tion after donation. Regarding long-term eGFR, predo-
nation SCr-based eGFR did not correlate with renal
function after first year and donors with better predona-
tion serum CysC-based eGFR seems to experience a
continuous recovery of its renal function along the
4 years following the donation.

This information poses an important role during evalu-
ation of potential donors, and it could predict the risk
factors associated with lower postdonation eGFR. Further-
more, all this data will allow donors to give more con-
scious consent and provide clinicians more knowledge
about the risks associated with living donation.
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Table S1 Univariate predictors of eGFR 1-year by lin-

ear regression.

Table S2 Baseline characteristics by RKV/W tertiles,
considering only donors with available pre-donation

serum Cystatin C.

Table S3 Annual eGFR change (ml/min/year) from 1-
to 4-years post-donation by linear mixed regression,

considering only donors with available pre-donation
serum Cystatin C (n = 133).
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