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Background/Aims: Renal recovery of a kidney donor after undergoing nephrectomy though challenging is essential. We
aimed to examine the effect of estimated glomerular filtration rate (eGFR) percent change at 1-month post-donation on in-
sufficient kidney function after kidney donation.

Methods: A total of 3,952 living kidney donors who underwent donor nephrectomy from 1982 to 2019 from eight differ-
ent tertiary hospitals in Korea were initially screened. Percent changes in the eGFR from baseline to 1-month post-donation
were calculated. The degree of percent changes was categorized by quartile, and the 1st quartile was regarded as the group
with the lowest decreased eGFR at 1-month after donation. The remaining eGFR less than 60 mL/min/1.73 m? was the end-
point. The Cox proportional hazard model was used for evaluating the impact of initial eGFR and eGFR percent change at
1-month post-donation on the condition with remaining eGFR < 60 mL/min/1.73 m2. In the multivariate analysis, we used
variables with a p < 0.1 in the univariate analysis.

Results: A total of 1,585 donors were included in the analysis. During 62.2 + 49.3 months, 13.7% of donors showed renal
insufficiency. The 4th (adjusted hazard ratio [aHR], 10.41; 95% confidence interval [Cl], 5.15 to 21.04) and the 3rd (aHR, 4.29;
95% Cl, 2.15 to 8.56) quartiles of percent change in eGFR and the pre-donation eGFR (@HR, 0.90; 95% Cl, 0.88 to 0.92)
were associated with the development of renal insufficiency.

Conclusions: The impact of worse initial renal recovery on renal insufficiency was pronounced in donors with lower
pre-donation eGFRs. Additionally, worse initial renal recovery of remaining kidney affected the long-term development of

renal insufficiency in kidney donors.

Keywords: Renal insufficiency, chronic; Early renal recovery; Living donors; Kidney

INTRODUCTION

Live kidney donation has increased correspondingly with
the growing incidence of end-stage kidney disease (ESKD)
worldwide. Live donor kidney transplantation is believed to
have a considerable benefit for recipients in terms of pre-
serving lives, relieving uremic comorbidities, and improving
the quality of life. On the contrary, kidney donor needs to
be considered that about one-third of kidney function is lost
permanently after donor nephrectomy [1]. Although the 15-
year risk of kidney failure was reported to be < 1% for most
donors, previous studies have demonstrated a > 8-fold high-
er risk of post-donation ESKD in living kidney donors than in
healthy controls satisfying the donor eligibility criteria [2-4].
In any case, the kidney function of living donors immedi-
ately falls following nephrectomy in spite their initially suf-
ficient kidney function. Compensatory hyperfiltration leads
to the restoration of kidney function subsequently within
several months or years [5,6]. Kidney function recovery with
compensatory hyperfiltration after donor nephrectomy ap-
pears to be related to kidney reserve, which is defined as an
elevation in the glomerular filtration rate (GFR) above basal
fasting values induced by a high-protein diet, amino acid or
dopamine infusion, and acute kidney injury [7,8].
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In general, the degree of kidney function recovery after
acute kidney injury may affect the long-term adverse kidney
outcome [9]. Although donor nephrectomy has different
pathophysiology from the acute kidney injury, it is also con-
sisted in the iatrogenic loss of kidney function. Therefore,
these compensatory hyperfiltration could affect long-term
kidney function. Pre-donation kidney function has been
used as a fundamental indicator for kidney donation [10],
but there is limited data on adequate post-donation renal
recovery for the prediction of long-term remaining kidney
function. In this regard, it needs to identify the clinical impli-
cations of early post-donation renal recovery in living kidney
donors. This could provide a basis for the development of
interventions to prevent ESKD after live kidney donation.

In this regards, we aimed to evaluate the impact of base-
line kidney function and kidney function recovery 1-month
post-donation on long-term kidney outcomes.

METHODS

Study population
This study consisted of patients from eight different tertiary
hospitals in Korea. A total of 3,952 living kidney donors who
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underwent donor nephrectomy from 1982 to 2019 were
initially screened. Donors without data on pre-donation es-
timated glomerular filtration rate (eGFR), with incomplete
data on 1-month eGFR, or who were followed up for less
than 1-year were excluded from the study (Supplementary
Fig. 1).

Data source and acquisition

We collected data, including demographic information such
as age, sex, height, weight, and systolic blood pressure. The
body mass index was classified according to the Asia-Pacific
guidelines: underweight (< 18.5 kg/m?), normal (18.5-22.9
kg/m?), overweight (23.0-24.9 kg/m?), and obese (> 25 kg/
m?) [11]. Laboratory variables consisted of plasma hemoglo-
bin, serum creatinine (sCr), calcium, phosphorus, glucose,
uric acid, total cholesterol, and albumin levels. All data were
collected based on the date of donation using electron-
ic medical records from each institution. Information on
whether living kidney donors showed progression to ESKD
or not was initially collected from electronic medical records,
and this information was additionally obtained from the Ko-
rean Society of Nephrology ESKD registry [12].

Definitions and clinical parameters

Kidney function was determined by eGFR based on the
Chronic Kidney Disease Epidemiology Collaboration equa-
tion [13]. We defined ‘renal recovery status’ as the change
in percentage from pre-donation eGFR to eGFR 1-month
post-donation. To investigate the impact of baseline eGFR
and eGFR changes on the clinical outcome, we divided eGFR
into the four groups based on the quartile range. For the
baseline eGFR, 1st quartile represented the lowest eGFR at
donation. For the eGFR changes, the lowest (1st) quartile
represented lowest decreased eGFR at 1-month after dona-
tion. The primary outcome was the condition with remain-
ing eGFR < 60 mL/min/1.73 mZ; it was calculated by using
the last follow-up sCr levels and age. Then, we identified
the relative risk factor including the eGFR percent change
at 1-month post-donation for the remaining eGFR < 60 mL/
min/1.73 m?. Finally, we evaluated the mixed effect of base-
line eGFR and eGFR percent change at 1-month post-dona-
tion where the remaining eGFR < 60 mL/min/1.73 mZ. In the
mixed model, each groups were defined based on the initial
eGFR and eGFR percent change at 1-month post-donation
as follows; Group 1, 3rd and 4th quartile in initial eGFR with
1st and 2nd quartile in eGFR change; Group 2, 3rd and 4th
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quartile in initial eGFR with 3rd and 4th quartile in eGFR
change; Group 3, 1st and 2nd quartile in initial eGFR with
1st and 2nd quartile in eGFR change; Group 4, 1st and 2nd
quartile in initial eGFR with 3rd and 4th quartile in eGFR
change.

Statistical analyses

To compare the baseline characteristics according to the
quartile ranges of eGFR at 1-month post-donation, we
employed the analysis of variance (ANOVA) and chi-square
tests. We demonstrated unweighted linear terms for trends
between groups in the ANOVA. Post hoc analysis was per-
formed by Bonferroni method. Continuous variables were
expressed as means with standard deviations, and categor-
ical variables were expressed as numbers with percentages.
Two-sided p values were derived by setting the significance
level at 0.05. The Cox proportional hazard model was used
for evaluating the impact of initial eGFR and eGFR percent
change at 1-month post-donation on the condition with
remaining eGFR < 60 mL/min/1.73 m2. The variables used
were as follows: age, sex, systolic blood pressure, body mass
index, serum hemoglobin, calcium, phosphorus, glucose,
uric acid, cholesterol, albumin, initial eGFR, and eGFR per-
cent change from pre-donation to 1-month post-donation.
Prior to the Cox regression analysis, all variables were found
to satisfy the proportional hazard assumption. In the mul-
tivariate analysis, we used variables with a p < 0.1 in the
univariate analysis. We performed a Kaplan-Meier analysis
with a log-rank test to evaluating time to event. All statisti-
cal analyses were performed using SPSS version 20.0 (IBM
Corp., Armonk, NY, USA).

Ethical considerations

This study was approved by the Institutional Review Board
of each participating hospital (Seoul National University
Hospital: H-1903-116-1019; Kyungpook National University
Hospital: 2019-04-014; Keimyung University Dongsan Hos-
pital: 2020-04-003; Jeonbuk National University Hospital:
CUH-2019-05-068; Chonnam National University Hospital:
CNUH-2019-163; Seoul National University Bundang Hos-
pital: B-1905/540-402; Pusan National University Hospital:
H-1905-018-079; Seoul Metropolitan Government Seoul
National University Boramae Medical Center: 20190422/30-
2019-28/053). The study was conducted in accordance
with the principles of the Declaration of Helsinki. Written
informed consent by the patients was waived due to a ret-
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rospective nature of the current study.

RESULTS
Study population

After excluding the ineligible subjects, 1,585 donors were
finally included in the study (Fig. 1). The baseline character-

3,952 Kidney donors from 8 different institutes recruited

— 448 No data of initial eGFR
> 859 No data of 1-month eGFR
> 1,060 Follow-up less than 1-year

1,585 Donors finally included in the study

Figure 1. Flow diagram of kidney donor enrollment. eGFR, esti-
mated glomerular filtration rate.
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istics of the included and excluded subjects are presented
in Supplementary Table 1. The excluded subjects showed
younger age and higher serum phosphorus, lower serum
uric acid, lower total cholesterol, and lower serum albumin
levels. There was no statistical difference in the pre-dona-
tion eGFR between the two groups. In addition, several ex-
cluded subjects had donated their kidney before the year
2000. After stratifying the period of donation by decade,
54.0% (n = 333/617) of donors in the 2000 to 2009 period
and 11.8% (n = 105/892) of donors in the 2010 to 2019
period had no available data on the eGFR 1-month post-do-
nation, respectively.

Renal recovery after donation

Among the included donors, the mean pre-donation eGFR
was 99.1 + 15.2 ml/min/1.73 m?, and the mean eGFR at
1-month post-donation was 67.7 + 14.8 mL/min/1.73 mZ.
The changes in percent change in the mean eGFR from
baseline to 1-month after donor nephrectomy was 68.6%
+ 12.2%. These values were divided into quartiles, and the
first quartile was regarded as the lowest decrease in eGFR
post-donation, ranging from 74.7% to 141.6%. The sec-
ond, third, and fourth quartiles (based on the initial eGFR)

Table 1. Comparison of baseline characteristics according to the quartiles of renal recovery 1-month post-donation

Variable 1st quartile 2nd quartile 3rd quartile 4th quartile el
(n=393) (n=392) (n = 404) (n=396)
Age, yr 419+ 121 429+ 115 442 +12.2 453 +12.1 0.001
Male sex 133 (33.7) 183 (46.8) 208 (51.5) 221(55.8) < 0.001
Systolic blood pressure, mmHg 105.5 +40.3 116.8 +24.4 118.7+20.4 1199+ 176 <0.001
Body mass index, kg/m? 23.6 +3.1 23.7 £ 3.1 240+2.7 241 +3.0 0.008
Hemoglobin, g/dL 133+ 15 13.8+1.6 139+15 139+£15 < 0.001
Calcium, mg/dL 93+0.5 93+04 93+04 93+04 0.409
Phosphorus, mg/dL 35+0.6 35+0.5 35+06 35+0.5 0.565
Glucose, mg/dL 99.9 +19.1 100.2 £ 16.5 99.7 +15.5 99.4 +16.0 0.603
Uric acid, mg/dL 47 +1.3 50+14 52+1.3 53+15 < 0.001
Cholesterol, mg/dL 185.7 + 33.0 189.0+36.0 188.5+339 189.3 +32.4 0.180
Albumin, g/dL 43+04 45+0.3 44+0.3 44+0.3 < 0.001
eGFR, pre-donation, mL/min/1.73 m? 973+ 17.6 100.1 £ 144 98.4 +13.9 100.7 + 141 0.010
eGFR, 1-month post donation, mL/min/1.73 m? 821+ 155 70.3+104 62.9 +£9.1 56.0+ 8.6 < 0.001
eGFR, last visit, mL/min/1.73 m? 83.7+15.8 777 £15.1 73.6 +£14.8 70.0+ 146 <0.001
eGFR change from pre- to 1-month post-donation, % 849+ 10.6 702 +2.4 639+ 1.8 55.6+ 3.9 < 0.001
Follow-up duration, mo 71.2 +58.2 589 + 455 64.7 +49.8 53.8+40.4 <0.001

Values are presented as mean = standard deviation or number (%).

eGFR, estimated glomerular filtration rate.
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were represented as 66.6%-74.7%, 60.9%-66.6%, and
39.8%-60.9%, respectively.
Comparisons between baseline characteristics of live kid-
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ney donors (according to the quartile ranges of eGFR per-

cent change at 1-month post-donation) revealed that renal

2nd quartile

3rd quartile

150

100 "

eGFR (mL/min/1.73 m?)

50

4th quartile

recovery was more insufficient in the older donors and, more
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T
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T
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Figure 2. Distribution of estimated glomerular filtration rate (eGFR) at donation, 1-month, and the last visit according to the quartile
of percent change on eGFR at 1-month post-donation. Quartile was defined based on the percent change of eGFR from baseline to
1-month, 1st quartile showed the lowest decreased eGFR at 1-month, and 4th quartile showed highest decreased eGFR at 1-month after

donation.

Table 2. Risk factors associated with the development of the condition with remaining eGFR < 60 mL/min/1.73 m’

Variable Univariate Multivariate
HR (95% CI) p value HR (95% ClI) p value
Age, yr 1.09 (1.08-1.11) < 0.001 1.07 (1.04-1.09) < 0.001
Male sex 1.71 (1.28-2.29) < 0.001 1.38 (0.80-2.40) 0.248
Systolic blood pressure, mmHg 1.00 (1.00-1.01) 0.933
BMI, kg/m? (Ref 18.5-23.0)
<18.5 1.80 (0.66-4.88) 0.248 3.46 (0.93-12.86) 0.064
23-25 1.50 (1.02-2.21) 0.040 0.96 (0.59-1.56) 0.878
> 25 1.84(1.28-2.63) 0.001 1.12 (0.69-1.80) 0.654
Hemoglobin, g/dL 1.10 (1.01-1.21) 0.033 0.90 (0.76-1.07) 0.230
Calcium, mg/dL 1.08 (0.78-1.50) 0.648
Phosphorus, mg/dL 0.72 (0.55-0.95) 0.018 0.87 (0.62-1.23) 0.439
Glucose, mg/dL 1.01 (1.00-1.02) 0.012 1.01 (0.99-1.02) 0.411
Uric acid, mg/dL 1.17 (1.06-1.30) 0.002 1.00 (0.84-1.18) 0.981
Cholesterol, mg/dL 1.01 (1.00-1.01) 0.028 0.99 (0.99-1.00) 0.068
Albumin, g/dL 0.85 (0.62-1.47) 0.827
eGFR, mL/min/1.73 m? 0.92 (0.91-0.93) < 0.001 0.90(0.88-0.92) < 0.001
eGFR change from pre- to 1-month
post-donation, % (Ref 1st quartile)
2nd quartile 1.31(0.77-2.23) 0.324 1.94 (0.93-4.07) 0.079
3rd quartile 2.68 (1.66—4.33) < 0.001 4.29 (2.15-8.56) < 0.001
4th quartile 4.42 (2.79-7.00) < 0.001 10.41 (5.15-21.04) < 0.001

eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval; BMI, body mass index.
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common in men than in woman. Furthermore, it was associ-
ated with higher systolic blood pressure, more obese, higher
serum hemoglobin, and higher serum uric acid levels. The
greater decrease in eGFR at 1-month post-donation was de-
tected in the donors who had a lower post-donation eGFR
(Table 1). The result for the post-hoc analysis is represented
in the Supplementary Table 2. The pre-donation eGFR var-
ied, according to the quartiles of eGFR percent changes at
1-month post-donation, although not in a dose-responsive
manner (Fig. 2).

Risk factors associated with insufficient renal
recovery

Next, we examined the clinical risk factors associated with
worse renal recovery after kidney donation. Every 1-year in-
crease in age increased the risk for insufficient renal recovery
by 3% (adjusted hazard ratio [aHR], 1.03; 95% confidence
interval [Cl], 1.02 to 1.05). The male sex was associated with
a 44% increased risk for insufficient renal recovery in com-
parison with the female sex (aHR, 1.44; 95% Cl, 1.01 to
2.05). In addition, an increment of 1 mg/dL in the serum uric
acid level increased the risk for insufficient renal recovery by
16% (aHR, 1.16; 95% Cl, 1.04 to 1.29). Lastly, an increase
of 1 mU/min/1.73 m? in pre-donation eGFR increased the
risk for insufficient renal recovery at 1-month post-donation
by 2% (aHR, 1.02; 95% Cl, 1.01 to 1.03) (Supplementary
Table 3).

Development of the condition with remaining
eGFR < 60 mL/min/1.73 m?2 after donation
There were 217 (13.7%) donors who showed the condi-
tion with remaining eGFR < 60 mL/min/1.73 m? during the
follow-up period. Among them, 193, 21, 2, and 1 patient
showed CKD stage 3a, 3b, 4, and 5, respectively. None
of the patients required renal replacement therapy in the
included population. In the comparison between the sub-
jects with eGFR < 60 mL/min/1.73 m? and eGFR > 60 mL/
min/1.73 m?, those with eGFR < 60 mL/min/1.73 m? showed
the following characteristics: older age, male sex, greater
proportion of lower body weight and obesity, higher serum
hemoglobin, glucose, uric acid, cholesterol, and lower phos-
phorus levels, lower pre-donation eGFR, and greater change
in eGFR at 1-month post-donation (Supplementary Table 4).
Pre-donation eGFR was negatively associated with the
condition with remaining eGFR < 60 mL/min/1.73 m? after
donation. Every 1 mL/min/1.73 m? increase in the pre-do-
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nation eGFR lowered the risk for the development of the
condition with remaining eGFR < 60 mL/min/1.73 m? by
10% (aHR, 0.90; 95% Cl, 0.88t0 0.92; p < 0.001) (Table 2).
When the pre-donation eGFR was divided by quartiles, a
clear difference was observed between the 2nd and the 3rd
quartile groups; the median value of eGFR was 99.6 mL/
min/1.73 m? (Supplementary Fig. 2).

During the follow-up period of 62.2 + 49.3 months, the
condition with remaining eGFR < 60 mL/min/1.73 m? free
survival rate tended to decrease as the higher quartiles of
the eGFR change at 1-month post-donation compared with
the pre-donation level (p < 0.001) (Fig. 3). After the multi-
variate adjustment for pre-donation clinical factors, worse
renal recovery, in the 3rd and the 4th quartiles of percent
change in eGFR from pre-donation to 1-month post-dona-
tion, was associated with increased risk for the condition
with remaining eGFR < 60 mL/min/1.73 m? after donation
(3rd quartile: aHR, 4.29; 95% Cl, 2.15 to 8.56; p < 0.001;
4th quartile: aHR, 10.41; 95% Cl, 5.15 t0 21.04; p < 0.001,
respectively) (Table 2).

As expected, every 1-year increase in age elevated the risk
for the condition with remaining eGFR <60 mL/min/1.73 m?
by 7% (@HR, 1.07; 95% Cl, 1.04 to 1.09). To evaluate the
impact of renal recovery on the development of the condi-
tion with remaining eGFR < 60 mL/min/1.73 m? according
to the age, we divided group by age 60. A greater changed

p<0.001
<
S
g
e
=
s
=
<
a P
v
=z
5 | I
>
£ L %
=1
o .
02 — st quartile
“ 7 = 2nd quartile
— 3rd quartile )
— 4th quartile No. at risk
0 |1,585 979 395 141 65 5
T T T T T T
0 60 120 180 240 300

Follow-up period (mo)

Figure 3. Cumulative rate free from renal insufficiency accord-
ing to the quartile of estimated glomerular filtration rate (eGFR)
change at 1-month post-donation. The lowest (1st) quartile rep-
resented lowest decreased eGFR at 1-month after donation.
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in eGFR percent at 1-month post-donation was significant
risk factor for the condition with remaining eGFR < 60 mL/
min/1.73 m? in age less than 60. On the contrary, initial
eGFR was still showed statistical significance for the condi-
tion with remaining eGFR < 60 mL/min/1.73 m? in both age
groups (Table 3).

KJIM™

Pre-donation eGFR vs. eGFR percent change at
1-month post-donation in the development of
the condition with remaining eGFR < 60 mL/
min/1.73 m?

Based on the previous statements, we found that both
lower pre-donation eGFR and less renal recovery were as-
sociated with insufficient kidney function. According to the

Table 3. Impact of compensatory hyperfiltration for the development of the condition with remaining eGFR < 60 mL/

min/1.73 m’ according to age 60 years

: Age < 60 years Age > 60 years
Variable
HR (95% ClI) p value HR (95% ClI) p value
eGFR, mL/min/1.73 m? 0.961 (0.948-0.974) < 0.001 0.953(0.916-0.991) 0.016
eGFR change from pre- to 1-month
post-donation, % (Ref 1st quartile)
2nd quartile 1.326 (0.662-2.657) 0.426 2.386 (0.415-13.724) 0.330
3rd quartile 2.639 (1.426-4.884) 0.002 0.646 (0.113-3.691) 0.623
4th quartile 5.261 (2.827-9.794) < 0.001 4.977 (0.939-26.372) 0.059

eGFR, estimated glomerular filtration rate; HR, hazard ratio; Cl, confidence interval.

Table 4. Comparison of baseline characteristics according to mixed model using initial eGFR and eGFR percent change at

1-month post-donation

Variable (:r:é%;) (SZ)LAJLF())KZL) (ﬁr:é%?) (Sr::%g) pvalue
Age, yr 395+10.8 39.7+10.6 453 +12.1 498+ 114 <0.001
Male sex 137 (35.3) 189 (46.8) 179 (45.1) 240 (60.6) < 0.001
Systolic blood pressure, mmHg 1149 +26.2 119.0+ 17.8 107.4 £ 39.5 119.5+20.3 <0.001
Body mass index, kg/m? 234 3.2 24.0+3.0 239+29 241 £2.7 0.014
Hemoglobin, g/dL 13.4+£15 13.8+ 1.6 13.7+1.7 14115 <0.001
Calcium, mg/dL 93+05 93+04 93+05 9304 0.208
Phosphorus, mg/dL 35+05 35+05 3.6+0.6 35+0.6 0.420
Glucose, mg/dL 994 + 18.2 98.5+15.7 100.8 £ 174 100.6 + 15.7 0.198
Uric acid, mg/dL 47+13 51+14 50+£15 54+14 <0.001
Cholesterol, mg/dL 183.6 + 31.8 184.4 + 30.7 191.0 £ 36.7 193.4+349 <0.001
Albumin, g/dL 44+04 44+£03 44+04 44+£03 0.001
eGFR, pre-donation, mL/min/1.73 m? 1119 +8.5 110.5 + 8.6 85.7 + 101 88.4+ 8.6 <0.010
eGFR, 1-month post donation, mL/min/1.73 m? 855+ 115 66.1 £ 7.1 67.1+10.9 527 +6.3 < 0.001
eGFR, last visit, mL/min/1.73 m? 87.8 +14.5 79.5+13.6 73.8 +13.7 639+ 114 <0.001
eGFR change from pre- to 1-month post-donation, %  76.3 £8.2 599 +5.1 788+ 12.4 59.7 5.1 < 0.001
Follow-up duration, mo 53.3+439 56.2 +44.3 76.6 £ 57.7 62.5+46.8 <0.001

Values are presented as mean + standard deviation or number (%). Group 1, high initial eGFR with more compensatory hyperfiltra-
tion; Group 2, high initial eGFR with less compensatory hyperfiltration; Group 3, low initial eGFR with more compensatory hyperfil-
tration; Group 4, low initial eGFR with less compensatory hyperfiltration.

eGFR, estimated glomerular filtration rate.
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quartile range of the pre-donation eGFR, a greater eGFR was
significantly associated with a greater 1-month post-dona-
tion eGFR and last eGFR (Supplementary Table 5). Because of
the sequential interaction between pre-donation eGFR and
eGFR percent change at 1-month post-donation, we further
stratified both variables using a dichotomized value in each.

We demonstrated the baseline characteristics according
to the four sequential groups in the Table 4. The result for
the post-hoc analysis was represented in the Supplementary
Table 6. Group 2 and 3 showed different initial eGFR, but
the eGFR percent change at 1-month post-donation was
similar. Interestingly, group 4 showed a significantly higher
initial eGFR, but lower last eGFR than group 3. It was directly
related to the degree of renal recovery. As shown in Fig. 4, a
higher number of decreased eGFR at 1-month after donation
(the 3rd and the 4th quartiles in eGFR change) did not affect
long-term insufficient kidney function in donors with higher
pre-donation eGFR (Group 1 vs. 2). However, it significantly
affected the long-term kidney function of living donors with
a lower pre-donation eGFR (Group 3 vs. 4) (Fig. 4).

DISCUSSION

A decreased eGFR after kidney donation is an inevitable out-
come among living kidney donors. Although post-donation
eGFR could affect the long-term kidney outcome, there is

1.0 p < 0.001
0.8
<
S
S
2
S 0.6
o
s
<
a
v 0.4
£
g
3 |- High eGFR & low percent change
02 — High eGFR & high percent change
— Low eGFR & low percent change
— Low eGFR & high percent change No. at risk
0 |1,585 979 395 141 65 5
T T T T T T
0 60 120 180 240 300

Follow-up period (mo)

Figure 4. Cumulative rate free from renal insufficiency accord-
ing to the quartile of estimated glomerular filtration rate (eGFR)
change at 1-month post-donation.
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no consensus on the evaluation of adequate recovery of
remaining kidney at a specific time point and the manage-
ment of the associated factors. In this regard, this study in-
vestigated the significance of the eGFR percent change at
1-month after donation in the development of the condi-
tion with remaining eGFR < 60 mL/min/1.73 mZ.

After nephrectomy, the eGFR could be theoretically de-
creased to half of the baseline eGFR, and the process of
renal hyperfiltration determines the degree of renal recov-
ery. A recent study reported on the impact of early post-do-
nation kidney function using the 6-month post-donation
eGFR as a relative factor for the development of ESKD [14].
From another perspective, we also assessed the impact of
post-donation eGFR as a renal recovery for long-term kidney
outcomes. Kidney functional adaptation may occur within a
few months and kidney damage over 3 months can be con-
sidered as a chronic change [15]. Indeed, most donors show
a plateau of increased eGFR within several months [16]. In
this regard, we used the eGFR percent change at 1-month
post-donation as a marker for early renal recovery.

After donor nephrectomy, the eGFR recovered by > 90%
compared to the pre-donation eGFR in some donors, while
others did not show an increase in eGFR compared to the
immediate post-donation eGFR. The kidney functional re-
serve was represented as a difference between the baseline
eGFR and the peak eGFR after exposure to stress conditions
such as a high-protein diet, acute kidney injury, pregnancy,
and nephrectomy status [7]. A decrease in kidney functional
reserve implies a loss of physiological adaptability, which is
common in elderly subjects and subjects with a higher base-
line eGFR [17]. Kidney functional reserve was closely linked
to the eGFR percent change at 1-month post-donation in
living kidney donors. According to the present study, the
degree of eGFR percent change at 1-month post-donation
affect to long-term insufficient kidney function. However,
this impact was more pronounced in younger age group.
Considering quite donors are young aged populations, an
effort for evaluation and assessment of kidney function af-
ter donor nephrectomy is needed to improve the long-term
kidney outcome for a donor.

Pre-donation eGFR is a critical factor affecting the long-
term kidney outcome. In contrast to the findings of a recent
report [14], a higher eGFR at donation was regarded as a
favorable factor for long-term kidney outcomes in anoth-
er study [18-20]. Similarly, we also identified that a higher
eGFR at donation decreased the risk for the development of
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the condition with remaining eGFR < 60 mL/min/1.73 m?.
In addition, following the result of the mixed model consist-
ing of the pre-donation eGFR and eGFR percent change at
1-month post-donation, the pre-donation eGFR showed a
more powerful association with the condition with remain-
ing eGFR < 60 mL/min/1.73 m? after donation. Nevertheless,
in subjects with lower baseline eGFR, the degree of eGFR
percent change at 1-month post-donation had a critical role
for the development of the condition with remaining eGFR
< 60 mL/min/1.73 m? after donation in this study.

Indeed, Rook et al. [21] reported that post-donation eGFR
was best predicted by the baseline eGFR, kidney function-
al reserve representing the maximum GFR, and age. In
our study, the pre-donation eGFR, quartile range of eGFR
percent change at 1-month post-donation, and age were
found to be significant factors associated with long-term
kidney outcome. Moreover, the kidney functional reserve,
represented by eGFR percent change at 1-month post-do-
nation, had a more significant impact on the kidney out-
come in subjects with a lower pre-donation eGFR than in
those with a higher pre-donation eGFR. Therefore, subjects
with an eGFR < 100 mL/min/1.73 m? need to be monitored
meticulously by evaluating the kidney functional reserve at
pre-donation [22], and with regular follow-ups with a strict
focus on lifestyle modifications post-donation.

This study demonstrated the impact of early renal recov-
ery on long-term kidney outcomes based on the multi-cen-
ter in Korea. Regular follow-up after the donation is import-
ant to improve long-term outcomes, but assessing the risk
before donation also critical for a donor [23,24]. Suggesting
the importance of these respects, we proposed an indepen-
dent approach before deciding to donate especially in a po-
tential donor with lower eGFR or younger age. However,
there were several limitations to be considered in this study.
First, it was a retrospective study, and the inclusion period
was diverse according to the eight different institutions.
Second, the follow-up duration was short to evaluate the
hard outcome. Several decades ago, it was not common
to follow-up regularly after donation, so quite a lot of do-
nors were excluded in the study because of the lack of data.
Third, we used estimated GFR, not measured GFR. Fourth,
the method for measuring of sCr was not evaluated. These
methodological limitations were related to the multicenter
retrospective study design. Fifth, we did not evaluate a kid-
ney functional reserve before donation; therefore, for the
clinical implementation, this aspect needs to be investigated
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in further studies. Lastly, even we conducted this study with
a large population using eight tertiary hospitals, no hard
endpoints were available for evaluation. Considering the
long-life expectancy of donors, it should be solved in future
studies with a larger population, longer follow-up period.

In conclusion, in addition to pre-donation eGFR, eGFR
percent change at 1-month post-donation is vitally import-
ant in evaluating the risk of the condition with remaining
eGFR < 60 mL/min/1.73 m? after donation. Earnest eval-
uation and management to reduce the risk factors for in-
sufficient recovery of remaining kidney could be helpful in
improving the long-term kidney outcomes of living kidney
donors.

KEY MESSAGE

1. Renal recovery represented by the percent change
in the estimated glomerular filtration rate (eGFR)
from pre-donation to 1-month post-donation was
associated with the remaining eGFR less than 60
mL/min/1.73 m?.

2. In particular, this renal recovery showed a signifi-
cant role in donors with lower pre-donation eGFR.

3. Assessing early renal recovery may be a fundamen-
tal methodologic approach for improving long-
term outcomes in living kidney donors.
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Supplementary Table 1. Comparison of study subjects between the included and excluded populations

KJIM™

Study populations

Excluded populations

Variable Number (n = 1585) Number (n = 2.366) p value
Age, yr 1,585 436120 2,367 419+12.2 < 0.001
Male sex 1,585 745 (47.0) 2,367 1,130 (47.7) 0.649
Systolic blood pressure, mmHg 1,519 120.2 + 14.0 1,814 120.3 + 13.5 0.901
Body mass index, kg/m? 1,513 23.8+3.0 1,864 23.8+3.2 0.375
Hemoglobin, g/dL 1,584 137+ 1.6 1,934 137+ 1.6 0.160
Calcium, mg/dL 1,532 93+0.5 1,833 93+0.5 0.510
Phosphorus, mg/dL 1,521 3.5+ 0.6 1,775 3.6+£0.6 < 0.001
Glucose, mg/dL 1,536 99.8 +16.8 1,751 98.7 +17.2 0.057
Uric acid, mg/dL 1,517 51+14 1,717 4914 0.005
Cholesterol, mg/dL 1,566 188.1 +£ 33.8 1,715 184.2 + 349 0.001
Albumin, g/dL 1,585 44+04 1,880 44+04 0.006
eGFR, pre-donation, mL/min/1.73 m? 1,585 99.1 + 15.1 1,920 98.2 + 16.1 0.071
Donation before year 2000 1,585 28(1.8) 2,367 858 (36.2) < 0.001

Values are presented as mean + standard deviation or number (%).

eGFR, estimated glomerular filtration rate.
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Supplementary Table 2. Post hoc analysis for the comparison of baseline characteristics according to the quartiles of eGFR
percent change at 1-month post-donation

1st Q vs. 1st Q vs. 1st Q vs. 2nd Q vs. 2nd Q vs. 3rd Q vs.

variable 2nd Q 3rd Q 4th Q 3rd Q 4th Q 4th Q
Age, yr 1.000 0.040 0.001 0.713 0.333 1.000
Male sex

Systolic blood pressure, mmHg < 0.001 < 0.001 < 0.001 1.000 0.675 1.000
Body mass index, kg/m? 1.000 0.377 0.089 1.000 0.577 1.000
Hemoglobin, g/dL <0.001 <0.001 <0.001 1.000 1.000 1.000
Calcium, mg/dL 1.000 1.000 1.000 1.000 1.000 1.000
Phosphorus, mg/dL 1.000 1.000 1.000 1.000 1.000 1.000
Glucose, mg/dL 1.000 1.000 1.000 1.000 1.000 1.000
Uric acid, mg/dL 0.002 < 0.001 < 0.001 0.303 0.039 1.000
Cholesterol, mg/dL 1.000 1.000 0.823 1.000 1.000 1.000
Albumin, g/dL < 0.001 <0.001 <0.001 1.000 1.000 1.000
eGFR, pre-donation, mL/min/1.73 m? 0.058 1.000 0.008 0.746 1.000 0.175
eGFR, 1-month post donation, mL/min/1.73 m? < 0.001 < 0.001 < 0.001 < 0.001 <0.001 < 0.001
eGFR, last visit, mL/min/1.73 m? <0.001 < 0.001 <0.001 0.001 < 0.001 0.003
eGFR change from pre- to 1-month < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
post-donation, %

Follow-up duration, mo 0.003 0.377 < 0.001 0.565 0.835 0.009

eGFR, estimated glomerular filtration rate; Q, quartile.

www.kjim.org https://doi.org/10.3904/kjim.2021.308


www.kjim.org

Kim Y, et al. Renal recovery after kidney donation

Supplementary Table 3. Risk factors associated with the highest decrease in eGFR 1-month post-donation

KJIM™

. Univariate Multivariate

Variable

OR (95% Cl) p value OR (95% Cl) p value
Age, yr 1.02 (1.01-1.03) 0.001 1.03 (1.02-1.05) < 0.001
Male sex 1.60 (1.28-2.02) < 0.001 1.44 (1.01-2.05) 0.042
Systolic blood pressure, mmHg 1.01 (1.01-1.02) <0.001 1.00 (0.99-1.01) 0.894
Body mass index, kg/m2 1.04 (1.00-1.08) 0.059 1.00 (0.96-1.05) 0.839
Hemoglobin, g/dL 1.11 (1.04-1.20) 0.004 1.04 (0.93-1.16) 0.520
Calcium, mg/dL .88 (0.68-1.15) 0.355
Phosphorus, mg/dL 1.01 (0.82-1.24) 0.957
Glucose, mg/dL 1.00 (0.99-1.01) 0.597
Uric acid, mg/dL 1.17 (1.08-1.27) < 0.001 1.16 (1.04-1.29) 0.008
Cholesterol, mg/dL 1.00 (1.00-1.01) 0.429
Albumin, g/dL 1.28 (0.90-1.81) 0.167
eGFR, mL/min/1.73 m? 1.01 (1.00-1.02) 0.013 1.02 (1.01-1.03) < 0.001

eGFR, estimated glomerular filtration rate; OR, odds ratio; Cl, confidence interval.
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Supplementary Table 4. Comparison of characteristics between subjects with eGFR < 60 mL/min/1.73 m” and eGFR > 60 mL/
. 2
min/1.73 m

eGFR = 60 mL/min/1.73 m?>  eGFR < 60 mL/min/1.73 m?

Variable (h=1368) (n=217) p value
Age, yr 422+ 17 526 +9.7 < 0.001
Male sex 618 (45.2) 127 (58.5) < 0.001
Systolic blood pressure, mmHg 115.3 £ 271 115.1 £31.0 0.933
Body mass index, kg/m? 23.8+3.0 24227 0.056

<185 25(1.9) 5(2.4)

18.5-23 522 (39.9) 58 (28.3) 0.009

23-25 354 (27.1) 59 (28.8)

> 25 407 (31.1) 83 (40.5)
Hemoglobin, g/dL 13.7+16 140+ 1.5 0.033
Calcium, mg/dL 93+04 93+04 0.648
Phosphorus, mg/dL 35+0.6 34+05 0.018
Glucose, mg/dL 99.4 + 16.8 102.5 + 16.3 0.011
Uric acid, mg/dL 50+ 14 53+14 0.002
Cholesterol, mg/dL 187.4 + 34.1 192.8 + 31.6 0.027
Albumin, g/dL 44+0.3 44+0.3 0.808
eGFR, pre-donation, mL/min/1.73 m? 101.3+£14.3 85.1+12.9 < 0.001
eGFR, 1-month post-donation, mL/min/1.73 m? 70.1 £ 14.1 531+97 <0.001
eGFR change from pre- to 1-month post-donation, % 30.8+11.2 371 +10.3 < 0.001
Follow-up duration, mo 62.8+49.4 58.2 +48.7 0.200

Values are presented as mean + standard deviation or number (%).
eGFR, estimated glomerular filtration rate.
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Supplementary Table 5. Comparison of baseline characteristics according to the quartiles of pre-donation eGFR

1st quartile 2nd quartile  3rd quartile 4th quartile

Variable (n = 396) (n = 396) (n = 396) (h=307) Pvale
Age, yr 34.8+93 44.4+99 478 +12.4 473+ 116 0.001
Male sex 166 (41.9) 160 (40.4) 206 (52.0) 213 (53.7) < 0.001
Systolic blood pressure, mmHg 115.9 + 23.1 118.1+£216 118.3+249  108.7 +37.1 < 0.001
Body mass index, kg/m? 23.4+3.22 240+29 23729 24227 < 0.001
Hemoglobin, g/dL 135+£15 13.7+£15 13.8+ 15 14.0+17 <0.001
Calcium, mg/dL 93+04 93+04 93+04 09+0.5 0.099
Phosphorus, mg/dL 3505 35+05 3606 35+06 0.060
Glucose, mg/dL 974157 1005+18.0 101.2+173  100.2 £ 15.6 0.009
Uric acid, mg/dL 49+14 49+13 5114 54+15 <0.001
Cholesterol, mg/dL 178.0 £ 29.3 190.0 + 31.9 190.7 + 36.3 193.7+353 <0.001
Albumin, g/dL 45+0.3 44+0.3 44 +0.3 44+04 0.004
eGFR, pre-donation, mL/min/1.73 m? 179+7.2 1046 +2.7 946 +3.2 79.4+ 73 < 0.001
eGFR, 1-month post donation, mL/min/1.73 m? 80.8 £ 13.8 70.4 + 11.1 62.8 +10.5 570+ 11.7 < 0.001
eGFR, last visit, mL/min/1.73 m? 88.5 £ 15.0 787 £12.5 70.8 +12.5 66.8+14.2  <0.001
eGFR change from pre- to 1-month post-donation, % 68.5 + 11.0 67.3+10.3 66.4 +10.8 722+ 151 < 0.001
Follow-up duration, mo 53.7 +43.7 56.0 £ 44.5 57.8 +44.5 81.2+579 <0.001

Values are presented as mean + standard deviation or number (%).
eGFR, estimated glomerular filtration rate.
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Supplementary Table 6. Post hoc analysis for the comparison of baseline characteristics according to mixed model using
initial eGFR and eGFR percent change at 1-month post-donation

Variable Glvs.G2 Glvs.G3 Glvs.G4 G2vs.G3 G2vs.G4  G3vs. G4
Age, yr 1.000 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Male sex

Systolic blood pressure, mmHg 0.194 0.001 0.099 <0.001 1.000 <0.001
Body mass index, kg/m? 0.056 0.226 0.017 1.000 1.000 1.000
Hemoglobin, g/dL 0.001 0.003 < 0.001 1.000 0.043 0.012
Calcium, mg/dL 1.000 1.000 1.000 0.292 0.927 1.000
Phosphorus, mg/dL 1.000 1.000 1.000 1.000 1.000 0.eM
Glucose, mg/dL 1.000 1.000 1.000 0.383 0.481 1.000
Uric acid, mg/dL <0.001 0.006 <0.001 1.000 0.001 < 0.001
Cholesterol, mg/dL 1.000 0.012 < 0.001 0.035 0.001 1.000
Albumin, g/dL 1.000 0.032 1.000 0.003 1.000 0.006
eGFR, pre-donation, mL/min/1.73 m? 0.182 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
eGFR, 1-month post donation, mL/min/1.73 m? < 0.001 < 0.001 < 0.001 0.730 < 0.001 < 0.001
eGFR, last visit, mL/min/1.73 m? <0.001 <0.001 <0.001 < 0.001 < 0.001 < 0.001
eGFR change from pre- to < 0.001 < 0.001 < 0.001 < 0.001 1.000 < 0.001

1-month post-donation, %
Follow-up duration, mo 1.000 < 0.001 0.051 < 0.001 0.422 < 0.001

eGFR, estimated glomerular filtration rate; G, group.
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1,590 Kidney donors in Seoul National University Hospital,
1982-2018

735 Kidney donors in Kyungpook National University Hospital,
1990-2018

518 Kidney donors Keimyung University Dongsan Hospital,
1996-2018

331 Kidney donors in Jeonbuk National University Hospital,
1987-2018

321 Kidney donors in Chonnam National University Hospital,
1989-2018

277 Kidney donors in Seoul National University Bundang Hospital,
2005-2018

134 Kidney donors in Pusan National University Hospital,
1993-2018

46 Kidney donors in Seoul Metropolitan Government
Seoul National University Boramae Medical Center, 2000-2018

62 No data of Initial eGFR
419 No data of 1-month eGFR
425 Follow-up less than 1-year

182 No data of Initial eGFR
87 No data of 1-month eGFR
240 Follow-up less than 1-year

53 No data of Initial eGFR
138 No data of 1-month eGFR
100 Follow-up less than 1-year

67 No data of Initial eGFR
117 No data of 1-month eGFR
46 Follow-up less than 1-year

81 No data of Initial eGFR, n=81
56 No data of 1-month eGFR, n=56
85 Follow-up less than 1-year, n=85

2 No data of Initial eGFR
10 No data of 1-month eGFR
101 Follow-up less than 1-year

0 No data of Initial eGFR
32 No data of 1-month eGFR
40 Follow-up less than 1-year

1 No data of Initial eGFR
0 No data of 1-month eGFR
23 Follow-up less than 1-year

KJIM™

684 Final included donors
226 Final included donors
227 Final included donors

101 Final included donors

99 Final included donors

164 Final included donors

62 Final included donors

22 Final included donors

Supplementary Figure 1. Flow diagram of study population with exclusion criteria in each hospital. eGFR, estimated glomerular filtra-

tion rate.
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Supplementary Figure 2. Cumulative survival rate for develop-
ment of the condition with remaining estimated glomerular filtra-
tion rate (eGFR) < 60 mL/min/1.73 m? according to the quartile
of initial eGFR at donation. The lowest (1st) quartile represented
lowest initial eGFR at donation, and the highest (4th) quartile rep-
resented highest initial eGFR at donation.
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