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Introduction: Kidney transplantation (KT) involving elderly living kidney donors (LKDs) is becoming more
frequent because of a profound organ shortage. The efficacy of KT involving grafts obtained from LKDs
aged 70 years or older has been reported. However, the safety of donor nephrectomy in LKDs aged 70
years or older, including that associated with changes in the estimated glomerular filtration rate (eGFR),
has not been investigated. This study investigated the outcomes of LKDs aged 70 years or older after
donor nephrectomy.

Methods: This single-center, retrospective cohort study included 1226 LKDs who underwent donor ne-
phrectomy between January 2008 and December 2020. LKDs were stratified into the following age groups:
30 to 49 years (244 LKDs), 50 to 69 years (803 LKDs), and 70 to 89 years (179 LKDs). Surgical outcomes,
postoperative eGFR changes, end-stage renal disease (ESRD) rates, and mortality rates were compared
among these groups.

Results: No significant difference in surgical outcomes was identified among the groups. LKDs aged 70 to
89 years experienced the lowest eGFR changes at all time points and the lowest eGFR improvement;
however, ESRD was not identified in any group during the observation period. Mortality was the highest
among LKDs aged 70 to 89 years compared to the other age groups.

Conclusion: Surgical outcomes, eGFR changes, and ESRD incidences can support the safety of donor
nephrectomy in LKDs aged 70 years or older. Considering the advanced age, the high mortality rates in
LKDs aged 70 years or older could be considered acceptable.
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healthy matched controls.” However, that study did
not demonstrate the safety, including postoperative
complications, postoperative kidney function, and
ESRD rates, of donor nephrectomy of those LKDs
compared to that of LKDs in other age groups.” During
LDKT, the safety of LKDs is highly prioritized. Inci-
dence rates of preoperative comorbidities, such as
glucose intolerance, hypertension, dyslipidemia, and
obesity, may increase as LKDs age.” These preoperative
comorbidities can be risk factors for postoperative
complications and inferior kidney function after donor
nephrectomy.g’12 However, no studies have reported
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wing to a profound organ shortage, LDKT

involving elderly LKDs 1is becoming more
frequent. Although LKDs older than 60 to 70 years are
classified as extended criteria donors, many reports
have referred to the outcomes of LKDs aged 55 to 65
years because of the small number of living donors
older than 65 years.'’ Only 1 study of LKDs aged 70
years or older has demonstrated their significantly
better postdonor nephrectomy survival than that of
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the detailed eGFR changes after donor nephrectomy
among donor age groups. During this study, we
investigated the impact of donor nephrectomy on LKDs
aged 70 years or older by comparing their surgical
outcomes, detailed postoperative eGFR changes, ESRD
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incidences, and mortality rates with those of LKDs in
other age groups.

METHODS

Study Design

This retrospective cohort study was approved by the
Japanese Red Cross Aichi Medical Center Nagoya Daini
Hospital Institutional Review Board (Aichi, Japan;
approval number 1416) and conducted according to the
principles of the Declaration of Helsinki. LDKT was
performed according to the Declaration of Istanbul.
LKDs were stratified into the following age groups: 30
to 49 years, 50 to 69 years, and 70 to 89 years. Surgical
outcomes, postoperative eGFRs, ESRD incidences, and
mortality rates were compared among these groups.
This study was reported in accordance with the
Strengthening the Reporting of Observational Studies
in Epidemiology guidelines.

Follow-Up Assessments

Postoperative assessments of LKDs were performed at
1, 3, 6, and 12 months after transplantation; thereafter,
they were performed annually. LKDs with comorbid-
ities were followed-up with every 1 to 3 months.

Participants

We recruited all consecutive 1230 LKDs who under-
went donor nephrectomy for LDKT at our hospital
between January 2008 and December 2020. Patients
were followed-up with until August 2022. Four LKDs
were excluded because they were younger than 30
years. Therefore, 1226 LKDs were enrolled in this study
(Figure 1). All LKD data were retrospectively collected
from medical records and analyzed anonymously.
Therefore, the need for informed consent was waived.

Living Donors
LKDs were selected according to the LKD guidelines in
Japan.”” Although LKDs aged 70 years or older are
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classified as marginal donors according to the guide-
lines, the age limitation is not strict, and the surgical
indication for age is determined according to general
health. LKD characteristics including preoperative
comorbidities such as glucose intolerance (defined as
fasting glucose level =126 mg/dl, blood glucose
level =200 mg/dl 2 hours after glucose administration
according to the 75 g oral glucose tolerance test, blood
glucose level =200 mg/dl at any time, hemoglobin Alc
level =6.5%, or treatment with antidiabetic agents),
hypertension (defined as blood pressure >140/90
mmHg or treatment with antihypertensive agents),
dyslipidemia (defined as triglyceride level >150 mg/dl,
low-density lipoprotein cholesterol level >140 mg/dl,
high-density lipoprotein cholesterol level <40 mg/dl,
or treatment with antihypercholesterolemic agents),
and obesity (defined as body mass index =30 kg/m?)
were investigated. According to Japan’s LKD guide-
lines, the indications for LKDs with these comorbidities
are as follows: for LKDs with hypertension, blood
pressure should be managed to <130/80 mmHg with
antihypertensive agents, and urine albumin excretion
should be <30 mg/gCr; for LKDs with glucose intol-
erance, the hemoglobin Alc level should be managed
to <6.5% without administering insulin, and urine
albumin excretion should be <30 mg/gCr; and for
LKDs with obesity, the body mass index should be <32
kg/rnz.z'3 The surgical results, graft quality, and
adverse events of LKDs were investigated. Surgical
results included warm ischemic time, operative time,
and intraoperative blood loss. Graft quality included
arterial length, number of preserved arteries, venous
length, number of preserved veins, ureter length, and
number of preserved ureters. Intraoperative adverse
events included arterial injury, venous injury, open
conversion, bleeding, and bowel injury. Postoperative
adverse events included surgical site infection,
bleeding, pneumonia, urinary tract infection, small
bowel obstruction, cardiovascular events, deep venous

Living donors for kidney transplantation
1230 donors

Exclusion criteria
Living donors younger than 30 years of age
4 donors

Living donors 30-49 years of age
244 donors

Living donors 50-69 years of age
803 donors

Living donors 70-89 years of age
179 donors

Figure 1. Patient flow chart.
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Table 1. Donor characteristics

30-49 yr 50-69 yr 70-89 yr
Characteristics n = 244 n = 803 n=179 P- value
Age (yr), mean (SD) 43.1 (4.7) 60.0 (6.3) 72.8 (2.5) <0.001°
Sex (male), n (%) 83 (34.0) 285 (35.5) 80 (44.7) 0.045°¢
Height (cm), mean (SD) 162.1 (8.4) 159.3 (8.6) 157.4 (7.5) <0.001°
Body weight (kg), mean (SD) 61.0 (11.7) 58.0 (10.0) 56.7 (8.7) 0.001¢
Body mass index (kg/mz), mean (SD) 23.0 (3.3) 22.7 (2.8) 22.7 (2.6) 0.967
Donation fo first-degree relative, n (%) 95 (38.9) 366 (45.6) 116 (64.8) <0.001°
Smoking history, n (%) 120 (49.2) 345 (43.0) 79 (44.1) 0.231
Brinkman index, mean (SD) 170.5 (247.7) 234.4 (385.0) 282.1 (433.7) 0.692
One or more preoperative comorbidities, n (%) 112 (45.9) 620 (77.2) 155 (86.6) <0.001°
Hypertension, n (%) 14 (5.7) 252 (31.4) 95 (63.1) <0.001°
Dyslipidemia, n (%) 90 (36.9) 499 (62.1) 121 (67.6) <0.001°
Glucose infolerance, n (%) 37 (15.2) 226 (28.1) 71 (39.7) <0.001°
Obesity (body mass index = 30 kg/mz), n (%) 8 (3.3) 1(0.1) 0 <0.001°
Preoperative systolic blood pressure (mm Hg), mean (SD) 117.6 (12.1) 123.7 (14.4) 128.2 (14.7) <0.001°
Preoperative diastolic blood pressure (mm Hg), mean (SD) 71.6 (10.5) 74.5 (10.9) 73.7 (10.7) 0.001¢
Preoperative total cholesterol level (mg/dl), mean (SD) 195.0 (32.6) 216.7 (36.6) 206.5 (36.0) <0.001°
Preoperative friglyceride level (mg/dl), mean (SD) 125.3 (91.6) 143.1 (86.1) 139.3 (77.8) <0.001°
Preoperative low-density lipoprotein cholesterol level (mg/dl), mean (SD) 112.0 (29.8) 126.9 (30.1) 120.7 (30.1) <0.001°
Preoperative high-density lipoprotein cholesterol level (mg/dl), mean (SD) 61.1 (13.7) 64.7 (17.2) 59.7 (14.2) 0.119
Preoperative fasting glucose level (mg/dl), mean (SD) 95.2 (10.0) 99.4 (11.4) 103.6 (16.9) <0.001°
Preoperative 75 g oral glucose folerance test results (blood glucose level 2 h 116.9 (25.8) 133.1 (38.3) 145.7 (38.0) <0.001°
affer glucose adminisiration, mg/dl), mean (SD)
Preoperative HbATc level (%, SD) 5.5 (0.3) 5.8 (0.3) 5.9 (0.4) <0.001°
Preoperative antihypertensive agent administration, n (%) 6 (2.5) 191 (23.9) 78 (43.6) <0.001°
Preoperative antihypercholesterolemic agent administration, 1 (%) 3.2 134 (16.7) 57 (32.0) <0.001°
Preoperative antidiabetic agent administration, n (%) 0 17 2.1) 9 (6.0) 0.002¢
Preoperative eGFR (ml/min per 1.73 m?), mean (SD) 80.7 (13.7) 72.6 (11.8) 67.4 (11.0) <0.001°
Preoperative urine albumin-fo-Cr rafio (mg/gCr), mean (SD) 8.6 (15.7) 10.0 (12.3) 10.5 (9.5) <0.001°

eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin Alc.
*Statistically significant results.

thrombosis, pulmonary embolism, and surgery-related
death. Pathological findings of the baseline biopsy
performed 1 hour after reperfusion that was evaluated
based on the Banff criteria 2018 by transplant pathol-
ogists included glomerular sclerosis, interstitial
fibrosis, tubular atrophy, and arteriolar hyalinosis."’
The LKD prognoses, including eGFR changes, ESRD
incidences, and mortality rates, were investigated.
Finally, all LKDs underwent echocardiography, stress
electrocardiography, respiratory function testing, and
chest radiography to evaluate cardiorespiratory func-
tion. In addition, all LKDs were screened for cancer via
enhanced computed tomography imaging, abdominal
ultrasonography, gastrointestinal endoscopy, immu-
nochemical fecal occult blood testing, prostate-specific
antigen testing in male LKDs older than 50 years, and
gynecological and breast cancer screening in female
LKDs.

Statistical Analysis

Statistical analyses of LKD characteristics were per-
formed using the Kruskal-Wallis test for continuous
variables and the chi-square test for categorical

Kidney International Reports (2024) 9, 1321-1332

variables. The normal distribution of eGFR data was
confirmed using histograms. A linear mixed model
analysis was performed to examine whether the LKD
groups (3049 years, 5069 years, and 70-89 years)
affected eGFRs over time; “case” was used as a random
factor, dummy variables for “time” were used as re-
petitive factors, and “LKD groups” and “interaction
with time” (defined as “time X donor age groups”)
were used as fixed factors. Sex was included as a co-
variate to adjust for confounding factors. The repeated-
measures covariance structure comprised compound
symmetry. Estimated marginal means and their stan-
dard errors and 95% confidence intervals were calcu-
lated and compared among the LKD groups at each time
point. The Benjamini—-Hochberg method (false discov-
ery rate method) was used to adjust for multiple com-
parisons. In addition, using the same model as that
used for the linear mixed analysis, the reference stan-
dard for time was set as postoperative day (POD) 6, and
the estimated mean and 95% confidence interval of the
difference (amount of change) relative to the eGFR on
POD 6 were calculated and compared between groups
according to donor age. Further analysis was performed
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Table 2. Intraoperative and postoperative results

T Hiramitsu et al.: Impact of Age of Living Kidney Donors

30-49 yr
n = 244
Surgical methods for donor nephrecfomy
Hand-assisted laparoscopy, 11 (%) 226 (92.6)

Non-hand-assisted refroperitoneoscopic, n (%) 8 (3.3)

Open, n (%) 10 (4.1)
Operative results
Kidney side (leff), n (%) 221 (90.6)
Kidney weight (g), mean (SD) 169.8 (37.0)
Warm ischemic time (seconds), mean (SD) 136.7 (48.0)
Operafive fime (minutes), mean (SD) 207.6 (50.8)
Operafive blood loss (ml), mean (SD) 30.2 (48.1)
Graft quality
Arterial length (mm), mean (SD) 25.4 (6.3)
Number of preserved arteries
1, n (%) 182 (83.9)
2, n (%) 31 (14.3)
3, n (%) 4(1.8)
Venous length (mm), mean (SD) 23.4 (5.9)
Number of preserved veins
1, n (%) 234 (100.0)
2, n (%) 0
3, n (%) 0
Ureter length (mm), mean (SD) 107.5 (16.9)
Number of preserved ureters
1, n (%) 234 (100.0)
2, n (%) 0
Intraoperative adverse events
Arterial injury, n (%) 0
Venous injury, n (%) 0
Open conversion, n (%) 0
Bleeding, n (%) 0
Bowel injury, n (%) 0
Postoperative adverse events
Surgical site infection, n (%) 20 (8.2)
Bleeding, n (%) 0
Pneumonia, n (%) 1(0.4)
Urinary tract infection, n (%) 3.2
Small bowel obstruction, 1 (%) 1(0.4)
Cardiovascular events, n (%) 0
Deep venous thrombosis, 1 (%) 0
Pulmonary embolism, n (%) 0
Surgery-related death, n (%) 0
Long term outcome
Donor end-stage renal disease, n (%) 0
Donor death, n (%) 0
Donor follow-up period (mos), mean (SD) 82.8 (45.3)

50-69 yr 70-89 yr
n = 803 n=179 P- value
756 (94.1) 171 (95.5) 0.187
33 @4.1) 4 (22)
14 (1.7) 422
742 (92.4) 162 (90.5) 0.530
177.2 (42.4) 186.6 (44.7) <0.001°
142.4 (77.1) 135.3 (41.7) 0.285
210.0 (106.4) 200.0 (48.4) 0.328
37.6 (81.8) 32.9 (44.9) 0.066
26.6 (6.8) 27.5 (6.0) <0.001°
596 (82.2) 124 (80.0) 0.819
119 (16.4) 29 (18.7)
10 (1.4) 2 (1.3)
22.6 (6.0) 22.6 (6.0) 0.104
779 (99.2) 176 (100.0) 0.533
5 (0.6) 0
1(0.1) 0
108.5 (16.7) 113.2 (51.2) 0.470
782 (99.9) 175 (100.0) 0.770
1(0.1) 0
1.1) 0 0.768
2 (0.2) 0 0.690
3 (0.4) 0 0.453
2(0.2) 0 0.590
1(.1) 0 0.768
54 (6.7) 18 (10.1) 0.279
2 (0.2) 0 0.590
2 (0.2) 0 0.700
4 (0.5) 2(1.1) 0.407
0 0.133
0 0 NA
0 0 NA
0 0 NA
0 0 NA
0 0 NA
12 (1.5) 7 (3.9) 0.005
81.7 (46.2) 66.0 (41.7) <0.001°

NA, not accessed.
*Statistically significant results.

using the same linear mixed model. The dependent
variable was the rate of eGFR reduction, calculated as
“(predonation eGFR — eGFR at each time point)/pre-
donation eGFR.”

During the mixed model analysis of the impact of
LKD age on eGFR improvement after POD 6, the eGFR
on POD 6 was used as the reference, and the factors
associated with improved eGFRs were examined. We
created a model in which the amount of change in the
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eGFR (using eGFR on POD 6 as the reference standard)
was the dependent variable, the subject was a variable
factor, and time and other parameters were fixed fac-
tors. In this model, time was treated as continuous data.
In the univariate model, only time was added as a co-
variate when other factors were considered. For the
multivariate analysis, we constructed a model with all
variables (time, sex, and LKD age groups) using the
forced entry method. A survival analysis was
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Figure 2. Estimated glomerular filtration rate changes in donors after donor nephrectomy.
Error bars indicate SDs. The estimated glomerular filtration rate was adjusted for sex. The Benjamini-Hochberg (false discovery rate [FDR])

method was used for multiplicity adjustment.

POD, postoperative day; M, postoperative month.
*P < 0.05 for donors aged 30-49 vs. 70-89 years.
TP < 0.05 for donors aged 50-69 vs. 70-89 years.
*P < 0.05 for donors aged 30-49 vs. 50-69 years.

performed to determine whether LKD age groups
influenced overall donor survival. The cumulative
survival rate was calculated using the Kaplan—Meier
method. The Bonferroni method was used for multi-
plicity adjustment. All statistical analyses were per-
formed using IBM SPSS® Statistics for Windows
(version 23.0; IBM Corporation, Armonk, NY) and SAS
9.4 (SAS Institute Inc., Cary, NC). For all analyses, P <
0.05 was considered significant.

RESULTS

Study Population

A total of 1230 donor nephrectomy procedures were
performed for LDKTs at our hospital during the study
period. After excluding 4 LKDs, 1226 LKDs were enrolled
in the study. They were stratified into the following age
groups: 30 to 49 years (244 LKDs), 50 to 69 years (803
LKDs), and 70 to 89 years (179 LKDs) (Figure 1). The
distribution of LKDs aged 70 to 89 years is presented in
Supplementary Figure S1. These LKDs were followed-up
with between January 2008 and August 2022 (median
observation period: 73.0 months; interquartile range:
41.0-119.0 months) and included in the final analysis.

Donor Results
Descriptive Data
In Table 1, we present the donor characteristics. The
following significant differences were observed
among the 3 LKD groups: age (P < 0.001); sex

Kidney International Reports (2024) 9, 1321-1332

(P = 0.045); height (P < 0.001); body weight (P =
0.001); donations to first-degree relatives (P < 0.001);
1 or more preoperative comorbidities (P < 0.001),
including hypertension (P < 0.001), dyslipidemia
(P < 0.001), glucose intolerance (P < 0.001), and
obesity (P < 0.001); preoperative systolic blood
pressure (P < 0.001); diastolic blood pressure (P <
0.001); preoperative total cholesterol level (P <
0.001); triglyceride level (P < 0.001); low-density li-
poprotein cholesterol level (P < 0.001); preoperative
fasting glucose level (P < 0.001); preoperative 75 g
oral glucose tolerance test results (blood glucose level
2 hours after glucose administration) (P < 0.001);
preoperative hemoglobin Alc level (P < 0.001); pre-
operative administration of antihypertensive agents
(P < 0.001); preoperative administration of anti-
hypercholesterolemic agents (P < 0.001); preopera-
tive administration of antidiabetic agents (P = 0.002);
preoperative eGFR (P < 0.001); and preoperative
urine albumin-to-Cr ratio (P < 0.001).

Surgical Outcomes

In Table 2 and Supplementary Table S1, we present the
intraoperative and postoperative outcomes of the LKD
groups. No significant differences in surgical results,
graft quality, and adverse events were observed;
however, significant differences in kidney weight (P <
0.001), arterial length (P < 0.001), and follow-up period
(P < 0.001) were observed.
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Table 3. Estimated glomerular filtration rate changes adjusted for sex

Difference 95% ¢l

Time Donor age groups (ml/min per 1.73 m?) SD Lower limit Upper limit P-value®
Preoperation

30-49 50-69 -8.03 0.60 -9.22 —6.85 < 0.001

30-49 70-89 —13.056 0.81 —14.64 —11.45 < 0.001

50-69 70-89 —5.02 0.68 —6.36 -3.68 < 0.001
POD O

30-49 50-69 —4.69 0.60 —5.87 —3.50 < 0.001

30-49 70-89 —6.87 0.81 —8.47 —-5.28 < 0.001

50-69 70-89 -2.19 0.68 —-3.563 -0.84 0.001
POD 1

30-49 50-69 —4.69 0.60 —5.87 —3.51 < 0.001

30-49 70-89 -7.21 0.81 —8.81 —5.61 < 0.001

50-69 70-89 —2.562 0.68 —3.86 -1.18 < 0.001
POD 3

30-49 50-69 —5.65 0.60 —6.74 —4.37 < 0.001

30-49 70-89 —8.42 0.81 —10.01 —6.82 < 0.001

50-69 70-89 -2.86 0.68 -4.20 —1.62 < 0.001
POD 6

30-49 50-69 -5.70 0.60 —6.88 —4.51 < 0.001

30-49 70-89 -8.79 0.81 -10.39 —7.20 < 0.001

50-69 70-89 -3.10 0.68 —4.44 -1.76 < 0.001
1 mo

30-49 50-69 —5.96 0.61 -7.15 —4.76 < 0.001

30-49 70-89 —8.86 0.82 -10.47 -7.25 < 0.001

50-69 70-89 —-2.91 0.69 —4.26 —1.65 < 0.001
3 mo

30-49 50-69 —6.20 0.62 —-7.41 —4.99 < 0.001

30-49 70-89 -9.92 0.83 —11.65 -8.29 < 0.001

50-69 70-89 -3.72 0.70 -5.09 -2.35 < 0.001
6 mo

30-49 50-69 —6.24 0.62 —7.46 —5.01 < 0.001

30-49 70-89 -10.59 0.84 -12.23 —8.96 < 0.001

50-69 70-89 —4.36 0.70 —5.72 —2.99 < 0.001
12 mo

30-49 50-69 —6.43 0.62 —7.65 —5.21 < 0.001

30-49 70-89 -10.26 0.83 -11.89 —8.62 < 0.001

50-69 70-89 -3.83 0.70 -5.20 —2.46 < 0.001
24 mo

30-49 50-69 —6.46 0.63 —7.69 —5.22 < 0.001

30-49 70-89 —10.26 0.85 -11.91 —8.60 < 0.001

50-69 70-89 -3.80 0.70 -5.18 —2.42 < 0.001
36 mo

30-49 50-69 -5.90 0.64 -7.15 —4.66 < 0.001

30-49 70-89 —-9.65 0.86 -11.34 —7.96 < 0.001

50-69 70-89 -3.74 0.73 -5.17 -2.32 < 0.001
48 mo

30-49 50-69 —6.30 0.65 —7.568 —5.03 < 0.001

30-49 70-89 —10.45 0.89 -12.20 -8.70 < 0.001

50-69 70-89 —4.15 0.75 —5.62 —2.67 < 0.001
60 mo

30-49 50-69 -5.48 0.66 -6.78 —-4.18 < 0.001

30-49 70-89 —9.82 0.92 —11.64 —8.01 < 0.001

50-69 70-89 —4.34 0.79 -5.89 —2.80 < 0.001
72 mo

30-49 50-69 -5.39 0.68 —6.72 —4.05 < 0.001

30-49 70-89 -9.32 0.97 -11.22 —7.42 < 0.001

50-69 70-89 -3.94 0.83 —5.56 -2.31 < 0.001
84 mo

30-49 50-69 —-5.91 0.70 —7.29 —4.563 < 0.001

(Continued on following page)
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Table 3. (Continued) Estimated glomerular filtration rate changes adjusted for sex

Difference

Time Donor age groups (ml/min per 1.73 m?)

30-49 70-89 -10.59

50-69 70-89 —4.68
96 mo

30-49 50-69 -5.89

30-49 70-89 -10.84

50-69 70-89 —4.95
108 mo

30-49 50-69 -5.00

30-49 70-89 -9.82

50-69 70-89 —4.83
120 mo

30-49 50-69 -5.03

30-49 70-89 -9.48

50-69 70-89 —4.46
132 mo

30-49 50-69 —5.60

30-49 70-89 —11.68

50-69 70-89 —6.08
144 mo

30-49 50-69 -5.76

30-49 70-89 -10.81

50-69 70-89 -5.05

95% ClI
SD Lower limit Upper limit P-value®
1.03 —12.60 —8.58 < 0.001
0.89 —6.42 —-2.94 < 0.001
0.73 —7.32 —4.46 < 0.001
1.11 —13.01 —8.67 < 0.001
0.97 —6.84 -3.056 < 0.001
0.77 —6.51 -3.48 < 0.001
1.15 —-12.07 —7.58 < 0.001
0.99 —6.76 -2.89 < 0.001
0.82 —6.64 -3.41 < 0.001
1.26 —-11.94 —7.02 < 0.001
1.09 —6.60 -2.31 < 0.001
0.89 —-7.34 -3.86 < 0.001
1.42 —14.46 —8.89 < 0.001
1.26 —8.54 -3.61 < 0.001
1.01 -7.75 -3.78 < 0.001
1.63 —14.01 —7.62 < 0.001
1.45 -7.90 -2.20 0.001

95% Cl, 95% confidence interval; POD, postoperative day.
2Statistically significant results.

eGFR Changes

In Figure 2, we present the eGFR changes adjusted for
sex among the 3 LKD groups. The eGFRs of LKDs aged
30 to 49 and 70 to 89 years were the highest and lowest,
respectively, among the 3 LKD groups. Differences in
eGFR among the 3 LKD groups that were unadjusted
(Supplementary Table S2) and adjusted for sex (Table 3)
showed significant differences at all time points.
However, the eGFR improved slightly in all LKD
groups after POD 6 (Figure 2).

P<0.001
a

P <0.001

P=0.002

Estimated glomerular filtration rate reduction

adjusted for sex (ml/min/1.73 m?)

24.0
= 3049 years = 50-69 years = 70-89 years

(o3

Reduction rate of estimated glomerular filtration rate

adjusted for sex (%)

Although the eGFR reduction between the preop-
erative period and POD 6 was the highest and lowest
among LKDs aged 30 to 49 and 70 to 89 years,
respectively, according to the unadjusted and
adjusted analyses (Figure 3a, Supplementary
Tables S3 and S4), the reduction rate of eGFR be-
tween the preoperative period and POD 6 was similar
among the 3 LKD groups according to the adjusted
analysis (Figure 3b and Supplementary Tables S5 and
S6). The results of mixed model analyses of the impact

P =0.066

425 P=0.707
20 P =0.065

415
41.0
40.5
40.0
39.5
39.0
385
38.0
375

m30-49 years ™ 50-69 years ™ 70-89 years

Figure 3. (a)Estimated glomerular filtration rate reduction between the preoperative period and postoperative day (POD) 6 adjusted for sex. P <
0.001 for donors aged 30-49 vs. 70-89 years, P = 0.002 for donors aged 50-69 vs. 70-89 years, and P < 0.001 for donors aged 30-49 vs. 50-69
years. (b) Reduction rate of estimated glomerular filtration rate between the preoperative period and postoperative day (POD) 6 adjusted for sex.
P = 0.066 for donors aged 30—49 vs. 70-89 years, P = 0.707 for donors aged 50-69 vs. 70-89 years, P = 0.065 for donors aged 30-49 vs. 50-69

years.
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Table 4. Mixed model analysis of the impact of donor age on estimated glomerular filtration rate improvement after postoperative day 6

Unadjusted Adjusted for sex
95% ClI 95% Cl

Estimate SD Lower limit Upper limit P-value Estimate SD Lower limit Upper limit P-value
Donor age group 0.027° 0.007°
30-49 yr ref ref
50-69 yr —0.248 0.263 —0.764 0.268 0.345 -0.275 0.2569 -0.784 0.233 0.289
70-89 yr -0.928 0.355 -1.624 -0.231 0.009° -1.074 0.351 —1.763 -0.385 0.002°
95% Cl, 95% confidence interval; ref, reference.
2Statistically significant results.
of LKD groups on eGFR improvement after POD 6 are ESRD

shown in Table 4. Significantly low eGFR improve-
ment among LKDs aged 70 to 89 years was indicated
by the unadjusted (P = 0.009; estimate: —0.928; 95%
confidence interval: —1.624 to —0.231) and adjusted
(P = 0.002; estimate: —1.074; 95% confidence
interval: —1.763 to —0.385) analyses.

Pathological Findings of the Baseline Biopsy
Performed 1 Hour After Reperfusion

In Table 5, we present the pathological findings of
the baseline biopsy performed 1 hour after LDKT.
The scores of interstitial fibrosis, tubular atrophy,
and arteriolar hyalinosis were significantly higher
among LKDs aged 70 to 89 years compared to those
of the other LKD groups. Among the 3 LKD
groups, glomerular sclerosis was most frequently
identified among LKDs aged 70 to 89 years. The
biopsy results showed that the glomerular sclerosis
incidence was significantly higher among LKDs
aged 70 to 89 years.

Table 5. Results of the baseline biopsy performed 1 h after kidney
transplantation

30-49 yr 50-69 yr 70-89 yr
n = 244 n = 803 n=179 P-value
ci score, n (%)
0 234 (97.1) 691 (87.0) 141 (79.7) <0.001¢
1 7 (2.9) 98 (12.3) 35 (19.8)
2 0 5 (0.6) 1 (0.6)
ct score, n (%)
0 197 (81.7) 453 (67.1) 73 (41.2) <0.001°
1 44 (18.3) 336 (42.3) 104 (58.8)
2 0 5 (0.6) 0
ah score, n (%)
0 175 (72.6) 407 (51.3) 84 (47.5) <0.001°
1 43 (17.8) 215 (27.1) 45 (25.4)
2 21 8.7) 128 (16.1) 43 (24.3)
3 2 (0.8) 44 (5.5) 5 (2.8)
Glomerulosclerosis, n (%) 105 (43.6) 576 (72.5) 146 (82.5) <0.001°
Rate of glomerulosclerosis 3.8 (6.7) 103 (11.1) 142 (12.4) <0.001°

according to the biopsy
specimen results (%),
mean (SD)

ah, arteriolar hyalinosis; ci, interstitial fibrosis; ct, tubular atrophy.
“Statistically significant results.
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During the observation period, ESRD was not identified
among the 3 LKD groups.

Donor Mortality Rate

Significant differences in mortality rates were identi-
fied among the 3 LKD groups during the observational
period. The mortality rate was the highest among
LKDs aged 70 to 89 years (Figure 4). A total of 19
donors died as a result of different causes. In LKDs
aged 50 to 69 years, deaths attributable to lung cancer
(m = 1), pancreatic cancer (n = 1), multiple organ
failure (n = 1), cerebral infarction (n = 1), abdominal
aortic aneurysm rupture (n = 1), amyotrophic lateral
sclerosis (n = 1), brain cancer (n = 1), heart failure
(n = 1), suspected suicide (» = 1), and unknown
causes (n = 3) were observed. Deaths attributable to
colon cancer (n = 2), prostate cancer (n = 1), pancre-
atic cancer (n = 1), aspiration pneumonia (n = 1), renal
pelvic cancer (n = 1), and an unknown cause (7 = 1)
were observed among LKDs aged 70 to 89 years.

DISCUSSION

This study demonstrated similar surgical outcomes,
including graft quality and adverse events, among the
3 LKD groups. Although eGFR changes and improve-
ment in LKDs aged 70 to 89 years were the lowest
among the 3 LKD groups, eGFR improved slightly after
POD 6, and ESRD was not observed in any group
during the observation period. Among the 3 LKD
groups, the mortality rate of LKDs aged 70 to 89 years
was the highest.

This is the first study to meticulously demonstrate
preoperative comorbidities, including hypertension,
dyslipidemia, glucose intolerance, and obesity, among
LKDs of different age groups. These comorbidities may
have increased the incidences of perioperative adverse
events and caused inferior kidney function, ESRD, and
high mortality rates in other studies.”'*'*"” Elderly
individuals are at a high risk for perioperative adverse
events because these comorbidities increase as patients
age.”””! During this study, the incidences of hyper-
tension, dyslipidemia, and glucose intolerance increased

Kidney International Reports (2024) 9, 1321-1332
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30-49 years 243 231 220200 182 161134 118 99 77 58 44 32 13 4 0
50-69 years 802 773 714 628 572 502433 377 315 260 205 145 87 53 14 0
70-89 years 178 170 156 127 104 86 63 53 42 33 22 17 11 5 0 0

Figure 4. Postoperative mortality rate of donors. The Bonferroni method was used for multiplicity adjustment. P < 0.001 for donors aged 3049
vs. 70-89 years, P = 0.009 for donors aged 50-69 vs. 70-89 years, and P = 0.153 for donors aged 30-49 vs. 50-69.

with the donor’s age, consistent with the results of
previous studies.”””>’ However, obesity was observed
more often among young LKDs than among elderly
LKDs. The preoperative blood pressure, serum lipid
metabolism markers, and serum glycometabolism
markers were significantly inferior among LKDs aged 70
to 89 years. However, preoperatively, these comorbid-
ities were well-managed with medication within the
ranges indicated by the Japanese LKD guidelines, and
these administration rates also increased with donor
age.”” Under these well-managed conditions, donor
nephrectomy was performed for all LKD groups.

This study demonstrated intraoperative and post-
operative results, such as graft quality and adverse
events. Surgery was safely performed for the 3 LKD
groups without any significant differences in graft
quality and adverse events; however, significantly
longer arterial lengths and heavier kidney weights were
observed among LKDs aged 70 to 89 years. Surgery-
related death was not observed in any group.
Although previous reports defined elderly donors as
those older than 55 to 65 years, perioperative compli-
cations after donor nephrectomy did not increase.””
During this study, surgery results of the donors were
similar among all groups. This indicated that age 70
years or older did not impair safe donor nephrectomy,
although preoperative comorbidities were significantly
more common among those aged 70 to 89 years. The
cardiovascular system, pulmonary function, kidney
function, and general health of LKDs were fully evalu-
ated before surgery.”” Donor nephrectomy was
indicated for LKDs with either no preoperative

Kidney International Reports (2024) 9, 1321-1332

comorbidities or preoperative comorbidities that were
managed per the guidelines before surgery.””** These
preoperative evaluations and the management of LKDs
might have led to the safety of donor nephrectomy,
even among LKDs aged 70 years or older. However, the
impact of kidney grafts from LKDs aged 70 to 89 years
on the outcomes of recipients is also essential. This issue
has been investigated previously,”’ and it was observed
that LDKTs involving LKDs aged 70 to 89 years and
recipients with a donor-recipient age difference of 10 to
15 years (i.e., elderly recipients) exhibited the lowest
graft survival and highest mortality rates compared to
those involving LKDs aged 30 to 49, 50 to 69, and 70 to
89 years and recipients with donor-recipient age dif-
ferences of 10 to 15 or 15 to 40 years.”’

A comparison of the eGFR changes among the 3 LKD
groups showed that they had similarly declined by
POD 6 and improved gradually after POD 6. These
trends of eGFRs are similar to those previously re-
ported.”*® However, no studies have investigated the
detailed eGFR changes after donor nephrectomy among
LKDs stratified by age. This study meticulously
investigated the differences in eGFRs among LKD age
groups and eGFR improvements after donor nephrec-
tomy. Among the LKD groups, the eGFRs of those aged
70 to 89 years were the lowest at all time points,
including the preoperative period. However, the eGFR
after POD 6 improved slightly in all groups.

The similar reduction rate of eGFR among the 3 LKD
groups can explain the highest and lowest eGFR
reduction among LKDs aged 30 to 49 years and LKDs
aged 70 to 89 years, respectively, between the
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preoperative period and POD 6, because LKDs aged 30
to 49 and 70 to 89 years had the highest and lowest
preoperative eGFRs, respectively. However, whereas
LKDs aged 30 to 49 years experienced the highest
improvement in postoperative eGFRs, those aged 70 to
89 years experienced the lowest improvement in
postoperative eGFRs. The postoperative eGFR reduc-
tion based on the preoperative eGFR and the lowest
postoperative eGFR improvement could contribute to
the lowest eGFR changes at all time points in LKDs
aged 70 to 89 years. The results of the baseline biopsy
could explain these findings. The interstitial fibrosis
scores, tubular atrophy scores, arteriolar hyalinosis
scores, and glomerular sclerosis were the lowest
among LKDs aged 30 to 49 years and highest among
those aged 70 to 89 years, which might have resulted
in the highest and lowest preoperative eGFRs, eGFR
changes, and eGFR improvements among LKDs aged
30 to 49 and 70 to 89 years, respectively. These
baseline biopsy findings might be attributable to age
and preoperative comorbidities, as indicated by a
previous study that observed an amplified effect of
comorbid conditions.'” However, the improvement in
postoperative eGFR among LKDs aged 30 to 49 years
was only approximately 5.7 ml/min per 1.73 m” dur-
ing 12 years after donor nephrectomy.

ESRD was not identified in any group during the
observation period. A previous study found that the
ESRD rate of LKDs was higher than that of healthy
controls at 15 years after surgery.”’28 However, ESRD
in LKDs aged 70 years or older has not been previously
investigated, possibly because of the differences in life
expectancy among races and countries. The association
between the remaining duration of life and time to
ESRD should be investigated. In Japan, the average life
expectancy was 81.5 years for men and 86.9 years for
women in 2019.”” Considering the life expectancy, the
observation period should be at least 10 to 15 years to
enable a sufficient evaluation of ESRD in LKDs aged 70
years or older. Although the short-term results of this
study were excellent, studies with longer follow-up
periods are needed.

Mortality rates were significantly higher for LKDs
aged 70 to 89 years than for other LKD groups,
although the mortality rates compared with healthy
age-matched controls were not investigated in this
study. Previously, the 10-year mortality rates of LKDs
aged 70 years or older were superior to those of
healthy matched controls.” However, the mortality
rates of LKDs aged 70 years or older were not
compared to those of younger LKDs in the previous
study.” Despite the short observation period, we
demonstrated that LKDs aged 70 to 89 years had
inferior mortality than those of other LKD groups.
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This result is rational, considering the life expectancy
of the Japanese population. However, the causes of
death are important. During this study, deaths of
LKDs were not caused by ESRD, but some unknown
causes of death were identified. Among the 1226 LKDs
included in this study, 19 (1.5%) died. This incidence
is acceptable; however, it is too low to investigate for
causative factors other than age. Large-scale prospec-
tive studies with longer observation periods are
expected.

Considering the eGFR changes, ESRD risk, and
mortality rates, the indications for preoperative eGFRs
for LKDs should be optimized. LKDs aged 30 to 49
years have a life expectancy of approximately 30 to 60
years; furthermore, their eGFR reduction between the
preoperative period and POD 6 was the highest, and
their eGFR improvement was sluggish thereafter. The
preoperative eGFRs of LKDs aged 30 to 49 years should
be strictly followed according to the indications for
preoperative eGFR (>80 ml/min per 1.73 m?) provided
by the LKD guidelines in Japan.”” However, for LKDs
aged 70 to 89 years, the life expectancy is approxi-
mately 10 to 15 years, and their eGFR reduction be-
tween the preoperative period and POD 6 was the
lowest, although their eGFR improvement was the most
sluggish among the 3 LKD groups. These results sup-
port the previous guidelines provided by the British
Transplant Society, Canadian Transplant Society, and
European Renal Best Practice, which indicated that the
preoperative eGFRs of LKDs should not be the same
and should be adapted according to the age of the LKDs
to increase the indications for LKD. However, accord-
ing to the previous guidelines provided by Kidney
Disease Improving Global Outcomes 2017 and Japan,
the indications for preoperative eGFRs are the same for
all ageS.2’3'24’ 30-32

This study was limited by its retrospective nature,
the lack of comparison with a healthy population, and
low incidence of events, including ESRD and death.
Prospective investigations of the impact of donor ne-
phrectomy on a large population of elderly LKDs aged
70 years or older with long observation periods,
including comparison with a healthy population, are
warranted.

In conclusion, donor nephrectomy can be performed
safely for LKDs aged 70 years or older. Despite the low
eGFR changes and improvement after donor nephrec-
tomy, LKDs aged 70 years or older can maintain their
kidney function without ESRD. Regarding life expec-
tancy, LDKTs involving LKDs aged 70 years or older
are associated with favorable outcomes. The results of
this study may aid in the discovery of optimal in-
dications for preoperative eGFRs of LKDs and increase
the number of eligible LKDs.

Kidney International Reports (2024) 9, 1321-1332
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