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SUMMARY

Kidney transplantation from older and marginal donors is effective to con-
front organ shortage. However, limitations after transplantation of kidneys
from very marginal kidney donors remain unclear. We compared patient
and graft outcome, achieved allograft function and quality of life of renal
transplantations from Very Senior Donors (VSD, defined as donors aged
70 years and older) with Senior Donors (SD, aged 60–70 years) and Regu-
lar Donors (RD, aged younger than 60 years) in Switzerland. We evaluated
the outcome of 1554 adult recipients of deceased donor kidney transplan-
tations from 05/2008 to 12/2019; median follow-up was 4.7 years. Failure-
free survival (freedom from graft loss or death), glomerular filtration rate
(eGFR), and quality of life at 12 months were analyzed for RD (reference
group, n = 940), SD (n = 404), and VSD (n = 210). Failure-free survival
decreased with increasing donor age, mainly attributable to premature graft
loss. Still, overall 5-year failure-free survival reached 83.1%, 81.0%, and
64.0% in the RD, SD, and VSD subgroups, respectively. eGFR 12 months
post-transplantation was significantly higher in RD compared with SD and
VSD. The acceptance rate of donor candidates for kidney TPL was 78%
for the entire cohort (87% for RD, 79% for SD, and 56% for VSD).
Deceased donor kidney transplantation from donors aged 70 years or older
is associated with an inferior, yet acceptable failure-free outcome, with sus-
tained quality of life.
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Introduction

Kidney transplantation (TPL) is an effective treatment

for advanced and dialysis-dependent kidney insuffi-

ciency and provides a better quality of life (QoL)

compared with long-term dialysis [1,2]. Various

donor-derived factors are associated with graft survival

after deceased donor TPL, such as increased age,

impaired kidney function or acute kidney injury, history

of hypertension, diabetes mellitus, and cerebrovascular

event as the cause of death [3,4].

Discrepancies between patients on the waiting list

and the number and quality of available donor organs

have led to strategies to extend the donor pool, e.g., liv-

ing donor TPL, AB0-incompatible TPL, donation after

cardiac death (DCD), and expanding age limitation for

deceased kidney donors [5,6]. There is convincing evi-

dence that transplanting allografts of marginal donors

(generally defined as donors older than 60 years or 50–
60 years with comorbidities) are superior to maintain-

ing dialysis in terms of a survival benefit [7,8]. How-

ever, only little research has been performed on very

old kidney donors, e.g., 70 years of age or more.

Previous studies have shown a high risk of graft loss

and patient death in TPLs from septua- and octogenar-

ian donors, especially if transplanted into recipients of

60 years or younger [9]. Meanwhile, recent publications

support TPLs of older and marginal donor organs to

selected recipients, since five-year TPL outcome is

acceptable and accompanied by limited morbidity and

good QoL in the majority of recipients [10–12]. Fur-
thermore, such organs show a survival benefit for

elderly recipients when compared with remaining on

dialysis [13]. Recently, Ruggenenti et al. [14] published

a small multicenter cohort study on kidney donors aged

80 years or older. Depending on histopathological find-

ings in preimplantation biopsies, recipients received sin-

gle or dual kidney TPLs. Short-term outcome with

median follow-up of two years was good and compara-

ble to a matched cohort of recipients receiving organs

from donors aged 60 years and younger.

These findings support the notion that deceased-

donor kidney TPL from septua- and octogenarian

donors is feasible after thorough selection of suitable

donors and recipients. Indeed, various allograft-survival

risk calculators have been created in an effort to

improve upon the dichotomy of standard criteria

donors versus extended criteria donors and allowing for

prediction of short- and long-term outcomes. For

example, the Kidney Donor Profile Index (KDPI) sum-

marizes various donor-derived factors onto a

cumulative percentage scale, predicting the allograft out-

come for all kidneys recovered in the US during the

previous year [15]. However, donor age is a leading

determinant for KDPI ranking, and donors aged

70 years and older are all within the highest quartile of

the KDPI, which makes this tool virtually inapplicable

for VSD. Furthermore, KDPI is calculated from the

UNOS (United Network for Organ Sharing) cohort

which prioritizes particularities specific to the US

donors and therefore cannot be adapted to other coun-

tries without critical appraisal [16]. Meanwhile, KDPI

scores have been validated for European cohorts,

although it is still questionable if its predictive value is

equivalent to the US recipients [17,18].

To date, outcome of TPL from septua- and octoge-

narian kidney donors is unclear although such candi-

dates could provide a valuable source of deceased donor

organs and help coping with organ scarcity. In this

study, we employed data from the Swiss Transplant

Cohort Study [19] (STCS, www.stcs.ch) to compare

patient and allograft survival, estimated glomerular fil-

tration rate (eGFR), and QoL of deceased donor kidney

TPL from donors older than 70 years compared with

donors aged 60 years and younger.

Materials and methods

Description of the cohort

The STCS prospectively enrolls all solid organ TPLs at

all six Swiss TPL centers since May 2008. Data are col-

lected at time of TPL, at 6 and 12 months and yearly

thereafter, and comprise medical data as well as self-

reported questionnaires exploring psychosocial and

behavioral factors, including a self-assessment of health-

related QoL. The study was approved by Swisstransplant

and the Medical Ethics Committee of the study centers

were involved, and informed consent was obtained from

all the participants at enrollment in the study.

Parameters analyzed

Recipient characteristics and outcome were collected

from the STCS database; donor-derived factors were

retrieved from the SOAS database (Swiss Organ Allocat-

ing System). Baseline values: Recipient age, sex, BMI at

time of TPL, history of kidney TPL, dialysis status and

time, cold ischemia time, serum creatinine and eGFR,

as well as QoL, were extracted from the STCS database.

From the SOAS database, donor age, sex, further values

to calculate KDPI, and cause of donor death were
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extracted. From here, we also extracted data regarding

nonutilized organs and organ conversion rate. Study

outcomes: Recipient death and graft outcomes. We esti-

mated renal allograft function at 12 months by using

the CKD-EPI formula [20]. In case of graft failure with-

out patient’s death within 12 months post-TPL, the

eGFR was set to 0 ml/min/1.73 m2. We further deter-

mined QoL using the EuroQuol (EQ-5D) questionnaires

for self-assessment of health-related QoL [19]. The

SOAS identifier (ST-code) served as unique identifier to

merge data from the two sources on the recipient level.

Donor age was considered in two ways: once as a con-

tinuous variable transformed via restricted cubic spline

transformation with knots placed at the 5th, 25th, 50th,

75th, and 95th percentiles of donor age [21], and also

categorically grouped into Regular Donors (RD, age

<60 years), Senior Donors (SD, 60–70 years), and Very

Senior Donors (VSD, >70 years). KDPI was calculated

according to the guide to calculating and interpreting

KDPI [22].

Statistical analysis

Baseline recipient and donor characteristics were pre-

sented by donor age group. The TPL activity with allo-

grafts from the different donor groups was illustrated

from 2008 to 2019. Average age of recipient and donor

were presented over calendar time with cubic splines.

Patient and graft survival was assessed as the time

from TPL until patient death, allograft failure, or cen-

soring. The relationship between donor age and sur-

vival was assessed with a Cox proportional hazard

model with donor age as a continuous variable trans-

formed with restricted cubic splines. Kaplan–Meier

curves were used to compare failure-free survival

between each donor age group. In order to investigate

the etiology of the relationship between donor age and

patient survival, cause-specific Cox proportional hazard

models were fit for allograft failure and death, correct-

ing for known predictors and taking into account that

two recipients may have a renal allograft from the

same donor by inclusion of donor identification as a

cluster term in our models. Cumulative incidence

curves for allograft failure and death were calculated

for each donor age group using the cumulative inci-

dence function (CIF) approach for competing risks

[23]. Allograft function at 12 months was compared

across donor ages with cubic splines and violin plots.

The R version 3.6.1 was used for statistical analysis

and visualization [24], R packages from the

“Tidyverse” were used for data manipulation [25] and

R package “Survival” was used for time-to-event analy-

ses [26].

Results

Baseline characteristics of recipients and donors in
transplantations from regular donors, senior donors,

and very senior donors

For the study population, we evaluated 3594 patients

who received kidney TPLs and were thus enrolled in

the STCS between May 1, 2008, and December 31,

2019. From this cohort, we excluded patients who met

at least one of the following criteria: recipients with

functioning graft but less than 90 days of follow-up,

aged less than 18 years at time of TPL, with living

donor or multi-organ TPL, with declined or with-

drawn informed consent or with re-TPL (Fig. S1). To

compare eGFR and QoL at 12 months, only patients

who reached this study visit were included. Finally,

1554 adult recipients of deceased donor kidney TPLs

from 983 donors remained for the analysis. Median

follow-up for the final study population was 4.7 years

(max: 12.1 years).

We compared donor and recipient characteristics at

baseline between the three groups (Table 1). Recipients

of VSD organs were older (65 years) than recipients

from SD (58 years) and RD (55 years). Preemptive TPL

was rare, and median time on dialysis was 3.8 years and

comparable among all groups. Meanwhile, donors pro-

viding VSD organs had a higher incidence of cere-

brovascular death [43.6% (RD), 68.2% (SD), and 74.4%

(VSD)]. Median cold ischemia time was short for all

groups investigated and below 12 h in 1139/1554 cases

(73.3%). Overall, RD represented the majority of kidney

donors with 62% of the entire donor cohort, while SD

and VSD comprised 24% and 14%, respectively

(Fig. 1a). Median age for donors and recipients at time

of TPL increased throughout the observation period

(Fig. 1b).

Donor age is an important determinant for KDPI cal-

culation. KDPI was significantly distinct among the

three donor categories investigated in our cohort, with

a median KDPI of 40%, 82%, and 96% for RD, SD,

and VSD organs, respectively (Fig. 1c–e). KDPI values

of 95% or above were found in 0.3%, 6.2%, and 58.5%

of TPLs involving RD, SD, and VSD, respectively. Med-

ian KDPI remained stable for the respective groups

during the observational period from 2008–2019.
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Transplantations from very senior donors lead to
inferior, yet acceptable outcome

A Cox proportional hazards model with restricted cubic

spline showed that the risk for graft loss or death shar-

ply increased with donor age, with a 12.5% increase in

hazard for donors aged 65 years and a 98% increase in

hazard for donors aged 75 years, compared with a refer-

ence donor age of 45 years. Meanwhile, the risk for

death or graft loss modestly declined in TPLs for donors

younger than 45 years (Fig. 2). Indeed, failure-free sur-

vival was significantly distinct across groupings (log-

rank P < 0.001, Fig. 3a).

Multivariable cause-specific Cox proportional hazards

models for death-free survival and allograft failure-free

survival (Fig. 3c,e and Table S1) provided no evidence

for a relationship between donor age group and patient

death [VSD vs. RD: HR = 1.0, 95%-CI: (0.65, 1.54)].

The HR for the comparison between VSD and RD

patients is highest in the model assessing allograft fail-

ure-free survival [HR = 2.92, 95%-CI: (1.89, 4.52)]. For

the allograft failure-specific model, we found little evi-

dence for Senior Donors having increased hazard com-

pared with Regular Donors [HR = 1.45, 95%-CI: (1.01,

2.08)]. These findings are underlined by cumulative

incidences estimated for allograft failure and death in all

donor age groups: graft loss was highest in the VSD

group, while death events did not differ among the

donor age groups (Fig. 3b,e).

Primary immunosuppression and donor-specific anti-

body development did not differ between the groups

(Table S2). 65.8% patients received an induction ther-

apy with interleukin-2 receptor antibody (basiliximab)

and 30.0% with anti-thymocyte globulin (ATG). The

vast majority of patients were started on a calcineurin

inhibitor (CNI)-containing regimen, i.e., 78% on tacro-

limus and 21% on ciclosporin A. Steroid withdrawal

was attempted in 32% of patients. Either Class I or

Class II donor-specific antibodies (DSA) were reported

in 8.9% of patients within the first 18 months of TPL.

We have recently published a study covering immuno-

suppression in kidney TPL recipients within the STCS

[27].

Lower graft function with intact quality of life in
recipients of very senior donor organs

Estimated glomerular filtration rate estimates at

12 months were only available for patients who had

more than 12 months of follow-up. Ultimately, 1315

(84.6%) patients contributed eGFR values to this analy-

sis. Median allograft function was 56.4, 43.4, and

32.4 ml/min/1.73 m2 for RD, SD, and VSD at

12 months after TPL (Fig. 4a,b). Chronic kidney disease

(CKD) stage 4T or higher (eGFR < 30 min/min/

1.73 m2) was found in 10.3% (RD), 21.6% (SD), and

43.1% (VSD) of patients. eGFR at 12 months postoper-

atively was stable for kidney recipients from donors

Table 1. Recipient and donor baseline values.

Recipients
All donors RD (donor <60 years) SD (donor 60–70 years) VSD (donor >70 years)
N = 1554 N = 940 N = 404 N = 210

Age, median [IQR] 57.00 [48.00, 65.00] 55.00 [44.00, 63.00] 58.00 [51.00, 65.00] 65.00 [59.00, 69.00]
Sex = male, n (%) 981 (63.1) 588 (62.6) 253 (62.6) 140 (66.7)
BMI, median [IQR] 25.80 [22.70, 29.20] 25.70 [22.60, 29.30] 25.80 [22.80, 28.70] 26.40 [23.40, 29.30]
Earlier TPL, n (%) 256 (16.5) 179 (19.0) 61 (15.1) 16 (7.6)
Dialysis, n (%) 1482 (95.4) 899 (95.6) 385 (95.3) 198 (94.3)
Dialysis time, median [IQR] 3.78 [2.40, 5.64] 3.87 [2.41, 5.93] 3.79 [2.41, 5.49] 3.46 [2.22, 5.00]
Cold ischemia time,
median [IQR]

9.23 [7.15, 12.16] 9.25 [7.03, 12.49] 9.31 [7.38, 11.78] 8.76 [7.10, 11.86]

Donors
All donors RD (donor <60 years) SD (donor 60–70 years) VSD (donor >70 years)
N = 983 N = 617 N = 233 N = 133

Age, median [IQR] 54.50 [41.40, 64.80] 46.40 [32.00, 53.30] 64.70 [62.40, 67.00] 74.70 [72.60, 77.90]
Sex = male, n (%) 550 (56.0) 364 ( 59.0) 122 ( 52.4) 64 ( 48.1)
KDPI, median [IQR] 0.60 [0.35, 0.84] 0.40 [0.22, 0.56] 0.82 [0.74, 0.89] 0.96 [0.92, 0.98]
DCD, n (%) 103 (10.5) 61 ( 9.9) 35 ( 15.0) 7 ( 5.3)
Cardiovascular death,
n (%)

527 (53.6) 269 ( 43.6) 159 ( 68.2) 99 ( 74.4)
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younger than 35 years and subsequently deteriorated

with an average decline of 6.7 ml/min/1.73 m2 per dec-

ade of donor age.

Patient-reported QoL was available for 742 patients,

reflecting 46.4% of the study population [n = 463

(RD), 176 (SD) and 103 (VSD)]. Median QoL was sim-

ilar and between 68% and 72% at 12 months for the

different age groups. The proportion of patients with a

functioning graft who filled in a QoL questionnaire was

indifferent, namely, 98.9%, 99.3%, and 96.5 % for RD,

SD, and VSD, respectively.

Selection of donor candidates for organ donation and

deceased donor kidney transplantation

In Switzerland, potential organ donors are recruited in

different procurement centers and reported to Swiss

Transplant, which then coordinates organ allocation to

waitlisted patients enrolled in a nationwide waiting list

by one of the six TPL centers. During the observation

period, we evaluated 1545 deceased donor candidates

for which consent for organ donation was given, either

by the patient prior to death or by the next of kin

(Table 2). In 37 cases (2.4%), organ procurement was

interrupted either since brain-death was not confirmed

or because of absolute contraindications for donation,

e.g., risk of transmission of infection or tumor, or

hemodynamic instability (Category 1). In 23 cases

(1.5%), only nonrenal organs were offered for TPL

(Category 2). Here, the majority of candidates suffered

from advanced cardiovascular and/or kidney diseases. In

321 patients (20.8%), kidneys were offered, but organs

were refused by all TPL centers because of medical rea-

sons (Category 3). In the remaining 1164 donor candi-

dates (75.3%), at least one kidney TPL was performed

(Category 4). In comparison, candidates in Category 3

Figure 1 Evolution of age categories and KDPI for transplantations (TPLs) involving Regular Donors (RD), Senior Donors (SD), and Very Senior

Donors (VSD) from 2008 to 2019. (a) Percentage of TPLs involving RD, SD, and VSD across the years 2008–2019. (b) Cubic-splines smoothing

of recipient and donor ages across the years 2008–2019. Dotted line: Mean age of recipients. Solid line: Mean age of donors. Shaded ribbons:

95% CI for the cubic splines. (c–e) KDPI of donors leading to RD, SD, and VSD TPLs across the years 2008–2019 (c), across donor categories

(d), and dependent on donor age (e).
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were older, showed a higher prevalence of DCD pro-

curement, heart disease, hypertension, diabetes mellitus,

acute kidney injury (AKI), and pre-existing kidney dis-

ease compared to Category 4 candidates. The acceptance

rate of donor candidates for kidney TPL was 78% for

the entire cohort (87% for RD, 79% for SD, and 56%

for VSD).

Discussion

This study represents the analysis of a large comprehen-

sive and prospectively followed cohort of deceased

donor TPLs from septua- and octogenarian donors. As

presumed, allograft outcome decreases with donor age

with a sharp and exponential risk for treatment failure

in donors aged 70 years and older. We show that TPLs

from VSD, i.e., donors aged above 70 years, harbors an

independent, 2.92-fold increased risk for premature

graft loss or death when compared with donors younger

than 60 years. This difference was predominantly driven

by premature graft loss. Nevertheless, absolute outcome

is acceptable even for this subgroup with 1-, 3-, and 5-

year failure-free survival of 83%, 81%, and 64%, respec-

tively. These findings are in strong alliance with earlier

reports, which demonstrate an increased risk for graft

loss in TPLs from older donors, yet acceptable absolute

mid- and long-term results [10–12]. The results must

be seen in the context of alternative treatment options

for end-stage kidney disease (ESKD) patients, notably

long-term dialysis, which comprises an annual death

rate of 23% for older and multimorbid recipients [1].

Furthermore, we demonstrate a strong relationship

between donor age and achieved eGFR at 12 months

post-TPL. In recent years, lower eGFR at 1-year post-

TPL has been associated with inferior long-term out-

come [15,28,29], a notion that is supported by our

study. Allograft function with eGFR below 30 ml/min/

1.73 m2 commonly requires supportive therapy to cope

with hypertension, metabolic acidosis, hypervolemia,

and mineral and bone disorders similar to patients with

Figure 2 Donor age independently predicts failure-free survival after deceased donor transplantations: Hazard ratio (HR) for graft loss or

patient death in relation to donor age, compared with a Regular Donor of 45 years of age. Derived from a single-variable Cox proportional

hazards model relating failure to donor age, with donor age encoded as a restricted cubic spline with knots at 16, 45, 56, 64, and 76 years of

donor age (5th, 25th, 50th, 75th, and 95th quantiles). Solid line: Estimated HR at each age, with the reference donor age being 45 years.

Shaded ribbon: 95% CI for the estimated HRs. Yellow: Donor age ≤60. Blue: Donor age ≤70 and >60. Green: Donor age >70.
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CKD Stage 4 and higher [30]. Indeed, after 1 year,

43.1% of the VSD group had an eGFR below 30 ml/

min/1.73 m2 with reduced renal reserve and increased

risk of graft loss. Strategies to support patients with a

prior marginal allograft function need to be developed

and evaluated. Among other factors, CNI-based

immunosuppression is associated with progressive kid-

ney insufficiency [31,32]. Therefore, recipients of VSD

organs may profit from CNI-sparing regimens including

belatacept, either de novo or as secondary conversion.

The Benefit-EXT trial demonstrated excellent long-term

outcome in TPLs from extended criteria donors

[33–35]. To our knowledge, there is no ongoing ran-

domized study investigating the value of CNI-sparing

regimens specifically in deceased donor TPL from

septua- and octogenarian donors.

As an additional important endpoint, we investigated

self-reported QoL after the first year of TPL. A large

body of literature underscores a survival benefit of TPL

in ESKD compared with long-term dialysis [1]. The lar-

gest benefit is attributed to children, adolescents, and

younger adults, while recipients above 60 years tend to

gain less life-time with successful TPL [12]. Meanwhile,

improvement of QoL has been shown to be substantial

among all age groups of kidney TPL recipients [36]. In

our study, QoL was very high in the whole cohort. Nei-

ther donor age nor allograft function significantly influ-

enced QoL at one-year post-TPL. This illustrates that

Figure 3 Increased risk for graft loss in transplantations (TPLs) from Very Senior Donors (VSD): (a) Kaplan–Meier curves showing failure-free

survival (absence of graft loss and death). Green line: Recipients of VSD organs. Blue line: Recipients of Senior Donor (SD) organs. Yellow line:

Recipients of Regular Donor (RD) organs. Shaded ribbons: 95% CI for the estimated survival. Number of patients at risk (without allograft fail-

ure, death, or censored status) at the start of each one-year interval. (b,d) Cumulative incidence curves for death and graft loss as competing

risks. Yellow: Cumulative incidence curves for RD recipients. Blue: Cumulative incidence curves for SD recipients. Green: Cumulative incidence

curves for VSD recipients. Shaded ribbons: 95% CI for cumulative incidence curves. Lower table: Number of patients at risk (without graft loss,

death, or censored status) at the start of each one-year interval. (c,e) Cause-specific Cox proportional hazard models. Ratios comparing SD and

VSD groups against RD for death and graft loss. Models include recipient age, recipient sex, recipient dialysis time, year of TPL, and account

for clustering based on shared donor. Black diamonds: HR estimate for each group. Error bars: 95% CI for each HR.
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patients do not necessarily perceive donor characteristics

or medical parameters, and do profit from successful

and lasting TPL. This QoL analysis clearly has limita-

tions. Primarily, reporting was not compulsory and

incomplete and certain biases cannot be excluded, nota-

bly underreporting of patients with low QoL. Secondar-

ily, QoL in chronically ill patients, including TPL

recipients, depends on biographic and socioeconomic

factors including age, gender, educational status,

income, and co-morbidity burden. Such factors were

not included in detail in our analysis and may be

unequally distributed among the groups investigated.

TPLs from VSD seems feasible in the presented con-

text with acceptable mid- and long-term outcome. It is

though clear that the outcomes described in the study

are the result of a rigorous elimination process of VSD

candidates with selection of the most suitable donors.

This is clearly reflected by the Swiss allocation practice,

as demonstrated above. Indeed, kidneys were offered to

the TPL centers in 96.1% of eligible organ donors.

From here, a thorough selection process is evident based

on age, medical history, kidney function, and other

parameters. Nonetheless, the Swiss TPL community has

accepted more than three-quarters of kidney donor can-

didates for deceased donor TPL, which led to 2177

deceased donor TPL in the period investigated (includ-

ing pediatric, multiorgan, and repeated TPL). Among

all 338 VSD candidates, 178 (56%) were accepted. From

these donors, one kidney was transplanted in 19%, a

dual TPL performed in 18%, and both kidneys trans-

planted to separate recipients in 63%. This underscores

the notion that not every VSD candidate is a suitable

donor for kidney TPL. It is up to debate, if selection

should be based on clinical features only or also include

Figure 4 Recipients from Senior Donor (SD) and Very Senior Donor (VSD) kidneys achieve lower eGFR at 12 months with intact quality of life

(QoL): (a): Scatter plot of eGFR at 12 months post-TPL and donor age with cubic spline smoothing line. (b) Violin plots showing eGFR

12 months after TPL grouped into Regular Donor (RD), SD, and VSD. In case of graft loss prior to 12 months, the eGFR was set to 0 ml/min/

1.73 m2. (c) Violin plots showing reported QoL 12 months after TPL as assessed by the PSQ questionnaire, split by donor age grouping.

Table 2. Baseline characteristics of deceased donor candidates.

Category 1 (consented,
but no organs offered)

Category 2
(organs offered,
but no kidneys)

Category 3
(kidneys offered,
but no kidney TPL)

Category 4 (kidneys offered,
at least 1 kidney TPL)

N = 37 (2.4%) N = 23 (1.5%) N = 321 (20.8%) N = 1164 (75.3%)

Age, median [IQR] 59.3 [36.4, 71.4] 68 [51.1, 76.7] 68.1 [55.4, 75.8] 54.7 [41.7, 65.2]
DCD planned % 5.4% 26.1% 29% 12.2%
Heart disease % 36.8% 65.2% 45.4% 19.9%
Hypertension % 42.9% 60.9% 62.5% 29.8%
Diabetes mellitus % 20% 68.2% 17.8% 2.7%
AKI III % 8.1% 47.8% 17.8% 2.2%
Reanimation % 58.8% 34.8% 35.1% 30.3%
Kidney disease % 5% 39.1% 24.4% 5.9%
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histopathology, gene expression, and/or hemodynamics

of the explanted organ.

Various research groups have evaluated the impact of

preimplantation biopsies or backtable wedge resections

in donor evaluation, some in a specific context of mar-

ginal donor TPL [37–39,40]. For this purpose, several

scoring systems have been established and evaluated,

but none of these seem to predict TPL outcome with

high precision (reviewed in Ref. [41]. Notably, selection

and weighing of histological lesions, type of biopsy, and

interobserver variation significantly influence biopsy

findings and therefore donor selection. Furthermore,

glomerulosclerosis and interstitial fibrosis underlie a sig-

nificant sampling bias, and a recent publication demon-

strated frequent such findings among healthy living

kidney donors [42]). In our cohort, only 61/210 (29%)

of VSD kidneys had implantation biopsies with a major

center bias. Furthermore, only Banff scores were col-

lected, but no other validated parameters to assess organ

quality (e.g., Remuzzi score [39]). Notably, the histology

data were collected retrospectively and thus not avail-

able for allocation decisions. Overall, we speculate that

results from preimplantation biopsies do not signifi-

cantly support decision-making during an allocation

process in VSD, yet jeopardizes a short cold ischemia

time. Likely, surrogate markers associated with struc-

tural nephropathies, i.e., donor hypertension, subnormal

donor kidney function, cerebro- or cardiovascular dis-

ease, and smoking history may have equal or superior

predictive value compared with histological findings.

Previously, large TPL consortia have established specific

old-for-old TPL programs, where older donors are allo-

cated to senior waitlisted candidates in the vicinity of the

procurement center [43,44]. While such an approach is

feasible for large consortia, it is not efficient for smaller

programs such as Swisstransplant. Indeed, dividing a

donor pool into unshared subgroups may decrease the

likelihood for TPL, notably for recipients with blood group

B and AB and recipients with high cPRA values [45].

In conclusion, our data demonstrate that deceased

donor kidney TPL from donors 70 years and older is

associated with an inferior, yet acceptable, failure-free

outcome with excellent QoL. Further studies to identify

and validate donor-derived factors predictive for prema-

ture graft loss in this specific donor population are

mandatory.
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