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Abstract

Background: High kidney-donor profile index (KDPI) kidneys have a shorter survival

than grafts with lower KDPI values. It is still unclear, however, whether their shorter

longevity depends on an inferior baseline function, faster functional decline, or the

combination of both.

Methods:We analyzed the estimated glomerular filtration rate (eGFR) of 605 consec-

utive recipients of deceased donor kidney transplants (KT) at 1, 3, 6, 12, 18, 24, 36, 48,

and 60months. Comparisonswere performed among four groups based onKDPI quar-

tile: Group I-KDPI ≤ 25% (n = 151), Group II-KDPI 26–50% (n = 182), Group III-KDPI

51–75% (n = 176), and Group IV-KDPI 〉 75% (n = 96). Linear mixed model analysis

was subsequently used to assesswhetherKDPIwas independently associatedwith the

decline in eGFR during the first 5-years after KT. We also analyzed the incidence of

delayed graft function (DGF), rejection within the first year after KT, patient survival,

graft survival, and death censored graft survival based on KDPI group.

Findings: High-KDPI grafts had lower eGFR immediately after KT, had a higher inci-

dence of DGF and rejection. However, there were no signifcant differences in the

adjusted rate (slope) of decline in eGFR among the four KDPI groups (P = .06).

Although patient survival was signigicantly lower for recipients of high-KDPI grafts,

death-censored graft survival was similar among the four KDPI groups (P= .33).

Conclusions: The shorter functional survival of high-KDPI grafts seems to be due to

their lower baseline eGFR rather than amore rapid functional decline after KT.

KEYWORDS
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1 INTRODUCTION

Kidney transplantation (KT) provides the best quality of life and the

longest survival for patients with end-stage renal disease (ESRD).1

The overall success of KT, however, is thwarted by the shortage of
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donors.2,3 To correct this limitation, transplant centers have expanded

the donor pool by accepting donors previously considered unsuit-

able due to their age or comorbidities.4 As organs from elderly

donors or donors with multiple comorbidities are at a higher risk

of primary graft non-function and shorter survival,5–7 determining
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the quality of the grafts prior to their use is critical to avoid poor

outcomes.

Among the many models developed to predict the quality of renal

grafts, the Kidney Donor Risk Index (KDRI) is the instrument cur-

rently used in the United States.5 The KDRI incorporates ten donor

parameters that are easily attainable before surgery.5

The KDRI was subsequently converted into a cumulative measure

ranging from 0% (high-quality grafts) to 100% (low-quality grafts),

named the Kidney Donor Profile Index (KDPI).8 The KDPI estimates

the average relative risk of post-transplant graft failure.

Several studies have shown an inverse relationship between KDPI

and graft survival.9–11 It is still unclear, however, whether the shorter

longevity of high-KDPI grafts is due to a lower baseline renal function

or amore rapid functional decline after surgery, or both.12

Since the speed of decline of the estimated glomerular filtration

rate (eGFR) can predict renal failure or graft loss,13,14 we analyzed the

eGFR at different intervals in a consecutive cohort of adult recipients

of deceased-donor KTs. Our primary aim was to analyze the relation-

ship between KDPI and changes in the eGFR over time by comparing

high-KDPI kidneys to grafts with lower KDPI values.

2 PATIENTS AND METHODS

2.1 Study population and settings

Between January1, 2013, andDecember 31, 2017, a total of 1000 con-

secutive KTs were performed on adult recipients at the University of

PittsburghMedical Center andwere screened for this study.

No standardized policies were used to guide the acceptance or the

decline of organs based on KDPI values. The decisions to accept or

decline renal grafts were made by on-call providers based on their

assessment of donors’ hemodynamic status, the trend of donor serum

creatinine, hourly urinary output, and the distance between the donor

and our center. For grafts put on pulsatile perfusion pumps, parameters

considered acceptable for transplantation were a flow of > 90 ml/min

with the resistance of< .5mmHg/ml/min. Graft biopsieswere obtained

only on demand based on providers’ preferences and pathology avail-

ability. Renal graft biopsies with <20% of glomerulosclerosis were

considered satisfactory.

The immunosuppression therapy used at our center has been

described in detail in previous publications.15,16 A total of 577/605

(95.3%) patients received thymoglobulin (total dose of 6mg/kg divided

into four different sessions) over 4–5 days starting at the date of

surgery. Basiliximabwas used for 18 patients (2.9%) and Alemtuzumab

for 10 (1.6%). All recipients received a rapid 7-day corticosteroid taper.

Maintenance immunosuppression with prednisone (5 mg daily), was

recommended only for highly sensitized patients defined as recipi-

ents with calculated panel reactive antibody (cPRA ) > 90% and for

patients diagnosedwith T-cell mediated rejection (TCMR) (>Banff IA).

Mycophenolate (maximum dose of 1000 mg twice daily) was started

on the day of the transplant and Tacrolimus was added within 72 h

after surgery (n. patients = 567∕605, 93.7%). Maintenance immuno-

suppression with Mycophenolate (maximum dose of 1000 mg twice

daily) and Cyclosporine or mTOR inhibitors (Sirolimus or Everolimus)

was used for patients intolerant to Tacrolimus (n. patients = 38∕605,

6.3%). Serum Tacrolimus trough levels were maintained between 8

and 12 ng/ml during the first 6 months and 6–10 ng/ml thereafter

irrespective of KDPI values.

2.2 Inclusion and exclusion criteria

Inclusion criteria were age ≥ 18 years, a single renal graft from com-

patible ABO blood group donors. Exclusion criteria were grafts from

live donors, dual or multiorgan transplants, and en-bloc renal grafts

(Figure 1).

2.3 Groups

The study population was stratified into four groups based on the

quartiles of the KDPI values. We also performed sub-analyses using

KDPI values traditionally employed by Organ Procurement and Trans-

plant Network (OPTN) to stratify the quality of deceased donor grafts.

These values were KDPI < 20%, KDPI between 21% and 85%, and

KDPI> 85%.8,17

2.4 Data collection

Recipient date of birth, date of transplantation, date of discharge,

date of death or last follow-up, date of relisting or re-transplantation,

sex, height and weight, ethnicity (categorized as Caucasian, African

American, Asian, Hispanic, or Other), the primary indication for renal

transplant, need for dialysis within the first week after KT, serum

creatinine at 3, 6, 12, 18, 24, 36, 48, and 60 months after KT were

collected.

Other clinical parameters were the duration of preoperative

dialysis (measured in days), the highest cPRA value reported in

percentage and calculated using the OPTN calculator publicly

available on the US Department of Health and Human Services

website (https://optn.transplant.hrsa.gov/resources/allocation-

calculators/cpra-calculator/).

Donor variables were age, ethnicity, history of hypertension or

diabetes, the main cause of death, type of donation (donation after

brain death (DBD) or donation after cardiac death (DCD)), termi-

nal serum creatinine, and history of viral hepatitis C. The KDPI

score was obtained using the KDPI calculator available on the

OPTNwebsite (https://optn.transplant.hrsa.gov/resources/allocation-

calculators/kdpi-calculator/).5,18

Operative variables were cold ischemia time (CIT) and warm

ischemia times (WIT). CITwas defined as the interval between the time

when the donor aorta was cross-clamped and the time when the graft

was removed from the cold preservation solution. WIT was defined

as the interval between the time when the renal graft was brought to

the surgical field and the time when the organ was reperfused after

completion of all the vascular anastomoses. Postoperative variables

https://optn.transplant.hrsa.gov/resources/allocation-calculators/cpra-calculator/
https://optn.transplant.hrsa.gov/resources/allocation-calculators/cpra-calculator/
https://optn.transplant.hrsa.gov/resources/allocation-calculators/kdpi-calculator/
https://optn.transplant.hrsa.gov/resources/allocation-calculators/kdpi-calculator/
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F IGURE 1 Flowchart of all adult recipients of kidney grafts transplanted between January 1–2013 andDecember 31–2017 at the University
of PittsburghMedical Center. Among 1000 potentially suitable candidates, 381were excluded because they received grafts from live donors or
multi-visceral organs (e.g., simultaneous kidney and pancreas, simultaneous kidney, and liver), 14 were excluded because they received en-bloc
kidneys from pediatric donors or ABO-incompatible organs. All patients were followed until December 31, 2019.

included hospital stay defined as the time between hospital admission

and patient discharge after the index operation.

2.5 Outcomes

The main outcome was the rate of decline of eGFR during the first

5 years after KT. The rate of decline in eGFR was measured using the

slopes of the functions representing the mean values of eGFR calcu-

lated at 3, 6, 12, 18, 24, 36, 48, and 60 months stratified by KDPI.

EGFR was calculated using the CKD-Epi equation that utilizes the

serum creatinine, sex, race, and age to estimate the eGFR.19 For eGFR

at 1, 3, and 6 months, recipients’ serum creatinine levels were mea-

suredwithin 2weeks from thepre-establisheddate. For the calculation

of eGFR at 12, 18, 24, 36, 48, and 60 months, the serum creatinine

levels were measured within 4 weeks from the pre-established date.

Secondary outcomes were: (1) Donors’ eGFR was measured at the

time of organ allocation using terminal serum creatinine, (2) the inci-

dence of delayed graft function (DGF) was defined as the need for

dialysis within 7 days after KT,20 (3) the rate of rejection during the

first year after KT. Rejections were diagnosed by renal biopsies that

were obtained for patients with a new-onset of renal dysfunction

defined as the rise in serum creatinine >25% from baseline and/or

new or worsening proteinuria [>1 g/day and/or >1 g/g urine protein

to creatinine ratio]. Renal biopsies were not routinely requested for

patients with isolated donor-specific antibodies. Surveillance allograft

biopsies were also performed at 3 and 12 months in the absence of

systemic anticoagulation, dual antiplatelet therapy, intra-abdominal

kidney location, serious infections, or lack of transportation. Biopsies

were scored using Banff 2013 and later 2017 classifications by experi-

enced transplant pathologists.21,22 Histological findingswere classified

as normal, subclinical allograft inflammation defined as the presence

of histological changes that did not satisfy Banff IA criteria, TCMR,

antibody-mediated rejection, or mixed rejection (coexistence of TCMR

and antibody-mediated rejection). For this study, we defined rejection

all types of rejection irrespective of the grade of the Banff classifica-

tion. We also did not differentiate whether rejections were diagnosed

by clinically indicated or by surveillance biopsies.Other secondary out-

comeswere (a) the 5-year graft survival, (b) the 5-year death-censored

graft survival, (c) the 5-year patient survival, and (d) the 5-year graft

loss or impending graft loss. Graft loss was defined as the irreversible

need for dialysis, allograft nephrectomy, or patient death. Impending

graft loss was defined as the presence of eGFR ≤ 20ml/min in patients

with previously sustained eGFR≥ 20ml/min.
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2.6 Statistical analysis

Shapiro-Wilk test was used to assess whether continuous variables

were normally distributed. Continuous variables with normal distri-

bution are presented as mean and standard deviation (SD), whereas

those with a non-normal distribution are presented as median values

with an interquartile range [IQR]. Trendswere evaluated usingANOVA

and pairwise comparisons were obtained using least squared means

for normally distributed variables and the Wilcoxon rank-sum test for

differences in medians.

Categorical variables are presented as counts and percentages. The

Chi-square test or Fisher’s exact test was used when appropriate to

analyze categorical variables.

Logistic regression analysis was used to assess whether KDPI group

was an independent parameter associated with the risk of DGF after

accounting for clinically relevant confounders such as age, sex, body

mass index (BMI), type of donor, CIT,WIT, and cPRA.

Multivariable linear mixed models were used to assess the mean

change in kidney function (measured by eGFR) over the first 5 years

post-transplant in eachKDPIgroup.Wetestedchangesover time in the

eGFR based on both adjusted and unadjustedmodels that included the

KDPI Group as the primary explanatory variable. Independent param-

eters included in themodel were recipient age, sex, BMI, type of donor,

CIT, WIT, cPRA, and DGF. These confounders were selected based on

their clinical relevance as reported in the literature. To assess the lon-

gitudinal effect on eGFR for each KDPI category, we defined the KDPI

group, post-transplant time, and the interaction between the KDPI

group and time as fixed effects. Each recipient level rate of change in

eGFR was specified as a random effect. Variance-covariance matrix

structureswere defined as first-order autoregressive structures.23 For

patients who required dialysis after KT due to DGF or graft failure,

eGFRwas set at 10ml/min/1.73m2.

Time-dependent events were graft loss, impending graft loss, death,

or last follow-up. Censoring was used for patients who were still alive

at their last follow-up and for grafts that were still functioning at the

end of the study or during their last follow-up.

The Kaplan-Meier method was used to represent survival function

and the Log-rank test was used to assess differences in patient sur-

vival, graft survival, death-censored graft survival, and the composite

outcomeof graft loss or impending graft loss. Cox proportional hazards

regression analysis was used to examine whether the KDPI group was

an independent factor associated with the risk of graft loss or impend-

ing graft loss after adjusting for type of donor, recipient age, recipient

sex, CIT,WIT, recipient BMI, cPRA andDGF.

For all comparisons1 patients in the lowest KDPI quartile (Group I)

represented the reference group performed in this study and Bon-

ferroni method was used to correct all the P-values when multiple

comparisons were performed. Only P-values < .05 were consid-

ered statistically significant. All statistical analyses were performed

using SAS software, Version 9, (SAS Institute Inc. Cary, NC, USA)

1 For all comparisons performed in this study, patients in the lowest KDPI quartile (Group I)

represented the reference group, and Bonferroni methodwas used to correct all the P-values.

or SPSS Statistics, for Windows, version 28, (IBM Corp, Armonk,

NY, USA).

2.7 Ethical guidelines, privacy protection, and
institution ethics review board approval

All the data were obtained from a prospectively maintained transplant

registry containing de-identified demographic and clinical data of renal

transplant recipients operated at our center. Privacy and data protec-

tion were secured by limiting access to the registry to investigators

with personalized two-step codes to open the dataset. The need for

individual patient consent was waived by the local institutional ethics

review board that approved the study protocol (Approval number PRO

13060220). This study was performed in compliance with the decla-

ration of Helsinki on ethical principles for medical research involving

human subjects.24 The strengthening of the reporting of observa-

tional studies in epidemiology (STROBE) statement was used for the

reporting of this study.25

3 RESULTS

3.1 Patient characteristics

The baseline demographic and clinical characteristics of the study

population and respective donors are summarized inTable 1. The recip-

ient’s age at transplantation was 53.8 years and females were 40.3%.

Themost frequent indication forKTwas diabetic nephropathy (23.1%),

hypertensive nephropathy (18.5%), and polycystic renal disease (9.8%).

Theaveragewaiting timewas4.9years,CITwas12.1h,WITwas38min

and cPRA was 39%. Kidneys from brain-dead donors represented the

most common type of grafts. DCD grafts represented 16% of organs

in Group I, 29% in Group II, 38% in Group III, and 17% in Group IV

(P < .01). Due to the new kidney allocation system, recipients of grafts

with KDPI> 75%were significantly older than recipients of grafts with

KDPI< 25% (60 vs. 46 years; P< .01).

Overall, KDPI values in our population were not normally dis-

tributed as illustrated in Figure 1 of the Supplement (Shapiro-Wilk test

P< .001).

3.2 Immunosuppression

The percentage of patients who received induction therapy with Thy-

moglobulin, Basiliximab, or Alemtuzumab was similar among the KDPI

groups. Similarly, the serum levels ofmaintenance immunosuppression

were not statistically different among the four KDPI groups (Data not

shown due to space limitations).

3.3 Donor eGFR

Donor eGFR was 113 (±30.1) for Group I, 98.9 (±41.3) for Group

II, 89.0 (±38.7) for Group III, and 82.3 (±37.4) ml/min/1.73 m2 for

Group IV (P < .001) (Figure 2A). EGFR was 116.5 (+27.4) for donors
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F IGURE 2 Box andwhisker plot illustrating the quartiles, median, and 95% confidence intervals of the donors’ estimated glomerular filtration
rate (eGFR) calculated using the terminal serum creatinine stratified by KDPI quartiles (Panel A). Box andwhisker plot illustrating the quartiles,
median, and 95% confidence intervals of donors’ eGFR stratified by historical KDPI cut-offs KDPI< 20%, KDPI 21–85%, andKDPI> 85% (Panel B).

with KDPI < 20%, 92.5 (+40.5) for donors with KDPI 21–85% and

76.5 (+28.0) ml/min/1.73 m2 for donors with KDPI > 85% (P < .001)

(Figure 2B).

3.4 DGF

The incidence ofDGFwas 14.5% forGroup I, 27.4% forGroup II, 27.2%

for Group III, and 31.2% for Group IV (P < .001). At 1 year after KT,

the mean difference in eGFR between patients with and without DGF

was 6 ml/min (95%CI 4.6–7.8) for Group I, 11.0 ml/min (95%CI 7.8-

14.4) for Group II, 16.5 ml/min (95%CI 11.7–21.6) for Group III and

22.0 ml/min (95%CI 15.6-28.8) for Group IV (All pairwise comparisons

P values < .001). In multivariate analysis, KDPI remained an indepen-

dent risk factor for DGF after adjusting for recipient age, sex, CIT,WIT,

BMI, cPRA, and donor type (Figure 3).

3.5 eGFR

The mean eGFR at 1 month was 49.9 (±18.6) for Group I, 37.5

(±14.8) for Group II, 32.8 (±15.1) for Group III, and 29.5 (±13.9)

ml/min/1.73m2 for Group IV (All pairwise comparisons P values ≤.01)

(Figure 4A). At 1 year, the mean eGFR was 56.2 (±21.0) for Group I,

46.4 (±16.6) for Group II, 42.2 (±18.5) for Group III, and 38.1 (±15.0)

ml/min/1.73m2 for Group IV (All pairwise comparisons all P values

≤.01). A progressive decline in eGFR was observed for all four Groups

after the first year.

Linearmixedmodel analysis using the deltas eGFRas the dependent

variables showed that there were no statistically significant differ-

ences in the speed of functional decline (slope of the eGFR curve)

among the four KDPI groups after adjusting for recipient age, sex, BMI,

type of organ donation, CIT,WIT, cPRA, andDGF (P= .06).

Sub-analysis using the stratification of the cohort in three groups

(KDPI< 20%, KDPI 21–85%, and KDPI> 85%) also confirmed that the

slopes of the eGFR curves were similar among the three KDPI groups

(Figure 4B) (P= .34).

3.6 Rejection

During the first year, the rejection rate was 17.8% for Group I, 21.9%

for Group II, 31.8% for Group III, and 33.3% for Group IV (P < .001).

Sub-analysis showed that the rejection rate was 18.7% for recipients

of grafts with KDPI < 20%, 27.0% for recipients of grafts with KDPI

21–85%, and 32.3% for recipients of grafts with KDPI > 86% (P = .03)

(Table 2).

3.7 Patient and graft survival

The median follow-up for the entire cohort was 44 months (range

10–78 months). During this period, 55 patients (9%) died, 20 with

functional grafts and 35 with impending graft loss while 550 patients

were still alive, 476with functional grafts, and 74with impending graft

loss.
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F IGURE 3 Forest plot illustrating the adjusted odds ratios (OR) for the development of delayed graft function (DGF) for each KDPI Group
after accounting for the type of donation, recipient age, recipient sex, duration of cold ischemia time (CIT), duration of warm ischemia time (WIT),
recipient bodymass index (BMI) and the calculated panel of reactive antibodies (cPRA). Kidney donor profile index (KPDI), donation after brain
death (DBD), donation after cardiocirculatory death (DCD), cold ischemia time (CIT), warm ischemia time (WIT), bodymass index (BMI), the
calculated panel of reactive antibodies (cPRA).

TABLE 2 Biopsy proven rejection rates stratified by donor KDPI values

Immunological events within

the first year after KT, n. (%)

All patients KDPI 1-25 KDPI 26-50 KDPI 51-75 KDPI 76-100 P value

n. 605 n. 151 n. 182 n. 176 n. 96

No rejection 214 (35.3) 58 (38.4) 73 (40.1) 55 (31.2) 28 (29.1) <.001

Subclinical inflammation 236 (39.0) 66 (43.7) 69 (37.9) 65 (36.9) 36 (37.5)

T-cell mediated / Antibody

mediated rejection

155 (25.6) 27 (17.8) 40 (21.9) 56 (31.8) 32 (33.3)

Immunological events within

the first year after KT, n. (%)

KDPI 0-20% KDPI 21-85% KDPI 86-100% P value

n. 128 n. 443 n. 34

No rejection 47 (36.7) 155 (34.9) 12 (35.2) .03

Subclinical inflammation 57 (44.5) 168 (37.9) 11 (32.3)

T-cell mediated, or Antibody

mediated rejection

24 (18.7) 120 (27.0) 11 (32.3)

The 5-year patient survival was 95% for Group I, 86% for Group II,

73% for Group III, and 76% for Group IV (P = .03) (Figure 5A). The

5-year graft survival was 86% for Group I, 71% for Group II, 67% for

Group III, and 68% for Group IV (Figure 5B) (P = .009). In contrast to

previous findings, death-censored graft survival was not statistically

significant different among groups (P= .338). After 5 years, death cen-

sored graft survivalwas 92% for patients inGroup I, 85% for patients in

Group II, 90% for patients in Group III, and 92.3% for patients in Group

IV (Figure 5C). The cumulative probability of graft loss or impending

graft loss was 22% for patients in Group I, 36% for patients in Group II,
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F IGURE 4 Estimated glomerular filtration (eGFR) stratified by quartiles of kidney profile index (KDPI) over time. Comparisons of the slopes of
the curves were performed using linear mixedmodel analysis. No significant differences were found among groups suggesting that the rate of
decline of the eGFR over timewas not different among KDPI quartiles (P= .06) (Panel A). Sub-analysis performed using historical KDPI groups
(KPDI< 20%, KDPI 21–85%, and KDPI> 85%) confirmed that the decline of the eGFRwas similar among the three strata (P= .34).

F IGURE 5 Kaplan-Meier survival curves of patients undergoing compatible blood group deceased donor renal transplants stratified by kidney
donor profile index (KDPI) group. The 5-year patient survival was 95% for Group I (KDPI 0–25%), 86% for Group II (KDPI 26–50%), 73% for Group
III (KDPI 51–75%) and 76% for Group IV (KDPI> 75%) (P= .03) (Panel A). The 5-year graft survival was 86% for Group I (KDPI 0–25%), 71% for
Group II (KDPI 26–50%), 67% for Group III (KDPI 51–75%) and 68% for Group IV (KDPI> 75%) (P= .009) (Panel B). The 5-year death censored
graft survival was 92% for Group I (KDPI 0–25%), 85% for Group II (KDPI 26–50%), 90% for Group III (KDPI 51–75%), and 92% for Group IV
(KDPI> 75%)(P= .338) (Panel C). The 5-year graft loss or impending graft loss was 22% for Group I (KDPI 0–25%), 36% for Group II (KDPI
26–50%), 46% for Group III (KDPI 51–75%), and 45%Group IV (KDPI> 75%)(P< .004) (Panel D).
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F IGURE 6 Forest plot illustrating the adjusted hazard ratios (HR) for graft loss or impending graft loss for each KDPI Group after accounting
for the type of donation, recipient age, recipient sex, duration of cold ischemia time (CIT), duration of warm ischemia time (WIT), recipient body
mass index (BMI), the calculated panel of reactive antibodies (cPRA) and delayed graft function (DGF). Kidney donor profile index (KPDI), donation
after brain death (DBD), donation after cardiocirculatory death (DCD), cold ischemia time (CIT), warm ischemia time (WIT), bodymass index (BMI),
the calculated panel of reactive antibodies (cPRA), delayed graft function (DGF).

46% of patients in Group III, and 45% of patients in Group IV (P < .01)

(Figure 5D). Multivariate cox regression analysis showed that KDPI

wasan independent factor associatedwithgraft lossor impendinggraft

loss after adjusting for recipient age, sex, type of donation, presence of

DGF, CIT,WIT, BMI, and cPRA (Figure 6).

4 DISCUSSION

KDPI is currently used as a measure of the quality of renal grafts in

the United States.26 Since its introduction in 2014, the decision to

accept or decline kidney offers has been heavily influenced by the

value of KDPI.26 While grafts with KDPI < 75% are usually consid-

ered acceptable for transplantation in most centers, more than 30%

of kidneys with KDPI > 75% are discarded because regarded as of

insufficient quality.27 Since KDPI plays an essential role in the accep-

tance or decline of kidney grafts,27 the relationship between KDPI and

postoperative outcomes requires scrutiny.

While the association between KDPI and the longevity of renal

transplants has been extensively investigated in the past,28–30 many

other important clinical aspects have been overlooked. In this study,

we aimed to analyze how the eGFR of high-KDPI kidneys changed over

time compared to kidneys with lower KDPI values. Our hypothesis

was that a more rapid functional decline of high-KDPI kidneys would

explain their shorter survival.14

In this study, we analyzed the changes of the eGFR of a large cohort

of adult KT recipients operated at a single transplant center from

the time of organ allocation to a maximum of 5 years. Several key

findings are innovative and clinically relevant. The first one is that

KDPI values were inversely associated with donors’ eGFR. This obser-

vation might seem self-evident, but it is important to keep in mind

that donors’ serum creatinine and donors’ age are only two out of

ten variables used to calculate KDPI values. Therefore, the relation-

ship between high KDPI values and lower donors’ renal function is

not as obvious as initially thought. Second, there were significant dif-

ferences in eGFR among KDPI groups from the very beginning after

KT. While high KDPI-kidneys had a significantly lower eGFR after

renal transplantation, their rate of functional decline was not dif-

ferent than the rate of function decline of grafts with lower KDPI

values.

Based on these findings, we concluded that the shorter survival

of high-KDPI grafts is mainly due to their lower baseline renal func-

tion rather than mechanisms that cause a faster deterioration of these

organs. This observation is very important because it provides the

rationale that these organs should not be discarded because of their

intrinsic lower quality but should be offered to patients with shorter

expected survival due to advanced age or comorbidities. This approach

would significantly reduce the discard rate of valuable organs with-

out having a negative effect on graft survival. In fact, in our study we

observed that the death-censored graft survival was not significantly
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different amongKDPI groupsas themajorityof recipients of high-KDPI

grafts died from causes non-related to renal graft failure.

Contrary to other studies that stratified patients using historical

cut-off for low (<20%) versus high-KDPI (>86%), we grouped our pop-

ulation using KDPI-quartiles to better assess the clinical effects of

smaller increments in KDPI values. Another important advantage of

using KDPI quartiles was the creation of more balanced groups. We

recognize that the stratification of the study population into four quar-

tiles did not reflect the definition of extended criteria donors (ECD)

applied to donors with KDPI > 85%.31 We addressed this limitation

by performing sub-analyses using more established cut-off values of

KDPI (<20%,KDPI21–85%, andKDPI>85%). These subsequent anal-

yses also confirmed that grafts from high-KDPI donors had a lower

baseline eGFR but that their functional decline was comparable to the

functional decline of organs with lower KDPI values.

Although innovative, this study is limited by its retrospective design

and by the fact that it is a single-center study with a relatively small

number of high-KDPI grafts. Although the granularity and the quality

of the data were high, with less than one percent of missing variables

and less than three percent of attrition rate, our findings might not be

generalizable to other centers. Another limitation is that we used indi-

rect methods to estimate the eGFR.24 Indirect estimates of the eGFR

are not as accurate as the use of exogenous markers such as inulin to

directly determine the renal clearance.32 Nevertheless, formulas such

as theMDRDorCKD-EPI equations19,33 are universally used in clinical

practice as they are valid alternatives to the more expensive and often

not attainable direct measure of eGFR.19,34,35 In addition, although

the reliability of the CKD-EPI equation declines for very low or a very

high values of eGFR,36–40 it is unlikely that the results of this study

were critically affectedby the limitations of the formula, since the same

instrument was used for all measurements.

Another limitation is the inability to eliminate the risk of selection

bias. At our transplant center, high-KDPI grafts are accepted by physi-

cians on call, based on their clinical judgment. In an ideal situation,

the clinical impact of high-KDPI grafts should be determined when all

grafts are transplanted, irrespective of KDPI values. This is not the

case in most centers in the United States and other countries. In fact,

a significant proportion of kidneys from donors with high-KDPI val-

ues are declined every day based on the findings of kidney biopsies

or other clinical parameters that are not completely captured in reg-

istries.However, it is important to recognize that the scenariowhere all

high-KDPI grafts are transplanted is probably impractical andweantic-

ipate that the same risks of selection bias will continue to limit future

investigations in this field. Anotherweakness is that theoverall number

of high-KDPI grafts, defined as KDPI > 75%, was only a small per-

centage (15.8%) of the study population. Consequently, the statistical

power to detect significant differences among groupsmight have been

inadequate, especially for comparisons of the long-termoutcomes. The

presence of multicollinearity between KDPI and eGFRmight also have

decreased the power to detect significant differences using regression

analyses. Other limitations were the fact that the baseline histology of

the biopsies of the grafts was not available for most recipients.

Despite these limitations, we believe that this study has several

strengths. The granular data on both clinical and functional character-

istics of the study population in combination with the data provided by

protocol biopsies performed at 3 and 12months after KT allowed us to

analyze the functional trajectory of a consecutive cohort of deceased

donors after adjusting for important clinical confounders. We believe

that this study represents an important step toward a better under-

standing of what are the main factors associated with the longevity

of high-KDPI grafts. Potential future ramifications of our study would

be to identify recipients’ and donors’ key factors that could be used to

optimize the outcomes of recipients of high-KDPI organs.

In conclusion, we found that KDPI values are inversely associ-

ated with donors’ eGFR. We also found that high KDPI grafts have

a higher rate of DGF, rejections within the first year after KT and

that their eGFR is significantly lower immediately after surgery when

compared to kidneys with lower KDPI values. The lower eGFR of

high-KDPI kidneys persists over time, but the magnitude of the gap

remains unchanged. More importantly, after accounting for common

confounders such as CIT, WIT, cPRA, and other clinically significant

parameters, we did not identify any significant difference in how the

eGFR declines among different KDPI groups. These results suggest

that the shorter longevity of high-KDPI kidneys is mainly due to their

inferior inherent graft function at the time of organ allocation, rather

than an accelerated loss of eGFR after transplantation.
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