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The increasing comorbidity of kidney transplant (KT) donors make it necessary to develop
scores to correctly assess the quality of kidney grafts. This study analyzes the usefulness of
the preimplantation biopsy and the Kidney Donor Profile Index (KDPI) as indicators of KT
survival from expanded criteria donors (ECD). Retrospective study of KT in our center
between January 2010 to June 2019 who received a kidney from an ECD and underwent a
preimplantation biopsy. 266 KT were included. Graft survival was categorized by KDPI
quartiles: Q1 = 86%, Q2 = 95%, Q3 = 99% and Q4 = 100%. KT from KDPI Q1 presented
better survival (o = 0.003) and Q4 donors had worse renal function (p = 0.018) and poorer
glomerular filtration rate (3rd month; p = 0.017, 1st year; p = 0.010). KT survival was
analyzed according to KDPI quartile and preimplantation biopsy score simultaneously: Q1
donors with biopsy score <3 had the best survival, especially comparing against Q3 with a
biopsy score >3 and Q4 donors (p = 0.014). In multivariable analysis, hyaline arteriopathy,
glomerulosclerosis, and KDPI Q4 were predictors for graft survival. High KDPI and a
greater histological injury in the preimplantation biopsy, especially glomerular and vascular
lesions, were related to a higher rate of KT loss from ECD.

Keywords: kidney transplantation, expanded criteria donors, kidney donor profile index, preimplantation biopsy,
graft survival

Abbreviations: DGF, delayed graft function; ECD, expanded criteria donors; EPTS, estimated post-transplant survival; KDPI,
kidney donor profile index; KT, kidney transplantation; MDRD-4, Modification of Diet in Renal Disease-4; SCD, standard
criteria donor; UNOS, United Network for Organ Sharing.
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INTRODUCTION

The shortage of kidneys for transplantation has led to the
increased use of suboptimal donors. These changes in the
demographics of kidney transplant (KT) donors make it
necessary to develop tools to assess the suitability of the grafts [1].

Usually, KT viability was determined according to the United
Network for Organ Sharing (UNOS) criteria and donors were
identified as standard criteria donors (SCD) or expanded criteria
donors (ECD) [2]. However, this classification does not
adequately reflect the kidney donor’s quality [3,4].

In the last years, several scales have been developed to measure
the prognosis of the KT trying to eliminate the dichotomy of SCD
versus ECD. The Kidney Donor Profile Index (KDPI) was
developed in 2014 by the American Transplantation Registry.
It gives a score from 0% to 100% which summarizes the risk of
graft failure and it is calculated using 10 donor factors [5]. KDPI is
not validated in Spain, but some publications in our country
relate the KDPI to renal graft survival [6-9].

Preimplantation biopsy has been used to evaluate the kidney
graft, mostly in ECD [10]. There are several scoring systems, such
as the Pirani-Remuzzi score or the Maryland Aggregate
Pathology index [11,12]. Spanish guidelines for evaluating KT
biopsies have been published previously and to date, the
acceptance of a kidney from an ECD has been based almost
exclusively on the preimplantation biopsy [13]. However, it still

has a controversial role in assessing the viability of the renal graft
[14,15].

Our main purpose is to analyze the value of preimplantation
biopsy and the KDPI in our setting as indicators of KT graft
survival from ECD. As a secondary objective, we analyzed the
renal graft function and its relationship to the KDPI score and the
histological findings in a preimplantation biopsy.

METHODS
Design and Study Population

We present a retrospective cohort study of KT patients at Puerta
del Mar Hospital between 01/01/2010 and 01/06/2019 who
received a KT from an ECD (60 years and older and those
aged 50-59 years who meet at least two of the following
conditions: serum creatinine >1.5mg/dl, cerebrovascular
accident as a cause of death, or hypertension) [3]. We perform
a preimplantation biopsy in all kidney grafts from ECD. All
patients had a minimum follow-up of 1-year post-KT.

All recipients received immunosuppressive induction with
basiliximab or thymoglobuline (5 daily doses of 1mg/kg,

adjusted according to lymphocyte count). Maintenance
immunosuppression  included tacrolimus (trough level
5-10 ng/ml), mycophenolate mofetil (1,000-2,000 mg/day),

and prednisone (5 mg/day).
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TABLE 1 | Characteristics of KT donors and recipients included.

Donors n =161
Sex female, n (%) 68 (42.2)
Age (years), median [IQR] 66 [60,70]
HBP, n (%) 72 (44.7)
DM, n (%) 27 (16.8)
Brain death donor, n (%) 132 (81.9)
Smoking, n (%) 49 (30.4)
Serum creatinine (mg/dl), mean + SD 0.8+0.3
Height (cm), mean + SD 1652 £ 7.8
Weight (kg), +SD 791 £ 135
KDPI quartile
Q1: 86%, n (%) 66 (24.8)
Q2: 95%, n (%) 72 (27.1)
Q3: 99%, n (%) 83 (31.2)
Q4: 100%, n (%) 45 (16.9)
KDPI (%), median [IQR] 95 [86,99]
Biopsy score, median [IQR] 2[2,3]
Recipients n = 266
Sex female, n (%) 97 (36.5)
Age (years), median [IQR] 62 [562.75, 68]
Etiology of CKD
DM, n (%) 35 (13.1)
HBP, n (%) 18 (6.8)
GN, n (%) 42 (15.8)
Others, n (%) 79 (29.7)
Unknown, n (%) 92 (34.6)
Retransplant, n (%) 22 (8.3)

RRT pre-KT

HD/PD/preemptive KT, n (%) 192 (72.2)/63 (23.7)/11 (4.1)

RRT time (months), median [IQR] 17 [8,28]
HCV+, n (%) 7 (2.6)
Transplant

CIT (minutes), median [IQR] 1195 [946,1390]

DGF, n (%) 110 (41.9)
Q1, n (%) 25 (37.8)
Q2, n (%) 30 (41.6)
Q3, n (%) 25 (30.1)
Q4, n (%) 30 (66.6)

Primary graft non-function, n (%) 14 (6.2)
Q1, n (%) 29
Q2, n (%) 227
Q3, n (%) 4 (4.8)
Q4, n (%) 6 (13)

IQR, interquartile range; HBP, high blood pressure; DM, diabetes mellitus; SD, standard
deviation; KDPI, kidney donor profile index; DGF, delayed graft function; Q, quartile; CKD,
chronic kidney disease; GN, glomerulonephritis; KT, kidney transplant; HD, hemodialysis;
PD, peritoneal dialysis; RRT, renal replacement therapy; HCV, hepatitis C virus.

Biopsies Assessment
Graft biopsies were obtained by renal wedge during the bench
surgery from a representative part of the graft, avoiding scars. KT
biopsies were analyzed by four expert pathologists. All of these
biopsies had more than 25 glomeruli. The ECD KT with biopsies
from other centers were excluded. The samples were processed
fresh and tissue was frozen immediately using methyl butane
which was cooled in liquid nitrogen. Subsequently, the cuts were
made in the cryostat, and stained with rapid hematoxylin-eosin
staining. The results are obtained in 15 min approximately.
The biopsy score was calculated following the Spanish
protocol for preimplantation biopsy, based on the Remuzzi

KDPI and ECD Preimplantation Biopsy

score. Five parameters were evaluated: glomerular sclerosis,
myointimal elastosis, hyaline arteriopathy, interstitial fibrosis,
and tubular atrophy. They were scored from 0 to 3, depending
on the degree of injury. A global score >7 or a score of 3 in any of
the first 3 histological compartments is considered unfavorable
for transplantation and graft should be discarded [13].

Variables

We analyzed donor and KT recipient variables, and estimated
glomerular filtration rate 3 months and 1 year after KT. The score
obtained in each individual histological component and the
cumulative  score for  pathological lesions of the
preimplantation biopsy were collected. Kidney graft survival
was defined as the time from transplant to graft failure,
censoring for death with a functioning graft. Deceased patients
with a functioning graft were considered as lost to follow-up.
Glomerular filtration rate was estimated by the Modification of
Diet in Renal Disease (MDRD-4) [16]. The KDPI score was
calculated using the formula on the Organ Procurement and
Transplantation Network website [17].

Statistical Analysis

Continuous variables are presented as mean and standard
deviation or median and interquartile range as appropriate;
categorical variables as frequencies and percentages.
Categorical variables were compared using Fisher exact test or
Chi-square test, and continuous variables using the Student’s
t-test, U Mann-Whitney, or ANOVA, according to normality and
number of groups. For multiple comparisons in continuous
variables, Bonferroni correction was conducted. Normality was
analyzed by the Kolmogorov-Smirnov test.

The KDPI was analyzed as an absolute value and stratified
according to quartiles. The biopsy score was stratified according
to the mean value of the assessment scale (score = 3). Graft
survival categorized by KDPI quartile and biopsy score were
plotted using the Kaplan-Meier method and compared between
groups by log-rank test. Pairwise testing over strata was
performed if > 2 groups were compared in survival analysis.

To identify risk factors associated with graft failure univariable
and multivariable analysis was performed using Cox regression.
Pretransplant variables related to graft survival, KDPI, and biopsy
score were included in the multivariable analysis as well as other
covariates based on the criterion of p-value <0.1 in the univariable
analysis. Several models were performed to analyze the global biopsy
score, the different histological compartments, and the KDPI as a
continuous and a categorical variable according to quartiles. In the
models that included KDPI, donor variables already evaluated in the
score (such as age and diabetes) were excluded.

Values significant p < 0.05 were considered. The statistical
analysis was performed with SPSS v.25.

RESULTS

In the study period, 720 KT were performed in our center, of
which 83 corresponded to living KT donors. In 267 no biopsy was
performed and in 104 KT the biopsy was processed in another
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TABLE 2 | Renal function at 3 months and 1 year after kidney transplantation. (A) Renal function according to KDPI quartile. (B) Renal function according to biopsy score.

MDRD at 3rd month®, mean + SD Q1 (n=47)

45.8 + 16.5%%°

MDRD at 1st year®, mean + SD Q1 (n = 47)

46.8 + 19.3%%

MDRD at 3rd month, mean + SD
43.6 + 16.6

MDRD at 1st year, mean + SD
401 + 221

FANOVA test: p < 0.001. Comparison between KDPI quartiles (Bonferroni correction).

Q2 (n = 54)
40.1 + 20.3°

Q2 (n = 50)
39.6 + 220

Biopsy score < 3 (n = 196)

Biopsy score < 3 (n = 186)

Q3 (n = 46)
37.6 + 21.5%

Q4 (n = 38)
27.3 + 18.3%°

p-value
a < 0.001
b = 0.005
¢ =0.036
d =0.087
e =0.012
f=0.297

Q3 (n = 43)
38.0 + 24.3%f

Q4 (n = 36)
28.1 + 19.3%°

p-value
a<0.001
b = 0.039
c=0910
d = 1.000
e =0.195
f=0.213

Biopsy score > 3 (n = 43)
32.3 +20.3

p-value
0.017

Biopsy score > 3 (n = 40)

31.7£21.8 0.010

MDRD at 3rd month: ?Q1 vs. Q4, “Q2 vs. Q4, °Q3 vs. Q4, 9Q1 vs. Q2, °Q1 vs. Q3, 'Q2 vs. Q3 and MDRD at 1st year: °Q1 vs. Q4, °Q2 vs. Q4, Q3 vs. Q4, “Q1 vs. Q2, °Q1vs. Q3, Q2

vs. Q3.
MDRD = 0 was considered in patients reinitiating hemodialysis.
Q, quartile; MDRD, modification of diet in renal disease; SD, standard deviation.

center. Finally, 266 KT met the criteria and were included. The
median follow-up was 46 months.

Baseline characteristics of donors and recipients are presented
in Table 1. Grafts were stratified by quartiles based on the KDPI
score: Q1 =86% (n =66); Q2 =95% (n=72); Q3 =99% (n = 83);
Q4 =100% (n = 45). The median KDPI was 95% and the median
biopsy score was 2 points. Four donors had acute kidney injury at
the time of donation. However, they did not present greater
histological scores compared to donors with normal renal
function (score 3 [2.25,3] vs. score 2 [2,3]; p = 0.479).

Kidney Graft Function

Renal function was worse at 3 months and 1-year post-KT,
especially in grafts with a Q4 KDPI (Table 2). Similarly,
kidneys with biopsy scores>3 presented worse eGFR in the
3rd month (-11.3 ml/min; p = 0.017) and after the first year
post-KT (—8.4 ml/min; p = 0.010) (Table 2).

Kidney Graft Survival

Death-censored graft survival was 89.8% at 1 year and 85.4% at
5 years post-KT (Figure 1A). Regarding the survival of the allograft
by quartile of KDPI, kidneys from donors in the lowest quartile
presented better outcomes (p = 0.001). Pairwise testing did not
show differences between other groups (Figure 1B).

We compared graft survival according to preimplantation
biopsy score: score <3, n = 214 (80.5%) vs. score >3, n = 52
(19.5%). KT with a biopsy score >3 presented worse survival (p =
0.018) (Figure 1C). In addition, these biopsies corresponded to
higher KDPI donors: the mean of the KDPI for score <3 was
86.4 + 17.7%, vs. 93.8 £ 11.4%. for score >3 (p < 0.001).

Finally, KT survival was compared according to the quartile of
KDPI and preimplantation biopsy scores simultaneously. Q1
donors with less histological injury (score <3) had the best

survival rate, especially compared against Q3 with a biopsy
score >3 and Q4 donors (p = 0.014) (Figure 1D).

We analyzed graft survival by histological compartments,
comparing the absence (score 0) and the presence of
histological injury (scores 1 and 2). The absence of
glomerulosclerosis and hyaline arteriopathy were associated
with a better graft survival (p = 0.005 and p = 0.034), but not
the histological injury in the rest of the compartments
(Supplementary Table S1).

Cox Regression Analysis

In the univariable analysis, donor age, diabetic donor, biopsy
score >3, KDPI, glomerulosclerosis, and hyaline arteriopathy
were related to a higher rate of graft loss (Table 3).

Models performed in the multivariable analysis are shown in
Table 3. In the model that included KDPI and biopsy score, only
KDPI was at the limit of statistical significance as a predictor of
KT loss (p = 0.081) (Model 1). When KDPI was analyzed as
quartiles, Q4 was an independent risk factor for graft survival (p =
0.010) (Model 2). Replacing score biopsy for glomerulosclerosis
and hyaline arteriopathy, the presence of these lesions was related
to a worse graft survival (p = 0.007; p = 0.023) (Model 3). Finally,
when we included KDPI quartiles and the score of
glomerulosclerosis and hyaline arteriopathy, glomerulosclerosis
(p = 0.016), hyaline arteriopathy (p = 0.047), and Q4 KDPI (p =
0.029) remained as independent predictors for kidney graft
survival (Model 4).

DISCUSSION

This study presents one of the biggest cohorts and with the largest
follow-up that analyzes the efficacy of the graft preimplantation

Transplant International | Published by Frontiers

June 2022 | Volume 35 | Article 10056



Villanego et al.

KDPI and ECD Preimplantation Biopsy

Follow up time (months)

Score<3 214 190 m 143 s s 7 55 2 2 2
Score>3 52 a1 a a1 27 15 15 5 5 H

A
08
5 o6
v
k|
S 04
£
S
%]
02
0,0
0 12 24 36 48 60 72 84 96 108 120
Follow up time (months)
Graft survival 266 230 208 176 145 123 92 48 26 26 26
10 Biopsy score
/71 Score < 3
-4 'Score > 3
08
- H
g :
3 Lasamaanmenan
S os
@
s
3 04
E
3
o
02
00
[ 12 24 3 48 60 72 84 9 108 120

Q1 +score<3 6 57 57 57 35 35 35 35 9 9 9
Q1 +score>3 5 5 5 5 5 5 5 - -

Q2 +score<3 61 51 4s 45 45 45 4s 15 15

Q2+ score>3 10 7 7 7 i 7 7 7 7 -

Q3 +score<3 62 52 52 52 a a 19 19 19 19

Q3 +score>3 18 16 16 16 16 6 6 6 6 6

Q4+ score <3 29 2 2 15 15 15 15 15

Q4+ score>3 18 n n n 8 8 8 2

FIGURE 1 | Kidney graft survival function. (A) All kidney transplant patients. (B) According to the KDPI quartile. TQ1 vs. Q4; p = 0.001, Q1 vs. Q2; p=0.012, Q1 vs.

Q8; p = 0.043; the rest of pairwise comparisons were not significant: Q2 vs. Q3; p = 0.876, Q2 vs. Q4; p =0.110, Q3 vs. Q4; p = 0.192. (C) According to the score of the
preimplantation biopsy. (D) According to the combination of the KDPI quartile and the score of the preimplantation biopsy. *Q1 & score <3 vs. Q2 & score <3; p = 0.019,
Q1 & score <3 vs. Q8 & score >3; p = 0.023, Q1 & score <3 vs. Q4 & score <3; p = 0.009, Q1 & score <3 vs. Q4 & score >3; p < 0.001, the rest of pairwise
comparisons were not significant: Q1 & score <3 vs. Q1 & score >3; p =0.728, Q1 & score <3 vs. Q2 & score >3; p =0.117, Q1 & score <3 vs. Q3 & score <3; p =0.125,
Q1 &score >3 vs. Q2 & score <3; p =0.376, Q1 &score >3 vs. Q2 & score >3; p = 0.398, Q1 & score >3 vs. Q3 & score <3; p =0.425, Q1 & score >3 vs. Q3 & score >3;
p=0.238,Q1 &score >3 vs. Q4 &score <3; p =0.252, Q1 & score >3 vs. Q4 & score >3; p =0.175, Q2 & score <3 vs. Q2 & score >3; p = 0.935, Q2 & score <3 vs. Q3 &
score <3; p = 0.583, Q2 & score <3 vs. Q3 & score >3; p = 0.669, Q2 & score <3 vs. Q4 & score <3; p =0.310, Q2 & score <3 vs. Q4 & score >3; p = 0.089, Q2 & score
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biopsy and the KDPI simultaneously in the evaluation of the
ECD. Both variables are necessary for the assessment of non-
optimal grafts. Additionally, we have identified a very high-risk
group of donors, who are those with a KDPI greater than 99% and
a biopsy score >3 points.

The usefulness of preimplantation biopsy as a predictive tool
for graft survival has not been validated yet and some studies
discuss its value for the assessment of the quality of organs from
ECD [15,18-20]. In our case, all the grafts had a preimplantation

biopsy and only those with a global score <7 were accepted. KT
with a score <3 had better survival and allograft function,
reflecting the potential value of the biopsy. However, in
multivariable analysis, when donor clinical variables were
included, the global score did not associate with graft survival.
Previous studies did not find survival differences when comparing
KT with mild and moderated lesions in preimplantation biopsy, so
the discard of an allograft should not be done exclusively according
to the histological analysis [21,22].
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TABLE 3 | Univariable and multivariable Cox regression analysis for death-
censored graft failure.

Univariable analysis

HR (95% CI) p-value
Female donor 1.643 (0.882-3.059) 0.118
Donor age 1.055 (1.014-1.098) 0.008
HBP donor 0.795 (0.388-1.630) 0.531
DM donor 2.654 (1.277-5.516) 0.009
Smoking donor 0.761 (0.355-1.633) 0.484
Non-heart beating donor 1.095 (0.458-2.616) 0.839
KDPI 1.034 (1.003-1.066) 0.029
Female recipient 1.074 (0.566-2.037) 0.828
Recipient age 1.031 (0.997-1.065) 0.071
Time of RRT 1.000 (1.000-1.001) 0.194
Cold ischemia time 1.000 (0.999-1.001) 0.986
Biopsy score > 3 2.173 (1.120-4.218) 0.022
Glomerulosclerosis >1 2.305 (1.033-5.143) 0.041
Hyaline arteriopathy >1 1.349 (1.090-5.059) 0.029
Myointimal elastosis >1 1.5624 (0.463-5.021) 0.489
Tubular atrophy >1 0.661 (0.307-1.420) 0.289
Interstitial fibrosis >1 1.304 (0.589-2.886) 0.512
Multivariable analysis
Model 1
Cold ischemia time 1.000 (1.000-1.001) 0.576
KDPI 1.032 (0.996-1.069) 0.081
Recipient age 0.998 (0.957-1.039) 0.910
Time of RRT 1.000 (1.000-1.001) 0.181
Biopsy score > 3 1.719 (0.855-3.456) 0.128
Model 2
Cold ischemia time 1.000 (1.000-1.001) 0.710
Recipient age 0.987 (0.945-1.031) 0.548
Time of RRT 1.000 (1.000-1.001) 0.210
Biopsy score > 3 1.414 (0.680-2.940) 0.354
KDPI Q2% 2.503 (0.738-8.492) 0.141
KDPI Q3% 3.136 (0.842-11.680) 0.088
KDPI Q4 6.684 (1.583-28.229) 0.010
Model 3
Cold ischemia time 1.000 (1.000-1.001) 0.593
KDPI 1.030 (0.994-1.068) 0.101
Recipient age 0.996 (0.956-1.038) 0.858
Time of RRT 1.000 (1.000-1.001) 0.236
Hyaline arteriopathy >1 2.322 (1.124-4.794) 0.023
Glomerulosclerosis >1 2.861 (1.330-6.154) 0.007
Model 4
Cold ischemic time 1.000 (0.999-1.001) 0.722
Recipient age 0.988 (0.947-1.032) 0.595
Time of RRT 1.000 (1.000-1.001) 0.233
Hyaline arteriopathy >1 2.136 (1.010-4.516) 0.047
Glomerulosclerosis >1 2.614 (1.193-5.729) 0.016
KDPI Q2% 2.217 (0.650-7.559) 0.203
KDPI Q3% 3.111 (0.850-11.388) 0.086
KDPI Q4 4.767 (1.177-19.315) 0.029

4Reference KDPI Q1.
KDPI, kidney donor profile index; RRT, renal replacement therapy; HR, hazard ratio; Cl,
confidence interval.

We observed that glomerulosclerosis and hyaline arteriopathy
was related to shorter graft survival. Some groups have defended
the value of glomerulosclerosis as the main parameter in the
evaluation of the preimplantation biopsy, showing that a
percentage of glomerular sclerosis >20% is associated with a

KDPI and ECD Preimplantation Biopsy

worse graft evolution [23-25]. Brocker et al. stated that patients
with hyaline arteriopathy usually had worse renal function [26].
Our results remained even when KDPI was included in the
model, so not only determining the global biopsy score is
important but which histological compartments are most
affected.

Regarding a typical frozen sections’ biopsy analysis, subtle
findings such as interstitial fibrosis and tubular atrophy,
thickening of capillary walls, mesangial cellularity, and
histological lesions related to diabetes and other comorbidities
are often more difficult to identify compared to correctly fixed
and stained sections such as microwave paraffin embedding
[15,24,27]. In our case, the use of the freezing technique may
have underestimated the degree of some histological injuries.
However, in all grafts, a wedge biopsy was performed to ensure
the proper quality of the sample. New ultra-fast freezing
techniques seem to offer better results with a higher quality of
the histological sample, although their use has not yet become
widespread in kidney donor biopsies [28]. Our results show that
glomerulosclerosis and hyaline arteriopathy should be considered
the main histological compartments in biopsies processed with
the most commonly used freezing methods.

Because of the controversy about the efficacy of histologic
evaluation for predicting graft survival, the KDPI has been
implemented in the United States as an effective system for
evaluating the quality of deceased donors [5]. Along with our
experience, kidney allografts from donors with a lower KDPI
had better survival. Additionally, we observed a negative
relationship between KDPI and graft function. In the
United States, a kidney with a KDPI >85% is considered
suboptimal and it is likely rejected. However, there are
many transplant centers that currently utilize high KDPI
kidneys [29,30]. In our study, the median KDPI score was
95%, but one-year graft survival was 89.8% and 85.4% at
5 years, which is higher than reported in other series with a
lower KDPI [31]. Notwithstanding, the KDPI is a tool
developed by the American Transplantation Registry, so its
usefulness in Spain is limited by the difficulty to extrapolate
this score to other countries with different healthcare systems
and transplant programs [6,9].

Due to the technical limitations of the preimplantation biopsy
and the lack of accuracy of KDPI, it seems reasonable the
combination both variables for the assessment of the ECD. We
analyzed simultaneously KDPI and biopsy scores in an ECD cohort
and we identified a group at high risk of graft failure: KDPI greater
than 99% and biopsy score >3. However, a KT with a very high
KDPI score that does not present these lesions in the biopsy can
offer an acceptable medium-term survival (5-year graft survival:
78.7%), especially through an old-for-old allocation program or for
high estimated post-transplant survival (EPTS) recipients [32]. On
the other hand, dual KT could be the best choice to improve the
results of transplantation with grafts with both high KDPI and high
biopsy scores [33].

Our study presents several limitations. It is a retrospective,
single-center study, with the limitations that inherently may exist
in data collection. Second, biopsies were not re-evaluated
retrospectively by a single pathologist in order to reduce the
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interobserver variability. However, only a limited group of expert
pathologists analyzed the biopsies. Therefore, to avoid further
biases, we excluded kidneys with biopsies analyzed in other
centers where there could be differences in the preparation
and interpretation of the histological samples. In third place,
according to our protocol, the grafts with a very high biopsy score
were not implanted, so we cannot be sure what function they
might have had. Fourth, the use of the frozen-section analysis has
drawbacks that have already been discussed. Last, when we
analyzed the KDPI and the biopsy score as continuous in the
multivariate models, we found no significant differences.
However, when both variables were stratified, survival
inequalities were observed. These divergences in the results
may be due to the multicollinearity between both variables.

In conclusion, the KDPI and a greater histological injury in the
preimplantation biopsy, especially glomerular and vascular
lesions, were related to a higher rate of KT graft loss coming
from ECD. Both parameters were related to graft function and
survival. As long as a kidney donor evaluation index more
adapted to our country is not available as well as more rapid
and precise histological techniques, we suggest that both the
clinical and histological variables should be considered together
in the pretransplant assessment of ECD with a high KDPL
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