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We evaluated the Kidney Donor Risk Index (KDRI) scoring system for kidney transplantation in the Eurotransplant
Senior Program (ESP) that allocates kidneys from older donors to older recipients (>65 years).

We retrospectively analyzed data of 37 kidney transplant recipients and 36 kidney donors who participated in
kidney transplantation program according to the ESP at our center from January 2004 until December 2013.
Mean recipient and donor age was 67.9+2.6 and 70.5+4.0 years respectively. The mean KDRI score was 1.7+0.27.
Uncensored graft survival after 1 year and 5 years was 64.2% and 53.7% respectively. Subgroup analysis showed
that in kidney transplantation with KDRI >1.83, graft survival was significantly reduced compared to lower KDRI
subgroups. KDRI was significantly correlated with serum creatinine level at discharge (r=0.4).

ESP kidneys represent a group of high-risk grafts with high KDRI scores. Higher KDRI scores in ESP kidneys was
associated with reduced postoperative short-term and long-term graft outcomes. KDRI might be useful in de-
cision-making for selecting donors for ESP kidney transplantation.
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Background

The Eurotransplant Senior Program (ESP) was developed in
1999 in response to the growing number of older recipients
and older donors, aiming to reduce the waiting time for pa-
tients >65 years by allocation of organs from donor >65 years
to such patients [1]. The ESP allocation system is based on re-
gional allocation according to age, blood group, and waiting
time but independent of HLA matching, thus, leading to signif-
icantly reduced waiting times in patients older than 65 years.
Moreover, this system aims to achieve a good primary organ
function by a reduction of the cold ischemic time. Short-term
results of the ESP have been promising [2,3]. Five-year results
of the ESP, however, revealed higher rejection rates and lower
patient and graft survival as compared to renal transplanta-
tion in older recipients with kidneys from younger donors [4].
On the other hand, it has been shown that kidney transplan-
tation in the elderly improves survival compared to patients of
the same age who remain on the waiting list [5-7].

ESP donor kidneys were derived from expanded criteria do-
nors [8] as all donors were >65 years old. The Kidney Donor
Risk Index (KDRI) has been introduced to improve risk evalua-
tion of deceased donor kidneys using 10 donor characteristics
instead of 4 in the expanded criteria donors system [9]. With
increasing KDRI, the relative risk of kidney graft failure after
transplantation increases. As many older patients on dialysis
treatment have a high degree of comorbidity, it is often diffi-
cult to decide who would benefit from kidney transplantation
in the ESP using marginal kidneys from high-risk donors. The
prognostic value of the KDRI in ESP kidney transplantation
has not yet been characterized. In this study, we evaluated the
outcome of kidney transplantation and potential risk factors,
including KDRI, for patient and graft survival in the ESP.

Material and Methods

Study design

There were 225 patients who underwent kidney transplanta-
tion at our center from January 2004 until December 2013. Of
these patients, 37 patients (16.4%) received a kidney trans-
plant from 36 donors according to the ESP and included in
this retrospective study.

Patient und follow-up data were evaluated from medical re-
ports for kidney function [serum creatinine, estimated glomer-
ular filtration rate (eGFR)], primary function, primary non-func-
tion, delayed graft function (DGF), graft loss, patient survival,
and biopsy proven acute rejection (BPAR). DGF was defined
as need for dialysis only during the first week after trans-
plantation. Donor data, including age, gender, smoking, body
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mass index (BMI), cytomegalovirus (CMV) serology, human
leukocyte antigen (HLA) mismatches, cause of brain death,
serum creatinine, and comorbidities, were collected from the
Eurotransplant donor reports; eGFR was calculated according
to the CKD-EPI formula. KDRI was calculated from donor vari-
ables using the method described by the Organ Procurement
and Transplantation Network (OPTN) [10].

Statistics

Quantitative data are expressed as mean + standard devia-
tion, median, and minimum-maximum. Patient survival and
graft survival were analyzed using the Kaplan-Meier method.
Subgroup analysis was performed using the Fisher’s exact test
and the Log-rank test. Three size-matched KDRI subgroups
were defined according to the distribution of the KDRI score
[1.16-1.54 (n=12); 1.55-1.82 (n=11), and 1.83-2.26 (n=14)].
Spearman correlation analysis was used to determine the as-
sociation of KDRI and the outcome parameters. P-values <0.05
were considered significant. All analyses were performed us-
ing the statistics program IBM SPSS Statistics 23 (SPSS Inc.,
Chicago, IL, USA).

Results

Recipient and donor characteristics

Mean age of ESP recipients and donors was 67.9+2.6 and
70.5+4.0 years, respectively (Table 1). The body mass index
(BMI) was >30 kg/m? in 6 recipients (16.7%) and 6 donors
(16.2%). A history of smoking was present in 8 recipients
(21.6%) and 6 donors (16.7%). Mean eGFR of the ESP donors
was 73 mL/min/1.73 m2. Comorbidities such as arterial hy-
pertension and diabetes mellitus were frequent among recip-
ients and donors. Mean KDRI score was 1.70+0.27 (Figure 1).

The HLA mismatches were 4.4+1.2 (Table 1). Mean cold isch-
emic time was 9 hours 25 minutes +2 hours 52 minutes. All
patients received quadruple immunosuppressive therapy (in-
duction, calcineurin inhibitor, mycophenolate, and steroids).
Steroids were administered on a long-term basis to 36 pa-
tients (97.3%).

Short-term and long-term outcomes

Primary kidney function was present in 19 patients (51.4%), DGF
in 14 patients (37.8%), and primary non-function in 4 patients
(10.8%) (Table 2). BPAR was detected in 5 patients (13.5%). The
mean serum creatinine was 1.99 mg/dL (mean eGFR 36.4 mL/
min/1.73 m?) at discharge while it was 1.95 mg/dL (mean eGFR
35.6 mL/min/1.73 m? after a mean follow-up of 12 months.
Serum creatinine and eGFR at discharge were significantly
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Table 1. Donor, recipient and transplantation data.

Age (years)

70.5+4.0 (70.0; 65-79)

ORIGINAL PAPER

67.9+2.6 (67.0; 65-76)

rATG (%)

157

0

Number

=l

<1.02 1.03- 1.23- 1.43- 1.63- 183- 2.03- 2.23- >243
122 142 162 182 202 222 242

Kidney donor risk index

Figure 1. Distribution of Kidney Donor Risk Index in
Eurotransplant Senior Program kidneys.
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correlated to KDRI (P=0.033 and P=0.039; r=0.4 and r=-0.34,
respectively, Figure 2).

Patient survival after 1-year and 5-years was 83.7% and 68.8%,
respectively. Main cause of death was sepsis in 6 patients
(46%). Smoking/history of smoking of the recipient was sig-
nificantly associated with poor survival (P<0.001, Figure 3A).
Obesity of the recipient (BMI >30 kg/m?) was also associated
with poor survival (one-year survival: 50.0% versus 90.3% for
patients with BMI <30 kg/m?, P=0.002).

In 10 patients (27%) graft loss occurred during the first year
after transplantation because of acute rejection (10.8%), infec-
tious complications (10.8%), or for unknown reasons (5.4%).
No further graft loss occurred 1 year after transplantation
until 5 years after transplantation. Accordingly, death-cen-
sored graft survival did not change 1 year and 5 years after
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Table 2. Short and long-term outcome.

Patient survival 1-yr/5-yr 83.7%/68.8%

Cause of death (n [%])

Graft survival 1-yr/5-yr 73%/73%
”””” Uncensored graft survival 1yr/Syr — 642%/537%
”””” Primary Functon ~ sla%
"""" Delayed Graft Function ~ 378%
”””” Primary Non-functon 108
"""" Acute rejection 138%
”””” Borderline changes  108%

sCR/eGFR after 12 months

257
co
o
2.0
=
e
15
Spearman r=0.4
1.0 T T T T 1
0 1 2 3 4 5

Serum creatinine (mg/dl)

Figure 2. Correlation of Kidney Donor Risk Index (KDRI)
and creatinine at discharge. There was a positive
correlation of the KDRI with the serum creatinine of
the recipients at discharge after kidney transplantation
according to the European Senior Program.

transplantation and was 73%. Smoking of the donor was as-
sociated with a reduced death-censored graft survival (P=0.01,
Figure 3B). Death-censored graft survival did not differ sig-
nificantly between KDRI subgroups (Figure 3C). Uncensored
graft survival was 64.2% after 1 year and 53.7% after 5 years.
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NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

1.95 mg/dl (35.6ml/min/1.73 m?)

Death with a functioning graft was the most common rea-
son for graft loss (7 out of 17; 41.2%). Uncensored graft sur-
vival differed significantly between KDRI subgroups (P=0.02,
Figure 3D). The subgroups did not differ regarding recipient
factors like BMI, smoking status, diabetes mellitus, recipient
age, time on dialysis, HLA-mismatch, or cold ischemic time.

Discussion

Demographic changes and the increasing shortage of do-
nor organs has resulted in an increase in older recipients and
older donors during the past decade in the Eurotransplant
region. Between 1991 and 2007, the percentage of recipients
older than 65 years rose from 3.6% to 19.7%, whereas the
percentage of kidney donors of age more than 55 years in-
creased from 12.5% to 38.5% and donors of more than 64
years of age increased from 2.3% to 18.1% [1]. Based on re-
gional allocations according to age, blood group, and waiting
time, but independent of HLA matching, the ESP leads to sig-
nificantly reduced waiting times and enhances the chance for
older patients to receive a renal graft. In 2008, Frei et al. pub-
lished the outcomes of more than 1400 patients transplanted
in the ESP [4] representing the largest published cohort so far.
More recent data regarding the outcome of patients in the ESP
has been limited to few single center experiences [11-14].
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Figure 3. (A) Kaplan-Meier plots of patient survival by smoking status of the patients. Patient survival was decreased in smokers
versus non-smokers. (B) Kaplan-Meier plots of death-censored graft survival by smoking status of the donor. Graft survival
was reduced in donors with a history of smoking. (C) Kaplan-Meier plots of death-censored graft survival in 3 different
Kidney Donor Risk Index (KDRI) subgroups [1.16-1.54 (n=12); 1.55-1.82 (n=11);1.83-2.26 (n=14)] showed a trend towards
reduced death-censored graft survival in donors with a KDRI above 1.83. However, death-censored graft survival did
not differ significantly between the 3 subgroups. (D) Kaplan Meier plots of uncensored graft survival in 3 different KDRI
subgroups [1.1-1.54 (n=12); 1.55-1.82 (n=11); 1.83-2.26 (n=14)] showed that uncensored graft survival was reduced in

donors with a KDRI above 1.83.

In these studies, patient and graft survival were comparable
to our own results. Primary non-function seems to be high in
our cohort (10.8%) but has also been observed in other ESP
cohorts with similar rates ranging from 7.3% to 10.1% [11-14].

Most deaths in our cohort occurred during the first year after
transplantation. The leading cause of death was infectious dis-
ease not only during the first year after transplantation but also
afterwards. Infectious disease was also a relevant reason for
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graft loss. It is well established that older patients are at a high
risk for infectious diseases [15]. However, other studies in ESP
patients did not report an increased risk for infections [12,16].
These differing results might be related to the immunosuppres-
sive regimen. In all of our patients quadruple immunosuppres-
sive therapy was used, which could explain the higher rate of
infections, especially during the first year after transplantation.
However, infectious diseases themselves are a growing mor-
tality factor, especially with increasing age in patients with
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renal replacement therapies [15]. On the other hand, the risk
of acute rejection has to be considered. In our patients, BPAR
of 13.5% was quite low compared to other ESP cohorts, which
had rates of BPAR ranging up to 37% [11-14]. Still, in our ESP
patients, it was a relevant factor accounting for graft loss in
10.8% of the patients in the first year after transplantation.
Compared to the standard allocation and to renal transplan-
tation in older recipients with kidneys from younger donors,
Frei et al. observed higher rates of acute rejection in the ESP
patients and lower patient and graft survival [4]. Acute rejec-
tion in older patients has been associated with poorer graft
and patient survival [17,18]. This could be related to the in-
creased immunogenicity of kidneys from older donors together
with the HLA mismatch and the impaired ability of older kid-
neys to recover from tissue injury [17]. It is challenging to
balance the risk of acute rejection with the risk of severe in-
fection in administrating an appropriate immunosuppressive
regimen in ESP patients.

To our knowledge, this is the first study evaluating ESP kidney
transplantation and the KDRI. As expected in our ESP cohort
donor, KDRI had a rather high variance. With a mean KDRI of
1.7, the estimated risk of graft failure from these donors was
higher than in the 93% of kidney donors recovered. Graft out-
come after the first year was lower, but similar after 5 years
compared to the OPTN data [10] with respect to the mean KDRI.
A higher KDRI was associated with inferior short-term kidney
function as well as with reduced uncensored graft survival
but not with censored graft survival in our analysis. However,
death-censored graft survival was associated with the smoking
status of the donor. To our knowledge, this is the first study
to demonstrate that the smoking status of the donor might
influence graft survival in ESP patients. Data on the effect
of smoking of the donor on the outcome in deceased-donor
kidney transplantation are sparse. Analysis of United States
Renal Data System and United Network for Organ Sharing
registry data from 38 000 kidney transplantations between
1995 and 1999 revealed a negative impact on graft and pa-
tient survival [19]. However, the analysis leading to the devel-
opment of the KDRI did not demonstrate that smoking of the
donor has a significant effect on graft failure [9].

We did not detect any association of KDRI with overall survival
as we did with recipient factors such as obesity and smoking.
It has been demonstrated in previous studies that smoking
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of the recipient is associated with an increased risk for graft
loss [20], DGF [21], and reduced patient survival; whereas the
effect of obesity on patient survival is not clear [22,23].

Limitations of our study were the retrospective design and the
small sample size of our cohort. Between KDRI subgroups, we
did not observe significant differences regarding recipient fac-
tors like age, BMI, smoking, etc. However, further confounding
factors could not be ruled out, thus leading to potential bias.
Although the KDRI has been established and validated in USA
kidney transplantation programs, its prognostic value for kidney
transplantation in European countries and the Eurotransplant
region is unclear. Recently, validation of the KDRI for kidney
transplantation in The Netherlands showed comparable survival
probabilities between the Dutch and the USA cohorts [24].
Further results showed that an increase in recipient age de-
creased the effect of KDRI on graft survival, which has also
been shown by others [25]. In another recently published USA
study, a survival benefit was observed in recipients older than
60 years of age with high KDPI allografts over 85% compared
with patients on the wait list [7]. However, comparison of KDRI
subgroups within our ESP cohort revealed significant reduced
graft survival with a KDRI score above 1.83. Outcomes of ESP
kidney transplantations might be improved by consideration of
KDRI. Further studies are needed to test the prognostic value in
the setting of an old-for-old kidney transplantation programs.

Conclusions

Evaluation of kidney transplantation in the ESP at our institu-
tion showed that in this group of high-risk donors, a high KDRI
score was associated with reduced long-term and short-term
outcomes. Decisions regarding kidney transplantation of older
recipients are often very difficult. Multimorbidity of older re-
cipient makes it challenging to decide who would benefit
from kidney transplantation. Also, the donor quality has sig-
nificant interactions with recipient characteristics. The KDRI
might be helpful in ESP kidney transplantation to predict clin-
ical outcomes.
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