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A B S T R A C T

Background. We investigated 10-year trends in deceased do-
nor kidney quality expressed as the kidney donor risk index
(KDRI) and subsequent effects on survival outcomes in a
European transplant population.
Methods. Time trends in the crude and standardized KDRI be-
tween 2005 and 2015 by recipient age, sex, diabetic status and
country were examined in 24 177 adult kidney transplant recipi-
ents in seven European countries. We determined 5-year pa-
tient and graft survival probabilities and the risk of death and
graft loss by transplant cohort (Cohort 1: 2005–06, Cohort 2:
2007–08, Cohort 3: 2009–10) and KDRI quintile.
Results. The median crude KDRI increased by 1.3% annually,
from 1.31 [interquartile range (IQR) 1.08–1.63] in 2005 to 1.47

(IQR 1.16–1.90) in 2015. This increase, i.e. lower kidney quality,
was driven predominantly by increases in donor age, hyperten-
sion and donation after circulatory death. With time, the gap
between the median standardized KDRI in the youngest (18–
44 years) and oldest (>65 years) recipients widened. There was
no difference in the median standardized KDRI by recipient
sex. The median standardized KDRI was highest in Austria, the
Netherlands and the Basque Country (Spain). Within each
transplant cohort, the 5-year patient and graft survival probabil-
ity were higher for the lowest KDRIs. There was no difference
in the patient and graft survival outcomes across transplant
cohorts, however, over time the survival probabilities for the
highest KDRIs improved.
Conclusions. The overall quality of deceased donor kidneys
transplanted between 2005 and 2015 has decreased and varies
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between age groups and countries. Overall patient and graft
outcomes remain unchanged.

Keywords: deceased donors, epidemiology, survival outcomes,
transplantation

I N T R O D U C T I O N

In order to meet the demand for kidneys for transplantation,
which continues to exceed the current supply [1, 2], an increas-
ing number of marginal kidneys are being utilized [3, 4].
Marginal kidneys have been associated with worse graft survival
outcomes [5]. The kidney donor risk index (KDRI), derived
from 10 deceased donor factors, provides an estimate of how
long a deceased donor kidney allograft can be expected to func-
tion relative to the ‘median’ deceased donor kidney retrieved in
the USA in the previous calendar year [6]. The KDRI has now
been validated in several European countries [7–9]. Lower
KDRI scores represent a higher estimated graft survival time,
whereas higher KDRI scores represent a lower estimated graft
survival time [10]. A deceased kidney donor in 2017 with a
standardized KDRI score of 1.5 equates to 1.5 times higher rela-
tive risk of allograft failure compared with the ‘median’ de-
ceased donor kidney from 2016. Given that the KDRI is
standardized to the median donor of the previous year, the ref-
erence group is changing on an annual basis and, as a conse-
quence, a donor represented by a KDRI of 1.5 in 1 year may not
be the same as a donor represented by a KDRI of 1.5 in previous
years. By standardizing the KDRI over a number of years to the
same reference donor, i.e. the median deceased donor in a cho-
sen year, one has a quantitative measure with which to assess
the quality of deceased donor kidneys in a given population and
across populations over time.

Using data from kidney and transplant registries in seven
European countries we investigated the trends in the quality of
transplanted deceased donor kidneys between 2005 and 2015,
expressed as KDRI scores and standardized to a reference
KDRI score. We identified annual trends in standardized KDRI
scores over a 10-year period by recipient sex, recipient age
group, recipient diabetic status and country of transplantation.
Furthermore, we assessed patient and graft survival outcomes
by KDRI quintile over time.

M A T E R I A L S A N D M E T H O D S

Data collection

Data from the European Renal Association–European
Dialysis and Transplant Association (ERA-EDTA) Registry
with additional data collection from nine individual kidney and
transplant registries in seven countries were used: Austrian
Dialysis and Transplant Registry, Eurotransplant, Danish
Nephrology Registry, Scandiatransplant, Information unit
about renal patients from the Basque Country, Dutch
Transplant Foundation, Norwegian Renal Registry, Slovenian
Renal Registry and the UK Transplant Registry held by NHS
Blood and Transplant. The recipients included in the study
were restricted to those �18 years of age at the time of the first
kidney-only, ABO-compatible transplant performed during the
period 1 January 2005–31 December 2015. No data were col-
lected regarding deceased donors from whom kidneys were
subsequently not recovered or discarded once recovered. All na-
tional and regional kidney registries contributing data to the
ERA-EDTA Registry followed their national legislation regard-
ing ethics committee approval.

KEY LEARNING POINTS

What is already known about this subject?

• Deceased donor kidneys with higher kidney donor risk index (KDRI) scores have worse survival outcomes than those
with lower KDRI scores.

• To meet demands, older and more marginal kidneys are being used. It is not known if the increased use of marginal
kidneys has resulted in worse transplant outcomes over time.

What this study adds?

• Over a 10-year period, transplant recipients >45 years of age have received kidneys with increasingly higher KDRIs,
i.e. worse quality.

• These kidneys are increasingly coming from donors who are older and more likely to have a diagnosis of
hypertension (HTN) and are retrieved from donors after circulatory death, though this varied between countries.

• This has not translated to poorer 5-year kidney transplant outcomes.

What impact this may have on practice or policy?

• As life expectancy in the general population increases and the prevalence of diabetes mellitus, HTN and obesity
increases, it is likely that we will continue to see poorer-quality donor kidneys.

• To avoid this translating into worse kidney transplant outcomes, the transplant community should focus on identifying
therapies and/or preventative strategies aimed at improving kidney transplant outcomes despite these lower-quality allografts.
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Data analysis

Missing data. Overall, 80% of cases had complete donor
details except for donor ethnicity and hepatitis C virus (HCV)
status (Supplementary data, Table S1A and B). Where the do-
nor ethnicity and HCV status were unavailable, we assumed
that, in this European setting, the donor was Caucasian and
HCV negative. Based on the differences between the complete
cases and the cases with missing variables, it was concluded
that with the exception of donor diabetes and hypertension
(HTN) in Norway, the data were missing completely at ran-
dom, therefore the missing variables were imputed in SAS soft-
ware (SAS Insitute, Cary, NC, USA) using the multiple
imputation procedure (proc mi). The donor variables included
in the imputation model were donor age, height, weight, prior
diagnosis of HTN, prior diagnosis of diabetes mellitus (DM),
creatinine, cause of death and donor type [donation after circu-
latory death (DCD) or donation after brain death (DBD)]. Five
imputed datasets were created. Log transformations were used
for non-normally distributed data, which were then trans-
formed back to their original form before the analysis [11].
Missing variables were imputed by the country, for example,
only donor and recipient data from Austria was used to impute
Austria’s missing data.

Evaluating time trends in the KDRI. Using the donor
characteristics and the KDRI beta coefficients as determined by
Rao et al. [6], we calculated the ‘donor-only’ KDRI for each in-
dividual donor (Box 1). We then determined the distribution of
the crude KDRI for the years 2005, 2010 and 2015, overall and
by recipient sex, recipient age group (18–44, 45–54, 55–64 and
�65 years), recipient diabetic status and country. These data
were presented as violin plots, which have the advantages of
both box plots, thereby allowing the visualization of summary
statistics, and density traces, thereby allowing visualization of
the data distribution.

We examined for time trends in KDRI between 2005 and
2015. To have a meaningful comparison of the KDRI over
time, a scaling factor was applied. In these analyses for all the
years in question, we used the median KDRI from 2005 as the
scaling factor, thereby giving the 2005 median KDRI of the
whole group a score of 1. The same groups as for the distribu-
tion of the crude KDRI were examined, i.e. all countries/regions
combined (overall and by recipient sex, recipient age group and
recipient diabetic status) and time trends in the individual
countries/regions. Time trends in the standardized KDRI were
examined using Joinpoint regression [12]. The year was taken
as the explanatory variable and the scaled median KDRI as the
outcome. The average annual percentage change (AAPC) was
computed using Poisson regression as provided by the
Joinpoint regression programme [13].

Survival analysis. Kaplan–Meier and Cox regression were
used to calculate 5-year patient and graft survival probabilities
and the risk of death and graft loss, respectively, by transplant
cohort and by KDRI. To allow for analysis of 5-year follow-up,
the recipients were divided into three transplant cohorts:
Cohort 1, 2005–06; Cohort 2, 2007–08; and Cohort 3, 2009–10. T
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Thereafter the cohorts were further subdivided by KDRI quin-
tiles, which had been standardized to the median 2005 KDRI.
The KDRI quintiles were 0.45–<0.79; 0.79–<0.96; 0.96–<1.15;
1.15–<1.45; �1.45. The date of transplantation was taken as
the starting point and the patients were followed until the event
of interest. For patient survival, the event of interest was death.
For graft failure, the events of interest were either a return to di-
alysis, retransplantation or death with a functioning allograft.
Patients were censored for loss to follow-up and the end of the
study period was set as 31 December 2015. In the adjusted
analysis, we adjusted for recipient age at transplantation, recipi-
ent sex, primary kidney diagnosis, cold ischaemia time (CIT),
human leukocyte antigen (HLA) mismatch score and country
of transplantation.

Sensitivity analysis. A sensitivity analysis of complete cases,
i.e. only cases where all donor variables except for donor HCV
status and ethnicity were available, was performed. To account
for the increasing number of DCD transplants over time, the
crude and standardized KDRI scores for DBD transplants were
calculated.

A two-tailed P-value <0.05 was considered statistically sig-
nificant. Analyses were performed using SAS software version
9.4 and Joinpoint version 4.0.4 [14].

R E S U L T S

We included 24 177 recipients transplanted between 2005 and
2015. During this period the median recipient age rose from 53
years [interquartile range (IQR) 43.0–61.5] to 55 years (IQR
45.0–65.0) and the percentage of recipients with a diagnosis of
DM rose from 12.5% to 17.0%. The median deceased kidney
donor age rose from 50 years (IQR 38–59) in 2005 to 55 years
(IQR 44–65) in 2015 (Table 1). The percentage of donors with a
history of HTN (23–30%), DM (4–8%) and severe obesity
[body mass index (BMI)>35 kg/m2; 4–7%] increased.

Trends in crude KDRI

For all countries combined, the median crude KDRI was
1.31 (IQR 1.08–1.63), 1.41 (IQR 1.13–1.81) and 1.47 (IQR
1.16–1.90) in 2005, 2010 and 2015, respectively (Figure 1, top
left). The median crude KDRIs presented for all countries com-
bined can be found in Figure 1 and Supplementary data, Table

2005 2010 2015
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S2, and by individual country can be found in Supplementary
data, Figure S1 and Table S2.

Trends in standardized KDRI

When standardized to the median KDRI from the total
group in 2005 one can objectively visualize annual changes in
the ‘median donor’ based on 10 deceased donor factors.
Between 2005 and 2015 this standardized median donor
KDRI increased from 1.00 to 1.13, giving an AAPC of 1.3%
[95% confidence interval (CI) 0.6–2.0; Figure 2A,
Supplementary data, Table S3]. The standardized median do-
nor KDRI increased for both female and male recipients by an

AAPC of 1.5% (95% CI 1.0–2.0) and by 1.2% (95% CI 0.8–
1.6), respectively, with no differences between the sexes
(P¼ 0.851; Figure 2B). There appeared to be a trend towards a
decline in the standardized median KDRI for recipients ages
18–44 years [AAPC �0.3% (95% CI �0.6–2.3)]. Over time,
the gap between the standardized KDRI in the youngest and
oldest recipients widened. The standardized median KDRI in
2015 for recipients ages 18–44 years was 0.89, whereas for
recipients �65 years of age it was 1.48 (Figure 2C,
Supplementary data, Table S3). Recipients with DM remained
in receipt of lower-quality donor kidneys compared with
recipients without DM throughout the 10-year period
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A  Overall B  By recipient sex

C  By recipient age group* D  By recipient diabetic status

*Note different scale on y axis

All     1.00    1.00    1.04    1.02    1.05    1.08    1.12    1.14    1.12    1.12    1.12      1.30 (0.6; 2.0) Female 1.00    0.99    1.03    1.00    1.02    1.06    1.12    1.12    1.13    1.12    1.13      1.50 (1.0; 2.0)
Male     1.00    1.00    1.04    1.05    1.07    1.09   1.13    1.16    1.11    1.12    1.12      1.20 (0.8; 1.6)

18-44    0.93    0.90    0.91    0.88    0.89    0.89    0.90    0.90    0.87    0.89    0.89   –0.30 (–0.6; 2.3)
45-54    0.99    0.99    1.00    1.01    0.99    1.02    1.06    1.06    1.07    1.04    1.03   0.50 (–0.4; 1.4)
55-64    1.03    1.06    1.13    1.10    1.13    1.16    1.19    1.18    1.19    1.17    1.19   1.30 (0.5; 2.1)
>65       1.25   1.32   1.32   1.36   1.38   1.39   1.43   1.44   1.48   1.49   1.48   1.17 (1.4; 1.9)

DM          1.04    1.10    1.10    1.07   1.07    1.18    1.20   1.22    1.19    1.25    1.21      1.70 (1.0; 2.4)
No DM     1.00    0.99    1.03    1.02    1.05    1.07    1.12    1.12    1.11    1.10    1.10      1.10 (0.3; 1.7)

FIGURE 2: Standardized median KDRI and AAPC (95% CI) during the years 2005–15 for (A) all countries/regions combined and by (B)
recipient sex, (C) recipient age group and (D) recipient diabetic status. The KDRI is scaled relative to the median kidney donor in 2005.
AAPCs with a significance level <0.05 are denoted by an asterisk (*).
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(P< 0.001), although the KDRI increased for both diabetic
and non-diabetic recipient groups (Figure 2D, Supplementary
data, Table S3).

Overall Austria, the Basque Country (Spain) and the
Netherlands had higher annual standardized median KDRIs than
Norway and Slovenia (Figure 3, Supplementary data, Table S3).
Austria, the Basque Country and the Netherlands continued to
have higher-than-average standardized KDRIs when recipients
were stratified by older age (Supplementary data, Figure S2). The
driving factors behind these differences varied by country (Table
2). The high standardized KDRI in Austria, the Basque Country
and the Netherlands was mainly driven by a higher proportion of
deceased donors >50 years of age and donors with a diagnosis of
DM. In addition, within the Netherlands and the UK almost 50%
of donors were DCD donors, while they only made up 5% of
donors in Norway and 0% of donors in Slovenia and Denmark.

Survival analysis was performed on 11 767 first transplant
recipients transplanted between 2005 and 2010. Demographic
data are given in Table 3, and Figure 4 presents the unadjusted
patient and graft survival curves by time cohort and KDRI
quintile. There was no change in the 5-year patient and graft
survival probabilities between the time cohorts. Within each
time cohort, patient and graft survival was higher at lower
KDRIs. Over time there appeared to be a narrowing in the

difference in the 5-year survival probabilities between the two
highest KDRI quintiles due to an improvement in the outcomes
from the highest KDRI category.

There was no difference in the unadjusted and adjusted
risk of death across transplant cohorts [adjusted hazard ra-
tio (aHR) 1.19 (95% CI 0.92–1.54) for 2007–08 and aHR
1.17 (95% CI 0.74–1.83) for 2009–10 compared with 2005–06;
Figure 5]. In addition, there was no difference in the unadjusted
and adjusted risk of graft failure across transplant cohorts [aHR
1.22 (95% CI 0.98–1.50) for 2007–08, aHR 1.22 (95% CI 0.84–
1.79) for 2009–10 compared with 2005–06; Figure 5]. The risk of
death or graft loss in patients transplanted with lower KDRI (i.e.
better quality) allografts was lower, however, this effect was re-
duced when adjusting for recipient and transplant factors
(Supplementary data, Figure S3).

Sensitivity analysis

Complete case analysis yielded similar results to those
obtained with the imputed dataset (Supplementary data, Tables
S2–S4). Analysis of only DBD kidneys revealed slightly lower
KDRI scores for each time point, but the trend of increasing
KDRI scores over time remained (Supplementary data, Tables
S2 and S3).
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FIGURE 3: Standardized median KDRI and AAPC (95% CI) during the years 2005–15 by country/region. The KDRI is scaled relative to
the median kidney donor in 2005 for all countries combined.
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D I S C U S S I O N

We investigated trends in the quality of deceased donor kidneys,
expressed as a standardized KDRI, transplanted between 2005
and 2015 in seven European countries and the effects of these
trends on survival outcomes. During this 10-year period the
overall quality of deceased donor kidneys decreased for every
subgroup except for recipients 18–44 years of age. The decline in
the overall kidney quality was evident as an increase in the stan-
dardized KDRI of�1.3%/year, which is in line with changes seen
in the USA [10]. The factors driving these temporal changes were
predominantly the increased use of older deceased donors,
donors with a prior diagnosis of HTN or DM and, for the
Netherlands and the UK, the use of DCD donors. As the use of
donors with these risk factors varied between countries, we saw
that the median standardized KDRI varied between countries. In
countries such as the Netherlands and the UK, where in 2015 al-
most 50% of deceased donors were DCD donors, the standard-
ized KDRI was consistently higher than in Norway, where only
5% of deceased donors were DCD donors. Even with the exclu-
sion of DCD kidneys, both the crude and standardized KDRI
rose over time. Five-year patient and graft survival probabilities
remained unchanged despite the decrease in the overall quality of
deceased donor kidneys over time. This could be driven by over-
all improvements in recipient health, transplantation procedures
and changes in immunosuppressive regimens. Alternatively, it is
possible that the quality of deceased donor kidneys does not neg-
atively affect transplantation outcomes in the medium term (of
5 years), but rather in the long term.

There are several factors that may drive the decline in the
quality of deceased donor kidneys over time and may vary
across countries; for example, the demand for deceased donor
organ transplantation in terms of the number of patients com-
mencing kidney replacement therapy (KRT), the number of
patients listed on the transplant waiting list and the strength of
the living donor transplant programme. It may be that the re-
duction in the quality of transplanted kidneys, by means of
accepting more marginal deceased donors, is an attempt to
counterbalance long waiting times faced by potential transplant
recipients. Second, the duration and success of the use of mar-
ginal donors within a country is likely to affect the future num-
ber of these donors. Additionally, the overall organizational
structure of a country’s transplantation programme, down to
who is responsible for organ procurement, may play a contribu-
tory role [15]. Finally, intercountry differences in KDRI could
be influenced by background risk factors within the general
population. Within all these countries the prevalence of DM,
HTN and obesity within the general population varies [16],
therefore the percentage of potential donors within each coun-
try with these features will vary. The increasing prevalence of
these diseases [17–19] may well explain in part the trend to-
wards increasing KDRIs.

This study has shown that the poorest-quality kidneys are
being transplanted into the oldest recipients, in keeping with a
single-centre German study [9]. As we demonstrated, as the age
of the recipient increases, the median standardized KDRI
increases, whereas with time, the youngest recipients receive
ever better-quality kidneys. It is clear that longevity matching,

Table 3. Baseline characteristics of first kidney-only transplant recipients by transplant cohort: Cohort 1, transplanted during 2005–06; Cohort 2, trans-
planted during 2007–08; Cohort 3, transplanted during 2009–10

Characteristics 2005–06 2007–08 2009–10 % missing

Number 3702 3779 4286
Male, % 62 63 63 0
Age at transplantation (years), median (IQR) 52 (42–61) 52 (41–61) 55 (44–63) 0
Dialysis time (years), median (IQR) 3 (2–4) 3 (2–5) 3 (2–5) 0
Primary kidney disease, %

DM types I and II 10 10 12 –
HTN/renovascular disease 11 12 13 –
Glomerulonephritis/sclerosis 21 20 19 –
Other 26 26 24 –
Missing/unknown 31 32 32 32

Initial KRT modality, %
Dialysis 79 81 81 –
Kidney transplant 12 15 18 –
Missing/unknown 9 4 0.7 4

CIT (hours), median (IQR) 17 (14–21) 16 (13–20) 16 (12–19) 13
Number of mismatches at HLA-A, B, DR 0.5

0 12 12 11 –
1 8 6 5 –
2 28 22 21 –
3 32 35 37 –
4 16 20 20 –
5 4 4 4.8 –
6 1 1 1.5 –

Panel reactive antibodies, % 58
0 78 78 77 –
>0–10 5 4 5 –
10–79 8 9 11 –
>79 2 3 2 –
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and therefore utility, is appropriately occurring. The distinction
between countries with the better- and worse-quality kidneys
continued, even when stratified by recipient age group, thereby
disputing the idea that kidney quality within a country is driven
predominantly by recipient qualities.

Despite the decline in the quality of donor kidneys over the past
10 years, patient and graft survival remained unchanged. Several
factors may have contributed to improving both recipient and graft
survival, potentially counterbalancing the effects of the decline in
the quality of donor kidneys. The risk of recipient death can be

decreased, for example, by reducing cardiovascular risk factors.
Ceretta et al. [20] demonstrated that between 2005 and 2014 the
proportion of Europeans commencing KRT with cardiovascular
disease as a comorbidity declined. Furthermore, Boenink et al. [21]
recently showed that the excess mortality risk in Europeans com-
mencing KRT between 2002 and 2015 decreased in relation to the
improved survival in the general population, in other words, the
factors resulting in improved KRT outcomes are not limited to
overall improvements in the health of the general population. It
may be that overall improvements in the relative health of the
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FIGURE 4: Five-year unadjusted patient survival curves for patients �18 years of age receiving their first deceased donor kidney-only
transplant by (A) time cohort during 2005 and 2010 and by KDRI quintiles between (B) 2005 and 2006, (C) 2007 and 2008 and (D) 2009
and 2010 in all countries combined and 5-year unadjusted graft survival curves by (E) time cohort during 2005 and 2010 and by KDRI
quintiles between (F) 2005 and 2006, (G) 2007 and 2008 and (H) 2009 and 2010 for all countries/regions combined.
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potential kidney transplant recipient may be playing a role in coun-
terbalancing the effects of the higher KDRI transplant, although
this remains speculative and to date there is no evidence that indi-
viduals are being transplanted in a state of relative improved health.
In addition to potential improvement in pre-transplantation
health, there is an increased emphasis from transplant groups
on the post-transplant control of blood pressure and cardiovascular
risk management [22], although again, whether this has
translated to a decline in post-transplantation cardiovascular risk is
unclear. Studies specifically assessing trends in the pre-transplanta-
tion health of European transplant recipients are needed to deter-
mine what is driving this apparent counterbalance in survival
outcomes.

One of the factors driving both the increase and country dif-
ference in the median standardized KDRI over time was the use
of DCD allografts, although it should be emphasized that both
the crude and standardized KDRI rose over time even with the
exclusion of DCD kidneys. The legal utilization of DCD donors
and the policies relating to their procurement varies considerably
throughout Europe [23]. Within the Netherlands and the UK,
DCD donors now make up �50% and 42%, respectively, of the
deceased donors [24, 25]. Although DCD allografts are typically
thought to have worse outcomes than DBD allografts, recent evi-
dence is bringing this into question [26]. A Dutch study reported
5-year death-censored graft failure for recipients<65 years of age
of DBD and DCD allografts from donors <65 years of age of
85.9% (95% CI 84.1–87.6) and 82.6% (95% CI 80.2–84.9), respec-
tively [27]. Similarly, a UK study found equivalent graft outcomes
between older controlled DCD and DBD allografts in the same
age group [28], although controlled DCD allografts performed
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FIGURE 5: Five-year risk and 95% CI of (A) unadjusted and (B) ad-
justed death and 5-year risk of (A) unadjusted and (B) adjusted graft
failure by time cohort (2005–06, 2007–08, 2009–10) for all coun-
tries/regions combined. Adjustments made for recipient age at trans-
plantation, recipient sex, primary kidney disease, CIT, HLA
mismatch score and the country of transplantation.

Donor characteristic Applies to: KDRI coefficient (‘Beta’) KDRI ‘XBeta’ component

Age (integer years) All donors 0.0128 0.0128* (age-40)
Donors <18 years of age �0.0194 �0.0194* (age-18)
Donors >50 years of age 0.0107 0.0107* (age-50)

Height (cm) All donors �0.0464 �0.0464* (hgt-170)/10
Weight (kg) All donors with weight <80 kg �0.0199 �0.0199* (wgt-80)/5
Ethnicity African American donors 0.1790 0.1790
History of HTN Hypertensive donors 0.1260 0.1260
History of DM Diabetic donors 0.1300 0.1300
Cause of death Donors with cause of death as a CVA 0.0881 0.0881

All donors 0.2200 0.2200* (creat-1.0)
Serum creatinine Donors with creatinine >1.5 mg/dL �0.2090 �0.2090* (creat-1.5)
Hepatitis C status Hepatitis C positive donors 0.2400 0.2400
Donation after circulatory status DCD donors 0.1330 0.1330

Box 1. KDRI calculation, donor factors and model coefficients as described by Rao et al. [10]

KDRIexp¼ exp �0.0194� I[age< 18 years] � [age� 18 years] þ 0.0128� [age� 40 years] þ 0.0107� I[age> 50 years]�
[age� 50 years] þ 0.179� I[race¼African American] þ 0.126� I[hypertensive] þ 0.130� I[diabetes] þ 0.220�
[SCr� 1 mg/dL] � 0.209� I[SCr> 1.5 mg/dL] � [SCr� 1.5 mg/dL] þ 0.0881� I[cause of death¼CVA] � 0.0464� [/
10] � 0.0199� I[weight< 80 kg] � [(weight� 80 kg)/5] þ 0.133� I[donation after cardiac death] þ 0.240� I[hepatitis
C], where I ¼ 1 if the condition is true and I ¼ 0 if the condition is false.
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less well than DBD allografts with increasing donor and recipient
ages, longer CITs, repeat transplantation and poor HLA matches
[29]. Perhaps given the survival improvement from DCD allog-
rafts with time, the higher KDRIs seen as a result of the DCD
allografts is no longer a true reflection of donor quality and hence
survival is unchanged despite the higher KDRI scores.

Unlike the findings in our study, the median KDRI score in
the USA has remained fairly low and static from 2005 to 2015
at�1.24 [30]. Whereas in 2015, 55% of European deceased kid-
ney donors died of a cerebrovascular accident (CVA), 64% were
>50 years of age and 37% were donors after cardiac death, in
the USA only 25% of kidney donors died of a CVA, 25% were
>50 years of age and only 18% were DCD donors [30]. A recent
study by Aubert et al. [31] demonstrated an almost double dis-
card rate in the USA compared with France. A lower US discard
rate similar to that of France would have resulted in an addi-
tional 132 445 allograft life-years. Despite the differences in the
distribution of the KDRI score, the 5-year US and European
graft survival outcomes remain similar at�75–85% [30, 32].

The main strength of this study is its ability to compare the
trends in the quality of deceased donor kidneys, by means of
the standardized KDRI, across seven European countries
within various subgroups over 10 years. The KDRI is an eas-
ily applicable scoring system that allows for standardization
and comparison of deceased donor allografts between stud-
ies and over time. However, in the future, in light of im-
proved outcomes of DCD allografts, the inclusion or
weighting of DCD donors in the KDRI score may need to be
reconsidered. The main limitation of this study is the lack of
information regarding organ discard rates and the corre-
sponding KDRIs of these organs, thus we cannot form a
complete picture of the potential donor kidneys available
over this time period. Correlation with pre-implantation bi-
opsy findings would have been useful, but this information
was not available. To have a clearer picture we have only in-
cluded first transplant recipients and thus we cannot com-
ment on the quality of the donor kidney or outcomes of
subsequent transplantations. The findings of this study are
based on transplants occurring in seven European countries
and thus we may not be able to generalize these results to the
rest of Europe. The relative sizes of the countries/regions in
this study are reflected in the findings, i.e. the overrepresen-
tation of the UK and large swings in the country-specific
results from smaller countries/regions. Furthermore,
throughout most of Europe, data on ethnicity that are in-
cluded in the KDRI score are not collected. Given that the
prevalence of ‘Black or African American’ race in the
Eurotransplant zone and the UK is low (1% in the UK [33]),
we assumed all donors were Caucasian. This may have
slightly underestimated the KDRI score.

C O N C L U S I O N

Over the past 10 years the quality of deceased donor kidneys as
expressed by standardized KDRI has decreased across all seven
European countries examined by this study, although this did
not translate to worse outcomes. A difference in the median kid-
ney quality between countries and between the age groups was

seen. As life expectancy in the general population increases and
the prevalence of DM, HTN and obesity increases, it is likely
that we will continue to see poorer-quality donor kidneys. To
avoid this translating into worse transplant outcomes, the trans-
plant community should focus on identifying therapies and/or
preventative strategies aimed at improving transplant outcomes
despite these lower-quality allografts. This approach could fur-
ther expand the pool of transplantable organs.
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