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Article

Utilization and Outcomes of Single and Dual Kidney
Transplants from Older Deceased Donors in the
United Kingdom

Maria Ibrahim ,1,2,3 George H.B. Greenhall ,1,2,3 Dominic M. Summers,4 Lisa Mumford,2 Rachel Johnson,2

Richard J. Baker,5 John Forsythe,2 Gavin J. Pettigrew,4 Niaz Ahmad,6 and Chris J. Callaghan1,2

Abstract
Background and objectives Kidneys from elderly deceased donors are often discarded after procurement if the
expected outcomes from single kidney transplantation are considered unacceptable. An alternative is to consider
them fordual kidney transplantation.We aimed to examine theutilization of kidneys fromdonors aged$60 years
in the United Kingdom and compare clinical outcomes of dual versus single kidney transplant recipients.

Design, setting, participants, & measurements Data from the United Kingdom Transplant Registry from 2005 to
2017wereanalyzed.Weexaminedutilization ratesofkidneys retrieved fromdeceaseddonorsaged$60years, and
5-year patient and death-censored graft survival of recipients of dual and single kidney transplants. Secondary
outcomes included eGFR. Multivariable analyses and propensity score analysis were used to correct for
differences between the groups.

ResultsDuring the studyperiod, 7841kidneyswereprocured fromdeceaseddonors aged$60years, ofwhich1338
(17%)were discarded; 356 dual and 5032 single kidneyswere transplanted.Donors of dual transplantswere older
(median, 73 versus 66 years; P,0.001) and had higher United States Kidney Donor Risk Indices (2.48 versus 1.98;
P,0.001). Recipients of dual transplants were also older (64 versus 61 years; P,0.001) and had less favorable
human leukocyte antigen matching (P,0.001). After adjusting for confounders, dual and single transplants had
similar 5-year graft survival (hazard ratio, 0.81; 95% CI, 0.59 to 1.12). No difference in patient survival was
demonstrated. Similar findings were observed in a matched cohort with a propensity score analysis method.
Median 12-month eGFR was significantly higher in the dual kidney transplant group (40 versus 36 ml/min per
1.73 m2; P,0.001).

ConclusionsRecipients of kidneys fromdonors aged$60 years have similar 5-year graft survival and better graft
function at 12 months with dual compared with single deceased donor kidney transplants.

CJASN 15: ccc–ccc, 2020. doi: https://doi.org/10.2215/CJN.02060220

Introduction
The shortage of kidneys for transplantation has led to
global efforts to increase the utilization of deceased
donor kidneys. This has resulted in the increased use
of kidneys from older, more marginal donors (1). One
approach to make use of such kidneys is dual adult
kidney transplantation. This technique is based on the
concept of increased nephron mass, because glomer-
ular function declines with age (2–5). Given the
increasing age of the deceased donor population
and concerns about high discard rates (1,6,7), the
appropriate utilization of organs from older donors is
of growing importance.

Deciding which kidneys from older donors should
be implanted as two single transplants, as a dual
transplant, or which should be discarded is challeng-
ing. Although some centers in the United Kingdom
and internationally use preimplantation histologic
evaluation to help identify which kidneys should be

implanted as duals (2,8,9), no clinical or histologic
parameters have been widely accepted to aid utiliza-
tion decisions (10–16). There is also little clinical
guidance regarding recipient selection, and many
offering policies for kidneys from older donors are
based on donor criteria alone (17,18). Additional
considerations for dual kidney transplantation in-
clude increased technical difficulty and longer time
under anesthesia (16,19,20). These factors must be
weighed against the significant morbidity and mor-
tality associated with remaining on the transplant
waiting list (21).
The United Kingdom transplants a higher percent-

age of kidneys as dual transplants than the United
States (4% versus 2% in 2017) (7), in keeping with the
higher proportion of transplanted kidneys from el-
derly donors (11% versus 0.6% in 2005–2017) (7). The
increasing use of deceased donor kidneys from older
donors and donation after circulatory death (DCD)
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donors (22,23) renders analysis of current United Kingdom
outcome data increasingly important. Acceptable outcomes
after dual kidney transplantation would support the
expanded use of organs otherwise perceived to be highly
marginal and might reduce unnecessary discard of
these organs.
Our study characterizes the practice of dual kidney

transplantation in the United Kingdom in a recent cohort of
deceased donors aged$60 years. We aimed to examine the
utilization rate of kidneys procured from older donors and
compare the clinical outcomes of dual and single kidney
transplants from such donors. Two statistical techniques
were used to adjust for baseline differences between dual
and single transplant groups. Subgroup analyses were
used to determine if donor criteria could be used to identify
organs best used as dual transplants.

Materials and Methods
Study Population
We performed a retrospective cohort study of patients

with either a single or dual kidney transplant in the United
Kingdom from January 1, 2005 to December 31, 2017. Our
data source was the United Kingdom Transplant Registry
(UKTR) held by National Health Service Blood and Trans-
plant (NHSBT). To reduce confounding, we restricted our
cohort for all analyses to donors aged $60 years. We
included recipients aged $18 years who received their first
kidney(s)-only graft. Patients with previous extrarenal
solid organ grafts were included.
There are no United Kingdom organ offering pathways

that necessitate the use of kidneys from adult donors as
dual transplants. The UKTR does not record the reasons
for use of kidneys as dual transplants, or whether a
preimplantation biopsy was performed.

Study Parameters and Definitions
Organ discard rates were examined by analyzing kid-

neys from donors aged $60 years, procured for the
purposes of transplantation. We defined dual kidney
transplants as the implantation of two kidneys from the
same donor into a recipient. Calculated reaction frequency
reflects the human leukocyte antigen (HLA) sensitization of
a recipient and is the percentage of blood group–identical,
HLA antibody–incompatible donors in the last 10,000
deceased donors in the United Kingdom. Patients were
considered highly sensitized if their calculated reaction
frequency was $85%. Cold ischemia time was defined as
the duration between the time the organ was flushed with
cold preservation fluid in situ to the time of organ
reperfusion with recipient blood. For dual kidney trans-
plants, the time of perfusion of the first kidney implanted
was used to calculate the cold ischemia time.
If ethnicity was unknown, patients were assumed to be

non-Black when calculating eGFR. Only recipients with a
functioning transplant at the relevant time point were
considered in analyses of graft function. Primary non-
function was defined as a graft that never functioned
sufficiently to allow independence from dialysis, irrespec-
tive of cause. Loss of one kidney in a dual kidney transplant
was not considered primary nonfunction. Delayed graft
function was defined as the requirement for dialysis in the

first postoperative week, regardless of cause. “Graft sur-
vival” refers to death-censored graft survival and was
defined as the time from transplantation to return to long-
term KRT or retransplantation, whichever occurred first,
with data censored at the time of death or at last known
follow-up. Patient survival was the time from transplan-
tation to death or last known follow-up.
eGFR, expressed in ml/min per 1.73 m2, was calculated

using the four‐variable Modification of Diet in Renal
Disease formula (24), which is in keeping with the eGFR
recorded on the United Kingdom donor data forms at the
time of organ offering. Donor eGFR was also calculated
using the Cockcroft–Gault equation to account for differ-
ences in donor size, which may be representative of
nephron mass (25). Because the United Kingdom Kidney
Donor Risk Index does not consider changes in age-related
donor risk in donors aged.60 years (26), the United States
Kidney Donor Risk Index (USKDRI) was used in this study
as per the original Rao index, without scaling to the
normalization factor (27). The United States Kidney Donor
Profile Indices (USKDPIs) were calculated from the appro-
priate KDRIRAO mapping table using data from 2007 to
2017 (27). A discarded kidney was defined as an organ that
had been retrieved for the purposes of transplantation but
not subsequently implanted.

Statistical Analyses
Categorical data were summarized using proportions,

and unadjusted analyses were performed using chi-
squared testing. Continuous data were reported using
medians and interquartile ranges (IQRs), and unadjusted
analyses were performed using Wilcoxon testing.
Analyses of graft survival were conducted using

Kaplan–Meier survival estimates and compared using
the log-rank test. We then performed multivariable anal-
yses by fitting a Cox proportional hazards model to
account for factors known to affect graft outcome, based
on a combination of clinical knowledge and factors pre-
viously shown to affect graft survival (6,26). These included
donor age, type (donation after brain death [DBD] or DCD),
and history of hypertension; recipient age, waiting time to
transplant, ethnicity, and primary kidney disease; and
HLA mismatch and time period (6). Time period was
arbitrarily categorized into three groups of equal duration
(2006–2009, 2010–2013, and 2014–2017). Exploratory anal-
yses were conducted to identify a donor age or USKDRI
value at which graft survival was statistically significantly
better in the dual cohort than the single kidney transplant
cohort, suggesting a means of identifying organs more
suitable for implantation as duals. We examined the effect
of dual and single kidney transplantation on 12-month
eGFR using a multivariable linear regression model,
adjusting for the same covariates that were used to assess
graft survival.
We also used propensity score analysis to correct for

covariates and to crosscheck the findings of the Cox model
(28–30). After identifying potentially confounding factors
that differ significantly between the two cohorts, a pro-
pensity score was obtained for all patients using a logistic
regression model, which represents the probability of
undergoing a dual versus single kidney transplant. For
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each dual transplant recipient, a recipient of single trans-
plants was then matched, and the covariates tested in the
adjusted sample to ensure sufficient balance was obtained.
From this data set, survival analysis was conducted using a
Kaplan–Meier survival estimate. The matched cohort was
adjusted for donor age, type, sex, and cause of death;
recipient age, waiting time to transplant, ethnicity, primary
kidney disease, and calculated reaction frequency; and
donor/recipient HLA mismatch and time period.
For the variable “recipient primary kidney disease,” we

created a “not reported” group because a high proportion
of data were missing, in keeping with the NHSBT an-
nual report (26).
A two-tailed P value of ,0.05 was considered statisti-

cally significant. Statistical analyses were performed using
SAS software, version 7.1 of the SAS Enterprise Guide (SAS
Institute Inc., Cary, NC).
The clinical and research activities being reported are

consistent with the Principles of the Declaration of Istanbul
as outlined in the “Declaration of Istanbul on Organ
Trafficking and Transplant Tourism.”

Results
United Kingdom Trends in Usage of Kidney Transplants from
Older Donors
During the study period, 7841 kidneys were procured from

deceased donors aged $60 years in the United Kingdom
(Supplemental Figure 7). Of these, 1338 (17%) were discarded.
The number of discarded organs from donors aged$60 years
increased over the study period; however, the proportion has
remained stable (Figure 1). Of the organs that were implanted,
there were 356 dual transplants and 5032 single transplants
(Table 1). The median (IQR) donor age of duals was signif-
icantly higher than that of single kidney transplants (73 [68–76]
versus 66 [63–70] years; P,0.001). Dual transplant donors
were more likely to be DCD donors (74% versus 41%;
P,0.001), male, have hypertension, a noncerebrovascular
accident cause of death, and have diabetes. USKDRI was
significantly higher in the dual group than the single trans-
plant group (2.48 [2.23–2.74] versus 1.98 [1.77–2.23]; P,0.001),
corresponding with a USKDPI of 99% versus 97%. Donor
kidneys used for dual transplantation had lower eGFRs at
donation than those used for single transplants. Kidneys that
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Figure 1. | The percentage of kidneys retrieved from United Kingdom deceased donors aged ‡60 years that were discarded over the
study time period has remained fairly stable. The absolute number of kidneys retrieved and number of kidneys discarded from donors
aged $60 years and above are depicted in the table.
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Table 1. Donor, recipient, and operative variables for single and dual kidney transplants from donors aged ‡60 years

Variable Single Kidney Transplants (n55032) Dual Kidney Transplants (n5356)

Donor age (yr) 66 (63–70) 73 (68–76)
Donor type
DBD 2870 (59%) 84 (26%)
DCD 2162 (41%) 272 (74%)

Donor sex
Male 2515 (49%) 199 (55%)
Female 2517 (51%) 157 (45%)

Donor hypertension
Yes 2223 (45%) 219 (62%)
No 2727 (55%) 132 (37%)
Missing 82 (0%) 5 (0%)

Donor ethnicity
White 4884 (97%) 343 (96%)
Asian 80 (2%) 8 (2%)
Black 23 (0.5%) 3 (0.8%)
Other 28 (0.6%) 0 (0%)
Unknown/missing 17 (0.3%) 2 (0.6%)

Donor cause of death
Cerebrovascular accident 3573 (71%) 199 (56%)
Road traffic accident 57 (1%) 10 (0.2%)
Miscellaneous 1263 (25%) 138 (39%)
Other trauma 139 (3%) 9 (0.3%)

Donor diabetes
No 4497 (89%) 289 (81%)
Yes 433 (9%) 57 (16%)
Unknown/missing 102 (2%) 10 (3%)

Donor retrieval creatinine (mg/dl) 0.8 (0.6–1.0) 0.9 (0.7–1.1)
Donor retrieval eGFR (MDRD) (ml/min per 1.73 m2) 90 (70–114) 83 (62–107)
Donor retrieval eGFR (Cockcroft–Gault) (ml/min) 89 (70–113) 75 (58–98)
UKKDRI 1.51 (1.47–1.56) 1.52 (1.47–1.56)
Missing 54 (1%) 7 (2%)

USKDRI 1.98 (1.77–2.23) 2.48 (2.23–2.74)
USKDPI (%) 95 (90–95) 99 (95–100)
Missing 421 (8%) 30 (8%)

Recipient age (yr) 61 (52–67) 64 (58–69)
Recipient sex
Male 3187 (63%) 239 (66%)
Female 1842 (37%) 116 (33)
Missing 3 1

Recipient ethnicity
White 3808 (76%) 278 (78%)
Asian 754 (14%) 44 (12%)
Black 350 (6%) 25 (7%)
Other 75 (1%) 8 (2%)
Unknown/missing 120 (2%) 9 (3%)

Recipient BMI (kg/m2) 26 (23–30) 27 (24–29)
Missing 1234 (25%) 79 (22%)

Primary kidney disease
Diabetes 629 (13%) 49 (14%)
GN 83 (2%) 3 (1%)
Cystic kidney diseasea 710 (14%); 2020 (40%) 29 (8%)
Other 1590 (32%) 179 (50%)
Not reported 96 (27%)

Recipient waiting time (d) 990 (417–1418) 703 (255–1005)
Recipient calculated reaction frequency
0%–85% 4775 (91%) 350 (96%)
.85% 457 (9%) 14 (4%)

HLA mismatch levelb

1 460 (9%) 5 (1%)
2 1328 (26%) 58 (16%)
3 2696 (54%) 201 (56%)
4 548 (11%) 92 (26%)

Recipient dialysis status at time of transplant
Hemodialysis 3007 (65%) 219 (63%)
Peritoneal dialysis 1045 (23%) 81 (23%)
Pre-emptive 13 (0%) 1 (0%)
Missing 561 (12%) 49 (14%)

Cold ischemia time (h) 14.4 (11.4–17.8) 14.5 (11.9–17.3)
Missing 38 (0.8%) 4 (1%)
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were discarded had a median (IQR) age of 69 (65–74) years,
with a lower median (IQR) USKDRI when compared with
those of dual transplants (2.24 [1.93–2.60] versus 2.48
[2.23–2.74]); the USKDPI was 99% (95%–100%) versus 99%
(99%–100%). Similar retrieval kidney function (median [IQR]
serum creatinine, 0.9 [0.7–1.2] versus 0.9 [0.7–1.1] mg/dl)
was observed.

Recipients of dual transplants were older than recipients
of single transplants (64 versus 61 years; P,0.001) and
waited a shorter time for transplantation (703 versus
990 days; P,0.001). Recipients of dual transplants also
had less favorable HLA matching than those that re-
ceived single kidney transplants and were less likely to
be highly sensitized.

Table 1. (Continued)

Variable Single Kidney Transplants (n55032) Dual Kidney Transplants (n5356)

Warm ischemia time (mins)c 31 (25–43) 32 (25–45)
Missing 473 (27%) 64 (23%)

Continuous data are expressed as median (interquartile ranges), categoric variables as n (%). DBD, donation after brain death; DCD,
donation after circulatory death; MDRD, Modification of Diet in Renal Disease; UKKDRI, United Kingdom Kidney Donor Risk Index;
USKDRI, United States Kidney Donor Risk Index; USKDPI, United States Kidney Donor Profile Index; BMI, body mass index.
aCystic kidney disease, includes dominant and recessive types.
bHLAmismatch level 1 (-A; -B; -DR), 000;HLAmismatch level 2, 100, 010, 110, 200, 210;HLAmismatch level 3, 020, 120, 220, 001, 101, 201,
011, 111, 211; HLA mismatch level 4, 020, 121, 221, 002, 102, 202, 012, 112, 212, 022, 122, 222.
cWarmischemia time includes results fromcontrolledDCDdonorsonly from2011onward(1730singleand278dualkidney transplants).
Calculated as time from donor withdrawal of life-sustaining treatment to donor crossclamp during organ procurement.
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Figure 2. | Line graph and table showing the increasing number of dual kidney transplants performed from donors aged ‡60 years in the
United Kingdom from 2005 to 2014, followed by a decline in recent years. The median dual transplant donor age has gradually increased.
IQR, interquartile range.

CJASN 15: ccc–ccc, September, 2020 Older Deceased Donor Kidney Transplant Outcomes, Ibrahim et al. 5



There was an initial rise in the number of dual trans-
plants performed from donors aged $60 years with a peak
of 61 per annum in 2013, followed by a decline to 34 per
annum in 2017 (Figure 2). There were wide variations in the
number of dual transplants performed between United
Kingdom adult kidney transplant centers. In nine centers,
.5% of all deceased donor transplants from donors
$60 years were dual transplants; however, five centers
performed no dual transplants during the study period
(Supplemental Figure 1).
Organ utilization data were re-examined to determine if

the declining usage of dual transplants since 2013 was due
to a reduction in the number of elderly donors or an
increase of single versus dual transplants (Supplemental
Figure 2). The proportion of duals performed decreased
across all donor age groups between the 2 years, whereas
the proportion of kidneys discarded was similar for all
donor age groups in 2013 and 2017 (excluding donors aged
$80 years where donor numbers were small).

Graft Function
The rates of delayed graft function were similar in the

dual and single kidney transplant groups (36% versus 31%;
P50.31). In DCD donor transplants, delayed graft function
occurred in 37% of the single cohort and 35% of the dual
transplant cohort (P50.31). For DBD donor transplants,
delayed graft function rates were 30% in both cohorts
(P50.14) (Supplemental Table 1). Overall, patients in the
single transplant cohort had a primary nonfunction rate
of 4% (13/356) compared with 3% (9/356) in the dual
cohort (P50.34).
For functioning grafts, the median (IQR) 1-year eGFRs

were significantly higher in the dual than the single kidney
transplant group (46 [33–59] ml/min per 1.73 m2 versus 39
[30–49] ml/min per 1.73 m2; P,0.001). The 3-year eGFRs
were also higher (45 [35–58] ml/min per 1.73 m2 versus 40
[30–50] ml/min per 1.73 m2; P#0.001). Dual kidney trans-
plant recipients had higher median 12-month eGFRs than
those with single transplants for all donor age groups
(Table 2). The 3-year eGFRs showed a similar pattern of
outcomes (Supplemental Table 2). There was no statisti-
cally significant difference in median (IQR) 3-year eGFRs of
functioning dual kidney transplants (or single kidney
transplants) when stratified by DBD/DCD donor type
(data not shown). After adjusting for donor and recipient
factors by using a multivariable linear regression model,

12-month eGFR remained 9 ml/min per 1.73 m2 higher in
the dual kidney transplant group versus singles (95% CI,
7.70 to 11.50; P,0.001).
To consider whether dual kidney transplants might have

been used as two single kidney transplants, we examined
the proportion of kidneys with an eGFR $60 ml/min per
1.73 m2 at 1 year. There were 197 dual transplants from
donors aged $60 years where follow-up at 3 years was
achieved and the patient was free of dialysis; of these
patients, 47 (24%) had an eGFR of$60 ml/min per 1.73 m2.

Graft and Patient Survival
For donors aged $60 years, 5-year graft survival in the

dual transplant group was 84% compared with 81% in the
single kidney transplant cohort (P50.36) (Figure 3). Donor
cohorts were further stratified to explore values at which
graft survival was superior in the dual than the single
kidney transplant group.
Firstly, groups were stratified by donor age. No statis-

tically significant differences in 5-year graft survival were
seen when comparing dual and single transplants from
donors aged $70 years (85% and 81%, respectively;
P50.25; see Supplemental Figure 3) or donors aged
$75 years (85% and 81%, respectively; P50.28; data not
shown). Groups were then stratified by USKDRI using the
median USKDRI of duals of 2.5 (USKDPI 99%) as an initial
cutoff point; however, no statistically significant difference
was observed when stratified on unadjusted analysis
(P50.90; Supplemental Figure 4). Further stratification of
high-risk USKDRI groups using a higher cutoff of 2.75
demonstrated no statistically significant difference on un-
adjusted analysis (P50.40; Supplemental Figure 5). Finally,
the cohort was also stratified by recipient age above and
below 70 years. Again, no statistically significant difference
was demonstrated (P50.81; Supplemental Figure 6).
The 5-year patient survival was 82% in those who

underwent single kidney transplants (n54108/5010) com-
pared with 79% in the dual group (n5280/354) (P50.19;
Figure 4). Of the deceased patients, 76% (n5496) of single
kidney transplant recipients and 65% (n536) of dual
kidney transplant recipients died with a functioning graft
(P50.08). For all-cause graft loss (where an event was
defined as graft failure or death with a functioning graft),
5-year graft survival was 70% for single kidney transplant
recipients and 72% for dual kidney transplant recipi-
ents (P50.51).

Table 2. Median (interquartile range) 12-mo eGFR of functioning single and dual kidney transplants, by donor age

Donor
Age (yr)

Single Kidney Transplants Dual Kidney Transplants

PValue12-mo eGFR (ml/min
per 1.73 m2)

Frequency
(%)

12-mo eGFR (ml/min
per 1.73 m2)

Frequency
(%)

60–64 42 (32–52) 1642 (33) 48 (36–58) 38 (11) 0.03
65–69 39 (30–49) 1426 (28) 42 (27–54) 64 (18) 0.24
70–74 37 (28–46) 731 (15) 46 (33–64) 74 (21) ,0.001
75–79 36 (27–45) 282 (6) 47 (32–59) 100 (28) ,0.001
801 29 (22–40) 22 (0) 43 (27–54) 20 (6) 0.02
Failed 419 (8) 28 (8)
Missing 510 (10) 32 (9)
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Risk Adjustment of Death-Censored Graft
Survival Outcomes
A multivariable Cox proportional hazards model was

fitted to adjust for the donor and recipient risk factors
described above. On unadjusted testing, factors found to be
associated with 5-year death-censored graft survival
(P,0.001) were donor age, donor type, recipient primary
kidney disease group, donor/recipient HLA mismatch
level, recipient age, and recipient waiting time. These
variables were then added to a multivariable model. No
statistically significant difference was seen between the
single and dual kidney transplant groups (hazard ratio,
0.81; 95% CI, 0.59 to 1.12; P50.21).
In the propensity score analysis, a matched cohort data

set of 353 recipients of dual kidney transplants and an
equally matched cohort of single kidney transplants was
created. Unadjusted survival analysis demonstrated no
difference in 5-year death-censored graft survival between
the two groups (Figure 5).

Discussion
This is the largest national registry analysis examining

outcomes of dual kidney transplants outside of the United
States (31). Our study demonstrates acceptable 5-year
death-censored graft survival in dual kidney transplants
from older donors, despite a very high median USKDRI of
2.48 (USKDPI 100%) (32). For functioning grafts, dual
transplants had superior graft function at 1 year and 3 years
post-transplantation compared with single kidney trans-
plants from similar donor age groups. In addition, rates of
primary nonfunction were low. Patient survival was
similar in recipients of dual and single kidney transplants
from older donors, despite an older median recipient age.

Outcomes of United Kingdom dual kidney transplants
compare favorably with those from United States registry
analyses (33). Kidneys implanted in the United States
between 2002 and 2012 from donors with USKDPIs be-
tween 90% and 100% had a death-censored graft survival of
approximately 60% at 5 years (10). In this United Kingdom
analysis, 5-year graft survival in the dual transplant group
was 84% from donors aged $60 years. Other United States
registry analyses included dual kidneys transplanted be-
fore the year 2000, making comparisons less valid (14,34).
The median KDRI of both single and dual kidneys trans-
planted from older donors in this study was much higher
than that of discarded kidneys in the United States of 1.78
(35), suggesting at least some of those kidneys could have
been implanted with reasonable outcomes. These findings
are of increasing relevance currently given the increasing
discard rate of kidneys in the United States (36) and
ongoing emphasis on strategies to reduce this (37). In
contrast, our study has shown that discard rates of kidneys
from older donors have been stable in the United Kingdom
for the last 5 years, despite significant increases in the
numbers of kidneys procured.
A unique finding of our study is the high proportion of

dual transplants (74%) from DCD donors. The reason for
this could lie in the differences between the DBD and DCD
organ offering systems in the United Kingdom during the
study period. Before 2014, both kidneys from DCD donors
were offered to the local center to be implanted into the
recipient(s) of their choice. It may also reflect a perception
early in the study period that kidneys from older DCD
donors were of higher risk for poorer long-term graft
outcomes than those from DBD donors of an equivalent
age. Subsequent studies have shown that these concerns
appear to be unfounded in the United Kingdom (23,38). On
occasion, surgeons may have implanted two DCD donor
kidneys from the same donor as a dual rather than two
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single transplants if the anticipated cold ischemic time of
the single organ for the second recipient was adjudged to
have been unacceptable (23,38).
Of note,.20% of recipients with functioning dual kidney

transplants in our study had an eGFR of .60 ml/min per
1.73 m2 at 3 years post-transplant, suggesting these kidneys
could potentially have been successfully implanted as
single kidney transplants into two recipients, which is
preferable from an organ utilization perspective. This
challenges the adequacy of the current preoperative as-
sessment of deceased donor kidneys (39,40) and the post-
transplant eGFR threshold that needs to be achieved to
optimize outcomes in older recipients of deceased do-
nor kidneys.
Our data suggest there has been a move away from using

kidneys from very elderly deceased donors as dual kidney
transplants in recent years in the United Kingdom (Figure 2,
Supplemental Figure 2). Dual transplantation activity is
highly variable across United Kingdom transplant units.
There are at least two possible reasons for the recent decline
in dual kidney transplantation. Firstly, falling usage of dual
kidney transplantation may reflect ongoing uncertainties
regarding identifying kidneys suitable for single kidney
transplants, dual kidney transplant, or organ discard. We
were unable to identify a donor criterion that was associ-
ated with higher death-censored graft survival in dual
kidney transplants over single kidney transplants. These
findings contrast with those of Klair et al. (34) who showed
that kidneys from donors with USKDRI of .2.2 had a
superior graft survival when implanted as a dual trans-
plant, and Tanriover et al. (10) who identified a graft
survival benefit with a USKDPI threshold of 90%.
Currently, there are no widely accepted criteria that

reliably aid utilization decisions of kidneys from older

deceased donors. The use of preimplantation kidney bi-
opsies to identify and quantify chronic histologic changes
was not widespread in the United Kingdom during the
study period (11). The evidence base underpinning this
approach remains contested (8,11–13,41–43). A current
United Kingdom trial aims to determine if national avail-
ability of preimplantation kidney biopsies can increase the
utilization of organs from older donors (44). Other clinical
thresholds such as donor terminal eGFR ,60 ml/min per
1.73 m2 have also been described to aid utilization deci-
sions, although none appear to have been widely accepted
and implemented (31).
Secondly, the United Kingdom kidney offering systems

underwent changes for both DBD and DCD donor in the
study time period (23,45,46). After 2014 (38), kidneys from
DCD donors aged ,65 years were offered as single kidney
transplants for named patients, reducing the ability of
centers to implant both kidneys from such donors as dual
kidney transplants. This, however, does not explain the
changing utilization patterns of organs from DCD donors
aged .65 years, which are still offered to centers for
implantation as single or dual as they deem appropriate.
Recent changes to the United Kingdom deceased donor
kidney offering scheme may affect this trend (47).
We acknowledge the limitations of this study. Some

important variables are not recorded in the UKTR data set,
including the rates of single graft nephrectomy in the dual
kidney transplant group, detailed pretransplant recipient
comorbidities, second kidney cold ischemia times in dual
kidney transplants, post-transplant complications, and
post-transplant quality of life. The retrospective nature of
this study does not allow the complexities of clinical
decision making to be captured, both for the utilization
decision between dual and single kidney transplantation
and for recipient selection, as well as factors that may have
influenced this decision (e.g., donor age, donor kidney
function, histologic scores, kidney size, presence of paren-
chymal scars, etc.). The relatively small number of dual
kidney transplants in comparison to single kidney trans-
plants during the study period may have limited our ability
to identify a donor criterion to aid organ utilization. Also, it
has previously been shown that there is a large cardiovas-
cular burden on recipients of dual kidney transplants
(48–50); however, in this study, we were unable to reliably
analyze recipient cause of death due to a high proportion of
missing data (data not shown).
This study provides reassurance that implantation of

kidneys from older deceased donors in the United King-
dom leads to acceptable short- and medium-term out-
comes. Despite very high median USKDPIs and apparently
highly unfavorable donor risk indices, dual kidney trans-
plants from older donors in our study resulted in higher
post-transplant eGFRs than those from single kidney
transplants, with similar graft and patient survival rates.
These outcomes support the cautious expansion of dual
kidney transplantation into selected recipients aged
,60 years and are particularly relevant given the increas-
ing age of deceased kidney donors and high discard rate of
such organs globally (7).
Robust tools are needed to aid clinical organ utilization

decisions, along with the evidence base to support the
thresholds for improved quality of life and patient survival
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on which these tools should be evaluated. Dual kidney
transplants in the United Kingdom allow the use of organs
that may otherwise be discarded, with acceptable post-
transplant results.

Acknowledgments

We thank the United Kingdom deceased donor kidney donation
and transplant communities for providing the data on which the
UKTR is based.
Dr. Maria Ibrahim carried out statistical analysis and contributed

to the writing of this paper; Ms. Lisa Mumford contributed to the
statistical analysis andwriting of themanuscript; Mr. Niaz Ahmad,
Dr. Richard Baker, Prof. John Forsythe, Dr. George Greenhall, Ms.
Rachel Johnson, Mr. Gavin Pettigrew, and Mr. Dominic M. Summers
contributed to the writing of this manuscript; and Mr. Chris Callaghan
coinitiatedtheprojectwithMr.NiazAhmad,botharejointseniorauthors
and have participated in the writing of the manuscript.

Disclosures
All authors have nothing to disclose.

Funding
D. Summers reports receiving grants from the National Institute

for Health Research during the conduct of the study.

Supplemental Material
This article contains the followingsupplementalmaterial online at

http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.
02060220/-/DCSupplemental.
Supplemental Table 1. Early graft function following deceased

donor kidney transplantation from donors aged 60 years and older,
stratified by donor type.
Supplemental Table 2. Recipient median (IQR) 3-year eGFR of

functioning single and dual kidney transplants, by donor age.
Supplemental Figure 1. Percentage of dual kidney transplants

performed between 2005 and 2017, by UK adult kidney transplant
centre, of the total number of deceased donor kidney transplants
(single and dual kidney transplants) from donors aged
60 years and above.
Supplemental Figure 2. Proportion of kidneys implanted as a

single kidney transplant, dual kidney transplant, or discarded
during 2013 and 2017, by donor age.
Supplemental Figure 3. Five-year death-censored graft survival

for single and dual kidney transplants from donors aged
70 years and over.
Supplemental Figure 4. Kaplan-Meier curve showing 5-year

death-censored graft survival for single anddual kidney transplants
from donors aged 60 years and above, stratified by US KDRI $2.5.
Supplemental Figure 5. Kaplan-Meier curve showing 5-year

death-censored graft survival for single anddual kidney transplants
from donors aged 60 years and above, stratified by US KDRI$2.75.
Supplemental Figure 6. Five-year death-censored graft survival

for single and dual kidney transplants from donors aged 60 years
and over, stratified further by recipient age.
Supplemental Figure 7. Numbers of individuals in-

cluded in study.

References
1. Johnson RJ, Bradbury LL, Martin K, Neuberger J; UK Transplant

Registry: Organ donation and transplantation in the UK-the last
decade: A report from the UK national transplant registry.
Transplantation 97[Suppl 1]: S1–S27, 2014
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