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Abstract

Half of the recovered expanded criteria donor (ECD) kidneys are discarded in the United States. A
new kidney allocation system offers kidneys at higher risk of discard, Kidney Donor Profile Index
(KDPI) >85%, to a wider geographic area to promote broader sharing and expedite utilization.
Dual kidney transplantation (DKT) based on the KDPI is a potential option to streamline
allocation of kidneys which otherwise would have been discarded. To assess the clinical utility of
the KDPI in kidneys at higher risk of discard, we analyzed the OPTN/UNQOS Registry that
included the deceased donor kidneys recovered between 2002 and 2012. The primary outcomes
were allograft survival, patient survival and discard rate based on different KDPI categories
(<80%, 80-90% and >90%). Kidneys with KDPI >90% were associated with increased odds of
discard (OR =1.99, 95% CI 1.74-2.29) compared to ones with KDPI <80%. DKTs of KDPI
>90% were associated with lower overall allograft failure (HR = 0.74, 95% CI 0.62-0.89) and
better patient survival (HR = 0.79, 95% CI 0.64-0.98) compared to single ECD kidneys with
KDPI >90%. Kidneys at higher risk of discard may be offered in the up-front allocation system as
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a DKT. Further modeling and simulation studies are required to determine a reasonable KDPI
cutoff percentile.
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Introduction

The percentage of expanded criteria donor (ECD) and dual kidneys recovered but not
transplanted in the United States remains significantly high (42% and 20%, respectively;
Figure 1). This is particularly striking when compared to the 8% overall kidney discard rate
reported by the Eurotransplant Consortium (1-3). There exists high discard rates of kidneys,
significant survival overlap among standard criteria donor (SCD) and ECD kidneys,
variability in access to transplantation by blood group and geographic location, and survival
longevity mismatch between donor and recipient pairs. As a result, the United Network of
Organ Sharing (UNOS) Kidney Transplantation Committee has approved a new allocation
system on June 25, 2013, with the implementation date expected in 2014 (4). The primary
goal of the new system is better matching of graft and recipient longevity and more efficient
organ utilization through introduction of the Kidney Donor Profile Index (KDRI; a
percentage score derived from the Kidney Donor Risk Index [KDRI]) and estimated
posttransplant survival formulae. The new system may prove to be a disadvantage to older
end-stage renal disease patients because the highest quality kidneys will be allocated to
candidates with the highest estimated posttransplant survival. Therefore, there is a real need
to expand the marginal donor pool by minimizing discard of high-risk kidneys (KDPI
>85%) to accommodate older end-stage renal disease patients in the growing waiting list, of
which 20% were 65 years or older in 2012 (5).

A potential option to decrease discard of marginal kidneys is to allocate them as a dual
kidney transplantation (DKT) (6). The concept of DKT was first introduced by Dr. Ratner
and his colleagues in 1993 (7). Currently, DKT is not a part of the allocation system in the
United States and comprises less than 2% of the deceased donor transplants performed (5).
According to the UNOS policy 3.5.6.5 (Double Kidney Allocation-UNOS-DKT criteria), an
Organ Procurement Organization (OPO) must offer kidneys individually through the
allocation sequence before offering both kidneys to a single candidate, unless the donor
meets at least two of the following criteria: (1) donor age >60 years, (2) estimated creatinine
clearance <65 mL/min on admission, (3) rising serum creatinine, >2.5 mg/dL, at the time of
organ recovery, (4) donor medical comorbidities (hypertension and/or diabetes mellitus) or
(5) adverse renal histopathology (15% < glomerulosclerosis [GS] <50%) at procurement)

).

Potential factors associated with low DKT utilization include differences in practice among
OPOs, longer operation time, increased surgical complications and the fact that these
kidneys are considered suboptimal (more so than those in the ECD pool) (9-15). However,
DKTs have similar short-term survival outcomes to those of ECD kidneys despite having
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high-risk characteristics (6). In the United States, new strategies are urgently needed for
more effective and efficient use of ECD kidneys and selecting appropriate recipients to
eventually alleviate the organ shortage for seniors (13,15-20).

Determining whether to use kidneys with high KDPI as a single ECD kidney versus DKT is
complex due to the following reasons: (1) DKT is not a part of the up-front allocation
system; (2) transplant centers factor additional information (anatomy, full histology features
and machine perfusion characteristics) into their decision to accept or decline kidneys; (3)
there is a significant disparity among practices of transplant centers and OPOs (21); and (4)
the UNOS-DKT criteria do not effectively identify ECD kidneys that would provide
allograft and patient survival benefit if transplanted as DKT. Currently, ECD kidneys are
offered first locally and candidates who elect to receive ECD kidneys are rank-ordered only
according to waiting time. Generally, OPOs with longer waiting times tend to procure and
transplant more ECD kidneys than OPOs with shorter waiting times, suggesting that
utilization of these kidneys is driven by more demand and lengthier waiting times than
quality.

DKT based on the KDPI is a potential option to streamline allocation of kidneys which
otherwise would have been discarded. We conducted this study using the Organ
Procurement and Transplantation Network (OPTN)/UNQOS data to address three clinically
relevant issues: (1) describe utilization and variation of single ECD and dual kidneys across
the United States; (2) compare contemporary (since 2002) deceased donor, recipient and
transplant characteristics and recipient outcomes between DKT and ECD transplants based
on the KDPI categories, <80%, 80-90% and >90% (corresponding KDRI-UNOS categories
<1.7, 1.7-2.0 and >2.0); and (3) assess the clinical utility of KDPI in identifying kidneys
with better outcomes when transplanted as dual compared to the current UNOS-DKT
criteria.

Materials and Methods

Kidney Donor Risk Index

In this article, we use three interrelated KDRI scores (KDRI-UNOS, KDRI-median and
KDPI) to express the quality of the deceased donor kidneys relative to other donors. Original
KDRI is defined as a single metric that combines 15 donor and transplant factors to estimate
relative risk of allograft failure posttransplant in an average adult recipient (Online
Supplement, Methods section) (22). KDRI-UNOS, displayed in DonorNet (UNOS
Centralized Computer Network between OPO and transplant centers), is the deceased
donor-only version (based on 10 donor factors) of original KDRI (23). A version of the
KDRI-UNOS, KDRI-median, is scaled to a value of 1.0 corresponding to the median donor
among all deceased donors recovered in the prior calendar year (KDRI-median = KDRI -
UNOS/[scaling factor]). The KDRI-median has been reported on a cumulative percentage
scale, the KDPI, in the DonorNet since March 2012. When performing long-term trend
analyses with KDPI, it is important that the scaling factor remains constant (23). Therefore,
all the KDPI calculations in this article are scaled to a factor of 1.22219212347775, a
median KDRI-UNQOS value among all deceased kidney donors recovered during 2012.
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Study cohort

Outcomes

This is a retrospective cohort study using the OPTN/UNOS data of kidneys recovered from
deceased donors between 2002 and 2012 (discarded [Dual n = 368 and ECD n = 13 543] and
transplanted [Dual n = 1160 and ECD = 15 448 kidneys]). Our analysis was restricted to
first ECD and DKT kidney transplants and excluded all deceased donors younger than 50
years old, recipient age <18 years, living renal transplants, multiorgan transplants and
patients with missing data to calculate the KDRI score. To evaluate variation in regional
utilization, we analyzed 11 OPTN regions in the United States. We used donor-only KDRI
scores for discard, kidney and patient survival analysis stratified by the KDPI categories
<80%, 80-90%, >90%, corresponding to the KDRI-UNOS groups of <1.7, 1.7-2.0, >2.0,
respectively. The DKT and the ECD pairs under each KDPI category were compared to each
other.

The primary outcomes were: (1) allograft failure (defined as the need for renal replacement
therapy, preemptive re-transplantation or death with functioning graft); (2) patient survival;
and (3) donor kidney discard, both single and dual (the latter refers to those instances when
both kidneys were procured and neither was transplanted). Secondary outcomes included
delayed allograft function (DGF; need for at least one dialysis session within first week of
kidney transplantation), early allograft failure (a graft never achieving sufficient function,
estimated glomerular filtration rate [eGFR] <20 mL/min, or not allowing cessation of
dialysis within 3 months after transplantation), and low eGFR (<30 mL/min/1.73 m?) at last
follow-up visit. To address clinical utility of current UNOS-DKT criteria and the KDPI
categories (<80% [<1.7], 80-90% [1.7-2.0], >90% [>2.0]), we fitted multivariable Cox and
logistic regression models for outcomes of DKT, relative to single ECD kidney transplants
based on the UNOS data between 2002 and 2012.

Statistical analysis

Results

Donor and recipient characteristics were described using mean and standard deviation or
frequencies as needed. Comparisons between groups were made using t-test, Kruskal-Wallis
or chi-square test, as appropriate. Allograft survival was estimated by the Kaplan—Meier
method and the test for equality of survival curves was performed using the log-rank test.
Univariate and multivariable Cox proportional-hazard regression models were used to
estimate relative risk of allograft failure. Logistic regression models were fitted to examine
the risk of DGF and early allograft failure in deceased donor transplants that fulfill UNOS-
DKT criteria and determinants of discard in ECD kidneys. A p-value <0.05 is considered
statistically significant. Statistical analyses were performed with Stata 12/MP2 (Stata Corp.,
College Station, TX).

Utilization of kidneys with high discard rates

The distribution of the KDPI of ECD and dual kidneys by their disposition is graphically
illustrated in Figure 2. There was considerable overlap in the KDPI scores for both groups
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between transplanted and discarded kidneys. This is particularly striking for dual kidney
donors.

Utilization by the OPTN regions—There was a great interregional disparity in
utilization of these high KDPI kidneys among regions between 2002 and 2012 (see Figure
3A, B). Although all of the regions performed at least one DKT, Regions 1, 4, 6 and 8
performed fewer DKTs. These four regions also performed the fewest ECD transplants.

Determinants and organ quality of discards—The absolute numbers of discards for
single ECD and dual kidneys are shown in Figure 4. For single ECD kidneys, discard rates
were 12.1%, 17.7%, 25.4%, 36.3% and 62.5%, across KDPI deciles 50-60%, 60-70%, 70—
80%, 80-90% and 90-100%, respectively, while dual kidney discards ranged between
12.1% and 25.5% (Figure 5). The process of capturing reasons for organ discard is highly
subjective and the recorded reason does not always reflect the actual reason for discard.
Table 1 lists the common causes of discard and kidney quality. The most common reason for
organ discard reported to UNOS was biopsy findings, which accounted for 48% of discards
of the kidneys from donors =50 years old. The mean KDPI of discarded ECD and dual
kidneys was approximately 90% regardless of cause of discard. Table 2 displays the results
of the univariate and multivariate logistic regression models examining predictors of discard
in ECD Kidneys. Factors associated with an increased likelihood of discard were fulfilling
UNOS-DKT criteria (OR 1.73, 95% CI 1.54-1.93), KDPI 80-90% (OR 1.17, 95% CI 1.03-
1.33), KDPI > 90% (OR 1.99, 95% CI 1.74-2.29) and Region 10 (OR 1.36, 95% CI 1.01-
1.83). Variance inflation factor (VIF) for the model was not significant for multicollinearity
(mean VIF = 2.30).

Organ quality of all recovered kidneys—When comparing the organ quality of dual
discards versus DKTs, the mean KDPI percentile was 89% for both groups (Table 3).
However, discarded ECD kidneys had a higher mean KDPI percentile compared to those
that were transplanted (91.0% vs. 84.2%, p <0.001).

DKT and ECD transplant characteristics and outcomes

Donor, recipient and transplant characteristics across KDPI categories are shown in Table 4.
The higher KDPI categories were more likely to fulfill the UNOS-DKT criteria and had
lower terminal creatinine clearance. The KDPI >90% category had more African-American
(AA) and diabetic donors and tended to be older for both groups. The DKT tended to have a
higher degree of GS and longer cold ischemia time (CIT).

Outcomes of the recipients transplanted with DKT and ECD kidneys are described in Table
5. While the incidence of primary nonfunction and graft thrombosis was similar between
DKT and ECD groups, rates of acute rejection and DGF at 1 year were lower in DKT
recipients compared to the ECD recipients. Three-year death-censored graft survival among
DKT recipients was persistently superior compared to ECD recipients across all KDPI
categories; however, only the >90% category reached statistical significance (72.9% vs.
67.6%, p <0.05). In our study cohort, DGF, primarily resulted from CIT longer than 20 h,
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significantly increased early allograft failure while pulsatile perfusion decreased the risk of
DGF by 34% compared to cold storage (Table S1).

Results from the Kaplan—Meier survival models are shown in Figure 6. Five-year graft
survival rates for the DKT and ECD kidneys were 64.7% versus 59.6% and 60.9% versus
50.7% in the KDPI 80-90% and >90% categories, respectively. The result of the Cox model
is displayed in Table 6. DKT was associated with 24% survival benefit with kidneys
originated form the KDPI >90% (HR 0.76, 95% CI 0.65-0.90) compared to ECD kidneys.

Clinical utility of the UNOS-DKT criteria and its alternative, the KDPI

Patient and graft survival—In multivariable Cox analysis, DKT with KDPI >90% was
associated with significantly better patient survival (HR = 0.79, 0.64-0.98) and graft
survival (HR = 0.74, 95% CI 0.62—0.89) compared to single ECD transplants. There were no
differences in patient and graft survival with the use of DKT with kidneys from lower KDPI
categories. Similar to the KDPI >90%, fulfilling UNOS-DKT criteria was also associated
with significant protective effects on allograft (HR = 0.79, 95% CI 0.68-0.92) and patient
survival (HR =0.80, 95% CI 0.66-0.97; Table 7).

Graft function—In the multivariable logistic regression model, DKT had a protective
effect against DGF with kidneys designated as the KDPI >90% (OR = 0.76, 95% CI 0.60—
0.97) and fulfilling UNOS criteria (OR = 0.80, 0.65-0.98). Even though DKT was
associated with increased odds of early allograft failure with the highest KDRI-UNOS
category and with kidneys fulfilling the UNOS-DKT criteria, this did not reach statistical
significance. DKT was associated with decreased odds, advanced chronic kidney disease
(eGFR <30 mL/min/1.73 m?) across all the KDRI-UNOS categories, and any UNOS-DKT
criteria groups compared to single ECD transplants.

Discussion

The practice of transplanting both kidneys from an older donor with reduced renal function
into a single recipient was introduced as a means of utilizing kidneys that were not
considered acceptable for transplantation as single kidneys and would otherwise have been
discarded, thus increasing the number of organs available for transplantation. While the rate
of discarded kidneys recovered from older donors remains high, DKTs from these donors
still represent a very small proportion of overall deceased donor transplants and is not
increasing despite the ever more pressing need to find new sources of kidneys for
transplantation. Several studies have reported comparable allograft survival, better eGFR
and lower rejection rates in DKT compared to single ECD transplants (24-27). Better renal
function and lower DGF rates in DKTs may be related to transplanting more nephrons
(28,29). However, it is difficult to tease out a reason for lower rejection rates since it may be
influenced by a combination of immunologic protection, higher physiological reserve and/or
center-specific practices (30).

Gill et al (6) reviewed the UNQOS database and compared outcomes of kidneys transplanted
between 2000 and 2005 from donors >50 years old, used either as single SCD, single ECD
or dual transplants. In that population, DKTs accounted for approximately 4% of transplants.
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Despite the fact that the donors whose kidneys were used as DKTs were older, more likely
to be AA, diabetic and have longer CITs, DGF rates were lower, and 3-year outcomes were
equal compared with ECD recipients. They found inconsistent application of UNOS-DKT
criteria with many kidneys meeting DKT criteria being used as single ECD kidneys and
those not meeting DKT criteria being used as DKT. They urged a more aggressive and
consistent approach to the use of DKT. More recently, Klair et al (31) analyzed the UNOS
database from 1995 to 2010 and found better graft survival for DKT for organs with KDRI
>2.2, suggesting that the utilization of these marginal organs as dual organs should be
considered for certain recipient categories to improve outcomes and resource utilization.

We analyzed the UNOS data between 2002 and 2012, compared DKT and ECD and found:
(1) significant overlap in KDPI between utilized DKTs and discarded duals; (2) high rates of
discard of ECD at highest KDPl—these could be used as DKT rather than discarding one
kidney using the other as single with inferior outcome; (3) inconsistent use of DKT criteria;
and (4) the fact that histology is the most common reason for discard despite the lack of any
rigorous evidence-based data to validate this practice.

According to the new allocation system, kidneys with KDPI >85% would be offered on a
wider geographic area (local and regional lists) in order to promote broader sharing of
kidneys that are currently at high risk for discard. While this approach is likely to improve
organ sharing and utilization, it does not address the issue of optimal use of organs with the
highest KDPI.

Which kidneys should be used as DKT?

Approximately one-third of the DKT kidneys did not originate from donors who met the
UNOS criteria. In contrast, 46.7% of ECD kidneys fulfilled at least two of the UNOS-DKT
criteria and could therefore have been offered as DKT with superior outcomes. This
suggests that there are significant inconsistencies in implementation of the UNOS-DKT
criteria among OPOs. In DKT utilization, there are two main goals: (1) allocating ECD
kidneys to DKT that otherwise would have been discarded; and (2) achieving allograft
survival and function at least as good as single ECD transplants. The relative risk of
allograft failure exponentially increases when the KDPI reaches 90% (break point) based on
the data on deceased donors recovered in 2009 (32). Our analysis showed that the mean
KDPI percentile of discarded kidneys, regardless of cause of discard and intended use
(single vs. dual), was in the range of 90-100% and odds of discard were twice as much in
organs with KDPI >90% compared to the organs with KDPI <80%. We also found that the
discard rate of kidneys with KDPI >90% would be almost three times lower if organs were
offered dual compared to single kidney. Death-censored estimated allograft survivals at 1
and 3 years between single ECD kidneys with KDPI of 80-90% and DKTs with KDPI
>90% were same. These results suggest that a KDPI >90% (KDRI-UNOS >2.0) may
distinguish ECD kidneys that should preferentially be offered as a DKT early on during the
allocation system. Further advanced modeling and simulation studies are required to better
define the KDPI cutoff for DKT utilization.
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Role of procurement biopsies in predicting discard and subsequent function

Kidneys that undergo pretransplant renal biopsy are at increased risk of discard. Despite the
limitations and variability in interpretation of wedge kidney biopsies (over estimating GS
due to more subcapsular sampling) in defining the quality of the donor organs, this finding
alone is one of the common reasons for refusal of the organ in the United States (odds of
kidney discard is 12 times more likely when it has GS >20% than if GS is <5%) (15). In our
analysis, the death-censored adjusted Cox model, GS 15-50% was not associated with
higher risk of allograft failure than the reference group with GS <15%. Overall, GS does not
appear to be an accurate histologic indicator of subsequent renal function. Many studies
successfully linked other biopsy findings to clinical outcomes (19,33-35). Arterial
hyalinosis, fibrous intimal thickening, tubular atrophy and interstitial fibrosis showed better
correlation with long-term renal function and longevity of allograft. The Dual Kidney
Transplant Group in Italy conducted a prospective study to evaluate long-term allograft
survival among 62 patients who received single or dual kidneys based on renal histology
(preimplantation biopsy 12-point scoring system) (36), from donor age =60 years (37). They
reported that histologically evaluated kidneys had excellent 3-year allograft survival
compared to ideal kidney transplants, at 90% vs. 95%, respectively. In the future, more
uniform and inclusive biopsy report system (vessels, glomeruli, tubules and interstitium)
will be necessary to utilize renal histopathology more efficiently in the allocation system.

DGF and early allograft failures

DGF has remained an important predictor of early allograft failure and may be more
detrimental on older recipients who received older donor kidneys (19,38). It was previously
shown that utilization of pulsatile organ perfusion-preservation, if routinely used, could
decrease the incidence of DGF, improve allograft survival and potentially reduce the ECD
discard rate by up to 30% in the United States (39-41). Carter et al (19) reported on a center-
specific ECD allocation program that demonstrated significantly decreased CIT (from 16.4
to 7.4 h) and DGF (from 43% to 15%) compared to historical control group. Their
improvement and efficiency primarily resulted from short CIT, less DGF, not relying on
biopsy and careful recipient selection (including high-risk mortality candidates and
excluding re-transplants, recipients with panel reactive antibody [PRA] >10% and obese
patients). In this regard, widespread efforts to reduce CIT (subsequently DGF) by efficient
allocation and routine use of pulsatile perfusion and appropriate recipient selection could
significantly improve allograft survival.

Potential DKTs could be performed

To estimate impact of using dual kidneys on expansion of the marginal donor pool, we
calculated potential DKTs that could have been performed based on the OPTN/UNOS data
between 2002 and 2012 including transplanted and discarded kidneys with KDPI >90%.
Potential DKTs = (9146 [total number of discarded kidneys] +4264 [transplanted kidneys as
single] +[648x%2 (transplanted kidneys as dual)]/2 [two kidneys used as DKT]) x 74.5% (rate
of dual kidney use for KDPI >90%) = (14 706/2) x 0.745 = 5478 for 10 years and 548
annually. On average, the number of potential DKTs (548) that could be performed annually
is 58 transplants more than those (426 single +64 duals) performed during the same period.
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Potential to improve the DKT policy and minimize discard rate

Standardizing objective and practical criteria for DKT allocation is an important issue. The
KDPI >90% may be a reasonable predictor of discard compared to the UNOS-DKT criteria.
Using a KDPI threshold may give us an opportunity to simplify the allocation of kidneys at
high risk of discard as a single organ or DKT. Since the KDPI will be fully implemented in
2014 into the allocation system and strongly correlates with patient and allograft survival as
well as kidney discard rate, it would be possible at that time to replace the UNOS criteria
with KDPI to effectively classify ECD kidneys that would provide allograft and patient
survival benefit if transplanted as a DKT.

We observed a decline in DKT transplants performed since 2008. The fact that this was not
matched by an increase in the number of ECD kidneys indicates that these high KDPI
kidneys are not being offered and/or used as single ECD kidneys. The problem appears to be
a systemic issue and could be attributed to the increasingly risk-averse climate based on
center performance metrics, as measured in the Scientific Registry Transplant Recipients
(SRTR) reports. Potential consequences of negative reports resulting from inferior outcomes
related to marginal kidneys can affect the transplant center’s approach. Exclusion of
outcomes of high-risk kidneys from a center’s SRTR performance reports might facilitate
utilization of these organs.

Strengths and limitations of analysis of the UNOS Registry

Strengths of our study include the fact that it evaluates a contemporary cohort of DKT and
ECD in which short and long-term outcomes are explored in detail. In addition, we assessed
the donor quality and related risk of allograft failure by using a more comprehensive tool,
KDRI/KDPI, over SCD/ECD dichotomy. Finally, in our multivariable Cox model, we
examined an extensive set of covariates. Despite these strengths, our study has some
limitations that are inherent in observational studies using the registry data. First, the process
of capturing reasons for organ discard and disposition of kidneys is highly subjective, and
the recorded reason does not always reflect the actual reason for discard. Second, practice of
UNOS-DKT criteria is not standard and mostly under the latitude of OPO (selection bias).
Third, detailed kidney biopsy findings, as a major determinant of discard, are not captured in
the data set (except GS) and not incorporated into KDRI scoring. Fourth, center-specific
transplant techniques and details about immunosuppressive regimens are not reported to the
UNOS. Fifth, transplant centers may not accurately and timely report their complications,
causes of allograft and patient loss and outcomes to the UNOS (reporting errors). Finally, it
is unclear if discarded organs were even offered as DKT during the allocation process.

Conclusion

DKT is not part of the deceased kidney allocation system and is an underutilized option for
transplantation of kidneys obtained from expanded donors and given to older recipients. The
implementation of KDRI/KDPI in the allocation system may result in improvements of
donor risk assessment as a continuum that may overcome limitations of the SCD/ECD
dichotomy. A prospective, comprehensive and uniform registry for the procurement biopsy
reporting is urgently needed to delineate when and how to utilize histopathology in the
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allocation system. Routine use of machine perfusion/preservation for expanded donor
kidneys should lead to a significant decrease in DGF. A more efficient allocation system
based on the KDPI and offering higher percentile kidneys as a DKT, up front, may
potentially decrease discard of organs. Exclusion of outcomes of high-risk kidneys from the
transplant center’s SRTR performance reports might promote greater utilization of these
organs. Appropriate recipient selection (avoidance of sensitized patients, re-transplants,
donation after cardiac death [DCD] donors and large patients) for DKT may significantly
improve outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

AA African-American

BMI body mass index

CIT cold ischemia time

DCD donation after cardiac death

DGF delayed allograft function

DKT dual kidney transplantation

DonorNet UNOS Centralized Computer Network between OPO and transplant
centers

ECD expanded criteria donor

eGFR estimated glomerular filtration rate

GS glomerulosclerosis

HLA mm human leukocyte antigen mismatch

KDPI Kidney Donor Profile Index

KDRI Kidney Donor Risk Index (based on 15 donor and transplant variables)

KDRI-median Kidney Donor Risk Index (based on KDRI-UNOS adjusted for a scaling
factor)

KDRI-UNOS Kidney Donor Risk Index (based on 10 donor variables)

MDRD modification of diet in renal disease
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OPO Organ Procurement Organization
OPTN Organ Procurement and Transplantation Network
PRA panel reactive antibody
SCD standard criteria donor
SRTR Scientific Registry Transplant Recipients
UNOS United Network of Organ Sharing
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Figure 1.
Deceased donor kidneys transplanted and discarded for single ECD and dual kidney

transplantation based on the OPTN/UNOS Registry, between 1994 and 2012. ECD,
expanded criteria donor.
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Figure 2.

Histograms showing KDPI distribution of the deceased donor kidneys stratified by their
donor and disposition type between 2002 and 2012. KDPI, Kidney Donor Profile Index.
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(A, B) Utilization of dual kidney transplantation and expanded criteria donor kidneys by the
OPTN regions between 2002 and 2012.
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Figure 6.
Death-censored Kaplan—Meier survival estimates by the KDRI categories for DKT and ECD

transplants, the OPTN/UNOS Registry, between 2002 and 2012. DKT, dual kidney
transplantation; ECD, expanded criteria donor; KDPI, Kidney Donor Profile Index; KDRI,
Kidney Donor Risk Index.
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Table 2

Logistic regression for predictors of discard in ECD kidneys recovered between 2002 and 2012

Variables (reference)

Univariate

Multivariablel

OR (95% CI)

p-Value

OR (95% Cl)

p-Value

Pretransplant biopsy (No)
Fulfilling UNOS-DKT criteria (No)

KDPI %2 (corresponding KDRI-UNOS categories)

<80% (<1.7)

2>80% and <90% (=1.7 and <2.0)

>90% (>2.0)

Transplant center volume 100 kidney transplants/year (<100/year)

OPTN regions
Region 1
Region 2
Region 3
Region 4
Region 5
Region 6
Region 7
Region 8
Region 9
Region 10
Region 11

Mean VIF (variance inflation factor)3

1.25 (1.09-1.43)
2.28 (2.07-2.52)

Referent
1.41 (1.25-1.60)
2.81 (2.50-3.17)
1.06 (0.97-1.18)

Referent
1.24 (0.96-1.61)
0.94 (0.71-1.24)
1.06 (0.79-1.42)
0.99 (0.75-1.29)
0.76 (0.51-1.11)
1.28 (0.97-1.69)
0.95 (0.68-1.32)
1.39 (1.06-1.81)
1.22 (0.91-1.63)
1.20 (0.91-1.58)

0.001
<0.001

<0.001
<0.001
0.192

0.103
0.652
0.645
0.940
0.158
0.076
0.751
0.017
0.168
0.204

1.07 (0.93-1.24)
1.73 (1.54-1.93)

Referent
1.17 (1.03-1.33)
1.99 (1.74-2.29)
1.03 (0.93-1.15)

Referent
1.20 (0.92-1.56)
1.00 (0.75-1.33)
1.16 (0.86-1.57)
1.05 (0.79-1.38)
0.88 (0.59-1.30)
1.29 (0.97-1.71)
1.12 (0.80-1.57)
1.31 (0.99-1.72)
1.36 (1.01-1.83)
1.26 (0.95-1.67)

2.30

0.330
<0.001

0.018
<0.001
0.553

0.182
0.984
0.329
0.746
0.522
0.078
0.522
0.059
0.041
0.104

DKT, dual kidney transplantation; KDPI, Kidney Donor Profile Index; KDRI, Kidney Donor Risk Index; OPTN, Organ Procurement and

Transplantation Network; UNOS, United Network of Organ Sharing.

]Total 16 931 observations were included for multivariable analysis.

Page 21

2KDPI is calculated based on a scaling factor of 1.22219212347775, a median KDRI-UNOS value among all deceased kidney donors recovered

during 2012.

VIF <10 shows no significant multicolinearity among independent predictors.
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Table 3

Donor quality of recovered ECD and dual kidneys between 2002 and 2012

Recovered but not transplanted  Recovered and transplanted  p-Value

Duall
n 368 1160 -
KDRI-UNOS2 2.16 +0.49 2.11+0.46 0.299
KDPI3 (%) 89.8+10.8 89.4+10.4 0.883
EcD?
n 13543 15 448 -
KDRI-UNOS2 2.18+0.46 1.87+0.35 <0.001
KDPI3 (%) 91.0+8.6 84.2+10.2 <0.001

ECD, expanded criteria donor; KDPI, Kidney Donor Profile Index; KDRI, Kidney Donor Risk Index; UNOS, United Network of Organ Sharing.
1Dual kidney donor age =50 years.

2KDRI—UNOS based on 10 donor variables reported in the UNOS DonorNet.

3KDPI scaled for a factor of 1.22219212347775, a median KDRI-UNOS value among all deceased kidney donors recovered during 2012.

4ECD kidneys include donation after cardiac death kidneys.
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Cox proportional-hazard model for death-censored allograft failure based on OPTN/UNOS Registry between

2002 and 2012

Variables (reference)

Univariate

Multivariable

HR (95% CI)

p-Value

HR (95% CI)

p-Value

Donor type: DKT (ECD)
Recipient age
Recipient diabetes (no diabetes)
Recipient blood type (blood type O)
Recipient race (non-African-American)
Recipient gender (female)
Recipient BMI (<30 kg/m?)
Primary insurance (private)
Medicaid
Medicare
Peak PRA (%)
HLA mismatch
Dialysis duration
Cold ischemia time (h)
Machine perfusion (ice storage)
Donor diabetes (no diabetes)
Donor age (year)

Glomerulosclerosis 15-50% (<15%)

1.7-2.0
>2.0

0.90 (0.82-0.99)
1.011 (1.009-1.013)
1.31 (1.25-1.38)
1.01 (0.98-1.04)
1.15 (1.09-1.21)
1.15 (1.09-1.22)
1.012 (1.007-1.017)

1.18 (1.03-1.35)
1.25 (1.17-1.32)
1.001 (1.000-1.003)
1.02 (1.05-1.07)
1.023 (1.007-1.040)
1.006 (1.004-1.009)
1.10 (1.03-1.16)
1.26 (1.18-1.35)
1.014 (1.010-1.018)
1.07 (0.98-1.15)

KDRI-UNOS (<1.7)

1.19 (1.12-1.27)
1.46 (1.36-1.56)

0.042
<0.001
<0.001

0.353
<0.001
<0.001
<0.001

0.016
<0.001
0.141
<0.001
0.006
<0.001
0.002
<0.001
<0.001
0.095

<0.001
<0.001

0.76 (0.65-0.90)
1.011 (1.007-1.016)
1.22 (1.13-1.33)
1.07 (0.98-1.17)
1.17 (1.07-1.27)
1.011 (1.004-1.020)

0.97 (0.78-1.29)
1.04 (0.94-1.14)
1.001 (0.999-1.002)
1.01 (0.98-1.05)
1.03 (1.01-1.05)
1.002 (0.999-1.006)
1.07 (0.99-1.17)
1.32 (1.18-1.46)
1.02 (1.01-1.03)
1.07 (0.95-1.20)

0.001
<0.001
<0.001

0.144

0.001

0.004

0.811
0.465
0.980
0.641
0.003
0.231
0.096
<0.001
<0.001
0.260

DKT, dual kidney transplantation; ECD, expanded criteria donor; KDRI, Kidney Donor Risk Index; PRA, panel reactive antibody; UNOS, United

Network of Organ Sharing.
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Table 7

Multivariable! models for outcomes of DKT, relative to ECD kidney transplants, across the KDPI and UNOS-
DKT categories, based on the UNOS data between 2002 and 2012

KDPI2 categories (corresponding KDRI-UNOS groups)

KDPI2 >90% (KDRI-
UNOS >2.0)

80% < KDPI12<90% (1.7 <
KDRI-UNOS < 2.0)

KDPI2 <80% (KDRI-
UNOS <1.7)

Adjusted hazard ratio (95% CI)

Overall graft failure
Death-censored graft failure
Patient death

Adjusted odds ratio (95% CI)
DGF

Early allograft failure posttransplant 3
months (including patient death)

eGFR2 < 30 mL/min/1.73 m? at last follow-
up visit

0.92 (0.67-1.27)
0.90 (0.65-1.26)
1.16 (0.79-1.70)

0.89 (0.59-1.32)
0.45 (0.11-1.90)

0.49 (0.32-0.75)

0.82 (0.63-1.08)
0.87 (0.66-1.14)
0.83 (0.54-1.09)

0.92 (0.66-1.27)
0.88 (0.42-1.85)

0.51 (0.36-0.71)

0.74 (0.62-0.89)
0.75 (0.63-0.90)
0.79 (0.64-0.98)

0.76 (0.60-0.97)
1.53 (0.97-2.40)

0.46 (0.36-0.59)

UNOS-DKT criteria

Not fulfilling

Fulfilling

Adjusted hazard ratio (95% CI)
Overall graft failure
Death-censored graft failure
Patient death

Adjusted odds ratio (95% CI)
DGF

Early allograft failure posttransplant 3 months (including patient death)

eGFR3 <30 mL/min/1.73 m2 at last follow-up visit

0.85 (0.64-1.12)
0.84 (0.63-1.12)
1.00 (0.72-1.39)

0.86 (0.62-1.20)
0.90 (0.39-2.10)
0.58 (0.41-0.82)

0.79 (0.68-0.92)
0.82 (0.70-0.96)
0.80 (0.66-0.97)

0.80 (0.65-0.98)
1.15 (0.77-1.73)
0.45 (0.37-0.56)

DKT, dual kidney transplantation; eGFR, estimated glomerular filtration rate; ECD, expanded criteria donor; KDPI, Kidney Donor Profile Index;

KDRI, Kidney Donor Risk Index; PRA, panel reactive antibody; UNOS, United Network of Organ Sharing.

lAdjusted for recipient’s age, gender, race, diabetes status, BMI at listing, peak PRA, HLA mismatch, dialysis duration, cold ischemia time,

pulsatile perfusion and insurance coverage.

2 . . . .
KDPI is calculated based on a scaling factor of 1.22219212347775, a median KDRI-UNOS value among all deceased kidney donors recovered

during 2012.

3eGFR is calculated by using the modification of diet in renal disease 4 variable equation.

Am J Transplant. Author manuscript; available in PMC 2014 June 16.



