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Abstract
Background: This study examines very recent trends in deceased donor kidney
transplantation to assess the performance of the kidney allocation system (KAS),
implemented December 4, 2014, and whether bolus effects associated with KAS have
stabilized nearly four years after implementation.
Methods: The overall number of deceased donor kidney transplants, as well as the
proportion of transplants by recipient and transplant characteristics, were calculated
monthly from December 2013 through September 2018 and examined graphically.
Transplant rates were calculated as the number of deceased donor kidney transplants
divided by the number of patient years of time on the active waiting list among candidates
listed in a donor service area (DSA). Kidney discard rates – the percentage of kidneys
recovered for transplant but not transplanted – were analyzed overall and stratified by
donor Kidney Donor Profile Index (KDPI). Delayed graft function (DGF) was defined as the
recipient requiring dialysis within one week of transplant; monthly rates were examined
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graphically. We also surveyed other published research to round out our assessment of
KAS’s impact.
Results: Marked bolus effects, particularly a sharp increase in transplants to highly sensitized
and high dialysis time recipients, were associated with KAS implementation but have since
stabilized. Transplant access has improved for African American candidates, who now
receive a proportion of transplants comparable to their representation on the waiting list.
Subtype-compatible (“A2/A2B to B”) transplants have increased sharply but are still
numerically small (~20/month) and may have plateaued. Transplant rates varied 17-fold
across the 58 DSAs. Though the overall kidney discard rate has not changed appreciably over
the past five years, the rate for KDPI 35-85% kidneys has trended slightly downward since
2017. After initially rising with KAS, DGF rates have tapered but still remain slightly above
pre-KAS levels. One-year graft and patient survival rates remain excellent.
Conclusions: The number of deceased donor kidney transplants has reached an all-time high
and continues to rise, a boon for the nearly 100,000 patients with kidney failure on the
waiting list. Several key bolus effects that were anticipated with KAS did indeed materialize,
drastically changing the characteristics of the initial wave of post-KAS recipients. These bolus
effects have since tapered, suggesting KAS has, by and large, reached a steady state. KAS has
improved equity across ethnicities and levels of sensitization but did not attempt to resolve
geographic inequities, and substantial geographic disparities remain. The goal of increasing
utilization of kidneys at high risk of discard has not been met. Numerous policy changes and
system improvement initiatives have been proposed, many of which are currently underway
or pending implementation, to improve organ utilization.
Keywords
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1. Introduction
The “new” kidney allocation system (KAS) is no longer quite so new. December 4, 2018 marked
the four year anniversary of this substantial overhaul of the nation’s policy governing how
candidates are prioritized to receive kidneys available from deceased donors.
The old, pre-KAS system for allocating kidneys in the U.S. was primarily a “first come, first serve”
policy driven largely by waiting time. Though the old system included priorities for donor-recipient
Human Leukocyte Antigen (HLA) tissue type matching aimed at maximizing graft longevity, it had
no provision ensuring that the “best” kidneys – those expected to function the longest – be
prioritized for transplant into patients with the greatest need for a long-lasting organ.
Consequently, severe mismatches in the expected longevity between the organ and the recipient
were not uncommon [1].
Another weakness of the old system was the inadequate prioritization given to extremely
highly sensitized patients. Before KAS, all patients with an 80% or higher chance of being
incompatible with a randomly available donor were prioritized equally, despite disproportionately
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longer odds of finding a suitable donor for a subset of these “highly sensitized” patients. And
though “first come, first serve” may seem to be an equitable method for allocation, prima facie, in
reality exogenous racial and ethnic disparities in healthcare translated into unintentional
disparities in access for minority candidates on the waiting list, who tended to be referred for
transplant much later than non-minorities [2].
Further limitations included a persistently high rate of discard among recovered and ostensibly
transplantable deceased donor kidneys, as well as fragmentation due to the system being
comprised of numerous policy “variances.” Consequently, a unified, national system for allocation
did not exist; rather, countless similar yet disparate sub-systems propagated over the years,
leading further changes to “national policy” cumbersome and costly to implement, since each
variant needed to be modified and tested independently [1].
To address these shortcomings, KAS’s goals included reducing organ/recipient longevity
mismatches; increasing access to transplant for biologically and historically disadvantaged groups;
increasing recovery and utilization of high KDPI kidneys; and streamlining the system to increase
efficiency of implementing future policy changes [3].
Much-anticipated bolus effects – a disproportionately large number of transplants received by
specific groups of recipients early after implementation – have long since stabilized, and the
system appears in many ways to have reached a steady state.
The question remains: is KAS achieving its goals? In many ways the answer is yes, in particular
with respect to goals related to equity and longevity matching. Yet goals surrounding increasing
organ utilization and system efficiency remain elusive [4].
This brief communication describes the state of kidney allocation in the U.S. approximately four
years after this major policy change and highlights potential opportunities to build upon KAS’s
foundation to further improve outcomes for waiting list candidates and kidney recipients.
2. Materials and Methods
This study used data from the Organ Procurement and Transplantation Network (OPTN). The
OPTN data system includes data on all donors, wait-listed candidates, and transplant recipients in
the US, submitted by the members of the Organ Procurement and Transplantation Network
(OPTN), and has been described elsewhere [5, 6]. The Health Resources and Services
Administration (HRSA), U.S. Department of Health and Human Services provides oversight to the
activities of the OPTN contractor.
The overall number and proportion of deceased donor kidney transplants by various recipient
and transplant characteristics were calculated monthly from December 2013 through September
2018 and examined graphically. Kidney discard rates – the percentage of kidneys recovered for
transplant not transplanted – were analyzed overall and stratified by donor Kidney Donor Profile
Index (KDPI). Delayed graft function (DGF) was defined as the recipient requiring dialysis within
one week of transplant; monthly rates were calculated and examined graphically. The proportion
of transplants based on recipient time on dialysis and DGF rates were only shown through July
2018 due to lags in centers reporting data to the OPTN.
IRB exemption was obtained from the US Department of Health and Human Services Health
Resources and Services Administration (HRSA).
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3. Results
3.1 Overall Transplant Trends
Though likely unrelated to KAS, the number of deceased donor kidney transplants continues to
rise. In 2014, approximately 900 deceased donor kidney transplants were performed nationwide
each month, an average that has risen over 25% to nearly 1,150 per month by September 2018.
(Figure 1)

Figure 1 The five-year trend in deceased donor kidney transplants per month in the U.S.
The number of deceased donor kidney transplants has steadily risen since late 2013,
when just under 900 were performed each month in the U.S. By mid-2018, this number
has risen by over 25% to over 1150. The increasing trend in transplants that began prior
to KAS has continued.
This precipitous rise in transplants is associated with recent increases and changes in the
composition of the donor pool. In 2017, the number of deceased donors exceeded 10,000 for the
first time [7]. The number of donation after circulatory death (DCD) donors rose by 70% from 2012
to 2017, and by 2017, DCD’s accounted for 17% of all donors. The number of brain dead donors
also increased substantially during this time by nearly 20%. Donors with drug intoxication as
mechanism of death rose 3-fold from 2010 to 2017 and now account for 13% of donors [8]. By
contrast, the number of deceased donors over age 65 has not changed appreciably over the past
decade and still represents fewer than 10% of deceased donors. (OPTN data)
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3.2 Kidney Discard Rates
Though a possible contributor to the steep rise in deceased donor kidney transplants might
have been a decline in the kidney discard rate (the percentage of kidneys recovered for the
purpose of transplantation that are not transplanted), this rate has remained essentially
unchanged over the past 10 years. Though the discard rate rose immediately after KAS
implementation [9], it later stabilized. And from 2007-2017, the overall annual kidney discard rate
has remained within the relatively narrow range of 18-20%. In 2017, the kidney discard rate of
18.9% translated into 3,534 kidney recovered with intent to transplant but that were not
transplanted. (OPTN data)
Among kidneys expected to provide the shortest post-transplant graft longevity (KDPI>85%),
but which may still benefit many patients on the waiting list [10], the discard rate has remained at
approximately 60%. Though discard rates associated with these three KDPI groups – 0-20%, 2134%, 86-100% -- have remained relatively stable, the KDPI 35-85% discard rate declined from 19.8%
in 2016 to 16.2% partway through 2018 (Figure 2), suggesting improvement for the broadest KDPI
group.

Figure 2 Five-year trends in deceased donor kidney discard rates, stratified by donor KDPI.
The kidney allocation system allocates kidneys differently depending on donor KDPI
group: 0-20%, 21-34%, 35-85%, 86-100%. The percentage of kidneys recovered for the
purpose of transplantation but not transplanted – i.e., the kidney discard rate – differs
markedly depending on KDPI. Approximately 60% of recovered KDPI 86-100% kidneys
are not transplanted, a percentage that has remain largely unchanged after KAS
implementation in 2014. By contrast, only about 2% of KDPI 0-20% kidneys, which are
projected to function much longer, are discarded.
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3.3 Bolus Effects and the Trends in Recipient Characteristics
The proportion of deceased donor kidney transplants received by African American recipients
rose sharply from approximately 32% to nearly 40% after KAS took effect, reflecting an initial bolus
effect associated with waiting time priority being redefined to begin at time of chronic dialysis
instead of listing. (Figure 3) With this rise, the longstanding disparity between the proportion of
African American candidates on the waiting list and the proportion of those receiving transplant
was resolved [3, 11, 12]. The percentage of transplants to African Americans has since tapered to
approximately 34% (Figure 3), closely aligned with their current waiting list representation of 32%
[13].

Figure 3 Five-year trends in deceased donor kidney transplants by recipient
characteristics. The percentage of deceased donor kidney transplants of varying
characteristics are shown to highlight bolus effects and other dynamic aspects associated
with KAS. After initially increasing sharply, the proportions of transplants going to very
highly sensitized (CPRA 99-100%) and very high dialysis time (>=10 years) recipients have
tapered substantially.
With waiting time redefined to begin with the start of chronic dialysis, even if it started many
years prior to listing, a bolus of recipients with long dialysis times was observed immediately after
implementation. The proportion of recipients with 10 or more years on dialysis spiked from 4% to
over 15% but tapered rapidly and appears to have stabilized at around 5%, only slightly higher
than pre-KAS levels. (Figure 3)
The most salient bolus effect associated with KAS was clearly the early, sharp rise in the
percentage of transplants received by highly sensitized patients (Calculated Panel Reactive
Antibodies (CPRA) 99-100%), who now receive regional or national priority for compatible donors.
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Prior to KAS, this group – which accounts for about 7% of the waiting list – received just 2% of
transplants; by contrast, immediately after KAS this group accounted for approximately 17% of
transplants. As more of these difficult-to-match patients were removed from the waiting list due
to transplantation, the proportion of transplants going to this group steadily declined and appears
to have reached an equilibrium near 9%. The percentage of “non-local” transplants – those
received by candidates listed at a transplant program outside of the Donor Service Area (DSA) in
which the kidneys were recovered – rose sharply from about 20% to 33% before tapering to about
30%. (Figure 3) This increase was driven predominantly by the broader distribution of kidneys to
CPRA 99-100% patients (Figure 4).

Figure 4 Five-year trends in the % of transplants non-locally distributed, overall and CPRA
0-98%. The overall percentage of deceased donor kidney transplants distributed nonlocally rose sharply with KAS. However, this percentage did not change with KAS for the
subset of recipients having CPRA 0-98%, suggesting the increase in non-local
transplantation was driven largely, if not exclusively, by the regional and national priority
assigned respectively to CPRA 99% and 100% patients under KAS. After tapering slightly
from 2015-2017 as bolus effects waned, the percentage of non-local transplants –
particularly for CPRA 0-98 recipients – has inched higher.
Another aspect of KAS intended to improve access for minority and other candidates
historically having longer waiting times was broadening the provision (previously only available at
transplant programs covered by policy variances) allowing medically suitable blood type B
candidates to receive donor blood group A, non-A1 (e.g., “A2”) or AB, non-A1B (e.g., “A2B”) kidneys
[14]. With fewer than five such transplants occurring each month in 2014, this monthly count
more than doubled immediately with KAS and continued to climb to over 25 per month in 2017,
before tapering to around 20 in 2018. (Figure 5)
The percentage of transplants received by pediatric patients (age<18), who represent about 1%
of the waiting list, declined slightly from just over 4% pre-KAS to just under 4% post-KAS,
ostensibly due to the top-of-the-list priority now granted to very highly sensitized patients. Though
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the percentage has dropped, the absolute number of transplants going to pediatric recipients has
increased, likely because of the overall rise in donors. In 2017, 486 pediatric patients received a
deceased donor kidney transplant (OPTN data), compared to 463 in the year prior to KAS [3]. The
proportion of pediatric recipients receiving kidneys projected to function the longest posttransplant (KDPI<35%) kidney increased with KAS [3].

Figure 5 The five-year trend in donor blood subgroup A, non-A1 (“A2”) and AB, non-A1B
(“A2B”) transplants into blood group B recipients per month. After representing fewer
than five transplants
compatible” transplants has risen sharply with KAS. The trend appears to have plateaued,
however, and the numbers may suggest this feature of KAS has not reached its full
potential to improve transplant access for blood group B candidates.
The proportion of transplants received by age 65 and older patients fell from 23% to 18% with
KAS but steadily rebounded to near pre-KAS levels in 2018. The likely driver behind changes in the
age distribution of adult recipients is KAS’s longevity-matching component [15], which had a
primary goal of avoiding or reducing transplants in which the kidneys expected to function the
longest are received by patients not expected to need such long-lasting organs. In fact, the
percentage of transplants having KDPI<35% and recipient age 65 or greater was cut in half with
KAS – from 6% to 3% – and remains at 3% in 2018 (OPTN data).
3.4 Geographic Variation in Transplant Access among Waitlisted Candidates
Figure 6 shows the rates candidates in active status on the waiting list receive deceased donor
kidney transplants across the 58 DSAs. In the first half of 2018, the overall national transplant rate
was 0.22. The transplant rate varied from 0.09 to 1.52, a 17-fold difference for the highest vs.
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lowest rate DSA. The 95% confidence intervals indicate the transplant rate differences among
DSAs are generally not the product of small sample sizes and/or random variability.

Figure 6 Deceased donor kidney transplants per active patient-year on the waiting list, by
DSA of listing (January-June 2018). The “transplant rate” – the ratio of the number of
kidney transplants (from local and non-local deceased donors) per active patient-year on
the waiting list – varied 17-fold across donor service areas (DSAs) in the first half of 2018.
This rate ranged from 0.09 to 1.52 across the 58 DSAs, indicating substantial geographic
disparity in access to kidneys remains nearly four years after KAS. The 95% confidence
intervals reveal that DSA differences cannot be explained by small sample sizes and/or
random variability.
3.5 Early Post-Transplant Outcomes
Delayed graft function (DGF), defined as the recipient needing dialysis within a week of
transplant, became more common with KAS, owing at least partially to more recipients having
lengthy dialysis times as well as slightly increased cold ischemic times [3, 16]. DGF rates have been
found to have increased not just for adults but also for pediatric recipients, in particular preadolescents, a rise found to be associated with both longer pre-transplant dialysis times and donor
factors [17]. Figure 7 reveals that after the initial post-KAS spike in the proportion of all recipients
experiencing DGF, the DGF rate moderated but still remains slightly above pre-KAS levels.
Despite the rise in the pediatric DGF rate, one-year graft survival rates among pediatric
recipients do not appear to have worsened based on very early data. One-year patient and graft
survival rates among all recipients in the initial post-KAS cohort remain similar to, although slightly
lower than, rates immediately preceding KAS. Graft survival rates declined from 94.1% to 93.6%
(p=0.07) [12, 18]. The slight decline in survival rates may be attributable to the early bolus of
higher-risk (e.g., long dialysis durations; very high CPRA) transplants and thus might not reflect
KAS outcomes under steady state. Further research is needed to assess both short and longer
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term outcomes now that the post-KAS recipient distribution appears to have reached an
equilibrium.

Figure 7 The five-year trend in the Delayed Graft Function (DGF) rate among deceased
donor kidney transplants. Delayed graft function (DGF) rates among deceased donor
kidney recipients increased with KAS from about 25% to over 30% but have since
declined. The DGF rate remains slightly above pre-KAS.
4. Discussion
More deceased donor kidney transplants are occurring now in the U.S. than ever before. This
rising trend appears to be largely associated with demographic changes in the donor pool, such as
a sharp rise in drug overdose and DCD donors, not necessarily the allocation changes brought
about by KAS. With the size of the kidney waiting list falling below 100,000, due to both more
patients being removed for transplant as well as changes in listing practices [19, 20], the kidney
supply to demand gap is no longer widening, at least among waitlisted patients. However, despite
today’s slightly rosier picture compared to just a few years ago, substantial room for improvement
remains in two key areas: optimizing the utilization of all transplant-quality kidneys, and
addressing long-standing inequities in access to transplant, particular those related to geography.
4.1 Optimizing Kidney Utilization
The underutilization of available deceased donor kidneys is well documented [21-24], and
numerous groups have proposed policy changes and other initiatives aimed at improving the
situation [25-28]. Several changes and initiatives aimed squarely at this challenge have been
explored, recently implemented, or are nearing implementation. For example, the OPTN
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implemented a policy change in June 2018 reducing the amount of time allotted to transplant
programs for accepting or refusing organ offers, as well as allowing candidates to have no more
than two acceptances simultaneously, in an attempt to improve organ placement efficiency in
DonorNet [29]. Impact analyses are forthcoming.
Kidney allocation policy changes pending implementation include two related proposals aimed
at improving the utilization of dual (typically from older donors) and en bloc (typically from very
small pediatric donors) kidneys [30, 31]. Included in these changes is a provision to remove the
combined local/regional allocation of KDPI>85% kidneys, an aspect of KAS in which local and
regional centers are grouped together on the match run (instead of all local candidates first, then
regional candidates) but which has not led to the desired goal of reduced discard rates.
Consistent with NKF Discard Consensus Conference recommendations, the OPTN
(1) previously implemented an operational rule such that transplant centers cannot be
identified for review by its Membership and Professional Standards Committee (MPSC)
solely based on certain higher-risk transplants (KDPI>85% and EPTS>80%) believed to
be underutilized [32]
(2) is actively working on establishing new, more granular organ refusal reasons (e.g.,
replacing the overly broad “830: donor age/quality” with more clinically specific
reasons) to improve real-time decision-making and retrospective analyses, and
(3) has begun pursuing codification of “expedited placement” pathways into allocation
policies [33-36], in which kidneys at high risk of discard are preferentially allocated to
candidate or centers most likely to accept them
In addition, the OPTN has developed and enhanced tools aimed at improving organ utilization.
These tools are available to transplant centers through UNOS’s UNetSM Data Portal. For example,
the Report of Organs Offered (ROO) shows transplant centers the post-transplant outcomes for
offers they previously declined, but which were accepted and transplanted elsewhere. The intent
is to help drive Quality Assurance Process Improvement (QAPI) reviews and spur centers to
reconsider their organ offer acceptance practices as well as their use of donor acceptance
parameters for screening their candidates off the match run. The Recovery and Usage Map (RUM)
report allows OPOs to compare stratified organ utilization rates with their peers, as well as identify
transplant centers with a pattern of transplanting various types of kidneys, including those at high
risk of discard. Another active project at UNOS involves creation of multifactorial offer filtering
capabilities in UNetSM to complement and potentially replace the current, primarily one-at-a-time
offer screening criteria.
The Collaborative Improvement and Innovation Network (COIIN) [37], a 3-year Health
Resources and Services Administration-directed OPTN project, was initiated with the specific goal
of increasing the utilization of deceased donor kidneys with a KDPI of greater than 50%. This effort,
beginning in late 2015, utilized a strategy of collaborative process improvement based on the
development of best practices and other quality metrics with real-time data evaluation. Initial
results suggest that this approach has resulted in increased utilization of high KDPI kidneys among
the initial cohort of participating transplant programs [38]. It is possible that the recent decline in
the KDPI 35-85% discard rate (Figure 2) may in part be related to COIIN.
Another potential boon to kidney utilization is the Centers for Medicare and Medicaid Services
(CMS) recent proposal to relax transplant center conditions of participation related to maintaining
sufficiently high, risk-adjusted, one-year graft and patient survival rates [39].
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4.2 Improving Equity in Access to Kidneys
KAS has substantially improved equity in access to transplant, largely by way of reducing
variability in transplant rates across the candidate sensitization (CPRA) spectrum [40, 41] and by
improving access to ethnic minorities [11]. Still, substantial access disparities remain [40].
Though subtype-compatible transplants have increased sharply with KAS (Figure 5), the
provision for transplanting A2 or A2B kidneys into compatible blood type B candidates, who are still
biologically disadvantaged due to relatively few donors having blood type B [3, 40], remains
underutilized [42, 43]. Though an OPTN study found blood type to be the candidate characteristic
third-most associated with disparities in transplant access, the factor most associated with
disparities is geography, most notably the DSA of a candidate’s transplant program [40, 44].
Recent data confirm substantial geographic disparity persisted in early 2018. (Figure 6).
Within the past 12 months, the OPTN Board of Directors approved the removal of DSA as a unit
of allocation from both the allocation of lungs (implemented November 2017) [45, 46] and livers
(approved December 2018, pending implementation) [47], spurred by the motivation to reduce
geographic inequities and in recognition of the OPTN Final Rule’s [48] mandate that organ
distribution not be based on candidates’ place of residence [49]. Other organ-specific committees,
including the OPTN Kidney Transplantation Committee, have been charged by the Board to revise
distribution policies to remove candidate prioritization based on geographic boundaries that are
not rationally determined and consistently applied, specifically DSAs and Regions.
Various approaches, including the use of concentric circles as well as a “borderless,” pointsbased approach [50] to allocation policy are being considered. A borderless approach would
combine points based on the potential recipient’s proximity to the donated organs with points
based on medical priority, equity, and other considerations deemed to be important to organ
allocation. This flexible approach has the potential to greatly reduce geographic disparities while
avoiding unnecessary organ travel based on trivial differences in potential recipients’ waiting time,
medical urgency, or other characteristics. It would also force a critical reassessment of the degree
to which priority should be awarded for pediatrics, prior living donors, highly sensitized candidates,
donor/candidate longevity-matching, first time vs. repeat candidates [51], 0-ABDR mismatches,
and other transplant types relative to priorities assigned based on proximity. Any proposals to
broaden organ distribution must be conceived carefully with consideration of system costs,
logistics, and avoiding or mitigating any potential detrimental effects on organ utilization [52].
Reductions in acceptance practice variations among transplant hospitals and surgeons within
transplant hospitals may also serve to improve equity [53-55]. Decision analytic tools [56, 57] that
aim to distill numerous potentially relevant clinical data points into actionable assessments for the
specific decision at hand – is this particular organ expected to afford a survival advantage to this
particular candidate at this moment, compared to available alternatives? – have the potential to
help not only reduce variability but also increase organ utilization and improve outcomes among
waiting list candidates and recipients.
The prospects for candidates on the waiting list for a kidney transplant in 2018 have improved
compared to four years ago, before the nation’s system for allocating this scarce resource was
overhauled. Short-term outcomes remain excellent, with 19 of 20 transplanted kidneys surviving
past the one year mark. However, improvements in long-term graft survival have lagged [58], and
other key challenges remain in the areas of optimizing kidney utilization and improving geographic
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equity. The OPTN is committed to working arm-in-arm with the transplant community it
represents to identify bold, innovative approaches to further improve the prognosis for all end
stage organ failure patients.
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