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Abstract

Purpose of Review The number of people with end-stage kidney disease requiring renal replacement therapy is growing at a
faster rate than the number of kidneys available for transplant. Additional options for deceased donor kidney transplant will
increase risk for delayed graft function, which has expansive clinical, performance, and financial implications. The purpose
of this paper is to discuss how delayed graft function impacts different domains.

Recent Findings Given that most kidney transplants in the USA are performed with deceased donors, expanding the deceased
donor pool is likely to be of the highest impact. The potential additional sources of deceased donors include increasing organ
donation in general and willingness to change perspectives about acceptable kidneys for transplant. An important implica-
tion of expanding criteria for acceptable kidneys for transplant is the risk for delayed graft function, what is expected, and
how do we manage a potential increase burden for patients, transplant centers, and organ procurement organizations. Given
the directives of Advancing American Kidney Health policies, it is important that we are thorough and thoughtful about
navigating the post-transplant experience for patients and providers. The breadth of impact ranges from exploring the addi-
tional resources patients require to manage the social and financial complications associated with delayed graft function to
balancing transplant centers’ challenge to provide excellent clinical care in a standard fashion against desire to transplant
all eligible candidates.

Summary This paper summarizes the historical approach to delayed graft function and proposes a dynamic framework for
an improved system to review impact to the multiple stakeholders.
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Introduction

In 2019, the Department of Health and Human Services
(DHHS) proposed policy to double the number of kidneys
available for transplant by 2030 [1]. Potential sources of
additional kidneys for transplant include utilizing more
of the decreased donor kidneys (DDK) recovered, but not
transplanted, and increasing the number deceased donors.
In 2022, 9416 additional kidneys were recovered by Organ
Procurement Organizations (OPO) and offered to trans-
plant centers, but ultimately not accepted for transplant [2].
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Based on the 2021 Scientific Registry of Transplant Recipi-
ents (SRTR) report, the nonuse rate was 40-60%, highest
in deceased donors aged 55 years or older, with a history of
diabetes or hypertension, elevated BMI, or Kidney Donor
Profile Index (KDPI) greater > 85% [3].

More Aggressive Utilization Likely Means
More Delayed Graft Function

To increase the DDK pool, additional donors will need to
be more aggressively recovered from donors from older age
groups and those deceased after cardiac death (DCD). Many
of the variables associated with kidneys that were procured
and historically not transplanted are also at increased risk
for delayed graft function (DGF) when they are actually
engrafted. Such kidneys are progressively becoming more
common and include donors with acute kidney injury, more
advanced glomerular sclerosis on biopsy, higher KDPI
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score, poor pump numbers, prolonged cold ischemia time,
surgical injury, and a combination of age and DCD status [4,
5]. The impact of DGF, defined most commonly as dialysis
requirement within the first 7 days post kidney transplant,
has different impacts on patients, patient support systems,
transplant centers, and the healthcare system [6]. Currently,
there are no mechanisms in place to assist patients navigat-
ing complications associated with DGF or offer flexibility
in OPO and transplant center performance standards and
payments if there is increased rates of DGF and primary
nonfunction (PNF). There must be thoughtfulness craft-
ing the national policies addressing the impact on multiple
stakeholders in this conversation.

DGF Takes Resources—but That Is Okay
if the Patient Gets Off Dialysis

While the long-term kidney and patient survival for DGF is
promising, recovering from DGF takes times and resources.
Patients with DGF have longer hospitalization days, more
frequent re-admissions, more clinic visits, and higher rates
of rejection, sensitization, cardiac events, and infections [7,
8, 9¢]. The increase in treatment burden adds to work and
resources required for care, resulting in a different utiliza-
tion pattern of healthcare resources and poorer quality of
life [10e]. Patients with DGF are also accumulating financial
complications, but this data is very limited. Compared to
those without DGF, patients with DGF have longer admis-
sions and more clinical follow-ups. This impacts the utili-
zation of sick days, if available, ability to return to work,
and caretaker availability. In terms of healthcare costs, care
for patients with commercial insurance and DGF is almost
$20,000 higher, with some of that being out-of-pocket
deductibles [11]. With the implementation of the Kidney
Allocation System (KAS) on December 4, 2014, there was
increased DGF for all races. However, the distribution of
DGF was disparate among races. For non-Hispanic Black
(NHB) and Hispanic patients, DGF increased by 5-6%, as
compared to about 2% in non-Hispanic White (NHW) [12].
Practices that expand DDK pools and increase utilization
of nonuse kidneys will increase incidence and prevalence
of DGF, potentially resulting in disproportionate burden
for certain vulnerable populations. Not only are the risk of
DGEF disproportionately higher in Hispanic and Black kidney
transplant recipients, Black patients also bear the greatest
economic burden for health disparities [13e]. Implementing
Advancing American Kidney Health goals is an opportunity
to design a system that incorporate diverse perspectives that
are intentional in addressing inequalities in access to trans-
plant, patient and graft outcome, and resource utilization.
Unfortunately, there is little guidance for conversation
between healthcare providers and patients about DGF risks

and burden. Literature suggests patients want to participate
in their end-stage kidney disease (ESKD) decision-mak-
ing process, as opposed to deferring to medical providers.
Regardless of the decision maker preference, patients want
more information about their health management [14]. There
is also some data about what patients want to prioritize for
their health decisions. Howell et al. reported that transplant
recipients view kidney rejection and function as the most
important outcomes, more important than their own sur-
vival. Only 12% of participants in their study ranked death
more important than kidney rejection or kidney dysfunction.
In this study, there was also a time-dependent component
of priorities. Participants were more concerned about the
kidney function in the first year and risk for rejection after
the first year [15]. DGF directly impacts a patient reported
1-year priority. With the change in policies and trend in
DDK donor demographics and risk for DGF, more attention
and research are needed to understand how these systematic
decisions factor into patients’ decision process and impact
their lives.

Impact of Metrics

There are many clinical variables that are used to estimate
risk for DGF and can be helpful for decision-making conver-
sations. The Kidney Donor Profile Index (KDPI), which is a
derivative of Kidney Donor Risk Index (KDRI), is familiar
to most and integrated into allocation. KDPI is a continu-
ous metric calculated using donor characteristics: ethnicity,
race, age, height, weight, history of hypertension, history
of diabetes, cause of death, serum creatinine, HCV status,
and DCD criteria. It has been observed that kidneys with
KDPI > 85%, a “high risk” label, are more likely to have
DGEF and be nonuse [16]. Just having a “high KDPI” label
changes how transplant providers utilize a potential kidney
and whether a patient will accept the organ for transplant.
Metrics can have impact disproportionate to their accu-
racy. Transplant regulatory metrics are also limited by what
data is collected, which is notoriously incomplete. The Cent-
ers for Medicare and Medicaid Services (CMS) published
the Final Rule and Conditions for Approval and Re-Approval
of Transplant Centers that defines the threshold, using the
observed to expected ratio for a given outcome, which trig-
gers citation and review [17]. Donor and recipient variables
are collected and included, but there are concerns about what
is included and how it is used. The most glaring example is
that DonorNet does not have a data field where it is speci-
fied if a deceased donor who donates a kidney is on dialysis.
There is a current proposal to include such a field—which
only then will allow it to be included in the risk adjust-
ment—currently out for public comment [18]. In 2016, there
was a 30-day period when there was a programming error
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for the yearly KDPI adjustment. The result was a 1-21%
increase in the KDPI score. Risk-adjusted model demon-
strate a higher nonuse rate with no change in recipient char-
acteristics. The nonuse rate was much higher for kidneys
with inflated KDPI scores that crossed the 85% threshold,
when compared to those that did not [12]. Even after adjust-
ing for donor characteristics on multivariate analysis, they
demonstrated that kidneys with a high KDPI label had at
least a twofold increased likelihood for nonuse. Mohan
et al. demonstrated the same “high KDPI” label bias [19].
There is also some concern about the dynamic nature of
the KDPI score, as it is recalibrated annually based on the
characteristics of the procured kidneys from the previous
year. The result is that KDPI 85% threshold is adjusted with
time. Crannell et al. demonstrated that, for the same kidney,
the KDPI score gets lower over time. A kidney with KDPI
score of > 85% in 2012 would have been recalibrated to 83%
in 2020 [20]. It is imperative to account for the dynamic and
continuous nature of the KDPI scale when crafting policies
and standards that incorporate this score.

There is concern about the inclusion of race in the KDPI
score, specifically how “race” contributes to the score,
impacts organ utilization, and predicts risk for DGF and
graft failure. Historically, DDK from Black donors have
been described as associated with lower graft and patient
survival [21]. With the recognition of the weak association
between reported race and biological outcomes, including
graft function, and efforts for transparency regarding struc-
tural racism, there is growing literature comparing the cur-
rent KDPI score to a race-free KDPI score. Using a race-free
KDPI calculator would reclassify up to 50% of these donors
from KDPI>85% to KDPI<85% [22, 23e, 24e]. Chong
et al.”’s model demonstrated that 73% of Black donors with
KDPI > 85% would be scored to <85%. In their study, kid-
neys reclassified to a lower KDPI score had better allograft
survival than those that did not get reclassified. A reduction
in the number of nonuse kidneys from Black donors might
benefit Black recipients due to improved blood type and
HLA matching [25]. To optimize resource utilization and
address bias, removing race from KDPI may improve access
and equity without compromising outcome.

Another potential source of DDK that has increased risk
for DGF is procured, but not transplanted, kidneys. The
number of nonuse kidneys has been growing steadily [3].
From 2000 to 2015, the number of nonuse deceased donor
kidneys increased by almost 90%, with the rate of nonuse
kidneys outpacing the rate of total kidney recovered [19].
The characteristics associated with the nonuse kidneys
are related to concern for poor patient and graft outcomes,
increased healthcare cost, and logistical limitations. Organs
from donors with multiple concerning variables have a
higher probability of not being transplanted. The nonuse
kidneys were associated with older donors, death due to a
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stroke, higher terminal creatinine, higher KDPI, increased
likelihood of a biopsy, and comorbidities such as hyperten-
sion, diabetes, or hepatitis C [19]. However, there is also
significant overlap in nonuse rate for KDPI> 85 and KDPI
21-85%, 40-50%, and 30-50%, respectively [19, 20]. This
is concerning for potential loss of kidneys that could have
provided better quality of life and graft and patient survival.

There are many potential contributors to the wide overlap
for nonuse. One observation is different UNOS regions have
varying rates of nonuse. After adjusting for donor demo-
graphics, clinical factors, and social histories, the likelihood
for nonuse ranged from UNOS region 1 having 27% lower
likelihood to UNOS region 10 having 28% higher likeli-
hood [19]. In addition to different transplant center practices,
regulatory metrics might incentivize transplant centers to be
risk averse and selective about donors and recipients who are
higher risk. Among programs with on-going CMS compli-
ance concerns CMS, transplant volumes usually decrease
by about 40%, compared to 6% increase for those without
compliance concerns [26]. Schold et al. demonstrated a
mean decline of about 22 transplants in centers with low-
performance program specific reports, compared to an
expected annual increase of 8 transplants [27e]. In response
to scrutiny, it has been observed that transplant centers also
change the candidate selection criteria, resulting in limited
access for more high-risk patients and utilization of more
high-risk donors [28].

In addition to concern about patient outcome and access,
there are also financial implications. Insurance companies
also review performance metrics to determine contractual
relationships with transplant centers. Outcome can affect
whether insurance companies allow their patients access to
a transplant center. DGF also cost more for the transplant
centers, about $20,000 higher index hospitalization cost and
$40,000 higher cost over the first year when compared to
non-DGF transplants [11, 29e].

As practice patterns and policies move towards metrics
to promote expanding the donor pool, outcomes should be
interpreted in the context of potential unintended impact on
transplant center practices and patient access. Performance
and outcome metrics, to be reasonably applicable, have to
be relatively short term (e.g., 1 year outcome); otherwise,
transplant programs, and for that matter the entire trans-
plant system, will have changed such that the metrics are
no longer applicable to the current conditions. Additionally,
just like every other aspect regulated behavior, Goodhart’s
Law applies: When a metric becomes a target, it ceases to
be a good metric because behavior changes in response to
the new metric (formally stated as “Any observed statisti-
cal regularity will tend to collapse once pressure is placed
upon it for control purposes.”) [30]. However, it is those
very long-term outcomes that the short-term metrics try
to reflect. There is no easy mechanism to institute change
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in response to outcomes from practices from a decade ago
when the practices have already changed. While this will be
a continual struggle with the inevitable corruption of any
given metric, all aspects of the transplant system, from regu-
lators to transplant centers to patients, must keep the actual
important outcome—long-term patient survival and quality
of life. Given the current organ supply, increased DGF is
to be expected, coupled with increased resource utilization
and cost, but as long as the greater transplant community
prioritizes long-term patient and graft outcomes, there will
over all benefit to the patients.

Conclusions

The number of patients with ESKD is growing at a faster
rate than the availability of deceased donor kidneys. A more
aggressive organ acceptance approach is a reasonable, given
published practice patterns and outcomes in other regions
[31]. There is evidence that the variables used to define
standard of practice and risk adjustments, with direct impact
on patient access to transplant, outcomes, program perfor-
mance metrics, and payment, form an evolving continuum.
Performance metrics for a single center and clinical deci-
sions for an individual patient are based on large population
studies. While that is not an unreasonable approach most of
the time, we must always bear in mind the unmeasured and
unknown factors that result in unexpected outcomes inher-
ent to patient care. Scientific research is constantly chang-
ing, sometimes incremental additions to current models and
other times surging to replace previous models. Given the
evolving unknowns, it is not realistic for a given model to
include all relevant variables and anticipate all potential
changes and impact. While the goals are reasonable and
well-intentioned, sometimes the weight given to certain
variables in statistical models is out of proportion, in both
directions, to their clinical significance.

An example of perhaps too much leniency is peripheral
vascular disease. The data variable lacks nuance, meaning
the same weight is given to a toe amputation as an above-
knee amputation or limb-threatening ischemia, despite the
two having very different clinical impacts. Additionally,
societal understanding of how demographics are defined
and reported is progressing. Our understanding of gender,
for example, is undergoing rapid development. Self-reported
gender versus sex assigned at birth is something that has not
been incorporated into current models for risk adjustment—
and remains inadequately captured by current data collection
approaches, further extending limitations on future analysis.
This collection bias determines how this particular variable
is defined and weighed for clinical impact without being
accounted for in the models for performance and outcomes.

It is irresponsible to build an infrastructure that ignores
incremental deviations due to perspectives that are unac-
counted for in statistical models with devastating impacts
on program performance and patient access.

The transplant community should be held to a higher
standard when our decisions directly impact patient access to
care, patient and system outcomes, as well as the allocation
of resources for healthcare delivery. At the same time, those
holding us to the standards must understand both the useful-
ness and limitations of the models we measure ourselves
against. Both medical science and society itself continually
evolve. This requires shorter review cycles to update the
models and review the breadth of intended and unintended
impact, as well as the appreciation that the next generation
will find limitations and issues with the current statistical
models. These ongoing evaluations and conversations about
the transplant system should include a diverse panel, includ-
ing a variety of stakeholders and people who have different
priorities, perspectives, and experiences. While this might
be tedious and uncomfortable, given the impact of the trans-
plant centers and regulatory bodies on people’s destinies, it
is our responsibility to invest in thoughtful solutions.
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