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Abstract

Success of transplantation is not limited to initial receipt of a donor organ. Many kidney transplant
recipients experience graft loss following initial transplantation and the benefits of expedited
placement on the waiting list and retransplantation extend to this population. Factors associated
with access to repeat transplantation may be unique given experience with the transplant process
and prior viability as a candidate. We examined the incidence, risk factors, secular changes, and
center-level variation of preemptive relisting or transplantation (PRLT) for kidney transplant
recipients in the United States with graft failure (not due to death) using Scientific Registry of
Transplant Recipients data from 2007 to 2018 (n = 39 557). Overall incidence of PRLT was 15%
and rates of relisting declined over time. Significantly lower PRLT was evident among patients
who were African American and Hispanic, males, older, obese, publicly insured, had lower
educational attainment, were diabetic, had longer dialysis time prior to initial transplant, shorter
graft survival, longer distance to transplant center, and resided in distressed communities. There
was significant variation in PRLT by center, median = 13%, 10th percentile = 6%, 90th percentile
= 24%. Cumulatively, results indicate that despite prior access to transplantation, incidence of
PRLT is modest with pronounced clinical, social, and center-level sources of variation suggesting
opportunities to improve preemptive care among patients with failing grafts.

Keywords

clinical research/practice; epidemiology; ethnicity/race; gender; health services and outcomes
research; kidney failure/injury; kidney transplantation/nephrology; retransplantation

Correspondence: Jesse D. Schold, scholdj@ccf.org.
DISCLOSURE
The authors of this manuscript have no conflicts of interest to disclose as described by the American Journal of Transplantation.

DATA AVAILABILITY STATEMENT
Data are openly available in a public repository that issues datasets with DOIs (https://www.srtr.org/about-the-data/the-srtr-database/).

SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section.


https://www.srtr.org/about-the-data/the-srtr-database/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schold et al.

Page 2

1| INTRODUCTION

2|

In 2018, 10.3% of all kidney transplant recipients and 8.3% of new kidney transplant waitlist
additions in the United States comprised patients who experienced graft failure from a prior
kidney transplant.} Despite an increased risk of graft failure among these patients,
retransplantation is efficacious, improving survival relative to maintenance dialysis, and
timely access to care is important.2=4 Preemptive listing (prior to dialysis initiation) is
advantageous for transplant candidates under both the former and current Kidney Allocation
Policy (KAS), given that there is an increased priority to receive a deceased donor offer.>:6

Numerous studies have evaluated disparities in care and identified barriers to timely access
to care to kidney transplantation for patients with end-stage renal disease (ESRD). Studies
have identified race and ethnicity, body mass index, health insurance, gender, age,
community risk factors, and primary cause of kidney disease as factors associated with time
to placement on a waiting list for transplantation.”~12 Many of these factors are also
associated with preemptive transplantation, which continues to occur in a small minority of
transplants in the United States.1314 Factors that are associated with access to repeat
transplantation may be unique as compared to patients without a prior transplant, given prior
navigation of processes to acquire a transplant and prior qualification as a viable transplant
candidate. In addition, the duration, complications, and reasons for graft failure from initial
transplantation may predispose patients’ willingness and viability for a repeat transplant.
Patients with a prior transplant may also have relatively reduced barriers to care given prior
or ongoing care at a transplant center. Although transplant centers may have varying levels
and duration of posttransplant care for patients following transplantation, the type and
frequency of follow-up in the posttransplantation period may influence rates of timely care
for retransplantation if applicable.® There are currently limited studies evaluating the
incidence and sources of variation associated with access to repeat transplantation among
patients with failing kidney transplants.

The aims of this study were to evaluate the incidence of preemptive placement on the
waiting list or retransplantation (PRLT) for patients with graft failure following initial
kidney transplantation in the United States. In addition, we sought to evaluate variation in
PRLT by patient characteristics and individual transplant center. Finally, we sought to
evaluate whether incidence and risk factors for PRLT may have changed over time.
Cumulatively the intent of the study was to characterize patients with differential rates of
PRLT and assess variation in practice that may identify opportunities for improved care
delivery among patients with failing kidney transplant grafts in the United States.

METHODS

The data source for this study was the Scientific Registry of Transplant Recipients (SRTR).
The SRTR data system includes data on all donor, wait-listed candidates, and transplant
recipients in the United States, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN), and has been described elsewhere.16 The Health
Resources and Services Administration, US Department of Health and Human Services
provides oversight to the activities of the OPTN and SRTR contractors.
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The study population consisted of adult (age 18+ years) primary kidney transplant recipients
in the United States who experienced graft failure, return to dialysis, or repeat
transplantation between 2007 and 2018. We excluded patients with death dates within 90
days of graft failure, considering these patients as likely ineligible for relisting based on
clinical prognoses. The primary exposure variable was PRLT, defined by a waitlist
placement date or retransplant date prior to date of reinitiation of dialysis following primary
transplantation. However, as the 90-day period was a relatively arbitrary time period, as a
sensitivity analysis, we described the incidence of PRLT with different time frame
definitions as well as eliminating the provision that death could not be a cause of graft
failure. In addition, we examined trends in the cumulative incidences of relisting and
transplantation using competing risks survival models with death considered a competing
risk.17 As the time “at risk” for relisting or transplantation prior to graft failure (eg, as
patients’ renal function declines to a level applicable for retransplantation such as an
estimated glomerular filtration rate <20 mL/min per 1.73 m2) was not available in the
database, these models were limited to patients who were not relisted or transplanted
preemptively and the inception time of the model was the data of graft failure. Thus, we
evaluated both the incidence of preemptively relisting or transplantation and the cumulative
incidence over time of relisting or transplantation following graft failure as applicable.

We used descriptive statistics to evaluate the proportion of patients with PRLT and
multivariable logistic models based on patient and donor characteristics. In addition to
patient demographic and clinical conditions available at the time of transplantation, we also
included time of graft survival, distance to the transplant center (based on centroid of
residential and transplant center zip codes), and distressed communities index based on
patients’ primary residence.1® The distressed community index incorporates multiple factors
associated with residential communities including poverty and vacancy rates, educational
attainment, employment, income, and changes in business establishments. The association of
these factors with health outcomes for residents of communities with these characteristics
has been demonstrated in numerous contexts including among transplant patients.19-21 We
categorized missing data as a level for applicable variables and included these levels in
statistical models. We also examined potential interactions based on a priori hypotheses
between age of candidates and other patient characteristics for the incidence of PRLT.

In order to assess continuity of care at concordant transplant centers and/or patient mobility,
we described the proportion of patients who were placed on the waiting list or transplanted
at the same center (based on de-identified transplant center code) among those who were
relisted or transplanted during the study period. We evaluated adjusted probabilities of PRLT
by transplant center as well as generated Standardized Incident Ratios (SIR) based on
multivariable logistic models and applicable confidence intervals based on observed and
expected incidence. We described the proportion of centers with statistically higher and
lower adjusted incident ratios of PRLT over the study period. The study was approved by the
Cleveland Clinic Institutional Review Board. All analyses were performed in SAS (v. 9.4.,
SAS Institute, Inc., Cary, NC).
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3| RESULTS

The study population was 39 557 patients with a failed primary transplant graft (not due to
death) between 2007 and 2018 following primary kidney transplantation. We excluded 2969
patients based on death within 90 days after graft loss. The overall incidence of PRLT was
15.3%, including 3.0% with a preemptive retransplant and 15.1% preemptively relisted
(some of whom were also retransplanted). Varying the 90-day threshold altered the
estimated proportion of PRLT from 14.6% (with no survival requirement) to 16.0% with
minimum 1-year survival following graft loss (Supplementary Table S1). Including patients
with graft loss due to death reduced the proportion of PRLT to 8.8%. Table 1 provides
clinical and demographic characteristics of the study population, the proportion of patients
with PRLT, and the adjusted odds ratios for likelihood of PRLT by patient characteristics.
The proportion of patients with PRLT was statistically significantly lower among older
patients, African American, Hispanic, and Other race/ethnicities and males. Lower PRLT
was also evident among patients who were obese, with a failed graft in more recent years,
publicly insured, diabetic, highly sensitized, longer pretransplant dialysis prior to initial
transplant, and initially received a deceased donor transplant. Recipients with the shortest
initial time to graft failure had the lowest incidence of PRLT, with corresponding higher
incidence among patients with longer graft survival. Finally, recipients who resided in more
distressed communities, had longer travel distance to the transplant center, and had lower
educational attainment had significantly reduced incidence of PRLT.

In addition to the first-order associations, we tested several interactions based on a priori
hypotheses. We examined these associations and displayed the risk-adjusted proportion of
PRLT in Figure 1A-D. Figure 1A indicates a statistically significant interaction (P=.04)
between age and gender such that females had higher rates of PRLT in younger years, but
this relatively higher proportion diminished with age. There was no statistically significant
association between recipients’ primary insurance type and age (P= .47, Figure 1B). Rather,
recipients with private insurance had higher adjusted PRLT across all age groups. Figure 1C
indicates no statistically significant interaction (2= .28) between era and recipient age,
suggesting that lower incidence of PRLT in more recent years was consistent across age
groups. There was also no statistically significant (P=.17) interaction between race/
ethnicity and age for the adjusted incidence of PRLT. Whites and Asians generally had
higher adjusted PRLT across all age groups.

Among patients who were relisted or transplanted after initial transplantation at any point
(57% of the original study population), 73% were placed on the waiting list or transplanted
at the same center as their primary transplant (Table 2). This proportion was significantly
higher (86%) among patients who were relisted preemptively for a repeat transplant as
compared to those relisted following graft loss (69%). The proportion of patients placed on
the waiting list or retransplanted at any time following primary transplantation varied
significantly by race/ethnicity, insurance, age, education, and distance to the center.
However, among preemptively listed patients, the proportion listed at concordant centers was
higher across all patient characteristics.
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Among patients who were not placed on the waiting list or transplanted preemptively, the
cumulative incidences of relisting or retransplantation and mortality over time are displayed
in Figure 2. As indicated, rates of relisting and mortality increased most rapidly following
initial graft failure. As displayed in Figure 3, both preemptive listing or transplantation and
the incidences over time following graft failure declined over the study period, including
significantly lower rates among patients with graft failure between 2015 and 2018 (P
<.001).

Figure 4 displays the distribution of the standardized incidence of PRLT among US
transplant centers with at least 40 patients over the study period. Among these transplant
centers (n = 200), the median center-level PRLT was 13.4% (10th percentile = 6.4% and
90th percentile 24.4%). There was a modest positive correlation (Pearson correlation = 0.28)
between the number of patients with failed grafts by center and the center-level incidence of
PRLT. Based on the SIR, 71 (34%) centers had a statistically higher than expected incidence
of PRLT, including 26 centers with SIR for PRLT >1.5. In contrast, 105 (53%) of centers
had a statistically lower than expected incidence of PRLT, including 23 centers with a SIR
<0.50 (50% lower incidence than expected).

4| DISCUSSION

The primary findings of the study indicated that ~15% of patients with a failing kidney
transplant undergo preemptive placement on a waiting list or are retransplanted in the United
States. The proportion of those relisted or transplanted preemptively are also highly variable
by patient demographic, clinical, and social factors. In addition, the proportion of patients
listed or transplanted preemptively varied significantly by patients’ initial transplant center.
Moreover, rates of preemptive and relisting following graft failure have declined over time.
Cumulatively, the study results suggest despite the fact that preemptive placement on the
waiting list and receiving a retransplant provides a marked benefit to patients, only a
minority are placed on the waiting list expeditiously. Based on these results, barriers to
timely access to repeat transplantation appear to be prominent, and interventions to improve
care delivery should be examined for this population.

The association of demographic characteristics with differential rates of access to primary
kidney transplantation has been well characterized among ESRD patients. In general, the
current study results confirmed that many of the associations that have been identified as
barriers to initial kidney transplantation persist for evaluating access to repeat
transplantation. Race and ethnicity were associated with preemptive listing for repeat
transplantation, as has been demonstrated in prior studies evaluating access to primary
transplantation.®:22:23 These results persisted with adjustment for demographic and clinical
factors as well as indicators for socioeconomic status and social factors based on insurance
type, educational attainment, and residential distress index. The degree to which these
differences are based on timely referral and identification of failing graft function and are
amenable to interventions targeting access to care among ESRD patients is important to
evaluate.%23-27 Similar to improving care for the general ESRD population, these factors
likely involve earlier recognition of the need for repeat transplant as well as care
coordination with community caregivers.28:29 Interestingly, the current findings indicated
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higher incidence of preemptive care among women with graft failure, which is contrary to
results demonstrating lower access to primary kidney transplantation among women.11.30:31
Results further highlighted that the increased PRLT rates were apparent in younger but not
older women. The explanation for these differences requires further study, including whether
rates of renal function decline during graft failure and causes of graft failure differ by
gender.

Public insurance and lower educational attainment were associated with lower rates of
preemptive care during graft failure across all age groups, which is consistent with studies
demonstrating lower rates of primary transplantation.24:31 These associations may be
explained by factors including health literacy, quantity and quality of care in the
posttransplant period, coordinating insurance coverage, as well as other social factors that
may be perceived as barriers to repeat candidacy.32:33 These results strongly imply that
factors beyond clinical factors have a strong association with timely preemptive care. The
impact of broader accountable care or universal care models for attenuating racial disparities
is not clear, but it is notable that inequities in income-level and racial/ethnic disparities
among kidney disease patients persist in countries with less fragmented organizational
structure.34-39 In addition, patients who listed preemptively or early after ESRD initiation
for primary transplantation had higher rates of PRLT, suggesting that factors such as seeking
care proactively, access to providers, and disinclination to dialysis persist for access to repeat
transplantation.

In addition to results depicting patient-level factors associated with differential rates of
access to retransplantation, findings also indicate variation associated with patients’ initial
transplant center. As compared to studies that depict regional and neighborhood-level
differences in access to primary transplantation, the current study illustrated significant
variation specifically associated with patients’ primary transplant center.4-43 This
pronounced variation by transplant center (almost 4-fold differences in adjusted preemptive
relisting rates between the 10th and 90th percentiles), which was adjusted for residential
distress level and distance to the center, suggests that processes of care, follow-up protocols,
and patient selection for retransplantation vary markedly between centers. Importantly,
Israni et al demonstrated that only 69% of patients visited their transplant center in
posttransplant months 25-36 and that the rate of ongoing care of recipients by transplant
centers was lower among certain minority groups.® Thus, the caregivers most responsible
for early referral for repeat transplant may vary widely by transplant center. However, given
the reduced rate of preemptive placement on the waiting list for repeat transplantation
(particularly among minorities, publicly insured, and less educated patients), it is likely that
facilitating more coordinated care with the initial transplant center during follow-up may
attenuate these disparities. This may include the degree to which centers continue to follow
patients’ posttransplantation in a rigorous manner as well as coordination between other
primary care providers and nephrologists. The study results also indicated that preemptive
listings were more common among patients listed at the same center as their original
transplant, furthering the suggestion that ongoing coordination with the center may improve
timely care. Interestingly, there was a positive correlation between transplant center size and
preemptive listing, suggesting that the “burden” of following a larger posttransplant
population does not systematically inhibit timely care. Perhaps this suggests that larger
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centers have relatively greater resources to manage their posttransplant populations on
average and to facilitate timely care. Further understanding of best care practices that
identify patients who have failing grafts and that facilitate preemptive care is important to
evaluate in future studies.

Several of the findings suggest that comorbid conditions and clinical factors may affect
differential rates of PRLT. Older age, obesity, and diabetes were associated with lower rates
of listing for repeat transplantation, consistent with findings associated with access to
primary transplantation.11:31.44 These results suggest there are a number of clinical factors,
including potential noncodified factors that may render patients nonviable for a repeat
transplant procedure.#>=8 Interestingly, results demonstrated a strong association between
longer graft survival and likelihood of PRLT. This association may be indicative of clinical
complications for those with short graft survival that reduce viability for a repeat procedure
as well as a complicated transplant experience that may dissuade patients’ desire for a repeat
transplant.® Because these data do not capture the cause of graft failure consistently, this
relationship may be partially explained by clinical contraindications due to the nature of the
failing graft.

The overall proportion of patients with PRLT in this study was 15% (13% in 2018). While
this proportion is modest, there may be a significant proportion of patients who were not
viable or interested in a repeat procedure. However, it is notable that more than half (57%)
of patients who experienced graft failure and survived were eventually relisted over the
study period. Therefore, as a conservative estimate, only ~26% of patients who were
eventually re-evaluated and considered candidates for repeat transplantation were listed
preemptively. This suggests that the processes to consider reevaluation for transplant do not
commonly occur in a timely manner concurrent with graft failure. Rates of relisting or
transplantation following graft failure were also markedly reduced with increasing age at the
time of graft failure. It is also notable that beyond preemptive listing, the incidence of repeat
listing across all follow-up periods were reduced over the study period. Whether these
findings are suggestive of overall reduced acceptance of candidates following graft failure,
more complex sources of graft failure that do not result in clinical acceptability or other
systematic factors such as regulatory oversight and risk aversion for more complex patients
is not clear from the current findings but also warrants further study.5%-53 The reduced rates
may also be a product of KAS in more recent years, because timely listing is less beneficial
following dialysis initiation given the algorithm for prioritization based on dialysis starting
time rather than time of placement on the waiting list.

There are several limitations of the study that should be considered for appropriate
inferences of the current findings. Based on the observational study design, associations
cannot be considered causal and there may be confounding factors not codified that may
explain certain associations. Causes of graft loss are not well captured in these data, and
although the data are informative to explain certain associations, they may need to be
evaluated with other data sources. Data regarding referral patterns and evaluations for
candidacy are also not available with the data source for this study and as such,
ascertainment of steps to placement on the waiting list for repeat transplantation and patients
considered inappropriate for a repeat procedure were not evaluated. Finally, the timing of
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viability for a repeat transplant based on renal function level was not available in the data
used for the analysis to specify the rate of preemptive waitlist placement relative to the
timing of eligibility for waitlist prioritization.

Cumulatively, the study results depict relatively modest rates of timely preemptive listing for
repeat transplantation prior to graft failure following kidney transplantation. Rates of listing
were highly variable by patient demographic and clinical characteristics as well as indicators
of social risk factors. There was wide variation in preemptive relisting rates by transplant
center, suggesting potential important processes of care that may affect access to repeat
transplantation. These findings may inform prospective research studies and interventions
and improve access to care and clinical outcomes for patients experiencing graft failure.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

ESRD end-stage renal disease

KAS Kidney Allocation Policy

OPTN Organ Procurement and Transplantation Network

PRLT preemptive relisting or transplantation

SIR Standardized Incident Ratios

SRTR Scientific Registry of Transplant Recipients
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A-D, Adjusted probabilities of relisting or retransplant by interaction of recipient age and
transplant and patient characteristics. A, Recipient gender by age: model adjusted for patient
age, race/ethnicity, gender, body mass index, year of graft failure, primary insurance type,
primary diagnosis, peak panel reactive antibody prior to transplant, dialysis time prior to
initial transplant, donor type of initial transplant, time to graft failure from primary
transplant, residential distress index, distance to transplant center, and educational
attainment. B, Recipient primary insurance by age: model adjusted for patient age, race/
ethnicity, gender, body mass index, year of graft failure, primary insurance type, primary
diagnosis, peak panel reactive antibody prior to transplant, dialysis time prior to initial
transplant, donor type of initial transplant, time to graft failure from primary transplant,
residential distress index, distance to transplant center, and educational attainment. C,
Recipient era of transplant by age: model adjusted for patient age, race/ethnicity, gender,
body mass index, year of graft failure, primary insurance type, primary diagnosis, peak
panel reactive antibody prior to transplant, dialysis time prior to initial transplant, donor type
of initial transplant, time to graft failure from primary transplant, residential distress index,
distance to transplant center, and educational attainment. D, Recipient race/ethnicity by age:
model adjusted for patient age, race/ethnicity, gender, body mass index, year of graft failure,
primary insurance type, primary diagnosis, peak panel reactive antibody prior to transplant,
dialysis time prior to initial transplant, donor type of initial transplant, time to graft failure
from primary transplant, residential distress index, distance to transplant center and
educational attainment. Tx, transplant

Am J Transplant. Author manuscript; available in PMC 2020 May 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Schold et al.

Cumulative Incidence Function (%)

Page 13

0.45 Re-Listed for Transplantation

Mortality

0.30

0.20

015
Preemptive (prior to graft failure)

Placement on the Waiting List or
Transplantation = 15.3%

0 6 12 18 24 30 36 42 48 54 60 66 72
Months following Graft Failure from Initial Kidney Transplantation

FIGURE 2.
Cumulative incidence of waitlist placement and mortality following graft failure (preemptive

placements and deaths prior to graft failure are not included in cumulative incidence models;
cumulative incidence function based on Fine and Gray competing risk models)
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graft failure from primary transplant by era (preemptive placements and deaths prior to graft
failure are not included in cumulative incidence models; cumulative incidence function is
based on Fine and Gray competing risk models)
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