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Abstract

Kidney transplant program performance in the United States is commonly measured by 

posttransplant outcomes. Inclusion of pretransplant measures could provide a more comprehensive 

assessment of transplant program performance and necessary information for patient decision-

making. In this study, we propose a new metric, the waitlisting rate, defined as the ratio of patients 

who are waitlisted in a center relative to the person-years referred for evaluation to a program. 

Furthermore, we standardize the waitlisting rate relative to the state average in Georgia, North 

Carolina, and South Carolina. The new metric was used as a proof-of-concept to assess transplant-

program access compared to the existing transplant rate metric. The study cohorts were defined by 

linking 2017 United States Renal Data System (USRDS) data with transplant-program referral 

data from the Southeastern United States between January 1, 2012 and December 31, 2016. 

Waitlisting rate varied across the 9 Southeastern transplant programs, ranging from 10 to 22 events 

per 100 patient-years, whereas the program-specific waitlisting rate ratio ranged between 0.76 and 

1.33. Program-specific waitlisting rate ratio was uncorrelated with the transplant rate ratio (r = 

−.15, 95% CI, −0.83 to 0.57). Findings warrant collection of national data on early transplant 

steps, such as referral, for a more comprehensive assessment of transplant program performance 

and pretransplant access.
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1 | INTRODUCTION

Transplant program quality metrics have focused historically on outcomes following 

transplantation, including the risk-adjusted 1-year graft and patient survival quality metrics 

used to compare their performance.1 However, due to a number of unintended consequences 

associated with a focus on these posttransplant outcomes, there has been a call by the 

transplant community to reform these metrics to improve transplant access.2 Although the 

Scientific Registry of Transplant Recipients (SRTR) program-specific reports have 

previously included metrics for transplant rate and waitlist mortality, these metrics were not 

featured previously on the SRTR patient-facing website until 2019.3,4 Prior data suggest that 

patients would preferentially use pretransplant measures over posttransplant outcomes when 

trying to identify a preferred transplant center,5 that patients favor multiple measures when 

assessing where they want to undergo transplantations,6 and that when told that transplant 

rate has the largest influence on survival, patients prefer centers with better transplant rates.7 

These patient preferences are consistent with findings that a major determinant of patient 

outcomes for a waitlisted patient is whether they get a transplant.8

Currently, the transplant rate metric, calculated and reported by SRTR, is publicly available 

for patients to use to compare transplant centers, and was recently emphasized on the SRTR 

website as having the most impact on survival after listing.4,9 However, because the 

program-specific transplant rate metric only reflects patient access to transplant for 

waitlisted patients, it is dependent on center listing practices and may not adequately 

represent access for all patients referred to the center. This is particularly important in the 

current era for kidney transplant candidates, where allocation time starts on the end-stage 

renal disease (ESRD) certification date on the CMS 2728 form rather than at the time of 

addition to the waitlist, and when waitlisting rates have declined in recent years.10 For 

example, transplant centers could choose to not waitlist patients who are unlikely to get 

transplanted quickly, thereby decreasing the denominator and inflating the unadjusted 

transplant rate. In addition, given the current geographic variations in organ supply11,12 and 

ongoing adjustments to kidney allocation, understanding and reporting access at the level of 

the base patient populations in the centers is critical to ensuring equity and justice in organ 

allocation.

There are more than 600 000 patients with ESRD in the United States and less than one fifth 

of these individuals are on the active wait-list.10 The rate of attrition of patients at the 

various steps to transplant prior to waitlisting is currently unknown, with no national data 

available at the present time. Prior research has shown that, for ESRD patients, variation in 

multiple early transplant steps, including waitlisting, is often a culmination of multilevel 

factors such as a patient’s age, race, sex, comorbidities, geographical location, insurance 

status, and profit status of the dialysis provider, and that these barriers may differ depending 
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on the transplant step.13,14 For example, barriers to referral from a dialysis facility to a 

transplant center may be different from barriers to waitlisting after referral.15,16 Lack of 

specific nationally standardized transplant eligibility criteria and regulations focused on 

posttransplant outcomes have resulted in increased transplant program patient selection and 

variability in waitlisting practices across center.17,18 All patients who want a kidney 

transplant, including those who get a living donor transplant, have to first be placed on the 

kidney transplant waitlist. Thus a waitlisting metric would be able to capture the need for 

both living and deceased donor organs for a particular center, and would be less dependent 

on organ availability for a particular region. However, there are no metrics available that 

examine waitlisting rates across transplant programs. Although the Centers for Medicare & 

Medicaid Services (CMS) introduced a new waitlisting quality measure for dialysis 

facilities, there is no similar metric for transplant programs.19 Here, we develop a new 

measure for a waitlisting rate—using a denominator of patients referred for transplant—as 

proof-of-concept for a potential new transplant center metric. We compare and contrast the 

performance of this new waitlisting metric with the existing SRTR transplant metric at all 9 

transplant programs in Georgia, North Carolina, and South Carolina, the only states for 

which referral data are systematically collected at present.

2 | METHODS

The study cohort for the existing kidney transplant rate metric was identified from the 2017 

United States Renal Data System (USRDS) database and included incident ESRD patients in 

1 of the 9 adult transplant programs in GA, NC, and SC between January 1, 2012 and 

December 31, 2015. This study compares 2 metrics: our newly proposed waitlisting metric 

and the existing kidney transplant rate metric currently used in SRTR program-specific 

reports. We used an incident, rather than prevalent, cohort of patients because referral data 

were not available prior to 2012.

For the proposed waitlisting rate metric, the cohort consisted of patients referred for 

evaluation from a dialysis facility to 1 of the 9 transplant programs in the GA, NC, and SC, 

between January 1, 2012 and December 31, 2015, followed through December 31, 2016 to 

ensure at least 1 year of follow-up for outcomes. Referral was defined as the date at which 

the transplant program received a transplant referral form from a dialysis facility or referring 

provider. The referral data were collected from transplant referral forms and electronic 

medical records in the transplant programs and linked to the USRDS data as described 

previously.16,20 Patients <18 or >80 years of age and those waitlisted, transplanted, or died 

before referral were excluded (Figure 1). The waitlisting rate metric was calculated as the 

number of patients who were waitlisted at the transplant program (numerator) divided by the 

total number of person-years after referral to that program (denominator).

The transplant rate metric was calculated among waitlisted patients. Waitlisting was defined 

as the date a patient was placed on the national deceased donor waiting list at a transplant 

program. The cohort was followed from January 1, 2012 through December 31, 2016 to 

ensure a minimum of 1-year follow-up to observe the event of interest (transplantation). 

Patients <18 or >80 years of age and those who were transplanted or who died before 

waitlisting were excluded (Figure 2). As defined in the SRTR program-specific reports, the 
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kidney transplant rate was calculated as the ratio of the number of patients who underwent 

deceased donor kidney transplantation (numerator) to the total number of person-years on 

the waiting list at that program (denominator).21

To adjust for patient-level variation among the 9 transplant programs, we computed an 

adjusted waitlisting rate ratio and adjusted transplant rate ratio metric relative to the 

performance in the southeastern region. First, for the waitlisting rate ratio, we fitted an 

exponential survival model for the cause-specific hazard of waitlisting to adjust for risk 

factors of age, race, sex, BMI, insurance status, and other comorbidities at ESRD start (eg, 

congestive heart failure, atherosclerotic heart disease, cardiovascular disease, peripheral 

vascular disease, chronic obstructive pulmonary disease, hypertension, diabetes, tobacco use, 

and cancer). In the next step, we used a Bayesian method to obtain the conditional posterior 

distribution of the hazard ratio (HR|O), where O is the observed number of waitlisting events 

among those referred.22 Assuming O|HR follows a Poisson distribution and that the HR has 

a prior distribution Gamma (2, 2), it can be shown that the posterior distribution of the HR is 

a gamma (shape = O+2, rate = E+2). The program-specific waitlisting rate ratio was 

estimated by the posterior mean, (O+2)/(E+2), and the 95% credible intervals were obtained 

by computing the 2.5 and 97.5 percentile of the corresponding gamma distribution. In 

addition, we adjusted for patient blood type and used a similar 2-stage method to obtain the 

program-specific transplant rate ratios.22

Summary statistics, bivariate correlations, and scatter plots were used to describe and 

compare the transplant programs based on the program-specific waitlist and transplant rate 

ratios, respectively. To account for the small sample size at the transplant program level (N = 

9), 95% bootstrap confidence intervals were constructed for correlation coefficients. All 

analyses were performed in IBM SPSS (version 26) and SAS 9.4.

3 | RESULTS

The denominator of the waitlisting rate metric consisted of 24 325 patients who were 

referred for transplantation to 1 of the 9 transplant programs in GA, NC, and SC between 

January 1, 2012 and December 31, 2015 (Figure 1). Table 1 shows the characteristics of 

transplanted patients relative to the waitlisted patient population. Of those referred for 

evaluation, 7538 (31%) were added to the waiting list by December 31, 2016. The waitlisted 

patients were 50.3 years (SD 13.2) at ESRD incidence; 60% were male, 58% were non-

Hispanic Black, and 23%, 14%, and 36% had Medicare, Medicaid, and private insurance, 

respectively. Similar to the previous cohort, the waitlisted patients reported hypertension 

(88%), diabetes (43%), cerebrovascular disease (17%), and congestive heart failure (11%) at 

incidence (Table 1).

The denominator for the at-risk cohort for the transplant rate metric included 7174 patients 

waitlisted in 1 of the 9 transplant centers in GA, NC, and SC between January 1, 2012 and 

December 31 2015 (Figure 2). Of those, 1320 (18.4%) received a deceased donor transplant 

by December 31, 2016. The average age of the transplanted cohort at ESRD start was 49.9 

(SD 13.5) years; 58% were male, 54% non-Hispanic Black, 15% had Medicaid, 22% 

Medicare, and 35% had private insurance. The patients reported comorbidities at baseline 
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including hypertension (87%), diabetes (38%), cerebrovascular disease (15%), and 

congestive heart failure (10%) (Table 1).

The average waitlisting rate was 15.7 (median, 15.8; range, 9.5–21.6) events per 100 patient-

years, and the program-specific waitlisting rate ratio metric had an SD of 0.24 (range, 0.76–

1.33) (Table 2). In contrast, the average transplant rate (unadjusted) among waitlisted 

patients was 10.9 (median, 11.8; range, 3.9–19.6) events per 100 patient-years, and the risk-

adjusted program-specific transplant rate ratio had a SD of 0.65 (range, 0.44–2.20) (Table 3).

Overall, the transplant rate metrics varied substantially compared to the waitlist rate metrics 

among the 9 Southeastern transplant programs (5-fold vs 2-fold changes in mean). When 

comparing the performance of transplant programs with respect to the 2 risk-adjusted 

metrics, 3 programs (33%) indicated agreement, whereas 33% (3 programs) had higher 

waitlisting but lower transplant rate ratios and 33% had lower waitlisting but higher 

transplant rate ratios (Figure 3). In addition, neither the absolute transplant and waitlisting 

rates (r = −.14, 95% confidence interval [CI], −0.82 to 0.61) nor the risk-adjusted waitlisting 

and transplant rate ratio metrics were correlated (r = −.15, 95% CI, −0.83 to 0.57), at the 

transplant program level (Figure 4).

4 | DISCUSSION

In this population-based study of ESRD patients in 3 states in the Southeast, we found a 

more than 2-fold change in waitlisting rates across 9 transplant programs. Furthermore, we 

report that centers that have high transplant rates do not necessarily have high waitlisting 

rates, and vice versa. In fact, programs 1, 2, and 3 with high transplant rate ratios performed 

poorly in terms of the waitlist rate ratio metric. This pattern suggests that the transplant rate 

metric currently utilized by SRTR may not be representative of patient access for all patients 

seeking to pick a transplant center based on current transplant rate metrics, at least in this 

particular region of the country. Furthermore, the lack of correlation suggests minimal 

overlap between the 2 metrics and that utilizing a waitlisting rate metric in addition to a 

transplant rate metric may be appropriate for evaluating access to transplantation for 

patients, patients’ family members, and their referring nephrologist or providers.

Declines in transplant rates and increases in waitlist removals over the last 15 years suggest 

that transplant centers could influence their transplant rate by changing waitlisting practices.
17 This, however, would come at the cost of limiting access to care for patients who could 

benefit, especially those who are poor, older, or with certain comorbid conditions that would 

not otherwise be considered a contraindication for transplantation,23–25 as centers fear being 

flagged for poor performance by regulatory agencies and insurers. More recent analysis 

identifying dramatic secular trends in the survival of patients on the waitlist and the 

increasing rate at which patients are being removed from the waitlist point toward increasing 

selectivity on the part of transplant centers of patients that they are willing to waitlist. Of 

note, these trends appear to predate the elimination of the 1-year outcome provisions in the 

CMS conditions of participation for transplant centers. Although our descriptive analyses 

examined only 9 centers in 1 region, we did not see specific evidence that the transplant 

programs in this region were achieving improved transplant rates by being more selective 
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and using stringent clinical criteria for waitlisting, given the lack of correlation between the 

waitlisting and transplant rate metrics. National data on waitlisting among referred patients 

are needed to determine the extent to which waitlisting and transplant rate metrics may be 

correlated.

Numerous calls to reform the transplant metrics system to include a more holistic evaluation 

of transplant center practices and to incentivize improving transplant rates have been made.
2,26,27 The potential to reform kidney transplant metrics to improve kidney transplant access 

is even more complex, given regulatory oversight over both dialysis facilities and transplant 

programs and the conflicting nature of current quality measures.28 For example, the new 

Prospective Payment System Final Rule for ESRD introduced a new quality measure for 

dialysis facilities on the proportion of prevalent dialysis patients waitlisted that will go into 

effect in 2022. However, at the same time, waitlisting is declining nationwide after the 

implementation of the new kidney allocation system in 2014.29 Regulatory oversight 

policies and incentives aimed at improving access to kidney transplantation—such as new 

alternative payment models proposed in the Advancing American Kidney Health executive 

order—need to be coordinated at the federal level to ensure that incentives are well aligned 

across the continuum of care for patients with advanced chronic kidney disease and ESRD.

There are several limitations to our study that should be noted. First, this is a small sample 

size of only 9 transplant programs, which limits our ability to conduct rigorous statistical 

testing and generalize findings. However, these centers do have a large catchment area, and 

we intend the presentation of this new metric as a proof-of-concept to be further validated 

when there are more data available on referral rates to programs nationally. Second, to 

ensure anonymity of participating transplant centers, it is not possible to examine more 

transplant center–level factors or more specific regional factors. Third, due to the small 

sample size, we were unable to explore other important factors that may influence transplant 

rates such as organ supply, competitiveness within a donor service area region, and center- 

or provider-level factors that could influence the variability in transplant rates. Fourth, 

transplant programs in the Southeastern United States may not be representative of 

transplant centers across the nation. The Southeast has a higher prevalence of obesity, 

hypertension, and diabetes compared to the national average, and a higher proportion of 

non-Hispanic Black ESRD patients. The causes of variation in access to transplantation vary 

across geographic region. However, there is substantial evidence of geographic differences 

in waitlisting access when using all ESRD patients as a denominator,30 and variation in 

referral for transplant,13,31 which suggests it is likely that there may also be variation in 

waitlisting among a population referred for kidney transplantation.

The goal of the SRTR quality measures is to provide data on transplant center quality to 

patients and the general public. Waitlisting is a necessary step to receiving a transplant, but 

no information about transplant program waitlisting practices is currently available for 

patients. This study provides preliminary data in 1 region for a potential measure that could 

be used to help patients decide where to pursue transplantation, and could help transplant 

programs conduct quality improvement projects focused on increasing outreach and access 

among their referred patient populations. However, caution is warranted in using a measure 

Paul et al. Page 6

Am J Transplant. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



such as this for regulatory purposes, as there are likely unintended consequences to 

transplant centers and/or patients in using this metric.

5 | CONCLUSION

Findings from our study re-emphasize the need for collecting national level surveillance data 

at the early steps of transplantation (eg, referral to a transplant program) and warrants 

application across broader geographical regions for scientific rigor and generalizability. 

Transplant centers already collect referral data for all organs, and infrastructure to submit 

these data are already in place with UNOS. National policies should be amended to require 

the collection of these data from centers, and in the absence of this call, centers should 

consider voluntarily submitting data to the existing Transplant Access Registry maintained 

by the Southeastern Kidney Transplant Coalition.16 Patient-centered quality measures 

focusing on transplant access, in addition to outcomes, need to be considered to generate a 

comprehensive picture of quality of care in kidney transplantation.
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FIGURE 1. 
Waitlist rate denominator: all referred patients in GA, NC, and SC over study years 2012–

2015
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FIGURE 2. 
Transplant rate denominator: all waitlisted patients in GA, NC, and SC over study years 

2012–2015
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FIGURE 3. 
Program-specific ratios of observed to expected transplant and waitlisting rates in GA, NC, 

and SC, study years 2012–2015; transplant programs are arranged in ascending order of the 

waitlisting ratio metric. Expected rates adjusted for patient age, sex, race, insurance status, 

and comorbidities at ESRD start. The solid black line denotes perfect agreement between the 

observed and expected waitlist and transplant rates at the program, respectively [Color figure 

can be viewed at wileyonlinelibrary.com]
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FIGURE 4. 
Association between transplant rate and waitlisting rate ratios at transplant programs in GA, 

NC, and SC, study years 2012–2016. Expected rates adjusted for patient age, sex, race, 

insurance status, and comorbidities at ESRD start. The dotted black lines denote agreement 

of observed and expected rates for waitlisting (vertical) and transplantation (horizontal), 

respectively [Color figure can be viewed at wileyonlinelibrary.com]
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