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Key Points

� Preemptive kidney transplant (PKT) is associated with improved survival versus transplant after a period of
dialysis.

� There are inequities in access to repeat PKT.
� Those with lower education or socioeconomic status, those of Black or Hispanic race, and men are less likely

to receive repeat PKT.

Abstract
Background The need for repeat transplant due to failing kidney allografts is increasing over time. The benefit of
preemptive kidney retransplant (PKre-T) is controversial. Marginalized populations are less likely to undergo
their first transplant preemptively; however, whether inequities exist for those undergoing PKre-T is unknown.

Methods We performed a cohort study of adult patients undergoing live and deceased kidney transplant in the
United States from 2000 to 2018 identified using the Scientific Registry of Transplant Recipients, and we identified
patients with first preemptive kidney transplant (PKT) and PKre-T. In the primary analysis, a multivariable
logistic regression was used to identify independent predictors of PKre-T. In secondary analyses, multivariable
Cox models were used to determine the association of PKre-T with death-censored and all-cause graft loss.

Results In total, 4910 (15.5%) patients underwent PKre-T, and 43,293 (19.1%) underwent first PKT. Inequities in
access to PKre-T persisted (OR, 0.49; 95% CI, 0.44 to 0.55 for unemployed versus full time; OR, 1.61; 95% CI, 1.14
to 2.25 for graduate school versus not completing high school; OR, 0.61; 95% CI, 0.52 to 0.70 for Black versus
White race); 7.1% of all transplanted Black patients received PKre-T versus 17.4% of White patients. Women were
more likely to undergo PKre-T than men (OR, 1.42; 95% CI, 1.29 to 1.57). PKre-T was associated with superior
graft survival relative to retransplant after a period of dialysis (HR, 0.73; 95% CI, 0.67 to 0.80 for all-cause graft
failure; HR, 0.72; 95% CI, 0.65 to 0.81 for death-censored graft loss).

Conclusions Despite improved patient and graft survival, inequities in access to PKre-T persist. Patients with
lower education, patients with reduced employment status, patients of Black race, and men are less likely to
receive PKre-T.
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Introduction
Preemptive kidney transplant (PKT) has been shown
to result in superior patient and graft survival, less
rejection, better quality of life, and lower societal
costs compared with undergoing transplant after
dialysis initiation (1–3). As such, a focus on PKT as a
first-line strategy for management of end-stage kidney
disease (ESKD) is promoted by most renal consensus
guidelines, including those of Kidney Disease Improv-
ing Global Outcomes (4), the Canadian Society of
Transplantation (5), and the British Transplant Society
(BTS) (6).

In spite of significant improvements in graft sur-
vival, increasing proportions of patients are undergo-
ing second or third kidney transplants, with previous
graft failure now the fourth leading indication for
transplant (7). Access to second kidney transplant is
more restricted than first kidney transplant due in
part to increased recipient sensitization to HLA pro-
teins and higher comorbidity burden in candidates for
retransplantation versus those who are transplant
naïve. Interestingly, whether preemptive kidney
retransplant (PKre-T) is associated with improved
patient and/or graft outcomes is controversial (8,9).
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Nonetheless, most studies have shown that PKre-T is also
associated with improved outcomes compared with trans-
plantation after a return to dialysis (8,10). Thus, despite the
mixed signals, the BTS guidelines for management of a fail-
ing kidney transplant recommend PKre-T for patients with
a first failed graft that lasted longer than 1 year (11).
Consistently, marginalized populations, including those

with lower education, with lower socioeconomic status,
and of non-White race, have been disadvantaged in terms
of referral for transplant and if referred, less frequently
undergo PKT (1). This has been proposed to reflect, in part,
inequities in access to specialized CKD care (1). It has been
shown that early access to specialized CKD care and
patient education is associated with a significantly higher
rate of first PKT (12–15), with patients three times as likely
to be preemptively transplanted if kidney transplant is dis-
cussed .12 months prior to dialysis start (15).
Many kidney transplant recipients are followed in spe-

cialized clinics by health care providers with expertise in
CKD and transplant care, and all repeat transplant recipi-
ents will by definition have had prior exposure to kidney
transplant. Therefore, it is reasonable to surmise that these
patients may receive superior CKD care and more prompt
referral for repeat transplantation compared with the gen-
eral incident ESKD population (16). Thus, access to PKre-T
may be more equitable than has been shown for first PKT.
Therefore, in this study, we examine if racial and socio-

economic disparities in access to PKre-T persist and how
these compare with the disparities noted for access to first
PKT in patients with incident ESKD.

Materials and Methods
This study used data from the Scientific Registry of

Transplant Recipients (SRTR). The SRTR data system
includes data on all donors, waitlisted candidates, and
transplant recipients in the United States submitted by the
members of the Organ Procurement and Transplantation
Network (OPTN). The Health Resources and Services
Administration, US Department of Health and Human
Services provides oversight to the activities of OPTN and
SRTR contractors.
The study population included patients receiving a first

or repeat (at least one prior failed transplant) solitary kid-
ney transplant in the United States between January 1, 2000
and December 31, 2017. We excluded patients younger
than 18 years of age at the time of either transplant and
those receiving multiple organs.

Outcome
The outcome of interest was PKre-T, defined as repeat

transplantation (including second and third transplants)
without a period of maintenance dialysis after the preced-
ing kidney transplant had failed. As a comparator, we
examined predictors of first PKT.

Covariates
Recipient factors were collected from SRTR, including

age, race, sex, body mass index, education achieved,
employment status, ESKD cause, medical comorbidities
(coronary artery disease [defined as angina or documented

coronary disease], hypertension, peripheral vascular dis-
ease, or diabetes), donor type (live versus deceased), panel
reactive antibody (PRA) status, and ABO blood group.
Dialysis vintage (time from initiation of maintenance dialy-
sis to transplant; vintage 50 if PKT) was determined, and
patients were identified as undergoing either PKT or non-
PKT (a first transplant after a period of dialysis) or either
PKre-T or non–PKre-T (a repeat transplant after a period of
dialysis following the preceding graft's failure).

Analyses
Descriptive statistics were used to report baseline charac-

teristics stratified by first or repeat PKT.

Primary Analysis
The adjusted odds ratio (OR) for PKre-T (versus receiv-

ing a repeat transplant nonpreemptively [non–PKre-T])
was determined using multivariable logistic regression
examining the covariates listed above. For a comparison,
the adjusted odds of first PKT were also examined in those
without a prior transplant, relative to non-PKT.

Sensitivity Analyses
Using multivariable logistic regression in those undergo-

ing repeat transplant, we determined the adjusted odds of
(1) prior PKT and (2) first graft survival time with PKre-T.
We also determined if the type of health care provider

follow-up (transplant center physician, nontransplant cen-
ter specialty physician, primary care physician, or other) at
the time of first graft failure was associated with the pro-
portion of patients receiving a subsequent PKre-T, with sig-
nificant differences explored using chi-squared tests.
Given the possibility that those patients with and with-

out a live kidney donor may represent systemically differ-
ent populations, we repeated our primary analysis
separately in those undergoing live and deceased donor
repeat transplants.
In patients undergoing PKT and PKre-T, we determined

the eGFR using the Modification of Diet in Renal Disease
(MDRD) equation (adjusting for sex and race) on the basis
of the most recent recipient creatinine prior to transplant.
MDRD has been previously validated and is accurate in
kidney transplant recipients (17). Significant differences
were determined using the Wilcoxon rank sum test (for
race; eGFR between (1) Black and White race, (2) other and
White race, and (3) Hispanic and White race were com-
pared separately).

Secondary Analyses
In a secondary analysis, we examined the hazard ratio

(HR) for death-censored graft failure and all-cause graft
failure associated with PKre-T (versus non–PKre-T), adjust-
ing for the above listed covariates and HLA mismatch. For
comparison, we repeated the above analysis in those
undergoing first kidney transplant. Data for all-cause graft
failure were displayed graphically using Kaplan–Meier sur-
vival curves for first and repeat PKTs versus non-PKT and
non–PKre-T, respectively. Proportionality of hazards was
confirmed visually, and significant differences were deter-
mined using the log-rank test.
The clinical and research activities being reported are

consistent with the Principles of the Declaration of Istanbul
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as outlined in the Declaration of Istanbul on Organ Traf-
ficking and Transplant Tourism. All statistical analyses
were performed using Stata version 14.2 (Stata Corp., Col-
lege Station, TX). Institutional ethics approval to conduct
this study was provided by the Nova Scotia Health
Authority Research Ethics Board.

Results
Over the study period, a total of 31,610 patients under-

went repeat kidney transplant (at least one prior failed
graft), of whom 4910 (15.5%) were transplanted preemp-
tively (PKre-T) without a period of maintenance dialysis.
This is compared with 226,693 patients who underwent
first kidney transplant over the same period, 43,293 (19.1%)
of whom were transplanted preemptively (PKT). Baseline
characteristics for those undergoing first and repeat PKTs
are shown in Table 1; 61.1% and 53.1% of first and repeat
PKTs, respectively, were from live kidney donors.

Primary Analysis
Education and Income Status
Patient characteristics associated with receiving a PKre-T

(and PKT) are shown in Table 2. For PKre-T, employment
status was significantly associated with receipt of a PKre-T
(OR, 0.49; 95% confidence interval [95% CI], 0.44 to 0.55 for
unemployed versus full time). Likewise, a higher formal
education was associated with greater odds of undergoing
PKre-T (OR, 1.60; 95% CI, 1.14 to 2.25 for graduate school
versus those not completing high school). The same trend
existed for first PKT (OR, 0.37; 95% CI, 0.36 to 0.39 for
unemployed and OR, 2.65; 95% CI, 2.38 to 2.95 for graduate
school).

Race and Ethnicity
Inequities in access to PKre-T were observed for different

races. Specifically, Black patients (OR, 0.61; 95% CI, 0.52 to
0.70) and Hispanic patients (OR, 0.63; 95% CI, 0.52 to 0.75)
had lower likelihoods of PKre-T compared with White
patients. Of those who underwent first and repeat trans-
plants, only 7.4% and 7.1% of Black patients, respectively,
and 9.5% and 8.2% of Hispanic patients, respectively,
received their transplants preemptively compared with
27.9% and 17.4% of White patients, respectively
(Supplemental Figure 1).

Other Predictive Factors
Women were associated with higher odds of PKre-T

(and PKT), as was having a live donor. Those with comor-
bidities were less likely to receive a first PKT, but only cor-
onary artery disease was associated with a reduced odds of
PKre-T. A high PRA was associated with a lower likelihood
of PKre-T (OR, 0.29; 95% CI, 0.25 to 0.34 for PRA .80%
versus ,20%), but there was no association between PRA
and first PKT.

Sensitivity Analysis
Prior Transplant Management
A prior PKT was associated with a higher odds of subse-

quent PKre-T in adjusted analyses (OR, 2.01; 95% CI, 1.73
to 2.35). Overall, 33.1% of patients with a prior PKT were
retransplanted preemptively compared with 14.8% of

patients without a prior PKT (P,0.001). Additionally, lon-
ger survival time for the preceding kidney graft was also
significantly associated with a higher likelihood of PKre-T
(OR, 1.04; 95% CI, 1.03 to 1.05 for each year of graft sur-
vival). In those with data, there was a significantly higher
incidence of PKre-T in those followed at a transplant center
when their earlier graft failed (11.5%) compared with those
followed by nontransplant center specialty physicians
(7.6%) or primary care physicians (5.9%; P,0.001)
(Supplemental Table 1).

Donor Type (Live versus Deceased)
In both live and deceased donor transplants, men, unem-

ployment, and Black and Hispanic race were associated
with lower odds of PKre-T (and PKT) compared with
transplant after a period of maintenance dialysis (Table 3).

Age and Sex at Transplant
The median age of all patients undergoing repeat trans-

plant was younger than for first transplant, irrespective of
whether or not the transplant was preemptive (Supplemental
Table 2).

Fewer women than men underwent first and repeat
transplants; however, women had relatively higher rates of
PKre-T and PKT versus men (Supplemental Figure 1).

GFR at Transplant
The median eGFR at the time of transplant was signifi-

cantly higher at the time of repeat versus first PKT (15.1
versus 13.9 ml/min per 1.73 m2; P,0.001) (Supplemental
Table 3). Women underwent first and repeat PKTs at signif-
icantly lower eGFR than did men, and White patients had
a significantly lower eGFR than Black and Hispanic
patients at the time of first PKT (Supplemental Table 3).

Secondary Analyses: Outcomes with PKre-T and PKT
PKre-T remained associated with an adjusted graft sur-

vival benefit relative to undergoing non–PKre-T (HR, 0.73;
95% CI, 0.67 to 0.80 for all-cause graft failure; HR, 0.72; 95%
CI, 0.65 to 0.81 for death-censored graft loss) (Supplemental
Table 4). Likewise, first PKT was associated with better all-
cause graft survival (HR, 0.66; 95% CI, 0.64 to 0.68) and
death-censored graft failure (HR, 0.67; 95% CI, 0.64 to 0.70).
Kaplan–Meier survival curves for all-cause graft failure are
demonstrated in Figure 1A (PKre-T versus non–PKre-T)
and Figure 1B (PKT versus non PKT).

Discussion
In this study, we show that disparities in access to PKre-

T persist. Despite the established benefits with first PKT,
significant disparities in access to transplant exist for first-
time transplant recipients, with marginalized populations
having significantly lower transplant referral rates and
once referred, lower PKT rates (1,18). Historically, Black
patients have been shown to be waitlisted for transplant
prior to dialysis start nearly 50% less frequently than White
patients (15). This finding persists even after adjustments
for age, sex, education, and socioeconomic status. Although
the reason for these discrepancies in access is likely multi-
fold, at least some of the disparity in PKT is felt to relate to
differences in access to pretransplant CKD care.
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Therefore, it is perhaps surprising that a significant dis-
parity in access to PKre-T persists in those undergoing
repeat transplant. Although race-based inequities in access
to post-transplant care may endure, they would be
expected to be somewhat minimized in that most patients
with a kidney transplant will have at least some knowledge
of the process and exposure to a specialist in the field. It is,
therefore, discouraging that despite patient and health care

provider knowledge about kidney transplant as an option
for ESKD management, patients are still not undergoing
PKre-T in an equitable manner. Inequities in access to
PKre-T are pervasive, with those with lower education and
lower employment status, men, those of non-White race,
and younger individuals continuing to have lower rates of
repeat PKT. Of those patients who eventually underwent
repeat transplant, Black patients were 39% less likely and

Table 1. Baseline characteristics for first and repeat preemptive kidney transplant recipients

Patient Characteristics

First Transplant Repeat Transplant

Preemptive,
N543,293 (19.1%) All, N5226,693

Preemptive,
N54910 (15.5%) All, N531,610

Employment
Full time 14,728 (30.8) 47,900 1464 (22.2) 6596
Part time/full time 3753 (28.7) 13,066 376 (17.7) 2215
Part time 1935 (18.5) 10,484 242 (13.5) 1798
Unemployed 11,848 (10.5) 112,736 1700 (9.9) 17,148
Retired 4866 (16.9) 28,741 288 (17.7) 1820

Education
None/grade school 863 (6.5) 13,227 80 (8.1) 983
High school 11,856 (13.6) 87,290 1261 (11.0) 11,432
College/technical school 8966 (17.8) 50,408 1022 (13.3) 7662
Bachelor degree 8529 (24.4) 34,919 963 (18.0) 5337
Graduate school 4789 (31.3) 15,292 443 (22.8) 1941

Men 22,637 (16.3) 138,628 2299 (12.5) 18,448
Women 16,663 (18.9) 88,065 2054 (15.6) 13,162
Race
White 33,036 (21.8) 118,241 3399 (17.4) 19,536
Black 4341 (7.4) 58,631 486 (7.1) 6821
Hispanic 3163 (9.5) 33,405 298 (8.2) 3654
Other 1921 (11.7) 16,413 170 (10.6) 1599

Comorbidities
Coronary artery disease 1925 (11.6) 16,630 182 (10.5) 1741
Hypertension 27,781 (15.9) 174,415 3,060 (13.2) 23,145
Peripheral vascular disease 1318 (11.2) 11,822 169 (12.8) 1321
Diabetes 9348 (12.6) 74,155 995 (15.6) 6374

Body mass index, kg/m2

,18.5 909 (21.3) 4271 174 (16.5) 1052
18.5 to ,25 11,603 (21.9) 53,017 1801 (16.6) 10,855
25 to ,30 13,007 (22.1) 58,826 1228 (16.0) 7823
30 to ,35 8053 (20.5) 39,300 629 (16.4) 3846
$35 3370 (16.7) 20,182 238 (13.3) 1783

PRA
,20 27,788 (17.3) 160,597 2521 (20.9) 12,078
20 to ,80 2783 (15.9) 17,499 761 (9.9) 7707
$80 685 (12.8) 5356 283 (5.4) 5265

Deceased donor 12,853 (9.0) 142,266 1747 (8.1) 21,598
Live donor 26,447 (31.3) 84,427 2606 (26.0) 10,012
Age, yr
,40 7833 (16.4) 47,637 1384 (12.5) 11,088
40 to ,60 19,385 (17.7) 109,642 2339 (14.5) 16,149
$60 12,082 (17.4) 69,414 630 (14.4) 4373

ABO
O 16,073 (15.8) 101,652 1743 (12.3) 14,149
A 16,427 (19.5) 84,216 1892 (15.2) 12,486
B 4718 (15.6) 30,253 456 (13.1) 3475
AB 2082 (19.7) 10,572 262 (17.5) 1500

Missing: employment first KTR (n513,766), second KTR (n52123); highest education first KTR (n525,557), second KTR (n54255);
race first KTR (n53), recipient CAD first KTR (n542,163), second KTR (n55990); recipient hypertension first KTR (n527,851),
second KTR (n54388); recipient PVD first KTR (n58478), second KTR (n51372); recipient diabetes first KTR (n52129), second KTR
(n5606); body mass index first KTR (n52354), second KTR (n5283); PRA first KTR (n543,241), second KTR (n56560). PRA, panel
reactive antibody. KTR, kidney transplant recipient; CAD, coronary artery disease; PVD, peripheral vascular disease.
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Hispanic patients were 37% less likely to be transplanted
preemptively than White patients. Considering there is
already a race-based disparity in who ultimately receives a
transplant (19,20), this will be a clear underestimate of
PKre-T among all those with a first failed graft. This effect
does not appear to be related to a systemic difference in
access to live donors. Importantly, Black recipients are less
likely to undergo living donor transplant than their White
counterparts, a disparity that has been increasing with time
(21). Despite this, even when restricting the analysis to
Black patients who eventually underwent live donor trans-
plant, they were still significantly less likely than White
patients to receive a PKre-T.

The association of women with a higher odds of both first
and repeat PKTs is hard to reconcile. Although controver-
sial, women have previously been associated with a higher
likelihood of first adult PKT but always without explana-
tion (1,22,23). Conversely, boys are more likely than girls to
undergo PKT in pediatric recipients (24). It is known that
compared with men, women with ESKD are less likely to
be referred for kidney transplant, have less activation on
the waiting list once referred, and are less likely to undergo
transplant once activated (25–27). Women also experience
higher presensitization compared with men on account of
pregnancy, and it has been postulated that women may be
perceived by care providers to be less eligible for transplant

Table 2. Adjusted odds ratio of receiving first and repeat preemptive kidney transplants

Patient Characteristics

Preemptive First Transplant, N5124,238 Preemptive Second Transplant, N516,186

Odds Ratio
(95% Confidence Interval) P Value

Odds Ratio
(95% Confidence Interval) P Value

Employment
Full time Reference — Reference —

Part time/full time 0.82 (0.74 to 0.91) ,0.001 1.03 (0.78 to 1.38) 0.82
Part time 0.55 (0.51 to 0.58) ,0.001 0.64 (0.53 to 0.77) ,0.001
Unemployed 0.37 (0.36 to 0.39) ,0.001 0.49 (0.44 to 0.55) ,0.001
Retired 0.53 (0.50 to 0.56) ,0.001 0.74 (0.60 to 0.92) 0.006

Education
None/grade school Reference — Reference —

High school 1.49 (1.35 to 1.64) ,0.001 1.01 (0.74 to 1.38) 0.93
College/technical school 1.73 (1.56 to 1.91) ,0.001 1.06 (0.77 to 1.46) 0.71
Bachelor degree 2.08 (1.87 to 2.30) ,0.001 1.33 (0.97 to 1.83) 0.08
Graduate school 2.65 (2.38 to 2.95) ,0.001 1.60 (1.14 to 2.25) 0.007

Women 1.45 (1.40 to 1.50) ,0.001 1.42 (1.29 to 1.57) ,0.001
Race
White Reference — Reference —

Black 0.37 (0.36 to 0.39) ,0.001 0.61 (0.52 to 0.70) ,0.001
Hispanic 0.50 (0.47 to 0.52) ,0.001 0.63 (0.52 to 0.75) ,0.001
Other 0.48 (0.44 to 0.51) ,0.001 0.74 (0.58 to 0.95) 0.02

Comorbidities
Coronary artery disease 0.69 (0.64 to 0.73) ,0.001 0.60 (0.49 to 0.74) ,0.001
Hypertension 0.89 (0.86 to 0.94) ,0.001 1.14 (0.99 to 1.31) 0.07
Peripheral vascular disease 0.78 (0.71 to 0.84) ,0.001 1.11 (0.88 to 1.40) 0.38
Diabetes 0.76 (0.73 to 0.79) ,0.001 1.17 (1.04 to 1.32) 0.008

Body mass index, kg/m2

,18.5 Reference — Reference —

18.5 to ,25 1.16 (1.04 to 1.29) 0.009 1.25 (0.97 to 1.60) 0.08
25 to ,30 1.24 (1.12 to 1.39) ,0.001 1.25 (0.97 to 1.61) 0.09
30 to ,35 1.21 (1.08 to 1.35) 0.001 1.45 (1.11 to 1.90) 0.006
$35 1.03 (0.91 to 1.16) 0.63 1.11 (0.81 to 1.52) 0.51

PRA
,20 Reference — Reference —

20–80 1.04 (0.98 to 1.10) 0.21 0.48 (0.43 to 0.54) ,0.001
$80 0.98 (0.88 to 1.10) 0.75 0.29 (0.25 to 0.34) ,0.001

Live donor 3.83 (3.70 to 3.96) ,0.001 2.65 (2.40 to 2.93) ,0.001
Age, yr
,40 Reference — Reference —

40–60 1.33 (1.28 to 1.39) ,0.001 1.25 (1.12 to 1.39) ,0.001
$60 1.66 (1.57 to 1.76) ,0.001 1.41 (1.18 to 1.68) ,0.001

ABO
O Reference — Reference —

A 1.19 (1.15 to 1.23) ,0.001 1.18 (1.06 to 1.30) 0.002
B 1.06 (1.00 to 1.11) 0.04 1.05 (0.89 to 1.24) 0.58
AB 1.53 (1.41 to 1.65) ,0.001 1.68 (1.36 to 2.07) ,0.001

—, no data; PRA, panel reactive antibody.
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than men, even with similar or reduced comorbidity bur-
den (28). Potential explanations for more first and repeat
PKTs in women than men may include a faster rate of pro-
gression to ESKD in men (29) that precludes appropriate
preparation for PKT. However, we found that men undergo
PKT at a significantly higher eGFR than women do.
Alternatively, the higher preemptive rates in women

may reflect reduced access or disinclination to dialysis
(which has been shown in women patients with native kid-
ney disease) (30) and thereby, less competing risk for PKT.

This would be supported by the significantly lower eGFR
in women than men at the time of both first and repeat
PKT. Alternatively, it may reflect bias in that only the most
robust women with high health literacy and self-
advocation are considered eligible and thus, referred for
repeat transplant and PKre-T. Regardless of the cause,
given the sex-discrepant inequitable access to kidney trans-
plantation in women compared with men, the better PKT
rates may not be a true advantage but instead, may reflect
unrecognized disadvantage elsewhere.

Table 3. Adjusted odds ratio of receiving repeat preemptive kidney transplant separately among those undergoing live and deceased
donor transplant

Patient Characteristics

Live Donor Preemptive
Second Transplant, N55436

Deceased Donor Preemptive
Second Transplant, N510,750

Odds Ratio
(95% Confidence Interval) P Value

Odds Ratio
(95% Confidence Interval) P Value

Employment
Full time Reference — Reference —

Part time/full time 1.06 (0.72 to 1.56) 0.78 1.00 (0.64 to 1.55) .0.99
Part time 0.61 (0.48 to 0.78) ,0.001 0.70 (0.52 to 0.94) 0.02
Unemployed 0.44 (0.38 to 0.51) ,0.001 0.57 (0.48 to 0.68) ,0.001
Retired 0.62 (0.45 to 0.86) 0.005 0.87 (0.66 to 1.15) 0.33

Education
None/grade school Reference — Reference —

High school 1.19 (0.71 to 1.99) 0.51 0.93 (0.63 to 1.37) 0.71
College/technical school 1.20 (0.72 to 2.02) 0.49 1.04 (0.69 to 1.55) 0.87
Bachelor degree 1.66 (0.98 to 2.79) 0.06 1.12 (0.74 to 1.68) 0.60
Graduate school 1.75 (1.02 to 3.01) 0.04 1.66 (1.06 to 2.60) 0.03

Women 1.40 (1.22 to 1.60) ,0.001 1.46 (1.26 to 1.68) ,0.001
Race
White Reference — Reference —

Black 0.56 (0.44 to 0.72) ,0.001 0.63 (0.52 to 0.75) ,0.001
Hispanic 0.71 (0.56 to 0.90) 0.004 0.53 (0.39 to 0.70) ,0.001
Other 0.60 (0.40 to 0.87) 0.007 0.85 (0.63 to 1.16) 0.31

Comorbidities
Coronary artery disease 0.67 (0.51 to 0.89) 0.005 0.55 (0.40 to 0.75) ,0.001
Hypertension 1.00 (0.83 to 1.20) 0.99 1.36 (1.09 to 1.70) 0.007
Peripheral vascular disease 1.06 (0.76 to 1.49) 0.73 1.14 (0.83 to 1.57) 0.41
Diabetes 1.05 (0.90 to 1.24) 0.53 1.31 (1.10 to 1.55) 0.002

Body mass index, kg/m2

,18.5 Reference — Reference —

18.5 to ,25 1.12 (0.83 to 1.51) 0.47 1.50 (0.95 to 2.37) 0.08
25 to ,30 1.10 (0.80 to 1.51) 0.55 1.54 (0.97 to 2.44) 0.07
30 to ,35 1.25 (0.87 to 1.76) 0.20 1.82 (1.13 to 2.92) 0.01
$35 1.15 (0.77 to 1.72) 0.49 1.17 (0.67 to 1.99) 0.56

PRA
,20 Reference — Reference —

20–80 0.57 (0.49 to 0.66) ,0.001 0.40 (0.33 to 0.47) ,0.001
.80 0.25 (0.19 to 0.34) ,0.001 0.31 (0.25 to 0.38) ,0.001

Age, yr
,40 Reference — Reference —

40–60 1.13 (0.98 to 1.31) 0.08 1.45 (1.22 to 1.73) ,0.001
.60 1.12 (0.85 to 1.46) 0.43 1.71 (1.33 to 2.20) ,0.001

ABO
O Reference — Reference —

A 1.10 (0.96 to 1.27) 0.18 1.27 (1.09 to 1.49) 0.003
B 0.92 (0.74 to 1.16) 0.49 1.24 (0.97 to 1.58) 0.09
AB 1.49 (1.09 to 2.04) 0.01 1.89 (1.42 to 2.51) ,0.001

—, no data; PRA, panel reactive antibody.
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A recent paper by Schold et al. (31) was the first to exam-
ine disparities in the fate of patients after a primary failed
transplant, similarly demonstrating that patients of Black
and Hispanic race, men, those of older age, obese patients,
and publicly insured patients were less likely to be pre-
emptively activated on the transplant waiting list or
retransplanted. Our studies differ, however, in that we
examined independent predictors or PKre-T, whereas their
earlier analysis was instead driven by predictors of pre-
emptive waitlisting (with only 3% of their study population
undergoing PKre-T). Although disparate barriers to pre-
emptive waitlisting will inevitably reduce access to PKre-T,
potential for additional barriers to PKre-T among those
who are eligible and ultimately, undergo repeat transplant
is a separate question that has not been previously
explored.
Furthermore, we demonstrated that having access to a

living donor did not influence the inequities in those who
underwent PKre-T, which is an important and novel
finding.
PKT has been shown to result in superior outcomes

compared with being transplanted after a period of mainte-
nance dialysis (1). However, the benefit of PKre-T is contro-
versial, with some studies demonstrating increased graft
failure compared with repeat transplant after return to dial-
ysis (9). In this study, we show a benefit in both all-cause
graft loss and death-censored graft failure with PKre-T rel-
ative to undergoing repeat transplant after a period of
maintenance dialysis.
A potential limitation of this study is that our population

was restricted to only those who eventually underwent
kidney transplant. It is known that there is inequity in
access to referral for kidney transplant, with marginalized
populations referred less frequently (19,20,31). Therefore,
exploring PKT in a cohort that included only those who
ultimately were transplanted does not account for the ineq-
uity in those marginalized patients who were never
referred for transplant, which would only accentuate the
disparity in access to PKT and PKre-T. Additionally, there

is noted increased morbidity and mortality with return to
dialysis after transplant failure compared with starting
dialysis when transplant naïve (16). Thus, a period of
return to dialysis after a failed transplant may render some
patients transplant ineligible who may otherwise have
qualified for a second PKT. The proportion of patients who
died or were withdrawn from the waiting list after a first
failed graft was not explored, but again, it would likely
exacerbate the disparities observed in PKre-T (32). Finally,
we hoped to explore if location of follow-up at the time of
a failing graft was associated with an increased incidence
of PKre-T versus return to dialysis. Unfortunately, there
were significant missing data that cannot be assumed to be
missing at random; therefore, even though there was a sig-
nal that those patients followed in a transplant center were
significantly more likely to undergo PKre-T, this will
require future confirmatory analyses in a more complete
dataset.

This study is novel in that it is the first to examine pre-
dictors of preemptive repeat transplant. The incidence of
failed prior transplant as an indication for transplant has
been increasing over time, and currently, a failed graft is
the fourth leading indication for transplant in the United
States (7).

Therefore, understanding ways to optimize outcomes for
recipients of repeat transplant is a critical area for study.

Given the graft survival benefit with PKre-T, physicians
and care providers must remain vigilant to seek opportuni-
ties to list patients, when appropriate, for repeat transplant,
preemptively.

Awareness of differences in access to transplant is the
first step toward addressing these disparities and working
toward more equitable access to PKT and PKre-T for all
patients, regardless of race, sex, age, or socioeconomic sta-
tus. Appropriate timely transplant referral should be the
expectation for all but especially for those followed by a
specialized care team with expertise in transplantation and
knowledge of the benefits that PKT and PKre-T provide
over return to dialysis. We as transplant experts must hold
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Figure 1. | All-cause graft loss for repeat and first preemptive kidney transplant versus nonpreemptive repeat and first kidney transplant,
respectively. (A) PKre-T versus non–PKre-T; (B) PKT versus non PKT. PKre-T, preemptive kidney retransplant; PKT, preemptive kidney
transplant.
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ourselves accountable to ensure this is an equal priority in
the care of all patients with a failing graft.
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