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IMPORTANCE Recipient outcomes after kidney transplant from deceased donors who

Supplemental content
received dialysis prior to kidney donation are not well described.

OBJECTIVE To compare outcomes of transplant recipients who received kidneys from
deceased donors who underwent dialysis prior to kidney donation vs recipients of kidneys
from deceased donors who did not undergo dialysis.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted including
data from 58 US organ procurement organizations on deceased kidney donors and kidney
transplant recipients. From 2010 to 2018, 805 donors who underwent dialysis prior to kidney
donation were identified. The donors who underwent dialysis prior to kidney donation were
matched 1:1 with donors who did not undergo dialysis using a rank-based distance matrix
algorithm; 1944 kidney transplant recipients were evaluated.

EXPOSURE Kidney transplants from deceased donors who underwent dialysis prior to kidney
donation compared with kidney transplants from deceased donors who did not undergo
dialysis.

MAIN OUTCOMES AND MEASURES The 4 study outcomes were delayed graft function (defined
as receipt of dialysis by the kidney recipient <1week after transplant), all-cause graft failure,
death-censored graft failure, and death.

RESULTS From 2010 to 2018, 1.4% of deceased kidney donors (805 of 58 155) underwent
dialysis prior to kidney donation. Of these 805 individuals, 523 (65%) donated at least 1
kidney. A total of 969 kidneys (60%) were transplanted and 641 kidneys (40%) were
discarded. Among the donors with kidneys transplanted, 514 (mean age, 33 years [SD, 10.8
years]; 98 had hypertension [19.1%] and 36 had diabetes [7%]) underwent dialysis prior to
donation and were matched with 514 (mean age, 33 years [SD, 10.9 years]; 98 had
hypertension [19.1%] and 36 had diabetes [7%]) who did not undergo dialysis. Kidney
transplants from donors who received dialysis prior to donation (n = 954 kidney recipients)
were associated with a higher risk of delayed graft function compared with kidney transplants
from donors who did not receive dialysis (n = 990 kidney recipients) (59.2% vs 24.6%,
respectively; adjusted odds ratio, 4.17 [95% Cl, 3.28-5.29]). The incidence rates did not
significantly differ at a median follow-up of 34.1 months for all-cause graft failure (43.1 kidney
transplants per 1000 person-years from donors who received dialysis prior to donation vs
46.9 kidney transplants per 1000 person-years from donors who did not receive dialysis;
adjusted hazard ratio [HR], 0.90 [95% Cl, 0.70-1.15]), for death-censored graft failure (22.5 vs
20.6 per 1000 person-years, respectively; adjusted HR, 118 [95% Cl, 0.83-1.69]), or for death
(24.6 vs 30.8 per 1000 person-years; adjusted HR, 0.76 [95% Cl, 0.55-1.04]).

CONCLUSIONS AND RELEVANCE Compared with receiving a kidney from a deceased donor
who did not undergo dialysis, receiving a kidney from a deceased donor who underwent
dialysis prior to kidney donation was associated with a significantly higher incidence of
delayed graft function, but no significant difference in graft failure or death at follow-up.
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n the US, approximately 89 000 patients are on a waiting

list for akidney transplant.! Fewer than 20 000 patients re-

ceive kidney transplants from deceased donors annually.?
Acute kidney injury (AKI) frequently occurs in deceased do-
nors, possibly due to traumatic events leading to donor death,
the inflammatory cascade in the setting of brain death, hemo-
dynamic instability, and nephrotoxic damage during termi-
nal hospitalizations.>*

Due to the concern of incomplete recovery from injury
prior to donation, and ischemic-reperfusion injury occurring
at transplant, kidneys from deceased donors with AKI are fre-
quently discarded. However, recent evidence suggests that
transplanting kidneys from certain deceased donors with AKI
(determined either by sensitive markers of tubular injury or
by clinical AK]I) is associated with similar risk of graft failure
compared with transplanting kidneys from deceased donors
without AKI.#® Therefore, careful selection of kidneys from
deceased donors with AKI may improve the number of avail-
able kidneys and access to kidney transplant.®®

The procurement of kidneys from deceased donors with
stage 3 AKI doubled over the past 10 years.® However, up to
44% of these kidneys are not transplanted due to concerns that
kidneys from these donors may lead to more intense acute tu-
bular injury that is less likely to recover and more likely have
inferior longer-term graft outcomes.'® Furthermore, prior stud-
iesrarely included deceased donors who had the most severe
AKI stage and who received dialysis before kidney donation.™
Therefore, recipient outcomes after kidney transplant from
these donors are not well described.

This study assessed whether kidney transplants from de-
ceased donors who underwent dialysis prior to donation were
associated with worse outcomes in kidney recipients com-
pared with kidney transplants from matched deceased donors
who did not undergo dialysis.

Methods

The study was approved by the institutional review board at
Johns Hopkins University School of Medicine. This study used
data from the Organ Procurement and Transplantation Network
(OPTN) provided in July 2023. The OPTN system includes data
onall organ donors, wait-listed candidates, and transplant recipi-
ents in the US that are entered into the network by members of
OPTN and has been described previously.'? The Health Resources
and Services Administration within the US Department of Health
and Human Services provides oversight to the activities of the
OPTN contractor. The current study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline for cohort studies.

Deceased donors from 2010 to 2018 who received dialysis
prior to kidney donation were identified using dialysis-related
keywords (dialysis, continuous kidney replacement therapy, he-
modialysis, and end-stage kidney disease) from OPTN DonorNet
files that contain extensive clinical records from the terminal
hospitalizations of all deceased donors in the US (Figure 1). We
included all deceased kidney donors who were aged 16 years or
older, had 3 or more serum creatinine measurements during hos-
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Key Points

Question Are kidneys from deceased donors who underwent
dialysis prior to kidney donation associated with adverse graft
outcomes in kidney transplant recipients compared with kidneys
from deceased donors who did not undergo dialysis?

Findings In an analysis of 1944 kidney transplant recipients
(including 954 who received kidneys from deceased donors who
underwent dialysis prior to kidney donation), the incidence of
delayed graft function was higher in recipients of kidneys from
deceased donors who underwent dialysis prior to kidney donation
vs recipients of kidneys from deceased donors who did not
undergo dialysis (59.2% vs 24.6%, respectively), but there were
no significant differences in the incidence of graft failure (adjusted
odds ratio, 0.90) or mortality (adjusted hazard ratio, 0.76) at a
median follow-up of 34.1 months.

Meaning Compared with recipients of kidneys from deceased
donors who did not undergo dialysis, receiving kidneys from
deceased donors who underwent dialysis prior to donation was
associated with a higher incidence of delayed graft function, but
no difference in graft failure or death at longer-term follow-up.

pitalization, had at least 1 procured kidney, and did not donate
both kidneys to the same recipients (ie, en-bloc donors). Donor
records, including hospital admission course, and the sum-
mary of donor medical and social history were queried for text
string matches of the dialysis-related keywords and included
partial text matches (eg, “dialy” for “dialysis”).

Donor records and laboratory data from the Standard
Transplant Analysis and Research (STAR) deceased donor files
were used to adjudicate whether a donor received dialysis at
their final hospitalization and the reason (AKI; intoxication with
methanol, ethylene glycol, lithium, or other substances or
medications; or for other reasons), modality (hemodialysis,
continuous kidney replacement therapy, both types of treat-
ment, or unknown), and duration of dialysis (<3 days, 4-7 days,
>7 days, or unknown). Each donor record was adjudicated by
2 nephrologists independently (by YW. and S.G.M. or by YW.
and N.S.), and the discrepancies were resolved by a third ne-
phrologist (by N.S. if adjudicated by Y.W. and S.G.M. or by
S.G.M. if adjudicated by YW. and N.S.). Adjudication was per-
formed to determine if donors received dialysis prior to or-
gan donation and the indication, duration, and modality of di-
alysis. The adjudication process primarily relied on OPTN
DonorNet text fields. Laboratory data were used if dialysis de-
tails were not available in OPTN DonorNet text fields.

Matching Procedure to Identify Comparable Donors

Among deceased donors with any kidney used for transplant,
donors who received dialysis prior to kidney donation vs those
who did not receive dialysis were 1:1 matched using an itera-
tive, rank-based distance matrix algorithm on sets of 20
pairs.’>!* In evaluating the match ratio, we considered the
match efficiency (defined as the total number of donors re-
ceiving dialysis who could be matched), generalizability of the
included cases, and the sample size. We matched on factors
associated with graft outcomes and allocation patterns, in-
cluding donor age (by 5-year increments), sex, and Black race.
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Figure 1. Identification and Adjudication Process for Deceased Donors by Dialysis Status, Matching,

and Linkage to Kidney Transplant Recipients

registry in 2010-2018
58155 >1 Kidney recovered
5856 No kidney recovered

64011 Deceased donors with >3 serum creatinine measurements
identified from United Network for Organ Sharing (UNOS)

!

)

1284 Dialysis-related keywords
mentioned in UNOS DonorNet

56871 No dialysis-related keywords
mentioned in UNOS DonorNet

!

479 Did not undergo dialysis while alive
(determined by adjudication)

)

805 Receipt of dialysis confirmed
(determined by adjudication)
663 Had acute kidney injury
83 Intoxication?
59 Other reason®

!

282 No kidney was transplanted

8438 No kidney was transplanted

l

!

523 Underwent dialysis while alive
and 21 kidney transplanted

48433 Did not undergo dialysis and
21 kidney transplanted

!

1:1 Matching on donor demographics, comorbidities, and year
of transplant (2010-2014, 2015-2016, and 2017-2018)

!

)

514 Matched donor underwent
dialysis while alive

514 Matched donor did not undergo
dialysis while alive

2Intoxication with methanol,
ethylene glycol, lithium, or other
substances or medications.

392 Had acute kidney injury
71 Intoxication?
51 Other reason®

}

®Includes dialysis for severe
hyperkalemia, acidosis,
hypervolemia, hyperammonemia,

954 Recipients ‘ ‘

990 Recipients

and other electrolyte abnormalities
without laboratory evidence of stage

2 to 3 acute kidney injury.

Black race was obtained because it is associated with recipi-
ent graft outcomes, ' and it was reported primarily by the fam-
ily members of the donors who responded to open-ended ques-
tions or it was obtained from the electronic health record.

Other factors matched on included body mass index (BMI
[calculated as weight in kilograms divided by height in me-
ters squared]; <18.5, 18.5-<25, 25-<30, 30-40, and >40), hy-
pertension, diabetes, donation after cardiac death (irrevers-
ible cessation of circulatory and respiratory functions), stroke
as the cause of death, estimated glomerular filtration rate
(eGFR) at hospital admission (from 0-120 mL/min/1.73 m? by
increments of 15; calculated using the Chronic Kidney Dis-
ease Epidemiology Collaboration [CKD-EPI] 2021 equation),®
hepatitis C antibody positivity, and year of transplant (2010-
2014, 2015-2016, and 2017-2018).>° These time points were
chosen because the new kidney allocation system was imple-
mented in 2015, and the procurement and use of kidneys from
donors with AKI increased recently.®”

We used hospital admission eGFR as a surrogate for base-
line kidney function. Exact matching was applied on clini-
cally important factors and confounders that are associated

jama.com

with recipient graft outcomes.!® These variables included age
category, hospital admission eGFR category, diabetes, and do-
nation after cardiac death status. Near-exact matching was used
for Black race and fine matching was used for the BMI catego-
ries. Matched deceased donors who did not receive dialysis
prior to donation were further adjudicated.

Outcome Measures
Follow-up data on recipients of a kidney from donors (who un-
derwent dialysis prior to donation or did not undergo dialy-
sis) were obtained from OPTN; the data were collected by the
transplant centers and reported to OPTN. The short-term out-
come was delayed graft function (DGF), which was defined as
receipt of dialysis by the kidney recipient within 1 week after
kidney transplant. Longer-term outcomes consisted of all-
cause graft failure (defined as a composite of death and graft
failure [return to dialysis or retransplant]), death-censored graft
failure, death, eGFR at 6 and 12 months after transplant, and
longitudinal decline in eGFR.

Follow-up records for all kidney recipients were adminis-
tratively censored on January 31, 2020, which was the date
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of the first US Department of Health and Human Services
COVID-19 Emergency Declaration, because of the potential ef-
fect of COVID-19 on study outcomes. Follow-up time began im-
mediately after transplant until the earliest outcome of graft
failure, death, or last reported follow-up (with the last pos-
sible date of January 31, 2020). The eGFR at 6 and 12 months
and the longitudinal decline in eGFR were calculated from the
serum creatinine values reported in the individual follow-up
records (until January 31, 2020), using the CKD-EPI 2021 equa-
tion for recipients aged 18 years or older and the Schwartz 2009
equation for recipients younger than 18 years of age at the time
of the creatinine measurements.!®1°

For the comparison of 6- and 12-month eGFR between kid-
ney recipients (from donors who received dialysis prior to do-
nation vs donors who did not receive dialysis), eGFR was im-
puted as 10 mL/min/1.73 m? if the recipients developed graft
failure before the 6- and 12-month follow-up time points. For
recipients who died before 6- and 12-month follow-up, the last
reported eGFR was carried forward for these 2 time points. Only
recipients with serum creatinine levels or who developed graft
failure reported to OPTN were included in the analysis. Addi-
tional sensitivity analyses were performed after imputing eGFR
as1mL/min/1.73 m? at the time of death or removing any eGFR
imputed at the time of death.

For the comparison of longitudinal decline in eGFR be-
tween kidney recipients (from donors who received dialysis
prior to donation vs donors who did not receive dialysis), eGFR
was imputed as 10 mL/min/1.73 m? at day O if recipients
developed primary nonfunction (defined as kidney graft re-
moval or as dependent on dialysis within the first 90 days af-
ter the first week). For recipients who developed graft failure,
eGFR was imputed as 10 mL/min/1.73 m? at the time of graft
failure. Recipients without reported serum creatinine levels
and who did not develop graft failure up to January 31, 2020,
were excluded from the analysis.

Statistical Analysis

Descriptive statistics are presented using mean (SD), median
(IQR), and proportions. The kidney recipient outcomes (by do-
nors who received dialysis prior to donation vs donors who did
not receive dialysis) are presented as cumulative incidence and
incidence rates. The donor characteristics (by dialysis status)
and the kidney recipient characteristics (by donor dialysis sta-
tus) were compared using standardized mean differences.?°

The donor characteristics were compared using t tests and
x? tests for all donors who had their kidneys procured and for
those who did (vs did not) have their kidneys used for trans-
plant. To evaluate the geographic variation in transplanting kid-
neys from deceased donors who received dialysis, the number
of donors who received dialysis and had kidneys transplanted
by organ procurement organizations across the US was mapped
after normalizing to the number of eligible and imminent deaths
reported by the organ procurement organizations.

Multiple logistic regression was used to determine the as-
sociation between kidney transplant from deceased donors
who received dialysis prior to donation vs those who did not
receive dialysis and recipient DGF. Cox proportional hazard re-
gression was used to determine associations with time to
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all-cause graft failure, death-censored graft failure, and death.
Proportional hazard assumptions were not violated accord-
ing to the Grambsch-Therneau tests.

Multiple linear regression was used to determine the asso-
ciation between kidney transplant from donors who received
dialysis prior to donation vs those who did not receive dialysis
and recipient eGFR at 6 and 12 months after the transplant.
Linear mixed-effects models with random intercepts, random
slopes, and the restricted maximum likelihood estimator were
used to determine the associations between recipients of kid-
neys from donors who received dialysis prior to donation vs
those who did not receive dialysis and annual decline in eGFR
in recipients. In the mixed-effects models, fixed-effects coef-
ficients were used (1) for time to estimate the annual decline in
eGFR in recipients of a kidney from deceased donors who did
not receive dialysis and (2) for interactions between time and
donor receiving dialysis to compare the rate (ie, slope) of de-
cline in eGFR between groups of recipients. In these models,
eGFR was log2 transformed and the coefficients were trans-
formed to percentage changes for interpretation.

In all statistical models, we adjusted for cold ischemic time
(defined as the period during the transplant from the cessation
of circulation to the beginning of vascular anastomosis in the
kidney graft), recipient age, BMI, diabetes, preemptive trans-
plant (defined as receipt of a kidney transplant before requir-
ing chronic kidney replacement therapy), previous kidney trans-
plant, human leukocyte antigen mismatch, and panel-reactive
antibody categories (0%, 1%-20%, 21%-80%, and >80%). These
factors were selected because they are statistically signifi-
cantly associated with kidney recipient graft outcomes in uni-
variate analysis. Because we only matched on categories of do-
nors’ hospital admission eGFR, we also adjusted for donor
hospital admission eGFR as a continuous variable to address re-
sidual confounding. Sandwich estimators were used to ac-
count for pairs of donor kidneys in all multivariable analyses.

Subgroup analyses were performed for the recipients of a
kidney from donors who received dialysis prior to transplant
for different reasons, modalities, and durations vs the recipi-
ents of a kidney from donors who did not receive dialysis. In
asensitivity analysis, recipient outcomes were compared with-
out any matching on donor variables. The donor characteris-
tics used for matching were adjusted for (the characteristics
included donor age, sex, Black race, BMI, hypertension, dia-
betes, donation after cardiac death status, stroke as the cause
of death, and year of transplant).

We considered P < .05 statistically significant and per-
formed all analyses using R version 4.1.3 (R Foundation for
Statistical Computing).

. |
Results

Among 58155 deceased donors with any kidney procured from
2010 to 2018, 805 (1.4%) received dialysis prior to transplant,
including 663 for AKI, 83 for intoxication (methanol, ethyl-
ene glycol, lithium, or other toxic substances or medica-
tions), and 59 for other reasons (electrolyte, acid base, fluid
imbalance, or hyperammonemia without laboratory evidence
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Figure 2. Geographic Variation in Kidney Transplants From Deceased Donors Who Underwent Dialysis Across 58 Donation Service Areas in the US

From 2010 to 2018

No. of deceased donors who
underwent dialysis/1000 procurement
eligible and imminent deaths organizations

W11 2

© No. of organ

[e-10 6
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Geographical heat map depicting rates and locations of kidneys transplanted from deceased donors who underwent dialysis during their final hospitalization.

of stage 2-3 AKI) (Figure 1). Donors who received dialysis prior
to transplant were younger vs donors who did not receive di-
alysis (mean age, 35.2 years [SD, 12.2 years] vs 41.5 years [SD,
14.7 years], respectively), had higher serum creatinine levels
(at hospital admission, peak level, and terminal level [termi-
nal creatinine is the last creatinine before deceased donor ne-
phrectomy]), had lower hospital admission eGFRs (mean, 63.6
[SD, 31.11 mL/min/1.73 m? vs 85.8 [SD, 25.6] mL/min/1.73 m?),
had alower prevalence of hypertension (25.6% vs 33.6%), had
lower rates of stroke as the cause of death (11.3% vs 31.3%), and
had lower rates of donation after cardiac death (7% vs 14.7%)
(eTable 1in Supplement 1).

A total of 969 kidneys (60%) were transplanted and 641
kidneys (40%) were discarded. Among 805 deceased donors
who received dialysis prior to transplant, 523 had at least 1 of
their kidneys transplanted; those who donated at least 1 kid-
ney were younger than the 282 donors for which both kid-
neys were discarded (mean age, 32.9 years [SD, 10.8 years] vs
39.6 years [SD, 13.3 years], respectively), had lower serum cre-
atinine levels (at hospital admission, peak level, and terminal
level), had higher eGFRs (mean, 65.9 [SD, 31] mL/min/1.73 m?

jama.com

vs 59.3[SD, 30.8] mL/min/1.73 m?), had a lower prevalence of
hypertension (19.1% vs 37.6%) and diabetes (7.5% Vs 16.3%),
and lower rates of stroke as the cause of death (7.1% vs 19.1%)
(eTable 2 in Supplement 1). Kidney transplants from donors
who received dialysis came from multiple geographic re-
gions and higher proportions were from the Mid-Atlantic,
Midwest, and Southwest regions (Figure 2).

There were 514 deceased donors who received dialysis prior
to donation matched to 514 deceased donors who did not re-
ceive dialysis. Of the 514 donors who received dialysis, 392 un-
derwent dialysis for AKI, 71 for intoxication, and 51 for other
reasons (Table 1). The 2 donor groups were comparable after
matching except that fewer of the donors who received dialy-
sis prior to donation had both kidneys transplanted (Table 1).

There were 954 kidney transplant recipients identified
from the donors who received dialysis prior to donation and
there were 990 kidney transplant recipients identified from
the donors who did not receive dialysis. Recipients of a kid-
ney from donors who received dialysis were older vs recipi-
ents of a kidney from donors who did not receive dialysis
(mean, 52.7 years [SD, 13.8 years] vs 49.2 years [15.2 years],
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Table 1. Characteristics of Matched Deceased Donors

Matched donors®

Standardized

Donor characteristics Underwent dialysis (n = 514) Did not undergo dialysis (n = 514) mean difference
Age, mean (SD), y 33(10.8) 33.1(10.9) -0.014
Sex

Male 313(60.9) 314 (61.1) -0.004

Female 201(39.1) 200 (38.9) 0.004
Race®

Black® 76 (14.8) 76 (14.8) 0

Other? 438(85.2) 438(85.2) 0
Body mass index, mean (SD)® 29.5(7.1) 29.5(7.2) 0.0046
Estimated glomerular filtration rate at hospital admission, 66.8 (30.6) 68.2 (30.1) -0.048
mean (SD), mL/min/1.73 m?
Serum creatinine, median (IQR), mg/dL

Level at hospital admission 1.4(1to 1.9) 1.4(1to0 1.8) 0.077

Peak level 42(2.1t06.2) 1.8(1.3t02.6) 0.96

Terminal level 2.3(1.2to4) 1.1(0.8t01.8) 0.67
Reason for dialysis

Acute kidney injury 392 (76.3)

Intoxication® 71 (13.8)

Other reason? 51(9.9)
Dialysis modality, No./total (%)

Continuous kidney replacement therapy 289/505 (57.2)

Hemodialysis 201/505 (39.8)

Both 15/505 (3.0)
Duration of dialysis, No./total (%)

<3d 374/495 (75.6)

4-7d 100/495 (20.2)

>7d 21/495 (4.2)
No. of vasopressors and inotropes used, median (IQR) 0(0to1) 0(0to1) 0.17
Hypertension 98 (19.1) 98 (19.1) 0
Diabetes 36 (7) 36 (7) 0
Donation after cardiac death 35(6.8) 35(6.8) 0
Stroke as cause of death 37(7.2) 37(7.2) 0
Hepatitis C status 11(2.1) 11(2.1) 0
No. of kidneys transplanted

1 74 (14.4) 38(7.4) 0.23

2 440 (85.6) 476 (92.6) -0.23
Transplant year range

2010-2014 144 (28) 143 (27.8) -0.0043

2015-2016 147 (28.6) 148 (28.8) 0.0043

2017-2018 223 (43.4) 223 (43.4) 0

Sl conversion factor: To convert creatinine to pmol/L, multiply by 88.4.

2 Data are expressed as No. (%) unless otherwise indicated. The following
variables were used for matching deceased donors by dialysis status: age
(by 5-year increments), sex, and Black race, body mass index categories
(=18.5,18.5-<25, 25-<30, 30-40, and >40), hypertension, diabetes, donation
after cardiac death status, stroke as the cause of death, estimated glomerular
filtration rate at hospital admission (range, 0-120 mL/min/1.73 m? by
increments of 15), hepatitis C antibody positivity, and year of transplant

(2010-2014, 2015-2016, or 2017-2018).

b Primarily reported by the donor’s family or collected by clinical staff from the
organ procurement organizations and recorded in the electronic health record.

< Specifically reported by the Organ Procurement and Transplantation Network
because it is associated with recipient graft outcomes.'™

9Includes American Indian, Asian, Pacific Islander, White, and multiple races.
€ Calculated as weight in kilograms divided by height in meters squared.

f For poisoning from ethylene glycol, methanol, lithium, or another toxic
substance or medication.

8Severe hyperkalemia, acidosis, hypervolemia, hyperammonemia, and other
electrolyte abnormalities without laboratory evidence of stage 2 or 3 acute
kidney injury.

respectively), had lower rates of panel reactive antibody greater
than 80% (11.2% vs 16.8%) or receiving a previous transplant
(8.1% vs 11.5%), and had higher rates of receiving corticoste-
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roids (72% vs 64.8%) and antithymocyte globulin for induc-
tion immunosuppression therapy (62.2% vs 57%) (Table 2). Re-
cipients of a kidney from donors who received dialysis prior
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Table 2. Characteristics of Kidney Transplant Recipients

Kidney transplant recipients®

Matched donor Matched donor
underwent dialysis did not undergo dialysis Standardized

Recipient characteristics (n =954) (n =990) mean difference
Cold ischemic time, median (IQR), h 19 (13.7 to 25) 15(9.8t021.4) 0.41
Age, mean (SD), y 52.7 (13.8) 49.2 (15.2) 0.24
Sex

Male 580 (60.8) 605 (61.1) -0.0064

Female 374(39.2) 385 (38.9) 0.0064
Self-identified race

Black 279 (29.2) 299 (30.2) -0.021

Other® 675 (70.8) 691 (69.8) 0.021
Body mass index, mean (SD)¢ 28 (5.4) 28(5.7) -0.0045
End-stage kidney disease caused by diabetes 273 (28.6) 294 (29.7) -0.024
Level of human leukocyte antigen mismatch, mean (SD) 43(1.4) 4.1(1.5) 0.12
Undergoing dialysis prior to transplant, median (IQR), y 4.1(2.3t06.6) 3.8(1.8t06.2) 0.11
Preemptive transplant® 97 (10.2) 131 (13.2) -0.095
Previous transplant 77 (8.1) 114 (11.5) -0.12
Panel reactive antibody category, %

0 640 (67.1) 591 (59.7) 0.15

1-20 63 (6.6) 93(9.4) -0.1

21-80 144 (15.1) 140 (14.1) -0.027

>80 107 (11.2) 166 (16.8) -0.016
Induction immunosuppression therapy®

Corticosteroid 687 (72) 642 (64.8) 0.15

Antithymocyte globulin 593 (62.2) 564 (57) 0.11

Basiliximab 181 (19) 198 (20) -0.026

Alemtuzumab 147 (15.4) 132(13.3) 0.059

Other therapy’ 23(2.4) 35(3.5) -0.066
Maintenance immunosuppression therapy at discharge
from index hospitalization for transplant®

Mycophenolate 915 (95.9) 946 (95.6) 0.018

Tacrolimus 901 (94.4) 935 (94.4) 0

Corticosteroid 681 (71.4) 696 (70.3) 0.024

Cyclosporine 19(2) 21(2.1) -0.0091

Belatacept 19 (2) 17 (1.7) 0.02

Other therapy? 15 (1.6) 24 (2.4) -0.061

2 Data are expressed as No. (%) unless otherwise indicated.

®Includes American Indian, Asian, Pacific Islander, White, and multiple
races.

€ Calculated as weight in kilograms divided by height in meters squared.

9 Defined as receipt of a kidney transplant before requiring chronic kidney
replacement therapy.

€ The sum of percentages exceeds 100% because patients may have required
the use of multiple immunosuppressive agents.

f Included belatacept, antithymocyte globulin, muromonab, rituximab,
sirolimus, intravenous immunoglobulin, or bortezomib.

8|ncluded azathioprine, everolimus, sirolimus, rituximab, or intravenous
immunoglobulin.

to donation had longer cold ischemic times vs kidney trans-
plants from donors who did not receive dialysis (median, 19
hours [IQR, 13.7-25 hours] vs 15 hours [IQR, 9.8-21.4 hours],
respectively).

Kidney transplants from donors who received dialysis prior
to donation were associated with a higher risk of DGF vs kid-
ney transplants from donors who did not receive dialysis (565
[59.2%]vs 244 [24.6%], respectively; adjusted odds ratio [OR],
4.17 [95% CI, 3.28-5.29]; Figure 3). After a median follow-up
of 34.1 months (IQR, 17.8-54.8 months), recipients of a kid-
ney from donors who received dialysis prior to donation had
similar risks of all-cause graft failure vs recipients of a kidney

jama.com

from donors who did not receive dialysis (incident rate, 43.1
vs 46.9 per 1000 person-years, respectively; adjusted hazard
ratio [HR], 0.90 [95% CI, 0.70-1.15], Figures 3 and 4), death-
censored graft failure (incident rate, 22.5 vs 20.6 per 1000 per-
son-years; adjusted HR, 1.18 [95% CI, 0.83-1.69]), and death
(incident rate, 24.6 vs 30.8 per 1000 person-years; adjusted
HR, 0.76 [95% CI, 0.55-1.04]).

By 6 months, 41 recipients had died (11 [1.2%] recipients of
kidneys from donors who received dialysis prior to donation vs
30 [3%] recipients of kidneys from donors who did not receive
dialysis). By 12 months, 69 recipients had died (20 [2.1%] re-
cipients of kidneys from donors who received dialysis vs 49
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Figure 3. Recipient Short- and Longer-Term Outcomes After Kidney Transplant From Matched Deceased Donors

No./total (%)

Short-term outcome of delayed graft function?
Recipients of matched donors who did not undergo dialysis?
Recipients of matched donors who underwent dialysis?
Acute kidney injury
Intoxication
Other reason®
Longer-term outcomesd
All-cause graft failure
Recipients of matched donors who did not undergo dialysis?
Recipients of matched donors who underwent dialysis?
Acute kidney injury
Intoxication
Other reason®
Death-censored graft failure
Recipients of matched donors who did not undergo dialysis?
Recipients of matched donors who underwent dialysis?
Acute kidney injury
Intoxication
Other reason®
Mortality
Recipients of matched donors who did not undergo dialysis?
Recipients of matched donors who underwent dialysis?
Acute kidney injury
Intoxication
Other reason®

244/990 (24.6)
565/954 (59.2)
493/723(68.2)
29/137 (21.2)
43/94 (45.7)

153/990 (15.5)
138/954 (14.5)
101/723 (14)
22/137 (16.1)
15/94 (16)

67/990 (6.8)
72/954 (7.5)
50/723 (6.9)
13/137 (9.5)
9/94 (9.6)

102/990 (10.3)
81/954 (8.5)
60/723(8.3)
12/137 (8.8)
9/94 (9.6)

Favors @ Favors
Adjusted OR or transplants from ; transplants from
Incidence rate/ adjusted HR donors not : donors receiving
1000 person-years  (95% Cl) receiving dialysis | dialysis
1 [Reference] | |
4.17 (3.28-5.29) HEH
6.16 (4.75-7.99) -
0.82 (0.48-1.39) [
2.82(1.67-4.75) I
46.9 1 [Reference] | |
43.1 0.90 (0.70-1.15) il
42.8 0.89 (0.68-1.18) i
38.7 0.83(0.51-1.34) e
55 1.08 (0.65-1.81) T
20.6 1 [Reference] | |
22.5 1.18(0.83-1.69) =
21.2 1.16 (0.79-1.70) —a—
22.9 1.12(0.59-2.12) B
33 1.49 (0.74-2.99) e —
30.8 1 [Reference] | |
24.6 0.76 (0.55-1.04) .
24.7 0.75(0.53-1.06) —a—
20.6 0.68 (0.36-1.29) =
31.5 0.95 (0.49-1.85) =
02 U s

Adjusted OR or adjusted HR (95% Cl)

HR indicates hazard ratio; OR, odds ratio.

2The data in column 4 are adjusted ORs (95% Cls). Short-term is defined as
within 7 days after kidney transplant.

bFor the kidney recipient comparisons by matched donor dialysis status
(underwent dialysis vs did not undergo dialysis), logistic and Cox proportional
hazard regression models were used and adjusted for the following covariates:
cold ischemic time, recipient age, body mass index, diabetes as the cause of
recipient end-stage kidney disease, preemptive transplant status, previous

kidney transplant, level of human leukocyte antigen mismatch, panel reactive
antibody category (0%, 1%-20%, 21%-80%, and >80%), and donor estimated
glomerular filtration rate at hospital admission. Sandwich estimators were used
to account for outcome dependency when both donor kidneys were explanted.

“Includes dialysis for severe hyperkalemia, acidosis, hypervolemia,
hyperammonemia, and other electrolyte abnormalities without laboratory
evidence of stage 2 or 3 acute kidney injury.

9The data in column 4 are adjusted HRs (95% Cls).

[4.9%] recipients of kidneys from donors who did not receive
dialysis). Among the recipients alive at 6 months (943 [98.8%]
recipients of kidneys from donors who received dialysis vs 960
[97%] recipients of kidneys from donors who did not receive
dialysis), eGFR data were missing for 115 (6%) recipients.

Among the recipients alive at 12 months (934 [97.9%] re-
cipients of kidneys from donors who received dialysis prior to
donation vs 941[95.1%] recipients of kidneys from donors who
did not receive dialysis), eGFR data were missing for 144 (7.7%).
The remaining recipients had similar 6-month eGFRs (mean,
63.3 [SD, 21.4] mL/min/1.73 m? for recipients of kidneys from
donors who received dialysis vs 64.4 [SD, 21.8] mL/min/
1.73 m? for recipients of kidneys from donors who did not re-
ceive dialysis; between-group difference, -0.33% [95% CI,
-4.02% to 3.51%]) and 12-month eGFRs (mean, 64.7 [SD, 21]
mL/min/1.73 m? vs 65.1 [SD, 22.2] mL/min/1.73 m?2, respec-
tively; between-group difference, 0.51% [95% CI, -3.26% to
4.42%]) (eTables 3-4 in Supplement 1).

JAMA July16,2024 Volume 332, Number 3

There were 83 (4.3%) recipients who had no follow-up data
on eGFR reported to the United Network for Organ Sharing
through January 31, 2020. The remaining recipients had com-
parable rates of decline in eGFR (-3.2% per year for recipients
of kidneys from donors who received dialysis prior to dona-
tion vs —4.48% per year for recipients of kidneys from donors
who did not receive dialysis; between-group difference, 1.28%
[95% CI, -0.66% to 3.25%]) (eTable 5 in Supplement 1) after a
median of 3 serum creatinine measurements over 2.2 years of
follow-up.

In the subgroup analyses, the risk for DGF was higher when
donorsreceived dialysis for AKI prior to donation (n = 493; ad-
justed OR, 6.16 [95% CI, 4.75-7.99]) and for other reasons (acid
base, volume, electrolyte abnormalities) (n = 43; adjusted OR,
2.82 [95% CI, 1.67-4.75]), but not for intoxication (n = 29;
adjusted OR, 0.82[95% CI, 0.48-1.39]) (Figure 3). There were
no statistically significant differences in longer-term out-
comes by reasons for dialysis. The finding of increased risk of
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Figure 4. Kaplan-Meier Survival Curves of Longer-Term Outcomes for Recipients After Kidney Transplant
From Matched Donors by Dialysis Status
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DGF and of no increased risk for longer-term outcomes held ment 1), and without matching when comparing all recipi-
across dialysis modalities and durations (eTable 6 in Supple-  ents of kidneys from donors who received dialysis prior to
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donation vs those who did not receive dialysis (eTables 7-8 in
Supplement 1).

|
Discussion

In this cohort study, kidney transplants from deceased do-
nors who received dialysis prior to donation were associated
with a statistically significantly higher risk of DGF, but no in-
creased risk of adverse longer-term outcomes compared with
kidney transplants from deceased donors who did not re-
ceive dialysis.

Given the severe shortages of organs and the increases in
the rates of discarded kidneys from potential donors, there is
growing interest in using less than ideal donor kidneys (such
as kidneys from deceased donors with AKI).?-2? Prior work
showed that the risk of DGF was approximately 1.5 to 3 times
higher in recipients of kidneys from deceased donors with AKI
compared with recipients of kidneys from donors without
AKI.®1-2326 Tny a prospective cohort of deceased donors and
their kidney transplant recipients, risks for DGF increased with
AKI severity.'®

In the current study, the risk of DGF was approximately
6-fold higher when donors received dialysis for AKI. Despite
the higher risk of DGF, kidney recipients from donors who re-
ceived dialysis prior to donation had longer-term graft func-
tion that was comparable with kidney transplants from do-
nors who did not receive dialysis. This finding is consistent with
observations made in a smaller cohort of recipients of kid-
neys from deceased donors who had severe AKI and received
dialysis, as well as in other cohorts of recipients of kidneys
from deceased donors who had less severe AKI.>27:28 A study
from the UK demonstrated slightly poorer kidney function
after 1 year among recipients of kidneys from donors with
stage 3 AKI compared with those without AKI.!° However, the
overall acceptance rate of kidneys was higher in the UK (90%)
than in the US (75%),%1° suggesting that further research is
needed to identify the small subgroup of donors with subop-
timal kidney repair capacity.

Delayed graft function is an important outcome because
it has been associated with increased costs, length of stay, and
adverse outcomes.?*2 Considering the high incidence of DGF
after receiving kidneys from donors who underwent dialysis,
kidneys from these donors should be considered for recipi-
ents who may be sufficiently healthy to tolerate repeated he-
modialysis sessions after the transplant if DGF occurs. Trans-
plant centers may also benefit from proactive planning to
mitigate the longer hospitalization and the higher resource use
associated with DGF.3! Currently, transplant centers review
OPTN DonorNet information within the time constraints of

Kidney Transplant Outcomes From Deceased Donors Who Received Dialysis

organ allocation when making decisions about potential kid-
ney donor opportunities.

However, predonation dialysis is not reported in a stan-
dardized manner. The information about receipt of dialysis is
currently reported as free text and different terminologies are
used rather than documentation in a discrete field. Document-
ing standardized donor dialysis information in the donor forms
as a separate field, including the reason, modality, and dura-
tion, may facilitate better clinical decision-making with ap-
propriate consideration to improve use of available kidneys for
transplant. This would be particularly important given the in-
creasing use of dialysis modalities for volume and electrolyte
management in donors with AKI over time, as demonstrated
in the current study.

Although only a small proportion of deceased donors
received dialysis, there was large geographic variation across
the US in procuring and accepting kidneys from donors who
had received dialysis. This suggests that more kidneys might
become available if organ procurement organizations and
transplant centers carefully expand their threshold of offer-
ing dialysis to stabilize donors with severe AKI, as well as
expand their kidney procurement and acceptance criteria to
donors receiving dialysis but not currently considered eli-
gible because of severe AKI. Future research should investi-
gate whether the higher procurement and acceptance rates of
kidneys from deceased donors who received dialysis are
associated with shorter waiting times and better outcomes
for patients.

Limitations

First, this retrospective study was subject to confounding and
selection bias. Younger and healthier donors were more likely
to have kidneys procured by organ procurement organiza-
tions and accepted by transplant centers even when they were
receiving dialysis.

Second, the number of donors who received dialysis, par-
ticularly those who were identified as Black, was relatively
small. Third, the study was limited by the lack of specific in-
formation on donor demographics such as race, recipient co-
morbidities, and changes in immunosuppression over time in
the OPTN registry.

. |
Conclusions

Compared with receiving a kidney from a deceased donor who
did not undergo dialysis, receiving a kidney from a deceased
donor who underwent dialysis prior to kidney donation was
associated with a significantly higher incidence of DGF, but no
significant difference in graft failure or death at follow-up.
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