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Abstract

Background: There is controversy regarding the impact of delayed graft function (DGF) on kidney transplant
outcomes. We hypothesize that the duration of DGF, rather than DGF itself, is associated with long-term kidney graft
function.

Methods: We analyzed all deceased donor kidney transplants (DDKT) done at our center between 2008 to 2020. We
determined factors associated with DGF duration. DGF duration was assessed at three 14-day intervals: < 14 DGF days,
14-27 DGF days, > 28 DGF days.

We studied the impact of DGF duration on survival and graft function and resource utilization, including hospital
length of stay and readmissions.

Results: 1714 DDKT recipients were included, 59.4% (n=1018) had DGF. The median DGF duration was 10 days

IQR (6,15). The majority of recipients (95%) had resolution of DGF within 28 days. Donor factors associated with DGF
days were longer cold ischemia time, donor on inotropes, older age, donation after circulatory death, higher terminal
creatinine, and hypertension. Recipient factors associated with increased DGF duration included male sex, length on
dialysis before transplant, and higher body mass index. There were no differences in acute rejection events or inter-
stitial fibrosis progression by 4 months when comparing DGF days. The median length of stay was 3 days. However,
readmissions increased with increasing DGF duration. Death-censored graft survival was not associated with the
length of DGF except when DGF lasted > 28 days.

Conclusions: Inferior graft survival was observed only in recipients of DDKT with DGF lasting beyond 28 days. DGF
lasting < 28 days had no impact on graft survival. Duration of DGF, rather than DGF itself, is associated with graft
survival.

Trial Registration: Retrospective study approved by Mayo Clinic IRB number ID: 20-011561.
Keywords: Kidney transplant, Deceased donor, Delayed graft function

Background

The incidence of delayed graft function (DGF) after kid-
ney transplantation has increased substantially over
time, as a result of increased utilization of kidneys from
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(national sharing) [1, 2]. DGF has historically been asso-
ciated with inferior graft survival [3-7]. Although high
KDPI, AKI, and DCD kidneys are at a higher risk for
DGE, there are differences in the kidney allograft survival
between the subgroups, with DCD and AKI donors hav-
ing excellent outcomes [8—10].

DGF has increased resource utilization and concern
for poor outcomes, including rejection and worse graft
survival [3-7]. However, the data supporting poor out-
comes associated with DGE, including rejection and graft
survival, remains inconclusive. Some studies suggest
decreased graft survival [4, 5], which may be related to a
higher rate of rejection [6, 7, 11]; others have not found
an association between DGF and acute rejection or graft
survival [12]. Delayed graft function is often multifacto-
rial and related to a combination of the donor, transplant,
and recipient factors. Other reasons for these differing
results may be due to the reporting of DGF as a dichoto-
mous outcome rather than a continuum, different study
populations, and center practices.

A few registry-based studies have assessed the impact
of DGF duration on graft survival rates [13, 14]. A
United Kingdom (UK) registry-based study reported
that DGF duration > 14 days [13] was associated with an
increased risk of death-censored graft failure. In con-
trast, an Australian study found a direct time-dependent
effect between DGF duration and graft loss [14]. In the
United States, although the Scientific Registry of Trans-
plant Recipients database assesses kidney transplant out-
comes and reports DGF, it does not provide data specific
to DGF days.

We analyzed a large cohort of patients with DGF to
determine factors associated with DGF duration as well
as the impact of DGF duration on 1) acute rejection,
BKV infection, progression of interstitial fibrosis and
death-censored graft survival, and 2) resource utilization,
including hospital length of stay and readmissions.

Methods

This is a single-center retrospective study of patients
receiving deceased donor kidney transplantation (DDKT)
from 2008 to 2020. This study was approved by the Mayo
Clinic Institutional Review Board. The last follow-up was
at the end of November 2020.

Delayed graft function was defined as the recipient
needing dialysis during the first 7 days post-transplant.
The last dialysis day was used as the end of DGF. Delayed
graft function duration was assessed at three 14-day
intervals: < 14 DGF days, 14—27 DGF days, > 28 DGF days.
Patients who received multi-organ transplants, preemp-
tive transplants (n =326), living donor kidney transplants
(n=1028), and those who had early graft failure within
10 days due to vascular complications were excluded
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(n=18). Primary nonfunction (PNF) was included in the
group with DGF days>28 and was defined as needing
dialysis for>90 days and no recovery of graft function.
The study flow chart is provided in Fig. 1.

Donor AKI was classified per creatinine change as
noted in the Acute Kidney Injury Network (AKIN) clas-
sification system [15]. At our center, as previously pub-
lished, we accept kidneys based on kidney biopsy findings
[8, 16]. Availability of machine perfusion and pump per-
fusion parameters do not play a role in decisions regard-
ing kidney utilizations [8, 16]. Donor warm ischemia
time was calculated from donor asystole time (time from
withdrawal of support to aortic cross-clamp and perfu-
sion with cold preservation fluid).

Protocol post-reperfusion (time-zero) and surveillance
biopsies were performed at 4, 12 and 24 months post-
transplantation. For-cause biopsies were done in the set-
ting of persistent DGF beyond 2 weeks or for concern
for rejection. All rejection episodes were confirmed by
biopsy. Subclinical rejection episodes on protocol biop-
sies were included in the analysis. The biopsies were clas-
sified using Banff criteria [17]. We calculated the acute
rejection within first 4 and 12 months of kidney trans-
plant, including any for cause and protocol biopsy. Pro-
gression of chronic interstitial fibrosis (ci) scoring was
done using Banff scores and was defined as an increase
in ci score by 1 or more from the baseline biopsy done
post-implantation.

BKYV infection is diagnosed by BKV viremia, and BKV
counts are checked monthly for the first 4 months and
then at 6, 8, 12 months, and annually percenters proto-
col. BKV viremia was defined as detectable BKV viremia,
which per our lab assay, is 1600 IU/ml.

All patients received induction therapy. Before 2011,
patients received rabbit-anti thymocyte globulin. After
2011, induction was with alemtuzumab. Patients over
age 65 received basiliximab, which did not change during
the study period. Patients receiving induction with the
depleting agents had complete withdrawal of corticoster-
oids by post-transplant day 5, while maintenance corti-
costeroids were continued for those receiving basiliximab
induction. Steroids were maintained if recipients had a
panel reactive antibody>80%, donor-specific antibod-
ies, or end-stage renal disease from glomerulonephritis.
Maintenance immunosuppression was with tacrolimus
and mycophenolate mofetil. Tacrolimus was started on
post-transplant days 0-1, irrespective of DGF. Goals for
trough tacrolimus levels were 8—10 ng/mL for the first
month and then 6-8 ng/mL. Recipients were discharged
from the hospital by day 2 to 4, irrespective of DGF, and
monitored in the outpatient setting. Patients with ongo-
ing delayed function 2 weeks post-transplant underwent
repeat Doppler ultrasound imaging and allograft biopsy.
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Kidney Only transplant from 2008 to 2020
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(n=749) (N=217)
Fig. 1 Study diagram

Statistical Analysis

Descriptive statistics were reported as mean (stand-
ard deviation) or median, interquartile range (IQR) for
continuous variables, and frequency (percentage) for
categorical variables. We compared donor and recipient-
related variables between patients with and without DGF
in the entire cohort using the Equal Variance t-test for
continuous variables and the Chi-Square test for categor-
ical variables. Nonparametric Kruskal Wallis tests com-
pared data that were heavily skewed.

In the cohort with DGEF, the number of DGF days as a
continuous variable was modeled using multivariable lin-
ear regression with variable inclusion based on univari-
ate significance at p<0.1 level and clinical significance.
For analysis of predictors of DGF, on multivariate analy-
sis, KDPI was not included as individual factors of KDPI
were not included in Multivariate analysis.

We also divided DGF into 3 groups of 14-day inter-
vals to better characterize the effect of DGF days. We
used the above cutoff as previous studies have reported
the effect of DGF after 14 days [13]. Here, recipient and
donor characteristics were compared by DGF day groups
using Analysis of variance (ANOVA) or Chi-Sq, where
appropriate. We tested different cutoff points for the
duration of DGF using the Contal and O’Quigley method
[18]. Primary nonfunction were not included in the Con-
tal and O’Quigley calculation.

Our primary outcome was to study the effect of DGF
days on death censored graft survival. We used the unad-
justed Kaplan Meier method to estimate death censored
graft survival between 14-day groups of DGF days. We
performed Kaplan Meier with and without PNF cases.

We used the adjusted Cox Proportional Hazard model
when considering DGF days as a continuous variable in
the subgroup of patients with DGF for death censored
Graft survival analysis.

We also studied effect of DGF vs. no DGF and between
14-day groups of DGF days on patient survival using
unadjusted Kaplan Meijer. We also reported causes of
death and death censored graft survival in the no DGF
and DGF subgroups.

We compared the incidence of acute rejection, the
occurrence of BKV infection, progression of interstitial
fibrosis (from preimplantation to 4 months), length of
stay, and readmissions at 30 and 90-days post-transplant
in the DGF groups. Readmission rates included observa-
tion status and inpatient stay >24 h. We don’t admit sub-
jects for renal biopsy or outpatient procedures.

In case of missing data, we excluded the missing data
from the numerator and denominator. Imputation for
missing data was not performed.

All statistical analyses were two-sided and considered
statistically significant at the p=0.05 level. Analyses were
performed in SAS v9.4 (SAS Institute; Cary, NC).
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Results

There were 1018 (59%) recipients with DGF and 696
(41%) without DGF. The majority of patients had reso-
lution of DGF by 14 days (n=749, 74%), while 21%
(n=217) had resolution of DGF between 15-28 days
and 5% (n=>52) had DGF lasting>28 days. The median
duration of dialysis days in the DGF group was 10 [6,
15]. The median duration of dialysis days (IQR) was
34.5 days (31,39.75) in the DGF group needing dialysis
for > 28 days, after excluding 7 PNF.

Baseline recipient and donor characteristics are shown
in (Table 1). With an increasing number of DGF days, it
was more common to see kidney allografts coming from
donors with hypertension, a higher KDPI score, DCD
status, and AKI. Similarly, an increase in cold ischemia
time (CIT) was associated with a longer DGF duration.
(Table 1).
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Death censored graft and patient survival

Overall, death-censored graft survival (log-rank P—
value =0.302) was similar between the DGF and no DGF
groups ((Fig.2a), Log-rank p=0.57). When we tested
different cutoff points for the duration of DGF using
the Contal and O’Quigley Method, 28 days of DGF was
identified as the significant cutoff point where the hazard
ratio was 3.813 (p<0.001). When we used 7 days cut-off,
it was not significant. However, when we ran the model
excluding the hyperkalemia (DGF days=1), this sub-
group upheld findings.

Kaplan—Meier graft survival in the 3 subgroups of
DGF compared to no DGF groups is shown in (Fig.2b).
Delayed graft function>28 days (log-rank p<0.001) was
associated with inferior graft survival. After excluding
PNF, DGF >28 days was associated with increased death
censored graft survival (log-rank p <0.001).

Table 1 Comparison of Groups Based on Delayed Graft Function (DGF) Days

No DGF DGF days P value

0 (n=696) <14 (n=749) 15-28 (n=217) >28(n=52)
Donor age (years) 36.9(19.1) 40(15.6) 41.5(14.8) 46(12) <0.001
Male 425 (61%) 463(62%) 146(66.4%) 19 (47.5%) 0.135
Donor Body mass index (kg/mz) 26.7 (7.4) 29.9(7.8) 296(7.6) 30(10.5) <0.001
Donor Hypertension 161(24.2%) 209 (29%) 62 (29%) 22 (46%) 0.005
Donor Black race 46 (6.6%) 62(8%) 15(7%) 2(4%) 047
Donor Acute Kidney Injury stage > 2 94 (13.5%) 385(51%) 130(60%) 20(39%) <0.001
KDPI 46.6 (28.9) 52.7(24.7) 54.8(25.1) 62 [21] <0.001
KDPI> 85 104 (15%) 92(12%) 32(15%) 9(17%) 0.5
Donation after circulatory death 106(15.2%) 196(26%) 59(27%) 20(39%) <0.001
Donor on inotropes 213(30.6%) 243(32%) 78(36%) 15(38%) 043
Donor Diabetes mellitus 69(10.1%) 57(7.8%) 16(7.4%) 6(12%) 031
Donor terminal creatinine (mg/dl) 1.27(1.39) 3.1(2.8) 3.6(29) 2.5(2.3) <0.001
Cold Ischemia time >24 h 125(18%) 247(33%) 68(31%) 22(42%) <0.001
Cold Ischemia time (hours) 16.9 (7.3) 20.8(6.7) 214(6.2) 21.718] <0.001
Pumped kidney 60(9%) 92(12%) 21(10%) 8 (15%) 04
Warm ischemia time (minutes) 28.11[12] 24.8[10] 2911] 21(6.8) 032
Recipient Male 351(50.4%) 482(64%) 145(66%) 32(76%) <0.001
Recipient Black race 68(9.8%) 93(12.4%) 31(14.3%) 5(9.6%) 0.21
Recipient Age at transplant (years) 54.4(14.0) 56.1[13] 56.5[12] 56.8[12] 0.04
Recipient Body mass index (kg/m?) 28.1(5.6) 29.1(5.6) 29.9(5.8) 31.2(5.5) <0.001
Recipient Length on Dialysis (days) 1306.2(1042) 1365.3(942) 1504(895) 1540 (850) 0.04
Pretransplant Diabetes mellitus 250(35.9%) 347(46%) 120(55%) 28(54%) <0.001
Previous transplant 87(12.5%) 69(9.2%) 21(9.5%) 5(9.6%) 0.21
Panel reactive antibody (%) 21.91(35.5) 17.8(324) 18.7(31.6) 16.5(29.5) 0.1
Induction Basiliximab-165(25%) Basiliximab-203 (29%)  Basiliximab-60(29%) Basiliximab-15(33%) <0.001
Basiliximab Rabbit-anti thymocyte  Rabbit-anti thymocyte  Rabbit-anti thymocyte = Rabbit-anti thymocyte

Rabbit-anti thymocyte globulin
Alemtuzumab

globulin -139(21%)
Alemtu-
zumab-355(54%)

globulin -87 (12%)
Alemtu-
zumab-418(59%)

globulin -26(13%)
Alemtu-
zumab-120(59%)

Continuous variables given as mean (standard deviation); categorical variables given as frequency (percentage)

globulin -6(13%)
Alemtuzumab-26
(54%)
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a. Death censored graft survival comparing DGF vs. no DGF
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b. Death censored graft survival comparing no DGF and different sub groups of DGF
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Fig. 2 a Death censored graft survival comparing DGF vs. no DGF. b Death censored graft survival comparing no DGF and different sub groups of
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On multivariate analysis, Cox proportional hazard
model DGF >28 days was associated with higher death
censored graft failure [2.85 (1.3-6.1), P=0.008]. (Table 2)
Delayed graft function duration, when used as a continu-
ous variable for the group with <28 days of DGE, it was
not associated with graft loss (p=0.783). (Table 2) An
increase in KDPI score was associated with increased
hazards of graft loss{1.013 (1.01-1.02), p=0.001}.
(Table 2).

There was no difference in patient survival between
DGF vs. no DGF group (log-rank p=0.178) (Fig.3a).
However, DGF days>28 days was associated with
decreased patient survival (log-rank p =0.039) (Fig.3b).

There was higher death in 1 year in the subjects with
DGF >28days (1.5% in no DGEF, 2.1% in DGF <14 days,
3.2% in DGF 15-28days, and 11.5% in DGF>28 days,
p<0.001). The cause of death in the group with DGF
days > 28 days was an infection. Causes of death censored
graft loss and death within lyear are provided in Supple-
ment (Tables 1 and 2).

Acute rejection and BKYV infection
The rate of acute rejection, including subclinical rejection
within first 4 months ater transplant. Rate of acute rejec-
tion including subclinical rejection within 12 months
was 19.5% in no DGF, 13.4% in DGF<14 days, 19.5%
in DGF 15-28 days and higher at 23% in DGF > 28 days
(p=0.005).

Rate of BK infection within the first year, was similar
between the groups (Table 3).

Table 2 Death Censored Graft Survival
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Chronic interstitial fibrosis progression

Chronic interstitial fibrosis (ci) progression at 4 months
was similar in the no DGF and DGF groups (p=0.45)
(Table 3). Delayed graft function days (p=0.21) were
not associated with ci progression at 4 months on logis-
tic regression. Table 3 shows ci scores at times 0 and 4
months. In the group with DGF >28 days at 4 months,
only 60% had protocol biopsy at 4 months compared to
71-76% in other groups. The reasons for 40% (n=21) not
getting protocol biopsy in DGF > 28 days included: 7 had
graft loss, 2 died, 2 were decapsulated kidneys, 1was on
anti-coagulation, 1 had a recent infection, and 8 were not
done as they had biopsy around one month for evalua-
tion of DGF and had stable graft function.

Length of stay and readmission in 30 and 90 days
(Table 3)

The median length of stay was 3 days for all the groups.
Readmissions within 30 days were 26% in no DGF, 36%
in DGF <14 days and around 50% for DGF>14 days
(Table 3). Readmissions in 90 days increased with the
duration of DGF. Thirty-four percent in no DGF group,
46% in DGF < 14 days, 61% is DGF 15-28 days and 64% in
DGF lasting > 28 days (» <0.001).

Risk factors for DGF (Table 4)

Multivariate analysis of donor and recipient factors asso-
ciated with the duration of DGF days is shown in Table 4.
Donor factors associated with DGF duration were longer
CIT (0.19), donor on inotropes (1.2), older age (0.03),

Univariate Multivariable
Variable Level HR (95% ClI) P-value HR (95% ClI) P-value
Delayed function Yes vs. No 0.83(0.59,1.12) 0.30
DGF (more than or less than 28 days) >28 days vs < 28 days 3.3(1.55-7.14) 0.002 2.85(1.3-6.1) 0.008
Days of DGF for those with DGF </=28days  One day Increase 0.99(0.97-1.02) 0.783
Age at Transplant One Unit Increase 0.99 (0.97, 1.004) 0.16
Recipient Sex Male vs. female 1.12(0.79,1.16) 0.59
Recipient Race Black vs. White 1.56 (0.9, 2.5) 0.055 1.61(1.01, 2.58) 0.05
Recipient Body mass index (kg/m?) One Unit Increase 1.01(0.98,1.04) 0.66
Recipient pre transplant Diabetes mellitus Yes vs. No 1.13(0.82, 1.56) 0.46
Previous Kidney Transplant Yes vs. No 1.093 (0.66, 1.82) 0.73
Length Dialysis (days) One Unit Increase 1.002 (0.997,1.01) 039
Donor Acute Kidney Injury (>/=2) Yes vs. No 0.94 (0.67,1.33) 0.74
Kidney Donor Profile Index One Unit Increase 1.01(1.002, 1.015) 0.01 1.013(1.01-1.02) 0.001
Cold Ischemia Time (hours) One Unit Increase 1.013(0.99, 1.04) 0.29
Warm Ischemia Time (minutes) One Unit Increase 1.02(0.96,1.09) 0.55
Panel of Reactive Antibody (%) One Unit Increase 1.00(0.99,1.01) 0.59
Histocompatibility Antigen mismatches One increase 1.09(0.97,1.22) 0.15
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a. Patient survival in Delayed graft function (DGF) vs. no DGF
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There was no difference in the patient survival between DGF vs. no DGF group. Log rank, p=0.178

b. Patient survival when comparing no Delayed graft function (DGF) with DGF subgroups
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DGF days >28 days was associated with decreased patient survival (log-rank p=0.039).
Fig. 3 a Patient survival in Delayed graft function (DGF) vs. no DGF. b Patient survival when comparing no Delayed graft function (DGF) with DGF
subgroups
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Table 3 Acute Rejection, BKV, Length of Stay, Readmissions and Pathology

No DGF DGF days

0 (n=696) <14 (n=749) 15-28 (n=217) >28(n=52) P value
Acute rejection including subclinical rejection  79(11.4%) 68(9.1%) 25(11.4%) 10(19%) 0.09
within 4 months of transplant
Acute rejection including subclinical rejection  136(19.5%) 100(13.4%) 43(19.5%) 12(23.1%) 0.005
within 12 months of transplant
BKV infection within 1 year of transplant 116(16.7%) 106(14.2%) 31(14.3%) 4.(7.7%) 0.24
Length of stay (days) 3(24) 3(24) 3(24) 3(2,5)
(Median)
Readmission at 30 days 178(26%) 266(36%) 108(50%) 25(48%) <0.001
Readmission at 90 days 239(34%) 346(46%) 132(61%) 32(64%) <0.001
Pathology 0 (n=696) <14 (n=749) 15-28 (n=217) >28(n=52)
Ci progression at 4 month (+2)
Missing 372 334 108 36
Yes 154 200 64 14 0.196
No 170 215 45 12
ci score at time 0 (time 0 ci score) <0.001
Missing 274(39%) 223(30%) 67(30%) 21(40%)
cio 342(49%) 393(53%) 108(50%) 20(39%)
cil 77(11%) 126(17%) 41(19%) 10(20%)
ci>1 3(0.4%) 7(0.9%) 1(0.5%) 1(2%)
Ci score at 4 month <0.001
missing 199 (29%) 179(24%) 61(29%) 21(40%)*
c0 231(33%) 200(27%) 40(18%) 8(15%)
cl 228(33%) 314(42%) 95 (43%) 12(23%)
ci>1 38(5%) 56(8%) 21(10%) 11(21%)

Ci chronic interstitial fibrosis, *ci at 4 months was not available in 40% of subjects with DGF > 28 days. Continuous variables given as mean (standard deviation);

categorical variables given as number (percentage)

donation after circulatory death (3.3), higher terminal
creatinine (0.96), and hypertension (1.3). Recipient fac-
tors associated with DGF duration included male sex
(1.7), pretransplant dialysis days (0.001), and higher body
mass index (0.11).

Subgroup analysis of DGF duration >28 Days
On univariate analysis, a higher KDPI score [62(21)
vs. 53.2(25), p=0.013] and donor HTN (44% vs. 29%,
p=0.04) were more commonly observed in patients with
DGF lasting > 28 days compared to <28 days (Table 3 for
supplement). Post-transplant recipient factors contribut-
ing to prolonged DGF included infection (#=6), cardi-
ovascular-related complications (n=7), cirrhosis-related
decompensation (n=1), acute rejection (n=2), reoc-
currence of focal segmental glomerulosclerosis (n=2),
hemolytic uremic syndrome (#=1), fibrin thrombi and
later sepsis (n=1) and post-transplant bleeding (n=3).
Ten patients needed dialysis for 90 or more days. Of
these 7 were declared PNF: 1 recipient received a stand-
ard KDPI kidney and had acute rejection and pyelo-
nephritis; 1 recipient received an AKI and high KDPI

kidney; 2 recipients had chronic hypotension due to car-
diac causes; 1 recipient had hypotension due to cirrho-
sis; 2 recipients had graft loss likely related to advanced
chronic changes on time-0 biopsy (ah1, cg0, ci2-3, ct2-3,
cv2-3); and a seventh recipient received an AKI kidney
and had hypotension and focal segmental glomeruloscle-
rosis recurrence post-transplant.

Three recipients came off dialysis after being dialyzed
for 90 days. One needed dialysis for 6 months due to
post-transplant thrombotic microangiopathy with corti-
cal necrosis but came off dialysis and has had satisfactory
graft function for more than 4 years. This patient received
a kidney from a young donor with a KDPI score <20%.
Two subjects had chronic changes on biopsy and main-
tained graft function after being switched to belatacept.

Discussion

The true impact of DGF on kidney transplant outcomes
remains debated, and in most studies, DGF is reported
as a dichotomous outcome rather than a continuum.
During this study period, we assessed 1714 DDKT of
which, 59% (» =1018) had DGF. We observed a median



Budhiraja et al. BMC Nephrology (2022) 23:154 Page 9 of 12
Table 4 Predictors of DGF Days

Univariate Multivariable
Variable Estimate (SE) P-value Estimate (SE) P-value
Recipient Age at Transplant 0.05 (0.02) 0.02 -0.19(0.02) 03
Recipient sex (male vs female) 2.3(0.4) <0.001 1.7 (04) <.001
Recipient Race (Black vs White) 0.82(0.9) 034
Recipient body mass mdex(kg/m2) 0.24 (0.05) <0.001 0.11(0.04) 0.004
Diabetes Pretransplant Diabetes mellitus 2.6(0.54) <.0001 0.64 (0.4) 0.15
Previous Kidney Transplant -0.366 (0.8) 0.68
Length Dialysis (days) 0.02 (0.01) 0.02 0.001 (0.01) 0.02
Donor Acute Kidney Injury > 2 5.23(0.376) <.0001
Kidney Donor Profile Index 0.05 (0.01) <0.001
Cold ischemia Time (hours) 0.3(0.04) <0.001 0.19(0.03) <.001
Donor Hypertension 2.1(0.6) (0.437) 0.001 1.3(0.5) 0.01
Donor Oliguria/Anuria 5.0(0.5) <.001
Donor age 0.06 (0.02) <.001 0.03 (0.01) 0.03
Donor Sex (male vs female) 2 (04) 0.7
Donor Race (Black vs. White) -0. 2(1 4) 0.88 -1.5(0.8) 0.08
Donor body mass index (kg/mz) 16(0.04) <0.001 0.02(0.03) 0.48
Donation after Circulatory Death (O 6) <.001 3.3(0.5) <.001
Donor Diabetes Mellitus -0.765 (0.68) 0.26
Panel Reactive Antibody (%) -0.01(0.1) 0.23
Warm Ischemia Time (minutes) -0.08(0.08) 0.29
Donor on inotropes 1.05(0.4) 0.02 1.2(04) 0.01
Terminal donor creatinine (mg/dl) 0.98(0.1) <.0001 0.96(0.08) <0.001

DGF duration of 10 days, with the majority of recipi-
ents (95%) showing resolution of DGF within 28 days.
There were no differences in acute rejection events or
interstitial fibrosis progression by 4 months when com-
paring DGF days. Readmissions increased with increas-
ing DGF duration. Death-censored graft survival was
not associated with the length of DGF except when
DGF lasted > 28 days. To our knowledge, this is the first
study to examine in detail the effect of DGF duration
on rejection, readmissions, graft survival, and histology
using a large cohort of deceased donor kidneys with
DGE.

In a UK single center [7] study with DCD donors
from 2011 to 2016, the presence of DGF was associ-
ated with lower graft survival, though the duration of
DGF was not. In contrast, a UK registry-based DCD
study [13] reported that DGF > 14 days was associated
with an increased risk of death-censored graft failure
(hazard ratio 1.7, p=-001) and recipient death (haz-
ard ratio 1-8, p<001) compared to grafts with imme-
diate function [13]. That study reported a 2.5 times
higher incidence of acute rejection within 3 months in
recipients with DGF lasting > 14 days than those with
DGF duration<7 days. Because this was a registry-
based study, there was insufficient data on induction

and maintenance immunosuppression and if transplant
centers held tacrolimus in the setting of DGF.

Authors Lim et al., using the Australian and New Zea-
land Dialysis and Transplant Registry, reported a direct
effect between DGF duration and death-censored graft
loss. [14] The authors reported DGF >7 days was associ-
ated with a greater than 40% risk of graft loss. The Haz-
ard Ratio for Death censored graft loss for DGF duration
8-13 days and > 14 days was 1.45 (1-2.1) and 1.6 (1.1-
2.3) when compared to DGF duration 1-4 days. Suggest-
ing, DGF duration>7 days had a 45% higher relative risk
for Death censored graft loss over the entire follow-up
period.

The authors also reported an association between
DGF duration and risk for acute rejection [1.17 (1.10-
1.25; p<0.001)]; subjects who developed acute rejec-
tion at 6 months were more likely to have graft loss
[14]. Although this reported association is worrisome,
it is important to note that the study had a higher inci-
dence of acute rejection, 30% risk at 6 months, greater
than expected. The lower use of T-cell depleting induc-
tion (3.5% with DGF vs. 10.7% without DGF) may
have contributed to this finding [14]. In our present
study, DGF days did not negatively impact death-cen-
sored graft survival except for those patients with DGF
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duration >28 days. Duration of DGF also had no impact
on acute rejection as compared to the registry-based
studies mentioned above. By comparison, depleting
agents were used in 70% of our recipients with DGF. By
protocol, our center also does not modify induction or
delay initiation of calcineurin inhibitors in the setting
of DGE. Our center’s practice of early tacrolimus initia-
tion combined with higher levels (8—10 ng/ml) within the
first month of the transplant could be reasons for these
observed differences in early rejection.

There is controversy if an increase in Cold Ischemia
Time and DCD kidneys is associated with an increased
risk of BKV replication due to ischemia—reperfusion
causing viral activation [21-23]. We did not find an asso-
ciation between DGF and BKYV infection in this cohort.

Despite some data suggesting otherwise, there con-
tinue to be concerns in the transplant community regard-
ing the impact of DGF on the progression of allograft
interstitial fibrosis. We have previously demonstrated
that DGF does not increase the risk for interstitial fibro-
sis at one year [19]. In the current study, we studied the
effect of DGF duration on the risk of interstitial fibro-
sis progression. We did not find any significant impact
of DGF days on the progression of chronic interstitial
fibrosis compared to time O post-reperfusion biopsies to
4 months protocol.

Our center aims to discharge patients on post-trans-
plant days 2-3 irrespective of DGF. As we have previously
reported, our center’s protocol is to routinely discharge
patients with outpatient non-hospital based hemodi-
alysis and close follow-up in our outpatient transplant
clinic to minimize hospital length of stay. The median
length of stay was 3 days, irrespective of DGF days. We
observed higher readmission rates at 30 and 90 days, with
increasing DGF duration. Compared to those without
DGE, recipients with DGF lasting > 14 days had a 22-24%
higher 30-day readmission rate and 27-30% higher
90-day readmission rate.

We also recognize that the need to start and continue
dialysis is subjective. There can be variation regard-
ing this decision within the center and between centers.
Some centers may also be conservative with respect to
dialyzing patients versus medical management. Since we
have easy access to outpatient dialysis, it may result in
less strict criteria for dialysis. Besides the center’s prac-
tice of accepting more donors with severe AKI kidneys
and long cold ischemia time, the different thresholds for
dialysis may also play a role in higher DGF rates in our
patient population.

Unlike previously published studies [13, 14], death-
censored graft survival was not associated with the
length of DGF except when DGF lasted >28 days. Graft
loss in patients with DGF lasting > 28 days was often due
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to a combination of donor and recipient factors. Recipi-
ent factors contributing to the graft loss identified in
our study included cardiovascular complications, severe
infections, acute rejection, and glomerulonephritis. For
these recipients, prolonged DGF and associated out-
comes appeared to be secondary to these post-transplant
events.

Conclusions

Our study is a single-center study and has several limi-
tations. As a center that utilizes a high proportion of
high KDPI, AKI, DCD, and nationally allocated kid-
neys, our overall incidence of DGF is higher than other
centers. The study findings may not apply to cent-
ers that rely their decisions on pump pressures and
higher use of machine perfusion and have shorter cold
ischemia times. Our decisions to accept kidneys were
not based on pump parameters, and we did not include
data on machine perfusion as we mostly rely on biopsy
findings.

As a result, we recognize that our experience with DGF
and outcomes may be unique compared to the greater
transplant community. Although we assessed hospital
length of stay and readmission rates, the financial impact
of DGF duration was not assessed in detail. Access to
outpatient non-hospital-based hemodialysis is a practice
specific to our center that has helped us decrease inpa-
tient hospital resource utilization. This unique aspect of
our practice may not be universally applicable to other
centers as resource availability varies from center to
center. Despite these limitations, we feel that our experi-
ence with DGF and outcomes are valuable. Despite using
donors with higher risk features and overall higher rates
of DGE, we have reported excellent outcomes [8, 9, 16,
19, 20]. Moreover, this current study provides granular
details specific to DGF that are not available from larger
database studies.

We conclude that the duration of DGE, rather than
DGF itself, has greater clinical significance and is asso-
ciated with kidney transplant outcomes. In this study,
delayed graft function lasting up to 28 days post-trans-
plant for most patients has no detrimental impact on
graft survival. However, DGF persisting for>28 days
is associated with inferior kidney graft survival. When
assessed in the context of therapeutic and timely immu-
nosuppression, increasing duration of DGF does not
increase the risk of acute rejection or progression of
interstitial fibrosis. Although DGF is associated with
higher readmission rates, long-term outcomes remain
excellent. Future studies assessing the impact of DGF on
kidney transplant outcomes should consider transition-
ing from the assessment of DGF as a dichotomous out-
come to that of a continuum.
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