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Concerns regarding outcomes and early resource utilization are potential deterrents to
broader use of kidneys at risk for delayed graft function (DGF). We assessed outcomes
specific to kidneys with DGF that required early readmission following transplant. Three
groups were identified: 1) recipients with DGF not requiring readmission, 2) recipients
with DGF having an isolated readmission, and 3) recipients with DGF
requiring ≥2 readmissions. Most recipients either required a single readmission
(26.8%, n = 247) or no readmission (56.1%, n = 517); 17.1% (n = 158),
had ≥2 readmissions. Recipients requiring ≥2 readmissions were likely to be
diabetic (53.8%, p = 0.04) and have longer dialysis vintage (p = 0.01). Duration of
DGF was longer with increasing number of readmissions (p < 0.001). There were no
differences in patient survival for those with DGF and 0, 1 and ≥2 readmissions (p =
0.13). Graft survival, however, was lower for those with ≥2 readmissions (p < 0.0001).
This remained true when accounting for death-censored graft loss (p = 0.0012).
Additional subgroup analysis was performed on mate kidneys with and without
DGF and mate kidneys, both with DGF, with and without readmissions. For these
subgroups, there were no differences in patient or graft survival. As a whole, patients
with DGF have excellent outcomes, however, patients with DGF
requiring ≥2 readmissions have lower graft survival. A better understanding of
recipient variables contributing to multiple readmissions may allow for
improvements in the utilization of DGF at-risk kidneys.
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INTRODUCTION

Delayed graft function (DGF) is a common post-transplant event.
Although the incidence varies between transplant centers, it is
known to occur at a higher rate with certain types of kidney
allografts, such as those coming from high kidney donor profile
index (KDPI) donors, acute kidney injury (AKI) donors and
donation after circulatory death (DCD) donors (1-3). The clinical
significance of DGF and its impact on outcomes remains debated,
however outcomes-related concerns, in combination with
increased need for early resource utilization, are perceived as
deterrents to the broader use of kidneys at risk for DGF (1-8).
These factors unfortunately predispose certain kidney allografts
to underutilization and place them at a high risk for discard (8).
Although donor-related factors contributing to DGF are well
established, recipient-specific variables likely also play an
important role in DGF, resource utilization, and transplant
outcomes (9-10). Our center has gained experience in using
DGF at-risk kidneys and managing post-transplant events in
the outpatient setting (1-3). Given this background, we sought to
assess variables and outcomes specific to kidneys with DGF that
required early readmission following transplant.

METHODS

This is a retrospective review of patients with DGF who received
deceased donor kidney transplants at Mayo Clinic Arizona from
2015 through 2020. Recipients with DGF were assessed based on

their need for readmission. Three groups were identified: 1)
recipients with DGF not requiring readmission, 2) recipients
with DGF having a single isolated readmission, and 3)
recipients with DGF requiring ≥2 readmissions. Living donor
kidney transplants and multivisceral transplants were not
included in this analysis. Recipients with early (<7 days post-
transplant) technically related graft losses (n = 12) and with
primary nonfunction (n = 7) were excluded as were recipients of
deceased donor kidneys without DGF (n = 616) (Figure 1). The
study was deemed exempt by the Institutional Review Board (IRB
20-000860).

DGF was defined as the need for dialysis within 7 days of
kidney transplant. Acute kidney injury (AKI) donors were
defined as those with Acute Kidney Injury Network (AKIN)
stage 2-3 (2, increase in serum creatinine >twofold to threefold
from baseline; 3, increase in serum creatinine >4.0 mg/dl
or >threefold from baseline or requirement of renal
replacement therapy) (1-3).

Data on readmissions was obtained using the electronic health
record. The electronic health record was queried for the date of
admission, date of transplant procedure, date of discharge and
initial length of stay. Early readmission following kidney
transplant was defined as occurring within 60 days of the
index procedure. A readmission was defined as any hospital
stay ≥24 h. The International Classification of Diseases (ICD)
10 codes (ICD 9 prior to October 2015) for the primary
readmission discharge diagnosis were recorded. Readmissions
related to early renal recovery include those attributed to volume
status (overload or dehydration) and electrolyte management.
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Percentages of missing variables are noted in Supplementary
Table S1.

Protocolized induction and maintenance immunosuppression
was used for all kidney transplant recipients. Basiliximab induction
was used for patients over 65 years of age; patients less than
65 years of age received depleting induction. Those who
received basiliximab were continued on maintenance
corticosteroids while steroid discontinuation occurred by post-
transplant day five for those receiving depleting induction.
Tacrolimus and mycophenolate mofetil were used for
maintenance immunosuppression. Tacrolimus was started on
post-transplant day 1-2 irrespective of DGF. Tacrolimus trough
levels were maintained between 8–10 ng/ml for the first month
post-transplant and between 6–8 ng/ml after 1 month. All reported
rejections were biopsy-proven. Early acute cellular rejection (ACR)
was defined as occurring within 6 months of transplant. Estimated
GFR (eGFR) was calculated using the CKD-EPI formula. Six-
minute walk distance was used to assess candidate suitability for
transplant as previously described (11).

Recipients are typically discharged between post-transplant days
2 and 3 regardless of DGF (12). For those withDGF, dialysis occurred

as an outpatient in a community-based dialysis unit. Need to
discontinue dialysis was monitored in the outpatient setting with
clinic visits and laboratory studies occurring 2-3 times per week.
Parameters used to guide discontinuation of dialysis included serum
laboratory studies, recipient weight and urine output volume.

Outcomes
Primary outcomes were post-transplant hospital length of stay, early
ACR, eGFR, and patient and allograft survival comparing recipients
with DGF having 0, 1 and ≥2 post-transplant readmissions.
Secondary outcomes were obtained through subgroup analyses
on mate kidneys. Two subgroup analyses were completed: 1)
mate kidney with and without DGF, and 2) mate kidneys both
with DGF but with and without hospital readmissions. Primary
outcomes were applied to the subgroup analyses.

Statistical Methods
Chi-square analysis was used for categorical variables and t-tests
were used for quantitative variables. Graft and patient survival
were calculated by Kaplan-Meier survival analysis. We also used a
Cox proportional hazard model to adjust for baseline differences

TABLE 1 | Characteristics of recipients and donors with DGF and 1, ≥2 or no readmissions.

DGF No
readmission (n = 517)

DGF Single readmission
(n = 247)

DGF ≥2 readmissions (n = 158) p-value

Recipient
Age (years) 55.3 ± 12.8 (57.0) 57.1 ± 12.8 (60.0) 57.3 ± 12.7 (59.0) 0.11
Male 333 (64.4%) 160 (64.8%) 109 (69.0%) 0.56
Race
White 214 (41.4%) 96 (38.9%) 71 (44.9%) 0.65
Black 74 (14.3%) 36 (14.6%) 20 (12.7%)
Hispanic 126 (24.4%) 75 (30.4%) 41 (25.9%)
American Indian/Alaska Native 58 (11.2%) 23 (9.3%) 12 (7.6%)
Other 45 (8.7%) 17 (6.9%) 14 (8.9%)

BMI (kg/m2) 28.8 ± 5.6 (28.3) 28.5 ± 5.3 (28.4) 28.7 ± 5.8 (28.4) 0.78
Diabetes 222 (42.9%) 121 (49.0%) 85 (53.8%) 0.04
Ejection Fraction 61.6 ± 6.8 (62.0) 61.1 ± 7.2 (62.0) 60.7 ± 6.7 (61.0) 0.68
EF <45% 15 (2.9%) 11 (4.5%) 5 (3.2%) 0.53

6-minute walk distance (m) 375.5 ± 73.8 (366.0) 333.9 ± 67.5 (344.5) 372.8 ± 49.4 (367.5) 0.07
Midodrine pre-transplant 6 (1.2%) 3 (1.2%) 5 (3.2%) 0.18
Preemptive 45 (8.7%) 13 (5.3%) 9 (5.7%) 0.16
Length of dialysis (years) 3.6 ± 2.6 (3.2) 4.2 ± 3.3 (3.6) 4.0 ± 2.9 (3.4) 0.01
Re-Transplant 41 (7.9%) 23 (9.3%) 17 (10.8%) 0.52

Donor
Age (years) 40.3 ± 14.8 (39.0) 41.5 ± 15.3 (41.0) 39.9 ± 15.3 (38.0) 0.46
Male 326 (63.1%) 140 (56.7%) 93 (58.9%) 0.21
Height (cm) 170.2 ± 13.8 (172.0) 168.3 ± 14.5 (168.0) 169.0 ± 16.1 (170.0)
KDPI (%) 52.6 ± 25.1 (51.0) 56.4 ± 23.6 (53.0) 53.1 ± 24.7 (53.0) 0.13
High KDPI 64 (12.4%) 41 (16.6%) 18 (11.4%) 0.20
DCD 147 (28.4%) 82 (33.2%) 46 (29.1%) 0.40
AKI 256 (49.5%) 116 (47.0%) 74 (46.8%) 0.73
Allocation
Local 226 (43.7%) 89 (36.0%) 60 (38.0%) 0.15
Regional 115 (21.1%) 70 (28.3%) 41 (25.9%)
National 147 (35.2%) 88 (35.6%) 57 (36.1%)

Induction
Alemtuzumab 320 (61.9%) 145 (58.7%) 87 (55.1%) 0.62
Basiliximab 161 (31.1%) 82 (33.2%) 58 (36.7%)
Thymoglobulin 36 (7.0%) 20 (8.1%) 13 (8.2%)

CIT (hours) 20.7 ± 6.2 (21.4) 21.0 ± 6.4 (21.4) 21.4 ± 6.4 (21.7) 0.49

Transplant International | Published by Frontiers December 2022 | Volume 35 | Article 108493

Jadlowiec et al. DGF Early Readmission Outcomes



in death-censored graft survival. A p-value of less than 0.05 was
considered statistically significant. Descriptive statistics were
reported as mean ± standard deviation, mean ± standard
deviation and median, or median and interquartile range
(IQR); categorical variables were reported as count and
percent. Data was analyzed using GraphPad Prism 9.3.1
(2021 GraphPad Software, Inc.) and BlueSky (Version 7.40).

RESULTS

In total, there were 1557 kidney transplants during this time
period. Of those, 59.2% (n = 922) had DGF. Of these 922 kidneys
with DGF, 13.3% were high KDPI (n = 123), 29.7% (n = 275) were

from DCD donors, and 48.4% (n = 446) were from AKI donors.
Characteristics of recipients with DGF requiring 0,
1 and ≥2 readmissions are shown in Table 1. Most recipients
either required an isolated (single) readmission (26.8%, n = 247)
or no readmission (56.1%, n = 517); 17.1% (n = 158),
had ≥2 readmissions. In general, recipients were similar in age
(p = 0.11) and race (p = 0.65). Recipients for all groups were more
likely to be male (p = 0.56) and be on dialysis at the time of
transplant (p = 0.16). Recipients requiring ≥2 readmissions were
more likely to be diabetic (53.8%, p = 0.04) and have longer
dialysis vintage (median 3.4 years, p = 0.01). There were no
differences observed between the three groups with regard to
pre-transplant ejection fraction (p = 0.68), 6-minute walk
distance (p = 0.07) and need for midodrine (p = 0.18).

TABLE 2 | Post-operative outcomes of recipients and donors with DGF and 1, ≥2 or no readmissions.

DGF No readmission DGF Single readmission DGF ≥2 readmissions p-value

LOS 3.0 (2.0, 3.0) 3.0 (2.0, 3.0) 3.0 (2.0, 4.0) 0.91
DGF days 10.5 ± 10.8 (9.0) 12.2 ± 9.8 (10.0) 16.5 ± 15.2 (13.0) <0.001
Time to readmission (days) — 18 (9, 30) 13 (7,22) <0.001
ACR 21 (4.1%) 8 (3.2%) 10 (6.3%) 0.31
eGFR (ml/min)
4 months 50.2 ± 15.9 (50.0) 49.2 ± 16.8 (50.0) 47.5 ± 18.5 (47.0) 0.26
eGFR <30 ml/min 45 (9.7%) 23 (11.0%) 26 (19.5%) 0.007
1 year 52.9 ± 17.3 (53.0) 53.7 ± 17.2 (55.3) 49.4 ± 19.7 (46.0) 0.11
eGFR <30 ml/min 36 (7.6%) 16 (8.4%) 16 (14.2%) 0.08
2 years 50.1 ± 17.7 (49.9) 51.3 ± 17.7 (51.0) 50.5 ± 19.9 (50.0) 0.86
eGFR <30 ml/min 26 (13.4%) 14 (11.7%) 8 (11.8%) 0.88

FIGURE 1 | Study design flowchart
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FIGURE 2 | Patient and graft survival in kidneys with DGF and 0, 1, ≥2 readmissions.

TABLE 3 | Recipient and donor characteristics of mate kidneys with and without DGF.

Mate kidney A,
with DGF
(n = 111)

Mate kidney B,
without DGF
(n = 111)

p-value

Recipient
Age (years) 56.0 ± 13.2 (58.0) 58.7 ± 12.0 (62.0) 0.11
Male 75 (67.6%) 56 (50.5%) 0.01
Race
White 53 (47.7%) 63 (56.8%) 0.23
Black 16 (14.4%) 14 (12.%)
Hispanic 21 (18.9%) 15 (13.5%)
American Indian/Alaska Native 7 (6.3%) 12 (10.8%)
Other 14 (12.6%) 7 (6.3%)

BMI (kg/m2) 27.9 ± 5.4 (27.5) 27.8 ± 5.6 (27.6) 0.92
Diabetes 40 (36.0%) 28 (25.2%) 0.08
Preemptive 14 (12.6%) 56 (50.5%) <0.0001
Length of dialysis 3.4 ± 2.4 (3.0) 3.4 ± 2.6 (3.1) 0.94
Re-transplant 13 (11.7%) 8 (7.2%) 0.25

Donor
Age (years) 39.1 ± 15.4 (37.0) —

Male 69 (62.2%) —

Height (cm) 169.8 ± 12.5 (170.4) —

KDPI (%) 49.1 ± 25.7 (49.0) —

High KDPI 14 (12.6%) —

DCD 32 (28.8%) —

AKI 51 (46.0%) —

Allocation
Local 54 (48.6%) —

Regional 26 (23.4%)
National 31 (27.9%)

Induction
Alemtuzumab 66 (59.5%) 62 (55.9%) 0.27
Basiliximab 34 (30.6%) 43 (38.7%)
Thymoglobulin 11 (9.9%) 6 (5.4%)

CIT (hours) 20.4 ± 6.7 (20.5) 19.8 ± 7.0 (21.0) 0.48
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TABLE 4 | Post-operative outcomes for mate kidneys, with and without DGF.

Mate kidney A, with
DGF

Mate kidney B, without
DGF

p-value

Length of stay (days) 3.0 (2.0, 3.0) 2.0 (2.0, 3.0) 0.002
DGF duration (days) 12.8 ± 11.7 (11.0) — —

ACR 4 (3.6%) 5 (4.5%) 0.73
Readmission 48 (43.2%) 33 (29.7%) 0.04
Number readmissions/patient 1.0 (1.0, 2.0) 1.0 (1.0, 1.0) 0.08
Number of readmissions 0.02
None 63 (56.8%) 78 (70.3%)
One 28 (25.2%) 26 (23.4%)
≥ Two 20 (18.0%) 7 (6.3%)

eGFR (ml/min)
4 months 47.4 ± 17.1 (47.2) 47.9 ± 13.8 (50.0) 0.80
eGFR <30 ml/min 17 (17.2%) 3 (3.0%) 0.0008
1 year 52.2 ± 18.5 (51.2) 52.4 ± 17.1 (53.0) 0.94
eGFR <30 ml/min 9 (9.7%) 5 (5.6%) 0.29
2 years 49.7 ± 18.3 (49.0) 51.0 ± 17.8 (51.0) 0.69
eGFR <30 ml/min 9 (16.7%) 2 (3.4%) 0.01

FIGURE 3 | Leading causes for readmission. There were 35 patients with three readmissions, 12 patients with four readmissions, 2 patients with five readmissions,
and 1 patient with six readmissions.
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Donor characteristics for the three groups are shown in
Table 1. Overall, there were no differences noted. Donors
were similar in age (p = 0.46) and more likely to be male (p =
0.21). The median KDPI score was 52.0% (p = 0.13); high KPDI
(KDPI ≥85%) kidneys were equally distributed between the three
groups (12.4% vs. 16.6% vs. 11.4%, p = 0.20). A similar
distribution of AKI (49.5% vs. 47.0% vs. 46.8%, p = 0.73) and
DCD (28.4% vs. 33.2% vs. 29.1%, p = 0.40) kidneys allografts was
observed between the groups. Distribution of locally, regionally,
and nationally allocated kidneys (p = 0.15) and cold ischemia
time (CIT, median 21.4 h, p = 0.49) were also similar and did not
vary between the three groups. Alemtuzumab was the most
commonly used induction agent for all groups (p = 0.62).

Post-operative outcomes for recipients with DGF requiring 0,
1 and ≥2 readmissions are shown in Table 2. Duration of DGF
increased along with number of readmissions. Median DGF
duration was 9 days for those not requiring readmission,
10 days for those with an isolated readmission and 13 days for
those requiring ≥2 readmissions (p < 0.001). Readmissions
occurred later post-transplant for those recipients with one
readmission compared to those with ≥2 readmissions (median
18 vs. 13 days, p < 0.001). Recipients with one readmission were
also more likely to have had resolution of DGF prior to

readmission compared to those with ≥2 readmissions (median
6 vs. 1 day(s), p < 0.001). Despite differences in duration of DGF,
there were no differences in initial hospital length of stay (LOS)
(median 3.0 days, p = 0.91) or early ACR events (p = 0.31). At
4 months post-transplant, there were no differences between the
groups with regard to overall eGFR (p = 0.26), although the
percentage of individuals with an eGFR <30 ml/min was higher
for those requiring ≥2 readmissions (9.7% vs. 11.0% vs. 19.5%, p =
0.007). At 1- and 2-years post-transplant, there were no
differences in overall eGFR (1-year, p = 0.11; 2-year, p = 0.86)
or eGFR <30 ml/min (1-year, p = 0.08; 2-year, p = 0.88).

There were no differences in patient survival for those withDGF
and 0, 1 and >2 readmissions (p = 0.13). Graft survival, however,
was lower for those with ≥2 readmissions (p = 0.0012). This
remained true when accounting for death-censored graft loss
(p < 0.0001) (Figure 2). At 1 year, patient survival was 97.3%,
97.2% and 95.6% for those with 0, 1 and ≥2 readmissions; kidney
graft survival was 96.1%, 95.5%, and 91.1%. Median follow-up was
2.7 years (IQR 2.1–6.6) for recipients with 0 readmissions, 3.1 years
(IQR 2.1–4.9) for recipients with one readmission and 3.1 years
(IQR 2.0–5.0) for recipients with ≥2 readmissions.
Cardiopulmonary events accounted for the most common cause
of patient death occurring less than 1-year post-transplant in all
groups. Death with function followed by infection accounted for
the most common causes of graft loss occurring less than 1-year
post-transplant. In a cox proportional hazards regression model
accounting for presence of pre-transplant diabetes and dialysis
duration, ≥2 readmissions was associated with an increased risk for
death-censored graft loss (HR 3.1, 95% CI 1.8–5.3)
(Supplementary Table S1).

Causes for Post-Transplant Readmission
In assessing the initial index readmission for those with
1 and ≥2 readmissions, infection, early renal recovery
related factors, and surgical complications were the most
common indications observed (Figure 3). Subsequent
readmissions for those with ≥2 readmissions are shown in
Figure 3. Infection and factors related to early renal recovery
remained the most common causes for readmission in
subsequent readmissions.

Subgroup Analysis on Mate Kidneys With
and Without DGF
Of the 922 kidney transplants with DGF, 111 had mate
kidneys without DGF. Patient characteristics for mate
kidneys with and without DGF are shown in Table 3.
Recipients of mate kidneys with DGF were more likely to
be male (67.6% vs. 50.5%, p = 0.01) and less likely to be
preemptive (12.6% vs. 50.5%, p < 0.0001). Other
characteristics such as age (p = 0.11), race (p = 0.23),
presence of diabetes (p = 0.08), and dialysis vintage (p =
0.94) were similar between the two groups.

Median donor age was 37 years and 62.2% of donors were
male (Table 4). The median KDPI score was 49.0%; 12.6% of
allografts were high KDPI, 28.8% came from DCD donors, and
46.0% came from AKI donors. Alemtuzumab remained the most

TABLE 5 | Recipient and donor characteristics of mate kidneys, both with DGF,
with and without readmission.

DGF, mate kidney
A, readmission

(n = 89)

DGF, mate kidney
B, no readmission

(n = 89)

p-value

Recipient
Age (years) 55.8 ± 12.2 (55.0) 57.8 ± 11.6 (59.0) 0.26
Male 67 (75.3%) 51 (57.3%) 0.01
Race
White 31 (34.8%) 38 (42.7%) 0.75
Black 15 (16.9%) 14 (15.7%)
Hispanic 26 (29.2%) 22 (24.7%)

Other 17 (19.1%) 15 (16.9%)
BMI (kg/m2) 29.1 ± 5.5 (28.8) 29.2 ± 5.5 (29.2) 0.89
Diabetes 45 (50.6%) 38 (42.7%) 0.29
Preemptive 2 (2.3%) 6 (6.7%) 0.15
Length of dialysis 4.0 ± 2.7 (3.6) 3.7 ± 1.8 (3.6) 0.53
Re-transplant 6 (6.7%) 4 (4.5%) 0.52

Donor
Age (years) 39.7 ± 14.0 (38.0) —

Male 134 (64.1%) —

Height (cm) 170.4 ± 13.2 (171.5) —

KDPI (%) 53.0 ± 23.7 (51.0) —

High KDPI 27 (12.9%) —

DCD 62 (29.7%) —

AKI 122 (58.4%) —

Allocation
Local 86 (41.1%) —

Regional 47 (22.5%)
National 76 (36.4%)

Induction
Alemtuzumab 56 (62.9%) 50 (56.2%) 0.27
Basiliximab 27 (83.1%) 36 (40.4%)
Thymoglobulin 6 (6.7%) 3 (3.4%)

CIT (hours) 21.3 ± 5.8 (21.3) 21.1 ± 6.0 (21.6) 0.88
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common induction agent used for both groups (p = 0.27). There
were no differences in CIT (p = 0.48).

Post-operative outcomes are shown in Table 4. Hospital
length of stay was longer in mate kidneys with DGF (median
3.0 vs. 2.0 days, p = 0.002) and the median duration of DGF was
11.0 days. Readmissions were more common for mate kidneys
with DGF (43.2% vs. 29.7%, p = 0.04). Although the overall
number of readmissions per recipient did not vary between
those with and without DGF (median 1.0, p = 0.08), mate
kidneys mate kidneys with DGF were more likely to
have >2 readmissions (18.0% vs. 6.3%, p = 0.02). Early ACR
events were uncommon and did not vary between the two
groups (3.6% vs. 4.5%, p = 0.75). There were no differences in
overall eGFR at 4-months (p = 0.80), 1-year (p = 0.94) and 2-
year (p = 0.69) although eGFR <30 ml/min was more
commonly observed in mate kidneys with DGF at 4 months
(17.2% vs. 3.0%, p = 0.0008) and 2 years (16.7% vs. 3.4%,
p = 0.01).

In comparing mate kidneys with and without DGF, there were
no differences in patient (HR 1.1, 95% CI 0.5–2.4, p = 0.91) or
graft survival (HR 0.9, 95% CI 0.4–1.7, p = 0.63) (Figure 4). This

remained true when accounting for death-censored graft loss (HR
0.6, 95% CI 0.2–1.8, p = 0.56).

Subgroup Analysis for Mate Kidneys With
DGF With and Without Readmission
Of the 922 kidney transplants with DGF, there were 89 mate
kidneys with and without readmission. Recipient
characteristics of DGF mate kidneys with and without
readmission are shown in Table 5. Recipient characteristics
were overall similar between the two groups with no
differences noted in age (p = 0.26), body mass index
(BMI) (p = 0.89), and presence of diabetes (p = 0.29).
Recipients requiring readmission were more likely to be
male (75.3% vs. 57.3%, p = 0.01). A similar distribution of
preemptive recipients was noted in both groups (2.3% vs. 6.7%,
p = 0.15). There were no differences in dialysis vintage
(p = 0.53).

The median donor age was 38 years and 64.1% of donors
were male (Table 5). Median KDPI was 51.0%; 12.9% of
kidneys were high KDPI, 29.7% were from DCD donors,

TABLE 6 | Post-operative outcomes of mate kidneys, both with DGF, with and without readmission.

DGF, mate kidney
A, readmission

DGF, mate kidney
B, no readmission

p-value

Length of stay (days) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 0.96
DGF duration (days) 12.8 ± 7.6 (12.0) 12.9 ± 12.9 (11.0) 0.98
ACR 6 (6.7%) 6 (6.7%) >0.99
Number of readmissions —

None — 89 (100%)
One 64 (71.9%)
≥2 Two 25 (28.1%)

eGFR (ml/min)
4 months 50.2 ± 17.2 (50.0) 51.1 ± 15.9 (53.0) 0.73
eGFR <30 ml/min 7 (7.9%) 8 (9.0%) 0.79
1 year 52.6 ± 19.6 (56.4) 53.6 ± 16.7 (58.0) 0.76
eGFR <30 ml/min 8 (9.0%) 6 (6.7%) 0.58
2 years 52.7 ± 22.7 (50.8) 45.7 ± 16.6 (46.8) 0.16
eGFR <30 ml/min 6 (6.7%) 7 (7.9%) 0.77

FIGURE 4 | Patient and graft survival in mate kidneys, with and without DGF.
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and 58.4% came from AKI donors. There were no differences
in induction with alemtuzumab being the most commonly
used induction agent (p = 0.27). CIT was similar for both
groups (p = 0.88).

Post-Transplant outcomes from DGF mate kidneys with and
without readmission are shown in Table 6. There were no
differences in DGF duration (p = 0.98), hospital length of
stay (p = 0.96) and early ACR events (p > 0.99). There
likewise were no differences in patient (HR 0.9, 95% CI
0.4–2.2, p = 0.88) or graft survival (HR 1.5, 95% CI 0.7–3.0,
p = 0.91) (Figure 5).

DISCUSSION

Concerns related to outcomes, along with increased need for early
resource utilization, such as dialysis and hospital readmissions,
are believed to be deterrents to the broader use of kidneys at risk
for DGF (1-8). Although certain types of kidney allografts are at
increased risk for DGF, recipient-specific variables likely play an
equally important role in DGF, resource utilization, and
transplant outcomes (9-10). As such, the aim of this study was
to assess variables and outcomes specific to kidneys with DGF
that did and did not require readmission following transplant.

In this study, 59.2% of recipients experienced DGF following
transplant. Despite 13.3% of recipients receiving high KDPI
kidneys, 29.7% receiving DCD kidneys and 48.4% receiving AKI
kidneys, the overall median hospital length of stay was 3 days and
the majority of recipients either did not have any readmissions
(56.1%) or had an isolated single admission (26.8%). These findings
are consistent with our center’s experience in using DGF at-risk
allografts (2-3,13). Only a small percentage (17.1%) of recipients
with DGF required multiple readmissions. Those recipients were
more likely to be diabetic and have longer dialysis vintage. In
comparing graft characteristics between those with 0, 1,
and ≥2 readmissions high KPDI, DCD and AKI kidneys
remained equally represented suggesting that use of DGF at-risk
allografts does not necessarily result in increased length of hospital
stay and readmissions.

DGF continues to be viewed as an adverse event within the
transplant community. This negative connotation associated

with DGF is largely driven by studies suggesting a correlation
between hospital readmissions, increased resource utilization
and other inferior outcomes possibly as a result of surgical
complications, infection and rejection (4-5,14-15). These
concerns likely limit broader utilization of kidneys at risk for
DGF, such as those coming from AKI, high KDPI and DCD
donors (8,16). More recent studies have suggested that there is
in fact significant heterogeneity within DGF (1-3,17-18). In this
cohort, we found that the majority of recipients with DGF had
excellent patient and graft survival and lower graft survival was
noted only for those with ≥2 readmissions; this finding
remained true when accounting for death-censored graft loss
(Figure 2) (14-15). This finding was further supported by data
coming from mate kidney comparisons. Differences in patient
or graft survival were not observed in mate kidneys with and
without DGF (Figure 4) or mate kidneys with DGF with and
without early readmission (Figure 5). These findings suggest
that other factors, independent of DGF, are responsible for
kidney transplant outcomes. Despite broad representation of
kidney allografts coming from high KDPI, DCD and AKI donor,
only a small subset of recipients, those requiring ≥2 admissions,
demonstrated inferior survival. For that subset of recipients,
comorbidities related to diabetes and dialysis vintage likely
played a significant contributing role in outcomes (19-20).
Based on this experience, one can conclude that transplant
outcome determinants are influenced by the presence and
severity of recipient comorbidities, rather than DGF (19-21).
Given this risk, additional attention should be given to
recipients with early frequent readmissions to try to mitigate
longer-term inferior outcomes (20).

Competing variables contribute to transplant outcomes (1,19).
As such, active risk reduction strategies should be undertaken for
factors that are able to be controlled. In this study, the majority of
recipients received depleting induction and had calcineurin
inhibitors (CNIs) started early post-transplant despite the
presence of DGF. As a result, the overall prevalence of early ACR
was notably low. Delay in CNI initiation, along with use of non-
depleting induction, in the setting of DGF, has resulted in a body of
literature linkingDGF, ACR and early allograft fibrosis (22-24). Early
initiation of CNIs, with achievement of therapeutic trough levels is,
in fact, an important risk modifier that should be undertaken in the

FIGURE 5 | Patient and graft survival in mate kidneys, both with DGF, with and without readmissions.
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setting of DGF (2-3). Similarly, infection, renal recovery related
factors and surgical complications accounted for many early
readmissions although outcomes were not affected when these
events were self-limited (21). For our center, there may be an
opportunity to use less depleting induction while still minimizing
risk for early rejection through early aggressive initiation of CNIs.
Other potential strategies might include improvements in post-
transplant diabetes management thereby reducing hyperglycemia
and infection risk, as well as a modified outpatient protocol for those
presenting with their first hospital readmission. Closer monitoring of
patients presenting with their first readmission with a dedicated
outpatient care team would perhaps reduce risk for subsequent
admissions and adverse outcomes. As such, strategies to minimize
recurring readmission events, particularly in the context of recipient
comorbidities such as diabetes, warrants further consideration (1,19).

To our knowledge, this is the first study assessing both
variables and outcomes specific to DGF kidneys as well as
differences in readmission outcomes. It is, however, important
to note that, as a single center study, there are limitations as a
result of biases introduced through center-specific
protocolized practices. As a center with experience in DGF
at-risk kidney allograft utilization, the outcomes described
here are reflective of carefully selected organs. Donor-
recipient pairing remains a crucial component influencing
outcomes. Nonetheless, we feel that this data is meaningful.
DGF is common event that continues to be associated with a
negative connotation throughout the transplant community.
More broadly, this association has been linked to kidney
allografts that have good outcomes, such as those from
DCD and AKI donors, and continues to be a deterrent to
broader utilization. As such, we hope to improve utilization of
these discard at-risk organs by sharing our experience.

DGF is a common occurrence in high KDPI, DCD and AKI
kidneys. Patients with DGF have excellent outcomes as a whole,
however, patients with DGF requiring ≥2 readmissions have
lower graft survival compared to those with DGF and 0 or
1 readmissions. Independent of DGF, the presence and severity
of recipient comorbidities affect transplant outcomes. A better
understanding of recipient variables contributing to multiple
readmissions may allow for better utilization of DGF at-risk kidneys.
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