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Purpose: A variety of definitions for delayed graft function (DGF) have been proposed, but none has consistently been shown to be
superior for predicting long-term graft outcomes for kidney donation after circulatory death (DCD) transplantation. In this study, real-
world clinical outcome data following DCD transplantation were explored to determine the value of various DGF definitions for
predicting graft survival.
Patients and Methods: Data from 4 centers registered in the UK-based National Health Service Blood and Transplant registry (2010
to mid-2015) were used to assess 4 definitions of DGF in this retrospective chart review study.
Results: Depending on the definition used, the frequency of DGF ranged from 119/362 (32.9%) when DGF was determined with
available registry data and based on a requirement for dialysis within 7 days post-transplantation, to 224/315 (71.1%) when based on
failure to achieve a 10% fall in serum creatinine (SCr) versus baseline per 24 hours averaged over the first 72 hours. Patients without
clinical DGF as determined by a physician upon chart review, or when defined as <30% reduction in baseline SCr within 7 days post-
transplantation with or without dialysis, had significantly better graft survival probability 1 year (hazard ratio 2.08 and 4.48,
respectively) and 5 years post-transplant, whereas serum creatinine level over the first 72 hours post-transplant was not predictive
of graft survival at 1 year. Patients with clinical DGF upon physician chart review also had higher SCr, lower estimated glomerular
filtration rate levels, and were dialyzed more (2.3 days) versus patients without (0.2 days).
Conclusion: Delayed graft function, determined clinically or using a functional definition, is associated with poorer renal function
and remains a useful predictor of graft survival at 1 year after DCD kidney transplantation.
Keywords: delayed graft function, DGF, donation after circulatory death, DCD, serum creatinine, SCr

Plain Language Summary
Delayed graft function (DGF) is the failure of a transplanted kidney to function immediately following surgery. Patients with DGF are
at an increased risk of long-term kidney failure after their transplant compared to those without DGF. It is helpful to identify this risk
as early as possible. There are several ways to define DGF, but it is not yet known which definition is best when the transplanted
kidney is received following the cardiac death of a donor (DCD transplantation). This study used available data from a large registry in
the UK, together with a review of patient charts, to evaluate several previously described definitions of DGF.

The frequency of DGF varied greatly, ranging from approximately 33% of patients to 71% depending on the definition of DGF that
was used. When physicians placed patients into categories upon review of their charts (DGF or non-DGF), the designation of DGF was
helpful for predicting kidney failure 1 year after transplant. Patients who had DGF based on kidney function tests (ie, a decrease in
serum creatinine levels in the 7 days after their transplant) were also more likely to have kidney failure 1 year later. Patients who did
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not have DGF by these definitions had better kidney function at 30 days and at 1 year following their transplant. In conclusion, DGF
using these definitions may help to predict long-term outcomes after DCD kidney transplantation.

Introduction
Delayed graft function (DGF) is the failure of a transplanted kidney to function immediately following transplantation.
The risk of DGF has been reported to be between 24% and 55%, with incidence significantly higher for donation
following circulatory death (DCD) than for donation following brain death (DBD).1–3 Depending on other known risk
factors such as donor age and cold ischemic time, patients with DGF in DBD cohorts are at an increased risk of graft
failure at 1 year and beyond compared to those without DGF.4–6 However, the association between DGF and graft failure
in DCD transplantation is less well delineated. With the increasing number of DCD transplants, there is interest in
gaining a better understanding of the predictive value of DGF for these patients.1

The diagnosis of DGF is somewhat subjective due to differences among the proposed definitions of DGF. Frequently,
DGF is defined clinically as the need for dialysis during the first 7 days post-transplant, excluding dialysis for
hyperpotassemia within the first 24 hours postoperatively.3,7,8 A common method for defining DGF functionally is
a <10% decline in serum creatinine (SCr) per day for 3 consecutive days in the first week after transplant.9 Numerous
other dialysis-, creatinine-, and urine output-based criteria, and combinations thereof have also been proposed,2,8 as well
as methods based on creatinine elimination kinetics.10−12 Criticism of the various definitions of DGF is that they are
binary and neglect the variability in clinical courses among individuals after transplantation. Therefore, SCr >3 mg/dL on
postoperative Day 5 but without a requirement for dialysis has been proposed as a threshold for categorically describing
”intermediate graft function.”13,14

No definition of DGF has consistently been shown to be superior for predicting long-term graft outcomes, particularly
with DCD kidney transplantation (vs DBD transplantation).2,8,15 Renal transplantation is a tightly audited activity, with
near-complete capture of clinical data by large registries in the peri-operative period and beyond. The rise in DCD kidney
transplants has led to the availability of real-world data in the peri-operative period and beyond for the evaluation of
outcomes associated with definitions of DGF in this population.16 The aim of the current retrospective chart review study
was to provide clinical real-world standard of care data for DGF rates, dialysis events, creatinine levels, and patient and
graft survival for 1 year following kidney transplantation. Using these data, clinical dialysis-based definitions and two
previously described functional definitions of DGF (based on serum creatinine levels at 3 days and 7 days post-
transplantation) were explored to assess the value of each for predicting graft survival after DCD transplantation.

Materials and Methods
Study Design and Patient Population
This was a retrospective, observational chart review study with 1 year of follow-up post DCD kidney transplantation.
Data for all patients from sites registered in the UK-based National Health Service Blood and Transplant (NHSBT)
registry from 2010 to mid-2015 were included (NHSBT population, N = 3463) (Figure 1). Registry data for patients at 4
of the transplant clinics (Cambridge, Newcastle, Glasgow, and Edinburgh; 4-center NHSBT population, N = 902) were
selected based on the availability of patient charts to obtain further detailed data. Of the 902 patients, a subset of 366
patients met the study eligibility criteria (see below) in the 4 centers where real-world longitudinal data on DGF, SCr
levels, and dialysis episodes were captured. Data for this subset of patients were entered into GlaxoSmithKline (GSK)-
defined electronic case report forms, transmitted electronically to GSK, and combined with laboratory data in a validated
data system. Data for 4 patients was dropped due to missing information, for a total of 362 eligible patients in the chart
review population.

Patients included in the chart review population were 18 to 79 years of age and first- or second-time transplant
recipients of a single kidney donation following DCD, with no history of any other organ transplant (except corneal).
Patients who received a kidney allograft with cold ischemic time >36 hours or age <5 years old were excluded. The
donor could not have an ABO blood type incompatible with the recipient, T- and/or B-cell positive cross match by
complement-dependent cytotoxicity or flow cytometry against the recipient, or an acute or chronic bacterial, viral, or

https://doi.org/10.2147/TRRM.S320221

DovePress

Transplant Research and Risk Management 2022:1422

Stirnadel-Farrant et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


fungal infection that could cause a risk to the recipient. This included serology positive for hepatitis B (except hepatitis
B surface antibody and prior vaccination), hepatitis C, human immunodeficiency virus (HIV), or Epstein-Barr virus
(EBV)-positive donor allograft with an EBV-negative recipient. Patients were also excluded if normothermic regional
machine perfusion organ retrieval techniques were utilized, if surgical damage occurred to the donor allograft during
organ procurement, or if the donor was Maastricht Category 1 (dead on arrival), Category 2 (unsuccessful resuscitation),
or Category 5 (unexpected cardiac arrest in a critically ill patient).

Patients being treated for acute or chronic infections (hepatitis B, hepatitis C, and HIV), with a history of malignancy
in the past 5 years (except for adequately treated basal or squamous cell skin cancer or carcinoma in situ of the uterine
cervix), with alanine aminotransferase >2x upper limit of normal (ULN) and bilirubin >1.5 x ULN, or with laboratory
evidence of immunodeficiency, were excluded. Additionally, patients could not have any acute cardiovascular syndrome
within 6 months before screening, a history of cardiac arrest or malignant ventricular arrhythmia, or single or average
QTc >480 msec (for patients with bundle branch block, QTc >500 msec). Patients who had clinical evidence of current
drug or alcohol abuse or dependence were not eligible.

Ethical approval was obtained from the UK Institutional Review Board/Independent Ethics Committee. Organs at the
4 centers were donated voluntarily with written informed consent, and the transplant process was conducted in
accordance with the Declaration of Istanbul. The NHSBT is a special health authority of the NHS. It is responsible
for providing a reliable and efficient supply of blood, organs, tissues, and other services to the NHS. In addition, NHSBT
collects information for use in analysis to help make improvements to the transplant service, survival rates and also to
help maintain the safety of the transplant service. As such, when subjects agree to join the registry, they consent to having
their data shared with other professional organisations which have an interest in improving care for transplant patients
and maximising transplant outcomes. All data provided by the NHSBT to GSK, as well as the medical chart review data,
remained pseudonymized and individual subject informed consent was therefore not required. Data for this study are
reported according to STROBE guidelines for reporting observational studies.

Study Analyses
The requirement for dialysis in the first 7 days post-transplantation, excluding the need for dialysis due to hyperpotasse-
mia within the first 24 hours postoperatively, is commonly considered the gold standard DGF definition. In this study, the
frequency of DGF was compared among 4 definitions:

● Physician-assessed clinical DGF upon chart review based on clinical judgment, including patients diagnosed with
DGF with no documented dialysis event within 7 days post-transplantation

Figure 1 Study population flow chart.
Note: aData for 4 patients was dropped from a total of 366 due to missing information.
Abbreviation: NHSBT, National Health Service Blood and Transplant.
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● Dialysis-based DGF according to available NHSBT registry data (without medical chart review), defined as
a requirement for dialysis in the first 7 days post-transplantation, excluding the need for dialysis due to hyperpo-
tassemia within the first 24 hours postoperatively

● Three-day functional DGF defined as a <10% reduction in SCr from baseline (post-transplantation) per 24 hours
averaged over the first 72 hours with or without dialysis
○ Three-day intermediate graft function defined as a 10% to 20% reduction of SCr from baseline per 24 hours

averaged over the first 72 hours without dialysis
○ Three-day immediate graft function defined as a >20% reduction of SCr from baseline per 24 hours averaged

over the first 72 hours without dialysis
● Seven-day functional DGF defined as a <30% reduction in baseline SCr in the first 7 days with or without dialysis
○ Seven-day intermediate graft function defined as a 30% to 70% reduction of SCr from baseline in the first 7 days

without dialysis
○ Seven-day immediate graft function defined as a >70% reduction in SCr from baseline during the first 7 days

without dialysis

Serum creatinine levels post-transplantation in the first 7 days and up to 1 year of follow-up were obtained from
patient chart reviews. Serum creatinine area under the curve (AUCSCr, calculated as the average of two SCr measure-
ments × the time difference) from the time of transplant up to Day 7 and Day 30, SCr change from baseline to 1 year, and
SCr half-life (t1/2, calculated by adding time on hemodialysis post-transplantation to time for creatinine to fall to half its
level immediately after the last hemodialysis session) were derived from reported SCr levels. Estimated glomerular
filtration rate (eGFR) was calculated using the modification of diet in renal disease equation,17 and using SCr data from
assessments done at least 48 hours after the last day of dialysis. For patients not dialyzed, eGFR values were obtained
from 48 hours post-transplant.

The number of dialysis episodes in the first 7 and 30 days post-transplant and duration of dialysis were summarized,
excluding patients who underwent dialysis due to hyperpotassemia. Dialysis following a period of 14 days without dialysis
was recorded as a new dialysis period. The proportion of dialysis-independent patients at different time points, calculated as
whole days from transplant to dialysis and length of time on dialysis (days) within the first year, was also determined.

Additionally, data to determine the frequency of biopsy-proven rejection episodes and graft survival at 1 year, graft
survival time, all-cause mortality during the first year post-transplantation, and mortality rate were obtained from NHSBT
data. Graft rejection, graft survival time, and mortality across different definitions of DGF were also described within the
chart review population when data were available.

Statistical Analyses
The frequency of DGF was summarized for all identified definitions of DGF. Additional analyses were performed both
for the overall chart review population and stratified by DGF category, including summary statistics for the number of
dialysis episodes, proportion of dialysis-independent patients, graft survival, and all-cause mortality. The longitudinal
variations in SCr and eGFR, as well as dialysis duration, were summarized descriptively. One-year graft survival and all-
cause mortality were determined using Kaplan–Meier survival estimates. A piecewise autoregressive model was used for
SCr levels and to estimate AUCSCr. Values and variations over time were validated. Cox proportional hazard modeling
was used for DGF risk in graft survival and mortality. Hazard ratios and their 95% confidence intervals were generated
and compared by DGF status for each DGF definition, adjusting for age, SCr at 3 months and 1 year, the number of
dialysis events, sex, recipient ethnicity, number of kidney transplants, infection (HIV, hepatitis B, and C), cytomegalo-
virus, and donor comorbidities. Covariates were selected a priori based on relevant factors available in the NHSBT
registry.
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Results
Demographic and Transplant Characteristics
In the chart review population (N = 362), patient demographics and transplant characteristics were proportionally similar
to the overall NHSBT population (N = 3463) and the 4-center NHSBT population (N = 902), which was limited to the 4
transplant clinics where chart review was performed. There were more males (246/362 [68.0%]) than females, and the
majority of transplant recipients were white (351/362 [97.0%]) versus other ethnicities. The mean (standard deviation
[SD]) recipient age was 50.9 (12.1) and BMI was 26.8 (4.6) (Table 1).

At the time of registration for the study, 53.9% of patients were on hemodialysis and 92.8% had no prior kidney
transplants. Human leukocyte antigen mismatch was noted for 32.0% for [0 DR and 0/1 B] and 64.1% for [0 DR and 2B]
or [1 DR and 0/1 B].

Frequency of DGF
Overall, 148/362 (40.9%) patients had a record of clinical DGF upon chart review, compared with 214 (59.1%) patients
who did not (Table 2). When DGF status was determined using only available registry data (according to the dialysis-
based DGF definition), only 119/362 (32.9%) of patients met the criteria for DGF.

It was possible to define functional status post-transplantation for most patients (315/362 at 3 days and 339/362 at 7
days). Functional status was not defined (23/362) if patients had dialysis within 3 days with a >10% reduction of SCr, or
dialysis within 7 days and a >30% reduction of SCr. Based on the 3-day functional definition, 224/315 (71.1%) had DGF.
Nineteen (6.0%) had 3-day intermediate graft function and seventy-two (22.9%) had 3-day immediate graft function. Of
the 148 patients identified upon chart review with clinical DGF, 110 (74.3%) met criteria for functional DGF based on the
3-day definition (Table 3). Just over half (114/214 [53.3%]) of patients without clinical DGF upon chart review also met
the criteria for 3-day functional DGF, showing notable disparity between definitions.

Based on the 7-day functional definition for DGF, nearly two-thirds (217/339 [64.0%]) were classified as having
DGF. Eighty-five (25.1%) had 7-day intermediate graft function and 37 (10.9%) had 7-day immediate graft function
(Table 2). Almost all patients (135/148 [91.2%]) who had clinical DGF upon chart review were also identified by the
7-day functional definition of DGF, showing substantial overlap between the definitions (Table 3). However, 82/214
(38.3%) patients without clinical DGF upon chart review also met the criteria for 7-day functional DGF.

SCr and eGFR
Mean SCr was higher, as expected, on Day 7, and remained higher on Day 30 versus those without DGF, regardless of
whether a dialysis-based (using NHSBT registry data) or a functional definition of DGF was used for categorization
(Supplemental Table 1). Geometric mean AUCSCr and increase from baseline (post-transplantation) in AUCSCr values
were greater on Days 7 and 30 for patients with clinical DGF upon chart review than for those without (Supplemental
Table 2). The difference between mean AUCScr at Day 7 and Day 30 was also greater for patients with clinical DGF
versus those without (Supplemental Figure 1). Mean SCr t1/2 was longer (18.0 days) for patients with DGF versus those
without (11.6 days) at 1 year post-transplant (Supplemental Table 3). Mean (SD) eGFR over 1 year post-transplant was
39.3 (15.2) mL/min/1.73 m2 in patients without DGF and 30.9 (12.9) mL/min/1.73 m2 in patients with DGF. Patients
with DGF upon chart review had a smaller rise in eGFR levels over 1 year post-transplant than patients without
(Supplemental Figure 2).

At 7 days post-transplant, 67 (18.5%) patients were categorized as having SCr ≤2.5 mg/dL. No clinical DGF (based
on chart review) was reported in these patients; however, 1 acute graft survival event and 4 deaths occurred at 7 days
post-transplant. Out of 295 patients with SCr >2.5 mg/dL at 7 days post-transplant, clinical DGF was reported in 148, 25
had an acute graft survival event, and 2 deaths occurred (Supplemental Table 4). At 30 days post-transplant, 268 (74%)
patients had SCr ≤2.5 mg/dL. Of those, 86 patients were diagnosed with DGF post-transplant, 12 patients had an acute
graft rejection event, and 0 deaths occurred. In patients with SCr >2.5 mg/dL at 30 days post-transplant, there were 61
patients with DGF, 12 acute graft rejection events, and 4 deaths (Supplemental Table 4). Patients who had DGF upon
chart review had a higher mean SCr (DGF, 7.1 mg/dL; no DGF, 5.1 mg/dL) and had an average of 2.3 dialysis events
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Table 1 Demographic Characteristics of Recipients and Transplant Characteristics

Patient Demographics

Variable NHSBT Population
(N = 3463)

4-Center NHSBT Populationa

(N = 902)
Chart Review Populationb

(N = 362)

Recipient age, mean (SD) 54.1 (12.4) 53.4 (12.4) 50.9 (12.1)
Recipient gender, n (%)

Male 2298 (66.4) 594 (65.9) 246 (68.0)

Female 1153 (33.3) 307 (34.0) 115 (31.8)
Unknown/Missing 12 (0.4) 1 (0.1) 1 (0.3)

Recipient ethnicity, n (%)

White 2710 (78.3) 823 (91.2) 351 (97.0)
Asian 419 (12.1) 44 (4.9) 6 (1.7)

Black 229 (6.6) 13 (1.4) 1 (0.3)

Other 42 (1.2) 8 (0.9) 1 (0.3)
Unknown/Missing 63 (1.8) 14 (1.6) 3 (0.8)

Recipient BMI, mean (SD) 26.9 (4.6) 26.8 (4.5) 26.8 (4.6)

Transplant characteristics

Variable NHSBT, all centers
(N = 3463)

4-Center NHSBT populationa

(N = 902)
Chart review populationb

(N = 362)

Year of transplant, n (%)
2010 529 (15.3) 128 (14.2) 44 (12.2)

2011 558 (16.1) 139 (15.4) 56 (15.5)
2012 647 (18.7) 205 (22.7) 83 (22.9)

2013 731 (21.1) 192 (21.3) 85 (23.5)

2014 655 (18.9) 160 (17.7) 60 (16.6)
2015 337 (9.7) 78 (8.7) 34 (9.4)

Missing 6 (0.2) 0 (0.0) 0 (0.0)

Dialysis status at registration, n (%)
Haemodialysis 1518 (43.8) 480 (53.2) 195 (53.9)

Peritoneal dialysis 618 (17.8) 159 (17.6) 59 (16.3)

Not on dialysis 1301 (37.6) 256 (28.4) 102 (28.2)
Unknown 26 (0.8) 7 (0.8) 6 (1.7)

Number of kidney transplants, n (%)

1 3185 (92.0) 832 (92.2) 336 (92.8)
2 242 (7.0) 61 (6.8) 24 (6.6)

3c 27 (0.8) 8 (0.9) 1 (0.3)

4c 3 (0.1) 1 (0.1) 1 (0.3)
Missing 6 (0.2) 0 (0.0) 0 (0.0)

HLA mismatch group, n (%)

0 105 (3.0) 33 (3.7) 14 (3.9)
Missing 6 (0.2) 0 (0.0) 0 (0.0)

[0 DR and 0/1 B] 816 (23.6) 248 (27.5) 116 (32.0)

[0 DR and 2 B] or [1 DR and 0/1 B] 2025 (58.5) 510 (56.5) 232 (64.1)
[1 DR and 2 B] or [2 DR] 511 (14.8) 111 (12.3) 0 (0.00)

Antibody incompatibility type, n (%)

HLAI 19 (0.6) 6 (0.7) 0 (0.0)
Missing 3444 (99.5) 896 (99.3) 362 (100.0)

(Continued)
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versus patients without DGF, who averaged <1 dialysis event (Supplemental Table 5). Most patients without DGF
according to chart review were dialysis independent at 7 days and remained so for up to 1 year (178/214 [83.2%])
(Supplemental Table 6), whereas only 11 patients who were categorized with DGF were dialysis independent at 7 days.
Eight (5.4%) patients with DGF remained dialysis independent for up to 1 year.

Table 1 (Continued).

Patient Demographics

Variable NHSBT Population
(N = 3463)

4-Center NHSBT Populationa

(N = 902)
Chart Review Populationb

(N = 362)

Numerical variables, mean (SD)

Graft survival (days) 1079 (637) 1107 (629) 1145 (587)

Patient survival (days) 1115 (630) 1149 (625) 1188 (583)
Time spent on dialysis (days) 1341 (1010) 1184 (941) 1193 (985)

eGFR at 1 year (mL/min/1.73 m2) 49.4 (19.5) 50.3 (18.9) 51.4 (18.7)

eGFR at 3 months (mL/min/1.73 m2) 45.9 (19.1) 48.5 (19.7) 48.8 (20.2)
SCr at 1 year (mg/dL) 1.7 (0.7) 1.6 (0.7) 1.6 (0.6)

SCr at 3 months (mg/dL) 1.8 (0.8) 1.7 (0.8) 1.7 (0.7)

Recipient CMV test result, n (%)
Positive 1805 (52.1) 457 (50.7) 0 (0.0)

Negative 1521 (43.9) 435 (48.2) 355 (98.1)
Not tested 137 (4.0) 10 (1.1) 7 (1.9)

Recipient HBV status, n (%)

Positive 26 (0.8) 5 (0.6) 0 (0.0)
Negative 2840 (82.0) 742 (82.3) 291 (80.4)

Unknown 597 (17.2) 155 (17.2) 71 (19.6)

Recipient HCV status, n (%)
Positive 16 (0.5) 4 (0.4) 0 (0.0)

Negative 2689 (77.6) 862 (95.6) 349 (96.4)

Unknown 758 (21.9) 36 (4.0) 13 (3.6)
Recipient HIV status, n (%)

Positive 13 (0.4) 1 (0.1) 0 (0.0)

Negative 2722 (78.6) 723 (80.2) 287 (79.3)
Unknown 728 (21.0) 178 (19.7) 75 (20.7)

Fast track transplant, n (%)

Yes 157 (4.5) 20 (2.2) 8 (2.2)
No 3300 (95.3) 882 (97.8) 354 (97.8)

Missing 6 (0.2) 0 (0.0) 0 (0.00)

Damage to organ at retrieval, n (%)
None 2984 (86.2) 781 (86.6) 328 (90.6)

Mild 146 (4.2) 38 (4.2) 18 (5.0)

Moderate 50 (1.4) 16 (1.8) 0 (0.0)
Severe 1 (0.0) 0 (0.0) 0 (0.0)

Unknown 282 (8.1) 67 (7.4) 16 (4.4)

Notes: aNHSBT data were limited to the 4 transplant clinics in which chart review was performed, and then exclusion criteria were applied. b4 patients were dropped from
the original chart review population due to missing data. cAs per study inclusion criteria, only recipients of first- or second-time and single kidney-only transplant were
included.
Abbreviations: BMI, body mass index; CMV, cytomegalovirus; eGFR, estimated glomerular filtration rate; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human
immunodeficiency virus; HLA, human leukocyte antigens; HLAI, human leukocyte antigen incompatibility; NHSBT, National Health Service Blood and Transplant registry; SD,
standard deviation.
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Kidney Allograft Survival and Mortality by DGF Status
One year post-transplant, 346/362 (95.6%) patients had successful kidney allograft survival (Supplemental Table 6). The
number of days of survival after the graft was lower in the patients with clinical DGF upon chart review (332.8 days)
than for patients without DGF (353.2 days). Additionally, the proportion of patients with graft survival was lower in the
patients with clinical DGF upon chart review (92.6%) compared to patients without (97.7%).

Patients in the chart review group without DGF had significantly better graft survival probability than patients with
clinical DGF (P<0.05 for both 1 year and 5 years post-transplant) (Figures 2A and B). The adjusted hazard ratio (95%
confidence interval [CI]) for those with clinical DGF versus those without was 2.08 (0.63, 6.90). Excluding 2 patients
with missing data, there were 6 deaths (2 [1.4%] patients with clinical DGF and 4 [1.9%] without DGF). The difference
in mortality in patients with DGF versus those without was not significant up to 1 year post-transplant.

Based on the 7-day functional definition, graft survival probability was also significantly better for patients without
DGF versus those with DGF (Figures 3A and B), but there was no significant difference by DGF status based on the
3-day definition (Supplemental Figure 3A and 3B). The adjusted hazard ratio (95% CI) for those with DGF versus those
without was 4.48 (0.55, 36.64) for the 7-day definition and 1.79 (0.52, 6.12) for the 3-day definition.

Discussion
This study described DGF rates based on dialysis-based and functional definitions of DGF, dialysis events, SCr levels,
and patient and graft survival outcomes within 1 year and 5 years post kidney transplantation. There was variation in the

Table 2 Frequency of DGF by DGF Definition 1 Year Post-Transplantation

DGF Frequency by Definition

Definition Yes,
N (%)

No,
N (%)

Clinical DGF upon chart reviewa, n = 362 148 (40.9) 214 (59.1)

DGF based on available registry datab, n = 362 119 (32.9) 243 (67.1)

Functional DGF Yes Intermediate graft function Immediate graft function

3-day definition, n = 315 224 (71.1)c 19 (6.0)d 72 (22.9)e

7-day definition, n = 339 217 (64.0)f 85 (25.1)g 37 (10.9)h

Notes: aBased on physician chart review, including patients diagnosed with DGF with no documented dialysis event. bRequirement for dialysis in first 7 days post-
transplantation, excluding requirement for dialysis due to hyperpotassemia within the first 24 hours postoperatively. c<10% fall in SCr versus baseline per 24 hours averaged
over the first 72 hours with or without dialysis. d10 to 20% reduction in baseline SCr per 24 hours over the first 72 hours without dialysis. e>20% reduction in baseline SCr
per 24 hours over the first 72 hours without dialysis. f<30% reduction in baseline SCr in the first 7 days with or without dialysis. g30% to 70% reduction in baseline SCr in the
first 7 days without dialysis.h>70% reduction in baseline SCr during the first 7 days without dialysis.
Abbreviations: DGF, delayed graft function; SCr, serum creatinine.

Table 3 Functional DGF Frequency by Frequency of Clinical DGF Upon Chart
Review 1 Year Post-Transplantation

Functional DGF Clinical DGF Upon Chart Review,a

n (%)

Yes,
N = 148

No,
N = 214

3-day definitionb 110 (74.3) 114 (53.3)

7-day definitionc 135 (91.2) 82 (38.3)

Notes: aBased on physician chart review, including patients diagnosed with DGF with no documented
dialysis event. b<10% fall in SCr versus baseline per 24 hours averaged over the first 72 hours with or
without dialysis. c<30% reduction in baseline SCr in the first 7 days with or without dialysis.
Abbreviations: DGF, delayed graft function; SCr, serum creatinine.
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incidence of DGF based on the definition used to categorize patients. When determined with a dialysis-based definition
using only available NHSBT data, 32.9% were determined to have DGF whereas 40.9% had clinical DGF according to
a physician chart review. Similar to a prior study, functional definitions of DGF identified a greater proportion of patients
with DGF than the dialysis-based definition (64.0% and 71.1% based on the 7-day and 3-day definition of functional
DGF, respectively).2

When physicians reviewed charts and used clinical judgment to identify patients with DGF, it became apparent that
those determined to have DGF may or may not have had a documented dialysis event within the first 7 days post-
transplant. Determining DGF with the dialysis-based definition using only available NHSBT registry data identified only
119 of the 148 patients with DGF upon physician chart review. Similar to a previous study, this suggests that dialysis-
based definitions for DGF may be more subjective than functional definitions, which are based on a predefined decrease
in SCr within a set amount of time and do not rely on the physician’s decision to dialyze.8 It should be noted, however,
that there are limitations to retrospective data collection using large registries for comparison with real-world data,
including incomplete patient medical histories and the potential for inconsistent application of DGF definitions. In
particular, the requirement for dialysis due to hyperpotassemia within the first 24 hours post-transplantation has the

Figure 2 Graft survival by DGF status determined upon chart review. (A) 1 year post-transplantation. (B) 5 years post-transplantation.
Note: aDGF status was determined by physician chart review.
Abbreviation: DGF, delayed graft function.
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potential to contribute to the misinterpretation of data. The last dialysis prior to transplantation, and incidence of
hyperphosphatemia and fluid overload were also not available, which could confound results.

There is a lack of consensus as to which definition of DGF has the best predictive value for post-transplant outcomes,
particularly following DCD transplants.2,8,15 A previous study showed that DGF by any definition was associated with
poorer long-term functional outcomes after DBD kidney transplantation but that only DGF defined by a dialysis-based
definition predicted long-term kidney function.2 However, graft survival probability outcomes following DCD trans-
plantation differ from what has previously been reported. In the current study, patients without DGF had significantly
better graft survival probability compared with DGF patients at 1 year and 5 years post-transplant when clinical DGF was
determined upon chart review or using the 7-day functional definition. While the use of clinical judgment to identify
patients with DGF upon chart review may have introduced factors not considered in prior studies, it is unclear why
current findings for the 7-day functional definition differ from previous studies. No difference in graft survival
probability was shown with the 3-day definition of DGF, and there was less overlap between those determined to have
clinical DGF upon chart review and those with DGF by this definition. This is consistent with previous studies that have
shown that AUCSCr is a strong predictor of graft rejection and is associated with immunologic events, but only after the
initial post-transplant recovery period.18,19 The current results similarly suggest that attempts to diagnose DGF

Figure 3 Graft survival by DGF status according to 7-day functional definition. (A) 1 year post-transplantation. (B) 5 years post-transplantation.
Notes: aDGF based on <30% reduction in baseline SCr in the first 7 days with or without dialysis. bIncludes patients with intermediate and immediate graft function.
Abbreviations: DGF, delayed graft function; SCr, serum creatinine.
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immediately after transplantation may be complicated by the surgical recovery process. However, longer-term kidney
function as assessed by serum creatinine and eGFR was worse in patients with DGF (regardless of the definition used)
versus those without DGF and patients with DGF experienced 2.3 dialysis events on average in the first 7 days post-
transplant, whereas most patients without DGF did not require dialysis. The change in AUCSCr at 7 and 30 days post-
transplantation was greater for patients with DGF versus those without.

The inherent subjectivity of determining DGF based on a requirement for dialysis within 7 days post-transplantation
may partly explain differences between studies in terms of predicting graft survival. Despite this subjectivity, a dialysis-
based definition is likely still of value for predicting functional graft outcomes following DCD transplantation. All but 11
of the 148 patients with DGF upon physician chart review were dialyzed within 7 days post-transplantation, and the
current data show that graft survival was significantly worse in this group of patients than for patients without clinical
DGF upon chart review. Increased healthcare costs and hospital stays are associated with poorer kidney function and
thus, as has been previously reported, DGF may have predictive value following DCD transplantation for this reason
alone.2,20

A high proportion (91.2%) of patients with clinical DGF upon chart review also met criteria for DGF according to the
7-day definition. However, the 7-day definition included an additional 82 patients in the DGF group who did not meet
clinical DGF criteria, according to chart review. While the predictive value of either definition appears to be useful for
functional outcomes, these data suggest that the 7-day functional definition represents a more cautious approach to
identifying patients at risk for graft failure.

Conclusion
As with DBD kidney transplantation, both dialysis-based and functional definitions of DGF remain useful for predicting
graft survival outcomes after DCD kidney transplantation. The inherent subjectivity of defining DGF may explain
differences in predictive value between studies following DCD kidney transplantation but regardless of whether
statistical significance can be shown with long-term graft survival, DGF by any definition following DCD kidney
transplantation is clinically relevant due to its association with poorer kidney function and consequent treatment and care
challenges.

Abbreviations
AUCscr, serum creatinine area under the curve; DBD, brain death; DCD, circulatory death; DGF, delayed graft function;
EBV, Epstein-Barr virus; eGFR, estimated glomerular filtration rate; GSK, GlaxoSmithKline; HIV, human immunode-
ficiency virus; NHSBT, National Health Service Blood and Transplant; SCr, serum creatinine; SD, standard deviation; t1/
2, half-life; ULN, upper limit of normal.

Data Sharing Statement
Within 6 months of this publication, anonymized individual participant data, the annotated case report form, protocol,
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available for research proposals approved by an independent review committee. Proposals should be submitted to www.
clinicalstudydatarequest.com. A data access agreement will be required.
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The additional data obtained from the medical CR was limited to existing variables already collected by NHSBT
registry. These additional data were an extension of and remained qualitatively similar to the registry data collected, as it
was considered that individual retrospective consent would not be required.
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