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ABSTRACT
The dialysis-based definition of Delayed Graft Function (dDGF) is not necessarily objective as it depends on the individual physician’s decision. The
functional definition of DGF (fDGF, the failure of serum creatinine to
decrease by at least 10% daily on 3 consecutive days during the first week
post-transplant), may be more sensitive to reflect recovery after the ischemia-reperfusion injury. We retrospectively analyzed both definitions in 253
deceased donor kidney transplant recipients for predicting death-censored
graft failure as primary outcome, using eGFR < 25 ml/min/1.73 m2 as a
surrogate end-point for graft failure. Secondary outcome was a composite
outcome that included graft failure as above and also patient’s death. Median follow-up was 3.22 [2.38–4.21] years. Seventy-nine patients developed
dDGF (31.2%) and 127 developed fDGF (50.2%). Sixty-three patients fulfilled criteria for both definitions (24.9%). At multivariable analysis, the
two definitions were significantly associated with the primary [HR (95%
CI) 2.07 (1.09–3.94), P = 0.026 for fDGF and HR (95%CI) 2.41 (1.33–
4.37), P = 0.004 for dDGF] and the secondary composite outcome [HR
(95%CI) 1.58 (1.01–2.51), P = 0.047 for fDGF and HR (95%CI) 1.67
(1.05–2.66), P = 0.028 for dDGF]. Patients who met criteria for both definitions had the worst prognosis, with a three-year estimates (95%CI) of
survival from the primary and secondary outcomes of 2.31 (2.02–2.59) and
2.20 (1.91–2.49) years for fDGF+/dDGF+, in comparison with the other
groups (P < 0.01 for trend). fDGF provides supplementary information
about graft outcomes on top of the dDGF definition in a modern series of
kidney transplantation.
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Introduction
Delayed graft function (DGF) is the most important
clinical correlate of the ischemia-reperfusion injury after
kidney transplantation. Typically, large multicentre
studies have relied on the need for postoperative dialysis
during the first week after kidney transplant to define
DGF [1]. The most significant factors associated with
DGF are cold ischemia time (CIT), donor creatinine,
body mass index (BMI), donation after cardiac death
(DCD) and donor age [2]. Moreover, DGF is an important risk factor for early acute rejection and has been
associated with poorer graft survival and short- and
long-term renal function, although its impact on patient
survival is still controversial [3–5]. In terms of living
donor kidney transplantation, DGF is less common, but
has also been associated with inferior allograft outcomes
[6].
Although simple to recognize, the dialysis-based definition (dDGF) is not entirely objective, as it depends on
the physician’s subjective evaluation of the necessity for
dialysis [7,8]. Moreover, dDGF excludes patients with
nonoliguric acute tubular necrosis without need for
dialysis who may also have inferior outcomes [7]. On
the other hand, it includes patients who require dialysis
due to electrolyte alterations (e.g., hyperkalemia or acidosis) that may not necessarily solely reflect glomerular
filtration rate (GFR) [7,8]. For this reason, the absence
of dDGF does not necessarily imply better allograft outcomes, and long-term graft survival may be shortened
even in patients not requiring dialysis [7,9]. Subsequently, a more objective definition of DGF (functional-based, fDGF) was proposed 20 years ago and
defined as failure of serum creatinine to decrease by at
least 10% daily on three consecutive days during the
first week post-transplant [10]. In this first study, fDGF
was identified as a risk factor of acute rejection and
suboptimal function at one year, but it was not independently associated with an increased rate of graft loss
[10]. In 2010, Moore et al [8] reassessed the fDGF definition as a risk factor for long-term graft failure compared to traditional dDGF. In this study, fDGF was
independently associated with reduced death-censored
graft survival irrespective of dDGF category, and the
absence of fDGF portended superior graft survival even
in patients requiring postoperative dialysis, suggesting
superiority of this new definition over the classical one
[8]. Since 2010, the clinical landscape has significantly
changed, especially for the increased prevalence of old
donors and recipients [11,12] and the differences in
immunosuppression (nowadays usually based on
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tacrolimus, mycophenolate or mTOR inhibitors,
[mTORi] rather than cyclosporine and azathioprine)
[13,14]. Thus, recently some studies have reassessed the
usefulness of alternative DGF definitions which are not
exclusively based on dialysis treatment (including that
proposed by Boom et. al. [10]), although its superiority
to those dialysis-based definitions remains controversial
in terms of graft and recipient outcomes [9,15]. Therefore, the purpose of this study was to evaluate the association between fDGF definition and long-term
outcomes and also to analyze if it adds some relevant
prognostic information especially in those patients who
do not fulfill the dialysis-based definition.

Materials and methods
From June 1st 2013 to December 31st 2016, 267 patients
received a kidney graft from a deceased donor at the
Hospital Clınic of Barcelona, Spain. From the initial
population, 12 patients have been excluded for primary
nonfunction, and 2 for cyclosporine-based immunosuppression for a final n of 253 patients. dDGF definition
required at least a dialysis session during the first week
after kidney transplant, prescribed according to the criteria of the attending physician. fDGF was defined as
the failure of serum creatinine to decrease by at least
10% daily on three consecutive days during the first
week after kidney transplant [10]. For patients receiving
dialysis after transplantation, we applied the same fDGF
definition, without taking into account the decrease in
creatinine of the day after the dialysis session. In our
center, induction is based on either anti-thymocyte or
anti-CD25 antibodies according to the immunological
risk, while baseline immunosuppression is based on
tacrolimus associated with either mycophenolate or
mTOR inhibitors and prednisone, as previously
described [16]. The first dose of tacrolimus is administered before transplantation and the management is
independent of the development of DGF. As the median
follow-up time was relatively short (3.22 [2.38–4.21]
years, end of follow-up April 30th 2019), the graft loss
rate was reduced as well. Thus, similar to previous studies [9], estimated Glomerular Filtration Rate (eGFR) <
25 ml/min/1.73 m2 (according to the CKD-EPI equation) was also chosen as a surrogate end-point for graft
failure. Therefore, the primary outcome (death-censored
graft failure) was defined as freedom from
eGFR < 25ml/min/1.73 m2 (including graft failure),
while the secondary outcome was defined as freedom
from a composite of eGFR < 25ml/min/1.73 m2 (including graft failure) or patient’s death.
Transplant International 2021; 34: 175–184
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The relationship of the two definitions of DGF with
the primary and secondary outcomes was examined
estimating hazard ratios (HR) and their 95% confidence
intervals (95%CI) by means of Cox-regression analysis.
This was also performed with all the following covariates: recipient age, donor’s expanded criteria (ECD) status, donor and recipient sex, previous transplant,
immunological risk (expressed as a basal calculated
panel-reactive antibodies [cPRA]> 50%), cold ischemia
time, type of induction, baseline immunosuppression
and biopsy-proven acute rejection (BPAR) developed
during the first year after kidney transplantation. In
order to study the independent association of fDGF and
dDGF with the outcomes, Cox-regression bivariable and
multivariable analyses were performed by taking into
account all the covariates with P-values ≤ 0.1 at univariable analyses. The association of different combinations
of fDGF and dDGF with the primary and the secondary
outcomes was assessed as the Kaplan–Meier estimates of
survival with 95% CI at 3-year follow-up. A log-rank
test was run to analyze if there were differences in the
survival distribution among groups.
The impact of different combination of fDGF and
dDGF on 1-year renal function expressed as the eGFR
and chronicity scores at protocol renal biopsy according
to the Banff 2017 criteria [17] was also investigated.
This was performed by Analysis of Variance (ANOVA)
test with LSD post hoc analysis to explore differences
among groups. The association of pretransplant factors
with the development of fDGF and dDGF was assessed
as OR with 95% CI from univariate logistic regression
models.
All statistical tests have been conducted with a 95%
confidence interval and a P-value < 0.05 has been considered significant. To carry out all the analyses, the
software SPSS v.25 (SPSS inc, Chicago, IL, US) was
used. Graphical representation of Kaplan–Meier curve
was designed with GraphPad v.5 (GraphPad Software,
La Jolla, CA, US). The Hospital Clınic Institutional
Ethics Committee approved the study.

Results
Baseline characteristics and outcomes of the studied
population
Baseline characteristics of the studied population are
displayed in Table 1. A total number of 253 patients
were analyzed. Mean age of the recipients was
61.21  10.73 years with the male sex most represented
(63.6%). Donor age was 61.70  13.67 years, with male
Transplant International 2021; 34: 175–184
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Table 1. Baseline characteristics of the studied
population
Total population (n = 253)
Recipient age (years)
Recipient sex (%males)
Donor age (years)
Donor sex (%males)
Dialysis before transplantation
Pre-emptive
Hemodialysis
Peritoneal dialysis
Time on dialysis (months)
Baseline cPRA (%)
Diabetes mellitus
Type of donor (%living)
Donors after Brain Death
Donors after Circulatory Death
Induction
No
Basiliximab
Anti-thymocytes globulins
Immunosuppression
TAC - MPA – PDN
TAC - mTORi – PDN
CIT in deceased donors (h)
1-year rejection (%)

61.21  10.73
161/253 (63.6%)
61.70  13.67
153/253 (60.5%)
8/253 (3.2%)
203/253 (80.2%)
42/253 (16.6%)
52.51  50.68
15.98  33.45
74/253 (29.2%)
37.5%
156/253 (61.7%)
97/253 (38.3%)
13/253 (5.1%)
143/253 (56.5%)
97/253 (38.3%)
82/253 (32.4%)
171/253 (67.6%)
14.81  5.59
43/253 (17.0%)

cPRA, calculated panel-reactive antibodies; TAC, Tacrolimus;
MPA, Mycophenolic Acid; mTORi, mTOR inhibitors, PDN,
Prednisone; CIT, cold ischemia time.

sex predominance (60.5%). Diabetes mellitus was present in 29.2% of patients. In most cases, patients were
receiving hemodialysis before transplantation (80.2%),
with mean dialysis vintage of 52.51  50.68 months.
Immunological risk was low-to-moderate with a cPRA
I + II of 15.98  33.45%. Most donors were after brain
death (DBD, 61.7%) and induction consisted in basiliximab in 56.5% of cases, while anti-thymocyte globulins
were employed in 38.3% of patients. Primary immunosuppression was based on tacrolimus and prednisone
associated with either mycophenolate (82 patients,
32.4%) or mTORi (everolimus, or sirolimus, 171
patients, 67.6%) (Table 1).
When assessing dDGF and fDGF definitions criteria,
79 patients developed dDGF (31.2%) and 127 developed
fDGF (50.2%). Sixty-three patients fulfilled criteria for
both definitions (24.9%), while 15 patients developed
dDGF but not fDGF (Fig. 1). dDGF and fDGF occurred
in 21.8% and 41.7% of recipients of a DBD donor and
in 46.4% and 63.9% of recipients of a DCD donor,
respectively. During the follow-up, 13 grafts were lost
and 45 patients died (3 after losing the graft). Taking
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into account eGFR < 25 ml/min/m2 as a surrogate endpoint for graft failure, 55 and 78 grafts were lost for
death-censored graft failure (primary outcome) and for
the composite outcome of graft failure or patient’s
death (secondary outcome), respectively.

Functional-based and Dialysis-based definition of
DGF are both associated with graft failure
independently of significant covariates
Univariable Cox-regression analysis demonstrated a significant correlation of both definitions with the primary
[HR (95%CI) 1.90 (1.09–3.29) for fDGF and HR (95%
CI) 1.83 (1.07–3.14) for dDGF, P = 0.022 and
P = 0.026, respectively] and the secondary outcome
[HR (95%CI) 1.72 (1.09–2.71) for fDGF and HR (95%
CI) 1.61 (1.02–2.55) for dDGF, P = 0.019 and
P = 0.040, respectively] (Table 2). The other covariates
that were associated with the outcomes were the ECD
status of the donor [HR (95%CI) 2.79 (1.40–5.56),
P = 0.003 and 2.20 (1.28–3.78), for the primary and
secondary outcomes, respectively], BPAR [HR (95%CI)
2.06 (1.14–3.74) and 1.72 (1.02–2.89), P = 0.017 and
P = 0.039 for the primary and secondary outcome,
respectively] and recipient age for the secondary outcome [HR (95%CI) 1.03 (1.01–1.06), P = 0.003 for 1year increase] (Table 2).
When considering in a bivariable analysis all the possible combinations with these covariates, both fDGF
and dDGF maintained their association with the two
outcomes (Table 2).

Finally, the multivariable analysis performed with all
these significant covariates demonstrated an independent association of both definitions of DGF with the
primary [HR (95%CI) 2.07 (1.09–3.94), P = 0.026 for
fDGF and HR (95%CI) 2.41 (1.33–4.37), P = 0.004 for
dDGF] and the secondary outcome [HR (95%CI)1.58
(1.01–2.51), P = 0.047 for fDGF and HR (95%CI) 1.67
(1.05–2.66), P = 0.028 for dDGF]. No evidence for a
significant interaction in the multivariable models was
found between dDGF and fDGF in relation with the
primary (P = 0.501) and the secondary outcome
(P = 0.594).

Role of different combinations of the Functionalbased and Dialysis-based definitions of DGF on graft
failure at 3-year follow-up
The role of different combination of fDGF and dDGF
on death-censored graft failure was explored with 3-year
Kaplan–Meier survival analysis that demonstrated worst
results for patients who fulfill criteria for both definitions (fDGF and dDGF) and intermediate results for
patients who were fDGF+/dDGF- and fDGF-/
dDGF + respectively, in comparison with the control
group (Fig. 2a P-value for log-rank test for
trend < 0.001).Three-year estimates (95%CI) of survival
from death-censored graft failure (eGFR < 25 ml/min/
1.73 m2, primary outcome) were 2.83 (2.71–2.94) years
for fDGF-/dDGF-, 2.63 (2.42–2.83) years for fDGF+/
dDGF-, 2.47 (1.99–2.98) years for fDGF-/dDGF + and
2.31 (2.02–2.59) years for the fDGF+/dDGF + groups
(P = 0.0017 Log-rank for trend), while 3-year estimates
(95%CI) of survival from the composite outcome of
eGFR < 25ml/min/1.73 m2 or death (secondary outcome) were 2.72 (2.58–2.86) years for fDGF-/dDGF-,
2.50 (2.26–2.73) years for fDGF+/dDGF-, 2.50 (2.01–
2.99) years for fDGF-/dDGF + and 2.20 (1.91–2.49)
years for fDGF+/dDGF+ (P = 0.0006 Log-rank for
trend) (Fig. 2b).

Functional DGF in the absence of dialysis-based DGF
is associated with worse 1-year renal function and
chronicity score at renal biopsy

Figure 1 Venn diagram showing distribution of both DGF definitions. dDGF includes cases of isolated dDGF (i.e., without fDGF) and
fDGF includes only cases of fDGF without dDGF. fDGF & dDGF
includes only cases that meet the criteria for both definitions
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A worse 1-year renal function was observed in all
groups of DGF patients (43.76  17.78 for fDGF+/
dDGF-,
35.07  12.71
for
fDGF-/dDGF + and
2
42.78  17.46 ml/min/1.73 m for fDGF+/dDGF + respectively) compared to the control group (fDGF-/
dDGF- 56.45  21.49 ml/min/1.73 m2), irrespective of
whether fDGF or DGF were present alone or in
Transplant International 2021; 34: 175–184
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0.039

1.72 (1.02–2.89)
status

ECD

dDGF

0.034

0.004

1.63 (1.03–2.58)

2.22 (1.29–3.82)

0.003

1–year
increase)

Age (for

dDGF

1.04 (1.01–1.06)

1.73 (1.09–2.74)

1.65 (1.05–2.61)
1.62 (0.96–2.73)

0.030
0.067

0.002

0.019

BPAR

1–year

dDGF

1.65 (0.98–2.77)

1.73 (1.09–2.74)

0.059

0.058

BPAR

ECD
status
Age (for
1–year
increase)
1–year

fDGF

fDGF
1–year
BPAR

0.033
0.004

ECD
status
1–year
BPAR

0.041

1.75 (1.02–3.01)

fDGF

1.48 (0.88–2.51)

1.02 (0.99–1.05)

1.58 (0.84–2.96)

1.58 (1.01–2.51)

1.66 (0.84–3.25)

1.93 (0.92–4.05)

2.07 (1.09–3.94)

HR (95% CI)

Multivariable model #1
Variable

0.027

0.042
0.038

P-value

1.77 (1.02–3.09)
1.88 (1.03–3.44)

1–year
1.96 (1.07–3.56)
BPAR
eGFR < 25 ml/min/1.73 m2, and recipient death, n = 78)
1.65 (1.05–2.61) 0.029
fDGF
1.64 (1.04–2.55)
2.11 (1.24–3.68) 0.006
Age (for
1.03 (1.01–1.06)
1–year
increase)

2.83 (1.42–5.63)

fDGF
1–year
BPAR
dDGF

HR (95% CI)

Bivariable model #2
Variable

0.139

0.098

0.152

0.047

0.141

0.080

0.026

P-value

BPAR

Age (for
1–year
increase)
1–year

ECD status

dDGF

1–year
BPAR

ECD status

dDGF

1.50 (0.89–2.53)

1.02 (.99–1.05)

1.58 (0.84–2.97)

1.67 (1.05–2.66)

1.73 (0.88–4.37)

2.13 (1.02–4.45)

2.41 (1.33–4.37)

HR (95% CI)

Multivariable model #2
Variable

.126

0.060

0.150

0.028

0.107

0.044

0.004

P-value

The functional– (fDGF) and dialysis–based (dDGF) were analyzed as well as significant covariates in univariable, bivariable and multivariable models. The multivariable
model included ECD status and BPAR for the primary outcome and ECD status, BPAR and age for the secondary outcome. ECD, Expanded Criteria Donor, BPAR, Biopsy–
Proven Acute Rejection.

BPAR

0.003

1.03 (1.01–1.06)

Age (for
1–year
increase)
1–year

0.004

2.20 (1.28–3.78)

ECD status

1–year
2.06 (1.14–3.74) 0.017
ECD
BPAR
status
Secondary outcome (composite of graft failure, including
fDGF
1.72 (1.09–2.71) 0.019
fDGF
dDGF
1.61 (1.02–2.55) 0.040
ECD
status

Primary outcome (Graft failure, including eGFR < 25 ml/min/1.73 m2, n = 55)
fDGF
1.90 (1.09–3.29) 0.022
fDGF
1.79 (1.03–3.11) 0.038
dDGF
1.83 (1.07–3.14) 0.026
ECD
2.67 (1.34–5.32) 0.005
status
ECD status 2.79 (1.40–5.56) 0.003
dDGF
1.87 (1.09–3.20) 0.022

Variable

Univariable model

Table 2. Cox-regression analysis for the primary outcome (death-censored graft failure, including eGFR < 25 ml/min) and the secondary outcome (composite of
graft failure, including eGFR < 25 ml/min/1.73 m2, or recipient death)
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Figure 2 (a) Kaplan–Meier estimates of survival for 3–year freedom from death–censored graft failure, including eGFR < 25 ml/min/1.73 m2.
(b) Kaplan–Meier estimates of survival for 3–year freedom from the composite outcome of graft failure, including eGFR < 25 ml/min/1.73 m2,
or recipient’s death

combination (P < 0.001) (Table 3). Moving to chronicity scores at 1-year protocol kidney biopsies, patients
with dDGF and fDGF (fDGF+/dDGF+) had worse
results for interstitial fibrosis (ci) and tubular atrophy
(ct) in comparison with the control group (ci

1.55  1.00 versus 0.93  0.68 and ct 1.55  1.00 versus 1.00  0.61, respectively, both P = 0.001), while
there were no differences in terms of vascular fibrous
intimal thickening (cv) and glomerular basement membrane double contours (cg)(Table 3).

Table 3. One–year analysis of eGFR and chronicity score values at protocol renal biopsy according to ANOVA test. Post
hoc analysis (LSD) was performed among groups
Group 1*
dDGF–
fDGF–
(n = 111)
1–year eGFR (ml/min/1.73 m2)
Ci
Ct
Cv
Cg

56.45
0.93
1.00
1.08
0.02







21.49**,***^
0.68****
0.61****
0.81
0.12

Group 3***
dDGF–
fDGF+
(n = 63)

Group 2**
dDGF+
fDGF–
(n = 15)
35.07
1.00
1.14
1.14
0.14







12.71*
0.57
0.37
0.69
0.37

43.76
1.22
1.17
0.97
0.03







17.78*
0.86
0.81****
0.63
0.16

Group 4****
dDGF+
fDGF+
(n = 64)
42.78
1.55
1.55
1.16
0.06







17.46*
1.00*
1.00*,**
0.72
0.24

P–value
(ANOVA)
<0.001
0.008
0.016
0.785
0.324

*P < 0.05 when compared to group 1.
**P < 0.05 when compared to group 2.
***P < 0.05 when compared to group 3.
****P < 0.05 when compared to group 4.
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Factors associated with the development of
functional- and dialysis-based definitions of DGF
Donor and recipient factors associated with the occurrence of fDGF and dDGF were explored in a logistic
regression model (Table 4). For both definitions, donor
after circulatory death (DCD) was associated with both
definitions of DGF [OR (95%CI) for DCD 2.48 (1.47–
4.18), P = 0.001, and 3.10 (1.79–5.38), P < 0.001, for
fDGF and dDGF, respectively]. Also donor male sex was
associated with both fDGF and dDGF [OR (95%CI)
1.72 (1.03–2.87), P = 0.036, and 2.10 (1.18–3.74),
P = 0.011, for fDGF and dDGF respectively] (Table 4).

Discussion
In kidney transplantation, the functional definition of
DGF (fDGF) has the potential to be more objective
than the dialysis-based definition (dDGF), which is subjected to the physician’s clinical practice and hospital
policy. However, studies that analyzed the performance
of both definitions for hard outcomes, such as graft failure (censored or not by death), gave controversial
results [8–10,15]. Boom et al [10] was the first to analyze the fDGF definition in a retrospective series of 734
renal transplant recipients from deceased donors. fDGF
was present in 183 patients (23.2%), whereas dDGF was
present in 244 (33.9%), but only fDGF outcomes were
analyzed. The multivariable analysis revealed that fDGF
was a risk factor for suboptimal graft function within
the first year. However, when assessing the influence of
fDGF on 1-year death-censored graft failure it was not
significantly associated with the outcome [10]. Ten
years later, Moore et al [8] prospectively compared the
performances of both definitions, assessing 750 kidney
transplant recipients from deceased donors. fDGF was
present in 286 patients (38%), whereas dDGF was

present in 255 (34%). When dDGF and fDGF were
examined in a bivariate and multivariable analysis, only
fDGF was significantly associated with an increased rate
of death-censored and overall graft failure rates, being
the presence of both fDGF and dDGF the combination
with the worst prognosis [8]. It has to be highlighted
that in both studies mean donor and recipient age were
lower than 50 years, and immunosuppression was
cyclosporine- and azathioprine-based; a clinical setting
that is far different from the actual one in kidney transplantation.
Our study, on turn, was based on a modern series
of kidney transplants, with a mean age of donors and
recipients of 61.21  10.73 and 61.70  13.67 years
respectively, which is higher than previous studies [8–
10,15] and with a baseline immunosuppression based
on tacrolimus associated with either mycophenolate or
mTOR inhibitors, a scenario that is closer to the current one in Europe and U.S. [11,12,18]. Importantly,
and in contrast from previous studies [9,15], we analyzed the impact of fDGF and dDGF for poor graft
function, expressed as the freedom from < 25 ml/min/
1.73 m2 (including graft failure) in the primary outcome and also patient’s death in the secondary one.
We found that both definitions (fDGF and dDGF)
were significantly associated with both outcomes, an
association that was maintained even after adjustment
for relevant confounding factors in bivariable and multivariable analysis. A relevant point is that any combination of fDGF and dDGF proved to be associated
with both outcomes, with patients fulfilling criteria for
both definitions having the worst results (Fig. 2). All
the different scenarios are graphically represented in
Fig. 3.
Our results are somewhat different from those
recently reported by Hall et al [9], who analyzed the
mean 12-months eGFR for different not dialysis-based

Table 4. Analysis of common risk factors for the development of fDGF and dDGF by logistic regression analysis
fDGF

dDGF

OR (95% CI)
Type of donor (DCD vs DBD)
Recipient sex (M vs F)
Donor sex (M vs F)
ECD status
Previous transplant
Cold ischemia time> 24h

2.48
1.33
1.72
1.44
0.57
0.34

(1.47–4.18)
(0.79–2.22)
(1.03–2.87)
(0.85–2.44)
(0.30–1.07)
(0.10–1.10)

P–value
0.001
0.275
0.036
0.169
0.081
0.072

OR (95% CI)

P–value

3.10
1.74
2.10
1.20
0.79
0.76

<0.001
0.059
0.011
0.521
0.516
0.648

(1.79–5.38)
(0.97–3.10)
(1.18–3.74)
(0.68–2.13)
(0.40–1.57)
(0.23–2.47)

OR, Odds ratio, CI, Confidence Interval, DBD, Donors after Brain Death, DCD, Donors after Circulatory Death, ECD, Expanded
Criteria Donor, CIT, Cold Ischemia time; F, female; M, Male.
Transplant International 2021; 34: 175–184
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Figure 3 Graphical representation of the different scenarios that can occur during the first week after kidney transplantation. Patients who do
not develop either fDGF or dDGF have expectably the best outcome (a). Patients submitted to dialysis after transplantation but recover rapidly
renal function afterward have a favorable outcome as well (b). On turn, patients who do not receive dialysis but whose renal function does
not improve after transplant are a population at risk (c). The worst case scenario is represented by patients who receive dialysis and afterward
renal function still does not improve; that is, they fulfill both definitions of DGF (dialysis– and functional–based)

DGF definitions, among which was the fDGF definition
proposed by Boom et al [10]. Nevertheless, this definition was not associated with poor 12-months outcomes
compared to those patients without DGF (i.e., neither
fDGF nor dDGF) and with dDGF. However, in this
study the fDGF definition was only compared with the
dDGF for the absolute eGFR value at 12 months, but
an analysis of the specific contribution of each definition (individually and combined) for eGFR, death-censored and overall graft failure, as well as of the recipient
and donor factors potentially associated with fDGF was
not performed [9].
In another recent study, Hu et al [15] analyzed the
predictive value of up to 6 different DGF definitions
(including the dDGF definition and that proposed by
182

Boom et al [10]) for overall and death-censored graft
loss at 3 years. They observed that all of DGF definitions predicted the outcome, although the fDGF definition presented one of the lowest predictive values [15].
However, only DCD donors were included, so the performance of fDGF on DBD donors was not evaluated.
In fact, in the present study we evidenced that in the
adjusted models fDGF presented a significant correlation for both outcomes, independently of the donor
type. This suggests that fDGF would probably be a useful prognostic marker for long-term graft function,
especially in kidney grafts from DBD donors, in which
the need for post-transplant dialysis is less frequent than
in transplants from DCD donors, and in which the
dDGF definition could not entirely identify patients at
Transplant International 2021; 34: 175–184
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risk of poor graft outcomes [19]. Moreover, the incidence of ECD in the study of Hu et al was relatively
low (10% of the entire cohort), a factor that, as we
showed in the present study, seems to increase the risk
of fDGF [15].
A key aspect in this kind of studies is the immunosuppressive regimen of the included patients, which in
most cases was not specified in terms of type of
immunosuppressants or its distribution among the
studied groups [9,15]. This is an important issue taking
into account that cyclosporine has been associated with
higher nephrotoxicity and poorer eGFR than tacrolimus
[13,20–22] in the long-term follow-up, as well as the
increasing use of CNI-minimization strategies with
mTORi [13,20–22].
Another point worth of attention is represented by
the worse renal function observed in patients with any
combination of fDGF and dDGF compared to the control group. Furthermore, 1-year chronicity scores at
protocol kidney biopsies were worse in those patients
who fulfilled criteria for both definitions. This is likely
helpful to better stratify patients with DGF for suboptimal renal function at medium-term follow-up.
Regarding donor and recipient factors associated with
dDGF and fDGF, as previously reported [23], DCD
donors were associated with a higher incidence of fDGF
and dDGF. ECD status was not associated with an
increased risk, while donor and recipient male sex
proved to be significant risk factors for fDGF and
dDGF.
The limitations of our study are mainly its retrospective and monocentric nature. It would be desirable in
the future to rely on multicentric data to increase the
studied population and to analyze more thoroughly the
performance of the different combinations of the two
definitions on long-term hard outcomes. Moreover, follow-up time was relatively short (3.22 [2.38–4.21]
years), so the results were focused on freedom from
eGFR < 25 ml/min/1.73 m2 and not solely on graft failure. It would be interesting in future studies to reassess
results with a larger follow-up, focusing specifically only
on graft failure. On turn, the most important strength
relies on the reassessment of the fDGF definition in the
new landscape of kidney transplantation, in which
elderly donors are more common and baseline
immunosuppression is no longer cyclosporine-based. A
point of value is a face-to-face comparison of the different combinations of fDGF and dDGF definitions
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regarding graft failure, eGFR, histological chronicity
scores and the assessment of risk factors associated with
the two definitions.
In conclusion, fDGF is a condition with important
repercussion on graft survival. The characteristics of this
definition could help to early identify kidney transplant
recipients who suffer from intense ischemia-reperfusion
injury and who are at risk of developing worse longoutcomes. In this regard, fDGF alone and/or its combination with the dialysis-based definition may be more
sensitive as a short-term outcome in clinical trials about
cadaveric donor and graft management.
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