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recipient age and the number of HLA matches were posi-
tively correlated with the AUCeGFR (all P < 0.05). A mul-
tivariate analysis revealed that the AUCeGFR was lower in 
cases of younger recipient age, older donor age, and acute 
rejection (all P < 0.05). The AUCeGFR was significantly 
lower in the SGF and DGF2 groups compared with the 
EGF group (P = 0.031 and 0.006, respectively).
Conclusions SGF may be an independent risk factor for 
poor renal function after DKT. Moreover, it was compara-
ble to DGF. Efforts should be dedicated to minimizing the 
development of SGF and DGF.
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Introduction

Ischemia–reperfusion injury after kidney transplantation 
retards restoration of graft function and, in severe cases, can 
result in the need for hemodialysis [1]. Delayed graft func-
tion (DGF) caused by ischemia–reperfusion injury is gen-
erally defined as the need for hemodialysis within the first 
posttransplantation week. However, some recipients do not 
need dialysis but exhibit delayed restoration of graft func-
tion and are classified as having slow graft function (SGF) 
in contrast to early graft function (EGF) [2]. The reported 
incidence of SGF after deceased donor kidney transplanta-
tion (DKT) is 20–30 % [2–4]; however, this incidence may 
be higher when using more marginal kidneys, such as those 
received from expanded criteria donors or from donation 
after cardiac death (DCD) [5].

It is well known that recipients with DGF have infe-
rior graft survival and increased risk of acute rejection 
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compared with recipients with EGF [6–8]. In contrast to 
DGF, a few inconsistent reports have analyzed the long-
term outcomes of SGF. Some studies have shown that SGF 
is associated with an intermediate risk of graft failure and 
has an acute rejection rate between those of EGF and DGF 
[2, 9]. In other reports, SGF had the same risk as DGF [4, 
10]. It is uncertain whether those results are caused by 
worse confounding factors, such as acute rejection, or by 
SGF itself.

It is important to determine whether SGF should be con-
sidered as an independent risk factor for graft failure. To 
evaluate the effect of SGF on renal function, we analyzed 
the renal function of DKT recipients with SGF and com-
pared it with that of DKT recipients with EGF or DGF.

Methods

Study design and participants

We performed a retrospective cohort study of the effect of 
SGF on renal function among patients who had undergone 
DKT. We analyzed renal function according to the grade of 
graft restoration after transplantation and adjusted for con-
founding variables that could affect renal function.

A total of 224 patients received DKT between January 
2000 and August 2011 at the Samsung Medical Center, 
which is a 2000-bed tertiary hospital located in Seoul, 
Korea. We excluded 25 patients according to the follow-
ing criteria: multi-organ transplants, primary nonfunction, 
an ABO-incompatible donor, a positive cross-matching test 
result, or age <18 years. Primary nonfunction was defined 
as a graft without function up to 3 months after transplanta-
tion. Ultimately, we analyzed data from 199 patients. This 
study was approved by the institutional review board of the 
Samsung Medical Center.

Data collection

We collected the data from medical records. Several vari-
ables related to the recipient, donor, and transplantation 
were recorded. The recipient variables included age, sex, 
body mass index (BMI), cause of end-stage renal disease, 
type and duration of renal replacement therapy, and history 
of previous kidney transplantation. The donor variables 
included age, sex, BMI, serum creatinine level, and donor 
type, such as non-DCD or DCD. The transplantation-
related variables included peak panel-reactive antibody 
(PRA) levels, number of human lymphocyte antigen (HLA) 
matches, cold ischemia time (CIT), and the use of induc-
tion and maintenance immunosuppressive medications. 
The serum creatinine levels within the first week and the 
number of hemodialysis sessions after transplantation were 

identified to classify the grade of graft restoration. The 
duration of hospitalization was also recorded. The level of 
proteinuria was assessed using 24-h urine protein measure-
ments at 1 year after transplantation.

We followed the patients after transplantation, and serum 
creatinine levels were measured at 3, 6, and 12 months 
posttransplantation, and every 6 months thereafter. These 
values were used to calculate the estimated glomerular fil-
tration rate (eGFR) using the abbreviated Modification of 
Diet in Renal Disease study equation [11]. Acute rejection 
was confirmed by biopsy, and the trough levels of calcineu-
rin inhibitors, such as cyclosporine and tacrolimus, were 
recorded.

Immunosuppressive regimen

Patients received 500 mg of intravenous methylpredni-
solone during the kidney transplantation operation. Sub-
sequently, methylprednisolone was tapered to a minimal 
dose. All patients also received induction and maintenance 
immunosuppression. Induction immunosuppressive agents 
included alemtuzumab, basiliximab, and antithymoglobu-
lin. Antithymoglobulin has been used for immunologically 
high-risk patients, such as those with an increased num-
ber of HLA mismatches, older donor age, PRA >0 %, or 
CIT >24 h [12]. Maintenance immunosuppression com-
prised a calcineurin inhibitor, an antimetabolite (such as 
mycophenolate mofetil or azathioprine), and a low-dose 
corticosteroid. Sirolimus, which is an mTOR inhibitor, 
can be substituted by a calcineurin inhibitor or an antime-
tabolite. The doses of maintenance immunosuppression, 
especially of calcineurin inhibitors, were monitored and 
adjusted based on the trough levels. The target trough lev-
els of cyclosporine were between 150 and 300 ng/mL for 
the first 3 months, followed by tapering doses to maintain 
the trough levels between 100 and 200 ng/mL [13]. The 
doses of tacrolimus were adjusted to attain a target trough 
level of 8–10 ng/mL for the first 3 months and 3–7 ng/mL 
after this period [14].

Definitions

Patients were divided into four groups based on their 
serum creatinine levels within the first week and the num-
ber of hemodialysis sessions after transplantation. DGF was 
defined as the need for dialysis in the first 7 days after trans-
plantation. The DGF group was divided into two subgroups: 
DGF1, which required only one dialysis session, and DGF2, 
which required two or more dialysis sessions, because DGF1 
has unique features that distinguish it from DGF2 [15]. SGF 
was defined as an absence of the need for dialysis after trans-
plantation and a serum creatinine level ≥2.5 mg/dL 5 days 
after transplantation [16]. EGF was defined as an immediate 
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functioning graft with no need for dialysis and a serum cre-
atinine level <2.5 mg/dL 5 days after transplantation.

Outcomes

Renal function after DKT was evaluated according to the 
grade of graft restoration after transplantation. The eGFR at 
each time point was compared between the groups. In addi-
tion, the rate of renal function decline 1 year after trans-
plantation was assessed.

In visual data exploration, we found that the patterns of 
renal function change in individuals showed high variability, 
even within the same group, and that they were not linear 
using either eGFR or log(eGFR). Accordingly, we selected 
188 patients who had been followed until the third year after 
transplantation to investigate the predicting factors of renal 
function. Final analyses excluded 11 patients with missing 
data for the following reasons: death (5) or loss to follow-
up (6) within 3 years after kidney transplantation. For lin-
ear regression analysis to evaluate the risk factors for renal 
function, we calculated the “area under the eGFR versus 
time curve” (AUCeGFR) values as an index of individual 
cumulative renal function. The AUCeGFR was calculated 
using the eGFR at 3, 6, 12, 18, 24, 30, and 36 months after 
transplantation. For AUCeGFR calculation, we assumed that 
the eGFR after graft failure was 0 mL/min/1.73 m2.

Statistical analysis

The baseline differences between patients were ana-
lyzed. Continuous variables are expressed as the mean 
value ± standard deviation or median [interquartile range] and 
were compared using ANOVA followed by Scheffé’s method 
for multiple comparisons because of unequal sample sizes 
between groups. Categorical variables are expressed as num-
bers (percentages) and were analyzed using the χ2 test. The 
linear mixed effect model was used to compare the pattern of 
eGFR change in each group 1 year after DKT. The effects of 
variables on the AUCeGFR were analyzed by linear regression 
analysis. The association between the AUCeGFR and variables 
was confirmed by univariate analysis followed by a multivari-
ate analysis that included variables with P < 0.20 to adjust for 
the effects of potential confounders. We performed all analy-
ses using SPSS Statistics version 22 (IBM Corp., Armonk, 
NY, USA). A P value <0.50 was considered significant.

Results

Baseline characteristics in the four groups

Among the 199 patients included in the study, 28 (14.1 %) 
patients underwent DKT from DCD donors and 42 

(21.1 %) patients underwent hemodialysis within 7 days 
after transplantation. Acute rejection and graft failure 
occurred in 50 (25.1 %) and 13 (6.5 %) patients, respec-
tively. One hundred and thirty (65.3 %) patients were clas-
sified into the EGF group, 27 (13.6 %) were classified into 
the SGF group, 6 (3.0 %) were classified into the DGF1 
group, and 36 (18.1 %) were classified into the DGF2 
group.

The baseline characteristics of the groups were analyzed 
(Table 1). Sex, age, donor age, donor creatinine level, and 
prevalence of DCD donors differed between groups (all 
P < 0.05). In contrast, the differences in BMI and CIT 
were not statistically significant (P = 0.062 and 0.060, 
respectively). Moreover, the number of HLA matches did 
not differ between the groups (P = 0.820). The length of 
hospitalization differed between the groups (P < 0.001). 
The amount of 24-h urine protein at 1 year, episodes of 
acute rejection, and occurrence of graft failure did not 
differ between the groups (P = 0.415, 0.336, and 0.773, 
respectively).

Multiple comparisons were made. Donor age and 
donor creatinine levels were higher in the SGF group than 
in the EGF group (P = 0.013 and 0.002, respectively). 
Age and donor creatinine level were higher in the DGF2 
group than in the EGF group (P = 0.049 and P < 0.001, 
respectively). CIT was longest in the DGF2 group, but 
the difference was not significant (P = 0.081). The length 
of hospitalization was significantly longer in the DGF2 
group compared with the EGF group (P < 0.001), whereas 
it was not significantly different in the SGF group 
(P = 0.187).

Levels of immunosuppression

After DKT, calcineurin inhibitors were used in 197 
(99.0 %) patients, whereas two patients received siroli-
mus. Forty-four (22.3 %) patients received cyclosporine 
and 153 (77.7 %) received tacrolimus. To explore the 
impact of calcineurin inhibitors on renal function, the 
trough levels of those drugs were compared according to 
the grade of graft restoration (Fig. 1). The trough levels 
of cyclosporine at all time points did not differ between 
groups (Fig. 1a). Conversely, the trough levels of tac-
rolimus differed at 6 and 30 months after transplantation 
(P = 0.026 and 0.004, respectively; Fig. 1b). Multiple 
comparisons revealed that the level of this drug was some-
what higher in the DGF1 group than in the EGF group 
at 6 months (P = 0.078). At 30 months after DKT, the 
trough level of tacrolimus in the DGF1 group was high-
est among all groups (P = 0.016 compared with the 
EGF group). The trough levels of tacrolimus did not dif-
fer between the EGF, SGF, and DGF2 groups at all time 
points.
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Patterns of renal function change in the four groups

The patterns of mean eGFR change in the four groups are 
shown in Fig. 2. The mean eGFR exhibited peak levels at 
1 year after transplantation and decreased over time in all 
groups. However, individual eGFR values showed substan-
tial variability, even in patients in the EGF group. The mean 
eGFR at 1 year after transplantation was 64.8 ± 18.1 mL/
min/1.73 m2 in the EGF group, 55.9 ± 21.8 mL/
min/1.73 m2 in the SGF group, 69.2 ± 19.1 mL/
min/1.73 m2 in the DGF1 group, and 57.7 ± 17.1 mL/
min/1.73 m2 in the DGF2 group (P = 0.042). These val-
ues decreased to 57.5 ± 21.4 mL/min/1.73 m2 in the EGF 
group, 49.4 ± 23.1 mL/min/1.73 m2 in the SGF group, 
59.9 ± 19.5 mL/min/1.73 m2 in the DGF1 group, and 
51.8 ± 17.2 mL/min/1.73 m2 in the DGF2 group at 3 years 
after transplantation (P = 0.122).

The linear mixed model yielded a 1-year eGFR in the 
EGF group of 65.5 mL/min/1.73 m2 [95 % confidence 
interval (CI), 61.9–69.1 mL/min/1.73 m2], which was 
lower by −10.1 and −6.5 mL/min/1.73 m2 in the SGF 
and DGF2 groups, respectively, albeit with no statistically 
significant difference between the EGF and DGF2 groups 

(95 % CI −18.9 to −1.2 and −14.4 to 1.4 mL/min/1.73 m2; 
P = 0.027 and 0.105, respectively). The rate of eGFR 
change in the EGF group was −2.5 mL/min/1.73 m2 per 
year (95 % CI −3.1 to −1.9 mL/min/1.73 m2 per year, 
P < 0.001), whereas the eGFR slope did not differ between 
the groups (P = 0.310, 0.142, and 0.620, respectively).

Risk factors for renal function

Among the 199 patients included in the study, the 188 
patients who had been followed up until the third year 
after DKT were evaluated regarding predictors of indi-
vidual renal function, the AUCeGFR, using linear regression 
analysis (Table 2). Donor age was correlated negatively (β 
−1.4 mL/min/1.73 m2 year, P < 0.001), and recipient age 
and the number of HLA matches were correlated posi-
tively (β 0.7 and 5.3 mL/min/1.73 m2 year, P = 0.033 and 
0.032, respectively) with the AUCeGFR. BMI, donor BMI, 
and CIT were not associated with the AUCeGFR. There was 
no relationship between DCD and the AUCeGFR. Moreo-
ver, the use of tacrolimus was not associated with a lower 
AUCeGFR compared with the use of cyclosporine. Pro-
teinuria >500 mg/day at 1 year after transplantation and 

Table 1  Baseline 
characteristics according to the 
grade of graft restoration after 
transplantation

Continuous values are presented as the mean ± standard deviation or median [interquartile range], and cat-
egorical values are presented as numbers (%)

BMI body mass index, CIT cold ischemia time, DCD donation after cardiac death, HD:PD 
hemodialysis:peritoneal dialysis, HLA human lymphocyte antigen, KT kidney transplantation, M:F 
male:female, PRA panel-reactive antibody

EGF SGF DGF1 DGF2 P

n = 130 n = 27 n = 6 n = 36

Sex, M:F 66:64 23:4 3:3 21:15 0.012

Age (years) 42 ± 11 45 ± 10 44 ± 11 48 ± 9 0.044

BMI (kg/m2) 22.3 ± 3.1 23.9 ± 3.7 21.6 ± 2.7 23.1 ± 2.7 0.062

Diabetes and/or hypertension, n (%) 103 (79.2) 24 (88.9) 4 (66.7) 32 (88.9) 0.303

Type of dialysis, HD:PD 105:23 19:7 6:0 31:5 0.369

Dialysis duration (months) 74 [50, 99] 69 [43, 86] 97 [70, 138] 68 [50, 99] 0.161

Previous KT, n (%) 20 (15.4) 2 (7.4) 1 (16.7) 2 (5.6) 0.348

Donor sex, M:F 91:39 22:5 4:2 20:16 0.167

Donor age (years) 42 ± 14 52 ± 14 35 ± 16 46 ± 13 0.004

Donor BMI (kg/m2) 22.5 ± 3.2 22.3 ± 4.1 22.2 ± 1.6 23.2 ± 3.6 0.624

DCD donor, n (%) 7 (5.4) 7 (25.9) 1 (16.7) 13 (36.1) <0.001

Donor creatinine (mg/dL) 1.28 ± 0.63 2.06 ± 1.21 1.02 ± 0.44 2.92 ± 1.45 <0.001

CIT (min) 289 ± 155 338 ± 225 307 ± 176 375 ± 197 0.060

HLA matches, n 3 ± 2 2 ± 1 3 ± 1 2 ± 1 0.820

Peak PRA (%) 18 ± 33 12 ± 28 42 ± 43 12 ± 32 0.216

Tacrolimus, n (%) 97 (74.6) 22 (81.5) 5 (83.3) 29 (80.6) 0.642

Length of hospitalization (days) 17 [14, 21] 23 [18, 26] 19 [17, 22] 26 [21, 37] <0.001

Proteinuria at 1 year (mg/day) 119 [85, 173] 141 [91, 314] 99 [63, 196] 143 [99, 270] 0.415

Acute rejection, n (%) 38 (29.2) 5 (18.5) 1 (16.7) 6 (16.7) 0.336

Graft failure, n (%) 10 (7.7) 1 (3.7) 0 (0.0) 2 (5.6) 0.773
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episodes of acute rejection were significantly associated 
with the AUCeGFR (P = 0.002 and P < 0.001, respectively). 
To compare values according to the grade of graft restora-
tion, the AUCeGFR in the EGF group was used as the ref-
erence. SGF was a predicting factor for a low AUCeGFR 
(P = 0.039), whereas DGF2 was not, as assessed using 
univariate analysis (P = 0.158). DGF1 was not related to 
AUCeGFR (P = 0.585).

A multivariate regression analysis with adjustments for 
variables that had a P value <0.20 in the univariate analy-
sis, including age, donor age, the number of HLA matches, 
proteinuria, episodes of acute rejection, SGF, and DGF2, 
was performed to assess relationships with the AUCeGFR 

(Table 2). Older age was associated with a high AUCeGFR 
(P = 0.003). Donor age was correlated negatively with the 
AUCeGFR (P < 0.001), but the number of HLA matches 
was not correlated with the AUCeGFR in the multivariate 
analysis (P = 0.253). Proteinuria of 500 mg/day or more at 
1 year after transplantation was not a significant predictor 
in multivariate analysis (P = 0.092). Patients with an epi-
sode of acute rejection had a significantly lower AUCeGFR 
(β −29.2 mL/min/1.73 m2 year, P < 0.001). Regarding 
the grade of graft restoration, the AUCeGFR was signifi-
cantly lower in the SGF and DGF2 groups compared with 
the EGF group (β −19.3 and −22.0 mL/min/1.73 m2 year, 
P = 0.031 and 0.006, respectively).

Fig. 1  Levels of immunosup-
pression in the four groups. The 
trough levels of cyclosporine 
and tacrolimus until the third 
year after DKT were compared 
between groups. a The trough 
levels of cyclosporine did 
not differ in the four groups 
at all time points. b At 6 and 
30 months after DKT, the 
trough levels of tacrolimus 
differed between the groups 
(P = 0.026 and 0.004, respec-
tively). In multiple comparisons, 
its level in the DGF1 group was 
not significantly different at 
6 months after transplantation 
(P = 0.078, compared with the 
EGF group), but was highest 
among the groups at 30 months 
(P = 0.016, compared with the 
EGF group). There were no 
differences in the trough levels 
of tacrolimus among the EGF, 
SGF, and DGF2 groups at all 
time points. DGF delayed graft 
function, DKT deceased donor 
kidney transplantation, EGF 
early graft function, SGF slow 
graft function
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Fig. 2  Trends in mean eGFR over 3 years in the four groups. 
The mean eGFR exhibited peak levels at 1 year after transplanta-
tion and decreased over time. As shown, there was substantial vari-
ability in renal function. The mean eGFR levels at 1 year after trans-
plantation were 64.8 ± 18.1 mL/min/1.73 m2 in the EGF group, 
55.9 ± 21.8 mL/min/1.73 m2 in the SGF group, 69.2 ± 19.1 mL/
min/1.73 m2 in the DGF1 group, and 57.7 ± 17.1 mL/min/1.73 m2 
in the DGF2 group. The mean eGFR was consistently lower in the 
SGF and DGF2 groups compared with the EGF and DGF1 groups. 

The mean eGFR differed between groups from 3 to 30 months (all 
P < 0.05), but did not differ at 36 months (P = 0.122). Compared 
with the EGF group, the eGFR in the SGF group was significantly 
lower at 3 and 6 months (P = 0.001 and 0.007, respectively), and 
that in the DGF2 group was lower at 3 months (P = 0.030). Data are 
expressed as mean ± standard deviation. DGF delayed graft function, 
EGF early graft function, eGFR estimated glomerular filtration rate, 
SGF slow graft function. *P < 0.05, compared with the EGF group

Table 2  Effects on renal function in linear regression analysis

BMI body mass index, CIT cold ischemia time, CI confidence interval, DCD donation after cardiac death, DGF delayed graft function, EGF 
early graft function, HLA human lymphocyte antigen, SGF slow graft function
a Variables with P < 0.20 in the univariate analysis were included in the multivariate linear regression analysis

Univariate analysis
β (95 % CI) mL/min/1.73 m2 year

P Multivariate analysisa

β (95 % CI) mL/min/1.73 m2 year
P

Male (vs female) 7.6 [−6.5, 21.7] 0.291

Age (per year) 0.7 [0.1, 1.4] 0.033 0.9 [0.3, 1.4] 0.003

BMI (per kg/m2) −0.3 [−2.5, 2.0] 0.805

Male donor (vs female) 8.0 [−7.3, 23.2] 0.304

Donor age (per year) −1.4 [−1.9, −1.0] <0.001 −1.2 [−1.7, −0.8] <0.001

Donor BMI (per kg/m2) 0.1 [−2.0, 2.3] 0.903

DCD −10.0 [−30.0, 10.1] 0.329

CIT (per min) −0.0 [−0.1, 0.0] 0.257

HLA matches (per one match) 5.3 [0.4, 10.1] 0.032 2.4 [−1.7, 6.5] 0.253

Tacrolimus (vs cyclosporine) 3.6 [−13.6, 20.8] 0.679

Proteinuria (≥500 mg/day) −41.1 [−67.3, −14.8] 0.002 −19.8 [−42.8, 3.3] 0.092

Acute rejection −38.2 [−53.6, −22.8] <0.001 −29.2 [−43.2, −15.3] <0.001

SGF (vs EGF) −21.6 [−42.1, −1.1] 0.039 −19.3 [−36.7, −1.8] 0.031

DGF1 (vs EGF) 11.1 [−29.0, 51.2] 0.585

DGF2 (vs EGF) −13.2 [−31.7, 5.2] 0.158 −22.0 [−37.7, −6.4] 0.006
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Discussion

In this retrospective cohort study, we investigated renal 
function according to the grade of graft restoration after 
DKT. Patients with SGF had decreased renal function com-
pared with those with EGF. This decreased renal function 
associated with SGF was significant even after adjusting 
for multiple variables, including acute rejection and pro-
teinuria. In addition, we found that renal function in the 
SGF group was not superior to that observed in the DGF2 
group.

Renal function is an important prognostic marker in 
transplantation and can be used to predict long-term out-
comes [17, 18]. Several reports have described renal func-
tion in cases of SGF compared with EGF and DGF. One 
of those studies found that renal function in cases of SGF 
was intermediate between that in cases of EGF and DGF 
[9], while other studies reported that renal function was 
lower in cases of SGF compared with EGF, but did not dif-
fer between cases of SGF and DGF, as in our results [4, 
19–21]. However, most of those studies did not rule out the 
effects of other variables, such as acute rejection; there-
fore, it remains uncertain whether the worse outcomes of 
SGF are related to the effects of SGF itself or to confound-
ing variables. It is noteworthy that the poor renal function 
observed in patients with SGF was persistent, independent 
of episodes of acute rejection and amount of proteinuria.

According to our results, patients with SGF might 
have worse renal function than those with DGF. Thus, we 
also performed comparisons between the SGF and DGF2 
groups, but found no statistically significant differences. 
The low eGFR detected in the SGF group may have been 
the result of various confounding factors, such as donor 
age or episodes of acute rejection, which were higher in the 
SGF group. Previous studies that reported a similar impact 
of SGF and DGF also found that serum creatinine level or 
eGFR at 1 year after transplantation was somewhat worse 
in patients with SGF than they were in those with DGF 
[4, 19–21]. Conversely, those results might have stemmed 
from a discrepancy between the definitions of SGF and 
DGF; i.e., the characteristics of patients with DGF, which 
is defined by the presence of dialysis treatment, may vary 
between centers or physicians. Akkina et al. [22] demon-
strated that two centers that had different incidences of 
SGF and DGF had similar levels of graft survival, and that 
SGF, but not DGF, was a predictor of worse outcomes in 
one center. Therefore, a better definition that integrates 
SGF and DGF is needed to identify the degree of ischemia–
reperfusion injury.

Here, we applied the definition of SGF (serum creatinine 
level of ≥2.5 mg/dL at 5 days after kidney transplantation) 
of Schroppel and Legendre [16]. Similar to that of DGF, 
there is no consensus regarding the definition of SGF and 

various definitions have been used in several reports. Most 
previous studies used a serum creatinine level of ≥3.0 mg/
dL at 5 days posttransplantation; thus, there could be dif-
ferences between previous results and our findings. In a 
pilot analysis, we also evaluated renal function in patients 
who had serum creatinine levels of ≥3.0 mg/dL at 5 days 
posttransplantation and obtained similar results. Because 
a higher cutoff point for SGF might decrease analytic 
power, we chose to define SGF as serum creatinine level 
of ≥2.5 mg/dL at 5 days after kidney transplantation. Nev-
ertheless, we obtained consistent and significant results 
regarding the impact of SGF on renal function after DKT.

To compare the rate of eGFR change according to group, 
we used the linear mixed effect model. Although this model 
is the most appropriate statistical method to evaluate the 
impact of predictors on the rate of eGFR change, it requires 
the assumption that the eGFR trajectories are linear [23]. 
We found that the eGFR after DKT exhibited peak levels at 
1 year after transplantation and decreased over time. Thus, 
we selected 1-year eGFR as the intercept in the model. 
Moreover, renal function at 1 year after transplantation was 
reported as a strong predictor of patient and graft outcomes 
[24]. Our results revealed significant differences in 1-year 
eGFR, but did not show differences in the rate of eGFR 
change. These negative findings regarding the rate of eGFR 
change were also reported in a previous study [25].

Visual exploration of our data showed that the eGFR 
after transplantation was highly changeable and did not 
exhibit linear patterns. Up to 40 % of patients with chronic 
kidney disease may have a nonlinear renal function trajec-
tory [26, 27]. We thought that it would be more prevalent 
in cases of kidney transplantation, because of frequent epi-
sodes of acute kidney injury [28, 29]. Patients who undergo 
renal transplantation have a vulnerable kidney for multi-
ple reasons, including having a single kidney, taking cal-
cineurin inhibitors, the presence of episodes of rejection, 
and surgical complication, which lead to variable changes 
in renal function. For that reason, we compared the cumu-
lative renal function estimated by the AUCeGFR to investi-
gate the risk factors that affect renal function after trans-
plantation. Several studies have shown that renal function 
assessed by the AUC predicts prognosis in the context of 
variability in graft function [30–32].

We divided the DGF group into two subgroups: DGF1 
and DGF2. The definition of DGF based on the need for 
dialysis presents several problems, including clinical-
dependent decision, dialysis required for postoperative 
potassium or transient fluid overload, residual renal func-
tion, or preemptive transplantation, which may lead to mis-
classification [16, 22, 33]. In this study, the DGF1 subgroup 
exhibited similar baseline characteristics, including serum 
creatinine and CIT, to those of the EGF group, and all six 
DGF1 patients had needed dialysis because of volume 
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overload. Moreover, it seemed that patients with DGF1 had 
a better mean eGFR than the patients in the other groups. 
Jayaram et al. [15] showed that patients with DGF who 
needed only one dialysis session could be distinguished 
from those with DGF who needed more than two dialysis 
sessions and had similar outcomes to patients with EGF. 
Most of them received dialysis treatment because of hyper-
kalemia. In that study, CIT and eGFR in the DGF1 group 
were also similar to those of the EGF group. Because of the 
small number of DGF1 cases included, this study could not 
conclude the level at which DGF1 is placed in the spectrum 
of ischemia–reperfusion injury after kidney transplantation. 
Nevertheless, we deduce that dialysis itself cannot predict 
poor graft function and that an objective and precise defini-
tion of DGF is needed.

Our study had some limitations. First, because of the 
small number of subjects included, the statistical power of 
our analyses was limited. This relates particularly to the 
small size of the DGF1 group; therefore, we cannot gener-
alize the differences between this group and the EGF, SGF, 
and DGF2 groups. However, this study intended to find the 
characteristics of SGF in comparison with the severe form 
of ischemia–reperfusion injury. Thus, we think that the dis-
tinct characteristics of the DGF2 group might be lost if all 
patients who require dialysis are classified into the same 
group. In addition, baseline characteristics were different 
between groups, so it could be uncertain whether the results 
are caused by poor donor and recipient factors, or SGF 
itself. However, we included all variables known to influ-
ence renal function in multivariate analysis and found that 
the impact of SGF was independent of baseline characteris-
tics as well as acute rejection or proteinuria. Lastly, despite 
our efforts to adjust for the variables that affect graft func-
tion, there could be confounders because of the retrospec-
tive design of the study. It is known that SGF shares risk 
factors with DGF [3]; thus, we thought that using variables 
related to DGF would be sufficient to adjust for confound-
ers related to SGF.

In conclusion, renal function in the SGF group was ana-
lyzed systematically in this study. SGF exhibited different 
characteristics in terms of recipient, donor, and transplan-
tation-related factors compared with EGF. Rather, SGF 
shares similar characteristics with DGF. We conclude that 
SGF may be an independent risk factor for poor renal func-
tion after DKT and that SGF may cause undesirable long-
term outcomes. To confirm whether SGF affects long-term 
outcomes, a large-scale, long-term prospective cohort-
based study is needed.
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