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Long-term effects of delayed graft function duration on 
function and survival of deceased donor kidney transplants

Efeitos de longo prazo da duração da função tardia do enxerto sobre 
a função e sobrevida de transplantes renais com doadores falecidos

Introdução: A função tardia do enxerto 
(FTE) é uma complicação frequente após 
transplantes renais com doadores falecidos 
com repercussões sobre o prognóstico do 
transplante. Contudo, o impacto a longo 
prazo da FTE sobre a função do enxerto 
após transplante renal com doador fa-
lecido não foi avaliado adequadamente. 
Objetivo: O principal objetivo do presente 
estudo foi avaliar os fatores de risco para 
FTE e o impacto de sua ocorrência e du-
ração na sobrevida e função do enxerto. 
Métodos: O presente estudo observacio-
nal retrospectivo incluiu 517 receptores de 
transplante renal que receberam órgãos de 
doadores falecidos entre janeiro de 2008 e 
dezembro de 2013. Resultados: A incidên-
cia de FTE foi de 69,3%. Foi identificada 
associação independente entre FTE e creat-
inina sérica final e idade do doador, tempo 
de isquemia fria, uso de terapia de indução 
com anticorpos e diabetes mellitus do re-
ceptor. A ocorrência de FTE também foi 
associada a incidência mais elevada de re-
jeição aguda com classificação de Banff ≥ 1 
A (p = 0,017), função reduzida do enxerto 
até seis anos após o transplante e menor 
sobrevida do enxerto censurada para óbito 
em 1 e 5 anos (p < 0,05). Períodos de FTE 
superiores a 14 dias foram associados a 
maior incidência de perda do enxerto cen-
surada para óbito (p = 0,038) e pior função 
do enxerto (p < 0,001). Não foram iden-
tificadas diferenças de sobrevida nos pa-
cientes. Conclusões: A ocorrência de FTE 
traz prejuízos de longa duração à função e 
sobrevida do enxerto. Tal impacto é ainda 
mais pronunciado quando a FTE persiste 
por mais de duas semanas.

Resumo

Palavras-chave: Transplante de Rim; Fun-
ção Retardada do Enxerto; Sobrevivência de 
Enxerto; Análise de Sobrevida; Rejeição de 
Enxerto.

Introduction: Delayed graft function 
(DGF) is a frequent complication after 
deceased donor kidney transplantation 
with an impact on the prognosis of 
the transplant. Despite this, long-term 
impact of DGF on graft function after 
deceased donor kidney transplantation 
has not been properly evaluated. Ob-
jective: The main objective of this stu-
dy was to evaluate risk factors for DGF 
and the impact of its occurrence and 
length on graft survival and function. 
Methods: A retrospective cohort study 
was performed in 517 kidney trans-
plant recipients who received a decea-
sed donor organ between January 2008 
and December 2013. Results: The in-
cidence of DGF was 69.3% and it was 
independently associated with donor’s 
final serum creatinine and age, cold is-
chemia time, use of antibody induction 
therapy and recipient’s diabetes melli-
tus. The occurrence of DGF was also 
associated with a higher incidence of 
Banff ≥ 1A grade acute rejection (p = 
0.017), lower graft function up to six 
years after transplantation and lower 
death-censored graft survival at 1 and 
5 years (p < 0.05). DGF period longer 
than 14 days was associated with hi-
gher incidence of death-censored graft 
loss (p = 0.038) and poorer graft func-
tion (p < 0.001). No differences were 
found in patient survival. Conclusions: 
The occurrence of DGF has a long-
-lasting detrimental impact on graft 
function and survival and this impact is 
even more pronounced when DGF lasts 
longer than two weeks.
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IntRoductIon

Delayed graft function (DGF) is a frequent compli-
cation after deceased donor kidney transplantation 
with an impact on the prognosis of the transplant.1 
DGF has many definitions and currently the most 
commonly employed is the need for dialysis within 
the first week after transplantation.2 Its overall in-
cidence, according to the Organ Procurement and 
Transplantation Network/Scientific Registry of 
Transplant Recipients 2012 Annual Data Report, 
is stable around 24% in the United States of 
America.3 However, much higher incidence rates 
have been observed in many countries, particular-
ly in Brazil, for reasons that are not entirely clear 
but that are probably related to suboptimal donor 
maintenance.4

The consequences of the high DGF incidence are 
striking in terms of costs, morbidity, and perhaps 
mortality.5 The delay in recovering renal graft func-
tion results in prolonged hospitalization and therefore 
higher cost to health care systems. Furthermore, DGF 
is associated with a higher incidence of acute rejec-
tion, worse graft function and poorer graft survival. 
Additionally, higher mortality has been reported in 
patients with DGF.5

Even though the impact of this condition has been 
extensively reported, the consequences of DGF length 
on graft survival and function are less certain. It is 
conceivable that prolonged duration of DGF may be 
associated with inferior graft outcomes. The present 
study was undertaken to evaluate the risk factors for 
DGF and the impact of its duration in long-term kid-
ney graft survival and function.

mAteRIAls And methods

We performed a retrospective cohort study that in-
cluded 517 kidney transplant recipients who received 
a deceased donor organ between January 2008 and 
December 2013 at our institution. Twenty-eight pa-
tients were withdrawn from study analysis since the 
diagnostic criteria for DGF could not be evaluated due 
to primary non-function, early deaths, and early graft 
losses. DGF was defined by the need for dialysis in 
the first week after transplantation; all patients were 
followed for at least one year and up to six years. Risk 
factors for DGF were evaluated along with recipient 
demographic data such as age, gender, race, time on 

renal replacement therapy, primary kidney disease, 
HLA mismatches, presence of donor-specific antibo-
dies, panel-reactive antibodies, and immunosuppres-
sive regimen including the use of antibody induction 
therapy. Donor-related variables included demogra-
phic data, final serum creatinine, cause of death, his-
tory of hypertension, and being classified as expanded 
criteria donors (ECD).6 Graft- and transplant surgery-
-related factors were: cold ischemia time, pre-implan-
tation biopsy (mostly indicated in donors with initial 
and pre-retrieval serum creatinine higher than 1.5 mg/
dL and 4.0 mg/dL, respectively, diabetic donors and 
in donors older than 65 years old) and organs coming 
from another Brazilian state and transplanted in our 
center as per the Brazilian regulations for organ allo-
cation (“out-of-state” organs). Standard multi-organ 
retrieval technique and kidney transplant anesthesia 
protocols were used. All kidneys underwent static 
preservation. Cold ischemia time was measured from 
the organ cooling within the donor up to being wi-
thdrawn from preservation solution, and warm ische-
mia time was measured from this point up to vascular 
clamps release. Transplant surgeries were performed 
according to routine well-established surgical techni-
ques by experienced transplant surgeons.

Duration of DGF was measured in days and the 
last DGF day was considered the one in which the 
last dialysis treatment was undertaken. The outcomes 
evaluated were: (a) incidence of DGF; (b) incidence 
of acute rejection evaluated throughout the follow-up 
period; (c) estimation of graft glomerular filtration 
rate (eGFR) by the MDRD equation according to the 
presence of DGF and its duration; (d) Kaplan-Meier 
analysis of patient and graft survival according to the 
presence or absence of DGF and DGF length. 

Statistical analyzes included normality evalua-
tions of the data performed by Shapiro-Wilk and 
Kolmogorov-Smirnov tests. Turkey’s test was used 
for the analysis of DGF into quartiles according to its 
duration. The variables were subjected to univariate 
analysis and those that reached a P level ≤ 0.20 were 
included in a multivariable analysis by Poisson regres-
sion in order to independently evaluate risks factors.

All data analyses were performed with the IBM 
SPSS Statistics program version 20 and a P value < 
0.05 was required for statistical significance. 

The study was approved by the institution’s ethics 
and research committee.
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Results

DemOgraphic Data, risk factOrs, anD inciDence Of 
Dgf

Demographic data is shown in Table 1. Patients were 
predominantly middle-aged white males, unsensitized 
that received a first graft. One third of the recipients 
were grafted with kidneys from expanded criteria do-
nors (ECD).6

Risk factors were classified as donor-related, reci-
pient-related, and graft-related. They were analyzed 
by univariate and multivariate methods (Table 2). 
Donor’s age, final serum creatinine, and history 
of hypertension were significant risk factors in the 
univariate analysis (p < 0.05). Among the recipient-
-related variables, only the use of antibody induction 
therapy (p = 0.002) and the number of HLA ABDR 

*= 28 patients were excluded, see text; **= donor-specific antibodies

***= Last serum creatinine before organ recovery

Recipients variables
All patients With DGF Without DGF

p
(N = 517*) (N = 339) (N = 150)

Age (years, mean ± SD) 49.2 ± 0.6 49.3 ± 0.7 49.0 ± 1.0 .819
Race (% white) 84.71 88.20 92.66 .325
Gender (% male) 54.93 58.40 57.33 .843
Time on RRT (months, mean±SD) 52.7 ± 3.3 51.8 ± 2.2 54.6 ± 9.6 .699
PRA Class I (%) 17.1 ± 1.3 16.2 ± 1.5 19.2 ± 2.42 .267
PRA Class II (%) 15.0 ± 1.15 14.5 ± 1.38 16.1 ± 2.06 .500
Presence of DSAs** (% with) 16.24 16.81 18.00 .895
HLA (ABDR) mismatches (mean±SD) 3.32 ± 0.05 3.39 ± 0.06 3.17 ± 0.08 .037
Induction Therapy (%) 84.13 92.92 80.0 .000
Previous transplantation (%) 8.89 8.55 11.33 .400
Primary kidney disease 
   Hypertension (%) 24.56 23.30 29.33 .259
   Diabetes mellitus (%) 21.08 23.01 18.0 .234
   Polycystic kidney disease (%) 12.77 11.50 16.0 .188
   Chronic glomerulonephritis (%) 7.74 8.85 6.67 .478
   Obstructive uropathy (%) 4.45 4.13 4.67 .811
   Systemic lupus erythematosus 1.16 1.18 1.33 .888
   Others (%) 8.32 7.96 6.00 .715
   Unknown (%) 19.92 20.06 18.0 .623
Donor variables
Age (years, mean ± SD) 43.7 ± 0.77 45.7 ± 0.87 39.2 ± 1.52 .000
Gender (% male) 52.41 56.93 52.00 .323
ECD (% yes) 29.01 33.04 25.33 .105
Serum creatinine*** (mg/dL) 1.60 ± 0.05 1.75 ± 0.07 1.26 ± 0.06 .000
History of hypertension (% yes) 25.91 30.68 20.00 .003
Causes of death
     Cerebrovascular disease (%) 56.03 57.57 50.00 .234
     Trauma (%) 34.63 34.12 39.33 .251
     Anoxia/drowning (%) 4.28 3.56 5.33 .417
     Others (%) 5.06 4.75 5.33 .214
Transplant related variables
Cold ischemia time (hours, mean ± SD) 21.9 ± 0.25 22.49 ± 0.31 20.6 ± 0.41 .001
Outstate organ (%) 18.57 23.30 10.67 .002
Pre-implant biopsy performed (%) 39.65 47.20 30.0 .000

tAble 1 DemOgraphic Data Of the recipients, DOnOrs, anD transplant variables
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mismatches (p = 0.034) were significant risk factors. 
The graft-related variables cold ischemia time, out-
-of-state kidneys, and having had a pre-implantation 
biopsy for an evaluation of graft adequacy for trans-
plantation, were significant risk factors for DGF in 
the univariate analysis (p < 0.001).The variable out-
-of-state kidneys presented significant co-linearity 
with cold-ischemia time (p < 0.01) and with pre-im-
plantation biopsy (p < 0.01), and for this reason was 

not included in the multivariate analysis model. The 
variables that remained significant in the multivariate 
analysis model were: donor final serum creatinine (p 
= 0.012), donor age (p = 0.003), cold ischemia time 
(p = 0.018), and use of antibody induction therapy 
(p = 0.004). ECD definition components (donor age, 
creatinine, history of hypertension, and death by cere-
brovascular disease) were entered individually in the 
multivariate analysis.

tAble 2 analysis Of risk factOrs fOr DelayeD graft functiOn

Variable RR (95% CI) p
Univariate Analysis

   Donor related

      Age (years) 1.007 (1.003 - 1.011) .000

      Gender 1.061 (0.941 - 1.196) .335

      ECD (UNOS) 1.111 (0.984 - 1.255) .090

      Final serum  creatinine (mg/dL) 1.116 (1.072 - 1.161) .000

      Hypertension   1.273 (1.091 - 1.485) .002

      Cerebrovascular death (%) 0.903 (0.780 - 1.046) .175

      Trauma as cause of death 0.928 (0.817 - 1.054) .252

      Anoxia/drowning as cause of death 1.090 (0.901 - 1.316) .379

      Other cause of death 1.092 (0.957 - 1.245) .192

Recipient-related variables

      Age (years) 1.000 (0.996 - 1.005) .855

      Gender 1.015 (0.901 - 1.144) .805

      Hypertension 0.919 (0.780 - 1.046) .255

      Diabetes mellitus 1.092 (0.957 - 1.245) .192

      Polycystic kidney 0.878 (0.717 - 1.076) .210

      Chronic glomerulonephritis 1.089 (0.901 - 1.316) .379

      Systemic lupus erythematosus 0.960 (0.544 - 1.696) .960

      Obstructive uropathy 0.982 (0.733 - 1.314) .902

      Time on dialysis (months) 1.000 (0.999 - 1.001 ) .727

      Presence of DSAs (%) 0.983 (0.832 - 1.161) .843

      PRA class I (%) 0.999 (0.996 - 1.001) .237

      PRA class II (%) 0.999 (0.997 - 1.002) .412

      HLA ABDR mismatches 1.059 (1.004 - 1.117) .034

      Antibody induction therapy (%) 1.631 (1.204 - 2.210) .002

      Previous transplantation (%) 0.898 (0.714 - 1.129) .357

Graft-related variables

      Cold ischemia time (hours) 1.019 (1.008 - 1.029) .000

      Outstate kidney (%) 1.245 (1.108 - 1.400) .000

      Need for preimplantation biopsy (%) 1.305 (1.140 - 1.494) .000

Multivariate Analysis

      Cold ischemia time 1.018 (1.002 - 1.203) .018

      Donor age 1.007 (1.003 - 1.011) .000

      Donor final serum creatinine 1.099 (1.054 - 1.145) .000

      Antibody induction 1.479 (1.101 - 1.988) .009
*donor-specific antibodies
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The most frequent recipient causes of chronic re-
nal failure were hypertensive nephropathy (24.6%), 
diabetic nephropathy (21.1%), adult polycystic kid-
ney disease (12.8%), and chronic glomerulonephri-
tis (7.7%). Donor’s causes of death were predomi-
nantly cerebrovascular disease (56.0%) and trauma 
(34.6%), which were not risk factors for DGF (data 
not shown).

DGF occurred in 339 patients, reaching an inci-
dence of 69.3%. The incidence was elevated over the 
six yearly cohorts ranging from 59.8% in the lowest 
and 74.4% in the highest incidence year. Two hun-
dred and eighty patients (57.3%) would have been 
considered as having DGF if the condition was defi-
ned by the need of more than one dialysis session in 
the first post-transplant week.

impact Of Dgf anD its DuratiOn On graft functiOn

The impact of DGF on graft function is shown in 
Figure 1, which shows MDRD estimated GFR up to 
72 months after transplantation. In the group of pa-
tients without DGF, eGFR was significantly higher up 
to four years after transplantation (p < 0.001) but the 
difference lost significance at 60 months (p = 0.072) 
and at 72 months (p = 0.219). In order to analyze 
the impact of DGF duration on kidney graft function, 
patients were classified into four groups: (a) without 
DGF (N = 150), (b) with DGF duration between 1-7 
days (N = 154), (c) with DGF duration between 8-14 
days (N = 81), and (d) with DGF duration longer 
than 14 days (N = 104). The effects of DGF dura-
tion on eGFR are shown in Figure 2. Up to four years 
after transplantation, a stepwise drop in eGFR was 

Figure 1. MDRD estimated glomerular filtration up to 72 months after transplantation according to the occurrence of delayed graft function.

* p < 0.01; ** p = 0.072; *** p = 0.219.

Figure 2. MDRD estimated glomerular filtration rate up to 48 months after transplantation according to delayed graft function duration. 

* p < 0.05 versus all other groups; brackets indicate p < 0.05
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observed as DGF lasted longer. The differences lost 
statistical significance at 60 and 72 months due to 
graft losses that occurred predominantly in the group 
of patients with poorer eGFR. Even a short DGF pe-
riod presented a detrimental effect on eGFR that las-
ted throughout the period of observation. The group 
of patients with longer DGF duration presented the 
poorest renal function and the group with a DGF las-
ting 8 to 14 days presented intermediate eGFR values. 

impact Of Dgf anD its DuratiOn On patients anD 
grafts survival

Overall, prior to any exclusion, patients and un-
censored grafts survivals at one and five years after 
transplantation were 95.6% and 86.5%, and 84.0% 
and 69.1%, respectively. At one year after transplan-
tation, patient survival in the DGF and non-DGF 

groups were 96.5% and 96.0%, respectively and re-
mained essentially identical throughout the follow-up 
(log rank p = 0.601). However, a statistically signifi-
cant difference was found in death-censored graft sur-
vival (p = 0.038). At one year after transplantation, 
graft survival was 94.0% (DGF group) and 96.6% 
(non-DGF group), and at five-year, survival were 
84.6% and 95.0%, respectively (p = 0.038). Sixty-
five graft losses occurred in the follow-up. The main 
causes of graft loss were vascular thrombosis in 26 
cases (40%), rejection in 14 cases (21.5%), and chro-
nic allograft failure in 13 cases (20%). DGF duration 
did not impact on patient survival up to 6 years af-
ter transplantation; however, it exerted a significant 
impact on graft survival. The group of patients with 
DGF longer than two weeks presented a significant 
lower graft survival (Figure 3).

Figure 3. Death censored graft survival according the occurrence and duration of DGF.

* p = 0.001 versus group > 14 days DGF; # p = 0.006 versus group >14 days DGF; + p = 0.076 versus group > 14 days DGF
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impact Of acute rejectiOn anD Dgf On graft 
functiOn anD survival

In the first year after transplantation, the inciden-
ce of biopsy confirmed (Banff ≥ 1A) that acute re-
jection was 24.5% in the DGF group and 14.7% 
in the group of patients without DGF (p = 0.017). 
Acute rejection superimposed on DGF led to signifi-
cant lower eGFR and death-censored graft survival. 

As shown in Figure 4 the group of patients without 
either DGF or acute rejection presented higher eGFR 
throughout the observation period and the group wi-
th both conditions had lower eGFR. Acute rejection 
and DGF presented similar impacts on eGFR up to 
three years after grafting. After this period, patients 
with previous acute rejection presented a more signi-
ficant decrement of eGFR.

Figure 4. MDRD estimated glomerular filtration rate up to 72 months after transplantation according to the occurrence of delayed graft function 
and acute rejection evaluated throughout the follow-up period

AR = acute rejection; DGF = delayed graft function

* p < 0.01 versus DGF+/AR- and DGF+/AR+ ; ** p =0.011 versus DGF+/AR+; *** P = 0.009 versus DGF+/AR+; # p < 0.05 versus all other groups; 
## p = 0.002 versus DGF+/AR+; • p < 0.01 versus DGF+/AR+; •• p = 0.003 versus DGF+/AR+; + p < 0.05 versus DGF-/AR+ and DGF+/AR+; § p < 0.01 
versus DGF+/AR+; §§ p = 0.003 versus DGF+/AR+; & p < 0.01 versus DGF+/AR+; && p = 0.019 versus DGF+/AR+; @ p = 0.006 versus DGF+/AR+

At six years after transplantation, death-censored 
graft survivals were: 95.5% in the group of recipients 
without either DGF or acute rejection, 93.1% in the 
group without DGF and with rejection, 89.4% in the 
group with DGF and without rejection, and 73.9% 
in the group with both DGF and acute rejection. The 
group without DGF or rejection presented significan-
tly higher survival than the group of patients with 
both conditions (p < 0.001). Also, the survival of the 
group without DGF and with acute rejection was hi-
gher than the group with both conditions (p < 0.001). 

dIscussIon

Delayed graft function is a frequent complication af-
ter deceased donor renal transplantation and presents 
as graft acute renal failure resulting many times in 

post-transplantation oliguria, need for dialysis, in-
creased allograft immunogenicity with higher risk of 
acute rejection, and may lead to decreased graft sur-
vival.7 Its impact in patient survival is less clear and 
previous reports show either a significant decrease or 
no impact.5, 8

Donor-related factors may influence the occur-
rence of DGF, notably quality of donor intensive 
care during organ retrieval.9 Recipient-related risk 
factors may be classified in immunologic and non-
-immunologic. The immunologic risk factors in-
clude HLA mismatches, pre-transplant PRA, and 
blood transfusions.10 Reported non-immunologic 
risk factors are donor age, cold ischemia time, 
gender mismatch, gender, weight, ethnicity, and 
medical status.11
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The incidence of DGF after deceased donor kid-
ney transplantation presents a wide variation. The 
current reported average incidence in US is around 
30 and 22% for kidney grafts from extended and 
standard-criteria donors, respectively.3 Apparently, 
this large variability results mainly from differen-
ces in the rates reported by transplantation regis-
tries, whether heart-beating or non-heart-beating 
donors were included, as well as the ambiguity in 
DGF definition.2 Furthermore, local factors seem to 
impact in the incidence. In Brazil, an incidence of 
55.6% was reported in a retrospective multicenter 
study.12More recently, single center studies reported 
even higher incidences.3, 7, 13

In a recent North-American registry study, outco-
mes of 29.598 mate kidney transplants from the sa-
me donor were evaluated, where only one transplant 
underwent DGF. The authors found that the risk of 
graft loss associated with DGF in the first year after 
transplantation was 5.35 times higher and remained 
between 16 and 30% higher after the first year.14

In the present work, the incidence of DGF 
was significantly higher than the mean incidence 
in the US, and similar with previous Brazilian re-
ports.3, 13, 15 The retrospective nature of the present 
work does not allow the identification of the cau-
ses for such finding, however one can speculate 
that this outcome is mostly related to donor care, 
procurement and retrieval of organs, and donor 
characteristics.16Non heart-beating donors are 
currently not allowed in Brazil, however a high 
percentage of expanded-criteria donor organs use 
is common in most Brazilian transplant centers. In 
addition, prolonged cold ischemia times and out-
-of-state organs might contribute to the elevated 
incidence of DGF found in this country. According 
to the regulations of the Brazilian transplant sys-
tem, retrieved organs that are not accepted for 
transplantation in the state of retrieval must be 
offered nationally. Depending on the accepting 
states, organs are allocated to patients in higher 
need or better logistics. For these reasons, many 
of these organs came from expanded criteria and 
not optimally maintained donors. In fact, in the 
present cohort, out-of-state kidneys underwent 
more frequent pre-implantation biopsies and were 
transplanted after longer cold ischemia times.

Renal grafts from expanded criteria donors 
have also been associated with a higher DGF 

incidence compared to grafts from standard cri-
teria donors 3. In the present work, donor’s age, 
final serum creatinine, and history of hypertension 
had a strong association with DGF in the univa-
riate analysis. Extended cold ischemia time has 
also been described as an independent risk factor 
for DGF. Data from the US Renal Data System 
Registry indicated a 23% increase in risk for every 
6 hours of increase in the cold ischemia. In our 
report, the main graft-related risk factors asso-
ciated with DGF were cold ischemia time, out-of-
-state kidneys, and the need for a pre-implantation 
biopsy. In the DGF group, 23% of the grafts ca-
me from other states while only 10% of the grafts 
came from other states in the group that did not 
undergo DGF. Organs made available by another 
state are usually from ECD, driving the need for a 
pre-implantation biopsy and are submitted to lon-
ger cold ischemia times.

In the present work, we examined, in a setting 
of high DGF incidence, the risk factors and prog-
nostic significance to verify if poorer DGF-related 
outcomes would sustain. As previously reported 
by Brazilian studies, an elevated incidence of DGF 
was found.4, 12, 13, 15 In the multivariate analysis mo-
del, the variables that remained statistically signi-
ficant were donor final creatinine, donor age, cold 
ischemia time, and use of antibody induction the-
rapy. As expected, patients who received kidneys 
with acute renal failure were more likely to under-
go DGF, as also observed in other studies. 4,17 Due 
to its retrospective design, the reasons why antibo-
dy induction therapy emerged as an independent 
risk factor could not be uncovered in this study. 
We believe that antibody induction was preferen-
tially indicated for transplants with less favorable 
profiles of donors and/or recipients, such as pro-
longed cold ischemia time, donor with acute renal 
failure, and broadly sensitized recipients.

Tedesco-Silva and collaborators showed that 
machine perfusion of kidneys grafts significantly 
decreased the incidence of DGF from 61 to 45% 
compared with static preservation in a recent 
multicenter Brazilian study.18 Also in that study, 
machine perfused organs presented better func-
tion at 1 and 12 months after transplantation. In 
another prospective Brazilian cohort by Matos et 
al, static preservation was shown to increase the 
risk of DGF by 54% in comparison with machine 
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perfusion. Besides, DGF length was significantly 
shortened by more than 50% in the machine per-
fused arm of the study.19

Interestingly, the impact of DGF length on graft 
outcomes has not been frequently reported.5,17, 20 
In the present study, we found that DGF duration 
has no impact on patient survival but an evident 
detrimental effect of DGF lasting longer than 14 
days on graft survival was observed. In support, 
Sandes-Freitas and collaborators recently repor-
ted significantly lower short-term graft survivals in 
kidney transplant recipients with prolonged DGF 
(> 15 days).13 In long-term studies, Yokoyama et al. 
reported higher frequency of graft failure at 5 years 
after transplantation in the group of patients with 
DGF longer than 8 days.21  Also, Fernández-Juarez 
and collaborators described lower graft survival up 
to 6 years after transplantation in the group of pa-
tients with DGF longer than two weeks.22 However, 
in the latter report, when primary non-function 
grafts were excluded, the differences in graft survi-
val disappeared. In the present study, patients who 
could not meet the diagnostic criteria for DGF, as 
well those with primary non-function, were exclu-
ded from the analysis.

Graft recovery of function is another important 
DGF related concern. Lee and collaborators evalu-
ated the impact of DFG recovery on graft function 
and found that those kidneys with complete recovery 
have similar survival to the ones that did not have 
DGF. Contrariwise, those with uncomplete recovery 
presented lower survival and lower GFR at five years 
after transplantation. 23

In a meta-analysis study, Yarlagadda and colla-
borators showed that patients with DGF present 
lower graft function compared with those without 
DGF at 3.5 years after transplantation.7 Also, 
Jayaram et al. reported that patients with DGF 
that required more than one dialysis treatment 
displayed significant lower renal function after 
graft recovery.24 A significant detrimental impact 
of DGF length in short-term graft function has 
also been shown by Sandes-Freitas et al., who re-
ported a significantly worst graft function in pa-
tients with DGF longer than 15 days.13 Previously, 
Renkens et al. reported that DGF longer than 30 
days in recipients of non-heart beating donor kid-
neys presented inferior function at three months 
after transplantation.20 In the present work, we 

also found reductions in eGFR in the group of pa-
tients that underwent DGF. Interestingly, eGFR 
reductions occurred in a stepwise fashion with 
DGF length, were sustained over the period of six 
years, and were significantly lower in comparison 
with the groups of patients without DGF and with 
the group with shorter DGF duration. It is concei-
vable that kidneys of DGF patients who required 
only one-time or a short time of dialysis had su-
ffered less severe ischemia and reperfusion inju-
ries as compared with grafts from patients who 
require further dialysis treatments. The severity of 
ischemia and reperfusion injuries could have de-
termined the duration of dialysis requirement and 
possibly led to maladaptive repair of parenchymal 
cells leading to fibrosis and inferior long-term cli-
nical outcomes, as demonstrated by the present 
study.25

DGF has been related to a higher incidence of 
acute rejection in kidney transplant recipients.7,24,26 
A number of mechanisms have been proposed to 
explain this finding. They include the augmented 
immunity elicited by ischemia and reperfusion in-
juries leading to an inflamed environment, with 
increased release of inflammatory cytokines and 
MHC class I and II molecules expression on graft 
cell surfaces, thereby increasing direct and indirect 
recognition by the host immune system.27 In our 
study, the incidence of biopsy-confirmed acute re-
jection was higher in the group of patients that un-
derwent DGF. Miglinas et al. also reported higher 
incidence of biopsy-proven acute rejection episodes 
in patients with DGF.10 However, these findings 
must be viewed with caution. Patients with DGF are 
more frequently submitted to surveillance biopsies 
and are thus more prone to have inflammatory re-
actions in the uncovered graft. Furthermore, grafts 
with immediate function may present an elevated 
incidence of sub-clinical acute rejection, only revea-
led by early protocol biopsies that are not routinely 
performed. Also, longer cold ischemia times seems 
not to be related to a higher incidence of rejection.28 
In the present study DGF without acute rejection 
was associated with lower graft survival and the 
occurrence of acute rejection led to the worst graft 
survival. Troppman et al. have suggested that DGF 
without rejection has no impact on long-term graft 
survival.29 Other studies have suggested that graft 
survival in patients with or without DGF is similar 
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unless acute rejection occurs, in which case a signi-
ficant worsening of graft survival is observed.30,31 
However, there are also reports in which DGF and 
acute rejection were found to be independent risk 
factors for allograft failure.32,33

In our study, patient survival was not influenced 
by the occurrence or duration of DGF up to six years 
after transplantation. The relationship between DGF 
and mortality has been evaluated in many studies. 
Yarlagadda and collaborators performed a systematic 
review and meta-analysis, including twelve studies, 
evaluating the impact of DGF on mortality of kidney 
transplant recipients and found no association be-
tween DGF and patient survival up to five years after 
transplantation.7

The present study has limitations including being 
single center and its retrospective design that preven-
ted a better assessment of a number of aspects, but 
in particular, the quality of donor care. However, we 
believe that the data brought out significant findings 
regarding the impact of DGF length in graft survival 
and function.

In conclusion, in a setting of high DGF inci-
dence, prolonged DGF is associated with inferior 
graft survival and function. Acute rejection is mo-
re frequent in patients with DGF and its occurren-
ce further aggravates survival and function. The 
reasons for the high DGF incidence could not be 
identified in the present study. We speculate that 
donor maintenance-related factors might be invol-
ved in such finding and that better donor mana-
gement protocols, care, and organ retrieval might 
help improve this outcome.

RefeRences

 1. Siedlecki A, Irish W, Brennan DC. Delayed graft function in the 
kidney transplant. Am J Transplant 2011;11:2279-96.

 2. Mallon DH, Summers DM, Bradley JA, Pettigrew GJ. Defining 
delayed graft function after renal transplantation: simplest is 
best. Transplantation 2013;96:885-9.

 3. Matas AJ, Smith JM, Skeans MA, Thompson B, Gustafson SK, 
Schnitzler MA, et al. OPTN/SRTR 2012 Annual Data Report: 
kidney. Am J Transplant 2014;14:11-44.

 4. Klein R, Galante NZ, de Sandes-Freitas TV, de Franco MF, 
Tedesco-Silva H, Medina-Pestana JO. Transplantation with 
kidneys retrieved from deceased donors with acute renal failu-
re. Transplantation 2013;95:611-6.

 5. Butala NM, Reese PP, Doshi MD, Parikh CR. Is delayed graft 
function causally associated with long-term outcomes after kid-
ney transplantation? Instrumental variable analysis. Transplan-
tation 2013;95:1008-14.

 6. Port FK, Bragg-Gresham JL, Metzger RA, Dykstra DM, Gilles-
pi BW, Young EW, et al. Donor characteristics associated with 
reduced graft survival: an approach to expanding the pool of 
kidney donors. Transplantation 2002;74:1281-6.

 7. Yarlagadda SG, Coca SG, Formica RN Jr, Poggio ED, Parich 
CR. Association between delayed graft function and allograft 
and patient survival: a systematic review and meta-analysis. 
Nephrol Dial Transplant 2009;24:1039-47.

 8. Fonseca I, Teixeira L, Malheiro J, Martins LS, Dias L, Cas-
tro Henriques A, et al. The effect of delayed graft function 
on graft and patient survival in kidney transplantation: an 
approach using competing events analysis. Transplant Int 
2015;28:738-50.

 9. Malinoski DJ, Patel MS, Ahmed O, Daly MC, Mooney S, Gray-
bill CO, et al.; United Network for Organ Sharing (UNOS) Re-
gion 5 Donor Management Goals (DMG) Workgroup. The im-
pact of meeting donor management goals on the development 
of delayed graft function in kidney transplant recipients. Am J 
Transplant 2013;13:993-1000.

10. Miglinas M, Supranaviciene L, Mateikaite K, Skebas K, 
Kubiliene A. Delayed graft function: risk factors and the 
effects of early function and graft survival. Transplant Proc 
2013;45:1363-7.

11. Moore J, Tan K, Cockwell P, Krishnan H, McPake D, Ready 
A, et al. Predicting early renal allograft function using clinical 
variables. Nephrol Dial Transplant 2007;22:2669-77.

12. Azevedo LS, Castro MC, Monteiro de Carvalho DB, d’Avila 
DO, Contieri F, Gonçalves RT, et al. Incidence of delayed graft 
function in cadaveric kidney transplants in Brazil: a multicenter 
analysis. Transplant Proc 2005;37:2746-7.

13. de Sandes-Freitas TV, Felipe CR, Aguiar WF, Cristelli MP, Te-
desco-Silva H, Medina-Pestana JO. Prolonged Delayed Graft 
Function is Associated with Inferior Patient and Kidney Allo-
graft Survivals. PLoS One 2015;10:e0144188.

14. Gill J, Dong J, Rose C, Gill JS. The risk of allograft failure and 
the survival benefit of kidney transplantation are complicated 
by delayed graft function. Kidney Int 2016;89:1331-6.

15. Bronzatto EJ, da Silva Quadros KR, Santos RL, Alves-Filho 
G, Mazzali M. Delayed graft function in renal transplant reci-
pients: risk factors and impact on 1-year graft function: a single 
center analysis. Transplant Proc 2009;41:849-51.

16. Baptista AP, Silva HT Jr, Pestana JO. Influence of deceased do-
nor hemodynamic factors in transplant recipients renal func-
tion. J Bras Nefrol 2013;35:289-98.

17. Anil Kumar MS, Khan SM, Jaglan S, Heifets M, Moritz MJ, 
Saeed MI, et al. A successful transplantation of kidneys from 
deceased donors with acute renal failure: Three-year results. 
Transplantation 2006;82:1640-5.

18. Tedesco-Silva H Junior, Mello Offerni JC, Ayres Carneiro V, 
Ivani de Paula M, Neto ED, Brambate Carvalhinho Lemos F, et 
al. Randomized Trial of Machine Perfusion Versus Cold Stora-
ge in Recipients of Deceased Donor Kidney Transplants With 
High Incidence of Delayed Graft Function. Transplant Direct 
2017;3:e155.

19. Matos ACC, Requião-Moura LR, Borrelli M, Nogueira M, 
Clarizia G, Ongaro P, et al. Impact of machine perfusion af-
ter long static cold storage on delayed graft function incidence 
and duration and time to hospital discharge. Clin Transplant. 
2018;32. DOI: 10.1111/ctr.13130

20. Renkens JJ, Rouflart MM, Christiaans MH, van den Berg-Loo-
nen EM, van Hooff JP, van Heurn LW. Outcome of nonheart-
-beating donor kidneys with prolonged delayed graft function 
after transplantation. Am J Transplant 2005;5:2704-9.

21. Yokoyama I, Uchida K, Kobayashi T, Tominaga Y, Orihara A, 
Takagi H. Effect of prolonged delayed graft function on long-
-term graft outcome in cadaveric kidney transplantation. Clin 
Transplant 1994;8:101-6.

22. Fernández-Juarez G, Marcén R, Pascual J, Teruel JL, Rivera 
ME, Villafruela JJ, et al. Prolonged delayed graft function de-
creases graft survival in transplant patients taking cyclosporine. 
Transplant Proc 2002;34:338-9.

23. Lee J, Song SH, Lee JY, Kim DG, Lee JG, Kim BS, et al. The re-
covery status from delayed graft function can predict long-term 
outcome after deceased donor kidney transplantation. Sci Rep 
2017;7:13725.

http://www.ncbi.nlm.nih.gov/pubmed/?term=klein%25252520r%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/?term=galante%25252520nz%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%25252520sandes-freitas%25252520tv%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%25252520franco%25252520mf%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/?term=tedesco-silva%25252520h%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/?term=medina-pestana%25252520jo%2525255bauthor%2525255d&cauthor=true&cauthor_uid=23274968
http://www.ncbi.nlm.nih.gov/pubmed/23274968
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baptista%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=24402109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20HT%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=24402109
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pestana%20JO%5BAuthor%5D&cauthor=true&cauthor_uid=24402109
https://www.ncbi.nlm.nih.gov/pubmed/24402109


Braz. J. Nephrol. (J. Bras. Nefrol.) 2019;41(2):231-241

Delayed graft function in renal transplantation

241

24. Jayaram D, Kommareddi M, Sung RS, Luan FL. Delayed graft 
function requiring more than one-time dialysis treatment is as-
sociated with treatment is associated with inferior clinical out-
comes. Clin Transplant 2012;26:E536-43.

25. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney in-
jury and chronic kidney disease as interconnected syndromes. 
N Engl J Med 2014;371:58-66. 

26. Gigliotti P, Lofaro D, Leone F, Papalia T, Senatore M, Greco R, 
et al. Early subclinical rejection treated with low dose i.v. ste-
roids is not associated to graft survival impairment: 13-years’ 
experience at a single center. J Nephrol 2016;29:443-9.

27. Fuggle SV, Sanderson JB, Gray DWm, Richardson A, Morris 
PJ. Variation in the expression of endothelial adhesion molecu-
les in pretransplant and transplanted kidneys--correlation with 
intragraft events. Transplantation 1993;55:117-23.

28. Kayler LK, Srinivas TR, Schold JD. Influence of CIT-indu-
ced DGF on kidney transplant outcomes. Am J Transplant 
2011;11:2657-64.

29. Troppman C, Gillingham KJ, Gruessner RW, Dunn DL, Payne 
WD, Najarian JS, et al. Delayed graft function in the absence of 
rejection has no long term impact. A study of cadaver kidney 
recipients with good graft function at 1 year after transplanta-
tion. Transplantation 1996;61:1331-7.

30. Felfman HI, Gayner R, Berlin JA, Roth DA, Silibovsky R, 
Kushner S, et al. Delayed function reduces renal allograft sur-
vival independent of acute rejection. Nephrol Dial Transplant 
1996;11:1306-13.

31. Humar A, Johnson EM, Payne WD, Wrenshall L, Suther-
land DE, Najarian JS, et al. Effect of initial slow graft func-
tion on renal allograft rejection and survival. Clin Transplant 
1997;11:623-7.

32. Najarian JS, Gillingham KJ, Sutherland DE, Reinsmoen NL, 
Payne WD, Matas AJ. The impact of the quality of initial 
graft function on cadaver kidney transplants. Transplantation 
1994;57:812-6.

33. Sáinz MM, Toro JC, Poblete HB, Perez LF, Nicovani VH, 
Carrera MG. Incidence and factors associated with delayed 
graft function in renal transplantation at Carlos Van Bu-
ren Hospital, January 2000 to June 2008. Transplant Proc 
2009;41:2655-8.


