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Abstract

Introduction and Objectives. In the era of increased need for kidney allografts, it is essential to identify predictors of 
graft dysfunction after kidney transplantation. Delayed graft function (DGF) is the most common form of acute kid-
ney injury diagnosed in the first week following kidney transplantation that is frequently associated with a negative 
impact on short-term and long-term allograft function. This study aimed to determine the risk factors influencing DGF 
after deceased donor kidney transplantation in our center.

Materials and Methods. In this prospective study we enrolled 116 recipients of kidney grafts transplanted from de-
ceased donors between January and December 2014 in the Center of Uronephrology and Renal Transplantation, Fun-
deni Clinical Institute. Our kidney transplant center team consisted of experts in transplant surgery, nephrology and 
anesthesiology was involved in all steps of transplantation. The endpoint of our study was DGF which was defined as 
the need for dialysis within the first 7 days after kidney transplantation. 

Results. Incidence of DGF was 12.9%. Recipient cardiac heart failure (CHF) was the only independent risk factor for 
DGF. Moreover, by multivariate analysis, CHF significantly increased the risk of DGF by 7.4 times (OR=7.39; 95% CI 1.57-
34.63, p=0.01). Recipient weight and cold ischemia time > 12 h presented a statistical trend of association with DGF.

Conclusions. In our study, recipient weight and recipient CHF were the most important risk factor associated with 
DGF, highlighting the importance of recipient characteristics for a successful kidney transplant. Moreover, prolonged 
CIT presented a trend association with DGF, underlining the importance of logistic period until reimplantation.
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Kidney transplantation is considered nowadays the 
best treatment option for patients with end stage renal 
disease since it increases survival and improves quality 
of life compared with any form of dialysis [1,2]. Despite its 
superiority and continuous efforts to increase organ do-
nation, the number of kidney transplant procedures did 
not significantly increase over years. Currently, there is a 
critical need for kidney grafts worldwide. According to 
National Transplant Agency, in Romania with a popula-
tion of 20 million inhabitants, the rate of donation and 
the number of kidney transplants have decreased be-
tween 2014 to 2017, from 6.9% and 310 transplant pro-
cedures (273 cadaveric and 37 living transplants) report-
ed in 2014 to 3.25% and 149 transplant procedures  (98 
cadaveric and 51 living transplants) reported in 2017 [3].

A favourable outcome after kidney transplantation 
and an optimal function of the kidney graft typically 
include high urine output (polyuria), decreased serum 
creatinine level and improvement of health status by 
the end of the first week. However, ischemia and reper-
fusion lesions that occur during kidney procurement, 
preservation period and transplantation procedure, 
and their potential progress to severe complications 
are a permanent concern of the transplantation team. 
Despite improvements in prevention strategies and 
allograft survival, up to 40% of patients who receive 
kidney grafts from deceased donors will have improp-
er graft function immediately after transplantation be-
cause of either inadequate urine output (oliguria, anu-
ria), insufficient decrease of serum creatinine level or 
acid-base and electrolyte disorders. Such recipients are 
diagnosed by clinicians with a clinical syndrome called 
delayed graft function (DGF) [4]. The major underlying 
pathological mechanism involved in DGF is post isch-
emic acute tubular necrosis [5].  There are several risk 
factors associated with increased risk of its occurrence 
reported in the literature [6]. These patients will require 
at least one session of dialysis in the first seven days 
post transplantation. Moreover, DGF influences short-
term and long-term graft survival and correlates in 
some studies with the risk of recipient death [7]. 

Therefore, we aimed to determine the risk factors 
associated with DGF in recipients of kidneys from de-
ceased donors in our center.

Materials and Methods
In this prospective study we enrolled 116 consec-

utive recipients of kidney grafts transplanted from 
deceased donors. Kidney transplant was performed 

in Fundeni Clinical Institute, Bucharest, Romania by a 
multidisciplinary team specialized in transplantation 
process (surgeon, anesthesiologist, nephrologist). Data 
was collected from January to December 2014. The fol-
lowing donor-related variables were collected and an-
alyzed: age, weight, serum creatinine at graft procure-
ment, blood sodium level, cause of death, vasopressor 
therapy > 72 h, comorbidities: arterial hypertension 
and presence of diabetes. Perioperative variables in-
cluding cold ischemia time, warm ischemia time and 
also recipient-related age, gender, weight, dialysis time 
before transplantation and their medical comorbidities 
(arterial hypertension, diabetes, cardiac heart failure, 
coronary heart disease, stroke, tuberculosis) were an-
alyzed. Recipients were evaluated with ASA anesthesia 
risk class III-IV and received general anesthesia. Immu-
nosuppressive therapy administered to all recipients 
consisted of a quadruple combination of calcineurin-in-
hibitor (tacrolimus), glucocorticoid (methylpredniso-
lone), antimetabolit agent (mycophenolic acid) and 
anti-CD25 monoclonal antibody (basiliximab).

The endpoint of our study was DGF which was de-
fined as the need for dialysis within the first 7 days after 
kidney transplantation. 

The study protocol and the informed consent were 
approved by our Ethics Committee.

Statistical analysis 
To describe our cohort, variables were reported as 

percentages, mean (standard deviation) and median (in-
terquartile range). Chi-square test and t student test or 
Mann-Whitney U were used to compare categorical and 
continuous variables respectively between groups with 
or without DGF. Linear regression model was used to 
study the relationship between parameters, and correla-
tion coefficients were calculated by the Pearson meth-
od. To identify important predictors associated with DGF 
we used multivariate logistic regression analysis includ-
ing only variables that were significantly associated with 
DGF in univariate analysis. The results were reported as 
hazard ratios (HR) with 95% confidence interval (95% 
CI). IBM SPSS statistics software version 20 was used for 
our statistical analysis. A variable with p value < 0.05 was 
considered to have statistically significance.

Results

Patients’ characteristics
Donor and recipient characteristics are presented 

in Table 1. Kidneys were harvested from 116 deceased 
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nors (42.2%) had craniocerebral trauma as the cause of 
death. Among donor related comorbidities we noticed 
arterial hypertension in 65 pts. and diabetes mellitus in 
14 pts. In addition, median donor creatinine level was 
1.3 mg/dL (0.7-2.1). Prolonged vasopressor therapy > 
72 h was necessary in majority of pts. (69.8%). Donor 
blood level of sodium had a mean value of 145.8 ± 11.6 
mmol/L. Moreover, 77.6% of pts had disnatremia. 

Recipient mean age at transplantation was 44.9 ± 
10.6 years old; among 116 recipients, 35 were females 
and 81 were males. The mean recipient weight was 70.8 
± 12.8 Kg. 

Recipients from our cohort spend between 24 and 
60 months on dialysis before transplantation.

Arterial hypertension was the most frequent co-
morbidity recorded (75.9%).  

Cold ischemia time longer than 12 h was reported 

in 37.9% of cases. In addition, mean warm ischemia 
time was 34.6 ± 3.9 minutes.

Factors associated with DGF (univariate and multivar-
iate analysis)

DGF incidence was 12.9%. Patients from DGF group 
were more frequently males, had a longer dialysis time 
before kidney transplantation and the prevalence of 
CHF was signi�cantly higher in this group (26.7% vs 
5.9%, p=0.02). Also, they presented a higher percent-
age of CIT > 12 h (60% vs 34.7%, p=0.05). Prevalence of 
HTN was less frequently observed in donors from DGF 
group (33.3% vs 54.4%, p=0.05).  By univariate analysis, 
CHF was an independent risk factor for DGF. By multi-
variate analysis, CHF signi�cantly increased the risk of 
DGF by 7.4 times (OR= 7.39; 95% CI 1.57-34.63, p=0.01). 
Recipient weight and CIT > 12 h presented a statistical 
trend of association with DGF.

Table 1. Characteristics of study population
Variables Total (n=116) No DGF 

(n=101)
DGF
(n=15)

p value

Recipient variables
Recipient age (mean, years) 44.9 ± 10.6 44.8 ± 10.4 45.6 ± 12.3 0.77
Recipient gender (%)
Female
Male

35 (30.2%)
81 (69.8%)

33 (32.7%)
68 (67.3%)

2 (13.3%)
13 (86.75)

0.10

Recipient weight (mean, Kg) 70.8 ± 12.8 70.1 ± 12.3 75.9 ± 15.1 0.10
Dialysis time before transplantation (median, months) 36 (24-60) 36 (12-60) 48 (36-60) 0.08
Recipient comorbidities (%)
HTN
Diabetes
CHF
CHD
Stroke
Tuberculosis
HTN and diabetes

88 (75.9%)
14 (12.1%)
10 (8.6%)
1 (0.9%)
5 (4.3%)
3 (2.6%)
13 (2.6%)

75 (74.3%)
11 (10.9%)
6 (5.9%)
1 (1%)
5 (5%)
3 (3%)
11 (10.9%)

13 (86.7%)
3 (20%)
4 (26.7%)
0 (0%)
0 (0%)
0(0%)
2 (13.3%)

0.26
0.31
0.02a
0.59
0.23
0.35
0.78

Donor variables
Donor serum creatinine (median, mg/dL) 1.3 (0.7-2.1) 1.3 (0.7-2) 1.5 (1-2.6) 0.35
Donor age (mean, years) 51.5 ± 13.4 51.3 ± 13.3 53 ± 14.2 0.64
Donor HTN (%) 65 (56%) 60 (54.4%) 5 (33.3%) 0.05
Donor diabetes (%) 14 (12.1%) 13 (12.9%) 1 (6.7%) 0.49
Donor death cause (%)
CCT 49 (42.2%) 42 (41.6%) 7 (46.7%) 0.71
Donor serum sodium (mean, mmol/L) 145.8 ± 11.6 145.8 ± 11.8 145.8 ± 10.5 0.98
Disnatremia (%) 90 (77.6%) 78 (77.2%) 12 (80%) 0.80
Donor weight (mean, Kg) 80 ± 12.2 80.5 ± 12.5 77 ± 9.8 0.30

Vasopressor therapy > 72 h (%) 81 (69.8%) 70 (69.3%) 11 (73.3%) 0.74

Transplant variables

CIT (%)
> 12 h 44 (37.9%) 35 (34.7%) 9 (60%) 0.05
WIT (mean, minutes) 34.6 ± 3.9 34.5 ± 3.8 34.8 ± 4.6 0.84

n= number; DGF= delayed graft function; kg-kilogram; HTN= arterial hypertension; CHF= cardiac heart failure; CHD= coronary heart disease;  
CIT= cold ischemia time; WIT= warm ischemia time; CCT= craniocerebal trauma; a- statistically signi�cant;
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Discussions
While significant advances in the allocation strategy 

of kidney grafts from deceased donors and improve-
ments in the risk stratification of both donors and re-
cipients were made over the last years for kidney trans-
plantation, every effort should be made to manage 
also any complication after kidney transplant. At pres-
ent, there is a keen interest in preventing or eliminating 
the risk of allograft dysfunction that occurs frequently 
immediately posttransplant and in some cases leads to 
severe short- and long-term complications. As an ex-
ample, the occurrence of DGF, one of the most frequent 
complication of this period, increases the rate of acute 
rejection, the rate of graft loss at one year, or on longer 
term. Moreover, it can even have a detrimental impact 
on recipient survival [4,7].

To achieve this goal, it is of paramount importance 
to correctly establish a standard definition of DGF. 
There are many controversies among researchers re-
garding the exact definition of DGF. Poor or unaccept-
able graft function after kidney transplant was defined 
based on either urine output measurement, dialysis 
requirements or serum creatinine levels after trans-
plant or a combination of these parameters. Although 
the most common definition accepted in the literature 
is the requirement of dialysis in the first 7 days after 
transplant, there is no consensus regarding criteria for 
dialysis requirement and/or its timing [9]. However, we 
adopted the most common definition of DGF in our 
study and diagnosed patients who required dialysis 
within the first 7 days after kidney transplantation as 
patients with DGF. Incidence of DGF reported by sev-
eral studies varies widely among transplant centers 
due to discrepancies in criteria used to define DGF [10]. 
Moreover, the incidence varies with type of donor, be-
ing much higher in patients receiving kidneys from de-
ceased-donor compared with living-donors [11]. In our 

study, the incidence of DGF was lower than reported 
in the literature by other investigators for patients re-
ceiving kidney grafts from deceased donors, probably 
due to center specific effect with regards to volume of 
patients transplanted and management experience in-
cluding selection process.

The difficulties encountered in the implementation 
of any strategy to decrease the incidence of DGF are 
due to numerous pre- and peri-transplantation factors 
associated with increased risk of its occurrence. Such 
risk-factors documented in the literature to affect neg-
atively graft function immediate after transplant can 
be related to donor or recipient characteristics, kidney 
retrieval or transplantation procedure as well as to 
transportation period [6]. Therefore, researchers tried to 
identify the most important predictors in order to es-
tablish a more rationale clinical decision based on a risk 
adapted strategy for a successful transplant and longer 
graft survival. Furthermore, to improve prediction of 
DGF posttransplant, the factors identified were incor-
porated into algorithmic predictive models. As an ex-
ample, Irish et al developed in 2010 a predictive model 
based on 20 risk factors with 70% prediction accuracy 
for the occurrence of DGF [12].

Major donor characteristics that were reported to 
influence the quality of kidney graft and significant-
ly increase the incidence of DGF included donor age, 
weight, medical comorbidities such as diabetes and 
hypertension, vasopressors activity and the serum cre-
atinine level before kidney procurement [6]. In our study, 
only donor arterial hypertension was significantly asso-
ciated with DGF. 

DGF is influenced also by the length of CIT, an isch-
emic injury that occurs during preservation period. This 
parameter is influenced by the management experi-
ence of the logistic period that include donor tissue 
typing, cross matching, allocation process, transporta-

Table 2. Logistic regression analysis to identify the factors associated with DGF

Univariate logistic regression Multivariate logistic regression

Variables OR 95% CI P value OR 95% CI p value
Recipient male gender 3.15 0.67-14.79 0.14 - - -
Recipient weight 1.03 0.99-1.08 0.10 1.05 0.99-1.10 0.05
Dialysis time before transplanta-
tion

1.007 0.99-1.02 0.28 - - -

Recipient CHF 5.75 1.40-24.60 0.01a 7.39 1.57-34.63 0.01a
Donor HTN 0.34 0.20-1.07 0.06 - - -
CIT > 12 h 2.82 0.93-8.59 0.06 2.79 0.86-9.01 0.08
OR – Odds Ratio; CI – confidence interval; CHF – cardiac heart failure; HTN – arterial hypertension; CIT – cold ischemia time;  
a – statistically significant
Variables remained in final step after Backward Conditional selection: Recipient weight, Recipient CHF, CIT > 12 h
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ration. Longer CIT increases not only the incidence of 
DGF but also the episodes of acute rejections and the 
risk of death [13]. Similar, in our study prolonged CIT was 
signi�cantly associated with increased risk of DGF. Im-
proved cold storage solutions as well as innovative hy-
pothermic machine perfusion systems tried to reduce 
ischemia injury that continues during this period [14].

Gender, age, pretransplant dialysis, weight, diabetes 
and other pretransplant comorbidities were the most 
frequently recipient variables identi�ed to be associ-
ated with increased risk of DGF. The importance of co-
morbid condition such as obesity, diabetes or CHF as 
signi�cant recipient variable in�uencing the occurrence 
of DGF was demonstrated by several authors [15, 16]. Data 
from our study is in accordance with abovementioned 
studies showing that recipient CHF and recipient weight 
were associated with increased risk of DGF.

Although small number of DGF events diagnosed 
in the present study limited our results, it also reveals 
the experience of our high-volume center in the man-
agement of kidney transplantation starting from graft 
procurement after brain death to post-transplantation 
period.

 
Conclusions

In conclusion, our study highlighted the most im-
portant center speci�c risk factors related to donor and 
recipient characteristics to minimize the occurrence of 
DGF. Moreover, the improvement of the length of CIT 
should be a target for our transplant program.
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