
nr. 1 / 2016 • vol 15 Revista Română de Urologie 33

Cl
in

ic
al

 s
tu

di
esWarm Ischemia Time - A Risk Factor Associated  

with Delayed Graft Function in Deceased Donor  
Renal Transplants - A Single Center experience

Liliana Domnișor 1,2 , I. Negru2, D. Tacu2,  C. Bucșa2, C. Gîngu1,2, C. Baston1,2,  
M. Hârza1,2, I. Manea2, C. Dudu2, A. Preda2, G. Ismail1,3 , I. Sinescu1,2

1 University of Medicine and Pharmacy Carol Davila, Bucharest, Romania
2 Center of Urological Surgery and Renal Transplantation, Fundeni Clinical Institute,  
   Bucharest, Romania
3 Center of Internal Medicine-Nephrology, Fundeni Clinical Institute, Bucharest,  
   Romania

Correspondence to: Liliana Domnișor MD 
Center of Uronephrology and Renal Transplantation, Fundeni Clinical Institute, Bucharest, Romania;  
258 Fundeni Street, District 2, Bucharest, Romania, zip code 022328 
Tel./Fax: +40213153710 
e-mail: domnisor@gmail.com

Abstract

Introduction. Delayed graft function (DGF) is one of the most commonadverse event affecting kidney allografts im-
mediately after transplant surgerywith detrimental effect upon short and long graft survivaland several risk factors 
were associated with its presence. However, data concerning the impact of warm ischemia time on DGF are contra-
dictory. The aim of this study was to analyse the influence of warm ischemia time for DGF and to determine whether 
simultaneously prolonged cold ischemia time and warm ischemia time were associated with DGFin recipients of kid-
neys from deceased donors at our center.
Materials and methods. This prospective observational  study included a series of 143 consecutive deceased donor 
renal transplants performed in our center beetwen 1st of  January 2014 and 30th of September 2015. The study end-
point was DGF, defined as the requirement of dialysis in the first week after transplantation. 
Results. DGF occured in 21 kidney recipients from deceased donors (14.7%). Univariate analysis showed that recipi-
ent dialysis time before transplantation and recipient comorbidities were associated with DGF, whereas recipient age 
at transplantation, donor age and donor serum creatinine were not. As for the post renal transplant factors, prolonged 
cold ischemia time and the intensive care support time prior to aortic cross-clamping were associated with an in-
creased risk of DGF, while prolonged warm ischemia time was not. The simultaneously prolonged cold ischemia time 
and warm ischemia time were associated with DGF (p <0.001), suggesting some cumulative effects on postoperative 
renal graft function.
Conclusions. In our study, warm ischemia time was not associated with increased risk of DGF. However, simultane-
ously prolonged cold ischemia time and warm ischemia time were associated with DGF. Despite improvements in 
kidney transplantation, DGF remains an important medical problem and more risk factors should be investigated to 
help clinicians to decrease its incidenceand minimize clinical outcomes. 
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Introduction
Kidney transplantation is the method of choice of 

renal replacement therapy in Chronic Kidney Disease 
(CKD), conferring to patients the best survival chances 
and the highest quality of life [1-3].Delayed graft func-
tion (DGF) is one of the most common adverse event 
affecting kidney allografts immediately after trans-
plant surgerywith detrimental effect upon short and 
long graft survival. Defined as the as the requirement 
of dialysis in the first week after kidney transplanta-
tion, delayed graft function occurs in 20% to 50% of 
patients receiving a first cadaver graft [4, 5]. expanding 
the criteria for deceased organ donors increases the 
risk of delayed graft function and complicates kidney 
transplant outcome. Factors related to donor, donation 
procedure, type of preservation used and to the reci-
pient characteristics can contribute to this condition 
[6]. Prolonged cold ischemia time (CIT) during graft 
preservation and warm ischemic time (WIT) have been 
reported to cause postoperative graft dysfunction af-
ter deceased donor renal transplants [7]. However, 
data concerning the impact of warm ischemia time is 
contradictory. The aim of this study was to analyse the 
influence of warm ischemia for DGF and to determine 
whether simultaneously prolonged CIT and WIT were 
associated with DGF in recipients of kidneys from de-
ceased donors at our center.

Materials and methods
Study design

This prospective observational study included a 
series of 143 consecutive deceased donor renal trans-
plants performed in our center between 1st of January 
2014 and 30th of September 2015. The study endpoint 
was delayed graft function, defined as the requirement 
of dialysis in the first postoperative week after transplan-
tation. We divided patients into 4 groups: group A, CIT 
< or =12 hrs and WIT < or =35 min; group B, CIT >12 hrs 
and WIT < or =35 min; group C, CIT < or =12 hrs and WIT 
>35 min; and group D, CIT > 12 hrs and WIT >35 min.

The study protocol was approved by the local ethics 
Committee. 

Parameters
The recipient characteristics examined includ-

ed age, gender, weight, recipient dialysis time before 
transplantation and comorbidities (high blood pressu-
re higher than 140/80 mmHg or antihypertensive me-
dication), number of cardio-vascular events (myocar-

dial infarction, unstable angina, stroke, hospitalization 
for heart failure), diabetes mellitus.

The donor characteristics examined included age, 
gender, serum creatinine.

Other parameters of interest were: cold ischemia 
time (CIT), warm ischemia time (WIT) and the intensive 
care support time prior to aortic cross-clamping.

We defined the WIT as the time measured from 
when the kidney is removed from the ice and the res-
toration of perfusionin the recipient by opening of the 
vascular clamps (reperfusion with recipient blood). 
During this time period, also called anastomosis time, 
all kidneys were wrapped in an ice blanket. Cold is-
chemia time was considered the time when kidney was 
stored on ice.

Statistical analyses
Continuous variables are presented as mean or me-

dian and 95% confidence intervals, according to their 
distribution, and categorical variables as percentages.

Group comparisons were performed with Student’s 
t-test,χ2test and Mann-Whitney U test, as appropriate.

A p≤0.05 was considered statistically significant.
Analyse-it (Analyse-it Software, Ltd., Leeds, UK) and 

SPSS (SPSS Inc., Chicago, IL, USA) software was used to 
analyze the data.

Results
Patients characteristics

A total of 143 recipients of kidneys from deceased 
donors were included. Baseline characteristics of the 
study population are displayed in Table 1. Median age 
of the recipients at transplantation was 44.5 [IQR: 37, 
50] years. In our cohort recipient comorbidities were: 
hypertension (72%), cardio-vascular disease (24.5%) 
and diabetes mellitus (9.8%).

Table 1: Investigated parameters in study groups

All With DGF Without 
DGF P*

Recipient pa-
tients (number)

143 21 122

Age at transplan-
tation (years)

44.5 [37-50]
44.5 

[36.25-58]
44.5  

[37-50]
0.573

Weight (kg) 73 [62-80] 78 [73-87]
72  

[61.8-80]
0.052

Recipient dialysis 
time before trans-
plantation (Years)

4 [2-5] 4 [4-6] 3 [2-5] 0.021
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Recipient  
comorbidities(%)
High blood pres-
sure Cardio-vas-
cular disease
Diabetes mellitus

72
24.5
9.8

76.2
42.9
23.8

71.3
21.3
7.4

0.027
0.001
0.044

Donors
Serum creatinine 
(> 2 mg/dl, %)

43.4 52.4 41.8 0.314

Age  
(> 60 years, %)

24.5 42.9 21.3 0.025

Prolonged Cold 
ischemia time 
(>12 hours,%)

32.9 42.9 31.3 0.01

Prolonged Warm 
ischemia time  
(> 35 min, %)

43.4 47.6 42.6 0.671

Intensive care 
support time 
prior to aortic 
cross-clamping 
(>72 hours, %)

59.4 81 55.7 0.007

DGF - delayed graft function, * endpoint versus no endpoint

Recipient dialysis time before transplantation was 
4 [IQR: 2,5] years. 24.5% of donors were older than 60 
years and in 43.4 % of them, serum creatinine levels 
were > 2 mg/dl. 

Median warm ischemia time at transplantation was 
34 [IQR: 32, 35] min. Prolonged cold ischemia time (>12 
h) during graft preservation and warm ischemia time 
(>35 min) during rewarming time have been reported 
in 32.9%, and 43.4% respectively.

Factors associated with DGF
No patient was lost to follow up and no death was 

recorded.
During the follow up period, 21 (14.8%) patients 

reached the endpoint. 
DGF was noticed in 21 of 143 recipients (14.7 %). 
The results of univariate analyses to identify clinical 

features associated with the development of DGF are 
shown in Table 1. Recipient dialysis time before trans-
plantation and recipient comorbidities were associated 
with DGF, whereas recipient age at transplantation, do-
nor age and donor serum creatinine were not. As for the 
post renal transplant factors, prolonged cold ischemia 
time and the intensive care support time prior to aortic 
cross-clamping were associated with an increased risk 
of DGF, while prolonged warm ischemia time was not. 

The DGF rates were 9.4% (5/53) in group A, 17.6% 
(6/34) in group B, 15.6% (5/32) in group C, and 29.4% 
(5/17), in group D (Table 2). The simultaneously prolonged 
cold and warm ischemia times were associated with DGF 

(p <0.001), suggesting some cumulative effects of CIT and 
WIT on postoperative renal graft function.

Table 2: Patients’ distribution in classes of risk defined 
based on CIT and WIT categories

With DGF P*

Group A, CIT < or =12 hrs and 
WIT < or =35 min (%)

9.4% (5/53) 0.123

Group B, CIT >12 hrs and WIT < 
or =35 min (%)

17.6% (6/34) 0.621

Group C, CIT < or =12 hrs and 
WIT >35 min (%)

15.6% (5/32) 0.256

Group D, CIT > 12 hrs and WIT 
>35 min (%)

29.4% (5/17) 0.001

DGF - delayed graft function, CIT - cold ischemia time, 
WIT – warm ischemia time, * endpoint versus no endpoint

Discussions
DeLAYeD GRAFT FUNCTION (DGF) is considered 

one of the most important clinical adverse event occur-
ring immediately after transplant surgery with signifi-
cant influence on the kidney recipient’soutcome and 
in some cases graft loss [8]. Many authors defined the 
DGF as the need for dialysis within the first week after 
renal transplantation regardless of the cause of graft 
dysfunction[9]. However, there are several alternative 
definitions of DGF reported in the literature, generally 
referring to oliguria or serum creatinine level. Because 
the definition of this term is not standardized, there is 
also a wide variation in its incidence in the literature 
[10]. In our study, we defined DGFby the requirement 
of dialysis in the first week after transplantation and 
noticed an incidence of DGF of 14.7% among 143 re-
cipients of kidneys from deceased donors, which was 
lower compared with reports by other centers [4,5,10]. 

A number of factorshave been identified to increase 
the risk of DGF. These can be categorized in prerenal, 
postrenal and intrinsic renal causes and are generally re-
lated to donor and recipient characteristics, transplant 
procedural factors (cold ischemia time, warm ischemia 
time and preservation of allograft) and also immuno-
logic factors[9]. Although, different underlying causes 
can be incriminated in DGF requiring dialysis immedi-
ately after transplant surgery and induce pathological 
changes in the renal parenchima, the most common 
cause is reperfusion injury or acute tubular necrosis 
secondary to ischemia [11]. These injuries are further 
amplified by up-regulation of major histocompatibility 
complex molecules class II antigens consequently pre-
disposing the allograft to an increased risk of an epi-
sode of acute rejection and graft failure [12]. 
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Results of our study showed that risk factors as-
sociated with DGF were recipient dialysis time before 
transplantation and recipient comorbidities. However, 
recipient age at transplantation, donor age and donor 
serum creatinine were not. 

Both, warm and cold ischemia times are well-known 
important factors associated with DGF [13,14]. Independ-
ent of recipient and donor characteristics, ischemia to the 
kidney is mostly linked to speed and coordination among 
organ harvesting teams (procuring teams) as well as to ac-
curacy and experience of transplanting surgeons. 

Based on a questionnaire, Halazunet. al tried to 
establish a consensus definition for the term “warm is-
chemia time” (WIT) in kidney transplantation [15]. 31.4 
% of responders preferred the term Warm ischemia 
timein donor andWarm ischemia time in recipient to 
define WIT related to organ procurement and to anas-
tomosis time respectively. First WIT becomes more im-
portant in multiorgan procurement since the kidneys 
are always removed last. Second WIT or anastomosis 
time (AT) is influenced by several factors: additional 
donor arteries or veins, surgical damage of renal ar-
tery or vein during multiorgan procurement, as well as 
adequate expertise of transplant surgeons to perform 
vascular anastomosis. Other factors that may have an 
impact on AT are recipients arterial calcification, obesi-
ty or site of implantation. However, researchers tried to 
demonstrate an association of DGF with each compo-
nent of WIT but data showed conflicting results. 

In a study by Osband et al, the time beginning with 
aortic cross clamping and ending with placement of 
harvestedkidney on ice, named extraction time by au-
thors, does not appear to be an important risk factor 
of DGF in recipients from deceased donors, particularly 
when prolonged [16]. 

Other authors tried to demonstrate the importance 
of AT on DGF. For example, Marzouk.et al showed in a 
population of 298 recipients of kidneys from deceased 
donors that AT > 29 minutes was associated with DGF 
and patients experiencing DGF had longer hospitaliza-
tion at their center [17]. Moreover, in a study of Heylen 
et al has been shown that prolonged AT is also detri-
mental on the long term graft survival up to 2 years 
after transplantation[18]. On the contrary, data from 
Roodnat et al showed that warm ischemia time was not 
significantly associated with clinical outcomes [19]. In 
addition, WIT is not considered a potential variable by 
researchers when developing their nomograms for the 
prediction of DGF [20]. 

Many studies have focused on CIT but conflicting 

reports are also in this area of research. Some authors 
demonstrated that cold ischemia time is an important 
risk factor for DGF[21], while others showed no effect 
on allograft function [18].

In our prospective observational study second WIT 
or AT was not an important risk factor associated with 
an increased risk of DGF. However, simultaneously pro-
longed cold ischemia time and warm ischemia time 
were associated with DGF, suggesting some cumula-
tive effects on postoperative renal graft function.

There is an important strength of this study be-
cause of its prospective evaluation, and because donor 
nephrectomy and kidney transplantation were per-
formed each time bydedicated surgical teams. Also, 
limitations to this study are single center experience, 
relatively small number of patients and long term im-
pact on graft survival was not analyse.

Conclusions
In our study, warm ischemia time was not associa-

ted with increased risk of DGF. However, simultaneou-
sly prolonged cold ischemia time and warm ischemia 
time were associated with DGF. Despite improvements 
in kidney transplantation, DGF remains an important 
medical problem and more risk factors should be inve-
stigated to help clinicians to decrease its incidence and 
minimize clinical outcomes.
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