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Abstract
AIM
To analyse the risk factors and outcomes of delayed graft 
function (DGF) in patients receiving a steroid sparing 
protocol. 

METHODS
Four hundred and twenty-seven recipients of deceased 
donor kidney transplants were studied of which 135 
(31.6%) experienced DGF. All patients received mono
clonal antibody induction with a tacrolimus based, steroid 
sparing immunosuppression protocol.

RESULTS
Five year patient survival was 87.2% and 94.9% in the 
DGF and primary graft function (PGF) group respectively, 
P  = 0.047. Allograft survival was 77.9% and 90.2% in 
the DGF and PGF group respectively, P  < 0.001. Overall 
rejection free survival was no different between the DGF 
and PGF groups with a 1 and 5 year rejection free survival 
in the DGF group of 77.7% and 67.8% compared with 
81.3% and 75.3% in the PGF group, P  = 0.19. Patients 
with DGF who received IL2 receptor antibody induction 
were at significantly higher risk of rejection in the early 
post-transplant period than the group with DGF who 
received alemtuzumab induction. On multivariate analysis, 
risk factors for DGF were male recipients, recipients of 
black ethnicity, circulatory death donation, preformed 
DSA, increasing cold ischaemic time, older donor age and 
dialysis vintage.
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CONCLUSION
Alemtuzumab induction may be of benefit in preventing 
early rejection episodes associated with DGF. Prospective 
trials are required to determine optimal immunotherapy 
protocols for patients at high risk of DGF. 
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Core tip: Alemtuzumab induction may help mitigate the 
early rejection risk associated with delayed graft function 
following renal transplantation. This may help with the 
management of recipients of transplants at high risk 
of delayed graft function, as it may lessen the need for 
repeated histological sampling.
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INTRODUCTION
Delayed graft function (DGF) is associated with adverse 
allograft and patient outcomes[1-6]. The incidence of DGF 
has increased over the recent years in concordance with 
the expanding use of marginal donors[4,7]. Risk factors for 
DGF are well established and include both recipient and 
donor characteristics mediated through immunological 
and non-immunological mechanisms[1,4,6,8,9]. Strategies 
to reduce the incidence of DGF are imperative in order 
to improve transplant outcomes and minimise cost. 
Hypothermic machine perfusion has been shown to 
reduce the risk and severity of DGF but whether this 
will translate into beneficial long term outcomes is not 
known[10-15]. There are also numerous trials currently in 
progress which are focusing on immunomodulation of 
the transplant prior to engraftment in order to reduce 
the ischaemic reperfusion injury, which is thought to 
be the pathological mechanism behind DGF and its 
sequelae[16,17]. Such agents include complement (e.g., 
Mirococept® and Eculizumab®) and chemokine (e.g., 
Reparixin®) inhibitors[16,17]. 

Rejection has been shown to be associated with DGF 
with a reported incidence as high as 40%-50%[2-4,6,18,19]. 
Therefore, the type of immunosuppression protocol 
used may impact on the natural corollary of DGF and 
there is evidence to show that DGF outcomes may be 
improved with the use of lymphocyte depleting antibody 
induction[4,19-23]. Neither ATG nor alemtuzumab have been 
shown to reduce the risk of DGF, however it has been 
demonstrated that their use is associated with a decrease 

in the incidence of rejection episodes[4,19-24]. Conversely, 
even in the absence of DGF steroid avoidance protocols 
have been shown to be associated with a higher number 
of rejection episodes despite good medium term allograft 
survival[25-29]. The additional risk posed by using steroid 
sparing regimens to the incidence of rejection and out
comes in DGF has not been formally trialled. 

The aim of this study is to describe the risk factors and 
outcomes of DGF in a large cohort of ethnically diverse, 
deceased donor recipients treated with monoclonal 
antibody induction and a steroid sparing immuno
suppression protocol. 

MATERIALS AND METHODS
Patients
We retrospectively analysed 427 patients who received 
a deceased donor transplant at Imperial College Kidney 
and Transplant centre between 2005 and 2012. We 
excluded all patients who had lost their graft within 24 
h due to technical reasons, recipients of living donor 
kidneys and simultaneous kidney-pancreas grafts. We 
included both deceased donor following circulatory death 
(DCD) and deceased donor following brain death (DBD) 
donors. All patients were CDC (T and B cell) and T cell 
flow cytometry cross match negative at the time of 
transplantation; patients with preformed donor specific 
antibodies detected by luminex methods only were 
included. Patient demographics are shown in Table 1.

All patients received monoclonal antibody induction 
with either anti-CD52 antibody [alemtuzumab (Mabcam
path, Genzyme, United Kingdom)] or an anti-CD25 
antibody [daclizumab (Zenpax®, Roche Inc, NJ) or 
basiliximab (Simulect®, Novartis Pharma Corp, NJ)]. All 
patients receive alemtuzumab induction unless they 
have a relative contraindication, which includes a past 
history of malignancy, hepatitis or previous significant 
immunosuppressive burden, when they receive an anti-
CD25 antibody. Historically, patients enrolled into a clinical 
trial may also have received an anti-CD25 antibody at 
induction[29]. Maintenance immunosuppression included a 
steroid sparing, tacrolimus based regimen of tacrolimus 
monotherapy in the alemtuzumab induced patients and 
tacrolimus with the addition of mycophenolate mofetil in 
the anti-CD25 induced patients. All patients received a 
steroid sparing protocol of 500 mg methylprednisolone 
at the time of transplantation followed by one week 
of oral corticosteroids, which consists of 3 d of 30 mg 
prednisolone twice a day followed by 4 d of 30 mg once 
daily. Rejection episodes were diagnosed by biopsy 
and classified using the Banff 07 Classification of Renal 
Allograft Pathology[30]. Donor specific antibodies were 
detected using LABScreen® single antigen beads.

DGF was defined as the need for dialysis in the first 
week post-transplant.

Statistical analysis
All analyses were performed using Medcalc version 10.4.3. 
Comparisons of means and frequencies of normally 
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distributed variables were calculated using t-tests and 
χ 2/Fisher’s exact tests. Kaplan-Meier survival analysis 
was used to calculate time of event from index biopsy 
and statistical significance was determined by log rank 
testing. Cox proportional regression plots were used for 
multivariable analyses, variables with a significance level 
of P < 0.1 on univariant analysis were included in the 
multivariable analysis using a stepwise method selection. 
A P value of < 0.05 was deemed statistically significant.

RESULTS
The 135/427 (31.6%) of recipients of a deceased donor 
renal allograft experienced DGF. Patient and allograft 
outcomes were compared between the DGF and PGF 
(primary graft function) group, with a mean follow up 
was 42.62 ± 19.96 mo.

Patient survival
Patient survival was negatively impacted by the develop
ment of DGF post-transplant. Overall patient survival 
at 1, 3 and 5 years post-transplant was 96.3%, 87.2% 
and 82.5% in the DGF group and 97.9%, 95.0% and 
94.2% in the PGF group, P < 0.01 as shown in Figure 
1A. Censoring at the time of allograft failure, 1, 3 and 
5 year patient survival was 98.4%, 90.2% and 87.2% 
in the DGF group and 97.9%, 95.7% and 94.9%, P = 
0.047 in the PFG as shown in Figure 1B. The causes 
of death in the 11/135 (8.1%) DGF patients who 
died with a functioning graft were cardiovascular 4/11 
(36.4%), sepsis 4/11 (36.4%), malignancy 1/11 (9.1%), 
autoimmune disease 1/11 (9.1%) and unknown 1/11 
(9.1%). 

Allograft outcomes
Allograft survival was also inferior in the DGF group. 
Censored allograft survival in the DGF group was 90.3%, 
84.7% and 77.9% at 1, 3 and 5 years compared with 
99.0%, 95.5% and 90.2% in the PGF group, P < 0.001 
as shown in Figure 2. The causes of allograft failure in the 
23/135 (17.0%) of patients with DGF were late technical 
losses in 4/23 (17.4%) (2 renal vein thrombosis, 2 
ureteric complications), rejection in 6/23 (26.1%), BK 
nephropathy in 1/23 (4.3%), progressive scarring in 
6/23 (26.1%) and multifactorial aetiologies in 6/23 
(26.1%).

The development of DGF but not donor type impacted 
on allograft survival. Overall allograft survival in recipients 
of DBD and DCD kidneys with PGF was 90.3% and 
90.7% respectively, which was significantly higher than 
recipients of DBD and DCD kidneys with DGF, which was 
75.3% and 65.8% respectively, P = 0.0016 as shown in 
Figure 3. Comparing outcome by donor type, there was 
no difference in survival between DBD and DCD kidneys 
with PGF, P = 0.84 or with independently, DBD and DCD 
kidneys with DGF, P = 0.73.

Patients with preformed DSA were at increased 
risk of rejection when compared with patients with no 
DSA, with a one year rejection free survival of 58.9% 
and 82.1% in the DSA+ and DSA-groups respectively, 
P < 0.001. Preformed DSA were also more frequent 
in the DGF group, with 17/135 (12.59%) and 18/292 
(6.16%) patients having preformed DSA in the DGF and 
PGF groups respectively, P = 0.03. Censoring for DSA 
positive patients, the overall rejection free survival was 
no different between the DGF and PGF groups. The 1, 
3 and 5 year rejection free survival in the DGF group 
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Table 1  Patient demographics

Factor DGF n  = 135 (%) PGF n  = 292 (%) P  value

Recipient age Years (mean) 51.43 ± 12.19 47.45 ± 13.93     0.0046
Donor age Years (mean) 51.56 ± 13.05 47.00 ± 15.99     0.0041
Recipient gender Male 105 (77.8) 178 (61.0)     0.0009

Female   30 (22.2) 114 (39.0)
Donor gender Male   69 (51.1) 123 (42.1) 0.12 

Female   66 (48.9) 167 (57.2)
Ethnicity Black   35 (25.9)   41 (14.0)   0.004

Non-black 100 (74.1) 251 (86.0)
Time on RRT Years (mean)   6.37 ± 5.44   5.00 ± 5.07   0.012
Regrafts 1st 114 (84.4) 261 (89.4) 0.2

> 2nd   21 (15.6)   31 (10.6)
Donation type DCD   45 (33.3)   32 (11.0) < 0.00001

DBD   90 (66.6) 259 (88.7)
CIT Hours (mean) 24.70 ± 7.82 21.29 ± 7.58     0.000023
HLA mismatch Mean   3.47 ± 1.30   3.19 ± 1.58   0.079
Preformed DSA DSA+     17 (12.6) 18 (6.2)   0.039

DSA- 118 (87.4) 274 (93.8)
Induction Alemtuzumab 113 (83.7) 292 (84.9) 0.86

IL2RA   22 (16.3)   44 (15.1)
Recipient Diabetes Yes   35 (25.9)   46 (15.8) 0.02

No 100 (74.1) 246 (84.2)

CIT: Cold ischaemic time; DGF: Delayed graft function; PGF: Primary graft function; DBD: Brain death; 
DCD: Circulatory death.
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and 89.7% and 89.7% in the C-PGF and IL2-PGF groups 
respectively, P = 0.58. 

De novo DSA free survival was lower in the DGF 
group in the first month only, with a DSA free survival 
of 89.8% and 95.3% in the DGF and PGF groups 
respectively, P = 0.04. At 3, 12, 36 and 60 mo the DSA 
free survival was 88.1%, 83.0%, 77.3% and 77.3% 
in the DGF group and 92.3%, 86.8%, 81.6% and 
78.5% in the PGF group, P = 0.16, 0.29, 0.26 and 0.38 
respectively. 

Allograft function of patients who remained dialysis 
independent was inferior in the DGF groups in the short 
to medium term as shown in Figure 5. Mean serum 
creatinine was 203.4 ± 120.0, 172.3 ± 86.6, 161.9 ± 
74.9, 167.2 ± 86.1 and 149.6 ± 59.4 µmol/L at 1, 6, 12, 
36, 60 mo post-transplant in the DGF group compared 
with 132.4 ± 48.6, 133.8 ± 56.7, 127.8 ± 43.6, 138.4 ± 
47.7 and 143.0 ± 65.2 µmol/L in the PGF group; giving a 
P value of < 0.01 at 1 to 12 mo, a P value of 0.015 at 36 

was 77.7%, 72.2% and 67.8% compared with 81.3%, 
77.7% and 75.3% in the PGF group, P = 0.19. However, 
comparing early rejection episodes by induction agent 
used and the occurrence of DGF, patients receiving an 
IL2RA who had DGF (IL2-DGF) were at significantly 
higher risk of rejection than the alemtuzumab-DGF 
(C-DGF) group in the first 3 mo post-transplant as sho
wn in Figure 4A. The 3 mo rejection free survival was 
93.0%, 92.9%, 92.5% and 77.8% in the C-PGF, C-DGF, 
IL2RA-PGF and IL2RA-DGF groups respectively, P = 0.03. 
However, this effect was not maintained and the overall 
rejection free survival was no different, with a rejection 
free survival of 76.4%, 71.5%, 76.5% and 70.7% in 
the C-PGF, C-DGF, IL2RA-PGF and IL2RA-DGF groups 
respectively, P = 0.75 as shown in Figure 4B. Induction 
agent had no subsequent impact on graft loss and 
patients with DGF had inferior allograft survival to those 
with PGF in the alemtuzumab and IL2RA groups, P = 
0.0014. Allograft survival in the C-DGF group compared 
with the IL2-DGF group was 73.6% and 76.6%, P = 0.78 
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Figure 1  Patient survival in patients with delayed graft function. The 1, 3 and 5 year patient survival post-transplant: A: Overall patient survival: 96.3%, 87.2% 
and 82.5% in the DGF group and 97.9%, 95.0% and 94.2% in the PGF group, P < 0.01; B: Patient survival censored at the time of allograft failure: 98.4%, 90.2% and 
87.2% in the DGF group and 97.9%, 95.7% and 94.9%, P = 0.047. DGF: Delayed graft function; PGF: Primary graft function.
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Figure 2  Censored allograft survival. Censored allograft survival in the DGF 
group was 90.3%, 84.7% and 77.9% at 1, 3 and 5 years compared with 99.0%, 
95.5% and 90.2% in the PGF group, P < 0.001. DGF: Delayed graft function; 
PGF: Primary graft function.

Figure 3  Allograft survival by donor type and delayed graft function. 
Allograft survival in the DBD and DCD donors with PGF was significantly higher 
than the recipients of DBD and DCD kidneys with DGF, with an allograft survival 
of 90.3%, 90.7%, 75.3% and 65.8% respectively, P = 0.0016. DGF: Delayed graft 
function; PGF: Primary graft function; DBD: Brain death; DCD: Circulatory death.

Willicombe M et al . DGF following renal transplantation



38 February 24, 2017|Volume 7|Issue 1|WJT|www.wjgnet.com

mo and 0.70 at 60 mo.
new onset diabetes after transplant (NODAT) free 

survival at 1, 3 and 5 years in the DGF group was 
91.0%, 87.7% and 80.3% which was no different from 
the PGF group, which had a 1, 3 and 5 year NODAT free 
survival of 92.6%, 87.0% and 82.4%, P = 0.88.

Risk factors associated with the development of DGF
The baseline demographics for the patients who 
developed DGF are shown in Table 2. On univariate 
analysis we found that both older donor and recipient 
age was associated with risk of DGF. The mean age 
of the recipient in the DGF and PGF groups was 51.4 
± 12.2 and 47.5 ± 13.9 respectively, P < 0.01; whilst 
the mean donor age was 51.6 ± 13.1 and 47.0 ± 16 
respectively, P < 0.01. Male recipients were at higher 
risk of DGF, with 105/135 (77.8%) of the DGF group 
being male compared with 178/292 (61.0%) of the 
PGF group, P < 0.001. Donor gender did not influence 
DGF. Black recipients were more likely to experience 
DGF when compared with recipients of other ethnicities, 
with 35/135 (25.9%) of the DGF and 41/292 (14.0%) 
of the PGF group being of Black ethnic origin P = 0.004. 

Patients with DGF had spent longer on dialysis therapy 
pre-transplantation, with a mean dialysis vintage of 6.37 
± 5.44 and 5.00 ± 5.07 years in the DGF compared with 
PGF groups, P = 0.012. Recipients with DGF were more 
likely to be diabetic, with 35/135 (25.9%) of patients 
with DGF having diabetes compared with 46/292 (15.8% 
of the PGF group, P = 0.02). There were a significantly 
higher proportion of DCD donors in the DGF group, with 
45/135 (33.3%) of the DGF patients receiving a DCD 
graft compared with 32/292 (11.0%) of the PGF group, 
P < 0.001. There was also a significant difference in the 
mean cold ischaemic time (CIT) between the groups, 
with a CIT of 24.70 ± 7.82 and 21.29 ± 7.58 h in the 
DGF and PGF groups respectively, P < 0.001. 

Statistically significant variables by univariate analysis 
were placed into a multivariable model. These included 
donor and recipient age, recipient being of male gender 
and black ethnicity, diabetic recipients, the presence of 
preformed DSA, DCD donors, CIT and dialysis vintage. 
Independent categorical risk factors for DGF were found 
to be black ethnicity [OR = 2.27 (1.3-4.0), P = 0.005], 
receiving a DCD graft [OR = 4.1 (2.3-7.2), P < 0.001], 
the presence of preformed DSA [OR = 2.36 (1.1-5.2), P 
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Figure 4  Three month and overall rejection free survival by induction agent and delayed graft function. Rejection free survival, censored for DSA+ in patients 
with alemtuzumab induction and PGF (C-PGF), alemtuzumab induction and DGF (C-DGF), IL2RA induction and PGF (IL2RA-PGF) and IL2RA induction and DGF 
(IL2RA-DGF) at A: 3 mo: 93.0%, 92.9%, 92.5% and 77.8% respectively, P = 0.03 and B: 5 year: 76.4%, 71.5%, 76.5% and 70.7%, P = 0.75. DGF: Delayed graft 
function; PGF: Primary graft function.
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Figure 5  Allograft function according to delayed graft function or 
primary graft function. Mean serum creatinine was 203.4 ± 120.0, 
172.3 ± 86.6, 161.9 ± 74.9, 167.2 ± 86.1 and 149.6 ± 59.4 µmol/L at 1, 
6, 12, 36, 60 mo post-transplant in the DGF group compared with 132.4 
± 48.6, 133.8 ± 56.7, 127.8 ± 43.6, 138.4 ± 47.7 and 143.0 ± 65.2 4 
µmol/L in the PGF group; giving a P value of < 0.01 at 1 to 12 mo, a P 
value of 0.015 at 36 mo and 0.70 at 60 mo. DGF: Delayed graft function; 
PGF: Primary graft function.
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= 0.03, with female gender being protective [OR = 0.43 
(0.25-0.7), P = 0.002]. Continuous variables associated 
with DGF were CIT [HR = 1.05 (1.0-1.1) P < 0.001], 
with a CIT of > 20 h being most predictive of DGF; donor 
age [OR = 1.02 (1.01-1.04), P = 0.005] with a donor 
age of > 36 years being most predictive and time on 
dialysis [OR = 1.07 (1.02-1.11), P = 0.002], with risk 
increasing after 3.1 years. Recipient age and diabetes 
were not retained in the model. 

DISCUSSION
In this descriptive study of the outcomes of DGF in a large 
series of ethnically diverse, deceased donor recipients 
receiving a steroid sparing immunosuppression protocol, 
we found that DGF is associated with inferior allograft 
and patient survival. This is in accordance with published 
DGF studies incorporating the use of corticosteroids[1-6]. 
Rejection was not increased in patients who experienced 
DGF compared with the PGF group, however we found 
that the rejection patterns differed depending upon 
the type of induction antibody used. Patients receiving 
IL2RA induction who had DGF were more likely to have 
rejection in the first 3 mo compared with those patients 
who received alemtuzumab induction. Risk factors 
associated with the development of DGF in our cohort 
were consistent with other studies and included donor 
age, recipients of a DCD organ, CIT, recipient gender and 
ethnicity, length of time on dialysis and the presence of 
preformed DSA[8,9]. This highlights CIT as a modifiable 
risk factor for DGF and efforts to reduce CIT are crucial in 
order to prevent DGF.

According to registry data, the incidence of DGF has 
increased over the past 2 decades, with an incidence of 
21.3% reported in the United States in 2011[7]. Single 
centre series, depending on their patient population have 
reported an incidence of up to 45%[1]. The incidence 
of 27.4% we found in our deceased donor recipients 
despite steroid sparing is within this reported range. 
Inferior allograft outcomes are widely reported following 
DGF with increased risk of graft failure, rejection and 
poor function[1,2,4-6]. Less studies have analysed patient 
survival following DGF. Although there are individual 
series in which patient survival has been shown to 
be reduced, a meta-analysis did not demonstrate a 
significant association between DGF and death[1-3,23]. 

However, Narayanan et al[3] found that DGF following live 
donation was associated with death with a functioning 
graft.

To date no immunosuppression protocol has been 
shown to influence the development of DGF. However, 
it is recognised that immunosuppression and more 
precisely, the type of induction agent used can impact 
on the subsequent outcomes of DGF[4,20-23]. It has been 
shown that DGF is associated with increased risk of 
rejection[1,4,6,31]. However, this risk may be dependent 
upon the immunosuppression protocol as several studies 
have shown that the use of lymphocyte depleting 
induction agents, either ATG or alemtuzumab may reduce 
the risk of rejection in patients with DGF[4,20-23]. The 
effectiveness of ATG in preventing rejection in DGF may 
be dose dependent, which has not been reported post 
alemtuzumab[4,21,23,32]. Regarding further comparisons 
between ATG and alemtuzumab, in a prospective RCT in 
which the effectiveness of alemtuzumab vs ATG induction 
was examined in high risk patients with early steroid 
withdrawal, the incidence of early biopsy proven acute 
rejection (BPAR) was less in the patients who received 
alemtuzumab[26]. Despite, the overall incidence of DGF 
in that particular study being low due to the exclusion of 
marginal donors, the results might favour alemtuzumab 
over ATG to prevent early DGF associated rejection[26]. 
Several other studies have shown that alemtuzumab 
may mitigate the rejection risk of DGF[20,33,34]. Knechtle et 
al[20] in a retrospective study comparing alemtuzumab, 
thymoglobulin and anti-CD25 antibody induction, 
showed that alemtuzumab reduced the incidence of 
rejection in patients with DGF and improved allograft 
survival however the patients in this study were receiving 
maintenance corticosteroids. Tyson et al[31] in a RCT 
comparing ATG and alemtuzumab induction, had a 
similar proportion of marginal donors and DGF between 
the two arms and showed the incidence of BPAR to be 
less in the alemtuzumab arm. It should be noted that 
although alemtuzumab is associated with reduced early 
BPAR, alemtuzumab has been shown to be associated 
with a higher incidence of late BPAR resulting in 
equivocal rejection rates between ATG and alemtuzumab 
overall[26,35]. However, the use of alemtuzumab may be 
useful in the management of patients at high risk of DGF 
given the low early rejection risk, which may reduce the 
need for frequent biopsies.

Steroid sparing protocols have been shown to be 
associated with an increased rejection rate, although there 
is no adverse impact on allograft survival[25]. Conversely, 
corticosteroids use post-transplant is associated with 
NODAT, hypertension, hypercholesterolaemia and 
patient death secondary to cardiovascular and infectious 
complications[25-29]. The patient demographic at risk of 
DGF, which include older males and ethnic minorities are 
already more likely to have many of these complications 
and therefore steroids might confound the problem. 
Diabetes is a relatively new risk factor to be reportedly 
associated with DGF and peri-operative hyperglycaemia 
has been shown to exacerbate the ischaemic reperfusion 

Table 2  Independent risk factors for delayed graft function

Variable OR 95%CI P  value

Black Ethnicity 2.27 1.28-4.00    0.0047
Female gender 0.43 0.25-0.73    0.0017
DCD donor 4.09 2.33-7.20 < 0.0001
Preformed DSA 2.36 1.07-5.18    0.0326
CIT 1.05 1.02-1.08    0.0009
Donor age 1.02 1.01-1.04    0.0049
Time on dialysis 1.07 1.02-1.11    0.0023

CIT: Cold ischaemic time; DCD: Circulatory death.
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injury in both animal and human models[36,37]. Steroid 
avoidance or early withdrawal might therefore help with 
diabetic control in the crucial recovery period. 

Irish et al[8,9] formulated a predictive model of DGF 
by performing a multivariable logistic regression analysis 
of 24337 deceased donor transplant recipients in the 
United States. Given the relationship between DGF and 
allograft loss, their model predicts not only patients with 
increased risk of DGF but also those at risk of subsequent 
graft failure[8,9]. They found that the most significant risk 
factors for DGF to be CIT, donor creatinine, recipient body 
mass index, donor age and recipients of DCD organs[8,9]. 
They did not address the risk of low level preformed 
DSA, however they did find that the contribution to the 
overall risk according to the level of peak panel reactive 
antibodies (%) and previous transplantation diminished 
between two consecutive eras of immunosuppression[8,9]. 
Minimising CIT is an important variable in the lowering 
risk of DGF and improving outcomes and we accept that 
our mean CIT is higher than the average reported[38,39]. 
One study indicated a CIT of > 18 h was strongly 
associated with DGF and allograft failure[39]. Although 
cold storage slows the ischaemic damage, even in 
hypothermic conditions prolonged ischaemic times result 
in a more severe ischaemic reperfusion injury[17,40]. 
The superiority of hypothermic machine perfusion over 
static cold storage in preventing DGF is still an area of 
controversy and the long term benefit is not known[10-13]. 
The mechanisms through which machine perfusion is 
thought to minimise ischaemic injury include maintaining 
the patency of the vascular bed, providing nutrients 
and low level oxygen along with the ability to remove 
metabolic toxins[41]. In practice, machine perfusion is 
not universally available, therefore the most important 
modifiable factor in reducing DGF remains minimising 
CIT[38,40,42].

In conclusion, DGF is associated with inferior allograft 
and patient outcomes in patients receiving monoclonal 
antibody induction and a steroid sparing protocol. There 
is an increased risk of early rejection in patients with DGF 
receiving IL2RA compared with alemtuzumab induction, 
which implies that type of immunosuppression is important 
in the management of patients at risk of DGF. With an 
increase in the use of marginal donors, prospective studies 
into optimal immunotherapy protocols for these high risk 
patients are needed. Donor and recipient characteristics 
also contribute to the risk of DGF and CIT remains an 
important modifiable risk factor.
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