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Outcome of renal allografts
from non-heart-beating donors
with delayed graft function

Abstract Delayed graft function
(DGF) in renal transplantation using
non-heart-beating donors (NHBDs)
usually exceeds 80%. There is debate
whether DGF in this subgroup is
associated with poor long-term
outcome. Between 1 January1988
and 3 1 January 2000, 130 of 158
(82.3%) NHBD graft recipients with
functioning grafts transplanted
within our regional NHBD
programme developed DGF. Overall
graft survival and graft survival
censored for recipient death was 1 I3/
130 (86.9%) versus 113/121 (93.4%)
at year I , 55/84 (65.5%) versus 55/64
(85.9%) at year 5 and 18/40 (45.0%)
versus 18/28 (64.3%) at year 10 after
transplantation. Seventeen grafts
(I 3 . I YO)were lost due to rejection or
graft nephropathy. Nine of these
kidneys failed during the 1st year.
Twenty-seven patients (20.8%) died

Introduction
Delayed graft function (DGF), donor age and acute
rejection have been associated with reduced renal allograft survival in heart-beating cadaveric donor transplantation [4, 8, 15, 171. Some studies have shown these
to have an interactive effect [12, 151. There is no reason
to believe that the detrimental influence of increasing
donor age and frequent rejection episodes should differ
in this donor group. In contrast, it is important for nonheart-beating donor (NHBD) programmes to analyse
the relative impact of D G F on both short- and longterm survival, since its rate exceeds that in heart-beating

with functioning grafts, eight within
the 1st year after transplantation. In
those patients who survived, DGF
was associated with excellent longterm outcome in this study. The
number of grafts lost due to recipient
death exceeded those lost due to
rejection or graft nephropathy.
Keywords Non-heart-beating
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donor (HBD) programmes by 30%-70% and the nature
of this renal insult may be very different [5]. Unavoidable D G F in NHBD programmes is usually caused by
the additional primary warm ischaemia time in this
setting [14]. Therefore, it has to be interpreted differently
from D G F within HBD programmes. DGF in most of
the uncontrolled NHBDs (categories I and I1 according
to the Maastricht classification) usually lasts for up to 4
weeks and is characterised by selective severe acute tubular necrosis, which has been shown to be reversible in
this donor group [4, 6, 111. When more detailed analyses
regarding D G F in HBD programmes were performed, it
was found that the detrimental effect of D G F might be
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confined mainly to the 1st year after transplantation and
is associated with increased incidence of rejection [ 15,
181. Thereafter, no significant differences in graft survival have been observed, as measured by the half-life of
grafts functioning at 1 year with D G F alone, compared
with grafts with immediate function [12]. This study
therefore analyses the long-term outcome of renal allografts from NHBDs with D G F to determine whether
they have impaired long-term graft outcome.
~~~

Patients and methods
Between 1 January 1988 and 31 January 2000, 202 kidneys from
NHBDs were transplanted into patients within the South Thames
Region (Guy's Hospital, St. George's Hospital, Dulwich Hospital,
Brighton Sussex Hospital and St. Helier Hospital). NHBDs were
from category I1 (A& E), IIIA (hospital, mainly ITU) and IIIB
(hospice) according to the Maastricht classification and its London
modification regarding hospice donors [7, 1 I]. Transplants were
divided into three subgroups: immediate or primary function (PF),
DGF and permanent non-function (PNF). D G F was defined as a
requirement for dialysis for 3 days or longer after transplantation.
Overall and observed graft survival within the D G F group was
retrospectively estimated by the bivariate Kaplan-Meier method.
Graft survival was recorded at 1, 3, 5 and 10 years after transplantation. The cause of graft loss was analysed, and the annual
graft loss rate calculated. Graft nephropathy was defined as graft
impairment after transplantation due to chronic rejection or reperfusion injury, disease recurrence, medication toxicity, etc. All
patients received triple immunosuppression with cyclosporine,
azathioprine and prednisolone up to 1995; after 1995, 22 of 40
patients received tacrolimus instead of cyclosporine.

Results
Of 202 NHB renal allografts, 158 (78.2%) had immediate (PF) or DGF. Forty-four (21.8%) kidney transplant recipients had PNF. The rate of D G F within the
group of functioning grafts was 82.3% (130/158), and
the median postoperative dialysis requirement in the
subgroup with D G F was 22 days (range: 3-61days).
In the subgroup of transplant recipients with DGF,
patient survival was 121/130 (93.1%) at year 1, 87/102
(85.3%) at year 3, 64/84 (76.2%) at year 5 and 28/40
(70.0%) at year 10 after transplantation (Table 1). The
overall graft survival and observed graft survival censored for recipient death in the subgroup were 113/130

(86.9%) and 113/121 (93.4%) at year 1, 77/102 (75.5%)
and 77/87 (88.5Y0)at year 3, 55/84 (65.5%) and 55/64
(85.9%) at year 5 and 18/40 (45.0%) versus 18/28
(64.3%) at year 10 after transplantation (Table 1). Seventeen grafts (13.1YO)of the study group with D G F were
lost due to rejection or graft nephropathy (Fig. 1). Nine
of these kidneys failed during the 1st year, resulting in an
initial annual graft loss of 6.9% (Fig. 2). During subsequent years, a further eight grafts were lost as follows:
year 2 (n = l), year 3 (n = 2), year 4 (n = 2), year 6 (n = 2)
and year 10 (n= 1) (Fig. 2). Twenty-seven patients
(20.8%) died with functioning grafts, eight within the 1st
year after transplantation (Figs. 1 and 2).

Discussion
Besides the legal and logistic issues, there are two main
medical concerns regarding the use of NHBD kidneys
for renal transplantation: the incidence of PNF and the
high rate of DGF [5, 131. In an attempt to address the
latter, this retrospective study of a large NHBD programme investigated the long-term outcome of NHBD
kidney transplant recipients with DGF.
D G F in renal NHBD programmes using category I
and I1 donors according to the Maastricht classification
usually exceeds 80% and has not been reduced even by
use of different preservation techniques such as pulsatile
machine perfusion [3, 71. Knowledge of its effect on
long-term graft outcome in the recipient is important, to
measure the quality of such donor organs and to give
appropriate recommendations to potential transplant
recipients. In addition, PNF rates have to be kept as low
as possible ideally under 5% - and are still a major
concern regarding NHBD programmes [l, 201. The observed 5-year graft survival of kidneys from NHBDs
with D G F in this study was 55/84 (65.5%) and was
similar to that of the total group of cadaveric kidneys,
including those with PF, transplanted within the UK
and the Republic of Ireland during the same period from
1988 to 1993 (2220/3399, 65.3%) (Table 1) [6]. In addition, there was no increase in the annual rate of graft
loss between 5 and 10 years after transplantation. The
majority of grafts lost was due to recipient death (n = 27;
61.4%), particularly in the 1st year after transplantation;
~

Table 1 South Thames NHBD programme 1988-2000 (n = 202). Recipients with D G F for more than 3 days ( n = 130)
~~~~

Time after
transplantation
(Years)
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Transplants at risk
(n) with follow-up

Recipients alive (n),
patient survival (%)

Recipients with
functioning grafts (n)

Graft survival of
Survival of grafts with
recipients with
D G F censored for
D G F t 3 days ("A) recipient death (%)

130 (100)
121 (93.1)
87 (85.3)
64 (76.2)
28 (70.0)
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Fig. 1 Distribution of renal graft loss
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Fig. 2 Cause and time of renal graft loss

only 17 grafts (38.6%) were lost due to rejection or graft
nephropathy over a follow-up period of up to 12 years
(Fig. 1). The high incidence of patient death with func-

tioning graft during the 1st year indicates that patient
selection or pre-transplantation treatment of co-morbidities was not ideal and may be improvable.
The data suggest that the outcome of kidney transplants from NHBDs who develop DGF is not inferior if
they are correctly managed. The management of recipients with DGF is more complex than those with PF.
Early rejection within the period of DGF needs to be
excluded by biopsy or treated to avoid impaired longterm graft function and survival [9]. To lower DGF in
HBD programmes, sequential immunosuppressive regimens with delayed use of calcineurin inhibitors have
been developed, and pulsatile perfusion during the
storage time is performed in some centres 14, 161.
DGF in uncontrolled NHBDs is usually unavoidable
even with improved preservation techniques [7, 91. In
this study, it lasted on average, for 22 days. The underlying cause is severe acute tubular necrosis (ATN)
due to the prolonged primary warm ischaemia time. The
proximal tubules, which are most sensitive to ischaemia,
cannot survive without damage in this setting. If no
additional detrimental effect is added, such as impaired
donor-organ quality, advanced donor age or immunological damage due to rejection, this form of ATN in
NHBDs has been shown to be completely reversible with
no long-term side effects [7, 101. In some HBD programmes this and other donor- and recipient-related
problems (increasing donor age, incomplete perfusion,
prolonged cooling, co-morbidities such as atherosclerosis, diabetes and hypertension, etc.) have led to impaired
long-term graft survival 14, 191.
If it is accepted that the incidence of DGF in NHBD
programmes is high, and efforts are made to incorporate
this factor into post-transplant management, as was
done within the South Thames region, DGF will not be
associated with impaired graft function in such programmes. Lowering of permanent non-function rates in
NHBD kidneys, and reliable viability tests for kidneys
prior to transplantation still remain challenging issues
for a successful NHBD programme [2].
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