
Gerd Rudiger Hetzel 
Barbara Klein 
Matthias Brause 
Andreas Westhoff 
Reinhart Willers 
Wilhelm Sandmann 
Bernd Grabensee 

Received: 5 December 2000 
Revised: 25 May 2001 
Accepted: 28 June 2001 
Published online: 2 February 2002 
0 Springer-Verlag 2002 

G.R. Hetzel (B) . B. Klein . M. Brause 
A. Westhoff B. Grabensee 
Klinik fur Nephrologie und 
Rheumatologie, Universitatsklinikum, 
Heinrich Heine Universitat, 
Moorenstrasse 5 ,  
40225 Dusseldorf, Germany 

R. Willers 
Department of Computer Science. 
Universi tatsrechenzentrum, 
Universitatsstrasse 1, 
40225 Dusseldorf, Germany 

W. Sandmann 
Department of Vascular Surgery 
and Renal Transplantation, 
Universitatsklinikum, Moorenstrasse 5, 
40225 Dusseldorf, Germany 
E-mail: hetzel@med. uni-duesseldorf.de 
Tel.: + 49-2 1 18 1 1-7773 
Fax: + 49-21 181 1-8886 

Risk factors for delayed graft function 
after renal transplantation and their 
significance for long-term clinical outcome 

Abstract Delayed graft function 
(DGF) remains a grieving compli- 
cation after renal transplantation. 
In this study, we examined various 
factors related to organ donation, 
transport, and transplantation for 
their influence on the incidence of 
DGF and on long-term prognosis. 
The incidence of DGF, renal 
function after 5 years, and allograft 
survival were analyzed in 200 kid- 
neys transplanted in Dusseldorf as 
well as in 193 partner kidneys 
transplanted at 43 other centers. 
The main risk factors for DGF 
were donor age, cold ischemia time 
(CIT) and organ shipment. DGF 
itself, as well as donor age, influ- 
enced the long term prognosis. A 
significant relationship between the 
partner organs regarding clinical 
outcome was demonstrated. 
Non-immunological factors 

strongly influence the clinical 
results after renal transplantation. 
Organs of older donors have a 
limited long-term prognosis. To 
minimize additional risks, preven- 
tion of DGF, especially by 
reducing CIT, should be regarded 
as of paramount importance. 
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Introduction 

In the last two decades, the introduction of new drugs for 
immunosuppressive therapy after renal transplantation 
has led to a marked reduction in the number of acute 
rejection episodes and to an improvement of the clinical 
results after transplantation [8, 211. Nevertheless, pro- 
gressive deterioration of graft function in the long-term 
continues to be a major clinical problem. Epidemiological 
data show that grafts from living donors, even from un- 
related living donors with poor HLA compatibility, have 
a better short- and long-term prognosis than cadaveric 

grafts, even with good HLA compatibility [28]. The 
reasons for the evidently poorer quality of organs from 
brain-dead donors are not yet fully understood. Accord- 
ingly, decisions to transplant organs from donors whose 
suitability appears borderline, e.g. on account of their age 
or critical circulatory situation, tend to be subjective. 

In the clinical setting, it is frequently unclear which 
factors of organ donation are particularly relevant for 
the prognosis of transplants. In the present study com- 
prising a total of 393 renal transplantations, we therefore 
investigated various factors related to organ donation, 
organ transport and organ transplantation and exam- 
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ined their influence on the incidence of delayed graft 
function and on the long-term prognosis. 

Patients and methods 

200 consecutive cadaveric renal allograft transplantations were 
performed at the Diisseldorf center between 1.1.1990 and 1.5.1992. 
The organs came from 198 different donors. Apart from the 200 
kidneys transplanted in Diisseldorf, 193 kidneys from the above 
donors were transplanted at  43 European centers. Three organs 
could not be used for technical reasons. 

For each of the 198 organ donors and for the 393 trans- 
plantations, the following parameters were documented and 
categorized for statistical analysis: Donor age: ( < 40 years/40-60 
years/ > 60 years); recipient age: ( < 40 years/40-60 years/ > 60 
years); multi-organ donation (yes/no); locally retrieved organ 
(yes/no); catecholamine treatment of the organ donor (yeslno); 
perfusion solution: (Eurocollins/Custodiol/UW); cold ischemic 
time (CIT) ( < 24 h/ > 24 h); 2nd warm ischemic time ( < 30 min/ 
> 30 min). 

On the basis of our own documentation and with the support 
of the other 43 transplantation centers, Professor Dr. Opelz, 
Head of the Collaborative Transplant Study Group, Heidelberg, 
and the Eurotransplant Foundation, we were able to establish 
the incidence of delayed graft function after renal transplantation 
(defined as the need for dialysis within 72 h after transplantation 
or as diuresis in the first 24 h, which was less than the residual 
diuresis before transplantation) for 383 of 393 (97%) patients, 
the 5-year data after transplantation for 377 of 393 patients 
(96%), and the 7-year data after transplantation for 367 of 393 
patients (93%). 

Statistics 

The univariate analyses were done with respect to the influence of 
individual parameters on the incidence of DGF, on the quality of 
allograft function after 5 years, and on the long-term allograft 
survival rate. The analyses to determine the significance of indi- 
vidual parameters for the incidence of DGF were performed using 
the Mantel-Haenszel test for ordinal- and the Chi-Square-test for 
nominal parameters. 

The influence of the parameters investigated on the quality of 
graft function in the long-term course was evaluated on the basis of 
the 5-year data, as data on the creatinine ranges in patients with 
functioning grafts were available for a large proportion of the 
patients (367 of 377, 97%). The 5-year graft function was divided 
into the following categories: Group A: creatinine 5 1.5 mg/dl; 
Group B: creatinine > 1.5 mg/dl and 52 .5  mg/dl; Group C: 
creatinine > 2.5 mg/dl and 53 .5  mg/dl; Group D: creatinine > 
3.5 mg/dl with functioning graft; Group E: dialysis. Since it was our 
aim to analyze the quality of graft function in this part of the 
investigation, patients who had died were not included in the sta- 
tistical analysis. Again, the statistical calculation was performed 
using the Mantel-Haenszel test for ordinal and Chi-Square-test for 
nominal parameters. 

The influence of the factors on the long-term graft survival rate 
was examined with the Log Rank procedure. In these analyses, the 
death of a patient was evaluated as graft loss, as previously 
described in the literature [12, 17, 18, 211. 

All partner kidneys from the 198 organ donors were compared 
with regard to 5-year function, again dividing them into the groups 
A-E. The agreement of both kidneys regarding quality level was 
measured by Cohen’s Kappa. It was tested whether these statistics 
indicated a significant agreement. This test uses the asymptotic 
normal distribution of Cohen’s Kappa. The asymptotic standard 

deviation was estimated under assumption of the null hypothesis of 
no agreement. 

In addition to the univariate analyses, the factors were also 
examined by multivariate analysis with simultaneous logistic re- 
gression (DGF and 5-year function) and simultaneous Cox re- 
gression (cumulative long-term graft survival). P values less than 
0.05 were regarded as statistically significant in all analyses. 

Results 

In the 7-year period following transplantation, of the 
367 patients documented over the entire period, 
76(21%) died with functioning grafts. Of the 291 
patients still living after 7 years, 206(71%) had func- 
tioning grafts. Thus, at the end of the observation 
period, 206 of the 367(56%) patients were living with 
functioning renal allografts. 

Univariate analyses 

Table 1 shows the results of the univariate analyses of 
the influence of the investigated parameters on the 
development of DGF and on long-term graft function. 
For greater clarity, the 5-year graft function was divided 
into two groups (groups A and B, i.e. grafts with good 
function, versus groups C, D, and E, i.e. grafts with 
unsatisfactory function and non-functioning grafts). The 
statistical results are thus slightly different from those 
given below with individual consideration of the differ- 
ent groups. 

Factors influencing the incidence of DGF 

Data on postoperative graft function immediately after 
transplantation were available for 383 transplantations. 
DGF occurred in 168 cases (44%). There was no 
difference between the transplantations performed at the 
Dusseldorf center (incidence 45%) and those carried out 
at the partner centers (incidence 42%). In the univariate 
analysis, donor age, origin of donor kidney, and CIT 
were identified as risk factors. A long CIT, in particular, 
showed a considerable influence on post-operative graft 
function. The rate of DGF in grafts with a CIT > 24 h 
was 20% higher than in grafts with a shorter ischemic 
time (60% versus 39%, P=O.OOl). 

Factors influencing the quality of graft function 
after 5 years 

Apart from DGF, the only factor with a significant 
influence on the quality of graft function after 5 years 
was donor age. Thus, organs from young donors un- 
der 40 years showed good function (Groups A, B) 
after 5 years in 79% of the cases, while organs 
from donors over 60 years only showed good organ 
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Table 1 Univariate analysis of the influence of individual parameters on the incidence of DGF and on long term allograft function 
~~~ ~ ~ 

n* Donor age Donor age Donor age P 
40 years 40-60 years 60 years 

Incidence of DGF 383 38% 48 % 53% 0.03 
Creatinine after 5 years 5 2.5 mg/dl 302 79% 66% 55% 0.001 
Creatinine after 5 years > 2.5 mg/dl or graft failure 21 % 34% 45 Yo 
Cumulative allograft survival after 7 years 317 63 % 54% 44 y o  0.04 

n* Cold ischaemia I 24 h Cold ischaemia > 24 h P 

Incidence of DGF 319 39% 
Creatinine after 5 years 5 2.5 mg/dl 297 71% 
Creatinine after 5 years > 2.5 mg/dl or graft failure 29 % 
Cumulative allograft survival after 7 years 365 58% 

60% 
67% 
33% 
5 5 % 

0.001 
ns .  

n.s. 

n* 2nd warm ischaemia 5 30 min 2nd warm ischaemia > 30 min P 

Incidence of DGF 334 43% 
Creatinine after 5 years 5 2.5 mg/dl 264 70% 
Creatinine after 5 years > 2.5 mg/dl or graft failure 30% 
Cumulative allograft survival after 7 years 327 55% 

45% 
71% 
28 % 
58% 

n.s. 
n.s. 

ns .  

n* Use of catecholamines yes Use of catecholamines no P 

Incidence of DGF 383 53% 
Creatinine after 5 years 5 2.5 mg/dl 304 69% 
Creatinine after 5 years > 2.5 mg/dl or graft failure 31% 
Cumulative allograft survival after 7 years 377 58% 

43 yo 
71% 
29% 
54% 

ns .  
n.s. 

n.s. 

n* Multi-organ donation Kidney donation P 

Incidence of DGF 383 41% 
Creatinine after 5 years 5 2.5 mg/dl 304 12% 
Creatinine after 5 years > 2.5 mg/dl or graft failure 28 YO 
Cumulative allograft survival after 7 years 377 59% 

46 Yo 
69 % 
31 % 
56% 

n.s. 
n.s. 

n.s. 

n* Perfusion Perfusion Perfusion P 
solution EC solution HTK solution UW 

Incidence of DGF 383 49 % 44 Yo 38% n.s. 
Creatinine after 5 years 5 2.5 mg/dl 304 69 9’0 67% 74% n.s. 

Cumulative allograft survival after 7 years 377 55% 55% 61% n.s. 
Creatinine after 5 years > 2.5 mg/dl or graft failure 31% 33% 26 Yo 

n* Organ donation: Organ donation: P 
local center foreign center 

Incidence of DGF 378 365’0 49 % 0.02 
Creatinine after 5 years 5 2.5 mg/dl 304 70% 70 % n s .  
Creatinine after 5 years > 2.5 mg/dl or graft failure 30% 
Cumulative allograft survival after 7 years 377 52% 60 Yo n s .  

30% 

*Number of organs with completely available data. Patient death was excluded from the analysis of 5-year allograft function 

function in 55% of the cases (Mantel-Haenszel test, 
P= 0.001). 

Factors influencing graft survival after 7 years 

The long-term graft outcome was influenced signifi- 
cantly by the factors donor age, recipient age and, as 

shown above, postoperative DGF. Comparison of 
organs from younger donors (under 40 years) with 
those of older donors (over 60 years) showed a 
difference of 19% with regard to graft outcome after 7 
years (65% for organs from younger donors versus 
44% for organs from older donors, P=O.O3). Figure 1 
shows the cumulative graft survival as a function of 
donor age. 
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As already mentioned, for the statistical analysis of 
graft survival, the death of a patient was evaluated as 
graft loss. In a subanalysis in which patients who had 
died were censored, the results were still significant 
(7-year graft survival for organs with versus those 
without DGF: 69% versus 79%, P=0.02; 7-year graft 
survival for organs from younger donors <40 years 
versus organs from older donors > 60 years: 82%, 
versus 58%; P=O.O04). The recipient age no longer 
had a significant influence, so that an association 
between this factor and patient survival can be 
postulated. This was clearly confirmed by a separate 
analysis of patient survival after 7 years (7-year 
survival for patients <40 years: 91%; for patients 
aged 40-60 years: 79%; for patients > 60 years: 58%; 
P < 0.0001). 

100 .h 

Delayed graft function: 

no 

yes 

P = 0,005 

o (  
0 10 20 30 40 50 60 70 80 90 

Months after renal transplantation 

Influence of DGF on the long-term function 
of the renal transplant 

Figure 1 shows the influence of DGF on cumulative 
long term allograft survival. After 7 years, graft survival 
was 50% for organs with DGF, versus 63% for organs 
with immediate postoperative function (P  = 0.005). The 
quality of organ function after 5 years on the basis of 
categorization into the groups A-E was also signifi- 
cantly impaired in organs with DGF (Mantel-Haenszel 
test, P=O.O2). 

Influence of partner kidney function 
on the incidence of DGF and 
on the long-term function of the renal graft 

Similarities between the partner kidneys were found 
both with regard to the incidence of DGF and with 
regard to long-term outcome (see Table 2). Fifty 
percent of the kidneys developed DGF in case of 
DGF of the partner kidney. In case of spontaneous 
graft function of the partner kidney, the incidence of 
DGF was reduced to 39% ( P  = 0.05). There was also a 
significant association between the 5-year function of a 
graft and the long-term outcome of the partner 
kidney. Thus the 7-year survival rate in the case of a 
well-functioning partner kidney (groups A and B) was 
64% compared with 46% in the case of unsatisfactory 
function of the partner kidney (group C-, D-, 
E- patients who died are not included); P=O.O07. The 
comparison of the partner kidneys with regard to 
quality of graft function after 5 years was again 
performed after categorization of the kidney function 
into the groups A-E. On this basis, a significant 
correlation between the partner kidneys was found 
(Cohen's kappa; r=0.13, P=O.O29). 

75 

50 

Danorage: 

< 40 years 

40 - 60 years 

._ 2 

5 
I 

2 5 -  

0 

+ >60years 

p = 0.039 

0 
0 10 20 30 40 50 60 70 80 90 

Months after renal transplantation 

Fig. 1 
donor age and occurrence of delayed graft function 

Cumulative long term allograft survival in relation to 

Multivariate analyses 

The multivariate analysis (simultaneous logistic re- 
gression) also showed the cold ischemic time to be the 
main risk factor for postoperative DGF (P  = 0.004, 
odds ratio 1,92, 95% confidence interval 1,24-2,98). 
The factors donor age (P=0.08) and origin of the or- 
gan ( P  = 0. lo), which were identified as relevant factors 
in the univariate analysis, were not significant in the 
multivariate analysis. 

With regard to the quality of renal function after 5 
years, simultaneous logistic regression showed a sig- 
nificant influence of donor age (P=O.O2, odds ratio 
2,98, 95% confidence interval 1,23-7,21). None of the 
other parameters examined were statistically signifi- 
cant. On account of the association between recipient 
age and long-term patient survival shown above, the 
factor recipient age was not included in the multi- 
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Table 2 Influence of partner kidney function on the incidence of DGF and on the long-term function of the renal allograft 

n* Partner kidney with DGF Partner kidney without DGF P 

Incidence of DGF 366 50% 39% 0.05 
~ 

n* Partner kidney with a creatinine Partner kidney with a creatinine P 
5 2.5 mg/dl > 2.5 mg/dl after 
after 5 years 5 years or graft failure 

Creatinine after 5 years 4 2.5 mg/dl 287 74% 69% n.s. 
Creatinine after 5 years > 2.5 mg/dl 26% 31% 
or graft failure 

n* Partner kidney with a creatinine Partner kidney with a creatinine P 
5 2.5 mg/dl > 2.5 mg/dl 

after 5 years after 5 years or graft failure 

Cumulative allograft survival 287 64% 
after 7 years 

46 Yo 0.007 

*Number of organs with completely available data. Patient death was excluded from the analysis of 5-years allograft function 

variate analysis of 7-year graft outcome. The unfa- 
vourable influence of postoperative DGF on 7-year 
graft survival and the trend towards an influence of 
donor age shown in the univariate analysis were also 
confirmed in the multivariate analysis (DGF, 
P= 0.008, hazard ratio 1.55, 95% confidence interval 
1.12-2.14; donor age, P=O.OS, hazard ratio 1.74, 95% 
confidence interval 1 .OO-3.02). 

Discussion 

The results of our study underline the importance of 
non-immunological factors for the long-term prognosis 
of renal transplants. With regard to the 5-year func- 
tion, we found a significant correlation between the 
partner kidneys from 198 organ donors, even though 
these organs were transplanted almost without excep- 
tion at different centers. In the univariate analysis, 
graft outcome after 7 years was significantly better for 
kidneys with a well-functioning partner organ than for 
the remaining organs. These relationships suggest that 
the long-term prognosis of a renal transplant is 
already determined at the time of organ acquisition 
and transplantation. 

The incidence of DGF in 383 patients was 44%. 
It should be mentioned that the definition of DGF 
was quite liberal, including not only the need for 
dialysis but also an initial 24 h diuresis below the 
residual diuresis prior to transplantation. Several 
definitions of DGF are applied in the current litera- 
ture, thus influencing the reported incidences. Many 
studies define DGF as the need for any or more than 
one dialysis session in a specified postoperative period 
[12, 16, 17, 25, 261, a definition that is easy to apply 
especially for aquisition of data in large registries. 
However, there are undoubtedly forms of early 

impairment of allograft function that do not require 
postoperative dialysis. Therefore many authors use 
additional parameters such as oliguria or the failure 
of serum creatinine to fall within a specified postop- 
erative period, either in epidemiologic or in interven- 
tional studies [2, 4, 14, 22, 231. It was demonstrated 
recently that allografts after DGF, defined as the need 
for dialysis or a serum creatinine > 150 mol/l at day 
8 (a definition leading to an incidence of 49%), had 
an increased risk for chronic histological changes 
according to the Banff criteria in a subsequent routine 
biopsy after 3 months [19]. Therefore, extending the 
definition of DGF beyond the need for dialysis ap- 
pears to be appropriate in order to reflect the pre- and 
perioperative renal allograft damage. 

Delayed graft function after transplantation had a 
significant influence on the clinical outcome after 5 
and 7 years in both the univariate and the multivariate 
analysis. After 7 years, a difference in the graft sur- 
vival rate of 14% was found between grafts with 
postoperative DGF and those without. Therefore, the 
43% incidence of DGF leads to considerable conse- 
quences for a large percentage of patients undergoing 
transplantation. In view of the usually prolonged 
hospitalization after transplantation and the earlier 
resumption of dialysis in the long-term course, it is 
also of economic relevance. Other authors have also 
drawn attention to the significance of DGF for long 
term graft survival [4, 12, 16, 261. 

It should, however, be emphasized that the inci- 
dence of DGF is not a fixed value and that it is 
therefore important to try to minimize the relevant 
risk factors. In this connection we found a significant 
relationship between the duration of cold ischemia and 
the incidence of DGF. With an average cold ischemic 
time at our own center of 25.23+6.3 h, there is defi- 
nitely room for improvement. We saw no direct effect 
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of the ischemic times on long-term graft survival, 
although this has been described by other authors 
[18, 261. It is plausible that delayed graft function is a 
multifactorial occurrence. Therefore it is understand- 
able that individual parameters may not show a sta- 
tistically significant influence on later graft function 
[22]. Nevertheless, we believe that attempts to reduce 
the risk factor of cold ischemic time make sense, 
particularly as approaches to reduce ischemic- and 
reperfusion injury with measures like the addition of 
arginine or trimetazidine to the storage solution [6, 91, 
or treatment of the recipient with superoxide dismu- 
tase, prostaglandins, antisense oligonucleotides against 
ICAM-1 or bioflavonoids [5, 10, 11, 131 are still of 
experimental character. 

Apart from DGF, donor age was shown by both 
univariate and multivariate analysis to have a signifi- 
cant influence both on graft survival and on the long- 
term quality of renal function. With regard to the 7- 
year outcome, a comparison between the organs of 
younger donors and those of older donors showed a 
difference in graft survival of 19%. In order to exclude 
the possibility of errors as a result of more frequent 
allocation of “older” organs to older donors with a 
poor life expectancy, a separate analysis was per- 
formed in which the death of a patient was not 
evaluated as graft loss, which leads to a statistical 
overestimation of graft survival. In this analysis there 
was also a difference of 22% in graft survival after 7 
years, which was highly significant. This influence of 
donor age on the long-term prognosis of organs is 
undoubtedly of considerable significance for clinical 
transplantation. High donor age and delayed graft 
function may lead to an early reduction in the number 
of functioning nephrons. An imbalance between the 
nephron mass of the graft and the recipient’s needs 
impairs the long-term prognosis of the organ. This is 
the case with kidneys from pediatric or female donors, 
for example, or with recipients of large body size. It 
has been postulated that in such constellations the 
more frequent incidence of late graft losses might be 
due to hyperfiltration damage [3, 291. 

Of 50 organ recipients aged over 60 years, 58% 
were still alive 7 years after the transplantation, 
compared with 91% of the patients under 40 years of 
age (n  = 120, P < 0.001). Whether this clearly poorer 
survival of older patients together with the unfavor- 
able long-term prognosis of organs from older donors 
justifies deliberately combining these factors is open to 
debate, since an unfavorable influence of high donor 
age on long-term clinical outcome was also found in 
older organ recipients [ 11. Nevertheless, the allocation 
of organs from older donors to older recipients is 
currently the chosen strategy of the Eurotransplant 
Senior Program [20]. Our data, as well as a recently 
published report [17] indicate that in view of the 

unclear long-term prognosis of these grafts, at least 
the additional risk factor of DGF and in turn, long 
cold ischemic times, should be avoided as far as 
possible. The Eurotransplant Program addresses this 
particular point with its recommendation that the cold 
ischemic time be less than 8 h. Although the initial 
results indicate an acceptable short-term prognosis of 
the patients receiving transplants in the context of the 
Senior Program [24], more extensive figures are 
required before such a policy can, in our opinion, be 
generally recommended. 

The question of the relevance of catecholamine 
therapy of the organ donor for the occurrence of 
DGF and for the long-term prognosis of the graft 
recipient is controversial. Several authors came to the 
conclusion that catecholamine therapy of the donor 
substantially increases the risk of delayed graft func- 
tion [7, 151. However, results showing exactly the 
opposite have also been published [27]. We can def- 
initely not confirm the results of a recently published 
study according to which treatment with dopamine or 
noradrenaline can reduce the risk of rejection and 
significantly improve the long-term prognosis [25]. 
Although our statistical analysis did not look sepa- 
rately at the individual catecholamines, we definitely 
did not see a positive effect. If anything, the uni- 
variate analysis of the catecholamine therapy suggests 
an unfavourable effect on the occurrence of DGF, 
although the difference compared with the organs 
from donors without catecholamine therapy was not 
statistically significant. 

We were able to show in our study that, indepen- 
dently of the rate of graft survival, the quality of long- 
term organ function is influenced by non-immunolog- 
ical factors. These were found to include high donor 
age and possibly also postoperative DGF. This means 
that if we assume that the quality of graft function 
influences other events such as cardiovascular com- 
plications, the incidence of hyperparathyroidism or 
renal anaemia, these factors are also relevant in pa- 
tients with permanently functioning transplants. 

In summary, non-immunological factors play a 
substantial role in the long-term functioning of renal 
transplants. The prevention of postoperative DGF 
should be regarded as an important target. Apart 
from the avoidance of long cold ischemic times, it is 
to be hoped that pharmacological approaches will be 
developed to diminish the extent of the ischemic- or 
reperfusion injury in the future. With regard to donor 
selection, one should be aware that the organs of 
older- and possibly also of catecholamine-treated 
donors have a limited long-term prognosis. The 
question of whether these findings should be taken 
into account in organ allocation must remain open 
until further study results have been analyzed and 
discussed. 



16 

References 

1. Basar H, Soran A, Shapiro R, Vivas C, 
Scantlebury VP, Jordan ML, 
Gritsch HA, MaCauley J, Randhawa P, 
Irish W, Hakala TR, Fung JJ (1999) 
Renal transplantation in recipients over 
the age of 60: the impact of 
donor age. Transplantation 67: 
1191-1193 

2. Boom H, Mallat MJ, de Fijter JW, 
Zwinderman AH, Paul LC (2000) 
Delayed graft function influences renal 
function, but not survival. Kidney Int 

3. Brenner BM, Cohen RA, Milford EL 
58: 859-866 

(1992) In renal transplantation, one size 
may not fit it all. J Am Soc Nephrol 3: 
162-169 

4. Connolly JK, Dyer PA, Martin S, 
Parrot1 NR, Pearson RC, Johnson RW 
(1996) Importance of minimizing HLA- 
DR mismatch and cold preservation 
time in cadaveric renal transplantation. 
Transplantation 61: 709-714 

5. Dragun D, Tullius SG, Park JK, 
Maasch C, Lukitsch I, Lippoldt A, 
Gross V, Luft FC, Haller H (1998) 
ICAM- 1 antisense oligodesoxynucleo- 
tides prevent reperfusion injury and 
enhance immediate graft function in 
renal transplantation. Kidney Int 54: 

6. Erkasap S, Ates E (2000) L-Arginine- 
enriched preservation solution 
decreases ischemia/reperfusion injury 
in canine kidneys after long-term 
cold storage. Nephrol Dial 
Transplant 15: 1224-1227 

7. Ferguson CJ, Hillis AN, Williams JD, 
Griffin PJ, Salaman JR (1990) 
Calcium channel blockers and other 
factors influencing delayed function 
in renal allografts. Nephrol Dial 
Transplant 5: 816-820 

Bresnahan BA, Taranto SE, 
McIntosh MJ, Stablein D (2000) 
Improved graft survival after renal 
transplantation in the United States, 
1988 to 1996. N Engl J Med 342: 

590-602 

8. Hariharan S, Johnson CP, 

605-6 12 
9. Hauet T, Baumert H, Amor lB ,  

Gibelin H, Tallineau C, Eugene M, 
Tillement JP, Carretier M (2000) 
Pharmacological limitation of damage 
to renal medulla after cold storage and 
transplantation by trimetazidine. 
J Pharmacol Exp Ther 292: 254-260 

10. Hollenbeck M, Dinter K, Torsello G, 
Koch M, Willers R, Sandmann W, 
Grabensee B (1999) Prostaglandin 
El reduces the risk of delayed graft 
function after cadaveric renal 
transplantation. Nephrol Dial 
Transplant 14 [Suppl 41: 32-33 

I 1. Jones EA, Shoskes DA (2000) The effect 
of mycophenolate mofetil and 
polyphenolic bioflavonoids on renal 
ischemia reperfusion injury and repair. 
J Urol 163: 999-1004 

12. Koning OHJ, Ploeg RJ, van Bockel JH, 
Groenewegen M, van der Woude F, 
Persijn GG, Hermans J (1997) Risk 
factors for delayed graft function 
in cadaveric kidney transplantation. 
Transplantation 63: 1620-1628 

13. Land W, Zweler JL (1997) Prevention 
of reperfusion-induced, free radical- 
mediated acute endothelial injury by 
superoxide dismutase as an effective 
tool to delay/prevent chronic renal 
allograft failure: a review. Transplant 
Proc 29: 2567-2568 

Kuhlmann U, Grebe SO, Heymanns J, 
Feiber H, Riedmiller H (1999) Immedi- 
ate and long-term results of ATG 
induction therapy for delayed graft 
function compared to conventional 
therapy for immediate graft function. 
Transplant Int 12:2-9 

Holman M, Yang HC (1996) Adverse 
effect of donor vasopressor support on 
immediate and one year kidney allograft 
function. Surgery 120: 663-665 

Fuggle SV, Welsh KI, Morris PJ (1999) 
Delayed graft function: risk factors and 
the relative effects of early function and 
acute rejection on long term survival 
in cadaveric renal transplantation. 
Clin Transplant 13: 266-272 

17. Moreso F, Seron D, Gil-Vernet S, 
Riera L, Fulladosa X, Ramos R, Alsina 
J, Grinyo JM (1999) Donor age and 
delayed graft function as predictors 
of renal allograft survival in rejection 
free patients. Nephrol Dial Transplant 
14: 930-935 

18. Morris PJ, Johnson RJ, Fuggle SV, 
Belger MA, Briggs JD (1999) Analysis 
of factors that affect outcome of 
primary cadaveric renal transplantation 
in the UK. Lancet 354: 1147-1 152 

Kuypers DR, Cheung E, Allen RD, 
O’Connell PJ, Chapman JR (2001) 
EfTect of histological damage on 
long-term kidney transplant outcome. 
Transplantation 71: 515-523 

14. Lange H, Muller TF, Ebel H, 

15. Marshall RL, Ahsan N, Dhillon S, 

16. Mc Laren AJ, Jassem W, Gray DW, 

19. Nankivell BJ, Fenton-Lee CA, 

20. Old for old kidneys (1998) Report 
of the 12‘h meeting of the Eurotrans- 
plant kidney advisory committee. 
Eurotransplant Newsletter 149: 8-9 

2 1. Opelz G (1 999) Effect of immunosup- 
pressive therapy on graft half life pro- 
jections. The collaborative transplant 
study group. Transplant Proc 31: 31-33 

Adams VR, Rosen CB, Reed A1 (1998) 
Delayed graft function after renal trans- 
plantation. Transplantation 65: 219-223 

23. Salmela K, Wramner L, Ekberg H, 
Hauser I, Bentdal 0, Lins LE, 
Tsoniemi H, Backman L, Persson N, 
Neumayer HH, Jorgensen PF, 
Spieker C, Hendry B, Nicholls A, 
Kirste G, Hasche G (1999) A random- 
ized multicenter trial of the anti- 
ICAM-1 monoclonal antibody 
(enlimomab) for the prevention of acute 
rejection and delayed onset of graft 
function in cadaveric renal transplanta- 
tion: a report of the European 
Anti-ICAM-l Renal Transplant Study 
Group. Transplantation 67: 729-736 

24. Schlieper G, hens K, Voiculescu A, 
Luther B, Sandmann W, Grabensee B 
(2001) Eurotransplant senior program 
(ESP) “old for old” results from 10 
patients. Clinical Transplantation 15: 
100-105 

Trede M, van der Woude FJ (1999) 
Donor catecholamine use reduces 
acute allograft rejection and improves 
graft survival after cadaveric renal 
transplantation. Kidney Int 56: 

22. Pfaff WW, Howard RJ, Patton PR, 

25. Schnuelle P, Lorenz D, Mueller A, 

738-746 
26. Shoskes DA, Cecka JM (1998) Delete- 

rious effects of delayed graft function 
in cadaveric renal transplant recipients 
independent of acute rejection. 
Transplantation 66: 1697-1701 

27. Sutherland FR, Bloembergen W, 
Mohamed M, Ostbye T, Klar N, 
Lazarovits A1 (1993) Initial non func- 
tion in cadaveric renal transplantation. 
Can J Surg 36: 141-145 

28. Terasaki PI, Cecka JM, Gjertson DW, 
Takemoto S (1995) High survival rates 
of kidney transplant from spousal and 
living unrelated donors. N Engl J Med 
333: 333-336 

29. Terasaki PI, Koyama H, Cecka JM, 
Gjertson DW (1994) The hyperfiltration 
in human renal transplantation. 
Transplantation 57: 1450-1454 




