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The main goal of transplantation is to restore good renal 
function and to improve the quality of life of thousands of 
dialysis patients, something which can only be achieved by 
providing them with well functioning grafts. Delayed 
renal allograft function is a serious problem. It is impor
tant to prevent this complication because it makes the 
diagnosis of acute rejection in the early postoperative 
period difficult, increases the necessity for diagnostic pro
cedures, introduces dialysis treatments and prolongs hos
pital stay. The aetiology of delayed graft function (DGF) 
is multifactorial, and factors including donor manage
ment, technique used for organ procurement and preser
vation, age, anatomical variations in the graft, ischemia 
periods, use of cyclosporine A (CyA) or recipient immu
nological reactions have been implicated. Using different 
preservation solutions DGF rates vary from 30% to 60%. 
Recent clinical data have demonstrated better preserva
tion and improved renal function posttransplant with 
HTK and University of Wisconsin (UW) solutions com
pared to EuroCollins solution. In a randomized 
multicenter study in collaboration with the Eurotrans
plant organ exchange organization, the efficacy of the 
HTK solution in renal transplantation was compared to 
EuroCollins and UW solutions in two parallel prospective 
randomized trials. The first preliminary results comparing 
HTK and EuroCollins solutions are reported here. 
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Organization of the randomized trial 

This randomized trial was organized in collaboration with 
Eurotransplant. This facilitated a uniform central policy 
for kidney graft allocation through HLA matching, stan
~ardized techniques and reagents for donor and recipient 
hssue typing and crossmatching. Randomized assignment 
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of the preservation solution for kidney donors and data 
collection were coordinated by Eurotransplant. The ran
domized multicenter trials started in July 1990 and there
cruitment has progressed steadily since then. Our goal is 
to randomize 300 donors in each trial i.e. 300 donors in the 
HTK versus UW trial and 300 donors in the HTK versus 
EC trial. We need a large number transplants for an ap
propriate statistical analysis to detect a 10% difference in 
delayed graft function (DGF) between HTK and the 
other solutions. In total, 14 centers are participating in the 
HTK versus UW preservation part of the trial and 26 in 
HTK versus EC. 

With the efforts of many physicians and transplant co
ordinators, 529 donors have been randomized up to Sep
tember 21st, 1991. The randomized donors and their 
transplants in the participating centers are presented in a 
Table 1, and the numbers of randomized donors and 
transplants are presented in Table 2.It is apparant that the 
number of transplants in the HTK versus EC trial is suffi
cient to fulfil our goal. Interim results based on all donors 
and those recipients for whom follow-up information has 
been returned are presented. 

Clinical results 

To date, complete information about 338 donors and 307 
transplants at 1 month follow-up has been obtained and 
analyzed. The descriptive information of donor and reci
pient characteristics which could influence the delayed 
graft function, as presented in Table 3, show that the HTK 
and EuroCollins groups are comparable. 

Delayed graft function (DGF) of the transplanted kid
ney was defined as the absence oflife-sustaining renal func
tion which required dialysis treatment on two or more oc
casions within the 1st week after transplantation. This 
definition of DGF included patients with initial non-func
tioning kidneys that recovered after dialysis treatment and 
patients with transplanted kidneys that did not recover and 
the patient returned to chronic dialysis treatment. The 
analysis of outcome, limited to the percentage ofDGFwith 
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Table 1. Overview of the number of randomized donors and transplantations 

Country (Code) Local HTK trial Number of Number of 
Center PUP-coordinator donors transplants 

Austria 
Innsbruck (IB) Fetz/Steurer 9 8 
Graz (GA)" Pogglitsch 0 9 
Linz (OE)' Breitenfeller 0 4 
Linz (OL) Kaiser 0 2 
Vienna (WMIWG) Wamser 25 57 

Belgium 
Antwerpen (AN) vanBeeumen 5 5 
Bruxelles (BJ) Amerycks 6 2 
Bruxelles (BR) Kinnaert 3 18 
Bruxelles (LA) Lecomte 4 16 
Gent (GE) VanderVennet 0 7 
Leuven (LM)' Roels 0 13 
Liege (LG)' Delbouille 0 4 

Germany 
Aachen (AK)" Homburg 0 4 
Berlin (BE) Pass fall 20 33 
Berlin (EB) RUcker 0 6 
Bonn (BO) Molitor 1 1 
Bremen (BM) Grote 12 15 
DUsseldorf (DU) Schlipers/Westhoff 30 40 
Erlangen (ERINB) N euma yer/H Uls 0 21 
Essen (ES) Walz 19 38 
Frankfurt. (FM) Ernst 13 29 
Freiburg (FR) Kirste 20 35 
Gl.Htingen (GO) Werner 6 13 
Hamburg (HG)• Clausen 0 11 
Hannover (HO) Gubernatis/Heigl 58 66 
HannMunden (HM) Schafer 0 26 
Heidelberg (HB) Beer 17 19 
Homburg/Saar (HS) Riegel 0 1 
Jena (JE) Borner 0 1 
Kaiserslautern (KS) Nauth 8 15 
Kiel (KI) Schlitt 16 31 
Koln Lindenthal (KL) Kerp 28 33 
Ktiln Mehrheim (KM) Ams 11 23 
LUbeck (LU) Kopmann 18 26 
MUnch en (MH) Groenewoud 1 20 
MUnch en (ML) Abendroth/Schneeberger 35 47 
MUnster (MN) Mauritz 32 62 
Marburg (MR) Kuhlman 3 8 
Mainz (MZ) Kreher 24 15 
Mannheim (MA) SchnUIIe 0 5 
Rostock (RO)" Hudemann 0 1 
Stuttgart (ST) Ziech 11 16 
T!ibingen (TU) Fischer-Frohlich 13 19 
Ulm (UL) Grupp 2 7 
WUrzburg (WZ) Goetz 12 16 
Luxembourg (LX) Duhoux 1 2 
the Netherlands 
Amsterdam (AB) Oosterlee 18 24 
Groningen (GR)" de Maar 0 18 
Leiden (LB)' van der Woude 0 10 
Maastricht (MS) Wijnen 8 14 
Nijmegen (NY) Hoitsma 22 34 
Rotterdam (RD)' Hendriks/Sietse 0 15 
Utrecht (UT) Hene 9 8 
Utrecht (UW) Donckerwolcke 0 3 

Outside Eurotransplant 18 

Total 520 994 

• Not participating in the preservation part of the study 



each solution used, is shown in Table 4. A clear-cut dif
ference was observed in the incidence of DGF after trans
plantation when the treatment groups were compared, but 
final statistical comparisons await further follow-up. In the 
HTKgroup,24% (37/156)oftherecipientshadDGFofthe 
transplanted kidney that required dialysis treatment com
pared to 37% (56/151) in the EuroCollins group. No re
covery of the kidney function with a return to chronic dia
lysis treatment was observed in 5% (8/156) of the HTK 
group and in 3% (5/156) ofthe EuroCollins group .. 

Serum creatinine levels were recorded dmly for 
1 month. Posttransplant serum creatinine levels de
creased more rapidly in the HTK group than in the Euro-

Table 2. Overview of the number of donors and transplantations 
performed in each arm of the trial 

Number of donors Number of transplants 

HTK versus UW HTK versus UW 
78 79 152 149 

HTK versus EC HTK versus UW 
181 182 352 341 

Table 3. Characteristics of the kidney donor, transplant procedure 
and kidney recipient 

HTK solution ECsolution 

(n) % (n) % 

Donor age (years)' 45 49 

Donor diagnosis 
(14/169) 8% (16/169) 9% - Multi trauma 

- Trauma capitis (32/169) 19% (50/169) 29% 
- Intracranial bleeding (82/169) 49% (85/169)50% 
- Others (38/169) 23% (18/169) 12% 

Before donor nephrectomy 
(35/169) - Resuscitation 21% (23/169) 14% 

- Hypotensive episodes (100/169) 59% (96/169)57% 

Donor drug treatment 
(103/169) 62% (113/169) 68% - Plasmaexpanders 

- Bloodtransfusions (59/169) 36% (59/169)36% 
- Dopamine only (152/169) 91% (153/169) 91% 
-Diuretics (51/169) 31% (53/169) 31% 

Oliguria of the donor (8/169) 8% (111169) 10% 

Cold ischemia period (h)" 24 23 

Anastomisis time (min)• 33 33 

Recipient age (years)• 47 46 
Prior transplants 
- oneormore (21/156) 14% (130/151) 14% 

• Continous variables are shown as median values 

Table 4. Kidney graft function after transplantation in both treat
ment groups 

HTK solution ECsolution 

(n) % (n) % 

Initial graft function (119/156) 76% (95/151) 63% 
Delayed graft function (371156) 24% (56/151) 37% 
- with recovery (29/156) 19% (51/151) 34% 
- without recovery (8/156) 5% (5/151) 3% 
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Fig. I. Comparison of median serum creatinine decline. Eurotrans
plant Multicenter Study 

60 

50 

40 

30 

20 

10 

(ml/mln) 

0~----.-~~---.--~=.--.-~~,_-.J 
1 2 3 4 5 6 7 15 30 

DAYS AFTER TRANSPLANTATION 

Fig.2. Comparison of median creatinine clearance increase. Euro
transplant Multicenter Study 

Collins group, as shown in Fig.l. Creatinine clearances 
were documented on days 3, 7, and 14 and at one month. 
Higher creatinine clearances were observed at all times 
posttransplant in the HTK group compared with the Eu
roCollins group. Since not all centers calculate creatinine 
clearance values on a routine basis, this variable was ob
tained in a limited number of patients (Fig. 2). 

Conclusions 

This study reports the results of the randomized clinical 
comparison of two preservation solutions in postmortem 
renal transplantation. The most important preliminary 
finding in this study was that the incidence of DGF was re
duced by 13 %, from 37% in the EuroCollins group to 
24% in the HTK group, but these percentages do not 
necessarily reflect the final results. Improved renal func
tion after transplantation was· indicated by a rapid de
crease in the serum creatinine levels in the HTK group 
compared to the EuroCollins group. Higher creatinine 
clearance values were also seen at all time periods post
transplant in the HTK group compared with the EuroCol
linsgroup. 

We do not wish to prejudge the data of patients yet to 
be evaluated. A full analysis will be presented when suffi
cient follow-up information has been returned. We have, 
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however, been able to demonstrate rapid recruitment and 
comparability of trial arms through international colla
boration within Eurotransplant. 
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