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Effect of blood group and HLA matching 
on pancreas graft survival with the use 
of UW solution 

Abstract Pancreas graft survival is 
influenced by various donor and re- 
cipient factors. Factors that have 
posed serious problems to pancreas 
transplantation have included the 
limited cold ischemia time, early 
graft thrombosis, and rejection. A 
limited cold ischemia time not only 
causes problems in terms of logistics 
but also implies limitations with re- 
gard to HLA matching and organ 
exchange. Between August 1988 and 
August 1989 we performed a pro- 
spective, nonrandomized European 
multicenter study to evaluate the ef- 
fect of University of Wisconsin 
(UW) solution on pancreas graft 
survival. In addition, donor and re- 
cipient factors were collected and 
their influence on graft survival an- 
alyzed. Overall pancreas graft sur- 
vival at 1 and 4 years was 67 % and 
59 %, respectively (n  = 62). When 
only simultaneous pancreas and 
kidney transplants were included, 
the graft survival was 70 % and 63 % 
at 1 and 4 years, respectively. The 
incidence of pancreas graft throm- 
bosis was 8 %. Cold ischemia time 

was not found to significantly influ- 
ence pancreas graft survival even 
when it exceeded 12 h. Factors that 
did were HLA-DR matching, si- 
multaneous pancreas and kidney 
transplantation versus pancreas 
transplantation alone, and ABO 
blood group matching. We feel that 
the use of UW solution for pancreas 
preservation has contributed to im- 
proved pancreas graft survival and 
has reduced early graft thrombosis 
despite much longer cold ischemia 
times of over 12 h. Given this and 
the significant effect of HLA and 
blood group matching, we conclude 
that more attention should be paid 
to preoperative matching and organ 
exchange in order to further im- 
prove pancreas graft survival. 
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Introduction 

In the last few years an increasing number of pancreas 
transplantations have been performed in Europe. A 
number of donor and recipient factors, such as preserva- 
tion solution [ l ,  8, 9, 211, cold ischemia time [l, 8, 9, 21, 
261, HLA-DR matching [18, 19, 24-28], simultaneous 
pancreas and kidney transplantation versus pancreas 

transplantation alone [19, 21, 24-28], and different im- 
munosuppressive regimens [21, 23, 25-28], have been 
reported to influence pancreas graft survival. 

Factors that have posed serious problems to pancreas 
transplantation have included the limitation of the cold 
ischemia time to about 6 h, a high incidence of early 
graft thrombosis [30], and graft rejection, possibly asso- 
ciated with poor matching. It has been suggested that 
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Table 1 The European Multicenter Study Group (pancreas) is comprised of the following centers and clinicians: 

Austria 
Universitats Klinik, Innsbruck (R. Margreiter, H. Fetz); Medizinische Universitats Klinik, Wien (F. Piza, F. Miihlbacher, J. Kovarik, 
P. Gotzinger, P. Wamser) 
Belgium 
Academisch Ziekenhuis, Antwerpen (M. Debroe, R. van Hee, S.Truyens, G. van Beeumen); HBpital Erasme, Bruxelles (C. Toussaint, 
P. Kinnaert, P. Vereerstraten, L. de Pauw, B. van Haelewijck); Cliniques Universitaires St. Luc, Bruxelles (J. P. Squifflet, Y. Pirson, 
C. Lecomte); UniversitC de Likge, Liege (G. Lejeune, M. Meurisse, P. HonorC, M.-H. Delbouille) 
Germany 
Klinikum Steglitz der Freien Universitat, Berlin (H. Knispel, H. Hartwig, R. Haring, G. Offerman, E. Miiller); Albert Ludwigs Uni- 
versitat, Freiburg (H. Wilms, G. Kirste, M. Bliimke, H. Keller, J. Fischer); Medizinische Hochschule, Hannover (R. Pichlmayr, U. Frei, 
B. Heigel); Klinikum Rechts der Isar, Miinchen (R. Siewert, M. Holscher, A. Groenewoud, W. Eberhard); Ludwig Maximilians Uni- 
versitat, Miinchen (W. Land, D. Abendroth, F. Hillebrand, W.-D. Illner, C. Schulz); Westfalische Wilhelms Universitat, Miinster (H. Losse, 
A. Lison, H. Biinte, B. Buchholz, M. Mauritz); Eberhard Karls Universitat, Tiibingen (W. Lauchart, U. Hopt, H. Becker, E. Eichmann, 
P. Benz); Universitat Ulm, Ulm (H. Franz, J. Vollmar, H. Scheiffele). 
The Netherlands 
Academisch Ziekenhuis, Leiden (R. J. Ploeg, J. H. van Bockel, H. G. Gooszen, F. J. van der Woude, M. van Gurp, T. de Backere); 
Academisch Ziekenhuis, Maastricht (G. Kootstra, J. P. van Hooff, R. Wijnen) 

Table 2 Number of transplants 

Simultaneous Pancreas 
pancreas and kidney alone” 

Prior pancreas and 
kidney transplantation 2 
Prior kidney transplantation 1 2 
No prior transplantation 52 5” 
Total 55 7 

~~ 

a One patient had a combined pancreas + liver transplantation 

early graft thrombosis is related to microvascular and 
endothelial damage due to organ procurement and pres- 
ervation [30]. The limited cold ischemia time not only 
causes problems in terms of logistical organization but 
also with regard to HLA matching and organ exchange. 

In 1985 Belzer and colleagues introduced the Univer- 
sity of Wisconsin (UW) solution. Animal experiments 
demonstrated that up to 72 h of cold ischemia was feasi- 
ble and had no negative effect on pancreas graft survival 
[16,29]. To evaluate the results in the European setting, 
we conducted a prospective, multicenter study on pan- 
creas transplantation using UW solution for preserva- 
tion. This study was part of a European multicenter 
study on UW preservation in kidney, liver, and pan- 
creas transplantation [15]. Pancreas graft survival after 
preservation with UW solution was compared to the re- 
sults reported by other studies. In addition, a number of 
donor and recipient factors were analyzed to evaluate 
their influence on 1- and 4-year pancreas graft survival. 

Materials and methods 
Sixteen European transplant centers (Table l), cooperating within 
the Eurotransplant organ sharing system, participated in a multi- 
center study on pancreas transplantation. The Department of Sur- 

gery of the University Hospital of Leiden, The Netherlands, acted 
as the coordinating center, in close cooperation with the Euro- 
transplant organization. Collaboration within the Eurotransplant 
system implied a uniform center policy of donor allocation accord- 
ing to ABO compatibility and donor procurement. All donors and 
recipients were tissue-typed for HLA-A, -B and -DR according to 
the Eurotransplant standards. For HLA-A and -B, the NIH com- 
plement-dependent cytotoxicity assay was used, and for HLA- 
DR, the two-color fluorescence assay [17]. Transplantation was ex- 
clusively performed in the presence of a negative crossmatch. Re- 
sults of HLA matching were not analyzed before the recipient op- 
eration because of organizational problems associated with the 
limited time between pancreas procurement and transplantation. 

The donor pancreas was retrieved as part of a multiorgan donor 
procedure with in situ cooling and perfusion using up to a total of 
8000ml UW solution. Donors younger than 12 or older than 
60 years of age and donors with a known history of hypertension, 
diabetes, or pancreatic disease were not used for pancreas re- 
trieval. Donors also had to be free of other diseases. 

Recipients were patients with type I insulin-dependent diabetes 
mellitus who were on the waiting list for pancreas transplantation. 
Center protocols were found to be similar with regard to criteria 
for accepting potential candidates for pancreas transplantation. 

Between August 1988 and August 1989,62 patients received a 
pancreas transplant and were included in the study. Fifty-five of 
these patients underwent simultaneous pancreas and kidney trans- 
plantation (SPK). Four others received a pancreas alone (PTA), 
two received a pancreas after kidney transplantation (PAK), and 
one a combined pancreas and liver transplant. Three patients 
were retransplanted; two of them had a previous SPK transplant 
and one had a previous kidney transplant (Table 2). Cold ischemia 
time (CIT) ranged from 2 to 21 h (median 9 h). For 45 patients, the 
CITwas less than 12 h, and for 17 it was more than 12 h. 

All donor-recipient combinations were compatible for blood 
groups A, B, and 0. All 24 blood group 0 patients received a pan- 
creas graft from a blood group 0 donor. Of 33 blood group A pati- 
ents, 28 received a blood group A and 5 a blood group 0 pancreas 
graft. Of 5 blood groupB patients, 4 received a blood groupB 
and 1 a blood group 0 pancreas graft. Blood groups A and B 
were combined into a “non-0” blood group for the purpose of 
the analysis (Table 3). 

All patients received either triple (n  = 25) or quadruple 
(n = 37) immunosuppressive therapy. Triple therapy was defined 
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Table 3 One- and 4-year pancreas graft survival by blood group (n = 62) 

Recipient blood group Donor blood group n Censoreda Noncensoredb 

Y survival YO survival 

1 vear 4vears P 1 vear 4vears P 

0 
Non-0 
Non-0 

0 
0 
Non-0 

24 83 68 83 57 
6 60 60 50 50 

32 52 52 0.08 44 33 0.03 

P-value was calculated by comparing groups 0-0 versus non 0- 
non 0 graft failure 
a Analysis in which death with a functioning graft was censored at 
the date of death and not considered a graft failure 

Analysis in which death with a functioning graft was considered a 

Table 4 Potential risk factors in the donor affecting graft failure 1 and 4 years after transplantation (n  = 62) 

Donor factors n Censoreda Noncensoredb 

% survival YO survival 

1 year 4 years P 1 year 4 years P 

Donor sex 
Male 
Female 

0 
Non-0 

Trauma 
Others 

Hypotension 
Yes 
No 

Pancreas + kidney 
Pancreas + kidney + liver 

Donor blood group 

Donor diagnosis 

Organs donated 

42 68 
20 57 

30 79 
32 52 

32 70 
30 60 

17 66 
45 65 

21 50 
41 73 

65 
43 

67 
52 

62 
56 

66 
56 

40 
70 

64 
0.68 45 

73 
0.08 44 

63 
0.68 53 

53 
0.88 60 

48 
0.02 63 

49 
28 0.25 

52 
33 0.05 

49 
36 0.60 

41 
43 0.53 

33 
47 0.17 

a Analysis in which death with a functioning graft was censored at the date of death and not considered a graft failure 
Analysis in which death with a functioning graft was considered a graft failure 

as a combination of cyclosporin, prednisone, and azathioprine. 
Quadruple therapy included the additional use of monoclonal 
(OKT3) or polyclonal (ATG) antibodies for induction and as a 
treatment modality for rejection. 

Events studied were patient survival and graft survival at 1 and 
4 years post-transplantation. A graft was considered to be func- 
tioning if a patient was insulin-independent with a fasting blood 
glucose level of less than 7 mmol/l (127 mg YO). All patients with 
grafts that did not meet these criteria were considered graft fail- 
ures. To allow for correct analysis, graft survival analysis was per- 
formed in two ways. For the first analysis, death with a functioning 
graft was censored at the date of death and not considered a graft 
failure (i. e., “censored”), whereas for a second analysis it was in- 
cluded in the graft failure group (“noncensored”). The noncen- 
sored analysis is that which is usually presented in studies involv- 
ing transplantation. 

In addition, we analyzed the effect of a number of potential risk 
factors on 1- and 4-year graft survival. Donor variables included 
age, sex, blood group, cause of death, presence or absence of hy- 
potension, and numbers of organs donated (Table 4). Hypoten- 
sion was defined as a systolic blood pressure below 100 mmHg for 
more then 10 min. Recipient variables were age, sex, blood group, 
transplantation with or without a simultaneous kidney, HLA-A, 
-B, and -DR mismatches, CIT, total anastomosis time during pan- 

creas implantation, immunosuppressive regimen, and duct man- 
agement (Table 5) .  First, all variables were analyzed univariately 
in both censored and noncensored ways. Then, a multivariate anal- 
ysis was performed including the same potential risk factors. 

Patient and graft survival were calculated using the Kaplan- 
Meier method and compared with the log-rank test. For the multi- 
variate analysis of the potential risk factors, the Cox proportional 
hazards model was used. 

Results 

Patient survival was 84 % 1 year and 71 YO 4 years post- 
transplantation (Fig. 1). Six out of 10 patients who died 
within the 1st year after transplantation died with a func- 
tioning graft. The causes of death were transplant-re- 
lated in seven patients (infection n = 5 ,  graft thrombosis 
n = 1, bleeding n = 1). The remaining three deaths were 
not transplant-related. Pancreas graft survival 1 year 
post-transplantation was 67 YO when patients who died 
with a functioning graft were censored at the date of 
death, and 60 YO when death with a functioning graft was 
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considered a graft failure. Four-year pancreas graft sur- 
vival was 59 YO for the censored analysis and 44 % for 
the noncensored analysis (Fig. 1). When the subgroup of 
patients who had SPK (n = 55)  was analyzed, pancreas 
graft survival was 70 YO at 1 year and 63 YO at 4 years 
post-transplantation (death with functioning graft cen- 
sored at date of death). The 1-year kidney survival in 
this group was 80 YO. Only one of the four patients who 
had PTA and neither of the two patients who had a PAK 
had a functioning graft 1 year post-transplantation. The 
patient who had simultaneous pancreas and liver trans- 
plantation had good graft function 1 year post-transplan- 
tation. Twenty patients out of 62 lost their pancreas graft 
within 1 year. Five failures were attributed to thrombo- 
sis of the graft (8 Yo). Other grafts failed due to rejection 
(n = 7) ,  infection (n = 4), or graft pancreatitis (n = 3). 
One graft was considered a failure due to partial insulin 
dcpcndcncy, probably duc t o  rejection. 

Subsequently, the various donor and recipient vari- 
ables wcrc analyxd in H univariatc analysis, First i n  
which death with a functioning graft was censored at the 
date of death (censored) and second in which death was 
considered as an endpoint (noncensored). With respect 
to the donor variables, it appeared that transplantation 

100 

75 

44% 

D: non-0 ; R: 

0 1 2 3 4 
Fig.2 Cumulative graft survival in years after transplantation for 
blood group matchin. D donor blood group, R recipient blood 
group, 0 blood group 0, Non-0 blood group non-0. p = 0.03 for 
group 0-0 versus non 0-non 0 

with a pancreas retrieved from a donor with blood 
group 0 was associated with a significantly better graft 
survival than grafts from a non-0 blood group donor 
1 year post-transplantation ( P  = 0.03; Table 3). Four 
years post-transplantation the differences were smaller 
but still significant ( P  = 0.05). None of the other donor 
variables studied (sex, donor, diagnosis of death, periods 
of donor hypotension, or donation of other organs) was 
found to significantly influence graft survival (Table 4). 

As for the recipient variables (Table 9, CIT (includ- 
ing times up to 20 h with pancreas grafts) was not associ- 
ated with any negative effect on graft survival after pan- 
creas transplantation. For the analysis of the HLA 
matching effect, two groups were compared: trans- 
plants with 0 or 1 mismatch per locus and those with 
2 mismatches on either A, B, or DR. For HLA-A, -B, 
and -DR, we found that the presence of two mis- 
matches was associated with a poor graft survival, rang- 
ing f rom 41 ‘% to SO ‘% a t  I year and from 3 1 ‘%) to 38 ‘% 
at  4 years i n  the tioncensorecl group (‘Iiiblc 5 ) .  A bcncfi- 
cia1 effect was sccn in the ccnsorcd analysis lor all loci. 
In the noncensored analysis only HLA-DR showed 21 

significant effect. Comparison of graft survival rates of 
patients with SPK versus those without SPK (n = 7) 
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Table 5 Potential risk factors in the recipient affecting graft failure 1 and 4 years after transplantation ( n  = 62) (n. a. not applicable) 

Recipient factors n Censored" Noncensoredb 

% survival YO survival 

1 year 4 years P 1 year 4 years P 
Recipient age 

< 40 years 
2 40 years 

Recipient sex 
Male 
Female 

Blood group 
0 
Non-0 

SPK 
No SPK 

0 + 1  
2 

0 + 1  
2 

0 + 1  
2 

I 1 2 h  
> 1 2 h  

I 40 min 
> 40 min 
unknown 

Triple 
Quadruple 

Bladder 
Enteric 
Injection 

Transplantation 

HLA-A mismatches 

HLA-B mismatches 

HLA-DR mismatches 

Cold ischemia time 

Total anastomosis time 

Immunsuppression 

Duct management 

37 
25 

41 
21 

24 
38 

55 
7 

45 
17 

28 
34 

37 
25 

45 
17 

48 
9 
5 

25 
37 

55 
3 
4 

57 
78 

68 
59 

83 
52 

70 
29 

73 
44 

76 
56 

74 
51 

65 
63 

61 
78 

63 
66 

61 
100 
100 

54 
67 

65 
47 

68 
52 

63 
n. a. 

68 
37 

72 
49 

67 
46 

63 
49 

53 
78 

63 
56 

57 
100 
n. a. 

0.06 

0.29 

0.10 

0.002 

0.05 

0.07 

0.06 

0.17 

0.71 

0.65 

0.34 

51 
68 

61 
52 

79 
44 

62 
29 

64 
41 

68 
50 

68 
44 

58 
59 

54 
67 

52 
62 

56 
67 
75 

48 
46 

48 
31 

57 
33 

45 
n. a. 

45 
34 

48 
38 

50 
31 

50 
24 

41 
56 

48 
39 

44 
67 
n. a. 

0.23 

0.33 

0.03 

0.003 

0.25 

0.24 

0.05 

0.10 

0.75 

0.96 

0.67 
a Analysis in which death with a functioning graft was censored at the date of death and not considered a graft failure 

Analysis in which death with a functioning graft was considered a graft failure 

demonstrated a significant difference in l-year graft sur- 
vival: 62 YO and 29 YO, respectively (noncensored, 
P = 0.003; Table 5) .  Four-year graft survival was 45 YO 
for the SPK group (noncensored). 

Blood group 0 recipients had a l-year graft survival 
of 83 YO versus 44 YO for non-0 recipients (noncensored; 
Fig.2). At 4 years, graft survival was 57 % and 33 YO for 
blood group 0 and non-0, respectively (noncensored). 

Six patients were above 50 years of age in our group. 
Four of these (67 YO) had a functioning graft 1 year 
post-transplantation. All other recipient factors (sex, to- 
tal anastomosis time, immunosuppressive regimen, and 
duct management) were found not to significant influ- 
ence the 1- and 4-year pancreas graft survival (Table 5).  

Some of the observations found in the univariate 
analysis were reconfirmed in the multivariate analysis. 

A significantly higher graft survival was seen in blood 
group 0 versus non-0 recipients (Table 6). In this se- 
ries, the univariate positive effect of SPK and HLA-A, 
-B and -DR on graft survival was also seen in the multi- 
variate analysis, although not significantly. To indicate 
the relative influence of the different potential risk fac- 
tors on graft survival, the risk ratios of the significant 
factors in the multivariate analysis ar shown in Table 6 
for both the censored and noncensored analyses. 

Discussion 

Using UW solution we observed on overall l-year pan- 
creas graft survival of 67%. Patients with SPK had a 
graft survival rate of 70 YO for the pancreas and of 80 YO 
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Table 6 Results of the multivariate analysis 

Factor Censored Noncensored 

Risk ratio P value Risk ratio P value 

Blood group match non-0 
No SPK 
2 HLA-A mismatches 
2 HLA-B mismatches 
2 HLA-DR mismatches 

2.93 
2.9 
2.11 
2.24 
2.11 

0.025 
0.057 
0.080 
0.071 
0.086 

2.72 
1.95 
1.47 
1.63 
1.91 

0.01 1 
0.206 
0.306 
0.170 
0.062 

for the kidney. In previous studies [8,11,22,28] in which 
preservation solutions other than UW solution were 
used, a 1-year graft survival of 46%-59% was re- 
ported. Using UW solution for preservation, 1-year 
graft survival rates up to 70 Yo have been reported; this 
is similar to our 1-year graft survival rate of 70% for 
SPK [21-271. The use of UW solution has, thus, very 
likely contributed to a considerable improvement in 1- 
year graft survival for the pancreas. 

The 4-year overall pancreas graft survival of 44% 
(noncensored) is comparable to other studies [7, 20, 
251. Multiorgan donation of liver, pancreas, and kidney 
had no detrimental effect on pancreas graft survival 
(Table 4), confirming earlier studies [2, 111. 

The impact of CIT has not yet been clarified. Some 
studies have demonstrated that CIT influences pancreas 
transplant survival [20, 22, 241, whereas other studies 
have not been able to confirm this finding [8,21,26-281. 
When a detrimental effect of CIT was demonstrated, it 
appeared to be more obvious when preservation fluids 
other than UW solution were used. It has been sug- 
gested that the difference can at least partially be ex- 
plained by “technical failures” resulting in early graft 
thrombosis. In our study, we did not observe a signifi- 
cant effect of prolonged CIT on pancreas graft survival. 

Graft thrombosis occurred in 8 % of the patients in 
this series. Recent data from the International Pancreas 
Transplantation Registry [21,26] demonstrated a signif- 
icantly lower incidence of “technical failures” after the 
introduction of UW solution than when other preserva- 
tion solutions were used. The incidence of graft throm- 
bosis of 8 %-lo % in the Registry report [26] and other 
studies [4, 7, 121 is comparable to that in our analysis. 
These data further corroborate the efficacy of UW solu- 
tion in reducing the number of failures. 

It has been suggested that matching for HLA-DR 
[18, 19, 24, 271 is beneficial for pancreas graft survival. 
However, more recent studies could not confirm the 
role of HLA-DR matching in graft survival [13, 211. 
Matching for HLA-A and -B in pancreas transplanta- 
tion has always been controversial. Some studies have 
demonstrated an effect of HLA-A and -B matching [lo, 
19, 271, whereas others did not [5, 22, 281. However, 
these studies, lacked uniformity in HLA typing, In our 
study, where HLA typing was standardized, we found 

that HLA-A, -B, and -DR matching in the censored 
group had a beneficial effect on 4-year graft survival. 
For the noncensored group, only HLA-DR matching 
was significant ( P  = 0.05). Until now, preoperative 
HLA matching was rarely carried out, hence the large 
number of recipients receiving a 2 HLA-A, -B, or -DR 
mismatched pancreas. This was mainly due to the lim- 
ited CIT and to the logistical problems associated with 
it. With the introduction of UW solution, the effect of 
CIT on graft survival and on the incidence of graft 
thrombosis appears to have decreased considerably. Ac- 
cording to our data and those of other series, the CIT 
can easily be extended to over 12 h, which facilitates 
the exchange of pancreas grafts. Since we observed a sig- 
nificant effect of HLA-DR matching, we suggest that 
preoperative matching and organ exchange be in- 
creased to further improve pancreas graft survival. 

The better outcome of SPK compared to that of PTA 
was similar to previous studies [19, 24, 26, 271, but the 
number of patients who had PTA in our study was 
small (n = 4). Although graft survival up to 60 YO has 
been reported after PTA [9], in the absence of a kidney 
graft, a good indicator of pancreas rejection is lacking, 
and this is apparently the main reason for the differ- 
ence in graft survival. Data from our study are too lim- 
ited to compare SPK and PTA but do give an indication 
that graft survival after PTA is probably lower than after 
SPK. 

With regard to the ABO blood group, there was a sig- 
nificant difference in graft survival between blood 
group 0 and non-0 recipients in favor of the former in 
the univariate as well as in the multivariate analysis. 
This phenomenon, for which we have no proper expla- 
nation, has also previously been shown in kidney trans- 
plantation [3,6,14]. Due to the small number of non-0 
recipients (n  = 6) in our analysis who received a blood 
group 0 pancreas, it is difficult to say whether this is a 
donor or recipient effect in pancreas transplantation 
(Table 3) .  Neither the data from this study nor the cur- 
rent knowledge from the field of transplantation biol- 
ogy can provide a satisfactory answer to this question. 

In a recent analysis [25, 261, recipient age younger 
than 45 years seemed to have a beneficial influence on 
pancreas graft survival. This finding could not, how- 
ever, be confirmed in the present study. 
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In conclusion, we feel that UW solution has contrib- 
uted to the improvement in pancreas graft survival af- 
ter transplantation, probably due to a reduced inci- 
dence of graft thrombosis. Since HLA matching ap- 
Dears to have a sienificant influence on DancreaS (and 

beneficial effect on pancreas graft survival, although 
further study is necessary to determine whether this is a 
donor or recipient effect. 
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