
Diabetologia (1984) 27:149-153 Diabetologia 
�9 Springer-Verlag 1984 

Recent experience with 89 pancreas transplants at a single institution 
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Summary. Of  89 pancreas transplants performed in 77 diabetic 
patients (43 with and 34 without previous kidney transplants), 
53 were from cadaver and 36 from related donors. To date, 
64patients (83%) are alive and 27 (35%) have functioning 
grafts (14> 1 year), including 0 out of  3 duct-ligated, 3 out of  
15open-duct, 17 out of  32enteric-drained, and 7 out of 
39 duct-injected. Of technically successful allografts, 8 out of  
16 (50%) in the azathioprine- and 17 out of  47 (36%) in the 
cyclosporin-treated recipients are functioning (eight cyclo- 
sporin patients also take azathioprine). Seven of the nine 
(78%) non-kidney-transplant recipients of  technically success- 
ful pancreas allografts from HLA-identical siblings have func- 
tioning grafts. Causes of  graft failure include allograft rejec- 
tion, fibrosis secondary to duct injection, or selective fl-cell 
destruction independent of  rejection. Of  the 24 recipients who 
are currently insulin-independent, 14 have normal or near- 
normal glucose tolerance test results, while 10 have abnormal 
results, even though they are otherwise euglycaemic. The pat- 
ient population to whom pancreas transplantation is applied 
is gradually changing, and non-uraemic, non-kidney-trans- 

plant patients currently comprise the majority of  our cases 
(17 out of  24 in 1983; nine of the 17 currently have functioning 
grafts). We now prefer the enteric drainage technique. Except 
for recipients of related grafts from a previous kidney donor, 
in which case it is necessary only to continue the current im- 
munosuppressive regimen, we now administer cyclosporin 
and prednisone for immunosuppression in recipients of  HLA- 
identical sibling grafts, and cyclosporin, azathioprine and 
prednisone (triple therapy) for recipients of HLA-mismatched 
grafts. The most interesting features in this series of  cases are 
the variable patterns of  glucose metabolism post-transplant, 
the finding that processes other than graft rejection, may lead 
to loss of  fl-cell function, preliminary observations on changes 
in morphology of kidneys following restoration of normogly- 
caemia, and the evolution of an immunosuppressive regimen 
that appears to prevent allograft rejection in non-uraemic, 
non-kidney-transplant patients. 

Key words: Pancreas transplant, cyclosporin, azathioprine, 
HLA-identical siblings, glucose metabolism. 

T h e  first clinical p a n c r e a s  t r ansp lan t  was  p e r f o r m e d  at 
the  Univers i ty  o f  M i n n e s o t a  in 1966 [1]. By 1973, Lille- 
hei et al. h a d  p l a c e d  p a n c r e a s  grafts  in 14 d iabe t ic  pa t -  
ients [2]. Be tween  1974 and  1981, 20 islet t r ansp lan t s  
were  p e r f o r m e d  in 15 d iabe t ic  pa t ien ts  bu t  no  rec ip ien t  
b e c a m e  in su l i n - i ndependen t  [3, 4]. In  Ju ly  1978, a n e w  
clinical trial o f  p a n c r e a s  t r ansp l an t a t i on  was  b e g u n  [5] 
wi th  89 p a n c r e a s  t r ansp lan t s  p e r f o r m e d  in 77 d iabe t ic  
pa t ien ts  by  M a r c h  1984. S o m e  technica l ly  successful  
graf ts  have  fa i led for  r easons  o the r  t han  re jec t ion  [6] 
and the  or iginal  d isease  m a y  recur  in the  t r a n s p l a n t e d  
pancreas .  The  o u t c o m e  in the cases since 1978 is sum-  
mar ized .  

Subjects  and methods  

Subjects 
The 89 pancreas transplants were performed in 77 patients with insu- 
lin-dependent diabetes between 25 July 1978 and 7 March 1983. Fifty- 
three of the pancreases were from cadaver donors (32 segmental, 

21 whole-organ grafts), and 36 (all segmental) from related donors 
(5 parents, 17 HLA identical and 7 non-identical siblings, 6 identical 
twins, I cousin). All patients (aged 21-52 years, duration of diabetes 
12-34 years) had some evidence of diabetic retinopathy, nephropathy 
and neuropathy; 96% of the 71 who were HLA-DR-typed were posi- 
tive for DR3, DR4 or both. 

All of the grafts from related and 25 of the grafts from cadaver 
donors were of standard segmental (tail) type; five cadaveric grafts 
were extended segmental (tail and part of head) [7]; two cadaveric 
grafts included the head and part of the body; and 21 cadaveric grafts 
were whole pancreas as previously described [6, 7]. Pancreatic ducts 
were left open to drain into the peritoneal cavity in 15 cases; 39 ducts 
were injected (4 with prolamine, 35 with silicone rubber); three ducts 
were ligated; and 32 ducts were drained into the intestine (pancreat- 
ico-jejunostomy). The pancreas grafts from related donors were trans- 
planted immediately, as were 26 grafts from cadaver donors, while 27 
were stored at 4 ~ for 1 26 h before transplantation [8, 9]. The first 
14 recipents of pancreas allografts (June 1978 to August 1980) were 
immunosuppressed with azathioprine, anti-thymocyte globulin and 
prednisone. From October 1980 to March 1984, azathioprine was 
used for 17 and cyclosporin for 44 allograft recipients, with predni- 
sone; and eight recent patients received 'triple therapy' with azathio- 
prine, cyclosporin and prednisone. Five of six recipients of grafts 
from identical twins received no prophylactic immunosuppression, 
and one received azathioprine alone. 
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Table t .  Outcome after pancreas transplantation at University of Minnesota according to technique, donor source, immunosuppression and reci- 
pient renal status 

Technique Duct Duct Pancreatico- Duct Total 
ligated open jejunostomy injection 

No. of transplants (related/cadaver) 
Cyclosporin/azathioprine 
Previous renal transplants (yes/no) 
No. of technical failures (%) 
Rejection or loss of function (%) 
No. of grafts currently functioning (%) 

Cyclosporin (No.) b 
Related (months functioning) 

Cadavers (months functioning) 

Azathioprine (No.) 
Related (months functioning) 

Cadaver (months functioning) 

3 (0/3) 15 (5/10) 32 (26/6) 39 (5/34) 89 (36/53) 
0/3 1/14 21/9 30/8 52/34 a 
3/0 13/2 10/23 26/12 52/37 
3 (100%0) 8 (53%) 8 (25%) 3 (9%0) 22 (25%) 
0 (0%) 4 (27%) 5 (16%) 27 (71%) 36 (40%0) 
0 (0%) 3 (20%) 17 (53%) 7 (18%) 27 (30%) 

17 (31%) 
9, 8, 11, 16, 6 

20, 26, 31 
2, 2, 3, 7, 7 10, 18, 26, 39 

57 1,8a, 11a, 19, 16,39 
29 

52, 68 

10 (31%) 

" In recipients of pancreas isografls from identical twins, one (now functioning 8 months) was started on azathioprine after insulitis occurred, and 
the other (5 months) received azathioprine from the time of transplantation. One other identical twin received anti-lymphocyte globulin and cy- 
closporin after insulifis occurred, but became insulin-dependent in spite of the treatment. The other three recipients of isografts (currently not 
functioning) from identical twin donors were not immunosuppressed (2 technical failures, I recurrence of hyperglycaemia with insulitis at 
6 weeks), b Includes eight patients treated with combination of cyclosporin and azathiopfine 

Results 

Of the 77 patients transplanted since 1978, 64 (83%) are 
currently alive (March, 1984) and 24 (32%) insulin-inde- 
pendent at month 1, 2, 2, 3, 4, 7, 7, 8, 8, 10, 11, 11, 13, 16, 
16, 18, 20, 26, 29, 39, 39, 52, and 68 after transplantation. 
Three other patients have functioning grafts (serum and 
urinary C-peptide above baseline; non-ketosis-prone) 
at month 6, 31 and 57 after transplantation, but take ex- 
ogenous insulin intermittently for post-prandial hyper- 
glycaemia. The one-year actuarial graft survival rate is 
27%, 40% from related and 20% from cadaver donors. 
The one-year actuarial patient survival rate is 85%. 

The grafts that ceased to function did so for a variety 
of reasons, including rejection, recurrent r-cell destruc- 
tion, possibly fibrosis in some of the duct-injected cases, 
and technical reasons (Table 1). Thirteen patients died 
(five with functioning grafts), six from infections, four 
from cardiovascular disease, one from hyperkalaemia, 
one from an anaphylactic reaction to anti-lymphocyte 
globulin, and one for unknown reasons (sudden death 
at home). 

Of the 63 technically successful pancreas allografts, 
8 out of 16 (53%) in the azathioprine-treated and 17 out 
of 47 (36%) in the cyclosporin-treated recipients are 
functioning [10]. In patients who had not previously re- 
ceived a kidney from the related donor, 7 out of 9 (78%) 
technically successful grafts from HLA-identical sib- 
lings are functioning (the two failures include: recur- 
rence of disease without rejection [6] and one rejection 
following conversion to azathioprine because of cyclo- 
sporin nephrotoxicity). Of five allograft recipients of 
pancreases without kidney transplantation from HLA 
non-identical related donors, one treated with azathio- 
prine and three treated with cyclosporin rejected the 

grafts, while one treated with cyclosporin plus azathio- 
prine (triple therapy) has a functioning graft. Grafts 
from cadaver donors are functioning in 2 out of 9 (22%) 
azathioprine-treated and 9 out of 34 (26%) cyclosporin- 
treated recipients. 

Of the 27 patients with pancreas grafts that are cur- 
rently functioning, 24 are insulin-independent. Of these, 
14 have normal or nearly-normal glucose tolerance [for 
method, 11]. The others have glucose tolerance test re- 
sults that could be classified as either impaired or dia- 
betic. Examples of the ranges of glycaemic excursions 
between different patients are given in Figure 1. The 
majority of recipients are euglycaemic and have normal 
glucose tolerance, as exemplified by the patient 
(Fig. ! A, 1 year after receiving pancreas graft from sis- 
ter, duct drainage into Roux-en-y pancreatic jejunosto- 
my). 

The follow-up time is too short to make definitive 
statements as to the effect of pancreas transplantation 
on secondary complications. Serial biopsies of a prior 
renal transplant in the patient with the longest function- 
ing pancreatic graft ( > 5 years) have shown a decrease 
in glomerular mesangium compared with that present 
before pancreatic transplant (observations by S.M. 
Mauer). 

Open biopsy of the pancreas graft is necessary to 
distinguish rejection from other causes of hypergly- 
caemia in pancreas transplant recipients. The grafts are 
placed in the peritoneal cavity, so biopsy requires a la- 
parotomy, but we have had no morbidity or complica- 
tions from the procedure. A wedge of tissue, or a core 
obtained by a needle inserted into the pancreas under 
direct vision, or both, are examined histologically. The 
presence of vasculitis is the only certain criterion for re- 
jection [12]. The presence of insulitis does not necessafi- 
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Fig. 1. Results of glucose tolerance tests and 24-h 
metabolic profiles in the absence of exogenous insulin 
in six recipients of segmental pancreas transplants, 
illustrating the variability in response of individual 
patients. Patient (A), 24 months post-transplant, has 
both normal glucose tolerance test results and a normal 
metabolic profile during a day of standard meals and 
activity. Patient (B), 36 months post-transplant, is 
normal except for a hypoglycaemic trend at the end 
of the glucose tolerance test. Patient (C), 6 months 
post-transplant, has an abnormal (hyperglycaemic) 
glucose tolerance test result, but is euglycaemic 
through a day of normal meals and activity. Patient 
(D), 24 months post-transplant, has an abnormal 
glucose tolerance test (both hyperglycaemia and 
hypoglycaemia), but has a normal metabolic profile. 
Patient (E), 36 months post-transplant, has a very 
abnormal glucose tolerance test in addition to fasting 
and post-prandial hyperglycaemia during a profile. 
Patient (F), 12 months post-transplant, has a normal 
glucose tolerance test result, but an abnormal 
metabolic profile with post-prandial hyperglycaemia 
even though fasting plasma glucose levels are normal 

ly indicate rejection, since we have seen this feature ap- 
proximately 6-8 weeks after transplant in three reci- 
pients of pancreas isografts from non-diabetic identical 
twin donors, aL finding which probably represents an 
autoimmune re-enactment of the process that originally 
destroyed the /3-cells in the native pancreas. Insulitis 
was associated with recurrence of hyperglycaemia. In 
one isograft recipient, an insulin-independent state was 
re-established after treatment with anti-lymphocyte 
globulin. The insulitis probably resolves after complete 
selective destruction of/3-cells, an interpretation we cur- 
rently favour as the explanation for the histological ap- 
pearance in a case of recurrence of disease in a pancreas 
allograft recipient previously described [6]. 

The living related donors for segmental (hemipan- 
creas) transplants underwent several tests of pancreatic 
function pre- and post-operatively [13]. Of 36 donors, 
four had abnormal glucose tolerance tests after dona- 
tion. The other's have had normal fasting and 2-h post- 
prandial plasma glucose levels and normal glucose tol- 
erance test results, although sometimes different from 
those obtained pre-operatively [13]. Exocrine function 
has also remained normal after donation. Operative 
complications following hemipancreatectomy have oc- 
curred in three donors (8%) of whom two required re- 
operation (one to remove an infarcted spleen, the only 
splenectomy in the series; and one to religate the pan- 

creatic duct at the site of transections); the other patient 
developed a pseudocyst that disappeared and did not 
recur following percutaneous aspiration. 

D i s c u s s i o n  

We have applied pancreas transplantation since 1978 as 
a therapeutic procedure in patients with diabetes mel- 
litus [5]. The current surgical techniques, methods of 
immunosuppression, and criteria for patient selection 
are different from those employed in the earlier series 
(1966-1973) of Lillehei et al. [1] and represent an evo- 
lution in our approaches to pancreas transplantation 
based on our own experience during the past 5 years [6]. 

Initially, we performed pancreas transplants in pat- 
ients who had previously received kidney transplants 
[5]. In 1980 we began to accept for pancreas transplanta- 
tion non-uraemic, non-renal transplant patients, whose 
complications of diabetes were more severe than the 
potential side effects of immunosuppression. Of 32 pat- 
ients in this category, 13 (41%) currently have function- 
ing grafts. Such patients now constitute the majority of 
our pancreas transplant recipients (17 of 24 in 1983; 9 of 
the 17 (53%) currently have functioning grafts). All of 
the patients have had some evidence of diabetic ne- 
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phropathy, either functionally and morphologically, or 
morphologically alone on kidney biopsy. 

In 1979, we began to accept living related donors for 
transplantation, and 36 (40%) of our transplants have 
been from this source. Grafts from related donors ap- 
pear to be less likely to be rejected. In our total experi- 
ence, 16 out of 36 (44%) of grafts from related and 11 
out of 53 (21%) of grafts from cadaver donors are cur- 
rently functioning (of transplants done in 1983, 4 out of 
14 (29%) from cadaver and 7 out of 10 (70%) from relat- 
ed donors are functioning). The surgical complication 
rate in related pancreas donors has been lower than in 
our related kidney donors. However, four pancreas 
donors (11%) have had abnormal changes in glucose 
tolerance. Thus, we need to develop tests to predict the 
potential changes that will follow hemipancreatectomy. 
The best results are in the situation where the recipient 
has previously received a kidney graft from the same 
donor (10 cases); 5 out of 6 technically successful grafts 
(83%) in this category are functioning. In the recipients 
of related grafts who have not had previous kidney 
transplants (24 cases), 10 out of 17 technically success- 
ful grafts are functioning (59%), including 7 out of 9 
(78%) allografts from HLA-identical sibling and 2 out 
of 3 (67%) isografts from identical twin donors. 

We have used a variety of techniques for pancreas 
transplantation. The open duct method (15 cases) has 
been associated with three long-term functioning grafts 
(4.4 to 5.6 years), but four (26%) of the recipients devel- 
oped severe ascites and we thus no longer use this tech- 
nique. Three duct-ligated grafts failed, but none of the 
failures (1 due to bleeding, 1 to chemical peritonitis and 
1 to inadequate preservation) could be related to the 
method. The duct injection technique, adopted in 1980, 
has been used in 39 cases, primarily for recipients of ca- 
daver pancreas transplants; the increased propensity to 
rejection of cadaver grafts may be responsible for the 
low success rate of this technique in relation to the out- 
come of pancreas grafts anastomosed to a Roux-en-Y 
limb of recipient jejunum. The pancreaticoenterostomy 
technique, introduced in 1981, primarily has been used 
in recipients of grafts from related donors (12 out of 
26 functioning, 46%), but recently we have used this 
method in recipients of grafts from cadaver donors as 
well (6 cases, 5 currently functioning, 83%). We place a 
catheter in the pancreatic duct, but leave it within the 
bowel and we do not bring it externally, in contrast to 
the practice of other groups [14, 15]. Two anastomotic 
leaks have occurred (the second and sixth cases of en- 
teric drainage); the other six technical failures were 
from vascular thrombosis. Our current approach is to 
perform a Roux-en-Y graft pancreaticojejunostomy in 
all recipients. The whole pancreas technique (without 
the duodenum) cannot be used for transplantation from 
related donors [7] but has been used for 21 pancreas 
transplants from cadaver donors (15 with silicone rub- 
ber injection, 1 open duct and 5 with anastomosis of the 
papilla of Vater to a Roux-en-Y limb of recipient jeju- 
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num), of which 6 (29%) are functioning (compared with 
5 out of 32 segmental cadaver grafts, 16%). The putative 
advantages of the whole pancreas technique include a 
lesser propensity to vascular thrombosis and a larger 
number of islets, resulting in a greater reserve (com- 
pared with segmental grafts) for residual function 
should fibrosis or rejection episodes reduce the r-cell 
mass. 

With regard to immunosuppression and pancreas 
graft survival rates (for technically successful grafts), 
50% of azathioprine- and 32% of cyclosporin-treated 
recipients have functioning grafts, but six of the aza- 
thioprine-treated patients were recipients of pancreas 
grafts from the same related donor as had provided a 
previous kidney graft, and it was then only necessary to 
continue whatever immunosuppressive regimen had 
been sufficient to prevent rejection of the kidney. Good 
graft survival rates are also associated with transplanta- 
tion of hemi-pancreases from HLA-identical siblings to 
cyclosporin-treated recipients. The survival rates of 
technically successful grafts from cadaver donors is low 
in both cyclosporin- (9 out of 34, 26% currently func- 
tioning) and azathioprine-treated recipients (3 out of 10, 
30% currently functioning) and it is only recently that 
pancreas graft function has been successful for more 
than a few months in non-uraemic, non-kidney-trans- 
plant recipients of cadaver grafts. Our current protocol 
for such patients is: (1) to administer blood transfusion 
before transplant while on immunosuppression; (2) to 
perform splenectomy; (3) to administer cyclosporin-an- 
ti-lymphocyte globulin-prednisone for post-transplant 
immunosuppression and to add azathioprine after the 
anti-lymphocyte globulin course; (4) to biopsy the graft 
if plasma glucose levels increase over baseline; and (5) 
to administer another course of anti-lymphocyte globu- 
lin if a biopsy shows features consistent with rejection. 

The most interesting findings in our pancreas trans- 
plant recipients are: (1) the extreme variations in plas- 
ma glucose levels and results of glucose tolerance tests 
in the patients with functioning grafts [13]; and (2) the 
finding on graft biopsies that processes other than allo- 
graft rejection or graft fibrosis may lead to islet dysfunc- 
tion or loss of islet function and recurrence of diabetes 
[6]. With regard to the first observation, patients with 
Type 1 diabetes may be insulin-independent after pan- 
creas transplantation, but metabolic abnormalities may 
persist, possibly because Type 2 (non-insulin-depen- 
dent) diabetes may also have been present and simply 
masked pre-transplant because of co-existing Type 1 
diabetes. 

With regard to the biopsy findings in recurrent dia- 
betes, two patients (both insulin-independent) with im- 
paired glucose tolerance tests post-transplant had in- 
creased numbers of somatostatin-positive cells within 
the graft islets of Langerhans. Finally, three out of four 
recipients of grafts from identical twin donors develop- 
ed insulitis, a process that was abated in one with anti- 
lymphocyte globulin treatment. The latter findings are 
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consistent with an autoimmune aetiology of diabetes, at 
least in these particular cases, and will be reported in 
detail elsewhere. 

Recurrence of disease obviously is not inevitable in 
pancreas transplant recipients, since 14 of our recipients 
currently have grafts functioning for more than one 
year, the longest over 5 years. The objective of pancreas 
transplantation, to prevent or halt the progression of 
secondary complications in selected diabetic patients, 
should therefore be feasible. 
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