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Abstract. A detailed survey of the microsurgical tech-
niques of vascularized pancreas transplantation in
streptozotocin-diabetic rats is presented, based on the
experience of 1450 transplants. Various techniques
were employed to manage exocrine graft secretion.
These included enteric, urinary, and free intraperito-
neal drainage, as well as duct ligation and obstruc-
tion. In addition to general complications, such as an-
esthetic deaths, afterbleeding, and infection, a
number of specific surgical complications, including
graft pancreatitis, acute venous thrombosis, and hy-
poglycemia, occurred. The overall success rate of
pancreas transplantation was 83.9%. Incidence,
causes, and possible prophylaxis of early and late
postoperative complications are discussed in detail.
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A model for vascularized pancreas transplantation
in diabetic rats was first introduced by Lee et al. in
1972 [2, 3] and has since been modified by a number
of research laboratories [1, 6). Using inbred strains of
rats, it is possible to perform isogenic pancreas trans-
plantation without interference from rejection or the
need for immunosuppression. In particular, the ef-
fects of different surgical techniques on the manage-
ment of exocrine graft function, the significance of
portal venous drainage, and the results of preserva-
tion can all be studied. The availability of congenic
and intra-MHC recombinant rat strains permits an
immunogenetic analysis of the effects of various
major histocompatibility complex (MHC) and non-
MHC antigens. Furthermore, the alloimmune reac-
tions against vascularized pancreas transplants can
be modified by specific or nonspecific immunosup-
pression. We think that the importance of this animal
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model justifies an intensive discussion of the micro-
surgical techniques and problems. In order to be
able to properly evaluate the experimental data, it is
essential to pay close attention to the technical de-
tails of pancreas transplantation in the rat. There-
fore, based on our experience with 1450 pancreas
transplants, we describe in detail here the microsur-
gical techniques, results, and complications of vascu-
larized pancreas whole organ transplantation in
streptozotocin-diabetic rats.

Materials and methods

Animals

Only male rats, about 3 months of age and weighing 180-300 g
were used in the pancreas transplantation experiments. They were
bred under specific, pathogen-free conditions. Three animals per
cage were kept under standard conditions in fully climatized
rooms with constant day-night rhythm and free access to water
and a standard laboratory diet.

Anesthesia

Intramuscular fentanyl-fluanisone anesthesia (Hypnorm, Janssen,
Neuss, FRG), in a dose of 1 ml/kg body weight (equivalent to
0.2 mg/kg fentanyl and 10 mg/kg fluanisone), was used for the
donor operations, transplant removals, and intravenous glucose
tolerance tests. The recipient operations were performed under
ketamine anesthesia (Ketavet, Parke-Davis, Freiburg, FRG), ad-
ministered intraperitoneally in repeated doses of 80-120 mg/kg
body weight. For intravenous injection of streptozotocin, the ani-
mals were anesthetized with ether.

Microsurgical laboratory

All experiments were performed under clean, but not sterile, con-
ditions. The microvascular anastomoses were performed using an
operating microscope with a 7-12-fold magnification. For the
donor operations, only 6-0silk was used for ligatures. Vascular
anastomoses were performed with 8-0 Ethilon (Ethicon) and en-
teric anastomoses with 6-0 Vicryl (Ethicon); the abdomen was
closed with 3-0 Dexon (Braun). A microcoagulator was used for
bipolar electrocoagulation.
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Fig.3. Transection of the superior mesenteric artery and vein.
DC, Descending colon; K, kidney; L, liver; mca, middle colic ar-
tery; pv, portal vein; sma, superior mesenteric artery; smv, supe-
rior mesenteric vein; sv, splenic vein; u, ureter

Fig.1. Preparation of the liver hilus and the common bile duct.
D Duodenum; K, kidney; L, liver; P, pancreas; cbd, common bile
duct; cv, caval vein; pha, proper hepatic artery; pv, portal vein;
u, ureter

Fig.2. Preparation of the head of the pancreas. D, Duodenum;
J, jejunum; L, liver; P, pancreas; SP, spleen; ST, stomach;
TC, transverse colon; ipa, inferior pancreaticoduodenal artery;
{ga, left gastric artery; mpa, middle pancreaticoduodenal artery;
pv, portal vein; sgv, short gastric vessels; sma, superior mesenteric
artery; spa, superior pancreaticoduodenal artery

Induction of diabetes mellitus

Chemical diabetes mellitus was induced by intravenous injection
of streptozotocin (Sigma) in a dose of 55 mg/kg body weight,
freshly dissolved in phosphate-buffered solution (PBS) and ad-
justed to a pH of 4.5 by citric acid. Prior to injection of streptozo-
tocin, the animals were fasted for 6 h. Diabetes mellitus was con-
firmed by at least two nonfasting blood glucose measurements
above 18 mmol/|, polydipsia and polyuria. The interval between
induction of diabetes and transplantation was at least 7 days.

Donor pancreatectomy

Preparation of the liver hilus and the common bile duct. Following a
midline incision extending from the xyphoid process to the sym-
physis, donor pancreatectomy commences with exposure of the
liver hilus. A mosquito clamp is applied to the duodenum just op-
posite the papilla of Vater. Because of its intraperitoneal position
in the rat, the duodenum can easily be pulled to the left caudally.
This exposes the common bile duct, which extends straight from
the liver hilus to the papilla of Vater. There is no gallbladder in the
rat, and all pancreatic ducts drain into the common bile duct. No
accessory pancreatic ducts draining separately into the duodenum
have been observed. Both proper hepatic artery and common bile
duct are ligated and transected distal to the ligature. Proper expo-
sure of the portal vein facilitates the subsequent anastomosis in the
recipient (Fig.1).
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Exposure of the pancreatic body and tail. Since the greater omen-
tum in the rat is not affixed to the transverse colon, the body and
tail of the pancreas can be exposed by pulling the stomach and
greater omentum cranially. The major omentum is transected
from the pancreatic body and tail in the avascular portion. Small
vessels extending from the gastroepiploic vessels to the lower pole
of the spleen are separately ligated and cut. Afterwards, avascular
attachments that affix the transverse colon to the head and body of
the pancreas are severed. This maneuver exposes the superior
mesenteric vein from its first jejunal arcades to its confluence with
the splenic vein.

Preparation of the head of the pancreas. The entire duodenal loop
is exposed by applying two mosquito clamps at the junction of
the descending part with the superior and inferior duodenum, re-
spectively (Fig.2). The common hepatic artery and its division
into the proper hepatic artery, which has already been ligated,
and the gastroduodenal artery can be seen. The gastroduodenal
artery thereafter divides into the superior pancreaticoduodenal
and right gastroepiploic arteries. The gastroepiploic artery is
transected between two ligatures immediately adjacent to the
pylorus. The pancreaticoduodenal arcade is comprised of the
superior, middle, and inferior pancreaticoduodenal vessels.
Middle and inferior pancreaticoduodenal arteries rise either sep-
arately or together from the superior mesenteric artery. The head
of the pancreas is carefully dissected by ligating all communicat-
ing vessels between the pancreaticoduodenal arcade and the
duodenum.

Transection of the superior mesenteric artery and vein. Distal to the
offspring of their inferior pancreaticoduodenal branches, the su-
perior mesenteric artery and vein are transected (Fig.3). The trans-
verse colon is retracted cranially to the left and the first jejunal
loop caudally to the left. The avascular mesentry of the ascending
duodenum is severed. The superior mesenteric artery and vein are
carefully exposed from surrounding fat, lymph nodes, and soft
tissue and are then transected. The devascularized small bowel is
placed extra-abdominally in a right caudal position. The trans-
verse colon is pulled caudally, exposing the middle colic artery
and vein. These vessels are ligated and transected distal to the liga-
ture.

Fig.4. Preparation of the pancreatic tail. X, Kid-
ney: L, liver; P, pancreas; SP, spleen; ST, stom-
ach; g, aorta; ca, coeliac axis; cv, caval vein;

pv, portal vein; sa, splenic artery; u, ureter

Preparation of the pancreatic tail. The tail of the pancreas is ex-
posed by means of two clamps that pull the spleen towards the left
side (Fig.4). The intrapancreatic course of the splenic artery and
vein and their division into multiple branches in the splenic hilus
can be envisaged. The short gastric vessels are ligated and tran-
sected. Following sharp dissection of the splenophrenic and
splenogastric ligaments, the splenic vessels are ligated at the
splenic hilus distally enough to fully preserve the tail of the pan-
creas. This exposes the left gastric artery, which is transected at the
superior margin of the pancreatic body.

Dissection of the aorta. Finally, the segment of the aorta where the
coeliac axis and the superior mesenteric artery originate is isolated
(Fig.5). The pancreas is carefully shifted to the right side and the
abdominal aorta is exposed from the diaphragm to the right renal
artery. Branches from the aorta to the left suprarenal gland and
the spinal cord are severed by electrocoagulation. The abdominal
portion of the thoracic duct is also transected after electrocoagula-
tion. The pancreas is then shifted to the left in order to expose the
right renal artery, which has its origin just above the superior
mesenteric artery. Immediately distal to its origin, the right renal
artery is ligated and transected. The isolation of the aortic segment
is completed by ligation or electrocoagulation of its spinal bran-
ches.

In situ hypothermic perfusion of the donor pancreas. The isolated
pancreas is perfused in situ with 3 ml cold (4°C) heparinized
(50 TU/ml) physiological saline. The aorta is clamped between the
superior mesenteric artery and left renal artery using a microvas-
cular clamp that does not interfere with the pancreatic blood sup-
ply. The distal aorta is crossclamped and cannulated. The clamp
below the mesenteric artery is removed, and the aorta is cross-
clamped well above the coeliac axis. Perfusion of the pancreas is
immediately commenced, keeping the warm ischemia time to a
minimum of only a few seconds. Following adequate perfusion,
blood is washed out of all parts of the pancreas and the color of
the pancreas characteristically changes from pink to whitish. The
portal vein is clamped with a microvascular clamp. The aorta is li-
gated and transected distal to the superior mesenteric artery. The
proximal aorta is transected 3 mm above the coeliac axis, and the
pancreas is removed and stored in cold saline.



Fig.5. Dissection of the aorta. AG, Adrenal gland; K, kidney;
L, liver; P, pancreas; a, aorta; ca, coeliac axis; cv, caval vein;
Ira, left renal artery; pv, portal vein; rra, right renal artery; sma, su-
perior mesenteric artery; v, testicular vessels; u, ureter

Management of the exocrine pancreatic secretion

Enteric drainage

Pancreaticoduodenal transplantation. In the donor, the oral end of
the duodenum is ligated and transected just distal to the pylorus.
The aboral end of the duodenum is transected at the duodeno-
jejunal junction and anastomosed end-to-side to the second
jejunal loop in the recipient using full thickness, single knot stit-
ches.

Duodenal patch. An elliptoid duodenal patch of about 4 x3 mm,
adjacent to the papilla of Vater, is isolated in the donor. It is essen-
tial to preserve an adequate blood supply in the patch. The patch
is then anastomosed end-to-side to the second jejunal loop in the
recipient.

Urinary drainage

Pancreaticoureterostomy. After exposure of the donor's common
bile duct at its entrance into the duodenum, a 22-gauge plastic
cannula is inserted via a transverse incision over a distance of not
more than 3 mm and secured by a circumferential ligature. In the
recipient, the left ureter is crossclamped distally at the very begin-
ning of the operation. After completion of the vascular anasto-
moses, the stent in the distal common bile duct is inserted into the
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Pancreaticoureterostomy. DC, Descending colon;

Fig.6.
PR, prostate; SG, seminal gland; TX, pancreas transplant;
UB, urinary bladder; a, aorta; cv, caval vein; eiv, external iliac ves-
sels; tv, testicular vessels; u, ureter; vd, vas deferens

congested right ureter via a transverse incision (Fig. 6) and secured
with a circumferential ligature. Just above the anastomosis, the
proximal ureter and right kidney are excised after ligature of the
right renal artery and vein. The right suprarenal and testicular ves-
sels and the right suprarenal gland are preserved.

Pancreaticocystostomy. The distal common bile duct is intubated
in the same manner as described above. In the recipient, a small
round incision is made at the top of the urinary bladder. The stent
is inserted into the urinary bladder. The urinary bladder is closed
by a full thickness ligature around the stent with 6-0silk. In order
to facilitate the stent anastomosis without undue tension, the vas-
cular anastomoses of the pancreas are placed as distally as
possible, Using the same technique, the venous anastomosis is
placed below the arterial anastomosis.

Free intraperitoneal drainage

Open ducts. In the donor, the common bile duct is transected both
at the liver hilus and just proximal to its entrance into the duode-
num. In the recipient, the common bile duct of the transplant is
left untouched, allowing free intraperitoneal drainage into the re-
cipient’s peritoneal cavity.

Longitudinal incision of the common bile duct. In the donor, the com-
mon bile duct is exposed from the liver hilus to its entrance into the
duodenum. Using a fine scissors, a longitudinal incision is made



Fig.7. Recipient operation with systemic venous drainage.
TX, Pancreas transplant; a, aorta; cv, caval vein: pv, portal vein

along the entire common bile duct. Bleeding from intrapancreatic
vessels that cross the common bile duct is controlled by electro-
coagulation. In the recipient, the common bile duct of the trans-
plant is left untouched to drain freely into the peritoneal cavity.

Duct occlusion and obstruction

Duct ligation. In the donor, the common bile duct is ligated both at
the liver hilus and at its entrance into the duodenum.

Duct obstruction with polymers. Following ligation of the proximal
end and cannulation of the distal end of the common bile duct, syn-
thetic polymers like latex and prolamine are injected retrogradally.
The pressure is adjusted manually to allow filling of all major in-
trapancreatic ducts without major ducts bursting. After withdrawal
of the cannula, the distal end of the common bile duct is ligated.

Recipient operation

Systemic venous drainage. Following a midline incision extending
from the xyphoid process to the symphysis, the small bowel is
covered with wet gauze and carefully pushed aside to the right cra-
nial position avoiding any twisting or kinking. The right and left
artery and vein circumflexa ilei are severed by electrocoagulation.
Both vena cava and aorta are dissected of soft tissue, fat, and
lymph vessels over a distance of 10 mm. Posterior spinal branches
of the vena cava and of the aorta are cauterized. Both vessels are
crossclamped with two microvascular clamps. A longitudinal inci-
sion of the vena cava is made corresponding to the size of the
donor portal vein. An end-to-side anastomosis of the portal vein to
the recipient’s vena cava is performed using two stay sutures. The

Fig.8. Recipient operation with portal venous drainage.
D, Duodenum; J, jejunum; L, liver; P, pancreas; TX, pancreas
transplant; a, aorta; cv, caval vein; pv, portal vein

vessels are sewn from outside using continuous, running 8-0 Ethi-
lone sutures with 6-8 stitches on each side. In a similar manner, an
end-to-side anastomosis of the proximal end of the donor aortic
segment to the recipient’s aorta is performed above the venous an-
astomosis (Fig. 7). Fixation of the pancreas to avoid twisting of the
graft is not necessary. Finally, the small bowel is carefully placed
within the abdominal cavity. The abdominal wall is closed in two
layers using running 3-0 Dexon sutures.

Portal venous drainage. In the donor, special emphasis is placed
on harvesting the pancreas with maximal length of both the portal
vein and the aortic segment. The proximal aorta is therefore ex-
posed as far up to the diaphragm as possible. An end-to-side anas-
tomosis of the donor aortic segment with the recipient aorta is
placed immediately below the origin of the left renal artery. The
recipient portal vein is exposed and crossclamped at the liver
hilus. A longitudinal incision is made at the caudal circumference
of the portal vein. Thereafter, an end-to-side portoportal anasto-
mosis is performed with continuous, running 8-0 Ethilon sutures.
The posterior wall of the anastomosis is sewn from inside (Fig. 8).
Finally, the proximal and distal clamps on the portal vein and the
distal and proximal clamps on the aorta are removed in that order.

Postoperative follow-up

Postoperatively, graft recipients had free access to food and water.
No perioperative antibiotic treatment was used. Recipients were
left either untreated or received immunosuppression consisting of
cyclosporin A (Sandoz, Basle, Switzerland). The usual dose
regimen was 15 mg/kg cyclosporin A, administered intramuscu-
larly, from day 0 to day 13 after transplantation. The endocrine
graft function was monitored by frequent determinations of non-

.



fasting and fasting blood glucose levels and intravenous glucose
tolerance tests. Quantitative determinations of food and water
consumption, as well as of urine and feces production, were per-
formed using standard metabolic cages. Pancreas graft recipients
were checked at frequent intervals for physical appearance and
body weight. At the end of the observation period, all recipients of
pancreas isografts underwent surgical graft removal and were
checked for prompt recurrence of diabetes mellitus. After al-
logenic transplantation, rejection was defined by recurrence of
hyperglycemia above 14 mmol/l on at least 2 consecutive days.
All pancreas transplants were examined histologically using con-
ventional paraffin, semithin, and immunobhistological techniques.

Results

A total of 1450 vascularized pancreas transplants in
streptozotocin-diabetic rats were performed between
November 1979 and August 1988. The overall
survival rate was 83.9%. Complications resulting in
death were distinguished according to the time of
onset as intraoperative, early postoperative or late
postoperative (Table 1). Anesthetic deaths that oc-
curred during the introduction of anesthesia, before
the recipient operation was commenced, were not in-
cluded in the analysis. Early postoperative complica-
tions occurring up to day 8 post-transplant were
divided into those with and without initial endocrine
function. The incidence of early postoperative com-
plications was comparable in both isografts and
allografts and amounted to 12.1%. The 201 allograft
recipients treated with cyclosporin A immunosup-
pression had similar complications; thus, they were
analyzed together with the 746 untreated allografts.
The incidence of late complications in isografts and
allografts could not be directly compared since the
number of animals at risk of developing these com-
plications is dependent upon the length of allograft
survival and the time of observation in isografts.

Anesthetic deaths were usually only encountered
during the introduction of anesthesia. Once anesthe-
sia was established and the recipient operation had
commenced, ketamine proved to be very safe. The
incidence of intraoperative anesthetic deaths was
low. Deaths resulting from intraoperative bleeding
were not encountered.

The immediate postoperative complications, oc-
curring within 8 days of transplantation, fell into two
general categories: those with initial endocrine func-
tion and those with primary nonfunction. Primary
nonfunction proved irreversible and generally fatal
for the graft recipient. In general, unless normo-
glycemia is established within 12 h of transplanta-
tion, technical complications have to be assumed.

Acute venous thrombosis, with an incidence of
0.3%, was generally caused by technical complica-
tions at the site of the vascular anastomoses.

Acute pancreatitis was a deleterious complica-

89

Table 1. Causes of death

Total Isografts Allografts
number of
transplants
(n=1450) (n=503) (n=947)
Intraoperative
Anesthestic death 2 0 2
Bleeding 0 0 0
Early postoperative
(days 0-8 post-transplantation)
Initial nonfunction
Venous and arterial thrombosis 4 2 2
Acute pancreatitis 18 5 13
Initial transplant function
Afterbleeding 13 3 10
Intestinal complications 27 11 16
Early infectious complications 7 2 5
Urological complications 3 0 3
Cause of death not determined
at autopsy 101 33 68
Total intraoperative and
early postoperative deaths 175 56 119
Percentage rate 1241 1114 12.6
Late postoperative
(day 9 until end of observation)
Late infectious complications 29 16 13
Late anastomotic complications 8 0 8
Unknown 21 7 14
Total number
of lethal complications 233 79 154
Percentage rate 16.1 15.7 16.3

tion that only occurred within the first 3 days of
transplantation. Acute necrotizing hemorrhagic pan-
creatitis, with an incidence of 1.2%, was associated
with initial endocrine nonfunction and proved to be
generally fatal to the graft recipient.

Amongst the fatal complications of pancreas
transplantation with primary endocrine graft func-
tion were afterbleeding and intestinal and infectious
complications. The incidence of postoperative after-
bleeding could not be brought below 1%. Bleeding
occurred from either the vascular anastomoses, the
surface of the transplanted pancreas, or the severed
and electrocoagulated vasa circumflexa ilei. Intesti-
nal bleeding and ileus occurred with an incidence of
1.9%. There was a low incidence (0.5%) of early fatal
infectious complications, including intra-abdominal
abscess formation, pneumonitis, and sepsis. In 7.0%
of the graft recipients, an obvious cause of death
within the first 8 days of transplantation could not be
determined at autopsy.

The incidence of late postoperative complica-
tions is generally influenced by differences in the ob-
servation period between isografted and allografted
rats with and without immunosuppression. A total of
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4.6% of the pancreas graft recipients that survived
the early postoperative period died from late post-
operative complications that occurred more than
8 days after transplantation. Chronic intra-abdomi-
nal abscess formation and pneumonia were the most
prominent causes of fatal late infectious complica-
tions. Their overall incidence was 2.3%, no higher
than that in animals receiving cyclosporin immuno-
suppression. Acute rupture of a chronic aneurysm at
the arterial anastomosis was responsible for eight
deaths in allografted rats. In 1.7% of the animals, the
cause of death in the late postoperative period could
not be determined at autopsy.

The length of both donor and recipient oper-
ations and the cold and warm ischemia times were
evaluated during isogenic pancreas transplantation
when different forms of exocrine secretion manage-
ment were employed (Table 2). Irrespective of the
surgical technique employed, the donor pancreatec-
tomy was completed within 30 min. Cold and warm
ischemia times did not differ in the various groups.
Recipient operation times were slightly longer in
those groups with drainage of the exocrine secretion
into the intestinal or urinary tract.

The impact of the surgical technique on the in-
cidence and kind of complications was analyzed
after isogenic pancreas transplantation (Table 3).
The time at risk to develop both early and late fatal
complications was comparable in all groups. The
overall complication rate in the early postoperative
period up to day 8 was 11.1%. Two modifications of
the surgical technique were associated with a signifi-
cantly increased early postoperative mortality. Recip-
ients of pancreas grafts with portal venous drainage
had a higher incidence of vascular thrombosis, intes-

Table 2. Length of donor and recipient operations and cold and
warm ischemia times after different modifications of isogenic vas-
cularized whole pancreas transplantation

Technique
employed

Donor Recipient Cold Warm
operation operation ischemia  ischemia
time time time time

(min, x£5)® (min, xxs) (min, x£s) (min, x+£s)

Pancreaticoduodenal

transplantation _ 233 414 45+ 19 19+3
Duodenal patch 255 43+6 43+17 20+4
Pancreaticocytostomy 27+3 42+5 40+ 20 215
Pancreatico-

ureterostomy 265 44+5 42+19 20+4
Open ducts with

longitudinal incision 28+4 3945 37+ 1s 203
Open ducts with

transverse incision  25+3 3716 42120 18+4
Duct ligation 26+2 385 4516 19+3
Duct obstruction

with prolamine 28+5 38+4 43+ 16 21t4

3 Expressed as mean (x) and standard deviation (s)

Table 3. Classification of complications after different surgical
techniques in isogenic pancreas transplantation

Technique Number of Number (rate in %)
transplants  of complications
Early Total

Pancreaticoduodenal
transplantation 64 13 (20.3) 16 (25.0)
Duodenal patch 26 4 (15.4) 4 (15.9)
Pancreaticocystostomy 77 4 (5.2) 11 (14.3)
Pancreaticoureterostomy 23 1 (43) 1 43)
Open ducts with

transverse incision 32 3 (94) 3 (94
Open ducts with

longitudinal incision 23 1 4.3) 1 4.3)
Duct ligation
Whole pancreas

transplants
- with systemic

venous drainage 146 11 (7.5) 22 (15.8)
- with portal

venous drainage 44 12 (27.3) 13 (29.5)
Partial pancreas

transplants 37 5 (13.5) 5 (13.5)
Duct obstruction

with prolamine 25 1 (4.0 1 (40)
Duct obstruction

with latex 6 1 (16.7) 1 (16.7)
Total 503 56 (11.1) 79 (15.7)

tinal bleeding, and postoperative deaths related to
hypoglycemia. Pancreas transplantation with enteric
diversion of the exocrine graft secretion was more
prone to intestinal bleeding and ileus.

The impact of the different surgical techniques
on the management of exocrine graft function and
the importance of portal venous drainage on the
quality of endocrine function and morphology of
pancreas transplants are discussed in detail else-
where [4, 5]). In sum, however, it can be said that
streptozotocin induced a chemical diabetes mellitus
with hyperglycemia, hypoinsulinemia, disturbed glu-
cose tolerance, polydipsia, polyphagia, polyuria, and
a markedly reduced growth rate. Vascularized pan-
creas isotransplantation corrected the metabolic
features of this streptozotocin-induced diabetes.
Normoglycemia was induced within 7h of trans-
plantation and was maintained throughout observa-
tion periods of up to 1 year. In diabetic recipients,
pancreas transplantation normalized the intravenous
glucose tolerance and the peripheral insulin levels.

Discussion

The overall complication rate of pancreas whole
organ transplantation in streptozotocin-diabetic rats
was 16.1%. The various complications could be cate-



gorized as general surgical problems, afflicting all
kinds of organ transplantation, and problems specific
to pancreas transplantation in diabetic recipients.

The incidence of anesthetic deaths, intra- and
postoperative bleeding, and infectious complica-
tions after pancreas transplantation was not higher
than that after heart, kidney, or small bowel trans-
plantation in our laboratory. Despite the fact that no
antibiotic treatment was given and that the oper-
ations were performed under clean but not sterile
conditions, there was a remarkably low incidence of
such infectious complications as intra-abdominal
abscess formation, pneumonitis, and sepsis.

Acute pancreatitis of the graft is a specific com-
plication following pancreas transplantation.
Possible causes of acute postoperative pancreatitis
include a poorly performed donor operation and
prolonged warm or cold ischemia times. According
to our experience, the donor operation should not
exceed 60 min and the warm ischemia time in the
donor should be kept to a minimum of a few sec-
onds. Warm ischemia time in the recipient during
performance of the vascular anastomoses should not
exceed 30 min, and reclamping of a pancreas already
perfused with blood should be avoided. Using hepa-
rinized isotonic saline, the pancreas can safely be
stored for up to 90 min at 4°C without impairment
of subsequent endocrine function.

Acute venous thrombosis was generally caused
by technical complications at the site of the vascular
anastomoses and was usually not associated with
graft pancreatitis. It can be avoided completely with
sufficient microsurgical expertise, even after portal
venous drainage of the transplanted pancreas. The
low incidence of venous thrombosis in rat pancreas
transplantation may be related to the adequate in-
trapancreatic blood flow ensured by isolation of the
whole pancreas on the aortic segment where the
coeliac axis and superior mesenteric artery originate.

The diabetic state of the recipients was most like-
ly responsible for the majority of deaths for which an
obvious cause could not be determined at autopsy.
In a number of animals, blood glucose measure-
ments immediately prior to death revealed values
below 2 mmol/l. Individual animals recovered im-
mediately from a moribund status upon intravenous
glucose injection. It may, therefore, be concluded
that hypoglycemia due to overshooting insulin re-
lease from damaged islets of Langerhans contributes
substantially to postoperative mortality following
pancreas transplantation. On the other hand, several
animals showed hypoglycemic blood glucose values
below 2 mmol/l without any impairment of their
physical appearance. The massive metabolic alter-
ations induced immediately after successful pan-
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creas transplantation, with normalization of the
hyperglycemia in severely diabetic recipients within
only a few hours, may additionally cause electrolyte
imbalances (e.g., hypokalemia or cerebral edema).

The most important technical problem of vascu-
larized pancreas transplantation involves manage-
ment of the exocrine secretion. Several modifica-
tions of the surgical technique were employed,
including drainage of the exocrine graft secretion to
the recipient’s enteric and urinary system, free intra-
peritoneal drainage, and obstruction of the pancre-
atic ductal system. Each of these techniques carries
particular operative risks. The increased incidence of
intestinal complications such as ileus and intralumi-
nal bleeding after enteric drainage of the trans-
planted pancreas is most likely related to the diabetic
state of the recipient with diabetic megacolon and a
particular vulnerability of the small bowel. It is re-
markable that urinary drainage of the exocrine graft
secretion had very few adverse effects on the reci-
pient’s urogenital system. Aside from special techni-
cal problems, all operative techniques of pancreas
transplantation proved equally effective in ameliora-
ting the streptozotocin-induced diabetes mellitus in
the rats.

The interpretation of investigations utilizing the
model of vascularized pancreas transplantation in
the rat depends largely on the quality of the micro-
surgical technique employed. It is, therefore, essen-
tial to pay particular attention to the incidence,
causes, and possible prophylaxis of intra- and post-
operative complications.
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