
Introduction

Improved results of pancreas transplantation ha-
ve led to an increasing demand of this complex proce-
dure also in Europe, even if the annual number is still
limited for several reasons. One of the critical points is
represented by the procurement technique. The pan-
creas donor is normally a young cadaver almost always
suitable for multiorgan procurement. Consequently
the removal of the pancreas with the liver and or the
intestine poses a technical problem in maintaining an
axial blood supply to each organ, without damaging
the individual need of the recipients. This complex te-
chnique has been originally described by Starzl in
1984 (1), but some variants have subsequently been
reported (2-6) Herein we describe how we are met

this technical challenge in a series of 18 cadaveric do-
nors whose organs were used to perform 17 pancreas
transplants, 18 liver transplants and 1 intestinal tran-
splant.

Methods

The 18 multiorgan procurements were all perfor-
med in our Region of Emilia Romagna between June
1998 and April 2005, according to widely recognized
criteria of multiple organ procurement, ABO compa-
tibility, appropriate size-match, minimal or no intra-
venous doses of vasopressors, normal levels of blood
sugars and serum lipases and normal results of liver
function tests. (7) Human leukocyte antigen matching
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with the recipients was random. All but one of the
procurements were performed by surgical teams of our
Region. Celsior solution was used for both in situ flu-
shing and cold storage in 15 cases and University of
Wisconsin solution was used in 3 cases.

Preparation of the donor included selective gut
decontamination (amphotericin B, tobramycin and
ceftriazone) administered through a nasogastric tube
at the time of procurement. In addition, standard in-
travenous antibiotic prophylaxis was performed with a
third-generation cephalosporine. All procedures be-
gan with a thorough celiotomy in order to assess the
presence of vascular anomalies and the absence of pa-
renchimal injury. The abdominal aorta was then di-
stally encircled for the insertion of an infusion cannu-
la in order to start with the cold perfusion in the pre-
sence of hemodinamic instability . We performed 3/4
of the dissection with an intact donor circulation of
the organs. The left coronary and triangular ligament
were divided and the abdominal aorta was encircled
above the celiac axis for later cross-clamping. Hepatic
arterial supply was first checked in order to identify all
the anomalous hepatic arteries that must be preserved.
The cecum, ascending colon and hepatic flexure were
completely mobilized to expose the vena cava with the
origin of the renal veins. An extended Kocher ma-
noeuvre allowed the exposure of the abdominal aorta,
the right side of the mesenteric vein and isolation of
the origin of the superior mesenteric artery (SMA).
The middle colic vein and artery were divided and li-
gated. The common bile duct was distally ligated and
transected. The gallbladder was incised and the bile
was washed out. After incision of the gastrohepatic li-
gament and division of the right gastric and gastro-
duodenal arteries, the common hepatic artery was dis-
sected until the celiac trunk (TC), allowing the com-
plete exposure of the portal vein above the pancreas.
We recommend securing all the lymphovascular tissue
on the upper edge of the pancreas to prevent post-re-
perfusion hemorrhage. The origin of the splenic artery
(SA) was then carefully isolated and encircled (Figure
1). The left gastric artery was preserved in the presen-
ce of an accesory left hepatic artery. A complete dis-
section of the colo-epiploic ligament and the short ga-
stric vessels was performed. The distal pylorus was
then encircled and transected with a GIA stapling de-

vice (Ethicon), allowing an optimal exposure of the
pancreas. The proximal jejunum was transected after
obtaining further mobilization by dividing the liga-
ment of Treitz and the inferior mesenteric vein. The
highest jejuneal vascular arcades were divided in order
to expose the left side of the mesenteric pedicule. The
SMA and superior mesenteric vein (SMV) were then
isolated right to the inferior edge of the pancreas, spa-
ring the upper pancreaticoduodenal vessels (Figure 2).
This is a critical point of the dissection when the small
intestine is also provided. Preserving the inferior pan-
creaticoduodenal artery (IPA) intact is mandatory sin-
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Figure 1. Celiac trunk, common hepatic artery, the origin of
the splenic artery and the portal vein are dissected and encir-
cled

Figure 2. Complete dissection of the mesenteric pedicule. The
mesenteric vein and artery are isolated up to the origin of the
IPA and encircled
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ce is the only way to perfuse the head and part of the
uncinate process of the pancreas. An injury to the IPA
renders the graft useless. In order to minimize the ri-
sk of damaging this vessel we stopped the dissection of
the SMA just proximal to the origin of the first jeju-
nal trunk. During the dissection, pancreas manipula-
tion must be limited and performed carefully. After
completion of the preliminary dissections, the donor
was fully heparinized and the distal aortic cannula was
placed. Celsior or Wisconsin solution was infused af-
ter the previously encircled supraceliac aorta was
cross-clamped. Infusion volume via the aortic cannula
was approximately 5000 to 6000 mL. Portal venous
infusion was not contemplated in our protocol. In or-
der to avoid overperfusion of the pancreas we careful-
ly clamped the origin of the splenic artery after 2000
mL of infusion and partially divide the portal vein
(PV). The organs remained in situ until the cold infu-
sion was complete. When indicated, the small intesti-
nal graft was removed first with the ascending colon;
the SMA and SMV were divided leaving a cuff of
about 0.5cm including the inferior pancreaticoduode-
nal artery and vein. With this technique the pancreas
is separed in situ from the liver and not on the back-
table as originally described by Starzl.

The body and tail of the pancreas with the spleen
were divided from the adrenal gland and the retrope-
ritoneum and the left border of the aorta was freed of
lymphatic and neuroganglionic tissues.

The section of the PV was completed approxi-
mately 1 to 2 cm above the pancreas in order to lea-
ve both the liver and the pancreas with adequate
lengths of PV. After transection of the vena cava and
the aorta over the origin of the renal vein and arte-
ries, the origin of the SMA was isolated and transec-
ted leaving a short proximal segment with the pan-
creas. If a replaced hepatic artery is found to arise
from the SMA, the anomalous vessel almost always
originates proximally to the IPA. In this circumstan-
ce, the SMA was transected between the origins of
the two branches, leaving the proximal SMA in con-
tinuity with the anomalous hepatic artery and the di-
stal SMA in continuity with the IPA. The pancreas
graft was then removed and the aorta with the TC
remained with the liver that is removed after section
of the vena cava.

During this dissection stretch injuries to the ves-
sels should be avoided to prevent intimal tears, which
may result in arterial thrombosis. It is imperative at
the end of the procurement procedures to obtain a lar-
ge supply of high-quality arterial and venous grafts.
(8-10) These are frequently needed for the transplan-
tation of one, two, or even all three organs. The most
commonly used vascular grafts are the iliac and caro-
tid arteries and the iliac or jugular veins. A bifurcated
iliac arterial graft is normally required for the pan-
creas. After removing the pancreas we reperfond the
graft on the bench work.

Results

All but one of the pancreases recovered were suc-
cessfully transplanted simultaneously with a kidney to
recipients with type I diabetes and renal failure. One
pancreas graft was not transplanted due to a iatroge-
nic lesion of the IPA from a replaced right hepatic ar-
tery during the procurement. The cause of death was
trauma for 14 donors (77%) and spontaneous cerebral
hemorrhage for 4 (23%). Average donor age (12 ma-
les and 6 females) was 27 years (range 12-40). The
mean time of in vivo dissection was 106 min. (range
85-130). Average cold ischemic time was 12 hours
and 10 minutes, whereas average warm ischemic time
was 50 minutes. No patient mortality was observed.
No primary or delayed graft function was observed
both for pancreas and kidney. One acute rejection epi-
sode and 5 surgical (29.4%) and 2 medical complica-
tions (11.7%) occurred. Surgical complications inclu-
ded 1 portal thrombosis, 1 arterial thrombosis, 1 iliac
graft pseudoaneurysm and a duodenal stump leakage.
Pancreas allograft removal was necessary in 4 patients
(23.5%). In 6 cases a re-laparotomie was necessary
(35.2%). Medical complication comprised 1 acute
pancreatitis and 1 inferior limb deep venous thrombo-
sis. All patients became insulin-free within 24-48
hours. All the other recipients are insulin-free at a me-
dian follow-up of 12 months. No hemorrhagic com-
plication was observed at reperfusion.

All the retrieved liver grafts and the intestinal
graft were successfully transplanted elsewhere in our
region.
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Discussion

Despite the well documented effects of pancreas
transplantation on quality of life in diabetic patients
and its life-saving value, the rate of this type of tran-
splant is still low in Italy, probably due to the com-
plexity of pancreas procurement with a high risk of va-
scular damage and /or necessity of difficult vascular
reconstruction. In the history of visceral transplanta-
tion whole pancreas procurement was initially consi-
dered as incompatible with procurement of the liver
and recently of the intestine. Since pancreas tran-
splantation was considered an option for diabetic pa-
tients, pancreas procurement was initially sacrified in
order to guarantee an optimal liver graft. Progress in
surgical dissection and vascular reconstruction techni-
ques in recent years led to the development of advan-
ced tecniques for the retrival of liver, pancreas and in-
testine from the same donor without risk of vascular
damage. Perfect knowledge of vascular anatomy of all
three organs and its variations is mandatory to
perform a safe multiorgan procurement. Two different
surgical techniques are presently employed: rapid coo-
ling of all the donor organs, en bloc procurement and
organ separation on the backtable, or in vivo dissec-
tion , cold perfusion and in situ separation of the do-
nor organs.(3) The en bloc procurement technique is
described as rapid and particulary useful in the pre-
sence of hemodynamic instability of the donor. The
application of this technique is recommended when
the same team performs liver, pancreas and kidney
transplants and the same suregon performs all the or-
gan separations on the backtable just before the tran-
splantations. Procurement of all abdominal organs by
the same team facilitates coordination of the surgeons
and standardization of the technique, limiting the ri-
sks of injury from manipulation and inadvertent
rewarming. In vivo dissection needs a perfect know-
ledge of the anatomy and is criticized by some sur-
geons for the longer time of dissection before the cold
perfusion (3, 8). Since the equipes of organ procure-
ment are different in our Region, at the beginning of
our program of pancreas transplantation we planned a
common strategy and decided to adopt the in vivo dis-
section technique in order to optimize the multivisce-
ral procurement, assuring a minimal cold ischemia ti-

me and an excellent organ quality at transplantation.
In our experience the mean time of in vivo dissection
has been of 106 min. In vivo dissection is influenced
more by the experience and ability of the operating
surgeon, while the back table dissection is facilitated
by the easy exposure of the vascular structure, even if
the dissection is performed by a posterior approach
that makes more complex the learning phase and the
anatomical landmarks.

Cold ischemia time is reduced in our opinion by
the in vivo dissection technique. Three-fourths of the
organ donor dissections were performed before the
cold perfusion. Therefore the pancreas dissection is
particulary accurate limiting the need of a long back-
table surgery. In all our cases, capsular bleeding and
pancreatic edema at the reperfusion of the graft were
minimal.

A critical point of the pancreas procurement
procedure is the preservation of the IPA when a re-
placed/accessory right hepatic artery is found (9, 10).
The vitality of the pancreatic graft is strictly depen-
dent on the retention of this vessel. In the presence of
a right hepatic artery arising from the SMA it was
initially recommended to abandon the pancreas pro-
curement in order to preserve the hepatic vessel. To-
day a careful retrograde dissection of the vessel allows
the preservation of the integrity of the arterial distri-
bution to the liver and the pancreas. Once recognized
the IPA, the SMA is transected just caudal to the ori-
gin of the replaced hepatic artery. In our opinion, the
in vivo technique allows for a more accurate dissec-
tion of an anomalous right hepatic artery just to its le-
vel of origin from the SMA allowing for an exact de-
cision on the feasibility of the procurement. We be-
lieve that the major limit of this technique is the need
for a perfect coordination between the equipes invol-
ved in the procurement. Changing the sequence of ti-
me of the procedure may lead to iatrogenic vascular
lesions which occurred in one of our cases where the
transection of the IPA forced us to abandone the pan-
creatic graft.

The other crucial point of pancreas procurement
is the dissection of the SA. We limited its manipula-
tion to its origin from the TC in order to preserve an
intact vessel for the revascularization of the pancreatic
allograft. Before starting the cold perfusion we also as-
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sured a partial section of the PV in order to favour the
washout of the pancreas and limit its overperfusion,
which is considered a risk factor for post-operative
pancreatits.

The intestinal, pancreatic, and liver allografts re-
trieved with the described technique and subsequently
transplanted were of excellent quality. None of the re-
cipients lost their grafts because of intraabdominal in-
fection, preservation injury, or a technically flawed do-
nor procedure. Post-operative vascular complications
(23%) in our initial experience are similar to that re-
ported in large series and are not strictly related to the
procurement procedure.
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