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Abstract
AIM: To introduce combined liver-small bowel transplantation
in pigs.

METHODS: Eighteen transplantations in 36 large white pigs
were performed. Three modifications in combined liver-small
bowel transplantation model were applied: Veno-venous
bypass was not used. Preservation of the donor duodenum
and head of pancreas in continuity with the combined graft
to avoid biliary reconstruction. The splenic vein of donor
was anastomosed end-to-end with the portal vein of
recipients by the formation of a “cuff”.

RESULTS: Without immunosuppressive therapy, 72-hour
survival rate of the transplanted animals was 72 % (13/18).
Five of 18 pigs operated died of respiratory failure (3 cases)
and bleeding during hepatectomy (2 cases). The longest
survival time of animals was 6 days.

CONCLUSION: Our surgical modifications are feasible and
reliable, which have made the transplantation in pigs
simpler and less aggressive, and thus these can be used
for preclinical study.
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INTRODUCTION
Despite intestinal transplantation technique for the treatment
of irreversible failure of the intestine has been improved, clinical
intestinal transplantation still remains at an experimental stage.
Compared with other solid organ transplantations, attempts at
human small bowel transplantation had disappointed results
in terms of survival of patients and grafts[1-4]. Bowel transplant
can also be performed as a part of a multivisceral graft[5]. Even
though total parenteral nutrition (TPN) and home parenteral
nutrition (HPN) allow many patients with intestinal failure to
live with a high life quality, it has some severe and even fatal
complications, such as catheter sepsis, severe cholestasis, and

chronic secondary hepatopathy[6-8]. Many institutions have
performed combined liver-small bowel transplantations in
human and small animals, but few studies were conducted
in large animals[9]. Pigs are one of the standard models for
large animal transplantation due to the anatomic features.
In order to improve clinical prognosis of liver-small bowel
transplantation (LSBT), we investigated the modifications of
the experimental model.

MATERIALS AND METHODS
Large white pigs weighing 25±5 kg were used for LSBT under
general anesthesia[10]. Animals were fasted with free access to
water for 24 hours prior to surgery. The size of donor pigs was
the same as or smaller than that of recipients.

Donor operation
After vascular cannulation for venous and hemodynamic
monitoring, the abdomen was entered at middle line xipho-
pubic incision. After transection of transverse colon, the whole
intestine tract was inspected thoroughly. Total colon including
the ileocecal valve was transectioned. Hepato-gastric and
spleno-gastric ligaments including splenic and left gastric
arteries were ligated. The splenic vein was prepared for
perfusion, and the ligaments around the liver were mobilized.
Then the abdominal aorta was dissected from infrarenal aorta
until one centimeter cranially to celiac axis. Lymphatic vessels
were tied carefully to avoid lymphorrea after transplantation.
And the vena cava was also dissected from infrarenal until
suprahepatic cava. Before systemic heparinization, blood was
drawn and saved for use in recipient operations. Before
clamping the cranial aorta upper the celiac axis, the distal aorta
was cannulated and 1.5 liter of UW solution was perfused
through the infrarenal aorta and splenic venous in situ and
venting from the supra diaphragm vena cava and infrarenal
vena cava. To ameliorate cooling of the graft, the abdominal
cavity was filled with cold saline and melting ice. Then the
liver-small bowel was en bloc harvested in continuity with
duodenum and pancreas.

Bench surgery
The en block liver-small bowel was preserved in cold UW
solution with melting ice. The proximal aorta and the thoracic
vena cava were ligated. The vascular pedicles for vascular
anastomoses were prepared. Diaphragm veins were ligated and
a continuous hemostatic suture was performed. The subtotal
pancreas was transected, leaving the head and uncinate
processing attached to the duodenum. The stump of the
pancreas was stapled and then over-sewn with a continuous
suture using 0/4 polypropylene.

Recipient operation
During the recipient operation, the end-tidal carbon dioxide,
electrocardiogram and arterial, central vein, and pulmonary
artery pressure were monitored.
     The abdomen was accessed at a middle line xipho-pubic
incision. Firstly a cystostomy was performed using a Foley’s
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catheter. The small bowel was resectioned except for short
segments of proximal jejunum and distal ileum. The recipient’s
infrarenal aorta and the vena cava were dissected and encircled
for anastomosis. The hepatic hilum was transected with the
portal vein preserved. Then hepatectomy was performed with
preservation of hepatic part encircling the vena cava. In this
period, transfusion was necessary. Three vascular anastomoses
between the recipient and the donor were performed as
followings: The recipient’s infrarenal vena cava side-to-end
anastomosis with donor’s infrahepatic vena cava with
continuous 4/0 polypropylene suture, the recipient’s infrarenal
aorta side-to-end anastomosis with the donor’s infrarenal aorta
with continuous 4/0 polypropylene suture, and the recipient’s
distal portal vein end-to-end anastomosis with donor’s splenic
vein by the formation of a “cuff”. The gut continuity was
established proximally between allograft jejunum and native
jejunum and distally between allograft ileum and native ileum.
A loop enterostomy was performed for endoscopies after
transplantation. At last, a gastrostomy was performed to reduce
the gastric pressure.

RESULTS
Mean operation time in the donor and recipient was 3.5
hours±10 minutes and 4.5 hours±15 minutes, respectively.
During the recipient operation, there was no obvious
hemodynamic alteration. Survival rate at 72 hours was 72 %
(13/18). Three pigs died of respiratory failure and two of
bleeding during hepatectomy. The longest survival time was
6 days without immunosuppression.

DISCUSSION
Multivisceral transplantation was firstly performed for the
treatment of short bowel syndrome complicated with liver
failure due to long-term hyperalimentation[11]. Starzl reported
the first study in dogs in 1960s. Investigations with large
animals have shown that multivisceral transplantation is a
technically complicated procedure with high mortality[12]. We
have been studying on improving surgical techniques of the
transplantation for more than 6 months and performed 18
consecutive operations with three innovations.
      Firstly, veno-venous bypass, necessary in the conventional
experiments[9], was avoided, and thus made the operation
simple and less aggressive. It also reduced the incidence of
bleeding due to heparinization in operation. Considering the
anatomic features of pigs, bleeding in hepatectomy in recipients
is unavoidable. But based on our experiences in many
preliminary operations, we could control this operative
bleeding with the new techniques. In order to keep the recipient
hemodynamicaly stable during this period, transfusion and
solution were necessary. With this modification the duration
of unhepatic period was also shortened.
     Secondly, preservation of the donor duodenum and head
of pancreas in continuity with the combined graft avoided the
need for biliary reconstruction. The standard technique
involved an obligatory reconstruction of the biliary system with
a defunctionalized loop of proximal allograft jejunum[13].
Consequent limitations of this technique were biliary leaks,
obstructions and strictions[14]. In our surgical technique, we
eliminated hilar dissection, leaving the hepatoduodenal
ligament undisturbed by including the intact duodenum and a
rim of pancreatic tissue in the allograft. Apart from obviating
biliary anastomotic complications and potential vascular torsion
of the small bowel graft[14, 15], surgical modifications also made
bench surgery simpler. This modification was applied in human
transplantation with satisfaction[14,15]. Debera et al[15] reported
that the remaining head of the pancreas on the combined liver-

small bowel allograft was not associated with a high incidence
of pancreatic complications.
      The third modification was that the donor splenic vein was
end-to-end anastomosed to the recipient’s distal portal vein
by the formation of a “cuff”. In the standard technique, the
recipient’s portal vein was end-to-side anastomosed with the
donor portal vein or supra mesenteric vein to avoid portal
hypertension in native remnant viscera[9,15,16]. This innovation
shortened the operation time, simplified the surgical
procedure and also reduced venous stagnation of the allograft
and native viscera.
      Our technical refinements have made combined liver-small
bowel transplantation in pigs simpler and less aggressive. And
the technique of this model is feasible and can be used for
preclinical study. However, animals experienced with this
operation were faced with life threatening respiratory failure,
infection, GVHD and rejection[17-27]. Much more work should
be done to improve the outcomes of both experimental and
clinical combined liver-small bowel transplantations.
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