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Abstract

Background: Living-donor liver transplantation (LDLT) requires greater surgical expe-
rience, higher technical skills, and a more complete understanding of the hepatobiliary sys-
tem than whole-liver transplantation from brain-dead donors. The usefulness of allograft
models of LDLT is limited by problems related to techniques and immunosuppression. Ex-
perimental LDLT without rejection requires animal models of autologous transplantation.
Porcine models are more anatomically similar to human LDLT than are other experimental
models, but successful outcomes of porcine LDLT are very difficult to obtain. We evaluated
a new porcine model of autologous LDLT that simulated human surgery in terms of pro-
cedural characteristics and technical difficulty. Methods: Fifteen pigs were used, each serv-
ing as donor and recipient. The left lobe of the liver was removed and used as the graft.
Hepatic and portal venoplasty of the liver graft was performed. The right lobe was excised.
The opening of the right medial hepatic vein was enlarged by cutting into the suprahepatic
inferior vena cava to facilitate anastomosis. The hepatic vein, portal vein, hepatic artery,
and bile duct were reconstructed. Results: Nine of the 15 pigs survived for the target pe-
riod of 7 or 14 days after surgery. Four of the other 6 pigs died within 4 days after surgery
because of technical failures, which might have been avoided by improved surgical skills.
Conclusions: The present study revealed that the LDLT model using one pig simultane-
ously as donor and recipient was technically possible.

(Keywords: Living-donor liver transplantation, Autologous transplantation, Porcine model,
Surgical techniques)

Introduction

Liver transplantation has been developed as a curative treatment for end-stage chronic liver diseases
and severe acute liver failure. However, a critical shortage of donor livers remains a serious problem
throughout the world. In Japan and other Asian countries, transplantation of organs from brain-dead do-
nors is uncommon, even though humans meeting the criteria for brain death are medically and legally
considered dead. Consequently, living-donor liver transplantation (LDLT) has received considerable at-
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tention, especially in Asian countries.

LDLT requires greater surgical experience, higher technical skills, and a more complete understanding
of the hepatobiliary system than does liver transplantation from brain-dead donors’’. In general, even if
surgical procedures have been established clinically, experimental models are required for technical eval-
uation, as well as refinement of procedures. Ethically, surgical techniques should be tested and developed
in laboratories, not in operating theaters by inexperienced surgeons.

Welch first performed experimental liver transplantation in dogs in 19552, Subsequently, liver trans-
plantation has been extensively done in dogs and pigs® % but most experimental models were designed
for total-liver replacement. Successful experimental LDLT with long-term survival was first reported in

19 This allograft model had several prob-

1974 by Mizumoto et al, who performed the procedure in dogs
lems related to techniques and immunosuppression. During the next 30 years, LDLT was performed in
different animal models including pigsm and monkeys'”, as well as in humans. Both clinically and experi-
mentally, LDLT has been associated with problems such as complicated techniques and difficulty in con-
trolling rejection. Improved animal models are thus required to explore optimal conditions for LDLT in
humans and to clarify potential pathophysiological problems, such as small graft size and time-dependent
ischemic damage to the liver. Experimental LDLT without concern about rejection can be achieved only
by autologous transplantation. Experimental studies of autologous LDLT were performed by Kasai et al
in 1997* and by Chung et al in 2002, both of whom used dogs. Porcine models are more anatomically
similar to human LDLT than canine models that can be accomplished with relative ease. We therefore
evaluated a new porcine model of autologous LDLT that simulated human surgery in terms of procedural

characteristics and technical difficulty.

Materials and Methods
I. Animals

The experimental animals were 15 Landrace large white Duroc (LWD) pigs of both sexes, weighing
17.0-22.5 kg. Each pig served as both the donor and recipient. One LWD pig, weighing 10.0-17.5 kg, was
used per operation. Blood for transfusion (400-800 ml) was collected, and the subhepatic inferior vena

cava (IVC) and the portal vein were harvested for vessel grafting.

II. Anesthesia

The animals were fasted on the day before the experiment. After intramuscular injection of 25 mg/kg
pentobarbital and 0.015 mg/kg atropine sulfate, anesthesia was induced by intravenous injection of 4
mg/kg propofol and 1 mg/kg ketamine. The trachea was intubated, and anesthesia was maintained by in-
fusing 8 mg/kg/h propofol and 2 mg/kg/h ketamine. No volatile anesthetics or muscle relaxants were used.

II. Surgical procedures
The following surgical procedures were developed after pilot studies in 15 pigs, most of which died
during or soon after surgery.

A. Donor surgery
First, donor surgery was performed.
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Figure 1. Incision line for left hepatic graft procurement. RLL: right lateral lobe, RML: right medial
lobe, LML: left medial lobe, LLL: left lateral lobe, GB: gallbladder.

1. Laparotomy was performed through a reverse T-shaped incision. The portal pedicle was dissected
to isolate the left hepatic artery and left portal branch. The sustentacular ligament of the left hepatic
lobe was divided. 2. The incision line for the right medial lobe was established on a plane connecting the
IVC to the left lateral margin of the gallbladder bed (Fig. 1). The hepatic parenchyma was divided by the
forceps fracture method. 3. The left hilar plate, including the left hepatic duct, was divided. 4. The left
caudate branch of the portal vein was divided. 5. The left hepatic artery and the left portal branch were
divided. 6. The left and middle hepatic veins were divided, and the left half of the liver was removed for
grafting. This procedure is similar to left hepatic lobe grafting in humans. 7. The stumps of the left and
middle hepatic veins were sutured.

B. Bench surgery

Immediately after excision, the left hepatic lobe was immersed in ice-cold lactated Ringer’s solution
and perfused with 500 ml of lactated Ringer’s solution at 4C and 1,000 ml of histidine-tryptophan-keto-
glutarate (HTK) solution at 4C on the back table. The 8-shaped stumps of the left and middle hepatic
veins were shaped into elliptical holes and sutured with strips of [IVC 5-10 mm in length, harvested from

another pig as vessel grafts (Fig. 2). The left portal branch was sutured with a portal vein graft.

. : o Sl

Figure 2. Hepatic venoplasty of the graft. The 8-shaped left and middle hepa
are shaped into an elliptical orifice (b), which is sutured with an IVC vessel graft harvest-
ed from another pig (c).
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tic vein stumps (a)
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Portosystemic shunt

Figure 3. Portosystemic shunt and hepatic venoplasty of the recipient. CL: caudate lobe, IVC: infe-
rior vena cava, PV: portal vein, LPV: left portal branch, RLPV: right lateral portal branch,
RMPV: right medial portal branch, RMHV: right medial hepatic vein, Arrows: incision of
the suprahepatic IVC.

C. Recipient surgery

After excision of the left hepatic lobe, recipient surgery was performed.

1. The portal pedicles in the right medial, lateral, and caudate lobes were exposed, and those in the
medial and caudate lobes were ligated and divided. A portosystemic shunt (passive bypass) was created
from the portal trunk to the left internal jugular vein via the right lateral portal branch, using a heparin-
coated bypass tube (Anthron® VVT type, Toray, Tokyo, Japan) (Fig. 3). 2. The right lateral lobe was ex-
cised. 3. The right medial hepatic vein was grasped with vascular forceps to side-clamp the suprahepatic
IVC, and the right medial lobe was excised. The entire liver, excluding the caudate lobe, was removed.
4. The opening of the right medial hepatic vein was enlarged by cutting to the suprahepatic IVC to facili-
tate anastomosis (Fig. 3). 5. After the completion of perfusion and angioplasty, the liver graft was put in
place. 6. The vascular interposition graft attached to the left and middle hepatic veins of the liver graft
was anastomosed to the right medial hepatic vein with continuous 6-0 polypropylene sutures (Prolene®,
Ethicon, Somerville, NJ, USA). On completion of this procedure, lactated Ringer’s solution was perfused
through the portal vein of the liver graft to wash out the HTK solution from the graft. 7. The vascular
interposition graft attached to the portal vein of the liver graft was anastomosed to the left portal branch
with continuous 6-0 polypropylene sutures. 8. The portosystemic shunt was removed, and the liver graft
was reperfused. 9. The hepatic artery of the liver graft was anastomosed to the resection stump of the
left hepatic artery with interrupted 9-0 nylon sutures under microscope. 10. Biliary reconstruction was
performed by duct-to-duct anastomosis with continuous 7-0 polypropylene sutures. 11. A Penrose drain

was placed around the anastomosed hepatic duct, and the abdomen was closed.



41

A1981ns urnp parp : ,

Jichi Medical University Journal 30 (2007)

o3eses] A[Ig BISEURINy 099 4! (8T) 98¢ 80L gle Gl
QUON EISEueyIny 085 i (8'T) 00 199 0L ¥
- Snaf] - € (¢'2) 06V 11L Gcc ¢l
¢BIULIOY119dAY JUBUSIRIA umouxup) - 0 (6'T) 0L G0L 06l <1
- SISOpRY - 0 (8'T) 0S¢ «189 06r TI
o3esea] AIg eIseueyIny 049S i (8'T) 0S¢ €9L 00z O
o3esea] A1 BISEUERINy 01 4! (T2) 0¥ €69 00c 6
£A1981ms Surmp
JuoIsnjsuer} 9[qriedwodu]  SSeYLIOWSY SAISSIOXH] - 0 (6'T) 06€ 978 ¢0z 8
SuIpas|q
o3es{ea] A1 [eunsajuIonSLy) 0TS 11 (9'T) 00¢ 999 o6l L
(JUSPIOE 13)2YIRD)
- SSO[ poorg - 4 (L°T) 00€ €LL gL 9
uorsnyye exnard
‘stsoquionyy A19)1e drjeday ‘95ese] oI BISEUBYINY 009 L (6'T) 0L €29 00 &
QUON elseueyqIny 049G L (8'T) 02¢ 079 081 ¥
o3esed] A1 eISEURINy 019 L (6'T) 08¢ LL9 00c €
J9O[N JL1)SES ‘SISOqUIOIY)
£19118 OnRdOy ‘MoO[y O[Iq [RWIOUQY BISeueyIny 089 L (L'T) 0L @88 01z ¢
o3esea] Al BISBUBTINY GLS L (8'T) 02¢ 899 EPAREI
(3¥)
(8) Asdoine ye  (shep)  ([%] onerjySiom-jjern) (urwr) owi} JySrom
suonjedrdwo)) (jeop jo osne) JYSrom I9AIT [eAlaIng  (3) yeiSjoySwp uonerd) Apog CON

‘suoneol|dwod pue ‘yreap Jo asned ‘[eAIANS ‘erep aAneladQo T 9jgeL



42 Porcine Model of Living-donor Liver Transplantation

IV. Postoperative care

After extubation, the animals were allowed free access to water and food. To prevent infection and
postoperative peptic ulcer, 500 mg x 2/day flomoxef sodium (Shionogi, Osaka, Japan) and 10 mg/day of
lansoprazole (Takeda, Osaka, Japan) were administered for 5 days each. No immunosuppressants or an-
ticoagulants were given. Target survival was 7 days in the first 5 animals because of the relatively poor
general condition after surgery in pilot experiments. Since the postoperative course was uneventful in

the first 5 animals, target survival was extended to 14 days in the next 10 animals.

V . Biochemical examination and autopsy

Blood samples were collected at the following times: before surgery; after excision of the left hepatic
lobe; before reconstruction of the portal vein; 5 min, 30 min, and 2, 4, and 6 hours after reperfusion; and
on days 1 to 7, 10, and 14 after surgery if the animals were alive at the respective time points. Antithrom-
bin-III (AT-III), prothrombin time (PT), albumin (Alb), alkaline phosphatase (ALP), aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and total bilirubin (T.B.) were measured.

At the time of autopsy, the transplanted liver was removed, weighed, and examined histologically.

Results (Table 1)

The mean surgery time was 707 + 87 min. The mean graft-recipient body weight ratio was 1.8 +0.1%.

The first 5 animals survived for 7 days after surgery and were euthanized. Of the remaining 10 animals
(target survival, 14 days) 4 survived for 14 days, 1 for 11 days, 1 for 3 days, and 1 for 2 days; 2 died im-
mediately after surgery; and 1 died during surgery. The 4 animals that survived for 14 days were eutha-
nized. The causes of death in the 6 animals that died before day 14 were gastrointestinal hemorrhage in 1
animal, an intravascular catheter accident in 1, technical mismanagement in 3, and unknown in 1. Of the 3
animals that died from technical mismanagement, one died of ileus caused by a bundle of gauze left in the
abdominal cavity, another died of major hemorrhage during excision of the liver, and the last died intraop-
eratively from severe acidosis after the second session of reperfusion, caused by mismanagement of the
portal vein anastomosis.

Postoperative complications were bile leakage in 8 animals, hepatic artery thrombosis in 2, gastroin-
testinal hemorrhage in 1, pleural effusion in 1, and gastric ulcer in 1.

The weight of the transplanted liver increased by 71.6+10.3 % (on day 7, n=5) in the animals that
survived for initial target period of 7 days and increased by 73.0 % 15.1% (on day 14, n=4) in the animals
who survived for 14 days.

The AT-III, PT, AST, ALT, ALP, and Alb levels started to recover about 2 days after surgery and were
within normal ranges 7 or 14 days after surgery. The T.B. level fluctuated slightly, but remained low
(Fig. 4).

No constriction was found near the anastomoses of the hepatic vein, portal vein, or bile duct in the
removed liver grafts. One of the 2 animals with hepatic artery thrombosis had necrosis of the bile duct
on the grafted side. Regeneration of hepatocytes was microscopically confirmed in the transplanted liver
7 or 14 days after surgery. No ischemic, congestive, or cholestatic changes were noted. There was only
very mild lymphocytic infiltration around the allogenic interposition vessel grafts, suggested to be mild
signs of rejection.
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Figure 4. Biochemical markers before, during, and after autologous liver transplantation. AT-1II: an-
tithrombin-1ll, PT: prothrombin time, AST: aspartate aminotransferase, ALT: alanine ami-
notransferase, T.B.: total bilirubin, ALP: alkaline phosphatase, POD: Days after surgery,
arrows: reperfusion.

(D Before surgery, @ after removal of the liver graft, 3 before reconstruction of the portal
vein, @ 5 min after reperfusion, & 30 min after reperfusion, ® 2 hours after reperfusion,
@ 4 hours after reperfusion, ® 6 hours after reperfusion
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Discussion

Our model of autologous liver transplantation has several important advantages, such as the absence
of rejection and effects of immunosuppressants. Surgical techniques for LDLT can thus be directly and
objectively evaluated.

Of the 6 pigs that died within 11 days after surgery, 3 died from surgical mismanagement and 1 died
from postoperative mismanagement (blood loss from a disconnected intravascular catheter). These pigs
probably would have survived much longer if perioperative management had been adequate. In the other
animals, biochemical variables improved rapidly, and the histological findings and weight gain of the trans-
planted liver indicated that the transplants were functioning well and regenerating.

Porcine LDLT is superior to other animal methods because of anatomic similarities between pigs and
humans. However, the usefulness of porcine models of LDLT has been limited by several problems, in-
cluding difficulty in iz situ excision of the hepatic parenchyma due to the risk of hemorrhage, the inability
to perform hepatic vein-hepatic vein anastomosis because of the high fragility of the hepatic vein wall,
difficulty in performing anastomoses of the portal vein and hepatic vein due to their proximity, and the
need for complicated portosystemic bypasses'. Previously, Katoh et al'” reported good results with a
porcine model of allogenic LDLT, but did not describe the details of surgery. Kawarasaki et al'” reported
that LDLT in monkeys has several limitations, such as the availability of animals and unstable long-term
results.

In our model, we have incorporated various technical modifications that can be or are being used for
human LDLT. The incision line of the hepatic parenchyma is intentionally established apart from the divi-
sion lines between lobes. Hemorrhage is reduced by precisely dividing the hepatic parenchyma by the
forceps fracture method and by carefully ligating and excising the middle hepatic vein and left caudate
branch of the portal vein.

An interposition graft can be applied to the hepatic vein in the liver graft to reinforce the venous wall
and suture line. On the recipient side, an orifice large and strong enough to permit anastomosis is cre-
ated by incising the wall of the hepatic vein to the suprahepatic IVC while side-clamping the IVC (Fig. 3),
as is often done in human LDLT to prevent outflow block. Furthermore, a vessel graft is placed in the
portal vein of the liver graft to facilitate anastomosis without tension. Excision of the entire recipient
liver, excluding the caudal lobe, is done by separately excising the right and left liver lobes without IVC
clamping or bypass. A portosystemic shunt is efficiently created during the anhepatic period by using a
heparin-coated tube to establish a single passive bypass from the portal trunk to the internal jugular vein,
without the use of a Biopump. By inserting a tube in the right lateral branch of the portal vein, portal vein
anastomosis can be completed without disturbing blood flow during the anhepatic period. This procedure
is similar to the technique developed by Kawasaki et al for creating a temporary right portal vein-IVC
shunt'?.

Bile leakage occurred in 8 of the 10 animals that survived for 7 days or longer. Problems such as fragil-
ity of the porcine bile duct wall and decreased arterial blood flow in both the graft and recipient bile duct
walls remain to be solved; these problems also occur in human LDLT when duct-to-duct anastomosis is
used for biliary reconstruction'” .

Our results fell short of our goals for postoperative morbidity and mortality. Some of potential limita-
tions were poor control of hemorrhage during hepatic division and the lack of foolproof techniques for
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procedures such as bile duct-to-duct anastomosis.

The present study revealed that the LDLT model using one pig simultaneously as donor and recipient

was technically possible. We are planning of increasing the experience with this experiment so as to as-

sess the usefulness of our autologous porcine model for training and evaluation and of surgical techniques
for human LDLT.
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