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Role of Arterial Blood Supply in Orthotopic Whole and Partial Liver

Transplantaion in the Rat

Kimiro TANAKA, Takashi KANEMATSU

Department: of Surgery II, Nagasaki University School of Medicine, Nagasaki, Japan

Aims: The hepatic artery (HA) thrombosis is a serious com-
plication after liver transplantation (LT). In the present
study, role of blood supply from HA to the grafted liver
was experimentally investigated.

Methods: Rats were grouped into 4: Group I-whole LT without
HA reconstruction, Group Il-partial (30% ) LT without HA re-
construction, Group III - whole LT with HA reconstruction, and
Group IV - partial (30% ) LT with HA reconstruction.

Results: In Group III, posttransplant elevation of serum lev-
els of GOT and total bilirubin was minimal. Those levels in
Groups I and II were significantly higher, compared to those in
Groups III and IV. Dilatation of the bile duct and bile stasis
were evident in 60% and 71% of rats in Group I and I, respec-
tively. In Group II, histological examination demonstrated
that proliferation of bile duct around the portal triad was
prominent at early period after LT. Those findings were
mild and there was no histological evidence of destruction
of vascular and bile duct structures in Groups III and IV.
Conclusion: These findings were suggestive that arterial blood
flow to the grafted liver played an important role to feed nu-
trients to the biliary tree. In order to prevent damage in the
biliary traet, successful reconstruction of HA is essential in LT.
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Introduction

Liver transplantation (LT) has become a well-established
modality for treatment of previously fetal liver disease.
Overall survival after LT has dramatically improved
(1). The refinement of surgical techniques and advent
of new immuno-suppresive agents have accounted for
remarkable progress (2).
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The early posttransplant period is the time with the
greatest incidence of death. Shaw et al. (3) reported
that 43 % of deaths occurred in the first month after
LT, and Mora et al. (4) found that 47 % of all deaths
occurred in the first 3 months. The marked improve-
ment in survival curves of each of the years was pri-
marily in the early posttransplant period (5).

Liver reduction techniques, including reduced-size
LT (6), split LT (7) and partial LT from living donors
(8) were developed to overcome the shortage of size
matched graft for children. Partial LT from living do-
nors is now a procedure of choice even for adult can-
didates (9). In all these procedures, techniques share the
problem of size missmatch between the vessels of the
adult liver and the recipient. Rela et al. (7) showed that
the hepatic artery (HA) thrombosis was a serious
complication related to LT.

The method of LT in rats was developed by Lee et
al. (10) and was established by Kamada et al. {(11). In rat
LT model, reconstruction of HA is not always required,
and the grafted liver functions by blood supply only
from the portal vein. By "Sleeve’s technique”, we have
successfully established the technique to reconstruct HA
in the rat. In the present study, in order to investigate the
role of HA in LT, this rat LT model was utilized.

Materials and Methods

Animals:

Male, inbred rats (LEW, RT1%) weighing 250-350 g
were used. The study was performed according to the
ethical guidelines of the Animal Care Committee of
Nagasaki University.

Surgical Procedures:

Orthotopic LT were carried out using the 2-cuff
method by Kamada et al. (11). HA was microscopically
reconstructed, using "Sleeve’s method”. Briefly, the
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donor’s celiac artery was anastomosed to recipient’s com-
mon HA. One stitch was given with an 8-0 nylon suture
material to approximate the both arteries. And, two
stitches were added to complete the anastomosis. The
scheme of our method for wvascular reconstruction
(Fig.1) and photo of completed arterial reconstruction
(Fig.2) are shown. Anastomosis of HA was done by
one of the authors (K.T.) and it took approximately
14 minutes to complete it. Reconstruction of the portal
vein was made by cuff method and bile duct was
anastomosed by use of the stent tube.
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Fig. 1. Technique for vascular reconstruction in rat liver
transplantation.

Fig. 2. Photo of the completed reconstruction of the hepatic
artery. Donor’s celiac artery was anastomosed with recipient’s
common hepatic artery. CBD; common bile duct, PV; portal vein,
HA; hepatic artery, IVC; inferior vena cava

Experimental Groups:

Rats were divided into the following 4 groups, accord-
ing to the modes of LT and vascular reconstruction.

Group I (n=10): Whole LT without reconstruction of
HA
Group I (n=10): Partial (30 %) LT without recon-
struction of HA
Group I (n=10): Whole LT with reconstruction of
HA
Group IV (n=10): Partial (30 %) LT with reconstruc-
tion of HA

Postoperatively, food and water were allowed to take
ad libitum, and antibiotics were given for 5 days after
LT.

FEvaluation:

Complications and survival of rats after LT were care-
fully observed. Serum chemistries were serially moni-
tored. When rats died, autopsy was done and the liver
was submitted for histological examination. Rats sur-
vived over 100 days after LT were Kkilled, and patency of
HA in some rats of Groups III and IV was evaluated by
angiography or infusion of dye (indocyanine green) im-
mediately after sacrifice. The liver was also histologically
examined.

Results

Surugical results:

In Groups III and IV, 5of the 10 rats in each were
evaluated regarding the patency of HA at the time of
autopsy or sacrifice. Angiography was made in 4 and
infusion test of dye was done in 6. Tables 1 summarizes
patency of reconstructed artery in Groups III and 1V, and
there was no evidence of obstruction of HA in all rats. A
representative angiographic finding is shown in Fig. 3.

Survival and causes of death in rats of each Group are
demonstrated in Table 2. In Group I, 9rats survived
for over 100 days, but one rat died of liver abscess on
52nd postoperative day (POD) . In Group II, postopera-
tive hemorrahage was a cause of death in one rat and bile
peritonitis led to death in 2. Another rat was killed on 7th
POD for histological evaluation. One rat in Group III
died of postoperative bleeding and each one was Kkilled
for examination of patency of HA and pathological
change of the liver on 14th and 28th POD, respec-
tively. The remaining 7 rats survived for over 100 days.
In Group IV, postoperative hemorrhage was a contrib-
uting factor for death in 3 rats. Each one rat was sacri-
ficed for evaluation on 14th and 28th POD, respectively,
and the remaining 5 rats survived for over 100 days.

In terms of the bile duct complication, accumulation
of bile sluge, stone-like formation and/or the dilatation
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Table 1. Patency of the reconstructed hepatic artery in whole
and partial liver transplantation.

Days after LT
modes of LT 7 >3 >700 Total
Whole
11 3/3 5/5

(Group ) 1 / /

Partial

1 1/1 3/3 5/5

(Group IV) 1

No. of rat(s) with patent artery / No. of rat(s) having reconstruction
LT : liver transplantation

Table 2. Survival and causes of death after liver transplanta-
tion.

Causes of death and No. of rats survived

Groups  No.of rats days after LT over 100 days
! 10 1( liver abscess,52days) 9
2 (bile peritonitis,4 and 5 days)
I 10 1 (hemorrhage, 1day) 6
1 (sacrifice,7 days)
" 10 1 (hemorrhage,1day) 2
2 (sacrifice,14 and 28 days)
v 10 3 (hemorrhage,1 day) 5

2 (sacrifice,14 and 28 days)

LT: liver transplantation

Table 3. Complications in the biliary tract related to liver
transplantation in late period.

Complications

Groups No. 9f rats Dilatation .
subjected . Bile sludge Abscess
or Stenosis
| 10 6 (60%) 6(60%)* 2 (20%)
1l 7 5(71%) 5(71%) nil
I 9 3(33%) nil nil
\Y% 7 2 (29%) nil nil
Rats died of posttransplant hemorrhage were
excluded. (*One of 6 rats had stone formation)

Fig. 3. Angiography of the grafted liver after orthotopic par-
tial liver transplantation (319 postoperative days).

GOT

or stenosis of the bile duct at the peripheral site of the
inserted stent tube were noted in 60 % and 71 % of rats
in Groups I and II, respectively. On the contrary, dilata-
tion or stenosis of the bile duct was evident only in 33
% in Group III and 29 % in Group IV, and thickening
of the duct wall was mild. Bile sludge was also slight
in these two groups (Table 3).

Serum chemistries:

Mean levels of serum GOT were over 300IU/L in
Groups I, II and IV. In Group IV, levels were decreased
to nomal within 3 weeks after LT, whereas rats which
did not have reconstruction of HA (Groups I and II)
showed prolonged elevation of serum GOT levels. On
the contrary, serum levels of GOT in rats, having
whole LT with reconstruction of HA in Group III, were
not increased even after LT. Mean serum levels of
total bilirubin were almost normal in Groups III and
IV. Neverthelss, those levels were elevated in Groups I
and II, Particularly in Group II after LT (Fig.4).
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Fig.4. Serial changes in serum levels of GOT and total
bilirubin. T Bil: total bilirubin
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Histological examination:

Microscopic study demonstrated that there was an
evidence of remarkable proliferation of the bile duct
around the portal triad in the liver of rats in Groups
I and II. In particular, this finding was prominent at an
early period after LT in Group II (Fig.5a). Obstruction
of the artery was also histologically evident in these
groups. Contrarily, the liver in rats of Groups III and
IV showed it to be in almost normal appearance and no
evidence of bile duct proliferation was noted. The pe-
ripheral artery was histologically patent (Fig.5b, c). In
addition, the common bile duct showed the mucosa to
be normal, although mild dilatation of the duct was
observed in gross appearance.

Fig.5. Hitological findings of the grafted liver.

(a)-Group I : remarkable bile duct proliferation around the
portal triad (7 postoperative days).

(b)-Group I : almost normal (316 postoperative days).

(¢)-Group IV : almost normal (319 postoperative days).

Discussion

The present study demonstrated that arterial blood
supply to the grafted liver played an important role in
maintenance of normal structure of the hepatic paren-
chyma and hepatocellular function in partial LT as
well as whole LT. Particularly, damage against the
biliary tract was found to occur when the hepatic arte-
rial flow was occluded.

In association with the introduction of partial LT,
several complications have been noted (12). Bile duct
trouble, which had been one of the complications in
whole LT harvesting from heart-beating cadaver, has
become to be serious in pediatric patients (13, 14).

It is well known that rats undergoing LT without
reconstruction of HA can tolerate the procedure well
and survive for a long time. This is depended on for-
mation of new arteries from the greater omentum at the
site of anastomosis of the bile duct, which feeds the
grafted liver. As shown in the present study, however,
posttransplant elevation of serum bilirubin levels and
increased rates of bile duct complication were evident
in rats, in which reconstruction of HA was not given.

When comparison was made between whole LT and
partial LT, prolonged elevation of serum levels of GOT
and total bilirubin was also noted in the rat trans-
planted the small sized partial liver. The reasons of this
delayed normalization of biochemical data were consid-
ered as follows; (I) in partial LT, the volume of the
grafted liver is small and it must take a time to regen-
erate, (II) the drainage of the bile was disturbed by
decreased bile secretion, (III) the ischemic change of the
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epithelium of the bile duct because of interruption of
arterial feeding.

When large animals such as porcine or canine are
used in experimental study of LT, maintenance of ar-
terial supply to the graft liver is absolutely needed. In
clinical LT, it is also well known that the occluded HA
leads to fetal outcome (15). Nevertheless, it was difficult
to analyse exactly why interruption of blood supply
gave fetal damage to the grafted liver. In rats model,
animal could survive even when the reconstruction of
HA was not given at the time of LT. In the present study,
we successfully established microsurgical technique to
reconstruct HA in whole and partial LT. Patency of the
reconstructed artery was proved to be satisfactory. Using
this technique, morphological and biochemical changes
in the grafted liver was compared in whole and partial
LT among the rats with or without reconstruction of HA.
And, it was concluded that the hepatic arterial blood
supply was indispensable to maintain the structure of the
biliary tree at the early period, particularly in cases of
partial LT.
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