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Abstract

Objectives: In living-donor liver transplantation (LDLT), microsurgical reconstruction of a hepatic artery is
essential but requires challenging techniques, because graft arteries are short and usable vessel grafts are limited.
Furthermore, hepatic artery thrombosis can be a lethal complication. Extra-anatomical jump graft reconstruction
using free grafts is reported to have a high reocclusion rate. However, this technique is necessary when there is no
other option. We report 4 cases of LDLT that required extra-anatomical reconstruction technique using free
autografting from the aorta to the hepatic artery. In this technique, we used the systemic administration of gabexate
mesilate that is the strong serine protease inhibitor.

Methods: From 1991 to 2015, we performed 164 LDLTs. We retrospectively investigated 4 cases of extra-
anatomical reconstruction of the hepatic artery using free autografting from the aorta to the hepatic artery.

Results: Two cases initially underwent anatomical reconstruction, but the arteries occluded early, because of the
dissection of recipient’s artery. There was no arterial graft, so we performed extra-anatomical reconstruction by
using free autografting from the aorta to the hepatic artery. In the other two cases, the recipient arteries could not be
used. Therefore, we initially performed extra-anatomical reconstruction by using radial artery free autografting as
jump grafts from the aorta to the hepatic artery. In all cases, we used the systemic administration of gabexate
mesilate, and could rescue all cases.

Conclusion: We experienced and were able to salvage 4 cases that required free autografts. When there is no
other means of reconstructing arteries, it is necessary to perform this procedure, depending on the condition of the
intima of the recipient artery.
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Introduction
Microsurgical reconstruction of a hepatic artery is essential but

requires challenging techniques in living-donor liver transplantation
(LDLT), because the recipient artery is located deep in the abdominal
cavity, and the operating field is limited [1, 2]. Compared with
cadaveric donor liver transplantation, LDLT is difficult owing to the
short hepatic artery, severe intimal damage, and limited usable vessel
grafts. Furthermore, hepatic artery thrombosis (HAT) can be a lethal
complication. To avoid these difficulties, we used the back-wall support
suture technique with double needle sutures, which reportedly has a
protective effect on the intima [3, 4]. However, in LDLT, there may be
cases in which it is difficult to reconstruct the arteries, such as with
dissection of the recipient common hepatic artery or median arcuate
ligament syndrome (MALS), even using this technique.

On the other hand, extra-anatomical jump graft reconstruction
using free grafts is reported to have a high reocclusion rate [5].
However, when recipient hepatic arteries cannot be used as inflow
arteries, and there is no other option, it is necessary to perform such
grafts [5]. In LDLT, in particular, usable vessel grafts are limited, so it is
necessary to perform this procedure by using free autografts. We
recently experienced 4 cases of LDLT that required extra-anatomical
jump graft reconstruction using free autografts from the aorta to the
hepatic artery. In this technique, we used the systemic administration
of gabexate mesilate that is the strong serine protease inhibitor. It was
often effective on treatments of disseminated intravascular coagulation
(DIC) and preservation of the intima. We were able to salvage 4 cases,
which we report here.

Patients and Methods
Informed consent was obtained from both the recipient’s parents

and the donors. All procedures were reviewed and approved by the
Ethics Committee of the Tohoku University School of Medicine and
were performed in accordance with the ethical standards of the
Declaration of Helsinki.

From 1991 to 2015, we performed 164 LDLTs (pediatric:adult =
92:72, left lobe: right lobe = 97:67). We report the cases of 4 patients
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requiring extra-anatomical reconstruction of the hepatic artery using
free autografts from the aorta to the hepatic artery; we investigated
these cases retrospectively.

Briefly, we first controlled the abdominal aorta at the level of the
infrarenal arteries. If the wall of the abdominal aorta was usable, we
were able to perform the procedure. The lumbar arteries were ligated
for safety. The radial artery autograft was retrieved from the forearm
(over 15 cm). We perforated the wall of the aorta, and performed an
anastomosis of the free graft to the aorta using a microsurgical

interrupted suture technique. Then we confirmed that blood inflow
was sufficient. After that, we performed an anastomosis of the free
graft to the hepatic artery using a microsurgical interrupted suture
technique (Figure 1). Each stitch was placed from the inner side of the
arterial wall to the outer side with double needle sutures to protect the
intima of arteries. Then we used the systemic administration of
gabexate mesilate that is the strong serine protease inhibitor at full
dose (40mg/kg/day) at least 10 days after operation to protect the
intima [6]. We think this technique is also gentle for intima of arteries.

Figure 1: Operation of extra-anatomical jumping graft reconstruction of hepatic artery.

We monitored for HAT using ultrasonography every 8 hours, daily
for 14 days after transplantation [7]. We examined the pulsatile index
(peak systolic - end diastolic/mean velocities), resistive index (peak
systolic - end diastolic/peak systolic velocities), and acceleration time.
In the third week, we reduced the frequency of ultrasonography to
once per day, and eventually discontinued it as a routine diagnostic
procedure. We defined HAT as the absence of hepatic arterial flow on
ultrasonography and worsening laboratory results, such as
aspartate transaminase (AST) and alanine transaminase (ALT) levels.

Results
The first case was a 10-month-old female with biliary atresia (failed

Kasai procedure) (Table 1). We initially performed anatomical
reconstruction, but the recipient artery had intimal dissection, and
occluded early. We performed reconstruction immediately, but two
days later the dissection had spread to the common hepatic artery. The

common hepatic arteries cannot be used as inflow arteries and the
usable vessel grafts are limited, so there was no other option. Then, we
performed extra-anatomical reconstruction by using a saphenous vein
free autograft as a jump graft from the aorta to the hepatic artery. After
that, the blood flow was decreased, but anticoagulant therapy was
effective. Fortunately, we could rescue the case.

Age Sex
Diseas
e Liver graft

Donar
Age Reason

Graft
Survival

0 F BA
Left lateral
liver 24

disection of
CHA Function

47 F HCV Right liver 47
disection of
CHA Function

50 M NASH Right liver 45
disection of
CHA Function
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45 M PSC Right liver 43 MALS Function

*MALS: median arcuate ligament syndrome

Table 1: The Results of 4 cases.

The second case was a 47-year-old female with liver cirrhosis
(hepatitis C) (Table 1). We initially performed anatomical
reconstruction, but the recipient hepatic artery also had dissection, and
occluded 13 days after transplantation. The hepatic arteries cannot be
used as inflow arteries. Therefore, we performed extra-anatomical
reconstruction by using a radial artery free autograft as a jump graft
from the aorta to the hepatic artery. We thought that the artery
autograft might be better than the vein autograft for the reconstruction
of the artery. Fortunately, we were able to reconstruct the hepatic
artery, and the blood flow in the arterial graft did not decrease by the
time of discharge.

The third case was a 50-year-old man with nonalcoholic
steatohepatitis (NASH) (Table 1). We were aware of difficulty with the
recipient artery before the operation. The recipient common hepatic
artery had dissection, so we initially performed extra-anatomical
reconstruction by using a radial artery free autograft from the aorta to
the hepatic artery.

The fourth case was a 45-year-old man with primary sclerosing
cholangitis (PSC) (Table 1). We also were aware of difficulty with the
recipient artery before the operation. The recipient celiac artery had a
stricture because of MALS. Therefore, we initially performed extra-
anatomical reconstruction by using a radial artery free autograft from
the aorta to the hepatic artery. We were able to reconstruct the arteries
in all cases.

Discussion
Compared with cadaveric donor liver transplantation, LDLT is

difficult due to the short hepatic artery, severe intimal damage, and
limited usable vessel grafts. In these difficult LDLT cases, we often
struggled to reconstruct the arteries. Extra-anatomical jump graft
reconstruction using free grafts is said to have a high reocclusion rate,
but when recipient common hepatic arteries cannot be used as inflow
arteries, and there is no other vessel grafts, it is necessary to perform
such grafts [5]. Then we used the systemic administration of gabexate
mesilate to protect the intima. As a result, we were able to reconstruct
the arteries in all cases, and the blood flow in the arterial grafts did not
decrease by the time of discharge. Thus, we felt that it was necessary to
carry out this procedure before the recipient and graft intimal
condition became irreparable. Our results suggest that the procedure
seems to be safe for microvascular reconstruction in liver
transplantation.

We used the back-wall support suture technique with double needle
sutures, which is known to have a protective effect on the intima [3],
because the key to preventing HAT is to protect the endothelial cells. It
is known that healthy endothelial cells prevent thrombosis in the
intravascular lumen. Even when the reconstruction method is extra-
anatomical, the result is the same with jump graft reconstruction. We
also thought that an artery autograft might be better than a vein
autograft for the reconstruction of the artery, because the vein graft
gradually thickens under arterial pressure. This is the reason we
performed extra-anatomical jump graft reconstruction using radial

artery free autografting. The number of cases in our study was small,
and further investigation is necessary in the future.

Gabexate mesilate is one of the strongest serine protease inhibitor.
Previously we reported about gabexate mesilate and risk factors of
HAT [5, 6]. Then we recognized that those serine protease inhibitors
have the cytoprotective effects of the endothelial cells. In Japan
gabexate mesilate is sometimes used on the treatment of disseminated
intravascular coagulation (DIC), and in some cases it is more effective
rather than heparin. So, in these cases we used gabexate mesilate on
this extra-anatomical reconstruction.

We investigated HAT using daily ultrasonography for 2 weeks after
the operation. However, after the third week, we performed only non-
routine ultrasonography a few times a week, because it has been
reported that HAT often occurred 6 to 10 days after surgery [4, 7]. We
also think that monitoring for HAT is not so important from the third
week forward. We had two patients in whom arterial flow could not be
confirmed on ultrasonography for a few days, but recovered
afterwards. However, laboratory results remained within acceptable
limits in these cases, and we perceived no problem. Especially in these
cases, it is not advisable to depend only on ultrasonography. There may
also have been several patients, in whom small collateral arteries
reduced the main arterial flow, causing further difficulty in confirming
flow. This is the reason we defined HAT when both hepatic artery flow
was not seen by ultrasonography and laboratory data worsened.

In these cases, we firstly used venous grafts because we were not able
to think auto arterial grafts. But after that, we knew the cardiovascular
surgeons’ technique using the auto arterial grafts. Actually there were
some cases of vascular patients that the artery grafts really had better
patency than vein grafts. Now, we thought that arterial grafts are better
than venous grafts because arteries have tolerance for blood pressure
and are hard to thicken.

In conclusion, we experienced 4 cases that required extra-
anatomical jump graft reconstruction using free autografts in
conjunction with gabexate mesilate, which we were able to save. Our
jump graft reconstruction technique allows for safe intimal adaptation,
because we use healthy arteries and our stitches are carried from inside
to outside. Gabexate mesilate has a side effect of hemorrhage, so there
were a few cases of contraindication such as bleeding cases. But when
there is no other means of arterial reconstruction, it is necessary to
perform this procedure as soon as possible, depending on the intimal
condition of the recipient artery.
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