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Abstract: Objective: To outline our experience with reconstruction of the hepatic artery during radical resection of
hilar cholangiocarcinoma, and to discuss the clinical significance of this challenging surgery. Methods: We retro-
spectively reviewed clinical data of 16 patients with advanced hilar cholangiocarcinoma who underwent left hep-
atectomy with simultaneous resection and reconstruction of the right hepatic artery with or without portal vein
reconstruction, focusing on the type of hepatic artery reconstruction and surgical outcome. Results: Right hepatic
artery was reconstructed with end-to-end anastomosis (n=10), using the autologous greater saphenous vein graft
interposition (n=1), the autologous left hepatic artery graft interposition (n=2), the reserved left hepatic artery
(n=1), or the gastroduodenal artery (n=2), among which 6 patients underwent portal vein reconstruction simultane-
ously. Post-operative pathology showed poorly differentiated adenocarcinoma in 6 patients, moderately differenti-
ated adenocarcinoma in 8 and well differentiated adenocarcinoma in 2. RO resection was achieved in 15 patients.
There was no postoperative liver failure, biliary-enteric anastomotic leakage or perioperative deaths. Conclusions:
Reconstruction of the hepatic artery can improve the radical resection rate of advanced hilar cholangiocarcinoma
and control the postoperative complications, which is safe and feasible in selected patients.
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also discuss the clinical significance of this
challenging surgery.

Introduction

Radical tumor resection still remains the opti-
mal choice for the therapy of hilar cholangiocar-
cinoma. However, achieving negative surgical
margins often ends in failure because of vascu- Patients
lar invasion. Now portal vein reconstuction has
become a routine surgical procedure and been
well described in the former researches [1-4].
Hepatic artery reconstruction for advanced

Patients and methods

Between August 2008 and August 2015, 16
patients underwent left hepatectomy with
simultaneous resection and reconstruction of

hilar cholangiocarcinoma is still the most ardu-
ous challenge for hepatobiliary surgeons.
Fortunately, in the era of liver transplantation,
recent advances in surgical techniques facili-
tated the performance of hepatic artery recon-
struction [5, 6].

In this study, we outlined our surgical experi-
ence of left hepatectomy combined with resec-
tion and reconstruction of right hepatic artery
(RHA) with or without portal vein reconstruction
for advanced hilar cholangiocarcinoma, and we

the right hepatic artery in our center, due to
advanced hilar cholangiocarcinoma. There
were 10 men and 6 women with a mean age of
59.8 years (38-76 years). All the 16 patients
were jaundiced upon admission, with a mean
total serum bilirubin concentration of 234
pmol/L (23-427 pmol/L). Percutaneous tran-
shepatic cholangial drainage (PTCD) (n=8) or
endoscopic nasobiliary drainage (ENBD) (n=4)
was performed in 9 patients to treat segmental
cholangitis, to relieve jaundice and to define the
anatomy of biliary tree.
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Figure 1. Three-dimensional volume-rendered images. A: Encasement of the right anterior hepatic artery and the bi-
furcation was found (A). This patient underwent left trisectionectomy and caudate lobectomy with right posterior he-
patic artery reconstruction. B: Encasement of the variable right hepatic artery coming from the superior mesenteric
artery was found (arrow). This patient underwent hepatic artery reconstruction using the gastroduodenal artery.

Table 1. Surgical Procedures for Hilar Cholan-
giocarcinoma (August 2008-August 2015)

Vascular Resection

Type of Hepatectomy*
Total HA Alone PV and HA

S2,3,4 4 4 0
S$1,2,3,4 7 3 4
S$1,2,3,4,5,8 5 3 2
Total 16 10 6

*Expressed as Couinaud’s hepatic segment(s) resected.
PV indicates portal vein resection; HA, hepatic artery
resection.

Vascular invasion was diagnosed using multi-
detector-row computed tomography (MDCT)
angiography preoperatively (Figure 1). Multi-
planar reformation and 3-dimensional volume-
rendered (3DVR) images were generated from
arterial, portal and venous phase datas.
Multiplanar reformation images were used to
estimate the vascular invasion, while vascular
resection and reconstruction were planned by
3DVR images (Figure 1).

Operative procedures

The type of hepatectomy was summarized in
Table 1. Left hepatectomy was performed in 4
patients, left hepatectomy with the caudate
lobe in 7 and left hepatic trisectionectomy in 5
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Figure 2. Completion photography of left trisectionec-
tomy and caudate lobectomy with vascular resection.
The right posterior hepatic artery was reconstructed
through end-to-end anastomosis with the right he-
patic artery (arrow).

(Table 1 and Figure 2). All patients underwent
en bloc resection of the hepatic lobe and extra-
hepatic bile duct. The parenchymal transection
was conducted by utilizing cavitron ultrasonic
surgical aspirator (CUSA) after separation of
the first porta hepatis, under left hemi-hepatic
flow occlusion in left hepatectomy and omni-
hepatic flow occlusion for 15 minutes at 5-min-
ute intervals in left hepatic trisectionectomy.
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Figure 3. Scheme of hepatic artery resection and reconstruction of all the 16 patients. A: Type of hepatic artery
reconstruction with end-to-end anastomosi. B: Proper hepatic artery anastomosed to proper hepatic artery. C: He-
patic artery reconstruction in case of right posterior hepatic artery variation. D, E: Autologous left hepatic artery
graft interposition for hepatic artery reconstruction. F, G: Hepatic artery reconstructed with gastroduodenal artery.
L indicates left hepatic artery; A, right anterior hepatic artery; P, right posterior hepatic artery; GDA, gastroduodenal
artery; SMA, superior mesenteric artery; LGA, left gastric artery.

The vascular resection was carried out only
when the vessel could not be detached from
the tumor during the skeletonization resection
of the hepatoduodenal ligament. Six patients
underwent hepatectomy with simultaneous
resection and reconstruction of the portal vein
and hepatic artery. The portal vein was resect-
ed and reconstructed, then was en bloc resec-
tion of the tumor, followed by reconstruction of
the hepatic artery. The portal vein resections
included 4 segmental resections and 2 wedge
resections. Reconstruction of the segmental
resections was accomplished by end-to-end
anastomosis (n=3) or an external iliac vein graft
interposition (n=1). In 2 wedge resections, the
relatively intact left portal vein patch graft was
used to close the defect. All reconstructions of
the hepatic artery were performed by hepatobi-
liary surgeons that had the background of liver
transplantation, under magnifying scope, using
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8-0 polypropylene. Heparin and papaverine
were beneficial and indispensable for topical
use during anastomosis to prevent thrombosis
and relieve arterial spasm respectively. Intra- or
postoperative anticoagulant drugs were not
performed in any of the patients.

Ethics approval and consent to participate
Written informed consent was obtained from all
participants. This study was approved by the
local Ethics Committee at Zhejiang University
School of Medicine.

Results

Reconstruction of hepatic artery

RHA was reconstructed with end-to-end anas-
tomosis (n=10, Figure 3A-C), using the autolo-
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Figure 4. Color-Doppler ultrasound performed postoperatively showed the

patency of reconstructed hepatic artery.

gous greater saphenous vein graft interposition
(n=1, Figure 3A), the autologous left hepatic
artery (LHA) graft interposition (n=2, Figure 3D
and 3E), the reserved LHA (n=1) (Figure 3A), or
the gastroduodenal artery (n=2, Figure 3F and
3G6).

In 10 patients with end-to-end anastomosis,
hepatic arteries were reconstructed through
RHA anastomosed to RHA (n=1, Figure 3A),
RHA anastomosed to proper hepatic artery
(PHA) (n=6, Figure 3A), right posterior hepatic
artery anastomosed to RHA (n=1, Figures 1A
and 3D), or PHA anastomosed to PHA (n=1,
Figure 3B). One patient had the variable right
posterior hepatic artery coming from the supe-
rior mesenteric artery (SMA), after resection of
both right anterior and posterior hepatic artery,
the right anterior hepatic artery was anasto-
mosed to the LHA and the right posterior hepat-
ic artery was anastomosed to the proximal RHA
(Figures 3C and 5B). The gastroduodenal artery
was resected in one patient to reduce anasto-
motic tension (Figure 3A). In two patients who
underwent reconstruction with LHA graft inter-
position, one had the variable LHA coming from
the left gastric artery (Figures 3E and 5A), the
other had a low hepatic artery bifurcation with
relatively long and intact left hepatic artery
(Figure 3D), so the autologous graft was used.
The autologous greater saphenous vein graft
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Pathologic evaluation

Post-operative pathology sho-
wed that all of the patients
had tubular adenocarcinoma
including 6 poorly differentiat-
ed adenocarcinomas, 8 mod-
erately differentiated adeno-
carcinomas and 2 well diff-
erentiated adenocarcinomas.
Portal vein invasion was con-
firmed in 5 patients, and the
remaining patient had marked
fibrosis. All of the 16 patients
had hepatic artery invasion
demonstrated by histological
examination. The distal bile
duct margin and proximal bile
duct margin were negative for

cancer in 15 and 16 patients,
respectively. Consequently, RO resection was

achieved in 15 patients.

Surgical outcome

To evaluate the patency of reconstructed
hepatic artery, Color-Doppler ultrasound was
performed 3 times within 1 week postopera-
tively (Figure 4). MDCT was also done 2 weeks
and around 2 months after surgery (Figure 5).
The monitoring indicated that all reconstructed
hepatic arteries were patent.

Of total, 10 patients had good postoperative
recovery without any complications, whereas
the remaining 6 developed several kinds of
complications as moderate ascites (n=5),
hepatic cross sectional encapsulated effusion
(intra-abdominal abscess) (n=2) and wound
infection (n=1). There was no post-operative
liver failure, hepatic abscess, biliary-enteric
anastomotic leakage, relaparotomy or periop-
erative death.

Vascular invasion was previously a primary
cause for disease irresectability in hilar cholan-
giocarcinoma. With the development of micro-
surgical technique, especially the vascular
anastomosis technique innovation of the living
donor liver transplantation, vascular invasion is
no longer the surgical contraindication [1-6].
From the former literatures, portal vein recon-
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Figure 5. Postoperative three-dimensional volume-rendered images showed patency of the reconstructed hepatic
artery. A: The right posterior hepatic artery was reconstructed with autologous left hepatic artery graft interposition
(A). B: The right anterior hepatic artery was anastomosed to the left hepatic artery and the right posterior hepatic
artery was anastomosed to the proximal right hepatic artery (arrow).

struction has been well accepted from an surgi-
cal risk viewpoint and might improve survival
[1-4]. Whereas, hepatic artery reconstruction
cannot be justified [7]. In terms of hepatic
artery invasion, in order to ensure en block and
radical resection, combined hepatic artery
resection is essential and vital. In our series,
there was no postoperative liver failure, relapa-
rotomy or perioperative death, though all
patients underwent major hepatectomy with
hepatic artery reconstruction. This surgical out-
come was acceptable. In the first place, our
department is skillful in vascular reconstruc-
tion and rich-experienced with perioperative
managements. Thus no one developed any
post-operative complications related to hepatic
artery reconstruction. | should touch on, that
we have so far performed liver transplantation
in more than 1000 patients including 152
cases of living donor liver transplantation [8].
All the surgeons in our group had the back-
ground of liver transplantation. This favorable
technique is largely responsible for the out-
standing results obtained. The last but not the
least, intestinal microecological therapy might
increase the likelihood of this excellent results.

Since 2004, our center had proceeded hepa-
tectomy combined with portal vein resection
and hepatic artery resection in the treatment
of local advanced hilar cholangiocarcinoma. In
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our early reported 2 cases, hepatic artery
reconstruction was failed in one case, resulting
in hepatic abscess and hepatonecrosis 3
months postoperatively [9]. Therefore we hold
the opinion that maintain the double blood sup-
ply of the liver and RO resection have equally
significance for the treatment of hilar cholan-
giocarcinoma. We couldn’t destroy the blood
supply to achieve RO resection. That is to say
while combined hepatic artery resection is
required, it should be reconstructed to reduce
operative risk, especially in patients with high
serum total bilirubin level preoperatively, exten-
sive hepatectomy intraoperatively, or portal
vein resection simultaneously. However in
some selected patients with low serum total
bilirubin level, young aged, no basic diseases of
the liver and limited hepatectomy, the criterion
of hepatic artery reconstruction should be
loosened.

In this paper we retrospectively analyzed the
clinical data, operative procedure and surgical
outcome in 16 patients who underwent left
hepatectomy with simultaneous resection and
reconstruction of the RHA during their radical
resection of hilar cholangiocarcinoma. From a
functional perspective, left-sided hepatectomy
is less risky since the resection volume is small.
The LHA runs along the leftmost site of the hep-
atoduodenal ligament, right-side predominant
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hilar cholangiocarcinoma rarely involves the
LHA, thus RHA reconstruction is more common
in local advanced hilar cholangiocarcinoma [5].

In our experience, if the hepatic artery resec-
tion length is within 2-3 cm, directly end-to-end
anastomosis is optimal, as after skeletoniza-
tion resection of the hepatoduodenal ligament
the hepatic artery is free, resulting in toilless
reconstruction. In case of RHA invasion, while
the LHA is intact, the left side ought to be a
good choice for reconstruction. However, sup-
posing that directly end-to-end anastomosis is
impracticable, reversed gastroduodenal artery
is alternative. For cases with large gap and
backbreaking to directly anastomose, it is indis-
pensable even to cut off gastroduodenal artery
so as to shorten the distance and reduce ten-
sion. Otherwise the autogenous greater saphe-
nous vein graft interposition can also be taken
into consideration. Besides, in some selected
patients we recommended LHA graft interposi-
tion for reconstruction, which is citation-free
and self-contained. Moreover Nagino et al per-
formed hepatic artery reconstruction using the
reversed right gastroepiploic artery, the
reversed right gastric artery, or radial artery
graft interposition [5]. Liang Y et al reported
that gastroduodenal artery graft also can be
used for hepatic artery reconstruction [10].

For my part, vascular transplantation should
not be as the preferred solution, it increased
the number of anastomotic and extended the
operation time. When direct arterial reconstruc-
tion is impossible, arterioportal shunting might
be beneficial to maintain the arterial blood sup-
ply [11]; or preoperative embolization of the
proper hepatic artery could be performed to
promote the collateral circulation [12]. We hold
the opinion that arterioportal shunting and pre-
operative embolization are only reported in
small amount of cases, the safety of these pro-
cedures require further assessment in a large
series. Also retain the perihepatic ligament is
advantageous for postoperative collateral cir-
culation establishment in patients without arte-
rial reconstruction [9]. Do not simultaneously
resect hepatic artery and portal vein to engen-
der a long-drawn-out time of the residual liver
ischemia. As portal flow is dominant and portal
vein reconstruction is relatively facile and fast,
in order to shorten the ischemia time, we advo-
cate portal vein reconstruction first, yet indi-
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vidual plan should be designed based on spe-
cific condition of each case. Hence, sufficiently
preoperative evaluation to define the status of
hepatic artery invasion is crucial, we suggest
that computed tomography angiography (CTA)
or magnetic resonance angiography (MRA)
should be routinely taken in patients that vas-
cular invasion was suspected.

Radical resection with negative surgical mar-
gins provides the only chance of cure and long-
term survival. Hepatic arterial reconstruction
can improve the rate of radical resection of
local advanced hilar cholangiocarcinoma and
decrease the occurrence of serious complica-
tions after operation, which will lead to an
expanded surgical indication and improved sur-
vival for patients with this horrible disease, is
safe and feasible. However, our series are lack
of long-term follow-up, and the number of cases
is limited; the effect of the operation on the
long-term prognosis needs further follow-up
and evidentiary support from large scale clini-
cal samples.
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