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Abstract

Introduction: Because surgical resection with simultaneous
hepatic artery (HA) resection and reconstruction for perihilar
cholangiocarcinoma (PHC) is technically demanding, the
surgical indication for this challenging procedure is contro-
versial. Thus, this study aimed to evaluate the efficacy of si-
multaneous HA resection and reconstruction for PHC. Meth-
ods: Between January 2002 and January 2018, 13 patients
with PHC underwent surgical intervention with simultane-
ous resection and reconstruction of the HA at Yamaguchi
University Hospital (Ube, Japan) and Osaka University Hospi-
tal (Suita, Japan). Results: There were 2 cases (15.4%) of 90-
day postoperative mortality. Nine patients (69.2%) devel-
oped major postoperative complications (Clavien-Dindo
classification >llla). Curative resections (R0) were achieved in
8 cases (61.5%). The median survival time (MST) and 1- and
3-year survival rates after resection (including in-hospital
deaths) were 20.9 months and 61.5 and 10.3%, respectively.
The MST and 1- and 2-year survival rates of 8 patients who

underwent RO resection were significantly better than those
of the other 5 patients (24.2 vs. 10.2 months, 75.0 vs. 40.0%,
and 50.0 vs. 0.0%, respectively, p = 0.0228). Conclusions:
Simultaneous HA resection and reconstruction is technically
possible and may provide long-term survival in selected
patients with locally advanced PHC.
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Introduction

Perihilar cholangiocarcinoma (PHC), which is a rel-
atively rare tumor originating between the secondary
branches of the right and left hepatic ducts and the
common hepatic duct proximal to the cystic duct ori-
gin, is one of the most life-threatening malignancies [1].
Surgical resection is considered the only curative treat-
ment for PHC because chemotherapy with or without
radiation is less effective [2, 3]. Moreover, complete re-
section with a negative margin is essential to improve
long-term survival. PHC with vascular involvement re-
mains a surgical challenge because this surgery is asso-
ciated with high risks of postoperative morbidity and
mortality. Although portal vein (PV) invasion was pre-
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viously considered unmanageable for PHC, PV resec-
tion has been demonstrated to be a feasible and effective
surgical option with acceptable morbidity, mortality,
and survival outcome [4, 5]. On the contrary, surgical
resection with simultaneous hepatic artery (HA) resec-
tion and reconstruction for PHC is a technically de-
manding procedure [5-8]. Recently, living-donor liver
transplantation has evolved as a usual and standard
medical treatment, and HA resection and reconstruc-
tion for PHC has been technically accepted in Japan [9,
10].

To our knowledge, few studies have reported out-
comes of HA resection and reconstruction for PHC.
Therefore, the surgical indication for such a challenging
procedure is controversial. Hence, in this study, we
aimed to investigate the postoperative complications
and survival outcomes in patients who underwent HA
resection and reconstruction for PHC.

Materials and Methods

Between January 2002 and January 2018, consecutive PHC pa-
tients who underwent surgical resection with simultaneous resec-
tion and reconstruction of the HA at Yamaguchi University Hos-
pital (Ube, Japan) and Osaka University Hospital (Suita, Japan)
were identified. This study was approved by the Institutional Re-
view Boards of Yamaguchi University Hospital (No. H30-062) and
Osaka University Hospital (No. 18526). The study protocol was
performed in accordance with the Declaration of Helsinki.

Preoperative computed tomography (CT) and/or magnetic
resonance imaging were preferably performed before biliary
drainage to evaluate the extent of tumor invasion since the im-
ages could be obscured by the inserted plastic or metallic stent.
The surgical procedures, conducted based on the site of in-
volved bile duct and residual liver function, were left trisectio-
nectomy (n = 8), left hepatectomy with caudate lobectomy
(n = 4), and right trisectionectomy (n = 1) (Table 1). All pa-
tients underwent en bloc resection of the caudate lobe and ex-
trahepatic bile duct. Indications for HA resection were deter-
mined by preoperative investigation with CT angiography and
macroscopic inspection during surgery. HA resection was per-
formed only when the vessels could not be detached from the
tumor. HA reconstructions were conducted after the removal
of specimens and before biliary reconstructions. HA was re-
constructed with end-to-end anastomosis (# = 12) and an in-
terposition autologous from left HA (n = 1) using interrupted
8-0 nonabsorbable monofilament. Doppler ultrasonography
was performed immediately after the completion of the artery
reconstruction. It was repeated twice daily to observe the arte-
rial flow. One week after surgery, enhanced abdominal CT was
performed to document a patent arterial anastomosis. Postop-
erative anticoagulant therapy was not administered to any of
the patients.
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Statistical Analysis

Categorical variables were compared using the x* test and Fisher’s
exact test. Survival curves were analyzed by the Kaplan-Meier meth-
od and the log-rank test. Statistical analyses were performed with
GraphPad Prism V8.0 (GraphPad Software, Inc., San Diego, CA,
USA). A p value of <0.05 was considered statistically significant.

Results

The clinical and surgical characteristics of the 13 pa-
tients are summarized in Table 1. Of these patients, 7
were men and 6 were women, with a median age of 66
years (range 57-78). Patient distributions by Bismuth
classification were as follows: type IV in 10, type IIIb in
2, and type Illa in 1 patient [11]. Concomitant PV re-
section was performed in 6 patients. The median op-
erative time was 731 min (range 625-1,091 min), and
the median volume of blood loss was 1,700 mL (range
890-3,400 mL). Curative resections (R0) were achieved
in 8 cases (61.5%). Of 13 patients, 5 patients (38.5%)
who underwent HA resection had histological positive
tumor invasion of the resected artery. Clavien-Dindo
IIT or higher postoperative complications occurred in 9
patients (69.2%). The major complications were bile
leakage (n = 5), bleeding (n = 3), and hepatic abscess
(n = 1). There were 2 cases (15.4%) of 90-day postop-
erative mortality. The cause of death was postoperative
bleeding. Although no patients underwent neoadjuvant
chemotherapy, 4 underwent postoperative adjuvant
chemotherapy, comprising gemcitabine in 3 patients
and S-1 in 1 patient.

Surgical outcomes, morbidity, and mortality were
compared between the earlier (2002-2010) and later pe-
riods (2011-2018) (Table 2). Although operative time,
blood loss, and morbidity were similar in the 2 periods,
all procedures performed in the later period involved dif-
ficult and intricate left trisectionectomy. Nevertheless,
the mortality rate was 25% in the earlier period, while
there no deaths in the later period.

Postoperative recurrence was found in 9 patients
(69.2%), including local recurrence (n = 4), lymph node
metastasis (n = 2), liver metastasis (n = 2), and peritoneal
dissemination (n = 1). R1 resection was not associated
with the site of 1st recurrence. The median survival time
(MST) and 1- and 3-year survival rates after resection (in-
cluding in-hospital deaths) were 20.9 months and 61.5
and 10.3%, respectively. The MST and 1- and 2-year sur-
vival rates of 8 patients who underwent RO resection were
significantly better than those of the other 5 patients (24.2
vs. 10.2 months, 75.0 vs. 40.0%, and 50.0 vs. 0.0%, respec-
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Table 2. Surgical outcomes, morbidity, and mortality according to the time period

Variable Earlier period Later period p value
(2002-2010) (2011-2018)
Patients, n 8 5
Age 66 (57-72) 66 (60-78) 0.5501
Gender
Male 4 3 >0.9999
Female 4 2
Surgical procedure
Left hepatectomy with caudate lobectomy 4 0 0.1049
Right or left trisectionectomy 4 5
Portal vein resection 5 1 0.2657
Operative time, min 743 (625-1,091) 727 (625-811) 0.5501
Intraoperative blood loss, mL 2,161 (890-3,400) 1,890 (900-1,700) 0.1709
Morbidity (CD >IIIa), n (%) 4 (50) 5(100) 0.1049
Bile leakage 1 4
Hepatic abscess 1 0
Bleeding 2 1
Mortality, n (%) 2 (25) 0(0) 0.4872
Values are represented as median (range). CD, Clavien-Dindo classification.
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Fig. 1. a Overall survival rates of patients with negative surgical margin (n = 8, solid line) and with positive sur-
gical margins (n = 5, dotted line). A significant difference is observed between groups (p = 0.0228).
b Disease-free survival rates of patients with negative surgical margin (n = 8, solid line) and with positive surgi-
cal margins (n = 5, dotted line). A significant difference is observed between groups (p = 0.0065).

tively; p = 0.0228) (Fig. 1a). The MST and 1-year disease-
free survival rates of 8 patients who underwent RO resec-
tion were also significantly better than those of the other
5 patients (22.4 vs. 3.7 months and 75.0 vs. 0.0%, respec-
tively; p = 0.0065) (Fig. 1b).

Preoperative and intraoperative factors were com-
pared between patients undergoing R0 and R1 resections
(Table 3). There were no significant differences in preop-
erative biliary drainage, Bismuth classification, preopera-
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tive tumor markers, tumor size, surgical procedures, op-
erative time, or blood loss.

Discussion
This study focused on the surgical and survival out-

comes of HA resection and reconstruction for PHC,
based on 13 cases. We performed left-sided hepatectomy

Shindo et al.



Table 3. Comparison of preoperative and intraoperative factors between the R0 and R1 resection patients

Variable RO resection (n =8) Rl resection (n=4)  p value
Age 65 (57-78) 67 (60-72) 0.9677
Gender
Male 4 2 >0.9999
Female 4 2
Preoperative biliary drainage 6 4 0.5152
Bismuth classification
IIIa or IIIb 2 1 >0.9999
v 6 3
Preoperative CA19-9, U/mL 52.5(3.4-1,817) 23.5 (15-1,558) 0.8081
Tumor size, mm 28 (12-50) 22 (10-55) 0.7111
Surgical procedure
Left hepatectomy with caudate lobectomy 3 2 >0.9999
Right or left trisectionectomy 5 2
Portal vein resection 3 2 >0.9999
Operative time, min 733 (625-885) 686 (625-762) 0.4869
Intraoperative blood loss, mL 1,786 (890-3,300) 1,470 (900-2,450) 0.6828

Values are represented as median (range).

in 12 patients (92.3%). Because the right HA, mainly lo-
cated behind the biliary confluence, is often involved in
tumor expansion, right HA resection and reconstruction
is needed in left-sided liver resection for PHC [6, 8]. HA
resection is less common, and the indication of this chal-
lenging procedure is controversial. Some authors have re-
ported that HA resection for PHC was not justified be-
cause of high surgical morbidity and mortality rates
(10.0-55.6%) with no long-term survivors [5, 6, 12]. Re-
cent advances in operative techniques and perioperative
management for HA resection and reconstruction with
introduction and generalization of living-donor liver
transplantation have decreased the morbidity and mor-
tality rates (3.6-4.2%) [13-15]. Although 2 deaths (15.4%)
were recorded in this study, there was no mortality in 5
patients over the last decade.

Postoperative cancer prognosis with concomitant PHC
and HA involvement should be considered when deter-
mining the indication for HA resection and reconstruc-
tion. Gemcitabine with cisplatin combination is the stan-
dard therapy of unresectable PHC based on a phase III
randomized controlled trial (ABC-02 trial) [16]. Although
this combination chemotherapy led to longer survival
than gemcitabine alone, the MST and 3-year survival rate
was 11.7 months and nearly 0%, respectively [16]. In con-
trast, a study reported that the 1-, 3-, and 5-year survival
rates in 50 PHC patients with simultaneous resections and
reconstructions of PV and HA were 78.9, 36.3, and 30.3%,

Simultaneous HA Resection and
Reconstruction for PHC

respectively, with only 2% mortality [8]. Therefore, surgi-
cal resection is the only potentially curative treatment for
PHC. RO resection is considered the prognostic factor for
long-term survival in PHC patients after surgery [17]. In-
deed, patients who underwent RO resection had better
prognosis than other patients in this study (p = 0.0228)
(Fig. 1a). Because patients without RO resection have a
poor prognosis, artery resection should be performed only
for selected patients who could achieve negative resection
margins.

It is important to preoperatively diagnose tumor inva-
sion of the HA. Artery involvement on imaging may not
coincide with intraoperative or histological findings be-
cause 18-54% of the patients who underwent HA resec-
tion had histological positive tumor invasion [5, 8, 15]. In
this study, histological positive tumor invasion of the re-
sected HA was observed in 5 of 13 patients (38.5%). Al-
though case #7 showed no histological involvement of the
right HA, carcinoma cells surrounded the right HA with
adistance of 230 um between the tunica media of the right
HA and the leading edge of carcinoma cells (Fig. 2). If the
right HA had been preserved, the surgical margin would
be positive. Therefore, HA resection was needed to
achieve negative margins. These results indicate that the
indication for artery resection should be made based on
intraoperative as well as preoperative findings.

In this study, curative resection with negative margin
has been carried out in 8 patients (61.5%), which might

Gastrointest Tumors 2021;8:25-32 29
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Fig. 2. Preoperative, intraoperative, and histological images of case #7 in Table 1. a Endoscopic retrograde chol-
angiography showed a Bismuth type IV tumor. b Enhanced computed tomography demonstrated abutment of
the right hepatic artery (arrow head). ¢ The right hepatic artery was reconstructed with end-to-end anastomosis.
d The right hepatic artery was not involved histologically, although carcinoma cells were observed to surround
the right hepatic artery. The distance between the tunica media of the right hepatic artery and the leading edge
of carcinoma cells was 230 pum.

indicate that most PHC had aggressive local invasion.
Currently, surgery alone is considered the standard treat-
ment for PHC. However, patients undergoing curative re-
section mostly develop recurrent tumor disease. Of the 8
patients with RO resection, recurrence was seen in 6 pa-
tients (75.0%). The most common recurrence type was lo-
cal recurrence (n = 4), followed by lymph node metastasis
(n =1) and liver metastasis (n = 1). Surgery alone is not a
sufficient therapy for this aggressive tumor because the
prognosis of PHC remains poor. Although recent ran-
domized phase III studies of adjuvant therapy such as
capecitabine, gemcitabine, and oxaliplatin were conduct-
ed to improve survival probability, they did not demon-
strate a survival benefit for biliary tract cancers including

30 Gastrointest Tumors 2021;8:25-32
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PHC [18-20]. Two randomized phase III trials of adju-
vant therapy are currently ongoing. One trial from Japan
Clinical Oncology Group compares the effect of adjuvant
S-1, an oral tegafur-based fluoropyrimidine, with that of
surgery alone [21]. The other ACTICCA-1 trial from Eu-
rope evaluated the efficacy of gemcitabine and cisplatin
[22]. Although no patients received neoadjuvant therapy
in this study, neoadjuvant therapy such as chemotherapy
and chemoradiotherapy seems to be another treatment
option with the rationale to downstage and downsize the
tumor to enable RO resection and eliminate microscopic
distant metastases [23-25]. Up to now, although no evi-
dence is established on the effectiveness of neoadjuvant
and adjuvant treatment in PHC, future studies of multi-

Shindo et al.



modality therapy would be expected to develop novel
treatment strategies. This study has a number of limita-
tions, including a small sample size and retrospective
analysis. Further multicenter studies with more patients
are needed to confirm these results. In conclusion, simul-
taneous HA resection and reconstruction is technically
possible and may provide long-term survival in selected
patients with locally advanced PHC.
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