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Case report

Advanced gastric cancer with a duplicated hepatic artery: preoperative 
diagnostic value of multidetector-row computed tomography for 
surgical resection

Masanori Tokunaga, Shigekazu Ohyama, Souya Nunobe, Naoki Hiki, Tetsu Fukunaga, Yasuyuki Seto, 
and Toshiharu Yamaguchi

Department of Gastroenterological Surgery, Cancer Institute Hospital, 3-10-6 Ariake, Koto-ku, Tokyo 135-8550, Japan

In patients with T4 gastric cancer, curative surgery 
can be achieved with concomitant resection of the 
invaded organs. However, curative resection is not nec-
essarily possible in all cases. In patients with advanced 
gastric cancer with infi ltration of the pancreatic head 
and common hepatic artery (CHA), curative surgery is 
usually impossible, because pancreaticoduodenectomy 
(PD) with CHA resection leads to an abrupt reduction 
in the arterial blood supply to the liver and results in 
severe liver damage. We experienced a case of advanced 
gastric cancer that infi ltrated these organs, i.e., the 
pancreatic head and CHA. We were able to perform 
curative surgery in this patient because preoperative 
multidetector-row computed tomography (MDCT) 
revealed the presence of a duplicated hepatic artery. 
Here, we present a very rare case of advanced gastric 
cancer in a patient with a duplicated hepatic artery, 
and we note the value of MDCT for preoperative 
diagnosis.

Case report

A 63-year-old Japanese woman presented to her family 
physician with appetite loss and general fatigue in June 
2003. Gastrointestinal fi berscopy and upper gastrointes-
tinal (GI) series revealed type 2 advanced gastric cancer 
in the antrum, with pyloric stenosis and duodenal inva-
sion (Fig. 1). The patient was referred to the Cancer 
Institute Hospital for further examination. Laboratory 
examination revealed severe anemia (hemoglobin, 8.0 g/
dl) and poor nutritional condition (albumin, 3.3 g/dl). 
Abdominal MDCT revealed massive gastric cancer 
directly invading the left hepatic lobe and pancreatic 
head as well as vascular anomaly. Metastasized lymph 
nodes also invaded the CHA directly (Fig. 2). Although 
paraaortic lymph nodes were identifi ed, CT did not 
reveal any distant metastasis. In general, PD with CHA 
resection is considered to be impossible, because it 

Abstract
A 63-year-old woman with appetite loss and general fatigue 
underwent gastrointestinal fi berscopy, which revealed type 2 
advanced gastric cancer. Multidetector-row computed tomog-
raphy revealed a massive gastric cancer invading the left 
hepatic lobe, pancreatic head, and common hepatic artery, as 
well as revealing a duplicated hepatic artery in which the right 
hepatic artery branched directly from the celiac axis, and ran 
behind the splenic vein. On the other hand, the common 
hepatic artery ran anterior to the splenic vein. We were able 
to perform pancreaticoduodenectomy with common hepatic 
artery resection and left lobectomy as curative surgery because 
her duplicated hepatic artery enabled us to ligate the common 
hepatic artery. Her postoperative clinical course was unevent-
ful, and she is in good health 3 years after the surgery, without 
recurrence. We consider that multidetector-row computed 
tomography is very useful for the diagnosis of vascular 
anomaly, preoperative staging and decision making on the 
appropriate surgical strategy.
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Introduction

Surgical resection with curative intent is mandatory for 
the long-term survival of patients with advanced gastric 
cancer. Recently, many chemotherapy regimens have 
been proven to be effective for treating advanced gastric 
cancer; however, the complete response rate is very low 
even with aggressive therapies, and long-term survival 
is anecdotal [1, 2]. Consequently, curative resection 
remains the principal treatment for advanced gastric 
cancer.
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intact. In this patient, we considered that the arterial 
blood supply to the right hepatic lobe would be pre-
served after PD with CHA resection. Therefore, we 
assumed that surgical resection could be performed 
with PD that included CHA resection and left lobec-
tomy. The surgery was performed on August 18, 2003, 
after obtaining written informed consent from the 
patient.

During laparotomy, the massive tumor that occupied 
the upper abdomen was easily detected and was found 
to directly invade the left hepatic lobe. The metasta-
sized perigastric lymph nodes involved the pancreatic 
head and CHA. The duodenum was also affected. The 
patient did not have peritoneal dissemination, and the 
result of peritoneal lavage fl uid cytology was negative 
for cancer. Macroscopically, the right hepatic artery was 
not invaded by gastric cancer. We considered that 
curative surgery could be performed while preserving 
the arterial blood supply to the right hepatic lobe. Sub-
sequently, PD with CHA resection and extended lymph 
node dissection was performed (Fig. 4). The left hepatic 
lobe was also resected due to direct invasion and loss 
of arterial blood supply. The operation duration was 
445 min, and the estimated blood loss was 1450 ml. The 
patient received a transfusion due to bleeding during 
surgery and preoperative anemia. Her postoperative 
course was uneventful, except for minor pancreatic 
leakage that was controlled by drainage under local 
anesthesia and the continuing administration of 
antibiotics. The patient was discharged on postopera-
tive day 23.

The resected specimen showed type 2 advanced 
gastric cancer that directly invaded the left hepatic lobe 
(Fig. 5). The metastasized regional lymph nodes also 
invaded the pancreatic head and CHA. Of the 48 exam-
ined lymph nodes, 17 were cancer-positive, and some of 
these were paraaortic lymph nodes. The fi nal diagnosis 
was stage IV gastric cancer, designated T4N3M0 accord-
ing to the Japanese classifi cation of gastric carcinoma 
[3].

The patient underwent adjuvant chemotherapy with 
S-1 for 1 year, and is in good health 3 years after the 
surgery, without recurrence.

Discussion

Recent advances in imaging systems have resulted in a 
major change in the preoperative evaluation of patients 
undergoing gastric cancer surgery.

First, the development of MDCT and other imaging 
modalities such as endoscopic ultrasound examination 
has facilitated the correct diagnosis of gastric cancer 
prior to surgery. Many authors have reported the use-
fulness of these imaging modalities for preoperative 

results in an abrupt reduction in the arterial blood 
supply to the liver, thereby leading to severe liver 
damage. In the present patient, the MDCT had also 
revealed a vascular anomaly. The right hepatic artery 
branched directly from the celiac axis and ran behind 
the splenic vein. On the other hand, the CHA ran in its 
usual position, running into the gastroduodenal artery, 
left hepatic artery, and right gastric artery (Fig. 3A–D). 
Although the CHA was invaded by the metastasized 
perigastric lymph nodes, the right hepatic artery was 

Fig. 1. Upper gastrointestinal (GI) series revealed type 2 
advanced gastric cancer invading the duodenum (arrows)

Fig. 2. The left lobe was directly invaded by a huge gastric 
tumor. Metastasized lymph nodes also invaded the common 
hepatic artery directly (white arrowhead)
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A C

B D

Fig. 3A–D. Multidetector-row computed tomography revealed a duplicated hepatic artery. The right hepatic artery (black 
arrowheads; A, B, C, D) branched from the celiac axis (white arrows; A, B, C) directly and ran behind the splenic vein (white 
arrowheads; C, D). The common hepatic artery (black arrows; C, D) ran in its usual position, i.e., anterior to the splenic vein

Fig. 4. The left gastric artery (white 
arrow) and common hepatic artery (black 
arrow) were ligated at their origin. The 
right hepatic artery (white arrowhead) 
and splenic artery (black arrowhead) 
were preserved. The right hepatic artery 
ran behind the splenic vein
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staging, and accurate staging by MDCT can aid in pre-
venting unnecessary surgeries and in safely performing 
essential surgeries [4–7].

Second, MDCT is useful for evaluating the vascular 
anatomy. Prior to MDCT, angiography was the only 
modality available for this; however, it could not be 
easily performed because of its invasiveness. Currently, 
MDCT is preferred over angiography for the evaluation 
of the vascular anatomy because it is less invasive. 
We previously reported the usefulness of preoperative 
MDCT for the diagnosis of Adachi type VI vascular 
anomaly [8]. In this anomaly, the CHA branches from 
the superior mesenteric artery (SMA) and runs poste-
rior to the splenic vein, thereby making it diffi cult to 
trace the CHA at the superior border of the pancreas 
[8]. It is sometimes diffi cult to dissect the no. 8a lymph 
nodes in patients with this anomaly. The usefulness of 
determining the origin of the posterior gastric artery 
and the gastrocolic trunk has been reported, and these 
determinations may aid in the dissection of the no. 6 
and no. 11p lymph nodes, respectively [9–11]. In the 
present patient, a vascular anomaly was diagnosed, in 
which the right hepatic artery branched directly from 
the celiac axis and ran posterior to the splenic vein; this 
vascular branching pattern made surgical resection pos-
sible. This anomaly is known as a duplicated hepatic 
artery, and its frequency has been reported to be 1%–
5% [12].

In the present patient, 4-slice MDCT was performed; 
however, a three-dimensional (3D) angiographic image 
was not obtained because 3D angiography was not rou-
tinely performed at that time. The quality of 3D angio-
graphic images obtained using 4-slice MDCT was not as 

good as that obtained using 16-slice or 64-slice MDCTs. 
This was the reason for the previously limited use of 
3D angiography. Currently, 16-slice MDCT is generally 
used in preoperative examinations prior to gastric 
cancer surgery, and a superior 3D angiographic image 
is obtained easily in our institute. The present case dem-
onstrated that 4-slice MDCT was suffi ciently effective 
in evaluating the vascular pattern and related anoma-
lies; however, it is believed that the more advanced 
MDCT techniques such as 16-slice or 64-slice are supe-
rior to the 4-slice MDCT technique in the evaluation of 
vascular anomalies and their preoperative diagnosis.

Despite remarkable recent advances in surgical tech-
niques and chemotherapies, the prognosis of advanced 
gastric cancer remains poor. In patients with T4 gastric 
cancer, the 5-year survival rate after curative surgery is 
only 16.8%–32.2% [13–17]. Despite the low survival 
rates, many authors recommend surgical resection, 
which is the only option for the long-term survival of 
these patients. However, the morbidity and mortality 
rates of surgery are higher for advanced gastric cancer 
than for early gastric cancer. In addition, curative 
surgery for T4 gastric cancer is not necessarily possible 
in all cases.

In our patient, the presence of a duplicated hepatic 
artery enabled us to perform an extended surgery 
including PD with left lobectomy, CHA resection, and 
extended lymph node dissection. The effi cacy of PD in 
treating advanced gastric cancer has not been proved. 
Some authors have reported a 5-year survival rate in 
patients with advanced gastric cancer after PD; however, 
the morbidity and mortality rates of PD were higher 
than those of conventional gastrectomy [18–21]. Saka 
et al. [18] reported 23 patients with advanced gastric 
cancer who underwent PD at the same institute. The 
5-year survival rate after PD was 47% in patients with-
out incurable factors. Hirose et al. [19] reported on 
10 patients with gastric cancer who underwent PD, and 
they concluded that PD might improve the prognosis of 
gastric cancer that infi ltrated the pancreatic head. 
Although the morbidity rate was reported to be high in 
both these studies [18, 19], the mortality rate was zero.

The effi cacy of paraaortic lymph node dissection 
is debatable [22–24]. Since Japanese surgeons have 
believed that complete resection is essential for curing 
advanced gastric cancer, extended lymph node dissec-
tion (as in the present patient), is preferred and widely 
performed. Kunisaki et al. [24] have reported that para-
aortic lymph node dissection may be benefi cial for 
patients with advanced pN2 gastric cancer with tumors 
measuring from 50 to 100 mm. However, a large ran-
domized controlled trial performed in Japan (JCOG 
9501) to compare D2 and D3 dissection in patients with 
T2 or T3 advanced gastric cancer revealed that prophy-
lactic paraaortic lymph node dissection was not effec-

Fig. 5. The resected specimen showed a massive type 2 gastric 
cancer invading the left hepatic lobe



M. Tokunaga et al.: MDCT for evaluation of vascular anatomy 195

tive and did not result in long-term survival. Therefore, 
the therapeutic application of paraaortic lymph node 
dissection for treating advanced gastric cancer is rapidly 
decreasing. In our patient, surgical resection was the 
only option for cure and for ensuring long-term sur-
vival; hence, PD with left lobectomy and CHA resection 
was performed. Paraaortic lymph node dissection was 
also performed, because the result of JCOG 9501 had 
not been clarifi ed.

Currently, extended surgery for treating extremely 
advanced cases of gastric cancer is controversial. 
However, in particular patients, curative surgery can be 
attempted because this extended surgery may lead to 
long-term survival. Additionally, MDCT should be 
performed prior to surgery to evaluate the vascular 
anatomy; this may aid in selecting the appropriate treat-
ment method and in safely performing the surgery.
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