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Abstract
Hepatectomy is an effective surgical treatment for mul-
tiple bilobar liver metastases from colon cancer; how-
ever, one of the primary obstacles to completing surgi-
cal resection for these cases is an insufficient volume 
of the future remnant liver, which may cause postop-
erative liver failure. To induce atrophy of the unilateral 
lobe and hypertrophy of the future remnant liver, pro-
cedures to occlude the portal vein have been conven-
tionally used prior to major hepatectomy. We report 
a case of a 50-year-old woman in whom two-stage 
hepatectomy was performed in combination with intra-
operative ligation of the portal vein and the bile duct of 
the right hepatic lobe. This procedure was designed to 
promote the atrophic effect on the right hepatic lobe 
more effectively than the conventional technique, and 
to the best of our knowledge, it was used for the first 
time in the present case. Despite successful induction 
of liver volume shift as well as the following procedure, 
the patient died of subsequent liver failure after de-
veloping recurrent tumors. We discuss the first case in 
which simultaneous ligation of the portal vein and the 
biliary system was successfully applied as part of the 
first step of two-stage hepatectomy.
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INTRODUCTION
Hepatectomy has been established as an effective treat-
ment method for liver metastases from colon cancer, but 
there are some limits to this procedure when indicated 
in cases of  synchronous multiple bilobar liver metasta-
ses. One of  the reasons that limit resectability for these 
cases is an insufficient volume of  the future remnant 
liver, which poses a risk of  postoperative liver failure. 
To address this concern and improve the resectability, 
ligation or embolization of  the portal vein is used in 
clinical settings. In addition, according to several animal 
experiments, ligation of  the bile duct effectively induces 
atrophy of  the ipsilateral liver.

For the present case of  synchronous multiple bilobar 
liver metastases from cecal cancer, we first performed a 
right hemicolectomy and a segment 3 resection combined 
with microwave coagulation therapy (MCT) of  the meta-
static tumors situated in the left hepatic lobe, together with 
simultaneous ligation of  the right portal vein and right-
sided bile duct. Second, we performed an extended right 
hepatic lobectomy. Here, we discuss the effectiveness of  
intraoperative simultaneous ligation of  the unilateral portal 
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vein and bile duct applied to two-stage hepatectomy, as a 
therapeutic strategy for multiple bilobar liver metastases.

CASE REPORT
A 50-year-old woman began to have back pain and nausea 
around December 2004 and was referred to our hospital. 
Her liver was palpable at three finger widths below the 
right costal arch. The palpebral conjunctiva was anemic 
but bulbar conjunctiva was not icteric. Blood tests sug-
gested that she had anemia (hemoglobin and hematocrit 
levels were 9.7 g/dL and 30.7%, respectively) and liver 
dysfunction (lactate dehydrogenase, aspartate aminotrans-
ferase, alanine aminotransferase, and alkaline phospha-
tase were 1295 IU/L, 49 IU/L, 47 IU/L and 595 IU/L, 
respectively). The serum levels of  carcinoembryonic 
antigen (CEA) and carbohydrate antigen (CA) 19-9 were 
22 120 ng/mL and 16 354 U/mL, respectively (Table 1). 
Barium enema showed a filling defect in the cecum. The 
results of  biopsy indicated moderately differentiated ade-
nocarcinoma (Figure 1). Contrast-enhanced computer to-
mography (CT) of  the abdomen revealed many metastatic 
nodules with 2-6 cm diameter in the right hepatic lobe 
and three nodules with 3-3.5 cm diameter in the left he-
patic lobe. A preoperative volume rate of  the right hepatic 
lobe was 56.3% (Figure 2). There were no other metasta-

ses. Before implementation of  two-stage hepatectomy, 
preoperative chemotherapy (TS-1: tegafur, gimeracil, 
and oteracil) was initiated at a starting dose of  80 mg/d. 
Four weeks later, the liver metastases shrank markedly 
and the serum levels of  CEA and CA 19-9 decreased to 
12 680 ng/dL and 8640 U/mL, respectively.

Written informed consent was obtained from the pa-
tient and her family prior to the new surgical procedure. 
In March 2005, a right hemicolectomy was performed. 
At the same time, the metastatic tumor in segment 3 
was resected, and the metastatic tumors in segments 2 
and 4 were coagulated using MCT (90 W, 60 s). Further-
more, the right bile duct and right branch of  the portal 
vein were ligated simultaneously (Figure 3). Intraopera-
tive cholangiography was performed after ligation to 
confirm complete occlusion of  the right bile duct and 
no constriction of  the contralateral bile duct. Contrast-
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Table 1  Laboratory findings on admission

Laboratory finding Values

Leukocytes                           8300/μL
Hemoglobin                           9.7 g/dL
Hematocrit                           30.70%
Platelets                       408 000/μL
Alkaline phosphatase                        595 IU/L
Lactate dehydrogenase                      1295 IU/L
Aspartate aminotransferase 49 IU/L
Alanine aminotransferase 47 IU/L
Total-bilirubin 0.4 mg/dL
Direct-bilirubin 0.1 mg/dL
CEA                    22 120 ng/dL
CA 19-9                      16 354 U/mL

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen.

Figure 1  Barium enema findings. A filling defect caused by a tumor in the 
cecum was observed.

Figure 2  Preoperative findings from contrast-enhanced computer tomogra-
phy of the abdomen. Multiple metastatic nodules with 2-6 cm diameter were ob-
served in the right hepatic lobe and three nodules measuring 3-3.5 cm diameter in 
the left hepatic lobe. A preoperative volume rate of the right hepatic lobe was 56.3%.



enhanced CT of  the abdomen performed at 1 wk after 
surgery showed coagulated areas in the left hepatic lobe 
and dilation of  the right bile duct. Ligation of  the right 
branch of  the portal vein resulted in a complementary 
increase in the right hepatic arterial blood flow. The 
volume rate of  the right hepatic lobe was 55.0%, which 
was similar to the preoperative rate (Figure 4). However, 
abdominal CT performed at 1 mo after surgery showed 
that the volume rate of  the right hepatic lobe decreased 
to 44.3%, along with compensatory hypertrophy of  the 
left hepatic lobe. This liver volume shift was approxi-
mately 12% from the right to the left lobe. No viable 
tumors were observed in the left hepatic lobe (Figure 5).

An extended right hepatic lobectomy was performed 
in May 2005. There were 10 nodules with 1-4 cm di-
ameter in the right hepatic lobe. The resection was per-
formed using a suture of  the right bile duct and the right 
branch of  the portal vein. The weight of  the resected 
specimen was 555 g (Figure 6). There was no complica-
tion in the postoperative course. However, in October 
2005, two recurrent nodules with 3.2 cm and 1.8 cm 
diameter were found in the remaining liver. She did not 
accept repeat resection, therefore, percutaneous radio-
frequency ablation was performed.

In November 2005, the biweekly administration of  
oxaliplatin (80 mg), levofolinate calcium (125 mg), and 
5-fluorouracil (1250 mg) was started, leading to some 
improvement for a while; specifically, a decrease in the 
serum levels of  CEA and CA 19-9 to 36.3 ng/dL and 
96 U/mL, respectively. Nevertheless, further recurrence 
was observed in the remaining liver. At 1 year and 8 mo 
after the initial operation, the patient developed liver 
failure and died (Figure 7). There was no other distant 
metastasis.

DISCUSSION
Liver metastasis occurs in 40%-70% of  patients with 
colon cancer, and 15%-30% of  these patients develop 
multiple liver metastases in both lobes[1]. However, in 

comparison to other cancers, we can expect long-term 
survival by using a combined therapy of  resection and 
chemotherapy. In particular, hepatectomy is widely used 
as the most effective surgical treatment, and the 5-year 
survival rate after a curative resection is 24%-44%[2]. Even 
for multiple liver metastases in both lobes previously 
considered unresectable, complete resection is feasible in 
some cases by adopting preoperative portal vein emboli-
zation in addition to chemotherapy. In 2004, Jaeck et al[3] 

reported a method called two-stage hepatectomy; ap-
plicable to cases of  multiple bilobar liver metastases. In 
the first stage of  the operation, they conducted a partial 
hepatic resection or ablation for the unilateral lobe, and 
at the same time embolized the portal vein in order to 
induce hypertrophy of  the future remnant lobe. In the 
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Figure 3  Initial operation scheme. Right hemicolectomy was performed. At 
the same time, the metastatic tumor in segment 3 was resected and the meta-
static tumors in segments 2 and 4 were coagulated using MCT (90 W, 60 s). 
Furthermore, the right bile duct and right branch of the portal vein were ligated 
simultaneously. MCT: Microwave coagulation therapy.

Figure 4  Findings from contrast-enhanced computer tomography of the 
abdomen at 1 wk after surgery. Two coagulated areas in the left hepatic lobe 
and dilation of the right bile duct were observed. Ligation of the right branch of 
the portal vein resulted in a complementary increase in the right hepatic arterial 
blood flow. The volume rate of the right hepatic lobe was 55.0%, which was 
similar to the preoperative rate.
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second stage of  the operation, hepatic lobectomy was 
performed in the atrophic lobe. They reported that the 
1-year survival rate was 70% and the 3-year survival rate 
was 54.4%[3]. Moreover, for two-stage hepatectomy con-
ducted by Togo et al[4], the 1-year survival rate was 90% 
and the 3-year survival rate was 45%. The treatment 
strategy includes combined therapy of  systemic chemo-
therapy, arterial infusion therapy and ablation therapy. 
Such a multidisciplinary therapy allows resection of  mar-
ginal or so-called unresectable tumors and contributes to 
improvement in the prognosis.

Ligation of  the portal vein of  the unilateral lobe is 
well-known to induce atrophy of  the unilateral hepatic 
lobe and hypertrophy of  the future remnant liver. Honjo 
et al[5] clinically applied this technique to a case of  liver 
metastasis in 1961. Such a method was adopted for cases 

of  major resection initially considered to have a high 
risk of  postoperative liver failure based on preoperative 
prognosis[6-9]. Reportedly, at 3-4 mo after occlusion of  
the right portal vein, 9.5%-14.5% of  the liver volume 
was transferred from the right to the left lobe[10]. In ad-
dition, according to a literature review of  animal experi-
ments, in 1920, Rous et al[11] reported that atrophy of  
the ligated lobe and hypertrophy of  the future remnant 
lobe were induced in mice after bile duct ligation. Sub-
sequently, Tanaka et al[12] have reported that the atrophic 
rate was enhanced after portal vein embolization in a 
rabbit that had undergone bile duct ligation. It was also 
pointed out that occlusion of  the bile duct and portal 
vein could reduce biligenesis and occurrence of  compli-
cations[12].

We applied these findings to the initial surgery in the 
present case and used simultaneous ligation of  the bile 
duct and portal vein, with an aim of  promoting an atro-
phic effect in the right hepatic lobe. As a result, 12.0% 
of  the liver volume was transferred from the right to the 
left hepatic lobe at 1 mo after ligation, and the amount of  
this volume shift could reverse the primary unresectablity. 
The possible explanation that we consider for the benefit 
of  our simultaneous ligation strategy is that it can over-
come several factors that may diminish the atrophic effect 
of  the conventional technique. The bile duct not being 
ligated may allow the portal blood flow to remain, due to 
backflow from the hepatic vein and the use of  an arterio-
portal shunt. In our clinical experience of  four cases in 
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Figure 5  Findings from contrast-enhanced computer tomography of the 
abdomen at 1 mo after surgery. The volume rate of the right hepatic lobe de-
creased to 44.3% and the volume of left hepatic lobe underwent compensatory 
hypertrophy. This liver volume shift was approximately 12% from the right to the 
left lobe. There were no viable tumors in the left hepatic lobe.

A

B

Figure 6  Intraoperative findings from the secondary operation. A: There 
were 10 nodules with 1-4 cm diameter in the right hepatic lobe; B: Resection 
was performed using the suture of the right bile duct and the right branch of the 
portal vein.
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which the right portal vein alone was ligated, the volume 
shift at 1 mo after the procedure was only 5.4% ± 1.6% 
(Tables 2, 3), which suggests that ligation of  the bile 
duct made a substantial contribution to inducing atrophy 
of  the ipsilateral liver in the present case.

Regarding the limitations of  our simultaneous liga-
tion strategy, it should be noted that this technique 
should be performed with careful consideration of  the 
risks of  obstructive cholangitis and involution of  the 
contralateral bile duct. Intraoperative cholangiography 
may help avoid these occurrences. With respect to the 
risks of  the aforementioned complications, the safety of  
our procedure remains to be confirmed in a future study.

To the best of  our knowledge, there has not been 
any reported case in which simultaneous ligation of  the 
portal vein and bile duct has been used in two-stage hep-

atectomy. There was no postoperative biliary tract infec-
tion in our patient. Unfortunately, the patient developed 
further recurrent tumors after hepatectomy and died of  
subsequent liver failure. Yet, it can be concluded that the 
simultaneous ligation strategy could be used to acceler-
ate atrophy of  the hemiliver to be resected, and thereby 
provide us with a further possibility of  addressing the 
primary unresectability of  metastatic bilobar liver tumors.
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fur, gimeracil, and oteracil.

Table 2  Atrophy achieved in our previous four PVL cases

Case No. Age Sex Primary disease
Case 1 55 years Female Multiple liver metastasis
Case 2 61 years Male Multiple liver metastasis
Case 3 61 years Male Hepatocellular carcinoma
Case 4 58 years Male Hepatocellular carcinoma

PVL: Portal vein ligation; RHL: Right hepatic lobe.
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Table 3  Atrophy achieved in our previous four PVL cases

Case No. Preoperative volume
 rate of RHL

The volume 
rate of RHL 1 mo after PVL

Case 1 74.80% 68.50%
Case 2 68.30% 62.50%
Case 3 58.60% 55.50%
Case 4 58.90% 52.40%

PVL: Portal vein ligation; RHL: Right hepatic lobe.
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