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resection. Firstly, it requires a long time for preopera-
tive preparation. Remnant liver volume after extend-
ed hepatectomy is usually inadequate especially in the 
patients having cholestasis and cholangitis. Therefore, 
preoperative portal vein embolization should be used 
to enlarge the future remnant liver volume, and this 
process usually takes about one month or even longer. 
Secondly, it results in more surgical trauma. It has been 
shown that higher postoperative morbidity and mor-
tality were significantly associated with more extend-
ed liver resections [5]. The mortality rate after exten-
sive hepatectomy ranged from 4% up to 25% [3,5,7,8]. 
Thirdly, there is a higher rate of R0 resection. Most sur-
geons believe that extensive hepatectomy especially tri-
sectionectomy can remove longer bile duct far from the 
tumor edge, thus increasing the R0 rate [9]. Neuhaus, et 
al. showed that hilar en bloc resection combined with 
right trisectionectomy could achieve a 58% 5-year sur-
vival rate [10]. Fourthly, the surgical procedure is rela-
tively simple. After extensive hepatectomy, there is one 
cross section of the remnant liver, usually 1-3 bile ducts 
left, and biliary reconstruction is relatively simple.

Minor liver resection mainly refers to the resection 
of liver segments or subsegments around the hepatic 
hilum, such as segment 4 (4b), 5, or segment 4 (4b), 5, 8. 
The characteristics are as follows, firstly, a large amount 
of liver parenchyma is preserved, and the morbidity is 
low. Secondly, the operation is more complex. The re-
section of the hilar bile duct and the adjacent hepatic 
parenchyma requires reconstruction of the bile duct 
openings, which are usually 4-9 in number, from two 
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Introduction

Hilar cholangiocarcinoma is a malignant tumor of the 
bile duct that affects bile duct confluence and its bifur-
cation. The anatomical location of hilar cholangiocarci-
noma is complicated, and the operation is challenging. 
Most doctors used local bile duct resection for hilar 
cholangiocarcinoma in the past [1]. Because the biolog-
ical characteristics of the tumor are growing along the 
long axis of the bile duct and infiltrating surrounding 
tissues, surgeons began to recognize that hilar cholan-
giocarcinoma should be regarded as a regional disease 
rather than a local lesion as early as in the 1980s. There-
fore, combined liver resection is adopted by more and 
more doctors. In recent years, with the improvement of 
surgical techniques and medical instruments, morbid-
ity and mortality of surgical resection have decreased 
significantly. Several retrospective studies from a sin-
gle center have shown that the proportion of patients 
undergoing combined hepatectomy progressively in-
creased over time with increased rate of R0 resection 
and improved survival rate [2-6]. At present, combined 
liver resection has been widely accepted as a necessary 
process in the treatment of hilar cholangiocarcinoma. 
However, how to determine the optimal extent of liver 
resection remains controversial.

Major liver resection, mainly involving (extensive) 
hemi-hepatectomy or trisectionectomy, is the method 
advocated by most surgeons. The primary objective of 
this resection is to obtain R0 margin as much as pos-
sible. There are several characteristics of major liver 
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renchyma was no longer than 6 mm in depth. Although 
it is difficult to determine the exact distance of the tu-
mor cell invasion intraoperatively, the gross margin of 
10 mm seems adequate to guarantee R0 margin in most 
patients. Therefore, there was no sufficient evidence 
for routinely using major liver resection to obtain R0 
margins in all patients. Koerkamp, et al. reviewed the 
recurrence pattern of 306 patients with hilar cholangio-
carcinoma after curative intent resection and revealed 
that the most common sites of tumor recurrence were 
retroperitoneal lymph nodes, liver, and peritoneum. 
Only 18% of the patients, which could have benefited 
from a more extensive resection or liver transplanta-
tion, had isolated local recurrences. Besides, there was 
no correlation between the disease-free survival rate 
and the extent of liver resection [15]. Therefore, appro-
priate extent of liver resection should be determined in 
the premise of R0 resection.

Thirdly, effective evaluation of tumor invasion is 
needed both preoperatively and intraoperatively. With 
the development of medical imaging, it is increasingly 
likely to assess the invasion extent of the tumor accu-
rately. High resolution MDCT provides thin slice scans, 
and its speed meets the need for complete examination 
of the entire upper abdomen during one breath holding. 
In combination with 3D reconstruction and multiplanar 
reconstruction (MPR) techniques, MDCT has a high sen-
sitivity for both longitudinal and vertical tumor invasion 
[12,16]. It should be noted that this preoperative im-
aging examination can only assess the invasion extent 
of the gross tumor. As mentioned above, the resection 
site of the bile duct may exceed the gross tumor edge 
at least 10 mm to obtain adequate margin. Sasaki un-
derwent preoperative 3D reconstruction of the biliary 
tract with MDCT, and the image of bile duct stricture 
was judged to be tumor invasion. They determined the 
surgical procedure according to the extent of tumor in-
vasion. The average resection margin was 11.4 mm, and 
the R0 resection rate was 94% [17]. Although the sen-
sitivity and specificity of intraoperative frozen section 
analysis are very limited [18,19], routine frozen section 
examination is still very important. Studies have shown 
that when a positive margin is diagnosed, 54%-83% 
patient can still get R0 margin after further resection 
[18,20-22] and prognosis may improve [15,20,23].

Finally, a convenient and effective cholangiojejunos-
tomy may be established. After extensive hepatectomy, 
there is only one transection plane of the liver remnant 
with 1-3 bile ducts requiring reconstruction. The biliary 
enteric anastomosis is not difficult. However, there are 
usually 4-9 bile ducts left from two transection planes 
of the liver remnant after minor liver resection. Proce-
dure of the biliary reconstruction for so many bile ductal 
openings is quite complex and difficult. We introduced 
a cholangiojejunostomy which can effectively solve this 
problem. As described before, resection of liver seg-
ment 4b, 5 combined with intrahepatic bile ducts are 

transaction planes of the liver. Cholangiojejunostomy 
for so many bile duct openings are very difficult. As a 
result of the technical difficulty and worry of inadequate 
margins, minor liver resection is not favored by most 
surgeons [11].

Even though resection of the involved intra- and 
extrahepatic bile ducts as well as the ipsilateral liver 
for suitable patients is recommended [12], there is no 
broad consensus on how to determine the appropriate 
range of hepatectomy for hilar cholangiocarcinoma. It 
is not advisable to pursue extensive hepatectomy or to 
adopt minor liver resection without individualized eval-
uation. Determination of the proper range of hepatec-
tomy needs to solve the following issues.

First of all, anatomy of the bile ducts located in he-
patic hilum needs to be well recognized. Some surgeons 
prefer right-sided hepatectomy in treatment for hilar 
cholangiocarcinoma. They believe that the left hepat-
ic duct is longer than the right hepatic duct, and that 
right-sided hepatectomy can resects more bile duct, 
resulting in a wider tumor free margin. However, a re-
cent study showed that the aforementioned anatomi-
cal assumption is a surgeon’s biased view. Hirose, et al. 
conducted studies on the lengths of the hepatic ducts 
from surgically resected specimens and 3-D images gen-
erated from multidetector-row computed tomography 
(MDCT) and found that the average length of the left 
hepatic duct and the right hepatic duct were 22.4 mm 
and 20.8 mm respectively, with no statistical difference. 
When left and right trisectionectomy was performed, 
the assumed average length of resected right and left 
bile duct were 31.6 mm and 34.1 mm respectively [9]. 
Even the difference is statistically significant; the length 
of right bile duct is still comparable with that of the left 
bile duct.

Secondly, the growth characteristics of hilar chol-
angiocarcinoma should be well understood. Of all the 
factors affecting long-term survival of patient with hilar 
cholangiocarcinoma, R0 margin is one of the few fac-
tors which can be controlled by a surgeon and the most 
fundamental goal of the surgical resection for hilar chol-
angiocarcinoma. Far different from hepatocellular carci-
noma which usually forming intrahepatic metastasis via 
portal veins, hilar cholangiocarcinoma is apt to infiltrate 
along the bile duct wall. Sakamoto, et al. examined 62 
specimens of resected hilar cholangiocarcinoma and 
found that average invasion distance of mucosal layer 
from tumor was 11.5 mm, and that was 6 mm in sub-
mucosal layer [13]. The histological data from another 
larger series of 253 cases reported lengths of 14 mm 
and 4.6 mm in mucosal and submucosal layer respec-
tively. In 79% of all the cases, the maximum distance of 
tumor invasion is less than 10 mm [14]. We also studied 
90 specimens from hilar cholangiocarcinoma and found 
that tumor in filtration along the bile duct mucosa was 
no longer than 9 mm in length and into the hepatic pa-
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performed and the specimen is removed en bloc. The 
cholangiojejunostomy is made by mucosal to mucosal 
continuous suturing of the posterior wall of the bile 
duct to that of the Roux-en-Y loop of jejunum, and the 
anterior wall of the anastomosis was made between the 
jejunum and the edge of liver resection adjacent to the 
biliary ductal openings [24,25]. In animal experiments, 
we found that the anterior wall of the biliary stoma was 
everted and sunken in this cholangiojejunostomy and 
did not result in circular scar, avoiding anastomotic ste-
nosis [24]. Aydin also described a reconstruction tech-
nique similar to Kasai procedure, and achieved negative 
margin without local recurrence for all of the ten pa-
tients with type III and IV hilar cholangiocarcinoma [11].

Appropriate extent of liver resection for hilar chol-
angiocarcinoma should be determined individually. For 
the tumor only confined to hilar bile duct without vas-
cular invasion and extensive intrahepatic metastasis, 
minor liver resection is feasible to achieve R0 margin in 
theory, because the tumor is located near the root side 
of bile duct and the tumor infiltrates no more than 10 
mm along the bile duct wall away from the gross tumor 
edge in most patients. Large part of the further proximal 
bile duct and the corresponding liver parenchyma are 
free of tumor and should be preserved. Most patients 
with hilar cholangiocarcinoma suffer from obstructive 
jaundice and cholangitis. Even though major liver resec-
tion is technically convenient, the high morbidity and 
mortality still requires attention.

Determination of the appropriate extent of liver 
resection for hilar cholangiocarcinoma is not only a 
technical problem but also an ethical consideration. It 
is obviously inappropriate to put patients at such high 
perioperative risks in pursuit of wider margins. More-
over, since minor liver resection can reach the negative 
margin [11], there is no need to make a trade-off be-
tween ensuring radical resection and reducing postop-
erative risk. In conclusion, with further improvement of 
diagnostic techniques, preoperative and intraoperative 
evaluation of tumor invasion extent will be more ac-
curate, and minor liver resection could be successfully 
performed with R0 margin for a considerable number 
of patients. Extensive liver resection is necessary for 
patients with vascular invasion or tumor infiltrating the 
intrahepatic bile duct ending on one side.
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