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Results of Surgical Resection for Patients With Hilar Bile
Duct Cancer

Application of Extended Hepatectomy After Biliary Drainage and
Hemihepatic Portal Vein Embolization

Seiji Kawasaki, MD, Hiroshi Imamura, MD, Akira Kobayashi, MD, Terumasa Noike, MD,
Shiro Miwa, MD, and Shin-ichiMiyagawa, MD

Objective: To evaluate the feasibility of an aggressive surgical
approach incorporating major hepatic resection after biliary drainage
and preoperative portal vein embolization for patients with hilar bile
duct cancer.
Summary Background Data: Although many surgeons have em-
phasized the importance of major hepatectomy in terms of curative
resection for patients with hilar bile duct cancer, this procedure results
in a high incidence of postoperative morbidity and mortality in patients
with cholestasis-induced impaired liver function.
Methods: A retrospective cohort study was conducted in 140 patients
with hilar bile duct cancer treated from 1990 through 2001. Resectional
surgery was performed in 79 patients, 69 of whom underwent major
hepatic resection. Thirteen patients underwent concomitant pancreati-
coduodenectomy. Preoperative biliary drainage was carried out in all 65
patients who had obstructive jaundice. Portal vein embolization was
conducted in 41 of 51 patients undergoing extended right hepatectomy.
Short- and long-term outcomes were evaluated.
Results: No patient experienced postoperative liver failure (maxi-
mum total bilirubin level, 5.4 mg/dL). The in-hospital mortality rate
was 1.3% (1 in 79, resulting from cerebral infarction). A histolog-
ically negative resection margin was obtained more frequently when
the scheduled extended hepatic resection was conducted (75% vs
44%, P � 0.0178). The estimated 5-year survival rate was 40%
when histologically negative resection margins were obtained, but
only 6% if the margins were positive. Multivariate analysis identi-
fied the resection margin and nodal status as independent factors
predictive of survival.
Conclusions: Extensive resection, mainly extended right hemihepa-
tectomy, after biliary drainage and preoperative portal vein embo-
lization, when necessary, for patients with hilar bile duct cancer can

be performed safely and is more likely to result in histologically
negative margins than other resection methods.

(Ann Surg 2003;238: 84–92)

Hilar bile duct cancer remains one of the most difficult
management problems in terms of staging and radical

treatment. It has long been recognized that surgical resection
with complete removal of all cancer tissues offers patients the
only chance for cure and long-term survival.1-3 In theory,
radical excisional therapy for patients with hilar bile duct
cancer often necessitates extensive hepatic resection.4,5

Indeed, local or hilar resections, including the extrahe-
patic suprapancreatic biliary tract, have been reported to
result in a high percentage (76%) of localized regional recur-
rence even after formal curative resections.6 Although many
surgeons have emphasized the importance of hepatic resec-
tions,7-19 the percentage of patients undergoing major hepatic
resection is still limited, presumably because of the fear of a
high incidence of liver failure associated with extensive
hepatic resection.

This concern is heightened because the majority of
patients with hilar bile duct cancer experience cholestasis-
induced impairment of liver function.4,7,16 In addition, con-
troversy appears to exist regarding the selection of patients
for whom extensive hepatic resection is indicated, especially
those with Bismuth-Corlette (B-C) type I or II tumors,17,18

the type of hepatectomy indicated, ie, right- or left- sided
hepatectomy, and whether routine caudate lobe resection is
necessary.4,5,9,19 This lack of consensus arises largely from
the difficulty in precisely diagnosing the proximal tumor exten-
sion before resectional surgery or even during laparotomy.

Over the last 10 years, we have routinely adopted,
whenever possible, an aggressive resectional approach com-
prising extended liver, mainly right hemiliver, resection to-
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gether with caudate lobe resection as the treatment of choice
for potential cure of patients with hilar bile duct cancer. We
have applied portal vein embolization (PVE)24,25 and biliary
decompression26 as preoperative adjuncts when indicated. In
this study, we reviewed our 11-year experience with hilar bile
duct cancer in terms of the resectability rate, surgical mor-
bidity and mortality, and long-term outcome.

PATIENTS AND METHODS
From January 1990 to December 2001, 140 patients

with hilar bile duct cancer were admitted to the First Depart-
ment of Surgery, Shinshu University Hospital. There were
100 men and 40 women and their mean age was 68.4 � 0.7
years (median, 70 y; range, 39-87 y). Hilar bile duct cancer
was defined as a tumor in the upper common, right, or left
hepatic duct. Papillary cholangiocarcinoma was considered
hilar if the base of the tumor originated in the bile duct areas
defined previously. Patients with diffuse bile duct involve-
ment were included if the confluence was involved, whereas
those with tumors involving the hepatic hilar region but
predominantly located in the hepatic parenchyma or gallblad-
der were excluded.

The principle of our treatment strategy is as follows.
The standard curative operation consists of extended right or
left hepatectomy, resection of the entire caudate lobe and
extrahepatic bile duct, and dissection of the lymph nodes and
connective tissues in the hepatoduodenal ligament, posterior
to the upper portion of the pancreatic heads, and around the
common hepatic artery in an en bloc fashion. The decision of
whether right- or left-sided hepatectomy is indicated is made
according to the predominant site of the lesion, which is
located approximately by ultrasonography (US) and CT scan-
ning. Extended right hemihepatectomy is indicated when the
predominant site of involvement is the right hepatic duct or
when both hepatic ducts are invaded equally, namely, B-C
types I, II, IIIa, and IV, whereas extended left hemihepatec-
tomy is indicated for patients in whom the left hepatic duct is
predominantly involved, ie, B-C type IIIb. Extended right
hemihepatectomy signifies resection of the right hemiliver,
entire caudate lobe, and inferior part of segment IV, whereas
extended left hemihepatectomy indicates resection of the left
hemiliver, including the spigelian lobe and right hilar region.
Gross extrahepatoduodenal ligament lymph node, hepatic, or
distant metastases are also evaluated by US and/or CT and
their presence is considered evidence of unresectability.

The majority of the patients in our series had been
compromised with obstructive jaundice, and biliary decom-
pression was carried out using either percutaneous transhe-
patic biliary drainage (PTBD)22 or endoscopic retrograde
biliary drainage (ERBD) methods. Our policy is to perform
unilateral biliary decompression of the lobe that is to remain
after resection, even when the communication between the
right and left bile duct is interrupted by tumor extension.

Longitudinal tumor extension was assessed by direct cholan-
giography. In patients with B-C type IV cancers, an extended
right hemihepatectomy is indicated if the tumor extension is
confined to the second segmental ramification of the left bile
duct. Conversely, if the tumor was definitely thought to
extend peripherally to the second segmental ramification of
the left bile duct, the patient was considered to be inoperable.
A concomitant pancreaticoduodenectomy was indicated if the
tumor’s distal border was considered to be in the lower bile
duct and/or massive peripancreatic head lymph node metas-
tases was suspected.

The volume of the entire liver and lobe to be resected
were calculated from serial transverse CT scan images. If the
scheduled hepatectomy consisted of the removal of more than
60% of the total hepatic parenchyma, preoperative portal vein
embolization (PVE) was indicated to decrease the risk of
postoperative hepatic failure as described earlier.20,21 PVE
using an ileocolic approach was routinely performed through
a small incision in the right lower abdomen. At the time of the
PVE, the patient was examined for the presence of peritoneal
dissemination or lymph node metastases around the end of
the ileum; however, only a limited abdominal survey can be
performed through the small incision. If the survey’s results
were positive, the patient’s condition was considered to be
inoperable and the PVE was aborted. Hepatic angiography
was carried out in all patients who were possible candidates
for radical surgery to evaluate the radial spread of the tumor.
The resectional surgery was scheduled 2 to 3 weeks after the
PVE procedure once liver hypertrophy had been confirmed
by successive CT scans and the serum total bilirubin level
was less than 2 mg/dL. Frozen-section histologic assessment
of the resection margins was performed during surgery.
Additional tissues were resected, if possible, when residual
microscopic carcinoma was suspected. If the frozen-section
histology revealed that, despite the preoperative imaging
studies, the carcinoma had invaded the intrapancreatic bile
duct, for which further bile duct resection was impossible, a
pancreaticoduodenectomy was indicated at that time.

In principle, patients who underwent resectional surgery
did not receive any adjuvant chemotherapy or radiotherapy.

Patient survival was calculated using the Kaplan-Meier
method. For the survival results reported here, all deaths
related or unrelated to tumor recurrence or secondary to
postsurgical complications were regarded as the end points.
Differences between the survival rates of groups were as-
sessed by the log-rank test and those at P �0.05 were
accepted as statistically significant. Multivariate regression
analysis was performed using the Cox proportional hazards
model and variables associated with P �0.15 were entered
into the final model adopted.23 Data were analyzed using
StatView 5.0J software (SAS Institute Inc., Cary, NC).
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RESULTS

Results of Preoperative Evaluations and
Surgical Procedures

Biliary drainage was performed in 125 of 140 patients.
Twenty-four patients were considered to have unresectable
disease after the examinations and reviewing the various
preoperative studies (Fig. 1). Eleven of these 24 had locally
advanced lesions with extensive biliary involvement (n � 9)
or portal and/or arterial invasion (n � 2), 8 had distant
metastases (liver, lung, and distant lymph node metastases in
4, 1, and 3, respectively), and 5 were considered unfit for the
planned major operation as a result of their comorbid condi-
tions. Ten patients were judged to be unresectable as a result
of the findings at the time of laparotomy for PVE by the

ileocolic approach or during the period between PVE and
resectional surgery. Six of these patients were inoperable as a
result of peritoneal dissemination, 3 as a result of rapid tumor
growth after PVE, and 1 because liver metastases developed
after PVE. Thirty-one of these 34 patients considered inop-
erable before laparotomy for resectional surgery underwent
biliary drainage as a palliative procedure.

Consequently, 106 patients were considered to have
potentially resectable disease and surgical intervention was
attempted (Fig. 1). During exploration, 27 patients had find-
ings that precluded curative resection: 11 had distant metas-
tases (5, 4, and 2 to the liver, peritoneum, and paraaortic
lymph nodes, respectively) and 16 had locally advanced
tumors with extensive biliary involvement.

Finally, 79 patients underwent potentially curative re-
sectional surgery (Table 1). Three patients underwent extra-
hepatic bile duct resection without hepatic resection, whereas
76 (96% of those undergoing resection) underwent hepatec-
tomy in addition to resection of the extrahepatic biliary
apparatus. Seven of these patients underwent hilar resection,
ie, resection of segments IV and I. These local or hilar
resections were adopted as a result of deterioration in the
patients’ general conditions, including prolonged cholestasis.
Extended hepatic resections were carried out in 69 patients
(87% of all those undergoing resectional surgery and 91% of
those undergoing hepatic resection) (Table 1). En bloc cau-
date lobe resection was conducted in all these 69 patients.
PVE was not necessary in 10 patients undergoing extended
right hepatectomy owing to atrophy of the corresponding lobe
secondary to obstruction of the lobar portal or biliary branch.
Three extended left hepatectomies were performed, although
the predominant tumor was not located at the left bile duct,
because the left lobar volumes were less than 25% of the
entire liver volume and these lobes were not expected to
enlarge sufficiently, even though PVE had been performed.
Similarly, in 1 each of the patients undergoing extended left
hemihepatectomy, central bisegmentectomy, or hilar resec-
tion, the scheduled extended right hemihepatectomy was
abandoned because the findings during laparotomy revealed
that only segment IV, segments IV, V, and VIII, or segments
V and VIII had atrophied, presumably as a result of technical
error during the PVE procedure. Five and 2 patients under-
went portal vein or hepatic artery resection and reconstruc-
tion, respectively. Thirteen patients underwent concomitant
pancreaticoduodenectomy in addition to hepatectomy (Table
1) to obtain tumor-free resection margins. Regarding the 51
patients who underwent an extended right hepatectomy, 39
patients had previously undergone biliary drainage, whereas
41 patients had previously undergone PVE. Thirty-three pa-
tients had previously undergone both biliary drainage and
PVE (Table 1).

FIGURE 1. Flow diagram of 140 patients admitted to our
institute. The group of patients who underwent potentially
curative operations includes those in whom the resection
margin was revealed to be histologically positive (R1 resec-
tion). PVE, preoperative portal vein embolization.
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Perioperative Results, Morbidity, and Mortality
Sixty-five of the 79 patients who underwent a poten-

tially curative resection had previously undergone biliary
drainage. Three complications were observed in 3 patients:
peritonitis from the dislodgment of PTBD catheter was ob-
served in 2 patients and pancreatitis associated with an ERBD
procedure was observed in 1 patient. In the 2 cases of PTBD
catheter dislodgment, emergency laparotomies were per-
formed for peritoneal lavage and the reinsertion of the cath-
eter. The pancreatitis in the remaining patient was treated in
a conservative manner.

The respective mean and median blood loss volumes
of all the patients who underwent resectional surgery were
1212 � 70 mL and 1060 mL (range, 300-4040 mL). Eighteen
patients (23%) required packed red blood cell transfusion
perioperatively (within 1 day of surgery) and the mean and
median volumes transfused were 162 � 38 mL and 0 mL
(range, 0-1600 mL).

The following surgery-related complications occurred
in 11 patients (14%) who underwent resectional surgery:
intraabdominal abscess (2); leakage from the bilioenteric
anastomosis (1); leakage from the pancreaticogastric anasto-
mosis (2); jejunal perforation (1); hepatic artery rupture (2);
biloma (2); and bleeding from the cut surface of the liver (1).
Six of these patients (7.6% of all those who underwent
resectional surgery) required reoperation for these complica-
tions. The respective mean and median preoperative serum
total bilirubin levels, including those of 17 patients who did
not experience obstructive jaundice, were 1.2 � 0.1 mg/dL
and 1.0 mg/dL (range, 0.3-4.3 mg/dL), whereas the corre-
sponding postoperative maximum levels were 2.4 � 0.2
mg/dL and 2.2 mg/dL (range, 0.6-5.4 mg/dL). The maximum
level was usually reached 1 to 2 days postoperatively and no
patient showed prolonged hyperbilirubinemia (�10 mg/dL
after 5 postoperative days24), an indicator of hepatic failure.
One 71-year-old male patient developed a cerebral infarction

21 days after extended left hepatectomy and died on postop-
erative day 31.

Histopathology
Fifty-four of the 79 patients who underwent resectional

surgery had histologically negative resection margins (R0
resection), whereas 25 patients had margins with tumor
involvement (R1 resection). When the patients were classi-
fied according to whether the scheduled extended hepatec-
tomy was performed, ie, extended right hepatectomy for B-C
types I, II, IIIa, and IV and extended left hepatectomy for B-C
type IIIb, versus all other types of resection, a negative
margin was more likely to be achieved in the former group
(75% [47 of 63] vs 44% [7 of 16], P � 0.0178). However, the
tumor invasion depth and the degree of tumor differentiation
were not related to the status of the resection margin.

Survival
At the time of analysis, 32 of the 79 patients who

underwent resection were alive at a median follow-up time of
56 months; 29 of these 32 were free of disease, including R1
resection patients, and 3 had disease recurrence. Forty-five
patients had died as a result of disease recurrence at a median
of 24 months and 2 had died of other causes, 1 of a cerebral
infarction (described above) and 1 probably of pneumonia.
Fifteen of the 49 patients who underwent surgery 5 or more
years ago actually survived for 5 years postoperatively and 14
of them (93%) had negative resection margins. In the mean-
time, 21 of 22 patients who only underwent exploratory
laparotomy died a median of 6.2 months (range, 1.7-32.2 mo)
postoperatively.

Various clinicopathologic factors potentially associated
with patient survival are shown in detail in Table 2 and
Figures 2 and 3. The survival curves, stratified according to
the B-C tumor classification, did not differ significantly

TABLE 1. Resectional Surgery and Preoperative Treatment for Hilar Bile Duct Cancer in 79 Patients

Operative Procedure No. of Cases
No. With Biliary

Drainage No. With PVE

Extended right hepatectomy (with PD) 51 (10) 41 41
Extended left hepatectomy 15 (1) 12 1
Left trisegmentectomy 1 1 1
Central bisegmentectomy (with PD) 2 (1) 1 2*
Hilar resection 7 (1) 7 3*
Bile duct resection 3 3 1*

*PVE was carried out originally as a preoperative intervention before extended right hemihepatectomy. This minor extent of hepatectomy or hilar resection
was performed because findings at laparotomy revealed the insufficient hypertrophy of the left hemiliver, liver steatosis, or as a result of the patient’s cormobid
condition.

Resected segments by hilar resection were as follows: S (I � IV) in 4 patients, S (IVinf � V) in 2, and S (I � V � VIII) in 1.
PVE, preoperative portal vein embolization; PD, pancreaticoduodenectomy.
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among the groups. Resection with a histologically negative
margin (R0 resection) resulted in higher patient survival than
that with a positive margin (R1 resection; Fig. 2; P �
0.0099). Comparison of the patients with positive resection
margins with those who underwent exploration but were
deemed unresectable because of locally advanced tumors
showed the former survived longer than the latter (28 vs 10
mo; P �0.0001). Patients whose resected lymph nodes
showed no cancer involvement survived longer than those
with lymph node metastases (Fig. 3; P� 0.0001). Univariate

analysis showed that other variables, such as cancer involve-
ment of the portal vein and/or hepatic artery, tumor invasion
depth, diffuse bile duct involvement requiring pancreati-
coduodenectomy, and whether patients underwent the sched-
uled extended hepatectomy, were not significantly associated
with patient survival (Table 2). Multivariate analysis using
the Cox proportional hazards model identified a negative
resection margin and absence of lymph node involvement by
the tumor as factors that independently contributed to pro-
longed patient survival (Table 3).

TABLE 2. Univariate Analysis of Clinical and Pathologic Variables

Variables No. Mean Survival (mo) P Value

Clinical data
Age (y)

�70 40 36.6 0.3678
�70 39 32.6

Gender
Female 22 34.6 0.8405
Male 57 35.1

Pathologic data
Bismuth-Corlette classification

I or II 17 (I, 2; II, 15) 33.7 0.9591
IIIa or IIIb 25 (IIIa, 14; IIIb, 11) 33.7
IV 37 35.8

Histologic type
Papillary or well-differentiated tubular 46 38.6 0.1091
Moderately or poorly differentiated tubular 33 25.7

Depth of tumor invasion
To fibromuscular layer 12 44.9 0.1702
Subserosal layer or more 65 32.7

Nodal involvement
Present 35 22.0 0.0001
Absent 43 43.0

Involvement of large vessels
Present 17 34.0 0.2569
Absent 62 36.7

Parameters related to treatment
Resectional margin

Positive 25 27.5 0.0099
Negative 54 37.9

Protocoled extended hepatectomy*
Yes 63 35.6 0.6694
No 16 32.3

Concomitant resection with
pancreaticoduodenectomy

Yes 13 26.2 0.4261
No 67 34.5

*Protocoled extended hepatectomy denotes extended right hepatectomy to Bismuth-Corlette type I, II, IIIa, and IV tumor, and extended left hepatectomy
to Bismuth-Corlette type IIIb tumor.
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DISCUSSION
The most striking characteristics of the present series of

patients with hilar bile duct cancer is the low in-hospital death
rate (1 of 79) even though extended, mainly right, hepatec-
tomy was carried out routinely in a high proportion of
patients (69 of 79). The proportions of all the patients who

underwent resectional surgery and who also underwent he-
patic resection, major hepatic resection, and extended right
hepatectomy were 96%, 87%, and 65%, respectively. The
low mortality rate can be further emphasized in view of the
fact that the present series included 13 patients who under-
went additional pancreaticoduodenectomy. To date, several
centers have reported results of surgery for patients with hilar
bile duct cancer, including considerable numbers who under-
went major hepatectomy. The in-hospital mortality rates in
these series ranged from 2.3% to 18%.2,8,10-15,19,24 Therefore,
discussion has mainly focused on the rationale for application
of extended hepatectomy and the safety of this procedure.

Many surgeons appear to agree with the importance of
concomitant hepatectomy when performing resectional sur-
gery for hilar bile duct cancer in terms of both obtaining a
negative resection margin and increasing the number of
resectable patients.4,7,11,19,13,19 Nevertheless, consensus does
not appear to have been reached regarding the kind of
hepatectomy that should be performed (right or left hepatec-
tomy, or hilar resection) and the types of patients for whom
hepatectomy is indicated.

In the present series, we performed extended right
hemihepatectomy routinely for all patients with B-C types I,
II, IIIa and IV tumors and left hemihepatectomy for those
with B-C type IIIb. Caudate lobectomy was added systemat-
ically for all patients who underwent extended hepatic resec-
tions. In most cases of hilar bile duct cancer in which the right
and left hepatic ducts are involved to a similar extent (B-C
types I, II, and IV), right hepatectomy is, in theory, more
likely to be associated with a negative resection margin than
left hepatectomy based on the following anatomic consider-
ations.

First, the extrahepatic part of the left hepatic duct is
longer with a more distant segmental ramification than that of
the right hepatic duct.25 Second, the common bile duct is on
the right side of the hepatoduodenal ligament with the right
hepatic artery passing behind its proximal portion. Therefore,
the right hepatic artery is frequently invaded by cancer at this
site, whereas the left (and middle) hepatic artery travels along
the left side of the hepatoduodenal ligament and is not
associated with the bile duct until the end of the transverse
portion. Third, systematic caudate lobectomy, which is usu-
ally necessary for curative resection for hilar bile duct can-
cer,4,12,13 can be carried out more easily in patients undergo-
ing right-sided than left-sided hepatectomy. Finally, in
patients for whom portal venous resection at the hepatic
hilum is necessary as a result of tumor invasion, it is easier to
perform venous reconstruction with the left than the right
portal vein, because of the long extrahepatic portion of the
transverse portion of the former.27 However, we performed
left hepatectomy for patients in whom the left hepatic duct
was dominantly invaded, ie, B-C type IIIb. Accordingly, 11
of 69 patients underwent extended left hepatectomy. Further-

FIGURE 3. Patient survival stratified according to the lymph
node involvement status. The solid line indicates survival of
patients without lymph node involvement (n � 43; median
survival, 53.7 mo; 1-, 3-, and 5-y survival rates � 95.1%,
64.7%, and 42.4%, respectively). The dotted line indicates
survival of patients with lymph node involvement (n � 35;
median survival, 23.5 mo; 1-, 3-, and 5-y survival rates �
82.4%, 22.2%, and 15.9%, respectively). Survival was signifi-
cantly longer in patients without than with lymph node in-
volvement (P � 0.0001).

FIGURE 2. Patient survival stratified according to the resection
margin status. The solid line indicates survival of patients with
histologically negative margins (n � 54; median survival, 37.4
mo; 1-, 3-, and 5-y survival rates � 90.4%, 52.0%, and 39.9%,
respectively). The dotted line indicates survival of patients with
histologically positive margins (n � 25; median survival, 26.3
mo; 1-, 3-, and 5-y survival rates � 87.1%, 24.2%, and 6.0%,
respectively). Survival was significantly longer in patients with
negative than positive margins (P � 0.0099).
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more, we decided to carry out left-sided hepatectomy for 3
other patients, even though their cancers were located at the
confluence, because CT-based volumetry revealed that the
proportion of the left lobar volume to the total liver volume
was unacceptably small (�25%) and it was thought that,
despite PVE, it would not exceed 40%. In addition, we had to
perform 1 extended left hepatectomy and 1 central bisegmen-
tectomy in patients scheduled for extended right hepatectomy
as a result of technical errors with PVE.

Other local or hilar resections were performed because
we decided that the patients’ impaired general conditions did
not allow major hepatectomy. As expected, the likelihood of
obtaining a histologically negative margin increased when the
patients underwent their scheduled extensive hepatic resec-
tions according to the protocol (75% vs 44%).

With respect to the surgical procedure, some surgeons
have insisted that local excision can be performed for patients
with B-C type I cancers; or the smallest necessary hepatic
segmentectomy, including hilar resection, should be carried
out after precise evaluation of the extent of cancer invasion in
each segmental bile duct.4 We argue against these proposals
and claim that major hepatectomy should be performed for all
patients with B-C type I to IV tumors, if their condition
permits, based on the following considerations.

Although direct cholangiography is thought to play a
major role in preoperative imaging diagnosis,28-30 it is not
accurate enough to provide precise information about longi-
tudinal cancer extension. This anxiety is compounded by the
fact that hilar bile duct cancers often show submucosal tumor
extension at their proximal margins, which, in theory,
might not be visualized by cholangiography.12,31 Preoper-
ative histologic evaluations such as biopsy or brush cytol-
ogy are not accurate enough either, as a result of their
limited sensitivities.32-34

Moreover, skip-type lesions, which are often encoun-
tered in patients with hilar bile duct cancer, render assessment
by imaging and biopsy modalities difficult. This aggressive
approach can be justified in view of the fact that resectional
therapy, even with a histologically positive margin, still
offers a significant benefit over palliative treatment in terms
of both survival and quality of life.7,16

In the present series, 5 patients in whom resection
resulted in a positive margin (R1 resection) survived for over

3 years and, at the time of this writing, 1 of them was alive
with disease recurrence 6 years 2 months after surgery. The
estimated survival rates after R1 resection (24% and 6% at 3
and 5 y, respectively) were significantly higher than those of
16 patients who only underwent exploratory laparotomy as a
result of local tumor advancement (0% and 0%, respectively,
P �0.0001).

The apparently high frequency of a positive resection
margin, 25% even in patients undergoing scheduled extensive
hepatectomy, despite the routine performance of major he-
patic resection can be explained by the aggressive resectional
approach to patients with locally advanced tumors (B-C type
IV). The results of our multivariate analysis, which identified
a negative histologic margin and negative lymph node in-
volvement as independent factors contributing to a beneficial
outcome, appears to agree quite well those reported previ-
ously, whereas whether the scheduled extended hepatectomy
was carried out was not an independent prognostic factor.
This result can be explained by the consideration that to
perform the extended right or left hepatectomy according to
the dominant side of tumor location and to secure the nega-
tive histologic margin is both clinically and statistically
equivalent.

In summary, the limitations of the currently available
preoperative diagnostic modalities only allow us to evaluate
tumor extension approximately, ie, whether it is right-side
dominant, left-side dominant, or both sides are invaded
equally. Therefore, we insist that the surgical strategy for
hilar bile duct cancer should simply comprise right or left
hepatectomy according to the predominant side of carcinoma
invasion. Caudate lobectomy is also an essential component
of radical surgery, because the incidence of cancer involve-
ment of the caudate branch is high and it is difficult to predict
this involvement before the resected specimen is assessed
histologically.

The current aggressive attitude toward extensive hepa-
tectomy can be justified only on the basis of low surgical
morbidity and mortality. We think the low morbidity and
mortality rates experienced in this study are related to the
routine application of preoperative biliary drainage and PVE
after a precise evaluation of the hepatic lobar volume.

The role of preoperative biliary drainage has been a
matter of debate.35-41 Several studies, including randomized,

TABLE 3. Results of Cox Multivariate Regression Analysis

Variables
Parameter
Estimate

Wald Chi-
square P Value* Hazard ratio

95% Confidence
Interval

Resectional margin (cancer negative vs. positive) 0.774 6.081 0.0137 2.168 1.172–4.013
Lymph node involvement (absent vs. present) 1.053 11.882 0.0006 2.868 1.573–5.221

*P � 0.15 was set as the cut-off for variable elimination.
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controlled ones, showed that preoperative drainage offered no
advantage.38-41 However, these studies were designed to
evaluate the role of preoperative biliary drainage mainly in
patients who were scheduled to undergo pancreatoduodenec-
tomy,35-40 and they only included a small proportion of
patients undergoing hepatectomies who were considered
most likely to benefit from preoperative drainage by prevent-
ing cholestasis-induced impairment of liver function.35-41

Indeed, Blumgart et al., who have opposed the need for
preoperative drainage, claimed that even the resection of a
caudate lobe is not a minor undertaking in a jaundiced
patient.16 Furthermore, a major disadvantage of preoperative
drainage reported in previous studies was development of
catheter-related infections, the majority of which, we think,
can be ascribed to technical inexperience. To avoid catheter-
related infectious complications, we have made it a principle
to drain only the hemihepatic lobe destined to remain after
hepatectomy, because the rate of infection increases with the
number of stents.4 We also recommend a unilateral approach
in view of the enhanced hypertrophic process in the future
remnant lobe.42 Similarly, we do not always carry out metic-
ulous evaluation of the intrahepatic biliary tree by direct
cholangiography43,44 in view of the limitations of this proce-
dure and because of the fear that the risk of infection in-
creases when contrast medium is forcefully injected into the
biliary system.

Although PVE has been widely accepted as a preoper-
ative adjunct to induce compensatory hypertrophy in the
future remnant liver, strict indication criteria have not yet
been established in randomized, controlled studies. The inci-
dence of liver failure after hepatectomy for hilar bile duct
cancer has been reported to range from 2.5% to 29% (median
11% in the cited references),2,4,7,8,11-15,19,24 and the overall
surgical mortality cited in these reports varied from 2.3% to
18% (median, 9.2%). The variation in these values can be
explained by the different criteria used to define liver failure
and the varying degrees of extensive surgical aggressiveness.
In view of the fact that 69 (91%) of the 76 hepatectomies in
the present series were major hepatic resections, the lack of
liver failure and 1.3% (1 in 79) incidence of in-hospital
mortality can be considered a remarkably low figure. Jamagin
et al. reported that infectious complications comprised the
majority of postoperative morbidity and insisted that liver
failure, which by itself was a rare complication, was the
underlying cause of very few deaths.

However, because the liver constitutes a major part of
the reticuloendothelial system and plays a central role in
metabolism, the demerit of impaired postoperative liver func-
tion can never be underestimated. Patients with borderline
liver function are more likely to develop infectious compli-
cations than those with normal liver function, and anasto-
motic leakage is often difficult to stop in such patients.

Despite the high proportion of major hepatectomies, the
resection rate and overall 5-year survival rate were within the
ranges previously reported (37-80% and 10-33%, respective-
ly).2,4,7,8,11-15,19,24 However, these figures cannot simply be
compared, because the institutions concerned had different
referral systems and the patient populations and disease
stages differed. Obviously, a better staging system that can be
used by all institutions that will enable direct comparisons to
be made is necessary.

In conclusion, the results of the present series of pa-
tients have provided a rationale for the routine application of
extensive hepatectomy after biliary drainage and preoperative
portal vein embolization for patients with hilar bile duct
cancer. This procedure can be performed safely and is more
likely than other resection techniques to be associated with a
histologically negative resection margin.
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