
Ei Takahashi, Mitsuharu Fukasawa, Tadashi Sato, Shinichi 
Takano, Makoto Kadokura, Hiroko Shindo, Yudai Yokota, 
Nobuyuki Enomoto, First Department of Internal Medicine, 
Faculty of Medicine, University of Yamanashi, Yamanashi 
409-3898, Japan 
Author contributions: Takahashi E analyzed and interpreted 
data, drafted the article, and performed biliary stenting; Fukasawa 
M conceived and designed the study, drafted the article, and 
performed biliary stenting; Sato T drafted the article and critically 
revised it for important intellectual content; Takano S, Kadokura 
M, Shindo H and Yokota Y performed biliary stenting and 
collected data; Enomoto N critically revised the manuscript for 
important intellectual content. 
Ethics approval: The study was reviewed and approved by the 
University of Yamanashi Institutional Review Board. 
Conflict-of-interest: None of the authors have any conflicts of 
interest.  
Data sharing: No additional data are available. 
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Mitsuharu Fukasawa, MD, PhD, 
First Department of Internal Medicine, Faculty of Medicine, 
University of Yamanashi, 1110 Shimokato, Chuo, Yamanashi 
409-3898, Japan. fmitsu@yamanashi.ac.jp 
Telephone: +81-5-52739584 
Fax: +81-5-52736748
Received: October 15, 2014 
Peer-review started: October 18, 2014
First decision: December 2, 2014
Revised: December 31, 2014
Accepted: February 12, 2015
Article in press: February 13, 2015
Published online: April 28, 2015

Abstract 
AIM: To identify criteria for predicting successful 
drainage of unresectable malignant hilar biliary strictures 
(UMHBS) because no ideal strategy currently exists. 

METHODS: We examined 78 patients with UMHBS 
who underwent biliary drainage. Drainage was 
considered effective when the serum bilirubin level 
decreased by ≥ 50% from the value before stent 
placement within 2 wk after drainage, without 
additional intervention. Complications that occurred 
within 7 d after stent placement were considered as 
early complications. Before drainage, the liver volume 
of each section (lateral and medial sections of the left 
liver and anterior and posterior sections of the right 
liver) was measured using computed tomography 
(CT) volumetry. Drained liver volume was calculated 
based on the volume of each liver section and the 
type of bile duct stricture (according to the Bismuth 
classification). Tumor volume, which was calculated by 
using CT volumetry, was excluded from the volume of 
each section. Receiver operating characteristic (ROC) 
analysis was performed to identify the optimal cutoff 
values for drained liver volume. In addition, factors 
associated with the effectiveness of drainage and early 
complications were evaluated. 

RESULTS: Multivariate analysis showed that drained 
liver volume [odds ratio (OR) = 2.92, 95%CI: 
1.648-5.197; P < 0.001] and impaired liver function (with 
decompensated liver cirrhosis) (OR = 0.06, 95%CI: 
0.009-0.426; P  = 0.005) were independent factors 
contributing to the effectiveness of drainage. ROC 
analysis for effective drainage showed cutoff values 
of 33% of liver volume for patients with preserved 
liver function (with normal liver or compensated liver 
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cirrhosis) and 50% for patients with impaired liver 
function (with decompensated liver cirrhosis). The 
sensitivity and specificity of these cutoff values were 
82% and 80% for preserved liver function, and 100% 
and 67% for impaired liver function, respectively. 
Among patients who met these criteria, the rate of 
effective drainage among those with preserved liver 
function and impaired liver function was 90% and 80%, 
respectively. The rates of effective drainage in both 
groups were significantly higher than in those who 
did not fulfill these criteria (P  < 0.001 and P  = 0.02, 
respectively). Drainage-associated cholangitis occurred 
in 9 patients (12%). A smaller drained liver volume was 
associated with drainage-associated cholangitis (P  < 
0.01). 

CONCLUSION: Liver volume drainage ≥ 33% in 
patients with preserved liver function and ≥ 50% in 
patients with impaired liver function correlates with 
effective biliary drainage in UMHBS. 
 
Key words: Biliary drainage; Computed tomography 
volumetry; Hilar biliary stricture; Cholangiocarcinoma; 
Liver function; Cholangitis 
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Core tip: An ideal biliary drainage strategy for un-
resectable malignant hilar biliary strictures (UMHBS) 
has not been defined. The aim of our study was to 
identify useful criteria for predicting successful drainage 
of UMHBS. In the present study, multivariate analysis 
revealed that liver function and drained liver volume 
calculated by computed tomography volumetry (CTV) 
are independent factors of drainage effectiveness for 
UMHBS. Receiver operating characteristic analysis 
showed cutoff values of 33% of liver volume for 
patients with preserved liver function and 50% for 
patients with impaired liver function. Before attempting 
biliary drainage procedures, establishing an appropriate 
drainage strategy using CTV is important. 
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INTRODUCTION 
Effective treatment of obstructive jaundice is essential 
for improving the quality of life of patients with 
unresectable malignant hilar biliary strictures (UMHBS). 
These strictures may be caused by malignancies of the 
bile ducts, pancreas, or liver (primary or metastatic) 

or by metastases to lymph nodes around the bile 
ducts. In biliary obstruction in the hepatic hilum, 
effective drainage is difficult to achieve because of 
the anatomical complexity of the bile ducts. Various 
procedures of biliary drainage of hilar biliary obstruction 
have been performed: percutaneous or endoscopic 
routes[1-5], plastic or metallic stents[6-11], and unilateral 
or bilateral hepatic duct drainage[11-21]. However, no 
consensus has been reached on the optimal drainage 
strategy for treating biliary obstruction. 

In recent years, advances in diagnostic imaging, 
such as multi-detector computed tomography (CT) and 
magnetic resonance cholangiopancreatography, have 
facilitated improved preoperative identification of an 
aberrant hepatic duct and determination of hilar tumor 
progression. In this study, we estimated the volumes 
of the lateral and medial sections of the left hepatic 
liver and the anterior and posterior sections of the right 
liver by using CT volumetry in patients who required 
drainage for UMHBS. We then measured the drained 
liver volume after stenting according to the type of bile 
duct stricture (bismuth classification) and assessed the 
effects of drainage and early complications related to 
drainage procedures. 

MATERIALS AND METHODS
We retrospectively reviewed data on 78 patients who 
underwent biliary drainage procedures for UMHBS 
between March 2004 and April 2013. The inclusion 
criteria were as follows: obstructive jaundice caused 
by hilar malignancy (Bismuth type Ⅱ or higher); 
abdominal CT scan performed within 2 wk before 
drainage; and clinical biochemical tests performed 
before and 14 d after stent placement. The exclusion 
criteria were as follows: benign stenosis; Bismuth 
type Ⅰ obstruction; history of hepatectomy; or the 
presence of UMHBS without jaundice before stent 
placement, for which a stent was prophylactically 
placed. The presence of distant metastasis, locally 
far-advanced tumors, and/or poor liver function 
would preclude resection based on the consensus of 
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Figure 1  Computed tomography volumetric identification of liver sections. 
Lateral section (A) and medial section (B) of the left liver, and anterior section (C) 
and posterior section (D) of the right liver. 
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gastroenterologists and surgeons. Figure 1 shows a CT 
volumetric image of a patient with UMHBS. 

The 4 sections of the liver were defined according 
to the distribution of the portal vein branches: lateral 
and medial sections of the left liver, and anterior and 
posterior sections of the right liver. The drained liver 
volume was evaluated as follows. The area of each 
section was calculated by manual tracing using CT 
scans (axial view) with a 5 mm slice thickness. The 
volume of each section was calculated as the summed 
area of the comprising sections. Thereafter, drained 
liver volume was calculated based on the volume of 
each liver section and the type of bile duct stricture 
(according to the Bismuth classification). Figure 2A and 
B show the valid drainage calculation method. Tumor 
volume, which was calculated by using CT volumetry, 
was excluded from the volume of each section. 
Drainage was considered effective when the serum 
bilirubin level decreased by ≥ 50% of the value before 
stent placement within 2 wk after drainage, without 
additional intervention. Complications that occurred 
within 7 d after stent placement were considered as 
the early complications. 

Receiver operating characteristic (ROC) analysis 
was performed to determine the cutoff value for 
drained liver volume in the group with preserved 
liver function (with normal liver or compensated liver 
cirrhosis) and the group with impaired liver function 
(with decompensated liver cirrhosis). Patients with 
hepatic encephalopathy and/or cytologically negative 
ascites in addition to chronic liver disease were 
considered to have decompensated liver cirrhosis. 

Statistical analysis
The χ 2 test or Fisher’s exact test of the contingency 
table was used for univariate analysis of the categorical 
data. Student’s t-test was used for analysis of the 
quantitative data. Multivariate analysis of the factors 
contributing to the initial drainage effect was performed 
using multiple logistic regression analysis. A statistically 
significant difference was defined as P < 0.05. The 
statistical methods of this study were reviewed by Dr. 
Kohta Suzuki from the Department of Health Sciences, 
Interdisciplinary Graduate School of Medicine and 
Engineering, University of Yamanashi. 
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Figure 2  Calculation of drained liver volume according to the Bismuth classification. The stent is inserted into the left hepatic duct. Drained volume is 
calculated as a sum of A + B in Bismuth type Ⅲa (A) and A in Bismuth type Ⅲb (B). 
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0.02), impaired liver function (P = 0.03), and drained 
liver volume (%) (P < 0.01). There was no significant 
difference between unilateral and bilateral drainage 
(Table 2). Multivariate analysis (multiple logistic 
analysis) of the 3 factors with significant differences 
in univariate analysis indicated that the independent 
factors contributing to the effectiveness of drainage 
were impaired liver function (OR = 0.06, 95%CI: 
0.009-0.426; P = 0.005) and drained liver volume (OR 
= 2.92, 95%CI: 1.648-5.197; P < 0.001) (Table 3). 

In ROC analysis of the drained liver volume required 
for effective drainage, the area under the curve with 
preserved liver function and with impaired liver function 
was 0.83 and 0.93, respectively (Figure 3). The optimal 
cutoff (%), 33% of liver volume for subjects with 
preserved liver function and 50% of liver volume for 
subjects with impaired liver function, was calculated 
by determining the smallest distance between the 
ROC curve and the upper left corner of the graph. The 
sensitivity and specificity of these cutoff values were 
82% and 80% for preserved liver function, and 100% 
and 67% for impaired liver function, respectively. 
When the cutoff value was set at 33% in patients with 
preserved liver function, the rate of effective drainage 
was 90% (≥ 33% of liver volume) and 33% (< 33% of 
liver volume) (P < 0.001) (Figure 4A). When the cutoff 
value was set at 50% in patients with impaired liver 
function, the rate of effective drainage was 80% (≥ 
50% of liver volume) and 11% (< 50% of liver volume; 
P = 0.02) (Figure 4B). 

Early complications occurring within 7 d after 
stent placement were found in 14 patients (18%) 
and included pancreatitis in 5 (6%) and drainage-

RESULTS 

Table 1 shows patient characteristics and morphological 
data. The subject cohort had a mean age of 74.8 ± 
10.3 years (53 men and 25 women) and included 
50 patients (64%) with cholangiocarcinoma, 10 
(13%) with hepatocellular carcinoma, 9 (12%) with 
gallbladder carcinoma, 5 (6%) with metastatic liver 
carcinoma, and 4 (5%) with lymph node metastasis. 
According to Bismuth classification, 11 patients were 
classified as type Ⅱ, 24 as type Ⅲa, 7 as type Ⅲb, 
and 36 as type Ⅳ. The median total bilirubin level was 
9.0 mg/dL (3.0-31.0 mg/dL). Sixty-four patients (82%) 
had preserved liver function (without decompensated 
liver cirrhosis), and 14 (18%) had impaired liver 
function (with decompensated liver cirrhosis). With 
regard to the drainage procedure, endoscopic biliary 
stenting (metal stent/plastic stent), endoscopic 
nasobiliary drainage, and percutaneous transhepatic 
biliary drainage were performed in 49 (11/38), 21, 
and 8 patients, respectively. Unilateral and bilateral 
drainage were performed in 72 patients (92%) and 6 
patients (8%), respectively. The average drained liver 
volume was 44.6% ± 18.6%. 

Drainage procedures were successfully performed 
in 78 patients (procedure success rate, 100%). Effective 
drainage was achieved in 49 of the patients (63%). Of 
the 21 patients who underwent additional drainage 
because of ineffective initial drainage, successful 
drainage was achieved in 17. Thus, eventually, 66 
patients (85%) had effective drainage. Univariate 
analysis for each factor potentially influencing the 
effectiveness of initial drainage showed that there 
were significant differences in Bismuth type Ⅳ (P = 

MS: Metal stent; PS: Plastic stent; ENBD: Endoscopic nasobiliary drainage; 
PTBD: Percutaneous transhepatic biliary drainage. 

Table 2  Predictors of initial drainage effectiveness by univariate 
analysis  n  (%)

  Effective 
(n  = 49)

Ineffective 
(n  = 29)

P  value

Age (yr), mean ± SD 74.0 ± 11.6 76.0 ± 7.5    0.39
Gender, male/female 32/17 21/8    0.78
Etiology, cholangiocarcinoma 32 (65.3) 18 (62.1)    0.81
Bismuth type Ⅳ 17 (34.6) 19 (65.5)    0.02
Total bilirubin (mg/dL), mean ± SD 9.9 ± 6.3 10.0 ± 4.7    0.93
Cholangitis   8 (16.3)   5 (17.2)    0.91
Impaired liver function   5 (10.2)   9 (31.0)    0.03
Drainage method, endoscopic drainage 43 (87.8) 27 (93.1)    0.71
Type of stent, metal stent   7 (14.3)   4 (13.8)    1.00
Drainage areas 
   Unilateral/bilateral 43/6 29/0    0.16
   Drained liver volume (%), mean ± SD 51.1 ± 18.6 33.5 ± 12.5 < 0.01

Table 3  Predictors of initial drainage effectiveness by multivariate 
analysis 

Factors OR 95%CI P  value

Bismuth type Ⅳ 0.92 0.245-3.418    0.896
Impaired liver function 0.06 0.009-0.426    0.005
Drained liver volume  2.92 1.648-5.197 < 0.001

Takahashi E et al . Biliary drainage strategy by CT volumetry

Table 1  Clinical features of 78 patients with malignant hilar 
strictures  n  (%) 

Characteristic
Age (yr), mean ± SD 74.8 ± 10.3
Gender, male/female 53/25
Etiology 
   Cholangiocarcinoma 50 (64)
   Hepatocellular carcinoma 10 (13)
   Gallbladder carcinoma   9 (12)
   Liver metastasis 5 (6)
   Lymph node metastasis 4 (5)
Bismuth type (Ⅱ/Ⅲa/Ⅲb/Ⅳ) 11/24/7/36
Total bilirubin (mg/dL), median (range) 9.0 (3.0-31.0)
Cholangitis  13 (17)
Liver function 
   Preserved liver function (without decompensated 
   liver cirrhosis) 

64 (82)

   Impaired liver function (with decompensated liver 
   cirrhosis) 

14 (18)

Drainage method (MS/PS/ENBD/PTBD) 11/38/21/8
Drainage areas 
   Unilateral/bilateral 72/6
   Drained liver volume (%), mean ± SD 44.6 ± 18.6
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associated cholangitis in 9 (12%). All pancreatitis 
episodes were mild and resolved with conservative 
management alone. Among the 9 patients with 
cholangitis, 5 patients required additional stenting 
and the remaining 4 patients were managed with 
antibiotics alone.

Factors associated with cholangitis are shown in 
Table 4. Univariate analysis for each factor associated 
with cholangitis showed that there was a significant 
difference in drained liver volume. Smaller drained 
liver volume was associated with drainage-associated 
cholangitis (P < 0.01). In the preserved liver function 
group, the incidence of cholangitis was 25% in patients 
with < 33% of liver volume vs 2.5% in patients with 
≥ 33% of liver volume (P < 0.01) (Figure 5A). In 
the impaired liver function group, the incidence of 
cholangitis was 22% in patients with < 50% of liver 
volume vs 0% in patients with ≥ 50% of liver volume 
(P = 0.51) (Figure 5B). 

DISCUSSION 

To establish a more effective strategy for biliary 
drainage, a number of studies concerning the drainage 
route, the number, size, and material of the stent 
have been reported[1-23]. In recent years, advances in 
diagnostic imaging have provided detailed information 
about bile duct strictures and liver volume. The surgical 
indications and extent of resection for hepatectomy 
are determined based on the results of preoperative 
liver function and remnant liver volume[24-26]. However, 
few research studies are available on the significance 
of individual liver function and liver volume in biliary 
drainage.

In the present study, multivariate analysis revealed 
that liver function and drained liver volume were 
independent factors of drainage effectiveness for 
UMHBS. Vienne et al[27] reported that effective drainage 
could be attained by draining ≥ 50% of the liver 
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Figure 3  Area under the receiver operating characteristic curve for predicting effective drainage. Area under the curve in subjects with preserved liver function 
(with normal liver or compensated liver cirrhosis) (A) and with impaired liver function (with decompensated liver cirrhosis) (B) is 0.83 and 0.93, respectively. AUC: Area 
under the curve.
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Figure 4  Rate of effective drainage and drained liver volume. The rate is significantly higher in patients with drainage ≥ 33% of liver volume in subjects with 
preserved liver function (A) and with drainage ≥ 50% of liver volume in subjects with impaired liver function (B). 
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volume based on examination of bile duct stricture 
type and volume of each section. The required drained 
liver volume is expected to be variable depending 
on liver function; however, no previous reports are 
available on the role of liver function in determining 
the drainage method. Our study revealed that effective 
drainage could be expected by draining ≥ 33% of the 
liver volume in those with preserved liver function and 
≥ 50% of the liver volume in those with impaired liver 
function. The overall drainage response rate in this 
study was 63%, but the response rate was 89% for 
the subjects who met the abovementioned criteria. 
These subjects had a better response rate than those 
in earlier studies (49%-87%)[3,13-19]. In addition, of the 
29 patients who did not respond to the initial drainage, 
24 (83%) did not meet the above criteria. Inadequate 
drained volume is a possible reason for drainage 
failure. This study is the first report to determine the 
drainage method of UMHBS by using both drained liver 
volume and liver function. When unilateral drainage 
achieves the required drained liver volume, which 
occurred in 83% of the subjects, unilateral drainage is 
sufficient. Bilateral drainage should be considered only 
when the estimated drained liver volume by unilateral 
stenting does not reach the abovementioned criteria. 

Cholangitis is an important complication after 
stenting for drainage of hilar biliary strictures. 
Contrast injection into the undrained sector and stent 
placement within a small area were risk factors for 
cholangitis[5,6,13,16,27], which may be attributed to the 
decreased bile excretory function in an atrophied 
area[27]. In our series, 3 of 9 patients (33%) who 
underwent cholangiography of the undrained section 
developed cholangitis (data not shown). In addition, our 
study found that drainage of a small area was a risk 
factor contributing to post-drainage cholangitis. This 
finding supports those of previous studies. Although 
there was no statistical difference in cholangitis in 
impaired liver function because of a lack of power, 
cholangitis was not observed in patients with the 
obtained cutoff values or more.

Our study has 2 limitations. First, because it was 
a retrospective study, the drainage procedures were 
not uniform; the procedures were chosen by the 
patient’s attending physician, which might have led to 
bias. Second, because of the sample size, statistical 
subgroup analyses were not possible (e.g., analysis 
by the type of disease and Bismuth classification). 
Our observations should be confirmed in a multicenter 
prospective study with a large number of patients. 
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Figure 5  Rate of drainage-associated cholangitis and drained liver volume. There is significant difference between the rate of cholangitis and drained liver 
volume in subjects with preserved liver function (A), but no significant difference in those with impaired liver function (B). 

Table 4  Predictors of drainage-associated cholangitis by univariate analysis  n  (%)

  
  

Cholangitis Non-cholangitis P  value

n  = 9 n  = 69
Age (yr), mean ± SD 76.9 ± 8.3 74.5 ± 10.5    0.51
Gender, male/female 5/4 48/21    0.46
Etiology, cholangiocarcinoma 6 (66.7) 44 (63.8)    1.00
Bismuth type Ⅳ) 6 (66.7) 30 (43.5)    0.29
Total bilirubin (mg/dL)   8.3 ± 3.5 10.6 ± 6.1    0.12
Impaired liver function 2 (22.2)   7 (10.1)    0.66
Drainage method, endoscopic drainage 7 (77.8) 63 (91.3)    0.23
Type of stent, metal stent 1 (11.1) 10 (14.5)    1.00
Drainage areas 
   Unilateral/bilateral 9/0 63/6    1.00
   Drained liver volume (%), mean ± SD 29.3 ± 4.4 46.6 ± 18.9 < 0.01
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In conclusion, liver function and drained liver volume 
are important factors in the drainage of unresectable 
malignant hilar biliary strictures. Assembling an 
appropriate drainage strategy using CT volumetry 
before ERCP is important. 
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