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Abstract
AIM: To assess the diagnostic ability of endoscopic 
ultrasonography (EUS) for evaluating causes of distal 
biliary strictures shown on endoscopic retrograde chol-
angiopancreatography (ERCP) or magnetic resonance 
cholangiopancreatography (MRCP), even without iden-
tifiable mass on computed tomography (CT).

METHODS: The diagnostic ability of EUS was retro-
spectively analyzed and compared with that of routine 
cytology (RC) and tumor markers in 34 patients with 
distal biliary strictures detected by ERCP or MRCP at 
Dokkyo Medical School Hospital from December 2005 
to December 2008, without any adjacent mass or ec-
centric thickening of the bile duct on CT that could 
cause biliary strictures. Findings considered as benign 
strictures on EUS included preservation of the normal 

sonographic layers of the bile duct wall, irrespective of 
the presence of a mass lesion. Other strictures were 
considered malignant. Final diagnosis of underlying 
diseases was made by pathological examination in 18 
cases after surgical removal of the samples, and by 
clinical follow-up for > 10 mo in 16 cases.

RESULTS: Seventeen patients (50%) were finally di-
agnosed with benign conditions, including 6 “normal” 
subjects, while 17 patients (50%) were diagnosed with 
malignant disease. In terms of diagnostic ability, EUS 
showed 94.1% sensitivity, 82.3% specificity, 84.2% 
positive predictive value, 93.3% negative predictive 
value (NPV) and 88.2% accuracy for identifying ma-
lignant and benign strictures. EUS was more sensi-
tive than RC (94.1% vs  62.5%, P  = 0.039). NPV was 
also better for EUS than for RC (93.3% vs  57.5%, P  = 
0.035). In addition, EUS provided significantly higher 
sensitivity than tumor markers using 100 U/mL as the 
cutoff level of carbohydrate antigen 19-9 (94.1% vs  
53%, P  = 0.017). On EUS, biliary stricture that was fi-
nally diagnosed as malignant showed as a hypoechoic, 
irregular mass, with obstruction of the biliary duct and 
invasion to surrounding tissues.

CONCLUSION: EUS can diagnose biliary strictures 
caused by malignant tumors that are undetectable on 
CT. Earlier detection by EUS would provide more thera-
peutic options for patients with early-stage pancreati-
cobiliary cancer.
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Key words: Computed tomography; Cytology; Endo-
scopic retrograde cholangiopancreatography; Endoscopic 
ultrasound; Indeterminate biliary stricture; Magnetic 
resonance cholangiopancreatography; Tumor marker

Peer reviewers: Tarkan Karakan, Associate Professor, Depart-
ment of Gastroenterology, Gazi University, Ankara, 06500, 

BRIEF ARTICLE 

World J Gastroenterol  2010 January 14; 16(2): 237-244
 ISSN 1007-9327 (print)

© 2010 Baishideng. All rights reserved.



Turkey; Dr. Ching-Chung Lin, Gastroenterology Division, 
Mackay Memorial Hospital, 5F, No 28, Lane 286, Shidong 
Road, Taipei 11154, Taiwan, China; Jon Arne Soreide, Professor, 
Department of Surgery, Stavanger University Hospital, Stavan-
ger, N-4068, Norway

Saifuku Y, Yamagata M, Koike T, Hitomi G, Kanke K, Watanabe 
H, Murohisa T, Tamano M, Iijima M, Kubota K, Hiraishi 
H. Endoscopic ultrasonography can diagnose distal biliary 
strictures without a mass on computed tomography. World J 
Gastroenterol 2010; 16(2): 237-244  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v16/i2/237.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v16.i2.237

INTRODUCTION
Determining the etiology of  a distal biliary stricture is 
crucial to the provision of  appropriate therapy. How-
ever, such determination can be particularly problematic 
in cases of  biliary strictures without an identifiable mass 
that could cause the stricture on computed tomography 
(CT) or magnetic resonance imaging (MRI). Empiric 
resection may be necessary to differentiate benign and 
malignant strictures, and the decision to operate has tra-
ditionally been made on the basis of  clinical history and 
cholangiographic appearance of  the stricture[1]. How-
ever, determining the cause of  a stricture on the basis of  
morphologic features and brush cytology is unreliable[2].

Intraductal ultrasonography (IDUS) with wire-guided, 
thin-caliber, high-frequency probes is promising for the 
diagnosis of  biliary stricture[3,4]. This technique is eas-
ily performed as an adjunct to endoscopic retrograde 
cholangiopancreatography (ERCP) without significant 
lengthening of  the procedure. For the diagnosis of  biliary 
stricture without an identifiable mass, however, data from 
IDUS are insufficient[4-6]. In addition, the number of  pa-
tients for whom IDUS can be performed has decreased, 
since magnetic resonance cholangiopancreatography 
(MRCP) has been replacing the role of  diagnostic ERCP. 
Moreover, if  patients with an identifiable mass on CT or 
MRI are excluded, the proportion of  benign strictures 
is about 30%-50%[4,5,7,8]. This relatively high percentage 
of  benign strictures complicates the decision to perform 
IDUS in all patients with biliary strictures of  indetermi-
nate etiology, as IDUS sometimes causes complications 
such as ERCP-induced pancreatitis and cholangitis.

The utility of  endoscopic ultrasonography (EUS) for 
diagnosing unexplained biliary strictures thus warrants 
urgent discussion, since EUS is now the first choice in 
screening for small pancreatic tumors that cannot be 
detected by other imaging modalities and is not associ-
ated with ERCP-related complications[9]. However, only 
1 paper by Lee et al[1] has mentioned the utility of  EUS 
features in patients with unexplained biliary stricture. 
According to Lee et al[1], sonographic features of  EUS, 
including the presence of  a pancreatic mass, an irregular 
bile duct wall, or bile duct thickness > 3 mm, could im-
prove the diagnosis of  unexplained stricture.

The aim of  this study was to assess the ability of  
EUS to diagnose distal biliary strictures for which cross-
sectional imaging modalities such as CT and MRI could 
not detect a causative mass or bile duct thickness. More-
over, we report the sonographic appearance of  malig-
nant and benign strictures using EUS, as the lack of  eas-
ily recognizable morphologic criteria has partly caused 
the limited availability of  EUS for diagnosing biliary 
strictures of  indeterminate etiology.

MATERIALS AND METHODS
Inclusion criteria
This retrospective analysis was performed on 34 patients 
who underwent EUS at Dokkyo Medical School Hospital 
from December 2005 to December 2008 for evaluation 
of  strictures in the biliary tract that were detected by 
ERCP or MRCP and who didnot have an identifiable 
mass lesion causing the stricture on cross-sectional CT 
or MRI. Patients with strictures at the proximal bile 
duct were excluded from this study, since EUS is already 
known to be less accurate for strictures of  that portion[10]. 
All patients provided written consent for the procedure 
performed.

EUS examination
EUS and ERCP were performed with the patient under 
conscious sedation by 1 of  2 operators (S.Y. and Y.M.). 
EUS was performed using a 7.5-MHz US probe (UM-200; 
Olympus, Tokyo, Japan) connected to a standard EUS 
processor (EU-30; Olympus). This probe provides radial 
scanning perpendicular to its axis. For the purposes of  
this study, EUS images were reviewed to identify extrin-
sic compression at the stricture site without knowledge 
of  the final diagnosis. Evaluation points were: (1) pres-
ence of  a mass that could create extrinsic compression 
at the site of  the stricture; (2) disruption of  the normal 
2 or 3 sonographic layers of  the bile duct wall[11]; and (3) 
continuation of  a mass into adjacent structures, referring 
to previously defined criteria for evaluation of  biliary 
strictures on IDUS[3,10,12]. Findings considered as a benign 
stricture on EUS included preservation of  the normal 
sonographic layers of  the bile duct wall, irrespective of  
the presence of  a mass lesion. Other strictures were con-
sidered malignant.

Thirty patients underwent dynamic CT with a liver 
protocol using the method reported by Yanaga et al[13]. 
All scans were performed on a multidetector helical CT 
scanner (SOMATOM Sensation 64; Siemens, Tokyo, 
Japan). A multiphasic scanning technique was used and 
3-phase contrast-enhanced CT was performed during 
the hepatic arterial phase, portal phase and equilibrium 
phase. For the remaining 4 patients who could not use 
contrast medium due to renal dysfunction, only plain CT 
was performed. Images were reconstructed at an 8-mm 
slice thickness, and interpreted by CT radiologists who 
specialize in body imaging.

In 25 patients, MRCP was performed using 1.5-T 
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MRI (MAGNETOM Symphony; Siemens) or 3-T 
MRI (MAGNETOM Trio, A Tim System; Siemens). 
For ERCP, the procedure was performed in a standard 
fashion with a side-viewing therapeutic duodenoscope 
(Olympus JF 260V; Olympus) using standard iodinated 
contrast medium. Brushings of  the biliary stricture were 
obtained during ERCP. The remainder of  the ERCP 
procedure was then performed according to the indi-
vidual needs of  each patient. When a drainage tube was 
placed for palliative treatment in patients suffering from 
obstructive jaundice, bile pooled for 24 h was collected 
for cytopathological analysis 3 times. For routine cytol-
ogy (RC), specimens obtained from brushings and bile 
collected from a drainage tube were reviewed by dedi-
cated gastrointestinal cytopathologists.

As tumor markers, carcinoembryonic antigen (CEA) 
and carbohydrate antigen 19-9 (CA19-9) were examined at 
admission, and CEA > 5.0 ng/mL or CA19-9 > 37 U/mL 
were considered to indicate malignancy.

Final diagnosis and follow-up
The final diagnosis was based on definitive cytologic 
studies diagnostic for malignancy or surgical removal 
followed by pathological examination in 18 patients and 
clinical follow-up for > 10 mo in 16 patients. Repeat 
ERCP, biliary brushing and bile collection were per-
formed as clinically indicated. Clinical follow-up included 
imaging with abdominal CT, EUS and MRCP. Follow-
up information was also obtained from hospital medical 
records, by contacting primary care physicians.

Statistical analysis
Continuous variables are expressed as median (range). 
Each test is expressed in proportions in terms of  sensi-
tivity, specificity, positive predictive value (PPV), nega-
tive predictive value (NPV), and accuracy. Analysis was 
performed using StatView software (Hulinks, Inc., Tokyo). 
Comparisons between continuous variables were per-
formed using non-parametric tests. Comparisons be-
tween qualitative variables were performed using a χ2 test 
for independence or Fisher’s exact probability test. Values 
of  P < 0.05 were considered statistically significant.

RESULTS
Patient characteristics
Thirty-four patients (17 men, 17 women) met the inclu-
sion criteria. The median age of  the patients was 71 years 
(range, 23-90 years). Jaundice (total bilirubin > 2 mg/dL) 
was evident at presentation in 13 patients. In the 21 pa-
tients without jaundice, abnormal liver blood tests were 
found in 8 patients, and 6 patients complained of  abdomi-
nal pain. Abnormal hepatobiliary images on transabdomi-
nal US at medical check-up were detected in 7 patients, 
who had neither abnormalities in blood data nor clinical 
symptoms. No significant difference in clinical charac-
teristics was seen between patients with benign stricture, 
normal cases and those with malignant strictures (Table 1). 

Final diagnosis
There were 17 malignant strictures, 11 benign strictures 
and 6 normal cases. Among 8 cases of  peripancreatic 
cancer (tumor located in the head of  the pancreas), 
the diagnosis was confirmed as pancreatic cancer by 
pathological examinations using surgical specimens in 
6 cases and 2 lesions were considered malignant based 
on clinical follow-up. Two patients who were clinically 
diagnosed as peripancreatic cancer died of  liver failure 
4 mo after EUS examination, accompanied by CA19-9 
elevation. Among 7 cases of  biliary cancer, the diagno-
sis was confirmed by pathological examination using 
surgical specimens in 5 cases and 2 lesions considered 
malignant on clinical follow-up were located in the 
middle duct. One patient who was clinically diagnosed 
with biliary cancer gradually became emaciated and died 
within 1 year of  EUS examination. In another patient, 
peritoneal dissemination was found at surgery 4 mo 
after EUS examination. One patient was diagnosed with 
carcinoma of  the papilla of  Vater by pathological exami-
nation using surgical specimens. In another patient who 
was clinically diagnosed with carcinoma of  the papilla of  
Vater, cytology taken from the orifice of  the papilla was 
suspicious of  adenocarcinoma and the duodenum finally 
became stenotic 2 years after EUS examination (Table 2).

The diagnosis of  benign strictures was confirmed 
by surgery in 4 and by clinical follow-up in 7. Patients 
clinically diagnosed as benign didnot show changes in 
images or clinical exacerbation. Six cases were consid-
ered normal for which strictures detected on ERCP or 
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Table 1  Patient characteristics

Final diagnosis Benign stricture 
and normal 

case (n  = 17)

Malignant 
stricture 

(n  = 17)

Statistical 
significance

Age (yr) 71.5 (23-90) 69.0 (56-84) NS
Sex (male/female) 9/8 8/9 NS
Presenting symptoms NS
   Jaundice 5 8
   Elevated liver enzymes 2 6
   Abdominal pain 5 1
   Abnormal imaging 5 2

NS: Not significant.

Table 2  Final diagnosis

n
Benign bile duct stricture 11
   Fibrotic or inflammatory stricture   4
   Dilatation of the bile duct   3
   Chronic pancreatitis   2
   Anomalous arrangement of pancreaticobiliary duct   1
   Congenital choleductal cyst   1
Malignant bile duct stricture 17
   Peripancreatic cancer   8
   Bile duct cancer   7
   Carcinoma of the papilla of Vater   2
Normal study   6
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MRCP were either not reproducible or were due to com-
pression by Oddi’s sphincter (Table 2).

These results suggest that the proportion of  ma-
lignant strictures was 50% even if  lesions which could 
cause the stricture were not detected on CT and/or 
MRI. When cases with normal images on EUS were ex-
cluded, the proportion of  malignancy reached 58.6%.

EUS for recognizing causes of biliary strictures shown 
on ERCP or MRCP
While EUS is now routinely performed without insertion 
of  apparatus into the biliary tree, few reports have used 
EUS to evaluate biliary strictures without an identifiable 
mass on CT. We thus examined the diagnostic ability of  
EUS, and conducted comparisons with the diagnostic 
abilities of  RC and tumor markers.

Malignancy was correctly diagnosed in 16 of  17 
patients. Ultrasonographic findings in patients with 
malignant strictures correctly judged as malignancy on 
EUS are summarized in Table 3. A mass accompanied 
by invasion of  surrounding tissues may be suggestive 
of  malignancy. The proportion of  invasion of  the main 
pancreatic duct was significantly higher in patients with 
peripancreatic cancer than in patients with biliary cancer 
(62.5% vs 0%, P = 0.026), while no significant difference 
was seen in terms of  diagnostic ability, biliary disruption 
and invasion of  adjacent tissues by the tumors. In addi-
tion to the sonographic findings in the mass and the bile 
duct, EUS also detected enlarged lymph nodes > 10 mm 
in diameter in 50% of  patients with malignant strictures. 
Ascites were observed in 1 patient with peripancreatic 
cancer. In 1 false-negative case with distal biliary cancer, 
no mass was detectable and was judged as benign. In 
this case, the mass may have been hidden by the acoustic 
shadow formed by impacted stones in the bile duct. 

Correct diagnosis of  benign disease was made in 14 
of  17 patients. Ultrasonographic findings in patients 

with benign strictures correctly judged as benign on EUS 
are summarized in Table 4. Smooth tapering of  the bile 
duct, preservation of  the normal layered structure of  the 
bile duct wall and no mass adjacent to the stricture site 
may be suggestive of  benign disease. There were 3 false-
positive patients with fibrotic strictures, diagnosed as 
systemic lupus erythematosus in 1 patient and unknown 
etiology in 2. In these cases considered to have malig-
nancy on EUS, a drainage tube was inserted into the bile 
duct. In 2 patients, a solid mass was found at the distal 
end of  the duct. The duct wall was thickened, losing the 
layered structure. In 1 patient, the distal end of  the bile 
duct was filled with an irregular mass that could not be 
distinguished from the duct wall on EUS. The irregular 
mass looked extended from the duct, which looked like 
invasion of  the adjacent tissues on imaging. Fibrotic 
change was ascertained when surgery was performed, 
while masses could not be confirmed during surgery, 
probably because the substance that looked like masses 
was debris.

Six strictures identified by ERCP or MRCP were 
ultrasonographically considered as benign and finally 
diagnosed as “normal” duct. Four strictures were not 
reproducible during clinical follow-up. Diagnoses on 
EUS were calcification on the duct wall in 2 patients, 
cuneate deformity of  the duct wall in 1 patient and 
normal biliary tree in 1 patient. Two were considered 
as strictures due to compression by Oddi’s sphincter, 
accompanied by acute cholangitis which improved and 
was not recurrent.

To summarize, EUS identified lesions that could cause 
biliary strictures, irrespective of  pathological features, in 
32 of  34 patients (sensitivity 90.5%, specificity 100%, 
PPV 100%, NPV 86.7%, accuracy 94.1%) (Table 5). In 
terms of  pathological features, EUS correctly identified 
causes in 16 of  17 malignant strictures and in 14 of  17 
benign lesions. With regard to the proportion of  correct 
diagnosis, no significant difference was seen between pa-
tients with malignant and benign lesions (94.1% vs 82.4%, 
P = 0.60). The diagnostic abilities of  EUS were 94.1% 
sensitivity, 82.3% specificity, 84.2% PPV, 93.3% NPV 
and 88.2% accuracy (Table 6). Following RC, adequate 
samples were obtained in 24 patients (16 malignant, 8 be-
nign strictures), and RC correctly identified the causes in 
8 of  14 malignant strictures and in 8 of  16 benign stric-
tures. In terms of  the proportion of  correct diagnosis, 
no significance difference was evident between patients 
with malignant and benign lesions (62.5% vs 100%, P = 
0.066). The diagnostic abilities of  RC were 62.5% sensi-
tivity, 100% specificity, 100% PPV, 57.2% NPV, and 75% 
accuracy.

Tumor markers were measured in 34 patients, and 
correctly identified malignancy in 13 of  17 malignant 
strictures and correctly identified a benign disease in 12 
of  17 benign strictures. In terms of  the proportion of  
correct diagnosis, no significant difference was seen be-
tween patients with malignant and benign lesions (76.5% 
vs 70.6%, P > 0.999). The diagnostic abilities of  tumor 
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Table 3  Malignant strictures correctly judged as malignant on 
EUS

Final diagnosis EUS findings  n (%)

Peripancreatic 
cancer (n = 8)

Mass adjacent to the stricture site in the 
pancreas head

8 (100)

Disruption of the bile duct by the mass 6 (75)
Continuation into adjacent structures 6 (75)
Invasion of the main pancreatic duct 5 (62.5)a

LN swelling 4 (50)
Ascites 1 (12.5)

Biliary cancer 
(n = 6)

Mass adjacent to the stricture site in the 
pancreas head

6 (100)

Disruption of the bile duct by the mass 5 (83.3)
Continuation into adjacent structures 5 (83.3)
Invasion of the main pancreatic duct 0 (0) 
LN swelling 3 (50)

Cancer of the 
ampulla of 
Vater (n = 2)

Mass mainly located on the luminal side 2 (100)
Infiltration of the muscularis propria by 
the mass

2 (100)

LN swelling 1 (50)

aP = 0.026 vs Biliary cancer. EUS: Endoscopic ultrasonography; LN: Lymph 
nodes.
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markers were 76.5% sensitivity, 70.6% specificity, 72.2% 
PPV, 75% NPV and 73.5% accuracy.

The diagnostic ability of  CA19-9 has been reported 
to be improved when the cutoff  level is increased to 
100 U/mL[14], for the level of  CA19-9 increases in pa-
tients with cholestasis[15]. Analysis of  tumor markers was 
thus performed using 100 U/mL as the cutoff  level for 
CA19-9. The results were 53% sensitivity, 82.4% speci-
ficity, 75% PPV, 63.6% NPV and 67.7% accuracy. With 
regard to the proportion of  correct diagnoses using 
100 U/mL as the cutoff  level of  CA19-9, no significant 
difference was seen between patients with malignant and 
benign lesions (53.0% vs 82.4%, P = 0.14).

Diagnostic sensitivity and NPV were superior for 
EUS than for RC (P = 0.039 and 0.035, respectively). 
Compared with tumor markers using 100 U/mL as the 
cutoff  level for CA19-9, EUS showed significantly higher 
sensitivity (P = 0.017).

Ultrasonographic findings on EUS and frequency of 
malignancy on final diagnosis
Hypoechoic masses with irregular margins, tumor size > 
10 mm and mixed echogenicity reportedly imply malig-
nancy on IDUS[3,10,12]. Thus, (1) the presence of  a mass, (2) 
tumor size > 10 mm, (3) the margin and internal echo of  
a mass; (4) disruption of  the normal sonographic layers 
of  the bile duct wall, and (5) continuation of  a mass into 
adjacent structures were analyzed to study the relation-
ship between EUS findings and final diagnosis (Table 7). 

The proportion of  patients with malignancy was 
significantly higher when a mass was detected (P = 0.0069), 
especially with an irregular margin (P = 0.025) and hy-
poechoic or mixed echoic pattern (P = 0.004), the bile 
duct was accompanied by disruption (P = 0.0013) and a 
case showed invasion to surrounding tissues (P < 0.001). 
There was no significant difference between malignant 
and benign strictures in terms of  tumor size.

To summarize, the data suggest that biliary stricture 
can be diagnosed as malignancy on EUS when a mass is 
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Table 4  Benign strictures correctly judged as benign on EUS

Final diagnosis Reason to diagnose as benign stricture EUS findings

Inflammatory stricture clinically 
diagnosed as acute cholangitis 
(n = 1)

No exacerbation during follow-up 
(> 23 mo)

Stenosis of the distal end of the bile duct
The normal layered structure of the bile duct wall
No mass adjacent to the stricture site

Biliary dilation (n = 3) No change for > 18 mo The dilated bile duct gradually tapering at the ampulla of Vater (n = 2)
A 1-cm long narrowing portion at the distal end of the duct smoothly 
continuous from the dilated proximal duct (n = 1)

Chronic pancreatitis including 1 
autoimmune pancreatitis (n = 2)

No exacerbation during follow-up 
(> 10 mo)

Smooth tapering of the distal end of the bile duct without a mass 
adjacent to the stricture site (in case of autoimmune pancreatitis)
Marked calcification at the stricture site (n = 1)

Anomalous arrangement of the 
pancreaticobiliary duct (n = 1)

Confirmed by MRCP Connection of the pancreatic duct to the biliary duct outside the 
papilla of Vater

Congenital choleductal cyst (n = 1) Confirmed by surgery Cystic dilatation at the distal end of the bile duct

MRCP: Magnetic resonance cholangiopancreatography.

Table 5  EUS for recognizing various features of biliary 
obstruction 

Diagnostic ability %

   Sensitivity      90.5
   Specificity 100
   PPV 100
   NPV      86.7
   Accuracy      94.1

PPV: Positive predictive value; NPV: Negative predictive value.

Table 6  Diagnosis of malignant vs  benign causes (%)

Sensitivity Specificity PPV NPV Accuracy

EUS (n = 34) 94.1 82.3  84.2 93.3 88.2
Brushing (n = 24)  62.5a     100 100  57.2c 75.0
Tumor marker (CA19-9 
> 37 U/mL) (n = 34)

76.5 70.6  72.2 75.0 73.5

Tumor marker (CA19-9 
> 100 U/mL) (n = 34)

 53.0b 82.4  75.0 63.6 67.7

aP = 0.039 vs EUS; bP = 0.017 vs EUS; cP = 0.035 vs EUS. CA19-9: Carbohydrate 
antigen 19-9.

Table 7  Classification of EUS Imaging

Benign 
stricture 

(n  = 11)

Malignant 
stricture 

(n  = 17)

Statistical 
significance 

(P)

Mass      0.0069
   +   5 16
   -   6   1
Size of mass (mm) NS
   ≤ 10   3   3
   > 10   2 13
Shape    0.025
   Round   4   3
   Irregular   1 13
Internal echo    0.004
   Hyperechoic   4   1
   Hypo or mixedechoic   1 15
Disruption of the common bile duct      0.0013
   +   1 13
   - 10   4
Invasion to surrounding tissue < 0.001
   +   1 16
   - 10   1
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adjacent to the stricture, has an irregular margin, a hy-
poechoic or mixed echoic pattern, disruption of  the bile 
duct, and invasion to surrounding tissue. A typical case 
is shown in Figure 1.

DISCUSSION
Consensus has yet to be reached on the management 
of  biliary strictures with unknown etiology. Even after 
excluding biliary strictures with an identifiable mass on 
cross-sectional imaging, our data indicate that the risk 
of  malignant stricture is 50%, consistent with previous 
data[4,5,7,8]. The frequency of  malignancy is not negligible, 
allowing surgical exploration as a pre-emptive approach. 
In particular, when accompanied by obstructive jaundice, 
the majority of  biliary strictures are believed to be ma-
lignant and surgery is routinely performed[7]. However, 
the remaining 50% of  biliary strictures are benign or 
are eventually diagnosed as normal when no identifiable 
mass is seen on CT/MRI. In addition, our data show 
that 38.5% of  biliary strictures are benign, even if  ac-
companied with jaundice. Since the frequency of  benign 
strictures is quite high and these strictures can be man-
aged by endoscopic therapies, recommending explor-
atory surgery in all patients may not be justifiable. To 
differentiate patients with a low risk of  malignancy from 
those with a high risk of  malignancy who would benefit 
from surgical exploration, a new diagnostic approach 
should be provided for the management decision.

IDUS has recently seen clinical use at the time of  
ERCP for patients with painless jaundice and no identifi-
able mass on CT/MRI[5,16]. In previous studies, IDUS has 
proven quite accurate in distinguishing benign and malig-
nant strictures, with reported accuracies of  76%-90%[3,6,17]. 
In addition, for indeterminate biliary strictures of  un-
known etiology, IDUS has provided approved diagnostic 
ability[5,8]. According to Stravropoulos, the sensitivity and 
specificity of  IDUS are both 83%. When IDUS is used 
with ERCP, IDUS increases the diagnostic accuracy of  
ERCP from 58% to 90%[5]. According to Domagk, IDUS 
provides correct preoperative diagnosis in 83% of  cases[8].

For indeterminate biliary strictures, our study shows 
that the diagnostic abilities of  EUS were 94.1% sensi-
tivity, 82.3% specificity, 84.2% PPV, 93.3% NPV and 
88.2% accuracy, comparable to the abilities of  IDUS. In 
addition, compared with RC and tumor markers, EUS 
showed significantly higher sensitivity and NPV to dis-
tinguish benign and malignant strictures. These results 
suggest that EUS offers high diagnostic ability for distal 
biliary strictures even without a mass on CT, detecting 
pancreaticobiliary cancers at a very early stage.

Despite a long search, the only previously published 
paper on the diagnostic ability of  EUS for biliary stric-
tures with unknown etiology was that by Lee et al[1]. 
Their diagnostic criteria for malignancy included the 
finding of  a pancreatic head mass and/or irregular bile 
duct wall, similar to the criteria in our study. According 
to Lee et al[1], EUS for malignancy offers 88% sensitivity, 
100% specificity, 100% PPV, and 84% NPV. Compared 
with our results, Lee et al[1] achieved much higher speci-
ficity. Unlike our patients, however, almost all patients in 
their study had a stent in place at the time of  referral for 
EUS, possibly making the bile duct wall thicker and/or 
irregular even in patients with benign stricture. Irregular-
ity of  the duct wall might thus have been diagnosed as 
malignant when the wall was extremely irregular, which 
would have made the diagnostic criteria for malignancy 
stricter than expected.

Patients with a final diagnosis of  “normal” reaped 
the greatest benefits from this study, in which the defini-
tion of  benign strictures was strict. In “normal” cases, 
EUS could exclude the possibility of  malignancy, avoid-
ing unnecessary follow-up and invasive procedures such 
as surgical exploration.

In our institution, patients with operable lesions 
judged as malignant based upon our EUS “criteria” and 
no known contraindication underwent surgery. Patients 
with lesions judged as benign on EUS and low clinical 
suspicion for malignancy were treated endoscopically or 
clinically followed at the outpatient clinic. When clinical 
data were suggestive of  malignancy, further diagnostic 
procedures such as surgical exploration were performed, 
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Figure 1  A 62-year-old man with biliary cancer. A: Magnetic resonance cholangiopancreatography (MRCP) showing 11-mm long stricture (arrow) in the distal com-
mon bile duct; B: Computed tomography (CT) showing the normal pancreas head; C: Endoscopic ultrasonography (EUS) showing an irregularly shaped mass (black 
arrow) accompanied by disruption of the bile duct and portal vein invasion (white arrow). CBD: Common bile duct; PV: Portal vein.
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irrespective of  EUS results. EUS plus MRCP could 
replace ERCP with IDUS as the first choice to direct 
management decisions for indeterminate biliary strictures 
with no identifiable mass on cross-sectional imaging, 
especially in cases showing low clinical suspicion for 
malignancy.

Three false-positive patients showed biliary stricture 
caused by benign fibrosis. When these patients were 
referred for EUS, endoscopic biliary drainage tubes had 
been inserted. Biliary drainage tubes could have caused 
recurrent cholangitis due to tube occlusion by biliary 
sludge, leading to thickening of  the bile duct wall. In 1 
case of  benign stricture caused by fibrosis, a hypoechoic 
mass was detected at the end of  the bile duct on EUS, 
but was not found during surgery. This case indicates 
that biliary sludge should be considered as a possible 
diagnosis when a drainage tube is inserted[18,19]. The in-
troduction of  contrast-enhanced EUS to search for vas-
cular images inside a mass may lead to differentiation of  
biliary sludge from tumor.

Our study didnot perform EUS-FNA, which could 
have increased the diagnostic ability. According to Lee 
et al[1], however, EUS-FNA shows 47% sensitivity, 100% 
specificity, 100% PPV, and 50% NPV, suggesting that 
sonographic features of  biliary strictures are more ac-
curate for diagnosis than the results of  EUS-FNA cytol-
ogy. While some authors have reported EUS-FNA as 
highly diagnostic for biliary strictures[20,21], the lesions 
that could explain strictures in those papers were large 
enough to be detected on CT/MRI, possibly increasing 
the diagnostic ability of  cytology.

RC examination could have compensated for false-
negative results in 1 patient with bile duct cancer. In this 
patient, we could not detect the tumor on EUS, as the 
tumor was behind impacted stones in the bile duct. This 
case supports previous reports that malignancy is fre-
quently accompanied by biliary stones[22], recommending 
cytology examination to prevent false-negative diagnosis, 
particularly in cases with stones in the biliary tree.

Our results indicate that tumor markers using  
100 U/mL as the cutoff  level for CA19-9 are less diag-
nostic than imaging features of  biliary strictures detected 
on EUS, when 100 U/mL is considered as malignancy[14]. 

This is compatible with other studies[15,23] noting that tu-
mor markers specific to cancers along the biliary tract are 
unavailable. When 37 U/mL was used as the cutoff  level 
for CA19-9, no significant difference was seen between 
the diagnostic abilities of  EUS and tumor markers. This 
is probably because the CA19-9 level increases in cases of  
cholestasis[15], leading to false-positive cases.

Although preliminary, this study may be the first re-
port to suggest criteria for EUS to classify biliary strictures 
as benign or malignant. Limited information is available 
on the criteria for EUS, partly due to the limited availabil-
ity of  EUS[7], while definite criteria for IDUS to classify 
biliary strictures as benign or malignant have almost been 
established. According to Menzel, hypoechoic masses with 
irregular margins and inhomogeneous echo-poor areas 

invading surrounding tissue on IDUS are suggestive of  
malignancy[10]. Tamada et al[3] reported that the presence of  
a hypoechoic mass with irregular margins, or infiltration 
of  surrounding tissues, size > 10 mm, and disruption of  
normal sonographic layers of  the bile duct wall, is predic-
tive of  malignancy. These data using IDUS are compatible 
with our results on EUS, suggesting that the presence of  
a mass adjacent to the biliary stricture, particularly with 
irregular margins, hypo- or mixed-echoic pattern, disrup-
tion of  the bile duct, and invasion to surrounding tissue 
imply malignancy. In our study, mass size was not corre-
lated with the pathological diagnosis of  strictures. In the 
study by Tamada et al[3], malignant masses may have been 
larger than benign masses, as lesion size was not among 
the inclusion criteria for subjects in that study. Since our 
objectives were biliary strictures for which CT could not 
identify a mass, the lesions should have been much smaller 
than those studied in other investigations. Malignant and 
benign lesions may thus have shown no significant differ-
ence in size in the present study.

A major limitation in this study was that dynamic CT 
was performed according to the routine protocol in all 
cases. If  thinner section thickness (e.g. 1-2 mm instead of  
8 mm) was used or 3-dimensional analysis instead of  hori-
zontal analysis alone was performed, the causative mass 
could have been detected. If  the dynamic study had been 
adjusted to the location of  each biliary stricture, more 
detailed information could also have been obtained[24]. 
However, no imaging modalities have shown detectability 
of  small pancreatic cancer superior to EUS[9]. In extrahe-
patic bile duct carcinoma, particularly without thickening 
of  biliary walls, identification of  local extension or depth 
using CT alone is known to be difficult[25]. In the diagno-
sis of  cancer of  the papilla of  Vater, depicting tumors by 
CT is accepted as difficult[14]. These reports indicate that 
detectability of  lesions that can cause biliary stricture re-
mains insufficient using CT alone.

In conclusion, sonographic appearance on EUS of-
fers high diagnostic ability for extrahepatic biliary stric-
tures, even if  cross-sectional imaging modalities cannot 
depict the causative lesion. Particularly in cases of  be-
nign stricture where the final diagnosis is “normal”, inva-
sive procedures such as surgical exploration or excessive 
follow-up investigations may be avoided. Furthermore, 
earlier diagnosis of  malignant strictures by EUS would 
provide more therapeutic options for patients with very 
early-stage pancreaticobiliary cancer.
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Background
There is no consensus regarding how to manage distal biliary stricture without 
an identifiable mass on cross-sectional imaging, since benign and malignant 
strictures cannot be definitely distinguished. For indeterminate biliary strictures, 
intraductal ultrasonography (IDUS) has recently yielded a diagnostic accuracy 
of around 80%-90%. However, the ability of endoscopic ultrasonography (EUS) 
to diagnose unexplained strictures has not been fully examined.
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The authors demonstrated that EUS can diagnose biliary strictures caused by 
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malignant tumors that are undetectable on computed tomography scan. They 
also gave a summary of the sonographic features of malignant strictures, which 
could increase the diagnostic sensitivity of EUS.
Innovations and breakthroughs
There is only one previously published study on the diagnostic utility of EUS 
for biliary strictures with an unknown etiology. In that study, however, almost all 
patients had a stent in place, possibly making the bile duct wall thicker and ir-
regular even in patients with benign strictures. Since this clinical study included 
many patients without a stent, sonographic features between benign and ma-
lignant strictures could be compared, providing characteristic EUS images for 
malignancy.
Applications
EUS plus magnetic resonance cholangiopancreatography could be a first-line, 
noninvasive examination for the diagnosis of distal biliary stricture, followed by 
IDUS/endoscopic retrograde cholangiopancreatography examinations or histo-
logical confirmation, when the latter are required, especially in cases showing 
low clinical suspicion for malignancy.
Peer review
This is an interesting retrospective study of clinical relevance. In spite of some 
limitations, this paper adds to the core knowledge related to diagnostic chal-
lenges in patients with a bile duct stricture.
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