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Background/Aims: In suspected malignant biliary stric-
tures (MBSs), the diagnostic yield of endoscopic retrograde 
cholangiopancreatography (ERCP)-based tissue sampling is 
limited. Transpapillary forceps biopsy (TPB) under intraductal 
ultrasonography (IDUS) guidance is expected to improve the 
diagnostic accuracy in patients with indeterminate biliary 
strictures. We evaluated the usefulness of IDUS-guided TPB 
in patients with suspected MBS. Methods: Consecutive pa-
tients with suspected MBS were prospectively enrolled in the 
study. ERCP with IDUS was performed in all patients. Both 
conventional TPB and IDUS-guided TPB on fluoroscopy were 
performed in each patient. The primary outcome was the di-
agnostic accuracy of conventional TPB and IDUS-guided TPB. 
Results: The technical success rate of IDUS-guided TPB was 
97.0% (65/67 patients). Of these 65 patients, the final diag-
nosis was malignancy in 61 patients (93.8%). On IDUS, the 
most common finding of IDUS was an intraductal infiltrating 
lesion in 29 patients (47.5%). The overall diagnostic accuracy 
was significantly higher using IDUS-guided TPB than that us-
ing conventional TPB (90.8% vs 76.9%, p=0.027). According 
to the subgroup analysis based on the tumor morphology, 
IDUS-guided TPB had a significantly higher cancer detection 
rate than conventional TPB for intraductal infiltrating lesions 
(89.6% vs 65.5%, p=0.028). Conclusions: IDUS-guided TPB 
appears to improve the accuracy of histological diagnosis in 
patients with MBS. (Gut Liver 2018;12:463-470)
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INTRODUCTION

 Endoscopic retrograde cholangiopancreatography (ERCP) 
provides radiologic images of bile duct strictures and enables 
tissue sampling for histopathological diagnosis. Although trans-
papillary forceps biopsy (TPB) produces the highest diagnostic 
yield, the sensitivity for diagnosis of malignant biliary stricture 
(MBS) is affected by several factors and reportedly varies from 
48.1% to 73%.1-3 Conventional TPB on only fluoroscopy guid-
ance is insufficient to precisely target and sample the tumor 
during TPB.2,3

Intraductal ultrasonography (IDUS) has demonstrated high di-
agnostic sensitivity and specificity in previous studies4,5 and has 
been used along with fluoroscopy during ERCP to differentiate 
malignant from benign strictures and confirm local T staging of 
tumors. IDUS provides real-time, high-resolution images of the 
bile duct wall and the surrounding structures.5,6 Based on these 
advantages, IDUS guidance during TPB is expected to provide 
more accurate biopsy results via ultrasonic visualization of the 
mass, wall layer, and use of biopsy forceps than fluoroscopic 
guidance. In particular, IDUS-guided TPB allows for opening 
and closing of the forceps at the location most likely to yield 
diagnostic tissue on IDUS.

The aim of this study was to evaluate the diagnostic accuracy 
of IDUS-guided TPB compared with conventional TPB on fluo-
roscopy in patients with suspected MBS.
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MATERIALS AND METHODS

1. Patients

Consecutive patients diagnosed with suspected extrahepatic 
MBS and showing obstructive jaundice were prospectively 

enrolled. The inclusion criteria were: (1) clinical presentation 
of obstructive jaundice consistent with a biliary stricture; (2) 
suspected MBS on imaging studies, including computed tomog-
raphy and/or magnetic resonance cholangiopancreatography; (3) 
age 18 years or older; and (4) ability to provide informed con-

Fig. 1. Classification of malignant biliary strictures by morphology on intraductal ultrasonography. (A) Nodular lesion, (B) intraductal infiltrating 
lesion, and (C) extrinsic compressed lesion.

A B C

Fig. 2. Intraductal ultrasonography (IDUS)-guided transpapillary forceps biopsy (TPB) for malignant biliary stricture of the nodular type. (A) Chol-
angiogram showing a stricture caused by a luminal obstructing mass on the common bile duct. (B) IDUS-guided TPB and (C) conventional TPB 
were performed during endoscopic retrograde cholangiopancreatography. IDUS shows (D) an isoechoic nodular mass completely filling the lumen 
and hyperechoic substances indicating open biopsy forceps (arrows) and (E) closed biopsy forceps (arrow). Histologically, the tissue quality was 
better with (F) IDUS-guided TPB (H&E, ×100) than with (G) conventional TPB (H&E, ×100). Adenocarcinoma was diagnosed using IDUS-guided 
and conventional TPBs. 
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sent. We excluded patients with at least one of the following: (1) 
biliary strictures due to underlying benign biliary diseases; (2) 
lesions invading the periampullary area; (3) history of previous 
biliary surgery except cholecystectomy; (4) bleeding tendency 
(international normalized ratio of >1.5 [0.85 to 1.25] or platelet 
count of <80,000/mm3 [150,000 to 450,000/mm3]); and (5) pres-
ence of any contraindication to ERCP. Written informed consent 
was obtained from all patients. This study was approved by the 
Institutional Review Board of Soonchunhyang University Hos-
pital (IRB No. SCHBC 2013-02-007). This study was registered 
on the UMIN Clinical Trial Registry (UMIN 000020192).

2. ERCP with IDUS

All ERCP procedures were conducted by two experienced 
investigators using a standard duodenoscope (TJF-260 or 260V; 
Olympus Medical System Co., Ltd., Tokyo, Japan). Contrast 
(Omnipaque; GE Healthcare, Seoul, Korea) was injected to iden-
tify the location and length of the stricture. IDUS was performed 
during ERCP by the same endoscopist. A guidewire was intro-
duced and advanced to the bile duct, after which a 2.0-mm-

diameter ultrasonic probe with a frequency of 20 MHz (UM-
G20-29R; Olympus Optical Co., Ltd., Tokyo, Japan) was inserted 
into the bile duct over the guidewire without prior endoscopic 
sphincterotomy (EST). The catheter generated high-resolution, 
real-time, cross-sectional images with an axial resolution of 0.1 
mm and a maximum penetration of approximately 20 mm. The 
IDUS images were prospectively reviewed by two experts. Based 
on morphology on IDUS, the biliary stricture was classified as 
one of the following: (1) nodular lesion, (2) intraductal infiltrat-
ing (sclerosing) lesion, or (3) extrinsic compressed lesion (Fig. 1).

3. Conventional TPB

A TPB was performed under fluoroscopic guidance using a 
clamshell-type needleless biopsy forceps (FB-39Q; Olympus 
Medical System) with a Teflon sheath (outer diameter of 1.8 
mm) after minor EST. A biopsy forceps was introduced into the 
bile duct and approached the distal part of the stricture with 
gentle pushing. Four biopsy specimens were obtained from each 
patient.
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Fig. 3. Intraductal ultrasonography (IDUS)-guided transpapillary forceps biopsy (TPB) for malignant biliary strictures of the infiltrating type. (A) 
Cholangiogram showing a stricture on the common bile duct (CBD). (B) IDUS-guided TPB and (C) conventional TPB were performed during endo-
scopic retrograde cholangiopancreatography. IDUS shows (D) asymmetric, hypoechoic wall thickening on the CBD and (E) hyperechoic substances 
indicating closed biopsy forceps (arrow). Malignancy was only confirmed with (F) IDUS-guided TPB (H&E, ×100) and not with (G) conventional 
TPB (H&E, ×100).
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4. IDUS-guided TPB

An ultrasonic probe was inserted into the bile duct over the 
guidewire after EST, and IDUS revealed the segment of maxi-
mum bile duct wall thickening. To prevent pneumobilia, we 
performed minor EST and filled the bile duct with normal saline 
before IDUS. While maintaining the ultrasonic probe on the 
narrowest segment of stricture by the lesion, the same biopsy 
forceps for conventional biopsy was inserted into the orifice of 
the papilla to the tip of the placed ultrasonic probe by fluoro-
scopic guidance. TPB using biopsy forceps was then performed 
under ultrasonic visualization of the lesion and opening and 
closing of the biopsy forceps on the lesion. During and after the 
biopsy, the scanning ultrasonic probe remained in that position. 
As with conventional TPB, four specimens were obtained from 
each patient (Figs 2 and 3).

5. Classification of biopsy results

One expert pathologist blinded to the biopsy methods evalu-
ated the pathological results of the biopsy specimens. The le-
sions were categorized as non-diagnostic, benign, atypical, and 
positive for malignancy. Samples that were considered positive 
were classified as positive for malignancy, whereas samples that 
were considered non-diagnostic, benign, and atypical were clas-
sified as negative for malignancy.

6. Standard of reference for final diagnosis

A finial diagnosis was made using various methods: (1) defi-
nite histologic proof of malignancy on surgical specimen or 
biopsy of metastatic lesion; (2) diagnosis of malignancy on TPB 
and compatible with malignant disease; and (3) no proof of ma-
lignancy on TPB and on clinical/imaging follow-up of at least 6 
months.

7. Study design

The priority for performing IDUS-guided TPB or conven-
tional TPB was assigned randomly at an allocation ratio of 
1:1. Blocked randomization (block size 2) was performed by 
drawing sealed opaque envelopes. The primary outcome was 
the accuracy of conventional and IDUS-guided TPB in patients 
with suspected MBS. The secondary outcomes were the techni-
cal success rate of IDUS-guided TPB, the cancer detection rates 
of each biopsy method according to tumor morphology and 
location, and procedure-related adverse events. The diagnostic 
accuracy was defined as the ratio of the sum of true-positive 
and true-negative values divided by the number of lesions, 
where “true-positive” refers to the presence of malignant cells. 
Technical failure of IDUS-guided TPB was defined when the 
ultrasonic probe could not be passed through the strictured seg-
ment, or tissue sampling using biopsy forceps was impossible at 
the segment of maximum bile duct wall thickening as revealed 
by IDUS. The cancer detection rate was defined as the sum of 

true-positive results divided by the total number of malignant 
lesions. All patients underwent follow-up investigations with 
laboratory and radiological tests for at least 1 day after ERCP. 
Pancreatitis, bleeding at the site of biopsy, perforation, and 
cholangitis were recorded according to normal protocols.

8. Statistical analysis

Categorical parameters including sex and final diagnosis are 
expressed as frequencies and proportions. Continuous variables 
including age are reported as the median (range). Sensitivity and 
accuracy analysis was performed, and the data are reported with 
exact 95% confidence intervals. The chi-square test and the 
Fisher exact test were applied for comparisons between the two 
groups. A p-value of less than 0.05 was considered to indicate a 
statistically significant difference between groups. All statistical 
data were analyzed using the SPSS for Windows software ver-
sion 19.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Between July 2012 and June 2014, 72 patients were enrolled; 
five patients were excluded for the following reasons: altered 
gastrointestinal anatomy (n=2), failure of ERCP due to gastric 
outlet or duodenal obstruction (n=2), and contraindication 
for ERCP (n=1). The remaining 67 patients were enrolled and 
underwent ERCP with IDUS. Among them, technical failure of 
IDUS-guided TPB was observed in two patients (3.0%). Finally, a 
total of 65 patients (38 males; median age, 66.9 years [range, 48 
to 85 years]) with suspected MBS were analyzed in this study. 
In 61 of 65 patients (93.8%), MBS was diagnosed; the other four 
patients (6.2%) were diagnosed with a benign biliary stricture. 
The tumor morphology according to IDUS findings was classi-
fied in 61 patients with MBS. The most common type was an 
intraductal infiltrating lesion in 29 patients (47.5%). Nodular le-
sions and extrinsic compressed lesions were observed in 23 pa-
tients (37.7%) and nine patients (14.8%), respectively. The final 
diagnoses of MBS were bile duct cancer (n=43), pancreatic can-

Table 1. Patient Characteristics (n=65)

Characteristic Value

Age, median (range), yr 66.9 (48–85)

Male sex, n (%) 38 (58.5)

Location of stricture, n (%)

    Proximal 21 (32.3)

    Mid 27 (41.5)

    Distal 17 (26.2)

Final diagnosis, n (%)

    Malignant 61 (93.8)

    Benign 4 (6.2)
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cer (n=12), gallbladder cancer (n=4), and metastatic cancer (n=2). 
The patients with a benign biliary stricture were diagnosed with 
Mirizzi syndrome (n=2), chronic pancreatitis (n=1), and xantho-
granulomatous cholecystitis (n=1) (Table 1, Fig. 4).

The diagnostic accuracy of IDUS-guided TPB for MBS was 
significantly higher than that of conventional TPB (90.8% vs 
76.9%, p=0.027) (Table 2). Among 23 patients with nodular le-
sions, malignancies were confirmed in 22 patients (95.7%) with 
IDUS-guided TPB and in 21 patients (91.3%) with conventional 
TPB (p=1.00). The cancer detection rate in the nine patients 
with extrinsic compressed lesions was not significantly differ-
ent between IDUS-guided TPBs and conventional TPBs (77.8% 
vs 66.7%, p=1.00). However, among 29 cases with intraductal 
infiltrating lesions, IDUS-guided TPB showed a significantly 
higher cancer detection rate compared with conventional TPB 
(89.6% vs 65.5%, p=0.028) (Table 3). There was no significant 

72 Assessed for eligibility in patients with suspected extrahepatic MBS

5 Patients excluded
2 Altered gastrointestinal anatomy
2 Gastric outlet or duodenal obstruction
1 Contraindication for ERCP

IDUS-guided TPB
Technical success: 65/67 (97.0%)

Conventional TPB
Technical success: 66/67 (98.5%)

Final diagnosis
61 Malignant lesions (93.8%)

43 Bile duct cancer
12 Pancreatic cancer
4 Gallbladder cancer
2 Metastatic cancer

4 Benign lesions (6.2%)
2 Mirizzi syndrome
1 Chronic pancreatitis
1 Xanthogranulomatous cholecystitis

67 ERCP with TPB using two methods

Two patients excluded from analysis due to technical failure of IDUS-guided and/or
conventional TPBs

65 Analysis

Fig. 4. Patient flow and final diag-
nosis. 
MBS, malignant biliary stricture; 
ERCP, endoscopic retrograde cho-
langiopancreatography; TPB, trans-
papillary forceps biopsy; IDUS, 
intraductal ultrasonography.

Table 2. Pathological Results and Diagnostic Accuracy of TPBs in 
Patients with Suspected Malignant Biliary Stricture

Pathological results
Methods of TPB (n=65)

p-value
IDUS-guided TPB Conventional TPB

Malignant 55 46

Atypia  4  8

Benign  5  6

Non-diagnostic  1  5

Accuracy, % (95% CI) 90.8 (83.7–97.8) 76.9 (66.7–87.5) 0.027

TPB, transpapillary forceps biopsy; IDUS, intraductal ultrasonogra-
phy; CI, confidence interval.

Table 4. Comparison of Cancer Detection Rates Using TPBs Accord-
ing to the Location of Strictures in Patients with Malignant Biliary 
Stricture

Location of stricture
Positive for malignancy, n (%)

p-value
IDUS-guided TPB Conventional TPB

Proximal (n=20) 18 (90.0) 15 (75.0) NS

Mid (n=25) 24 (96.0) 20 (80.0) NS

Distal (n=16) 13 (81.3) 11 (68.8) NS

Total (n=61) 55 (90.2) 46 (75.4) 0.031*

TPB, transpapillary forceps biopsy; IDUS, intraductal ultrasonogra-
phy; NS, not significant.
*Chi-square test.

Table 3. Comparison of Cancer Detection Rates Using TPBs Accord-
ing to the Tumor Morphology in Patients with Malignant Biliary 
Stricture 

Tumor morphology

Positive for malignancy, n (%)

p-valueIDUS-guided  
TPB

Conventional  
TPB

Nodular (n=23) 22 (95.7) 21 (91.3) NS

Intraductal infiltration (n=29) 26 (89.6) 19 (65.5) 0.028*

Extrinsic compressed (n=9) 7 (77.8) 6 (66.7) NS

Total (n=61) 55 (90.2) 46 (75.4) 0.031*

TPB, transpapillary forceps biopsy; IDUS, intraductal ultrasonogra-
phy; NS, not significant.
*Chi-square test.
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difference in cancer detection rate according to the location of 
biliary stricture (Table 4).

There were no significant procedure-related adverse events 
except mild hemobilia in two patients (3.1%) after TPB.

DISCUSSION

Endoscopic biopsy of suspected MBS lesions is highly desir-
able for adequate management. If a histological diagnosis is 
made at the first endoscopic procedure, further invasive diag-
nostic procedures can be avoided and appropriate treatment can 
be initiated promptly.2

The most widely used endoscopic procedure for tissue sam-
pling in suspected MBS is ERCP-based sampling methods in-
cluding brush cytology and TPB.7 However, the sensitivities of 
brush cytology and TPB for diagnosing MBS remain unsatisfac-
tory.1,7-9 A meta-analysis of the effectiveness of brush cytology 
and TPB showed sensitivities of 45.0% and 48.1%, respectively. 
Combining the two methods showed a sensitivity of 59.4%.1 
These insufficient results were likely caused by the fact that tis-
sue sampling during TPB is performed blindly under fluoroscop-
ic guidance. In addition, MBS lesions that infiltrate the duct or 
manifest as extrinsic compressing masses are especially difficult 
to diagnose pathologically using ERCP-based tissue sampling.

To overcome the limitations of ERCP-based sampling, several 
diagnostic modalities have been studied, including cholangios-
copy-guided tissue sampling and endoscopic ultrasound-guided 
fine needle aspiration biopsy (EUS-FNAB). Peroral cholangios-
copy permits direct visualization of the biliary tree with targeted 
tissue sampling. The sensitivity of peroral cholangioscopy-guid-
ed tissue sampling has been reported to range from 57.0% to 
76.5%.10-12 Draganov et al.11 evaluated the accuracy of SpyGlass 
peroral cholangioscopy-guided mini-forceps biopsy (Boston 
Scientific, Natick, MA, USA) and compared it with ERCP-based 
sampling in patients with indeterminate bile duct strictures. 
In that study, the accuracy was 84.6% for SpyGlass peroral 
cholangioscopy-guided biopsy, which also showed significantly 
better sensitivity. However, SpyGlass peroral cholangioscopy 
has some limitations to its use such as technical difficulty and 
high cost.13

EUS-FNAB is currently the standard procedure for tissue bi-
opsy of solid pancreatic mass lesions with its high diagnostic 
yield. In previous meta-analyses, the sensitivity of EUS-FNAB 
has ranged from 85% to 89% for solid pancreatic lesions.14-16 
However, EUS-FNAB has some limitations in cases of MBS 
other than pancreatic mass lesions.17,18

IDUS with high-frequency probes is an imaging modality 
used to diagnose pancreatobiliary disease. These probes can 
provide a 360° sector scan, and can be easily introduced into 
the bile duct without performing an EST and advanced through 
a stricture. IDUS can provide real-time, high-resolution images 

of the entire bile duct wall and periductal tissue. IDUS can also 
be useful to distinguish malignant from benign biliary strictures 
and showed higher diagnostic accuracy when compared with 
EUS.4-6,19 In previous studies, the sensitivity of IDUS for the 
diagnosis of MBS has ranged from 83% to 89%.20,21 Features 
evident on IDUS that suggest malignancy include disruption of 
the normal bile duct structure, hypoechoic masses with irregular 
margins, heterogeneous echo-poor areas invading surrounding 
tissue, and continuation of the main hypoechoic mass into ad-
jacent structures. Also, IDUS can be useful for local T staging of 
tumors.4,5,19 Therefore, it seems that the sensitivity of TPB can be 
improved if biopsy is performed under IDUS because this allows 
more accurate targeting of suspicious lesions through visual-
izing the mass, wall layer, and biopsy forceps when compared 
with TPB under fluoroscopic guidance.

Tamada et al.22 classified the IDUS images of these tumors as 
polypoid lesions, localized wall thickening, intraductal sessile 
tumors, sessile tumors outside of the bile duct, or absence of an 
apparent lesion, and compared IDUS images with the biopsy 
results. In this study, when the IDUS images showed a polypoid 
lesion and intraductal sessile tumor, bile duct biopsy showed 
sensitivities of 80% and 92%, respectively. However, when the 
IDUS images showed a sessile tumor outside of the bile duct, 
biopsy showed a relatively low sensitivity of 50%. Based on the 
results of this study, it appears that ERCP-based TPB has limited 
utility for biopsies in patients with extrinsic mass lesions.

We performed TPB during IDUS for more accurate biopsy 
results and evaluated the improvement in sensitivity of IDUS-
guided TPBs with classification of the MBS as a nodular lesion, 
intraductal infiltrating lesion, or extrinsic compressed lesion. In 
the current study, an intraductal infiltrating lesion was the most 
common finding on IDUS (47.5%). IDUS-guided TPB showed a 
significant improvement of the diagnostic accuracy in patients 
with MBSs, especially in cases with intraductal infiltrating le-
sions. Unlike nodular lesions, in cases with intraductal infiltrat-
ing lesions, it is difficult to accurately identify the lesion to be 
biopsied using only fluoroscopy, because this type of lesion is 
not obvious on this modality. However, with IDUS, endoscopists 
can accurately target the bile duct lesion and can perform a 
biopsy using forceps in real-time, often improving the sensitiv-
ity of the biopsy results. Unfortunately, our study did not show 
significant improvement of cancer detection rates in cases with 
extrinsic compressed lesions.

Our study had several limitations. First, since there are no ac-
cessories that combine IDUS and forceps biopsy, IDUS-guided 
TPB is more complicated than conventional TPB. Second, there 
is a possibility of mechanical trauma with the IDUS probe dur-
ing TPB with biopsy forceps. Third, our sample size was rela-
tively small, so further studies should be performed with larger 
numbers of patients to verify our results. Further studies should 
directly compare the sensitivity of IDUS-guided TPB with other 
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tissue sampling methods, such as EUS-FNAB and peroral chol-
angioscopy-guided bile duct biopsy. Fourth is the short follow-
up period of 6 months. However, all benign lesions were fol-
lowed for more than 12 months. Fifth, the cost-effectiveness of 
the IDUS-guided TPB in the diagnosis of biliary stricture could 
not be determined in this study.

In conclusion, significantly higher diagnostic yields can be 
obtained with IDUS-guided TPB compared with conventional 
TPB in patients with suspected MSBs. It is expected that a new 
type of IDUS probe or accessories for IDUS-guided TPB will al-
low more accurate targeting of lesions during biopsy and will 
further improve cancer detection rates.
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