
When diagnosing the nature of biliary strictures, it is sometimes difficult to perform non-invasive methods such as ultrasound, spiral 
computed imaging, magnetic resonance imaging, or endoscopic ultrasonography. Thus, treatment decisions are usually based on biop-
sy results. However, brush cytology or biopsy, which is widely used for biliary stenosis, has limitations owing to its low sensitivity and 
negative predictive value for malignancy. Currently, the most accurate method is bile duct tissue biopsy under direct cholangioscopy. 
On the other hand, intraductal ultrasonography administered under the guidance of a guidewire has the advantages of easy adminis-
tration and being less invasive, allowing for adequate examination of the biliary tract and surrounding organs. This review discusses 
the usefulness and drawbacks of intraductal ultrasonography for biliary strictures. 
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INTRODUCTION 

A microscopic ultrasound probe is widely applied in clinical 
practice, as it can be inserted directly into the bile and pancreat-
ic ducts to scan lesions and surrounding structures. Intraductal 
ultrasonography (IDUS) using a narrow-diameter ultrasound 
probe provides cross-sectional images of the bile and pancreatic 
ducts, which can be very useful in diagnosing pancreaticobili-
ary disorders. The probe can be inserted into the biliary tract 
through the ampulla after direct contact with the lesion. An 
important indication for IDUS in the biliary system is the iden-
tification of the cause of biliary stenosis and determination of 
the extent of extrahepatic cholangiocarcinoma. It is also useful 
in various pancreatic diseases. 

INSTRUMENTS AND INSPECTION 
METHODS 

The transducer (UM-G20-29R; Olympus Co., Ltd., Tokyo, 
Japan) can be inserted along the guidewire (Fig. 1). The diam-
eter, frequency, axial resolution, and maximum transmission 
distance of the transducer is 2.4 mm, 20 MHz, 0.1 mm, and 20 
mm, respectively. Ultrasound images can be obtained using a 
UM-20 or UM-30 ultrasonography (US) processor. Briefly, the 
bile duct is selectively contrasted using an endoscopic retro-
grade cholangiopancreatography (ERCP) conduit. Then, the 
lesion (such as stenosis of the bile duct) is checked and a 0.035-
inch guidewire is inserted into the bile duct above the lesion. 
The catheter is then removed, leaving the guidewire in the bile 
duct. A probe is inserted along the guidewire to the top of the 
lesion, and then the probe is slowly pulled out to observe the 
lesion and its surrounding structures. Endoscopic sphincter-
otomy does not need to be performed in advance to perform 
IDUS; however, endoscopic sphincterotomy can be performed 
when ERCP is performed for therapeutic purposes. 
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IDUS IN THE BILIARY AREA 

Biliary stenosis 
When diagnosing biliary stenosis, non-invasive methods such 
as ultrasound, spiral computed tomography, magnetic reso-
nance imaging, endoscopic ultrasonography (EUS), or chol-
angiography are sometimes difficult to use. Thus, treatment 
decisions are usually based on biopsy results. However, brush 
cytology or biopsy, which is widely used for biliary stenosis, has 
limitations owing to its low sensitivity and negative predictive 
value for malignancy. The most accurate test method is bile 
duct tissue biopsy under direct cholangioscopy, and the sensi-
tivity is reported to be 93% to 96%1,2; yet it is an invasive meth-
od. On the other hand, IDUS, administered under the guidance 
of a guidewire, has the advantage of easy administration and 
being less invasive, allowing for the observation of the biliary 
tract and surrounding organs. Although the penetration depth 
is limited to 2 cm when using a 20 MHz probe, it is sufficient 
to distinguish between intra-biliary lesions and extra-biliary 

Fig. 1. A thin caliber intraductal ultrasonic probe. The diameter of 
the transducer (UM-G20-29R; Olympus Co., Ltd.) is 2.4 mm, the 
frequency is 20 MHz, the axial resolution is 0.1 mm, and the maxi-
mum transmission distance is about 20 mm.

duct compression. The accuracy of IDUS in classifying benign 
or malignant biliary stenosis is reported to be 76% to 92%.1,3-5  
The IDUS image of the normal bile duct wall appears as two 
or three layers (Fig. 2). The inner low echoic layer is a fibro-
muscular structure, and the outer echo-rich layer consists of 
perimuscular connective tissue. IDUS findings suggestive of 
malignant biliary stenosis are as follows: (1) hypoechoic mass, 
especially in infiltrating surrounding tissue; (2) heterogeneity 
in internal echo pattern; (3) destruction of the normal bile 
duct wall; and (4) dentation or irregularity of the external bile 
duct wall and papillary projections of the inner bile duct wall 
(Fig. 3).1,5-7 

IDUS is more accurate than EUS in determining the nature 
of bile duct stenosis (89% vs. 76%, respectively, p<0.002).5 Ad-
ditionally, it is superior in judging whether cholangiocarcinoma 
can be operated on or not, and during the T stage. Moreover, 
IDUS is superior to EUS in evaluating tumors located in the 
hepatic region or common bile duct.5 

Although IDUS cannot evaluate the nature of all cases of bil-
iary stenosis, IDUS findings can be useful in determining the 
direction of treatment. Tamada et al.1 have previously reported 
that a raised tumor and destruction of the bile duct wall side is 
an indication for surgery, even if malignancy is not histologi-

Fig. 2. Intraductal ultrasound image of normal bile duct wall. The in-
ner hypoechoic layer is a fibromuscular structure (white arrow), and 
the outer hyperechoic layer is perimuscular connective tissue (black 
arrow).
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In T2, the tumor invades the periductal connective tissue and 
interrupts the outer margin of the duct (Fig. 4B). T3 indicates 
tumor invasion into adjacent blood vessels (Fig. 4C). Howev-
er, it is difficult to distinguish between T1 and T2 using IDUS 
because the fibromuscular layer and perimuscular connective 
tissue sometimes appear as one layer. Nevertheless, these prob-
lems have no effect on therapeutic choice. IDUS can be used 
to diagnose invasion of the adipose layer of the subserosa or 
the serosa of the bile duct wall. Menzel et al.5 reported the ac-
curacy of IDUS in T staging to be 77.7%. Thus, the degree of 
expansion of the tumor in the bile duct and the determination 
of whether there is invasion of the surrounding blood vessels is 
more important in selecting treatment modalities for bile duct 
cancer. The longitudinal spread of bile duct cancer from the 
main tumor is visualized by IDUS as an irregular and asym-
metric thickening of the wall. In fact, it is not easy to clearly 
distinguish tumors from inflammation using IDUS. Therefore, 
it is important to establish a standard that can differentiate 
between the findings caused by tumors and inflammation. 
The most useful finding for diagnosing inflammation is sym-
metric bile duct thickening, and cancer-induced thickening is 
often asymmetric compared to inflammation.8 Tamada et al.8 
reported that asymmetric biliary wall thickening as an appro-
priate criterion for IDUS findings when judging intra-biliary 
expansion of extrahepatic cholangiocarcinoma. The accuracy of 
IDUS in determining the longitudinal spread of cancer toward 
the liver (84%) was superior to that of cholangiography (47%). 
However, it should be noted that in judging the degree of in-
tra-biliary expansion of bile duct cancer, inserted stents may 

Fig. 3. Malignant biliary stricture in intraductal ultrasonography 
showing an eccentric bile duct wall thickening and disruption of the 
normal bile duct wall arrows). T, tumor.

Fig. 4. T staging by the intraductal ultrasonography. (A) T1. The tumor is confined to the fibromuscular layer in the bile duct wall (white ar-
rows). (B) T2. The tumor invades into the perimuscular connective tissue and interrupts the outer margin of the bile duct (white arrow). (C) 
T3. The tumor invades into adjacent blood vessels (white arrows). T, tumor; PV, portal vein.

cally proven. Furthermore, even if the bile duct wall structure 
is well-maintained, the possibility of malignancy is high if the 
diameter of the polypoid mass is ≥8 mm. 

Staging and longitudinal extension of the bile duct cancer 
In the T1 stage of cancer, the cancer is limited to the bile duct 
wall and the outer margin of the tumor is smooth (Fig. 4A). 
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cause thickening of the bile duct wall if a biliary plastic or metal 
stent is inserted before IDUS. In fact, one study reported that 14 
days after the insertion of the bile duct, the wall of the bile duct 
became significantly thickened because of the inflammatory re-
action caused by the drainage duct.9,10 Therefore, to determine 
the degree of intrahepatic spread of cholangiocarcinoma with 
IDUS, it should be performed before insertion of the biliary 
drainage tube. 

Biliary tract cancer frequently extends beyond the gross le-
sion through the submucosal spread. Extensive subepithelial 
tumor spread beyond the gross tumor margin is common, and 
longitudinal spread may extend 15 to 20 mm proximally and 5 
to 10 mm distally, depending on the tumor type.11 These make 
it difficult to determine an appropriate surgical margin. In one 
case, narrowing of the common hepatic duct was observed in 
ERCP and magnetic resonance cholangiopancreatography find-
ings. On IDUS, there was no evidence of tumor involvement, 
such as eccentric thickening in the duct of the liver hilum and 
invasion of the surrounding vessels. The patient underwent an 
extrahepatic duct excision. However, in the final pathological 
findings, there was tumor involvement in the liver, resulting in 
incomplete resection. As such, there are limitations in accurate-
ly evaluating subepithelial tumor spread with IDUS, without 
mucosal lesions (Fig. 5).  

Vessel invasion 
When making treatment decisions for cholangiocarcinoma, 
ascertaining surrounding blood vessel invasion is an important 
factor. The portal vein and right hepatic artery are frequently 

invaded, and the left hepatic artery and common hepatic ar-
tery are rarely invaded compared to the aforementioned blood 
vessels (Fig. 6). With IDUS, the accuracy of portal vein and 
right hepatic artery involvement was 100%, while angiography 
showed only 33% accuracy.12 However, it is difficult to deter-
mine whether the left hepatic artery and common hepatic ar-
tery are invaded because IDUS has a low penetration depth and 
is limited in recognition outside the hepatoduodenal ligament.13 

Fig. 6. Positive sign of vascular invasion by intraductal ultrasonogra-
phy showing the disappearance of the high-echoic layer between the 
tumor and a vessel (white arrows).

Fig. 5. Klatskin tumor, Bismuth type II. (A, B) Endoscopic retrograde cholangiopancreatography and magnetic retrograde cholangiopancrea-
tography revealed narrowing of the common hepatic duct and preservation of bifurcation. (C) Intraductal ultrasonography of the common 
hepatic duct showed an eccentric tumor mass. (D) The intraductal ultrasonography image showed that the tumor did not invade the sur-
rounding vessels. T, tumor; CHD, common hepatic duct; HA, hepatic artery; PV, portal vein.
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CONCLUSIONS 

IDUS is a new development in EUS technology and is of great 
help in the evaluation of diseases of the biliary system. It has 
the advantage of being technically easy to use and can be im-
plemented immediately during ERCP. However, there is still 
the disadvantage that it is impossible to observe from a long 
distance owing to the limitation of penetration depth. IDUS 
provides more accurate information than other imaging meth-
ods in distinguishing between malignancy and benign biliary 
stenosis. Additionally, it provides information for evaluating the 
tumor itself and the spread of the tumor along the duct, as well 
as for determining the possibility of surgery. However, IDUS 
is not an essential diagnostic method except for the staging of 
bile duct tumors. Differentiation of biliary strictures should be 
performed by cholangioscopy or brushing cytology, as benign 
and malignant strictures are delineated as thickening of the bile 
duct wall. To conclude, IDUS is an additional technique used in 
ERCP studies, such as cholangioscopy and cytology. 

Conflicts of Interest 

The author has no potential conflicts of interest. 

Funding 

None. 

ORCID 

Young Koog Cheon https://orcid.org/0000-0003-3655-1165 

REFERENCES 
1.  Tamada K, Ueno N, Tomiyama T, et al. Characterization of biliary 

strictures using intraductal ultrasonography: comparison with per-
cutaneous cholangioscopic biopsy. Gastrointest Endosc 1998;47:341–
349. 

2.  Tamada K, Kurihara K, Tomiyama T, et al. How many biopsies 

should be performed during percutaneous transhepatic cholan-
gioscopy to diagnose biliary tract cancer? Gastrointest Endosc 
1999;50:653–658. 

3.  Vazquez-Sequeiros E, Baron TH, Clain JE, et al. Evaluation of inde-
terminate bile duct strictures by intraductal US. Gastrointest Endosc 
2002;56:372–379. 

4.  Farrell RJ, Agarwal B, Brandwein SL, et al. Intraductal US is a useful 
adjunct to ERCP for distinguishing malignant from benign biliary 
strictures. Gastrointest Endosc 2002;56:681–687. 

5.  Menzel J, Poremba C, Dietl KH, et al. Preoperative diagnosis of bile 
duct strictures: comparison of intraductal ultrasonography with con-
ventional endosonography. Scand J Gastroenterol 2000;35:77–82. 

6.  Tamada K, Ueno N, Ichiyama M, et al. Assessment of pancreatic 
parenchymal invasion by bile duct cancer using intraductal ultraso-
nography. Endoscopy 1996;28:492–496. 

7.  Kuroiwa M, Goto H, Hirooka Y, et al. Intraductal ultrasonography 
for the diagnosis of proximal invasion in extrahepatic bile duct can-
cer. J Gastroenterol Hepatol 1998;13:715–719. 

8.  Tamada K, Nagai H, Yasuda Y, et al. Transpapillary intraductal US 
prior to biliary drainage in the assessment of longitudinal spread of 
extrahepatic bile duct carcinoma. Gastrointest Endosc 2001;53:300–
307. 

9.  Noda Y, Fujita N, Kobayashi G, et al. Intraductal ultrasonography be-
fore biliary drainage and transpapillary biopsy in assessment of the 
longitudinal extent of bile duct cancer. Dig Endosc 2008;20:73–78. 

10. Tamada K, Tomiyama T, Ichiyama M, et al. Influence of biliary drain-
age catheter on bile duct wall thickness as measured by intraductal 
ultrasonography. Gastrointest Endosc 1998;47:28–32. 

11. Sakamoto E, Nimura Y, Hayakawa N, et al. The pattern of infiltration 
at the proximal border of hilar bile duct carcinoma: a histologic anal-
ysis of 62 resected cases. Ann Surg 1998;227:405–411. 

12. Tamada K, Ido K, Ueno N, et al. Assessment of hepatic artery inva-
sion by bile duct cancer using intraductal ultrasonography. Endosco-
py 1995;27:579–583.  

13. Fujita N, Noda Y, Kobayashi G, et al. Intraductal ultrasonography 
(IDUS) for the diagnosis of biliopancreatic diseases. Best Pract Res 
Clin Gastroenterol 2009;23:729–742.  

168

https://doi.org/10.1016/s0016-5107(98)70216-0
https://doi.org/10.1016/s0016-5107(98)70216-0
https://doi.org/10.1016/s0016-5107(98)70216-0
https://doi.org/10.1016/s0016-5107(98)70216-0
https://doi.org/10.1016/s0016-5107(99)80014-5
https://doi.org/10.1016/s0016-5107(99)80014-5
https://doi.org/10.1016/s0016-5107(99)80014-5
https://doi.org/10.1016/s0016-5107(99)80014-5
https://pubmed.ncbi.nlm.nih.gov/12196775/
https://pubmed.ncbi.nlm.nih.gov/12196775/
https://pubmed.ncbi.nlm.nih.gov/12196775/
https://doi.org/10.1067/mge.2002.128918
https://doi.org/10.1067/mge.2002.128918
https://doi.org/10.1067/mge.2002.128918
https://doi.org/10.1080/003655200750024579
https://doi.org/10.1080/003655200750024579
https://doi.org/10.1080/003655200750024579
https://doi.org/10.1055/s-2007-1005529
https://doi.org/10.1055/s-2007-1005529
https://doi.org/10.1055/s-2007-1005529
https://doi.org/10.1111/j.1440-1746.1998.tb00719.x
https://doi.org/10.1111/j.1440-1746.1998.tb00719.x
https://doi.org/10.1111/j.1440-1746.1998.tb00719.x
https://doi.org/10.1016/s0016-5107(01)70402-6
https://doi.org/10.1016/s0016-5107(01)70402-6
https://doi.org/10.1016/s0016-5107(01)70402-6
https://doi.org/10.1016/s0016-5107(01)70402-6
https://doi.org/10.1111/j.1443-1661.2008.00779.x
https://doi.org/10.1111/j.1443-1661.2008.00779.x
https://doi.org/10.1111/j.1443-1661.2008.00779.x
https://doi.org/10.1016/s0016-5107(98)70295-0
https://doi.org/10.1016/s0016-5107(98)70295-0
https://doi.org/10.1016/s0016-5107(98)70295-0
https://doi.org/10.1097/00000658-199803000-00013
https://doi.org/10.1097/00000658-199803000-00013
https://doi.org/10.1097/00000658-199803000-00013
https://doi.org/10.1055/s-2007-1005761
https://doi.org/10.1055/s-2007-1005761
https://doi.org/10.1055/s-2007-1005761
https://doi.org/10.1016/j.bpg.2009.05.007
https://doi.org/10.1016/j.bpg.2009.05.007
https://doi.org/10.1016/j.bpg.2009.05.007



