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Intraductal	ultrasonography	(IDUS)	utilizes	probe	catheter	and	operates	at	a	higher	
frequency	(12–30	MHz).	It	can	be	passed	down	the	biopsy	channel	of	a	side‑view	
endoscope	during	endoscopic	retrograde	cholangiopancreatography,	and	it	provides	
real‑time,	 high‑quality	 imaging	 of	 pancreatobiliary	 ducts	 and	 the	 surrounding	
structures.	 IDUS	has	 been	 used	 in	 defining	 choledocholithiasis,	 evaluating	 biliary	
as	well	as	pancreatic	strictures	or	 thickening,	and	local	staging	of	 tumor.	We	shall	
discuss	the	utility	of	IDUS	in	the	current	review.
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and	 local	 staging	 of	 cholangiocarcinoma	 (CCA).	
It	 can	 also	 help	 to	 differentiate	 diseases	 such	 as	
choledocholithiasis	 from	 ductal	 malignancies.	 IDUS	
detects	 local	 extension	 of	 intraductal	 papillary	mucinous	
neoplasms	 (IPMNs)	 and	 tumor	 of	 ampulla	 of	 Vater;	 it	
also	 determines	 the	 extent	 of	 surgical	 or	 endoscopic	
resection.

Evaluation of Biliary Diseases
IDUS	 is	 used	 in	 a	 variety	 of	 biliary	 tract	 disorders.	
Indications	 include	 evaluation	 for	 choledocholithiasis,	
biliary	 stricture,	 and	 local	 staging	 of	 CCA.	 IDUS,	 in	
comparison	 to	 standard	 EUS,	 provides	 better	 evaluation	
of	 proximal	 biliary	 system	 and	 better	 delineates	 the	
surrounding	 structures	 such	 as	 portal	 vein,	 right	 hepatic	
artery,	 and	 hepatoduodenal	 ligaments.	 It	 is	 limited	 in	 its	
accuracy	to	detect	distant	structures.

Choledocholithiasis
IDUS	 has	 been	 well	 described	 in	 the	 evaluation	 of	
choledocholithiasis.	 It	 can	 visualize	 small	 bile	 duct	
stones	 or	 sludge	 which	 is	 missed	 on	 cholangiogram	
and	 MRCP.	 It	 also	 differentiates	 stone	 from	 air	
bubble	 [Figures	 1	 and	 2].	 In	 a	 prospective	 study	 of	
95	 patients	 with	 suspicious	 choledocholithiasis,	 IDUS	
detected	 small	 bile	 duct	 stones	 in	 31	 patients	 (32.6%)	
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Introduction

T ransabdominal	 ultrasound	 (US),	 computed	
tomography	 (CT),	 magnetic	 resonance	

imaging	 (MRI),	 endoscopic	 retrograde	
cholangiopancreatography	 (ERCP),	 and	 endoscopic	
US	 (EUS)	 are	 various	 modalities	 that	 are	 used	 for	 the	
evaluation	 of	 pancreatobiliary	 diseases.	 While	 US,	
CT,	 and	 MRI	 are	 cross‑sectional	 imaging	 modalities,	
EUS	 and	 ERCP	 are	 endoscopic	 modalities	 that	 are	
also	 used	 for	 tissue	 diagnosis.	 The	 diagnostic	 yield	
of	 ERCP‑guided	 tissue	 acquisition	 is	 suboptimal,	
which	 led	 to	 the	 development	 of	 ERCP‑based	 newer	
techniques	of	evaluation	such	as	peroral	cholangioscopy,	
confocal	 laser	 endomicroscopy,	 and	 intraductal	
ultrasonography	(IDUS).[1]

IDUS	uses	a	high‑frequency	(12–30	MHz)	US	probe	that	
is	 passed	 over	 a	 guide	wire	 into	 the	 bile	 and	 pancreatic	
ducts	 during	 ERCP.	 IDUS	 creates	 images	 from	 within	
the	 duct	 lumen	 and	 provides	 real‑time	 and	 high‑quality	
cross‑sectional	 images	 of	 extrahepatic	 bile	 duct,	
pancreatic	duct,	and	the	surrounding	structures.	However,	
it	 is	 not	 widely	 used,	 as	 most	 ERCP	 practitioners	 are	
not	 well	 trained	 in	 EUS.[2,3]	 Here,	 we	 will	 discuss	
indications	 as	 well	 as	 limitations	 of	 IDUS	 in	 patients	
with	pancreatobiliary	diseases.

Indications
IDUS	 is	 indicated	 in	 a	 number	 of	 pancreatobiliary	
diseases.	It	is	most	commonly	used	in	treating	biliary	tract	
diseases,	 differentiating	 benign	 and	malignant	 strictures,	
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and	 sludge	 in	 24	 patients	 (25.2%),	 which	 was	 missed	
on	 cholangiography.	 Endoscopic	 extraction	 confirmed	
bile	 duct	 stones	 in	 all	 the	 31	 patients	 and	 sludge	 in	
21	 patients.[4]	 In	 a	 retrospective	 study	 of	 213	 patients	
with	 suspected	 choledocholithiasis,	 they	 found	 that	 the	
sensitivity	 of	 ERCP	 in	 the	 diagnosis	 of	 bile	 duct	 stones	
was	 significantly	 affected	 by	 the	 size	 of	 stones	 (100%	
for	 stones	 ≥8	mm	 and	 74%	 for	 stones	 <8	mm)	 and	 the	
diameter	 of	 common	 bile	 duct	 (CBD)	 when	 the	 stone	
size	was	 <8	mm.	The	 authors	 thus	 recommended	 IDUS	
in	 suspicious	 choledocholithiasis	 when	 cholangiogram	
failed	 to	 detect	 bile	 duct	 stones,	 especially	 in	 a	 dilated	
CBD	 (≥12	 mm	 in	 diameter).[5]	 IDUS	 adds	 cost	 to	 the	
overall	 management	 of	 patients	 with	 choledoclithiasis,	
but	 its	 usefulness	 in	 suspicious	 cases,	 especially	 where	
the	 duct	 is	 dilated	 and	 cholangiogram	 is	 normal,	 cannot	
be	denied.

IDUS	 can	 be	 performed	 to	 confirm	 bile	 duct	 clearance	
after	stone	extraction	and	to	detect	remnant	CBD	stones.	
In	 a	 prospective	 study	 of	 seventy	 patients	 for	 detection	
of	 residual	 bile	 duct	 stones	 after	 stone	 extraction,	
IDUS	 found	 bile	 duct	 stones	 (mean	 size:	 2.6	 mm)	
in	 32	 patients	 with	 initial	 normal	 cholangiography.	
After	 stone	 extraction	 with	 negative	 balloon	 occlusion	
cholangiogram,	 IDUS	 was	 able	 to	 show	 residual	
stones	 (mean	 size:	2.2	mm)	 in	28	 (40%)	patients,	which	
were	all	flushed	out	by	saline	solution	irrigation.[6]

Biliary Strictures
To	 differentiate	 between	 benign	 and	 malignant	 biliary	
strictures	 is	 always	 a	 clinical	 challenge.[7]	 Conventional	
ERCP‑guided	 tissue	 acquisition	 methods	 have	 pooled	
sensitivity	of	45%	for	brush	cytology,	48.1%	for	 forceps	
biopsy,	 and	 59.4%	 for	 the	 combination	 of	 both	 for	
diagnosing	 indeterminate	 biliary	 strictures	 (IDBSs).[8]	
IDUS	 improves	 diagnostic	 yields	 significantly.	 Features	

suggestive	of	malignancy	on	 IDUS	 include	disruption	of	
normal	 bile	 duct	 wall	 layers,	 eccentric	 wall	 thickening,	
hypoechoic	 mass	 with	 signs	 of	 adjacent	 tissue	 or	
vascular	 invasion,	 and	 the	 presence	 of	 enlarged	 lymph	
nodes.[9]	 In	 a	 retrospective	 study	 of	 379	 patients,	
sensitivity,	specificity,	and	accuracy	of	IDUS,	when	using	
histopathology	 or	 longterm	 followup	 results	 as	 the	 gold	
standard,	were	93.2%,	89.5%,	and	91.4%,	respectively.[10]

IDUS	 is	more	 accurate	 than	 EUS,	 transpapillary	 biopsy,	
or	 brush	 cytology	 for	 the	 identification	 of	 biliary	
malignancy.	Compared	to	EUS,	IDUS	has	been	shown	to	
have	greater	 sensitivity	 (91%	vs.	 76%,	 respectively)	 and	
accuracy	(89%	vs.	76%,	respectively)	in	differentiating	a	
malignant	from	a	benign	stricture.[11]

In	 a	 retrospective	 study	 of	 234	 patients	 with	 IDBSs,	
using	 histological	 or	 long‑term	 followup	 as	 the	 gold	
standard,	 sensitivity,	 specificity,	 and	 accuracy	 of	 93%,	
89%,	 and	 91%,	 respectively,	 for	 IDUS	 combined	 with	
ERCP;	 94%,	 89%,	 and	 92%,	 respectively,	 for	 IDUS	
combined	 with	 endoscopic	 transpapillary	 forceps	
biopsies	 (ETP);	 71%,	 78%,	 and	 74%,	 respectively,	 for	
EUS;	and	67%,	82%,	and	73%,	respectively,	for	CT.	The	
detection	 rate	of	biliary	malignancy	by	combining	 IDUS	
with	 ERCP	 was	 superior	 to	 ETP,	 EUS,	 or	 CT.[12]	 There	
are	 no	 head‑to‑head	 trials	 to	 compare	 cholangioscopy	
and	 IDUS	 for	 the	 evaluation	 of	 biliary	 strictures.	 Both	
have	similar	accuracies,	with	IDUS	having	the	advantage	
of	 visualizing	 adjacent	 structures	 in	 proximal	 CBD	 and	
the	CBD	wall.

Cholangiocarcinoma
IDUS	 appeared	 superior	 to	 cholangiography	 in	 the	
evaluation	 of	 longitudinal	 extension	 of	 CCA.	 In	
a	 prospective	 study	 of	 42	 patients	 with	 borderline	
resectable	hilar	CCA,	IDUS	showed	an	accuracy	of	90%	

Figure 1:	Common	bile	duct	stone	seen	on	intraductal	ultrasonography Figure 2:	Air	 bubble	 in	 common	 bile	 duct	 seen	 on	 intraductal	
ultrasonography
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in	the	assessment	of	tumor	extension,	which	was	superior	
to	cholangiogram	(60%)	and	CT	(66.6%).[13]

IDUS	 is	 more	 accurate	 than	 EUS	 for	 Tstaging	 of	
hilar	 CCA	 but	 has	 low	 accuracy	 in	 N‑staging.[14]	 In	 a	
prospective	 study	 of	 56	 patients	 with	 biliary	 strictures,	
IDUS	 was	 more	 accurate	 than	 EUS	 in	 preoperative	
T‑staging	 of	 biliary	 malignancies	 (IDUS,	 77.7%;	 EUS,	
54.1%, P <	0.001),	but	there	was	no	significant	difference	
in	 lymph	 node	 staging	 between	 EUS	 and	 IDUS	 (IDUS,	
60%;	 EUS,	 62.5%).[15]	 IDUS	 can	 help	 differentiate	
between	 primary	 sclerosing	 cholangitis	 (PSC)	 and	
IgG4‑related	 cholangitis.	 Irregular	 inner	 margin,	
diverticulum‑like	 outpouching,	 and	 disappearance	 of	
three	layers	are	specific	IDUS	findings	for	PSC	compared	
to	IgG4‑SC.	IDUS	is	a	more	useful	procedure	 than	ERC	
for	the	early	detection	of	diverticulum‑like	outpouching.

Evaluation of Pancreatic Diseases
The	 most	 common	 indication	 of	 IDUS	 in	 pancreatic	
diseases	 is	 on	 the	 detection	 of	 extension	 of	 IPMN	
preoperatively	 and	 determine	 the	 extent	 of	 surgical	
resection.[16,17]	In	a	prospective	study	of	forty	patients	with	
IPMN	who	underwent	surgical	resection,	IDUS	was	more	
accurate	 than	 other	 imaging	 modalities	 (85%	 vs.	 50%,	
respectively, P =	 0.018)	 in	 the	 preoperative	 assessment	
of	 tumor	 extension.[16]	 In	 another	 retrospective	 study	 of	
24	patients	with	branch‑type	IPMN,	the	lateral	spreading	
of	 tumor	 was	 associated	 with	 the	 dilation	 of	 main	
pancreatic	 duct	 (≥6	 mm)	 (P	 <	 0.05).	 IDUS	 showed	 a	
sensitivity,	 specificity,	 and	 accuracy	 of	 92%,	 91%,	 and	
92%,	 respectively,	 in	 the	 assessment	 of	 tumor	 extension	
along	the	main	pancreatic	duct.[17]

Evaluation of Tumor of Ampulla of Vater
IDUS	showed	excellent	diagnostic	accuracy	for	ampullary	
tumors	 in	 detecting	 intraductal	 tumor	 extension	 and	
guiding	for	surgical	resection	or	endoscopic	papillectomy.	
In	 a	 study	 of	 48	 patients	 with	 ampullary	 tumors	 before	
surgical	 resection	 or	 endoscopic	 papillectomy,	 there	was	
no	 significant	 difference	 in	 the	 accuracy	 of	 EUS	 and	
IDUS	for	the	evaluation	of	focal	extension	of	tumors	into	
the	ducts	(90%	and	88%,	respectively,	for	infiltration	into	
the	 CBD	 and	 92%	 and	 88%,	 respectively,	 for	 extension	
into	 the	 PD).	 The	 overall	 accuracy	 of	 EUS	 and	 IDUS	
was	 85%	 and	 80%	 for	 T‑staging,	 97%	 and	 94%	 for	
adenoma	and	pTis,	73%	and	73%	for	pT1,	50%	and	50%	
for	pT2,	and	50%	and	100%	for	pT3‑T4.[18]

Limitations
IDUS	 has	 its	 own	 limitations.	 First,	 cannulation	 is	
prerequisite	 to	 perform	 IDUS.	 Second,	 IDUS	 probe	
can	 be	 damaged	 by	 cannulation	 maneuver.	 Third,	 it	 is	
difficult	 to	maintain	 the	 probe	 in	 the	 central	 position	 of	

the	duct,	especially	 in	dilated	duct.	Fourth,	air	 inside	 the	
duct	hampers	image	resolution.

Conclusion
IDUS	 is	 a	 promising	 diagnostic	 tool	 in	 the	 evaluation	
of	 pancreatobiliary	 diseases.	 It	 is	 more	 sensitive	 than	
other	 conventional	 methods.	 By	 combining	 IDUS	 with	
other	 techniques,	 preoperative	 diagnostic	 accuracy	 can	
be	 improved	 significantly.	 IDUS	 has	 been	 validated	 in	
numerous	pancreatobiliary	diseases	and	has	 the	potential	
for	growth	with	further	modifications.
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