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Abstract: Endoscopic ultrasound (EUS) and intraductal ultrasound (IDUS) play very important
roles in the field of biliary tract disease. Because of their excellent spatial resolution, the detection of
small lesions and T-staging of tumors have become possible. Additionally, contrast-enhanced EUS
and the new imaging technique of detective flow imaging are reported to be useful for differential
diagnosis. Furthermore, EUS-guided tissue acquisition is used not only for pathological diagnosis,
but also to collect tissue samples for cancer genome profiling. Although percutaneous transhepatic
biliary drainage (PTBD) was traditionally performed in cases where endoscopic retrograde
cholangiopancreatography is not feasible, treatments using EUS have recently become increasingly
common, and EUS-guided biliary drainage was recently suggested to be superior to PTBD in terms
of a higher success rate, less adverse events, and lower reintervention rate. This review provides an
overview of diagnosis and treatment utilizing the features and techniques of EUS and IDUS.

Keywords: biliary tract diseases; endoscopic ultrasound; intraductal ultrasound; EUS-guided
biliary drainage

1. Introduction

Endoscopic ultrasound (EUS) and intraductal ultrasound (IDUS) have become indispensable
modalities for the biliary region, being broadly applied in diagnosis and treatment. Because of their
high spatial resolution, their diagnostic uses include diagnosis of choledocholithiasis [1,2],
differential diagnosis of the stricture and wall thickness of the biliary tract, and evaluation of tumor
invasion and horizontal spreading. Currently, in addition to conventional B-mode EUS, diagnostic
EUS frequently makes use of techniques such as contrast-enhanced EUS (CE-EUS) and detective flow
imaging (DFI). These advances have greatly contributed to improving differential diagnostic
capabilities.

EUS-guided tissue acquisition (EUS-TA) has also recently been performed for biliary tract
diseases, and with the application of precision medicine to biliary tract cancers playing an
increasingly important role, EUS-TA is becoming more important. The reference standard treatment
for obstructive jaundice is endoscopic retrograde cholangiopancreatography (ERCP)-guided biliary
drainage. If ERCP is unsuccessful, treatments such as percutaneous transhepatic biliary drainage
(PTBD) or surgical choledochoenterostomy were traditionally performed; however, the utility of
EUS-guided biliary drainage has recently been reported. Here, we review the current literature with
respect to the roles of EUS and IDUS in the diagnosis and treatment of biliary tract diseases.

2. Endoscopic Ultrasound (EUS)

EUS uses an endoscope equipped with an ultrasound transducer at its tip. The frequency
typically ranges from 5 to 20 MHz, allowing for switching according to the lesion. EUS is usually
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used for observing lesions of the digestive tract, biliary tract, pancreas, parts of the liver, and lymph
nodes in the mediastinum and abdominal cavity. One of the important features of EUS is its high
spatial resolution, which is achieved through close-up observation of target organs. Whereas
transabdominal ultrasound has a limitation in observation of pancreatobiliary system due to
gastrointestinal gas, thick subcutaneous fat, and bone, EUS enables visualization of organs from the
gastrointestinal tract, such as from the stomach and duodenum, and is less affected by such
intervening tissues. There are two types of EUS: the radial type, in which ultrasound images are
acquired perpendicular to the endoscope, and the convex type (linear type), in which ultrasound
images are acquired parallel to the endoscope. The former can depict a 360° field of view, making
anatomical orientation easier. By contrast, the convex type has a 180° field of view, although it is
useful for EUS-TA and interventional EUS [Figure 1].

Figure 1. Images and schema of the two types of EUS. (a) Convex-type EUS (GF-UCT260, Olympus,
Japan), (b) Radial type EUS (GF-UE290, Olympus, Japan), (c) Scheme of convex-type EUS, (d) Scheme
of radial type EUS, (e) Ultrasound view of convex-type EUS, (f) Ultrasound view of radial type EUS.

3. Intraductal Ultrasound (IDUS)

Intraductal ultrasound (IDUS) uses a thin ultrasound probe (diameter of 2-3 mm) with a
frequency ranging from 15 to 30 MHz that can be inserted through the endoscope channel. The probe
is sufficiently small to allow insertion into the bile duct or pancreatic duct, from where it can obtain
ultrasound images. The ultrasound probe has high spatial resolution allowing for visualization of
positional relationships with surrounding blood vessels, the bile duct, the pancreatic duct, and the
sphincter of Oddi at major papillae [Figure 2].
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Figure 2. These are images of intraductal ultrasound probes: (a) (b) The ultrasound probe is attached
at the point indicated by the red arrow. (UM-DG20-31R, Olympus, Japan).

4. Contrast-Enhanced EUS

Contrast agents used in ultrasound have a structure consisting of microbubbles covered with
carbohydrate or phospholipids. Commercial intravenous ultrasound contrast agents started with
Levovist® (Bayer Schering Pharma, Berlin, Germany), which is now referred to as a first-generation
contrast agent, and have now developed to second-generation contrast agents such as Sonazoid® (GE
healthcare, Japan), SonoVue® (Bracco, Italy), and Definity® (BristolMyers Squibb Medical Imaging,
USA), which make contrast-enhanced EUS (CE-EUS) possible even under low acoustic power. These
agents enable stable imaging and prolonged observation with contrast harmonic imaging, allowing
for real-time assessment of micro-scale blood flow. They also have a low risk of allergic reactions and
are suitable for patients with renal dysfunction because the gas contained in the microbubbles is
excreted through exhalation. [3] They can also be used for those who are allergic to iodine-based
contrast agents. It is also possible and economically viable to use them for repeat examinations.

5. EUS-Guided Tissue Acquisition

EUS-guided tissue acquisition (EUS-TA) is a procedure for obtaining tissue from lesions in
submucosa or located outside the gastrointestinal tract. Convex-type EUS is used to visualize the
target lesion, and a specialized needle is inserted through the scope channel to puncture the lesion
and obtain tissue samples. Since its utility was first reported by Vilmann et al. [4], EUS-TA has
become widely adopted. Nowadays, it is the reference standard for diagnosis, and is useful for tumor
staging, and for deciding on treatment strategy. The needles used for puncture are classified as
aspiration needles (FNA needle) or biopsy needles (FNB needle) according to their shape and size
(typically 19G, 22G, or 25G). FNB needles are superior to FNA needles for collecting the large tissue
samples [5,6] that are useful for performing immunohistochemistry staining and comprehensive
genome profiling [7]. However, FNA needles offer superior puncture performance [8] and allow
samples to be obtained from smaller lesions [9]. It is important to choose the appropriate needle
according to the specific purpose.

6. Diagnosis of Biliary Duct Diseases
6.1. Choledocholithiasis

Choledocholithiasis is the most common benign biliary disease encountered in clinical practice,
and can sometimes be complicated by severe acute cholangitis, which requires biliary drainage.
Diagnostic modalities for choledocholithiasis include abdominal ultrasound (AUS), computed
tomography (CT), magnetic resonance cholangiopancreatography (MRCP), and EUS. In some cases,
IDUS may also be employed. The sensitivity for detecting choledocholithiasis is 63% for AUS, 71%
for CT, and 96% for EUS [10]. AUS and CT tend to show particularly poor diagnostic ability for
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choledocholithiasis in patients with small stones or stones in a non-dilated common bile duct. The
specificity of EUS for detecting choledocholithiasis is near to 100%, and is higher than that of AUS
(95%) and CT (97%) [10]. MRCP is also an effective modality for the diagnosis of choledocholithiasis;
a meta-analysis found sensitivity and specificity for diagnosing choledocholithiasis of 96% and 92%,
respectively, for EUS, and 85% and 90% for MRCP [11]. Suzuki et al. [12] also reported that EUS had
superior diagnostic ability to MRCP for choledocholithiasis that was missed on CT, with the high
spatial resolution of EUS making it the most reliable and efficient diagnostic modality for small
lesions [13-17] [Figure 3].

IDUS is also known to be effective for detecting choledocholithiasis; Linghu et al. [18] reported
that its accuracy and sensitivity in the diagnosis of extrahepatic bile duct stones were both 100%.
Another study reported [19] that IDUS revealed residual stones in 38% of cases despite a normal
cholangiography. Whether IDUS should be performed to confirm residual stones as a routine
procedure is not clearly defined, and further investigation is needed.

(b)

Figure 3. Detection of small choledocholithiasis by intraductal ultrasound (IDUS) and endoscopic
ultrasound (EUS): (a) IDUS image of choledocholithiasis (arrow, 5 mm); (b) EUS image of
choledocholithiasis (arrow head, 5 mm).

6.2. Biliary Stricture

Biliary stricture is a commonly encountered condition, and distinguishing between benign and
malignant lesions is crucial. Benign diseases include primary sclerosing cholangitis (PSC), I1gG4-
related sclerosing cholangitis (IgG4-5C), inflammatory stricture, postoperative stricture, and other
secondary cholangitis, and their differentiation from biliary tract cancer is very important. A previous
report showed that 8%—43% of biliary strictures suspected to be malignant and subsequently resected
were actually benign [20]. Therefore, since surgery for biliary tract cancer is highly invasive, accurate
diagnosis is important to avoid unnecessary procedures. It is also important to diagnose IgG4-SC
because it is curable if appropriate treatment with steroids is provided.

Previous studies reported that EUS and IDUS were effective for the differential diagnosis
between IgG4-SC, PSC, and cholangiocarcinoma [21-23]. Table 1. lists the typical findings and
features of these diseases. A key point in the differential diagnosis concerns the wall thickness, which
is observed in regions of non-stricture in IgG4-SC, and this sign is important for the differential
diagnosis from cholangiocarcinoma (sensitivity 95%, specificity 91%, accuracy 94%) [21]. Recently,
the use of immune checkpoint inhibitors has increased, leading to more reports of cholangitis caused
by immune-related adverse events. [24-27] The differential diagnosis of cholangiocarcinoma from
IgG4-SC and PSC is necessary, and while it is reported that diffuse bile duct wall thickness is
characteristic, it tends not to involve bile duct strictures, unlike in PSC and IgG4-SC. However, there
are still few reported cases, and further accumulation of cases is needed.
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Table 1. Differences in IDUS findings of biliary stricture between IgG4-SC, PSC, and
cholangiocarcinoma [21-23].

IgG4-SC PSC Cholangiocarcinoma
) circular- circular- ]
Wall thickness . ) asymmetric
symmetric asymmetric
Three-layer structure preservation disappearance disappearance
Internal echo homogeneous heterogeneous heterogeneous
Inner margin smooth irregular irregular
Outer margin smooth unclear irregular, interruption

As mentioned above, cholangiocarcinoma is the most important disease in biliary stricture, and
it requires exact diagnosis. EUS and IDUS have been reported to be effective in the qualitative
diagnosis of cholangiocarcinoma, including duct wall invasion, intraductal progression, and invasion
into surrounding organs and vessels.

In qualitative diagnosis by EUS, a hypoechoic mass appearance completely occluding the lumen
and heterogeneously increased irregular wall thickness in the distal bile duct were found to be highly
predictive and sensitive for detecting malignancy originating from the distal bile duct, with reported
sensitivity of 75.8% and 68.1%, respectively [28]. By comparison, the sensitivity, specificity, and
accuracy rates for qualitative diagnosis of bile duct strictures (wall thickening, irregular margins) by
IDUS are high at 93.2%, 89.5%, and 91.4%, respectively [29].

6.3. T-Staging

EUS and IDUS can clearly delineate the structure of the bile duct wall. The normal bile duct wall
structure consists of two to three layers, with the inner layer being hypoechoic and the outer layer
being hyperechoic [Figure 4]. The inner hypoechoic layer reflects the mucosal layer, fibromuscular
layer, and part of the subserosal layer. The outer hyperechoic layer corresponds to the subserosa and
serosa. If this lateral hyperechoic layer is irregular or interrupted, it should be considered suspicious
for invasion.

(@) (b)
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(d)

Figure 4. Image of the normal structure of the biliary duct wall and gallbladder wall: (a)(b)Image of

the biliary duct wall on intraductal ultrasound and the gallbaldder wall on endoscopic ultrasound;
(c)(d) Red arrows show inner hypoechoic layer corresponding to mucosa, muscularis propria, and a
part of the subserosa. Yellow arrows show outer hyperechoic layer corresponding to a part of the
subserosa and the serosa.

In the diagnosis of extrahepatic cholangiocarcinoma progression using EUS, the accuracy rates
for diagnosis of invasion into the surrounding tissue, invasion into the pancreatic parenchyma, and
invasion into the portal vein, were reported to be 67%-83%, 70%-83%, and 80%-92%, respectively
[30,31]. Although these values indicate EUS to have high diagnostic performance, there is a weak
point in that the diagnostic ability for vascular invasion is inferior from the hilar lesion to distal bile
duct [32].

The accuracy rates of IDUS for the diagnosis of invasion into the right hepatic artery, pancreatic
parenchyma, and portal vein are 100%, 93%, and 93%, respectively [33]. IDUS is reported to have
higher accuracy rates for diagnosis and T-staging than EUS (IDUS: 77.7% vs. EUS: 54.1%) [34].

CE-EUS is useful for the T-staging of biliary tract cancer. Otsuka et al. [35] reported that CE-EUS
is superior to contrast-enhanced CT and conventional EUS in the detection of invasion beyond the
bile duct wall. Imazu et al. [36] also reported that CE-EUS showed higher diagnostic accuracy for the
depth of invasion of biliary tract cancer than did conventional B-mode EUS (accuracy rates: 92.4% vs.
69.2%, p<0.05). The diagnosis of longitudinal tumor extent is especially important in hilar
cholangiocarcinoma because operative methods differ depending on the tumor extent, and
preoperative misdiagnosis of tumor extent makes R0 resection impossible. The reported accuracy
rates for the longitudinal extent of hilar cholangiocarcinoma on IDUS range from 85% to 90% [37,38].

6.4. N-Staging

The overall survival of lymph node metastasis-negative patients with cholangiocarcinoma is
better than that of lymph node metastasis-positive patients [39]. The detection of at least one
malignant lymph node metastasis is associated with lower median survival and mortality [40].
Therefore, it is important to detect any lymph node metastasis (N-staging). EUS is superior to cross-
sectional imaging such as CT and MRI in the detection of lymph nodes (86% vs. 47%, p<0.001) [40].
Miyata et al. reported that EUS findings are useful for distinguishing between benign and malignant
lymph nodes, with findings suggesting malignancy including a long axis = 20 mm, a round shape,
sharp edge, hypoechogenicity, absence of central intranodal blood vessel, and heterogeneiety on
contrast enhancement [41].

6.5. EUS-TA

Recently, the effectiveness and safety of EUS-TA for biliary tract tumors has been frequently
reported. Table 2. shows several results concerning EUS-TA for malignant biliary stricture [42-45].
These results were validated in many cases, with EUS-TA demonstrating high diagnostic capability
and few adverse events. In systematic reviews comparing the use of ERCP and EUS-TA for the
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diagnosis of malignant biliary stricture, the sensitivities of ERCP and EUS-TA for tissue diagnosis of
malignant biliary stricture were 49% and 75%, respectively, the specificities were 96% and 100%, and
the accuracy rates were 61% and 79% [43]. Jo et al. [44] compared the diagnostic performance of EUS-
TA and ERCP-based tissue sampling for malignant biliary obstruction and revealed overall
diagnostic sensitivity and accuracy rates of 74% and 76%, respectively, for EUS-TA, 57% and 61% for
ERCP, and 86% and 87% for a combination of EUS and ERCP. However, we should be careful about
the risks of peritonitis due to bile leakage and potential tumor seeding [46]. We believe that in cases
where a diagnosis cannot be obtained with ERCP, performing EUS-TA for biliary stricture should be
considered with careful consideration of the risks and benefits.

Table 2. EUS-TA for malignant biliary stricture.

Number of Sensitivity Specificity Accuracy
Author Adverse events (%)

patients (%) (%) (%)

Anahita Sadeghi et al. 1
957 80 97 93

[42] (severe: 0.3%)
De Moura et al. [43] 294 75 100 79 -
Jo et al. [44] 263 73.6 100 76.1 0.7
Praveen Mathew et al.
77 91 100 93 -

[45]

7. Diagnosis of Gallbladder Diseases
7.1. Wall Thickening Lesions

The gallbladder wall consists of two layers: the inner layer includes the mucosa, the muscularis
propria and a part of the subserosa, which appear hypoechoic; and the outer layer consists of a part
of the subserosa and the serosa, which appear hyperechoic. EUS can usually depict these two layers
[47] [Figure 4].

Wall thickening of the gallbladder is defined as thickened wall measuring more than 3 mm in
diameter. Its differential diagnoses are varied, ranging from benign diseases such as chronic
cholecystitis, xanthogranulomatous cholecystitis, and adenomyomatosis (ADM), to malignant
diseases such as gallbladder carcinoma.

Characteristic EUS findings of ADM include comet-tail artifacts within the thickened wall and
cystic anechoic spots, which are crucial for diagnosis [48] [Figure 5]. EUS can depict these findings in
detail, whereas gallbladder carcinoma usually does not have such echoic findings. Findings
suggestive of malignancy include wall thickening of 10 mm or more, heterogeneous internal
echogenicity with regions of low echogenicity, and loss of layer structure [49] [Table 3].

However, it is necessary to carefully observe whether there are any irregularities on the surface
of ADM because carcinoma can coexist with ADM [50]. Xanthogranulomatous cholecystitis is a
subtype of cholecystitis. Its characteristics include xanthoma cells with bile pigment forming
granuloma in the gallbladder wall, and inflammatory infiltration extending to surrounding organs
as if cancer was invading; however, it is difficult to distinguish it from gallbladder carcinoma. The
characteristic ultrasound findings of xanthogranulomatous cholecystitis are reported to include a
lack of wall disruption and intramural hypoechoic nodules [51], but clinicians often face challenges
in its differential diagnosis. It may be difficult to distinguish it from malignancy by EUS alone.
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Table 3. EUS gallbladder wall findings suggestive of malignancy.

Benign Malignant
wall thickening <10 mm 210 mm
hypoechoic internal echogenicity absent present
internal echo pattern homogeneous heterogenous
wall layer present disrupted

Figure 5. Endoscopic ultrasound image of adenomyomatosis: (a) Thickened wall and cystic anechoic
spots are visible. The cystic spots are showing Rokitansky-Aschoff sinuses.

7.2. Protuberant Lesions

Protuberant lesions of the gallbladder encompass a wide range of non-neoplastic conditions
such as cholesterol polyps, hyperplastic polyps, adenomyomatosis, and inflammatory polyps, as well
as neoplastic conditions including adenomas and gallbladder carcinoma. Given this broad spectrum,
differential diagnosis is crucial. EUS plays an important role in this differentiation, with it being
reported to have high diagnostic ability for protuberant gallbladder lesions. Azuma et al. [52]
reported that EUS had high differential diagnostic ability for gallbladder lesions (less than 20 mm),
and that it was superior to AUS. Their study showed sensitivity, specificity, and positive and negative
predictive values for EUS and AUS in the diagnosis of malignancy of 91.7% vs. 54.2%, 87.7% vs. 53.8%,
75.9% vs. 54.2%, and 96.6% vs. 94.6%, respectively. However, for lesions smaller than 10 mm, the
differentiation of malignancy by EUS can be challenging [53]. In European guidelines,
cholecystectomy is recommended for gallbladder polyps of more than 10 mm. However, even if
polyps are of less than 10 mm, they can still be neoplastic lesions [54,55], and we must be careful. It
was reported that polyps larger than 14 mm are useful for distinguishing between benign and
malignant lesions [56]. While it is easy to suggest that the larger the polyp, the higher the proportion
of malignancy, there are also scoring systems that are useful for distinguishing between smaller
polyps.

An EUS scoring system for diagnosing whether gallbladder polypoid lesions are benign or
malignant has been suggested, with this system including features such as layer stricture, echo
patterns, margin of polyp, stalk, and number of polyps; polyps with a score of six or greater are
considered to be at high risk of malignancy (Table 4) [57]. This scoring system has utility for
distinguishing whether gallbladder lesions (size 5-15 mm) are benign or malignant. Findings
suggestive of malignancy include loss of layer structure, an isoechoic heterogeneous pattern,
lobulated margin, sessile type, and presence of multiple polyps [57].
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Table 4. Scoring system for EUS findings of gallbladder polypoid lesions (presented with some
modifications).

Score

Layer structure

preserved

(o)

lost

Echo pattern
hyperechoic spots
hyperechoic homogeneous

isoechoic homogeneous

a N = O

isoechoic heterogeneous
Margin of polyp

not lobulated

lobulated

o

Stalk
pedunculated
sessile
Number of polyps
multiple

single

Contrast-enhanced EUS (CE-EUS) is also useful for discriminating benign from malignant
gallbladder lesions. The evaluation of tumor vascularity aids in distinguishing between benign and
malignant lesions. Choi et al. [58] reported that an irregular vessel pattern in the gallbladder polyp
on CE-EUS could diagnose malignancy with a sensitivity and a specificity of 90.3% and 96.6%,
respectively, and the presence of perfusion defects in the gallbladder polyp determined by CE-EUS
could diagnose malignancy with a sensitivity and specificity of 90.3% and 94.9%, respectively. In
point of diagnosis of gallbladder carcinoma with definitely determined, the sensitivity and a
specificity of CE-EUS were 93.5% and 93.2%, respectively, slightly superior to conventional EUS
(90.0% and 91.1%).

Yamashita et al. [59] reported that a novel technique called detective flow imaging (DFI), which
can visualize fine vessels and slow flow not detectable with conventional color Doppler or power
Doppler techniques, was useful for distinguishing between benign and malignant gallbladder lesions.
This technique does not require contrast agents or additional examination time and can be more
easily evaluated. In the diagnosis of gallbladder carcinoma, the sensitivity, specificity, and accuracy
of irregular vessels detected with DFI-EUS were 89%, 100%, and 92% respectively [59].

In gallbladder carcinoma, EUS is useful not only for qualitative diagnosis, but also for staging
and pathological diagnosis. It is important to evaluate the depth of gallbladder wall invasion and the
extent of invasion into surrounding organs because these are involved in determining the treatment
plan.

7.3. T-Staging

As mentioned above, the gallbladder wall is depicted as two layers. Because the outer layer
consists of part of the subserosa and the serosa, thinning and disruption of the outer layer indicates
suspicion of tumor invasion deeper than the subserosa. Sugimoto et al. reported that EUS can
diagnose subserosal invasion of gallbladder carcinoma by focusing on the condition of the outer layer
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(sensitivity 97.1%, specificity 86.7%, accuracy 93.8%) [60]. CE-EUS is reported to be useful for
diagnosis of tumor invasion because it allows clear visualization of the layer structure [36].

7.4. N-Staging

The presence or absence of lymph node metastasis in gallbladder cancer affects the surgical
approach and patient prognosis, similar to the T-stage. Therefore, the detection of lymph node
metastasis is very important. EUS is also useful for diagnosing the N-stage of gallbladder cancer [61].
Mitake et al. reported that the sensitivity, specificity, and accuracy of EUS for detecting regional
lymph node metastasis were 81.8%, 92.9%, and 89.7%, respectively [62].

7.5. EUS-TA

EUS-TA is reported to be effective for pathological examination of gallbladder lesions. Giri et al.
reported a systematic review and meta-analysis on the utility and safety of EUS-TA for gallbladder
lesions [63]. This showed that the sensitivity, specificity, and accuracy for the diagnosis of malignant
lesions were 90%, 100%, and 94.1%, respectively. Adverse events showed a pooled incidence of 1.8%,
but none of the patients had a serious adverse event. However, as when EUS-TA is used for biliary
tract cancer, we cannot deny the risk of peritonitis due to bile leakage and potential tumor seeding.
In operable cases, a first tissue sampling via ERCP is recommended. If the diagnosis is not established
with ERCP, EUS-TA for lymph node metastases or liver metastases may be considered. For
unresectable cases, it is preferable to consider EUS-TA from locations where tissue sampling can be
reliably performed.

The number of chemotherapy drugs available for biliary tract cancers, including gallbladder
carcinoma, is rather limited. Recently, comprehensive genome profiling (CGP) has been attracting
attention in respect to devising treatment strategies, and EUS-TA plays an important role not only in
pathological diagnosis, but also in the field of CGP [64,65]. In a meta-analysis by Yoon et al., the
diagnostic sensitivity for biliary tract cancers was 67% with biopsy and 73.6% with EUS-TA [66]. The
sensitivity of transpapillary biopsy is not so high, which may be challenging for CGP. Yanaidani et
al. reported the utility of EUS-TA for CGP of biliary tract cancers [67]. They suggested that we should
use an FNB needle of 22G or larger because it allows suitable specimens for CGP to be obtained, with
such specimens having accuracy comparable to surgical specimens.

8. Diagnosis of Other Diseases
8.1. Pancreaticobiliary Maljunction

Pancreaticobiliary maljunction is a congenital anomaly where the pancreatic and bile ducts join
outside the duodenal wall. This condition leads to the reflux of pancreatic juice and bile, which
significantly increases the risk of bile duct gallbladder cancer and pancreatitis. Diagnosis can be
confirmed by observing absence of the sphincter of Oddi’s influence at the junction of the pancreatic
and bile ducts.

EUS is an effective modality for diagnosing pancreaticobiliary maljunction. It allows
confirmation that the bile duct and pancreatic duct converge within the pancreatic parenchyma. The
diagnostic accuracy of EUS for pancreaticobiliary maljunction is reported to be high, ranging from
88% to 100% [68-72] [Figure 6]. As a diagnostic method for pancreaticobiliary maljunction, direct
cholangiography via ERCP is also useful. Additionally, measurement of amylase levels in bile is
possible. IDUS is performed following ERCP, confirming the junction of the pancreatic and bile ducts
outside the duodenal wall. However, these methods are invasive, and post-ERCP pancreatitis can be
a concern.
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(a)

Figure 6. Pancreaticobiliary maljunction: (a) An endoscopic ultrasound image showing the pancreatic
duct and bile duct converging outside the duodenal wall.

8.2. Ampullary Tumors

Ampullary tumors can be classified into epithelial and non-epithelial types. Epithelial tumors
include adenoma and adenocarcinoma. Non-epithelial tumors include neuroendocrine tumors
among others. Treatment for ampullary tumors traditionally involved pancreaticoduodenectomy,
which is highly invasive and associated with mortality rates and high postoperative adverse event
rates [73]. Therefore, the less invasive approach of endoscopic papillectomy has gained attention for
ampullary adenoma and adenocarcinoma which do not invade the pancreatic or bile ducts.
Endoscopic papillectomy for ampullary adenoma has obtained a consensus in guidelines [74], but for
adenocarcinoma, invasion up to T1a depth is acceptable. Evaluation of factors such as tumor invasion
beyond the Oddi sphincter and involvement of the pancreatic or bile ducts is crucial for treatment
decisions. Therefore, EUS and IDUS are essential modalities for assessing the depth of ampullary
tumors.

8.3. T-Staging

A meta-analysis on the diagnostic accuracy of EUS for local staging of ampullary tumors
reported sensitivity and specificity for T-staging of 89% and 87%, respectively, for T1, 76% and 91%
for T2, 81% and 94% for T3, and 72% and 98% for T4 [75]. By comparison, the sensitivity and
specificity of IDUS for T-staging were reported to be 99% and 88%, respectively, for T1, 73% and 91%
for T2, and 79% and 97% for T3.

8.4. N-Staging

A meta-analysis on the diagnostic accuracy of EUS and IDUS for N-staging of ampullary tumors
reported the sensitivity and specificity were 61%, 77% and 61%, 92%, respectively [75].

8.5. EUS-TA

Reports on EUS-TA for ampullary tumors are few [Table 5] [76-78], which may be due to the
fact that diagnosis can often be achieved through conventional endoscopic biopsies. EUS-TA is
expected to be useful for diagnosing ampullary tumors that cannot be diagnosed through
conventional pathological examinations such as biopsies taken from within the papilla and/or brush
cytology during ERCP.
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Table 5. EUS-TA for ampullary tumors.
Author Number of patients Sensitivity(%) Specificity(%)  Accuracy(%) Complications
Defrain C et al. [76] 35 82 100 89 no data
Chang et al. [77] 20 no data no data 35 no data
Ogura et al. [78] 10 100 100 100 0

9. Therapy of Biliary Duct Diseases
9.1. Classification of EUS-Guided Biliary Drainage

EUS-guided biliary drainage (EUS-BD) includes various procedures for creating fistulas
between the gastrointestinal tract and bile ducts, such as EUS-guided hepaticogastrostomy (EUS-
HGS) and EUS-guided choledochoduodenostomy (EUS-CDS), as well as adjunctive techniques like
EUS-guided rendezvous, which involves accessing the bile ducts after fistula creation and passing a
guidewire through the ampulla to assist in bile duct access, and EUS-guided antegrade, in which
antegrade stent placement is performed. Additionally, there are procedures such as EUS-guided
hepaticojejunostomy, in which a fistula is created between the bile duct and jejunum, EUS-guided
hepaticoduodenostomy, in which a fistula is formed between the duodenum and right intrahepatic
bile duct, and EUS-guided gallbladder drainage (EUS-GBD), in which a fistula is created between the
duodenum and gallbladder. The choice of treatment should be tailored to the individual case.

9.2. Technical Procedures of EUS-Guided Biliary Drainage (EUS-BD)

The procedure for EUS-BD is as follows. First, the bile duct is visualized using EUS from the
gastrointestinal tract. Then, Doppler imaging is used to avoid blood vessels along the puncture line
and the bile duct is punctured and a guidewire inserted. After confirming intraductal placement with
a contrast tube, the fistula is dilated using dilation devices. Finally, a stent is placed [Figure 7]. The
advantage of EUS-BD is its ability to achieve internal fistulization. However, there are potential
drawbacks, including serious adverse events such as bile leakage, bile peritonitis, bleeding, and stent
migration. The overall frequency of adverse events was reported to be 13.7%, with bile leakage at
2.2%, bleeding at 0.9%, and stent migration at 1.7% [79].

Figure 7. Procedure for EUS-guided hepaticogastrostomy: (a) The dilated intrahepatic bile duct
depicted by EUS (yellow arrow shows). (b)Puncture by EUS-FNA needle and cholangiography of the
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intrahepatic bile ducts using contrast agent. (c)Insertion of the guidewire through the needle. (d)
Dilation of the puncture line. (e, f) Placement of the self-expandable metal stent.

9.2.1. Comparison of EUS-BD vs. PTBD

PTBD has traditionally been chosen as an alternative treatment for biliary drainage in cases
where ERCP fails or is difficult. Several meta-analyses and systematic reviews have compared EUS-
BD and PTBD, and the results of these are summarized in Table 6 [80-83]. It is suggested that EUS-
BD has a higher success rate, less adverse events, and fewer reinterventions than PTBD. However,
these differences are still open to debate because prospective trials have not been conducted.

Table 6. Comparison of EUS-BD and PTBD.

Author Technical success(OR)  Clinical success(OR) Adverse events(OR) Reintervention rates(OR)

Sharaiha et al. [80] 1.78 (95% CI, .69-4.59)  0.45(95% CI, 0.23-0.89)  0.23 (95% CI, 0.12-0.47)  0.13 (95% CI, 0.07-0.24)

Moole et al. [81]  3.06 (95% CI, 1.11-8.43) No data -0.21 (95% CI, -0.35—-0.06) No data

Miller et al. [82] ~ 1.01 (95% Cl, 0.92-1.11) 0.99 (95% Cl, 0.88-1.12)  0.59 (95 % CI, 0.39-0.87)  0.37 (95 %CI, 0.22-0.61)

Girietal. [83]  1.12 (95% CI, 0.67-1.88) 2.55 (95% CI, 1.63-4.56)  0.41 (95% CI, 0.29-0.59)  0.20 (95% CI, 0.10~0.38)

9.2.2. Comparison of EUS-BD vs. ERCP

Two previous studies [84,85] reported the technical and clinical success rates of EUS-BD and
ERCP to be equivalent, and the incidence of adverse events was also comparable. In a study by Paik
et al. [86], although the technical and clinical success rates were similar between the two procedures,
the incidence of adverse events was lower with EUS-BD (6.3% vs. 19.7%, p=0.03). In ERCP, there is
always a risk of pancreatitis, but this concern does not exist with EUS-BD. We must not forget that
EUS-BD also carries the risk of specific adverse events such as bile leakage, bile peritonitis, and stent
migration. In the latest meta-analysis comparing ERCP and EUS-BD for malignant biliary obstruction,
there were no significant differences between the two techniques in regard to technical success rate
(OR=0.76; 95% CI: 0.30-1.91), clinical success (OR=1.45, 95% ClI, 0.66-3.16), and adverse event rates
(OR=0.75, 95% CI, 0.45-1.24) [87]. EUS-BD also required less reinterventions than ERCP (OR=0.36,
95% CI, 0.15-0.86) [87]. These findings suggest that EUS-BD could be considered as a safe and
effective alternative treatment for biliary drainage. In the future, EUS-BD may become the first line
therapy for biliary drainage [88].

9.2.3. Comparison of EUS-CDS vs. EUS-HGS

In the field of EUS-BD, both EUS-CDS and EUS-HGS are commonly performed procedures.
EUS-CDS is typically performed in cases of common bile duct obstruction or duodenal obstruction
beyond the superior duodenal angle (SDA). By contrast, EUS-HGS is typically performed in cases of
hilar bile duct obstruction, duodenal obstruction proximal to the SDA, or postoperative intestinal
reconstruction. In studies comparing these two techniques [Table 7] [89-91], EUS-CDS and EUS-HGS
were found to be comparable with respect to technical success rate, clinical success rate, and adverse
events. However, EUS-HGS was reported to have a higher reintervention rate.
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Table 7. Comparison between EUS-CDS and EUS-HGS.
Adverse Reintervention
Author Technical success(OR) Clinical success(OR)
events(OR) rates(OR)
0.96 (95% CI, 0.39— 0.76 (95% CI, 0.42— 0.97 (95% CI, 0.60—
Uemura et al. [89] No data
2.33) 1.35) 1.56)
0.95 (95% CI, 0.51— 1.13 (95% CIL, 0.66— 1.00 (95% CI, 0.70— 0.31 (95% CI, 0.16—
Mao et al. [90]
1.74) 1.94) 1.43) 0.63)
Yamazaki et al. 1.04 (95% CI, 0.62— 0.66 (95% CI, 0.43— 1.39 (95% CI, 1.00— 2.95 (95% CI, 1.54-5.6)
[91] 1.73) 1.04) 1.93) (HGS>CDS)

9.3. Indication and Technical Procedures of EUS-Guided Gallbladder Drainage (EUS-GBD)

When the surgical risk is not high, the first-choice treatment for acute cholecystitis is early
cholecystectomy, which has gained a consensus [92]. In cases of high surgical risk, gallbladder
drainage becomes necessary, with procedures such as percutaneous transhepatic gallbladder
drainage (PTGBD) or endoscopic transpapillary gallbladder drainage (ETGBD) being performed.
PTGBD is not recommended in patients with an inability to puncture due to anatomical issues or
ascites, and in elderly patients at high risk of tube self-removal. In such cases, consideration should
be given to ETGBD. ETGBD offers significant benefits from the use of an internal fistula. However,
the risk of post-ERCP pancreatitis and the relatively low success rate are problematic. In recent years,
EUS-GBD has been reported as a new option for high-risk surgical cases of acute cholecystitis.

The procedure for EUS-GBD is as follows. First, the gallbladder is depicted using EUS from the
duodenum. Then, Doppler imaging is used to avoid blood vessels along the puncture line and the
gallbladder is punctured and contrast agent injected. After confirming the gallbladder under
fluoroscopic guidance, a guidewire is inserted and the fistula is dilated using dilation devices. Finally,
a stent is placed. As in EUS-BD, there is a risk of serious adverse events including bile leakage, bile
peritonitis, and stent migration.

9.3.1. Comparison of EUS-GBD vs. PTGBD or ETGBD

Like PTGBD, EUS-GBD may encounter difficulties in patients undergoing antithrombotic
therapies, those with substantial ascites, and in cases of postoperative intestinal reconstruction.
However, it offers a higher success rate than ETGBD [93], and is advantageous in terms of the
achievement of an internal fistula, making it a valuable treatment option. In a systematic review and
meta-analysis comparing EUS-GBD and PTGBD, the technical success rates, clinical success rates,
adverse event rates, and recurrency rates of acute cholecystitis were 96.5% vs. 98.6%, 93.5% vs. 91.9%,
17.9% vs. 33.9% and 4.2% vs. 7.6%, respectively [94]. Currently, EUS-GBD is performed only in certain
advanced medical facilities, and for it to become an alternative treatment to PTGBD, further
dissemination is necessary.

10. Conclusions and Future Directions

In conclusion, EUS and IDUS perform important roles in the diagnosis and treatment of biliary
diseases. Because of their superior spatial resolution compared with other modalities, they enable us
to detect small lesions and perform differential diagnosis and tumor staging of malignant tumors.
Furthermore, with the emergence of new techniques, EUS-BD has had a significant impact on
endoscopic biliary drainage procedures. Further increases in its application are expected in the future.
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