~J
@

insights

gastroenterology

Review

The Role of Cholangioscopy and EUS in the Evaluation of
Indeterminate Biliary Strictures

Wilson Siu ! and Raymond S. Y. Tang -2*

check for
updates

Citation: Siu, W.; Tang, R.S.Y. The
Role of Cholangioscopy and EUS in
the Evaluation of Indeterminate
Biliary Strictures. Gastroenterol.
Insights 2022, 13, 192-205. https://
doi.org/10.3390/ gastroent13020020

Academic Editor: Raffaele Pezzilli

Received: 22 April 2022
Accepted: 20 May 2022
Published: 14 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute of Digestive Disease, The Chinese University of Hong Kong, Hong Kong SAR, China;
wilsonsiuwc@gmail.com

Department of Medicine and Therapeutics, Prince of Wales Hospital, The Chinese University of Hong Kong,
Hong Kong SAR, China

*  Correspondence: raymondtang@cuhk.edu.hk; Tel.: +852-3505-2920; Fax: +852-2637-1978

Abstract: Bile duct stenosis continues to present a diagnostic dilemma for clinicians. It is important to
establish the benign or malignant nature of the stricture early in order to avoid any unnecessary delay
in medical treatment or surgery. Tissue acquisition for histological diagnosis is particularly crucial
when the initial diagnostic work up is inconclusive. The diagnostic yield from the conventional
endoscopic retrograde cholangiopancreatography (ERCP) with brushing and biopsy is suboptimal.
Patients with indeterminate biliary strictures (IDBSs) often require a multi-disciplinary diagnostic
approach and additional endoscopic evaluation, including cholangioscopy and endoscopic ultra-
sound, before a final diagnosis can be reached. In this article, we discuss the recent endoscopic
advancements in the diagnosis of biliary stricture with a focus on the roles of cholangioscopy and
endoscopic ultrasound (EUS).
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1. Introduction

Despite the significant advances in pancreaticobiliary cross-sectional imaging, cholan-
gioscopy systems and endoscopic-ultrasound-guided fine-needle aspiration (EUS-FNA),
differentiating between malignant and benign biliary strictures remains a clinical chal-
lenge. In clinical practice, indeterminate biliary stricture (IDBS) refers to strictures that
have no obvious mass on cross sectional imaging and without a definitive tissue diagnosis.
IDBS currently represents 20% of all biliary strictures after initial evaluation, including
endoscopic retrograde cholangiopancreatography (ERCP) with standard sampling, such as
brush cytology and transpapillary biopsy (TPB) and laboratory testing of tumor markers [1].
However, the diagnostic yield from conventional ERCP with brushing and TPB is often
disappointing. A recent meta-analysis revealed the sensitivity and specificity of brush
cytology for diagnosing malignant biliary strictures (MBSs) to be 45% and 99%, respectively,
while the sensitivity and specificity of TPB were 48% and 99%, respectively. The diagnostic
yield using a combination of both modalities was still suboptimal and only increased the
sensitivity slightly to 59% [2]. The decision whether to conservatively manage a patient
or proceed with high-risk surgical resection and oncological treatment relies heavily on
the confirmation of cancer during cyto- or histopathological assessment. The low negative
predictive value of conventional ERCP gives clinicians with very low confidence in assum-
ing IDBS are benign in nature [3]. In fact, previous observation studies showed two-thirds
of IDBS eventually turned out to be malignant, while one-fourth of all surgical resections
were actually benign [4].

2. Clinical Presentation and Common Biomarkers

The clinical presentation of patients with biliary strictures can be broad and can range
from an asymptomatic incidental finding to fulminant cholangitis with right upper quad-
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rant pain, fever and jaundice. Clinical history and symptoms are only helpful to a certain
extent in differentiating between benign and malignant strictures as symptoms, such as
weight loss, fever, nausea vomiting and pruritis, can be present in both [5]. Carbohydrate
antigen 19-9 (CA19-9) is the most common and validated biomarker used for cholangio-
carcinoma (CCA) and pancreatic adenocarcinoma. At a cut-off of 37 U/mL, CA19-9 has a
sensitivity of 77% and specificity of 87% for pancreatic cancer [6]. The main limitation of
CA 19-9 in its use for CCA is that it can be elevated in non-malignant obstructive jaundice.
Efforts to bypass this limitation include the use of a higher cut-off value of 300 U/mL in
patient with cholangitis or cholestasis or by delaying the testing of CA19-9 after patients
have recovered from their acute presentation [6]. Carcinoembryonic antigen (CEA) is
another widely used biomarker in the diagnosis of CCA. It is raised in up to 30% of CCA
patients and its diagnostic sensitivity and specificity range from 42% to 85% and 70% to
89%, respectively [7].

3. Etiology

Biliary strictures can be caused by lesions within the biliary lumen, arising from the
mural layer of the bile duct itself, or from extra-biliary compression [4]. While a mass
lesion involving the bile duct may be observed on imaging such as ultrasound, computed
tomography (CT), or magnetic resonance imaging of the abdomen in patient presenting
with obstructive jaundice, early malignancy of the bile duct may often present with a
ductal stricture without an obvious mass on cross-sectional imaging [3]. The benign
causes of biliary strictures include iatrogenic bile duct injury after cholecystectomy or
liver transplantation and several inflammatory conditions most notably primary sclerosing
cholangitis (PSC) and IgG4-related sclerosing cholangitis (IgG4-SC) (Table 1). In contrast to
the variety of the benign etiology of biliary strictures, MBS are largely caused by CCA and
pancreatic adenocarcinoma (Figure 1).

Table 1. Etiology of indeterminate biliary strictures (IDBSs).

Benign Malignant
Iatrogenic bile duct injury Cholangiocarcinoma
Post-endoscopic sphincterotomy, cholecystectomy;, liver transplantation Sporadic, PSC-associated
Autoinflammatory

Primary sclerosing cholangitis (PSC), IgG4-SC, chronic pancreatitis
Ischemic cholangiopathy, vasculitis, portal hypertensive biliopathy

Recurrent pyogenic cholangitis, tuberculosis, human immunodeficiency
virus cholangiopathy

Pancreatic and ampullary adenocarcinoma

Vascular Hepatocellular and gallbladder carcinoma

Infectious Intrahepatic metastasis

Lymphoma

IgG4-SC is an inflammatory disorder of the biliary tract and has increasingly been
recognized as a biliary manifestation of IgG4-related systemic disease or in association with
autoimmune pancreatitis (Figure 2). It is characterized by the elevation of the IgG4 levels
and the infiltration of IgG4-plasma cells in the bile duct wall [8,9]. Nevertheless, serum
IgG4 is not elevated in up to 30% of IgG4 cholangiopathy cases and it can also be elevated
in 10% of PSC patients [3].

PSC is an inflammatory disorder of the intra- and extrahepatic bile ducts leading to
stricture formation. The diagnosis of PSC relies on the appearance of focal biliary strictures
and dilatations on imaging after excluding the secondary causes of sclerosing cholangi-
tis [10]. In PSC patients with a dominant stricture, additional endoscopic workup to rule out
CCA is warranted because up to 13% of PSC patients will eventually develop CCA. Other
malignant causes of biliary strictures, such as bile duct lymphoma or intraductal papillary
neoplasm of the bile duct (IPNB), can also mimic CCA. Their oncological treatment options
and prognosis can be quite different, and this highlights the importance of endoscopic
tissue acquisition for the diagnosis of biliary stricture [11].
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Figure 1. CT showing a dilated bile duct and pancreatic duct (double duct sign) caused by a pancreatic
head mass.

Figure 2. EUS images of a benign distal biliary stricture: (A) Diffuse inflammatory thickening of the
bile duct wall with a focal nodular area causing a short biliary stricture in a patient with IgG4-SC;
(B) Contrast-enhanced EUS showing isoenhancement of the nodular area inside the biliary tract and
the thickened bile duct wall, suggestive of an inflammatory stricture.
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4. ERCP-Based Techniques
4.1. Cholangiogram Appearance, Brush Cytology and Transpapillary Biopsy

After successful biliary cannulation in ERCP, the performance of an adequate cholan-
giogram is the fundamental first step in the evaluation of a suspected biliary stricture.
A malignant biliary stricture usually has an irregular appearance on cholangiogram, whereas
a benign biliary stricture often has a smooth contour on cholangiogram [4]. However, the
cholangiographic appearance alone may not allow reliable differentiation between ma-
lignant and benign biliary strictures. While tissue sampling is the preferred technique to
confirm a malignant diagnosis, the suboptimal sensitivity of ERCP-guided brush cytology
and TPB remains a major limitation [4,5]. The high number of false negatives from tissue
sampling during ERCP can be attributable to procedural factors and histopathological
interpretation [5]. Several techniques in tissue sampling have been shown to improve
the diagnostic accuracy of ERCP-based tissue sampling. Balloon dilatation of the biliary
stricture prior to forcep biopsy improved the sensitivity from 40% to 71% and was not asso-
ciated with a higher complication rate [12]. In a pilot study, post-brushing biliary lavage
fluid cytology by injecting 5-15 mL of saline into the bile duct after brushing improved the
cumulative sensitivity by 24% [13].Fluorescence in situ hybridization (FISH) has been used
to measure the DNA content of potential oncogenic genes on brush cytology samples for
over a decade. Nevertheless, the sensitivity of FISH and cytology alone only appears to
range from 31% to 59% [14,15]. A single center retrospective study by Nanda et al. showed
a sensitivity of 82% when the combination of brush cytology, forcep biopsy and FISH are
used [14]. However, the cost of FISH is at least 3—4 times more expensive than conventional
cytology. In a study comparing ERCP with brushings for cytology, ERCP with brushings
for cytology and FISH-trisomy, ERCP with brushings for cytology and FISH-polysomy, and
ERCP with TPB and single operator cholangioscopy (SOC) with targeted biopsy for the
diagnosis of CCA in PSC patients, Njei et al. reported that SOC with tissue sampling is
actually the most cost-effective modality for this purpose [16].

4.2. Probe-Based Confocal Laser Endomicroscopy

Probe-based confocal laser endomicroscopy (pCLE) is a novel imaging technique
that provides real-time ‘optical biopsies” during ERCP. It uses a low power beam of laser
transmitted through a miniprobe, and a distal lens sequentially scans the biliary epithelium
to provide in vivo architectural information at the cellular level [17]. A recent meta-analysis
showed that the overall sensitivity and specificity for diagnosing MBS was 90% and 75%,
respectively [18]. Inflammatory changes on the biliary epithelium from prior stenting,
brushing or biopsies could affect pCLE imaging and the suboptimal specificity is likely due
to the false interpretation of these inflammatory changes in biliary strictures [11].

5. Cholangioscopy
5.1. Different Types of Peroral Cholangioscopy

There has been significant technological advancement in the past decade since cholan-
gioscopy was first introduced in 1976 [19]. Traditional peroral cholangioscopy is called
the ‘mother—baby system’; the dedicated videocholangioscope is used as the baby scope
and inserted through the accessory channel of the duodenoscope. It provides excellent
images with narrow band imaging (NBI) capability (Figure 3) and good maneuverability
for comparatively easy bile duct insertion. However, the fragility of the scope and the
requirement of two skilled endoscopists to operate the system has prompted the introduc-
tion of the single operator cholangioscopy (SOC) system. There are currently two types
of SOC: duodenoscopy-assisted SOC (SpyGlass, Boston scientific, Natick, MA, USA) and
peroral direct cholangioscopy (DC) using an ultraslim gastroscope. DC can also be cou-
pled with NBI to allow the clear visualization of the tumor margin for targeted biopsies.
Ultraslim gastroscopes are readily available in many endoscopy units and hence the cost is
significantly lower compared to the disposable SpyGlass SOC. However, sphincterotomy
or balloon sphincteroplasty are required prior to scope insertion and it can be technically
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challenging in patients with a narrow bile duct diameter and proximal biliary stricture
without an anchoring device [11]. A higher technical success rate has been reported using
carbon dioxide insufflation and an anchoring balloon to facilitate the deep advancement
of the ultraslim gastroscope into the bile duct through the papilla [20]. Recently, a new
multibending ultra-slim endoscope has become available and was shown to have a high
technical success rate with a reduced procedure time compared with a conventional ultra-
slim endoscope in a randomized trial [21]. The SpyGlass SOC, on the other hand, provides
better maneuverability with four-way deflected steering compared to DC [21]. The imaging
quality of the first generation SpyGlass SOC is traditionally poor due to its fiberoptical
probe system, but the most recent digital version of the SpyGlass SOC (D-SOC) (SpyGlass
DS or DS 11, Boston Scientific, Natick, MA, USA) has a much-improved resolution and a
wider field of view, leading to improved visualization and targeted SOC-guided biopsy or
lithotripsy [22,23].

Figure 3. Cholangioscopy images of an MBS by mother-baby cholangioscopy with NBI capability.
(A) Irregular, nodular bile duct mucosa seen in the region of narrowing upon white light examination.
(B) Irregular, dilated and tortuous ‘tumor’ vessels seen on NBI examination.

5.2. Visual Impression

Representative D-SOC images of benign and malignant biliary strictures are shown in
Figures 4 and 5, respectively. A meta-analysis reported the overall pooled sensitivity and
specificity of D-SOC in the visual interpretation of biliary malignancy was 94% and 95%,
respectively [24]. Nevertheless, the retrospective nature of the included studies and the
fact that endoscopists were not blinded to the result of previous investigations allow the
potential of bias [25].

A recent prospective study enrolling 289 patients with IDBS showed that strictures
were successfully visualized in 99% of patients, providing a visual diagnostic impression
in 87% and obtaining adequate biopsies in 93%, while having a low complication rate of
1.7% [26]. This large, real-life prospective study has shown that D-SOC is an effective and
safe intervention in guiding the management of patients with IDBS. However, these results
should be interpreted with some caution as patients with PSC were not included in the
study. A retrospective study including PSC patients (40% of the study population) showed
the sensitivity and specificity for the D-SOC visual impression of IDBS were only 64% and
62%, respectively [27]. A recent study by Stassen et al., which also included PSC patients
(25% of the study population), showed a sensitivity of 74% and specificity of 47% for the D-
SOC video appraisal of IDBS when endoscopists were blinded to any clinical information.
The study also showed considerable interobserver variation, despite all participating
endoscopists being experts in the field with significant experience [25]. Although the D-SOC
system allows for a significantly higher image resolution compared to the older generation
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of fibreoptic SOC (F-SOC), there is still a lack of consensus on what constitutes a malignant
stricture and this might explain the high interobserver variability [5]. A new criteria-
based system, the Mendoza Criteria, was developed recently to overcome this limitation. It
included features that were previously shown to be statistically associated with malignancy:
the presence of tortuous and dilated vessels, presence of irregular nodulations, presence
of raised intraductal lesion, presence of irregular surface with or without ulcerations, and
the presence of friability [28] (Figure 5). The overall diagnostic accuracy using this criteria
method was 77%.

Figure 4. D-SOC image of benign biliary strictures. (A) Benign hilar stricture seen in a patient with
recurrent pyogenic cholangitis and intrahepatic duct stones. (B)Benign stricture due to focal bile duct
wall thickening from inflammation in a patient with IgG4-SC (white arrow).

Figure 5. D-SOC image of a malignant biliary stricture (cholangiocarcinoma). (A) Tight malignant
stricture caused by an irregular polypoid mass. (B) Tortuous, dilated ‘tumor’ vessels.

5.3. Cholangioscopy-Guided Biopsy

SOC-guided biopsy improves the diagnosis of IDBS particularly in patients with
previous negative brushing and TPB. In a recent prospective randomized multicenter trial,
the sensitivity of D-SOC-guided biopsy for diagnosing MBS was superior compared to
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conventional ERCP with standard sampling (68% vs. 21%) [23]. A meta-analysis (10 studies,
456 patients) showed that F-SOC guided biopsy had a pooled sensitivity, specificity and
diagnostic odds ratio of 60%, 98% and 66 [29]. The D-SOC system allows more precise
tissue sampling with improved diagnostic accuracy. In another recent meta-analysis, Wen
et al. (11 studies, 356 patients) showed the pooled sensitivity, specificity and diagnostic
odd ratio of D-SOC-guided biopsy to be 74%, 98% and 65%, respectively [30]. Increasing
the number of biopsies taken and using a larger forceps should theoretically improve
the diagnostic yield, but the optimal number of biopsies remains unclear. The mean
number of biopsies performed in these studies ranged from 2 to 5 [10]. Furthermore, a
recent prospective randomized trial showed no significant difference in diagnostic accuracy
using the rapid on-site evaluation (ROSE) of the biopsy specimen in patients with IDBS.
However, a greater number of biopsies was required to obtain a final diagnosis in the
offsite cohort [31]. Adverse event rates of D-SOC were reported to be low in multiple
studies, with a pooled adverse event rate of 7% in a recent meta-analysis [23,26,30,32].
On the other hand, the adverse event rate for DC was reported to be as high as 12%
with air embolism being a major concern [33]. SOC-guided biopsy was shown in a cost
utility analysis to be the most cost-effective diagnostic modality for CCA in PSC patients
compared to conventional ERCP [16]. A cost-benefit analysis also showed that the use
of D-SOC reduced the number of procedures performed by 31% and cost by 5% when
compared to conventional ERCP [34]. Despite the potential benefits and cost-effectiveness,
cholangioscopy is often regarded as a second-line investigation for IDBS in most endoscopy
units due to cost constraints and availability.

6. Endoscopic Ultrasound
6.1. Intraductal Ultrasonography

Intraductal ultrasonography (IDUS) is performed by using a high-frequency
(12-30 MHz) ultrasonic probe that can be placed in close proximity to the pancreato-
biliary ductal system during ERCP. It allows real-time cross-sectional imaging of the bile
duct and the surrounding structures. The sonographic features that are suggestive of ma-
lignancy include hypoechoic sessile mass, tumor size greater than 10 mm and interrupted
bile duct wall echo layers [34,35]. A large retrospective study by Meister et al. showed
that IDUS is highly accurate in distinguishing between benign and MBS with a sensitivity,
specificity and accuracy of 93%, 90% and 91%, respectively [36]. A large retrospective study
involving 234 patients with IDBS showed the superiority of IDUS in diagnostic accuracy for
MBS compared to other modalities: IDUS (91%), TPB (59%) and EUS (74%) [37]. A study
involving 72 patients with suspected ampullary tumor showed that IDUS has a superior
diagnostic accuracy over TPB alone and can accurately stage and predict cases that can be
treated endoscopically [38]. The European Society of Gastrointestinal Endoscopy suggests
that a combination of IDUS and biopsies might have a role in the evaluation of ampullary
tumors [17]. However, despite the strengths of IDUS, several limitations exist: (1) the
tendency for under-staging of pancreatobiliary tract tumors and suboptimal staging for
locoregional lymph nodes due to the limited penetration depth [37], (2) decreased diag-
nostic yield due to acoustic interference from previously placed biliary stents and (3) most
importantly the inability to obtain a histological sample [39].

6.2. Endoscopic Ultrasound

EUS allows high resolution imaging of the pancreas parenchyma, extrahepatic bile
duct and regional lymphadenopathy as well as tissue acquisition capability by FNA in
the same session. The sonographic features associated with malignancy in IDBS include a
pancreatic head mass and a bile duct wall thickness of >3 mm [40]. On EUS, the innermost
hyperechoic layer (IHL) corresponds to the mucosal layer of the bile duct. When bile
duct wall thickening is observed on EUS, efforts should be made to assess whether the
IHL is preserved since cholangiocarcinoma originates from the bile duct mucosa and
leads to the loss of the IHL plane. Figure 6 shows a small hypoechoic mass in the distal
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common bile duct (CBD) traversed by a biliary stent, which was not clearly observed in
CT abdomen previously. The mass was hypoenhanced with the highlight of fine tumor
vessels on contrast-enhanced EUS (CE-EUS), suggestive of CCA. A meta-analysis showed
that EUS alone without FNA has a sensitivity of 78% and specificity of 84% for detecting
MBS [41]. EUS-ENA has an added advantage over ERCP as it can potentially obtain a
histological sample from an extraductal lesion that is not reachable with ERCP. It allows the
more precise locoregional staging of the tumor, which is particularly important in guiding
treatment choices in patients with CCA as the presence of malignant regional lymph nodes
(RLN) often precludes curative surgical resection or liver transplantation. EUS +/— FNA
was more sensitive in identifying RLN in CCA patients when compared to cross-sectional
imaging (86% vs. 47%) [42]. In patients with suspected biliary strictures and failed biliary
cannulation in ERCP, EUS can provide additional diagnostic information and allow rescue
for biliary access by EUS rendezvous technique to facilitate the completion of ERCP [43].

Figure 6. EUS images of a distal malignant biliary stricture. (A) A small 1 cm hypoechoic mass
was noted in the distal CBD traversed by a plastic biliary stent on EUS. This lesion was not clearly
observed in CT abdomen before EUS examination. (B) CE-EUS showed a hypoenhanced mass with

fine tumor vessels.
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6.3. Tissue Is the Real Issue

EUS-FNA is superior to conventional ERCP with brush cytology and TPB for diagnos-
ing MBS. A recent meta-analysis showed that EUS-FNA has a higher sensitivity (75% vs.
49%) and accuracy (79% vs. 61%) compared to conventional ERCP. However, it is important
to emphasize that a negative result with both techniques cannot completely exclude malig-
nancy as both have a very low negative predictive value (47% vs. 34%) [44]. The diagnostic
sensitivity of EUS-FNA is higher in a distal biliary lesion compared to a proximal lesion.
This is likely due to the distal CBD being in close proximity to the duodenal wall and can
be easily visualized and assessed with EUS. Furthermore, the majority of the distal lesion is
caused by extrinsic compression, such as pancreatic malignancy and lymphadenopathy.
EUS-FNA has a sensitivity of 76% in proximal biliary strictures compared to a sensitivity of
83% in distal stricture [45]. In a meta-analysis of 33 studies, EUS-FNA was shown to be
highly accurate for the diagnosis of solid pancreatic neoplasm with a pooled sensitivity
of 85% and pooled specificity of 98% [46]. When compared to conventional EUS b-mode
imaging and contrast-enhanced multidetector CT, CE-EUS was shown to improve the
detection of small pancreatic lesions. In a prospective study of 277 patients with pancreatic
solid lesions, Kitano et al. demonstrated that CE-EUS was superior to contrast-enhanced
multidetector CT in detecting small (<2 cm) carcinoma [47]. A combination of CE-EUS and
EUS-ENA increased the overall sensitivity in diagnosing pancreatic neoplasm from 92% to
100% compared to EUS-FNA alone [47]. In recent years, multiple fine-needle biopsy (FNB)
needles with specialized tip designs have become available, allowing the procurement
of tissue cores for histological examination [48]. A recent multicenter randomized study
involving 608 patients with solid lesions demonstrated that EUS-FNB had a considerably
higher histologic yield (77% vs. 44%) and diagnostic accuracy (87% vs. 78%) compared to
EUS-FNA [49]. In a recent meta-analysis of 18 randomized studies comparing EUS-FNB
with EUS-FNA, EUS-FNB outperformed EUS-FNA with a higher accuracy, tissue core rate
and allowed diagnosis with fewer passes in both pancreatic and non-pancreatic lesions [50].
Despite the benefits of EUS-FNA /EFNB, the possibility of needle tract seeding of malignant
cells after EUS-FNA /FNB remains a concern in potentially operable proximal and hilar
biliary malignancies. In a retrospective study of 191 hilar CCA for pre-liver transplantation
laparoscopic staging, 16 pre-operative FNA were performed (3 EUS and 13 percutaneous)
and 5 out of 6 (83%) patients with a positive FNA cytology for adenocarcinoma developed
peritoneal metastasis [51]. In contrast, another retrospective study involving 150 CCA
patients treated primarily by surgical resection with or without adjuvant chemotherapy
found that pre-operative EUS-FNA did not adversely affect patients’ overall or progression-
free survival [52]. Current data on the incidence and outcome of tumor seeding after the
EUS-FNA of biliary malignancy is limited and conflicting. Nonetheless, given the potential
detrimental risk of tumor seeding, most transplantation programs consider pre-operative
EUS-FNA a contraindication to liver transplantation [3].

7. Same-Session EUS and ERCP

There are several advantages of performing EUS-FNA and conventional ERCP during
the same session. This approach helps to streamline the diagnostic workup and may better
triage the need for ERCP in patients with suspected biliary obstruction [53]. In a study of
418 patients with unexplained biliary obstruction, Zaheer et al. demonstrated that same-
session EUS and ERCP were safe and effective and the diagnostic accuracy of EUS was 90%
for malignant strictures and 92% for benign strictures [53]. In a multicenter retrospective
study of 263 patients with suspected MBS who underwent same-session EUS and ERCP,
the overall diagnostic sensitivity and accuracy of the EUS/ERCP combination were 85.8%
and 87.1%, respectively [54]. Of note, while the sensitivity and accuracy of EUS/ERCP
combination were found to be higher than those of EUS-FNA for both pancreatic and
biliary lesions, there were no significant differences between the ERCP/EUS combination
and EUS-FNA in patients with a large mass (>4 cm). The superiority of same-session
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EUS-ENA- and ERCP-based tissue sampling when compared to either method alone was
further demonstrated in a recent meta-analysis [55].

8. Biliary-Stricture-Location-Based Approach

The location of biliary strictures may affect the diagnostic efficacy of cholangioscopy
and EUS for IDBS. Despite the recent improvement in the design of the SOC scopes,
maintaining a stable cholangioscope position to perform adequate biopsies in tight distal
CBD strictures can still be technically challenging. Proximal perihilar strictures, on the
other hand, can be difficult to be visualized and biopsied with EUS as the location is
closer to the liver and further away from the duodenal wall. Because there is currently no
randomized controlled clinical trial data available directly comparing SOC-guided biopsy
and EUS-FNA in the setting of IDBS, an approach of using SOC-guided biopsy or EUS-FNA
according to the stricture location can be helpful in the endoscopic workup of IDBS after
inconclusive ERCP-based tissue sampling (Figure 7). With this approach, the accuracy for
diagnosing MBS using SOC-guided biopsy for proximal strictures and EUS-FNA /FNB for
distal biliary strictures was 93.6% and 96.3%, respectively, in a study of 181 patients with
suspected MBS [56].

Indeterminate biliary Strictures
(inconclusive ERCP based tissue acquisition)

A 4

Review previous cholangiogram,
imaging and laboratory results

(IgG4 and CA 19-9 levels)
Perihilar location >2cm below biliary confluence
A4
Proximal Stricture Distal Stricture
"Cholangioscopy-guided Mass lesion or double duct

biopsy

Yes l No
A4

*EUS-guided sampling EUS +/-ERCP guided sampling

Non-diagnostic

\ 4

Non-diagnostic Non-diagnostic

A4 v

Cholangioscopy-guided
biopsy

Figure 7. Algorithm for the evaluation of indeterminate biliary strictures. * Consider pCLE or IDUS
if available. *EUS-guided tissue sampling may not be necessary if the lesion is potentially operable.

9. Conclusions

The evaluation of IDBS remains a complex and challenging task despite the advance-
ment of new technologies over the past two decades. A multidisciplinary approach is
necessary in order to choose the right diagnostic modality and to achieve early diagnosis.
While both cholangioscopy and EUS are reasonable next steps in workup after inconclusive
ERCP-guided tissue sampling, each modality has its own strengths and weaknesses. Apart
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Abbreviation

ERCP endoscopic retrograde cholangiopancreatography
IDBS indeterminate biliary stricture

EUS endoscopic ultrasound

EUS-FNA  endoscopic-ultrasound-guided fine-needle aspiration
TPB trans-papillary biopsy

MBS malignant biliary stricture

CA19-9 carbohydrate antigen 19-9

CCA cholangiocarcinoma

CEA carcinoembryonic antigen

CT computed tomography

PSC primary sclerosing cholangitis

IgG4-SC IgG4-related sclerosing cholangitis

IPNB intraductal papillary neoplasm of the bile duct
FISH fluorescence in situ hybridization

S0C single-operator cholangioscopy

pCLE probe-based confocal laser endomicroscopy
NBI narrow band imaging

DC direct cholangioscopy

D-50C digital-single-operator cholangioscopy

F-SOC fibreoptic-single-operator cholangioscopy
ROSE rapid on-site evaluation

IDUS intraductal ultrasonography

CBD common bile duct

CE-EUS contrast-enhanced endoscopic ultrasound
RLN regional lymph nodes

FNB fine-needle biopsy
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