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Abstract: Evaluation of biliary strictures remains a challenge due to the low sensitivity of standard diagnostic
work up, but the introduction of direct single-operator cholangioscopy (DSOC) changed this paradigm. Aim
of our study was to evaluate diagnostic performance of DSOC and DSOC-targeted biopsies, intraductal
ultrasound (IDUS) and brush cytology in patients with indeterminate biliary stricture (IBS). We evaluated
patients who underwent advanced diagnostic work up for IBS in our endoscopy unit from ‘01/2018 to 12/2022;
all patients had at least one previous attempt to characterize the biliary stricture. Final diagnosis was based on
surgical pathology and/or clinical and radiological follow-up of at least 12 months. A total of 57 patients with
a mean age of 67.2 + 10.0 years were included, with a mean follow up of 18.2 + 18.1 months. IBS were mostly
located in the distal common bile duct (45.6%) and final diagnosis was consistent with malignancy in 35
patients (61.4%). DSOC and IDUS showed a significantly higher accuracy (89.5% and 82.7% respectively)
compared to standard cytology (61.5%, p <0.05). In our experience, DSOC visualization and IDUS both
demonstrated an optimal diagnostic yield in the differentiation of IBS, with an acceptable safety profile both
quantitatively and qualitatively.

Keywords: cholangioscopy; indeterminate biliary stricture; ERCP; IDUS; biliary stenosis;
cholangiocarcinoma

1. Introduction

Indeterminate biliary strictures (IBS) are regarded as such when the standard diagnostic work
up turn out to be inconclusive, representing a diagnostic challenge for physicians [1]. Standard
diagnostic work-up includes cross sectional imaging with computer tomography (CT)-scan and
magnetic resonance imaging (MRI), endoscopic retrograde cholangiopancreatography (ERCP) with
brush cytology and/or endoscopic ultrasound (EUS) with fine needle aspiration (FNA) or biopsy
(FNB).

Despite the application of the above-mentioned techniques, even in combination, biliary
strictures can be easily mischaracterized and remain indeterminate in up to 20% of cases; moreover,
one out of four surgically resected IBS demonstrate a benign histology [1,2].

The limits of standard diagnostic work up can lead to multiple, repeated procedures in order to
obtain a diagnosis, which means extended time from clinical presentation to treatment (reducing the
probability of a curative resection in patients with malignancy), but also increased risk for procedure-
related adverse events (AEs) [3-6].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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In the last decades several new diagnostic techniques have been developed in order to overcome
these limitations; development of single-operator cholangioscopy (SOC) and the evolution to digital
cholangioscopy (DSOC) permitted the direct visualization of the biliary mucosa and the evaluation
of cholangioscopic features of malignancy, associated with the possibility of tissue acquisition under
endoscopic view [7].

Intraductal ultrasound (IDUS) can obtain real-time, cross-sectional images of ductal and
periductal structures using a high-frequency ultrasound probe, inserted directly into the bile duct
over a guidewire. Findings consistent with a malignant etiology include asymmetric wall thickening,
disruption of layers, enlarged lymph nodes and hypoechoic sessile masses or nodules [8]; findings
associated with benign strictures include normal layering, smooth margins, homogenous and
symmetric hyperechoic thickening of the biliary wall with loss of normal layering [9]. Despite
promising data from literature, the utilization of IDUS remains limited to few centers.

Due to the low sensitivity of standard diagnostic, a “one shot” approach may be offered in some
referral centers, with a combination of ERCP and ancillary techniques in order to maximize the
diagnostic yield and trying to reduce the need for multiple procedures [10].

Aim of this study was to evaluate diagnostic performance (sensitivity, specificity, accuracy,
positive and negative predictive values) of DSOC, DSOC-guided biopsy, IDUS and standard brush
cytology in patients with IBS.

Secondary aims were the evaluation of the safety profile of the procedure, and the evaluation of
the impact of a previous stenting on diagnostic accuracy.

2. Materials and Methods

This is a monocentric, retrospective, observational study on consecutive patients with IBS who
underwent cholangioscopy and IDUS at the Endoscopy Unit of AOU Citta della Salute e della Scienza
di Torino (Turin, Italy), from January 2018 to December 2022.

This study included patients with a previous inconclusive diagnostic work up for biliary
stricture (with ERCP and brushing cytology and/or EUS + FNA/FNB); patients were referred from
other hospitals, or underwent previous procedures at our Unit.

All demographic, clinical, endoscopic, histologic and follow-up data were collected
prospectively in an electronic database.

Inclusion criteria were: (1) patients with IBS undergoing DSOC for IBS between January 2018
and December 2022; (2) patients > 18 years of age.

Exclusion criteria were: (1) indication to DSOC other than IBS; (2) coagulation disorder with a
contraindication to invasive endoscopic maneuvers (INR >1.6, platelet count < 40x103/mm3); (3)
refusal to give informed consent to the procedure and/or to the study.

All procedures were performed by highly experienced biliopancreatic endoscopists in both EUS
and ERCP; endoscopists were not blinded to relevant clinical information before the procedures.
ERCP was performed in standard fashion with a TJF-180 duodenoscope (Olympus, Tokyo, Japan)
with Propofol-induced deep sedation and patient in left lateral decubitus; antibiotic prophylaxis was
administered to all patient before cholangioscopy (generally beta-lactam or fluoroquinolones) and
rectal indomethacin or diclofenac (100 mg) were administered in all patients for post-ERCP
pancreatitis prophylaxis, if not contraindicated. Patients stayed at least one night in hospital after
procedure and blood tests, including lipases, were performed 6 hour after the procedure and the next
morning.

IDUS examination was carried out with the introduction of a 20 MHz wire-guided miniprobe
(UM-DP20-25R, Olympus, Tokyo, Japan) above the stricture, and then gently passed through the
stricture for the evaluation of ultrasonographic images.

Cholangioscope for DSOC (SpyGlass Discover™, Boston scientific, MA,USA) was introduced
over a guidewire up to the stricture, for a visual inspection.

DSOC-guided biopsies were performed with dedicated forceps (SpyBite™, Boston Scientific;
MA, USA) targeting suspicious areas of the IBS.
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Brushing cytology was performed under fluoroscopic view, with a standard brush (Cytomax II
Double-lumen Cytology Brush, Cook Medical, NC, USA).

2.1. Definitions

For DSOC-based diagnosis, the presence of the following criteria was evaluated: (1) stricture, (3)
mucosal changes, (4) papillary projections, (5) ulceration, (6) mass or nodularity, and (7)
vascularization [11]; the final impression diagnosis of benign or malignant stricture was made during
the procedure (Figure 1).

Figure 1. Cholangioscopic images of a malignant stricture with irregular mucosa and enlarged

irregular vessels (a), and a benign stricture, with smooth whitish biliary epithelium with fibrotic
appearance (b).

IDUS-based diagnosis was made on the basis of previous published criteria: asymmetric wall
thickening, disruption of layers, enlarged lymph nodes and/or hypoechoic sessile masses or nodules
were considered consistent with malignant stricture[8].

As reference diagnosis of malignancy, surgical specimen (when available), biopsy and/or
cytology showing malignant cells were considered; a benign diagnosis required a minimum of 12
months of clinical and radiological follow-up with no masses or evolution seen on imaging, repeated
sampling or death.

The length of follow up was calculated as the time between procedure and surgery in patients
undergoing surgical resection; for the remaining patients, the time between procedure and death or
the last clinical contact was considered.

AEs were investigated in electronic health records, and categorized by the onset (preprocedural,
intraprocedural, post-procedural as <14 days and late as > 14 days) and the severity (mild, moderate,
severe and fatal) [12].

2.2. Statistical Analysis

Demographic, clinical, procedural and pathology details were depicted using descriptive
statistic, as mean and standard deviation (+SD) for continuous variables, or number and percentage
for categorical variables.

Operating characteristics including sensitivity, specificity, positive predictive value, negative
predictive value and diagnostic accuracy were calculated for each diagnostic technique.

Fisher’s exact test was applied for the comparison of the operating characteristics, Student’s t-
test was used for comparison of continuous variables among subgroups.
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P value of 0.05 was considered to be statistically significant; statistical analysis was performed
with MedCalc Statistical Software version 19.2.6 (MedCalc Software bv, Ostend, Belgium).

The study protocol and consent form were approved by the local Institutional Review Board and
the study was conducted according to the Declaration of Helsinki.

3. Results

A total of 57 patients were included, mostly male (39 patients, 68.4%) with a mean age of 67.2 +
10.0 years. The majority of patients had comorbidities (34 patients, 59.6%), particularly cardiovascular
diseases (24 patients, 42.1%), chronic liver diseases (7 patients, 12.3%) and pulmonary diseases (6
patients, 10.5%).

Only one patient had a previous diagnosis of primary sclerosing cholangitis, and 11 patients
(19.3%) had a history of previous or active tobacco consumption.

All patients had a previous inconclusive diagnostic procedure: 39 patients had previous ERCP
(68.4%), with a mean number of previous procedures of 2.0 + 1.4; 14 patients had a previous attempt
of IBS characterization with EUS + FNA/FNB (24.6%) and 4 patients (7.0%) had a previous attempt
with percutaneous ultrasound transhepatic biliary tissue acquisition; 38 patients (66.7%) had a
previous biliary sphincterotomy and 30 patients (52.6%) had a biliary stent in place.

Strictures were located along the whole biliary tree; the most common location of IBS in our
cohort was the distal common bile duct (26 patients, 45.6%), followed by the common hepatic duct
(13 patients, 22.8%), hepatic hilum (12 patients, 21.1%), intrahepatic ducts (5 patients, 8.8%) and the
cystic duct (1 patient, 1.7%). Baseline characteristics of patients are reported in Table 1.

Table 1. Baseline characteristics of patients.

Mean age (+SD), years 67.2 (x10.0)
Male/Female, n (%) / n (%) 39 (68.4%) / 18 (31.6%)

Comorbidities, n (%) 34 (59.6%)
Cardiovascular 24 (42.1%)

Pulmonary 6 (10.5%)

Liver diseases 7 (12.3%)

Chronic kidney disease 1 (1.7%)
Type II diabetes mellitus 10 (17.5%)
Tobacco consumption 11 (19.3%)
Patients with previous ERCP, n % 39 (68.4%)
Mean previous ERCP (xSD) 1.97 +1.42
Patients with stent in place prior to DSOC, n (%) 29 (50.9%)
Previous biliary sphincterotomy, n (%) 38 (66.7%)
Previous cholecystectomy, n (%) 21 (36.8%)

d0i:10.20944/preprints202405.1031.v1
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Stricture location, n (%)

Common bile duct 26 (45.6%)

Common hepatic duct 13 (22.8%)
Cystic duct 1 (1.7%)

Hepatic hilum 12 (21.1%)
Intrahepatic ducts 5 (8.8%)

SD, standard deviation; DSOC, direct single operator cholangioscopy.

DSOC was successfully performed in all patient; 52 patients underwent DSOC-guided tissue
acquisition. In 5 patients, DSOC-guided biopsy was not performed (in 2 patients because of the
evidence of extra-ductal lesion, in 3 patients for technical failure in bringing the forceps out from the
cholangioscope channel); the technical success rate of DSOC-guided biopsy was then 94.5%.

Fifty-two patients (91.2%) underwent IDUS: the passage of the miniprobe through the stricture
was not possible in 3 patients, while in the other 2 cases IDUS was temporary unavailable. The
technical success rate of IDUS was 94.5%. Lastly, 39 patients underwent also brush cytology; in 3
patient brush cytology was not performed due to the evidence of extra-ductal lesion, in 15 patients
because specimen collected by DSOC-guided biopsies were considered sufficient.

Final diagnosis was consistent with malignancy in 35 patients (61.4%), and cholangiocarcinoma
was the most common etiology (77.1%), followed by intraductal papillary biliary neoplasm with high
grade dysplasia (4 patients, 11.4%), ampullary adenocarcinoma (3 patients, 8.6%) and pancreatic
cancer (1 patient, 2.9%). The final diagnosis of malignancy was confirmed by surgical pathology in
22 patients (62.9%), by evidence of malignancy in cytology and/or DSOC-guided biopsies in 9 patients
(25.7%) and by clinical and radiological follow up in 4 patients (11.4%).

A benign etiology of IBS was found in 22 patients, confirmed by surgical pathology in one
patient and by clinical and radiological follow up in 21 of them. The mean follow-up of patients was
18.2 +£ 18.1 months; in patient with a final diagnosis of benign strictures was 24.1 + 18.6 months, while
the mean follow-up of patients with malignant strictures was 14.5 +17.1 months.

3.1. Diagnostic performance

Diagnostic yields of different techniques are shown in Table 2.

Table 2. Diagnostic yield of different techniques.

. Sensitivity Specificity Accuracy NPV PPV
Techniques
(CI 95%) (CI95%) (CI95%) (CI95%) (CI95%)
DSOC 85.7% 95.5% 89.5% 80.8% 96.8%

visualization (76.6 —94.8%)

(90.0 — 100%)

(81.5 — 97.4%)

(70.5 — 91%)

(92.2 - 100%)

IDUS 84.4% 80.0% 82.7% 76.2% 87.1%
(74.5-94.2%)  (69.1 -90.9%) (72.4 - 93.0%) (64.6 — 87.8%) (78.0 — 96.2%)
DSOC
63.6% 100% 76.9% 61.3% 100%
targeted

biopsy

(51.1-76.1%)

(83.0 — 100%)

(66.0 — 87.9%)

(48.6 — 73.9%)

(85.0 — 100%)
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Brush 51.6% 100% 61.5% 34.8% 100%
cytology  (38.6-64.6%) (78 —100%) (48.9-742%)  (22.4-47.1%) (82 — 100%)

NPV, negative predictive value; PPV, positive predictive value; DSOC, digital single operator cholangioscopy;
IDUS, intraductal ultrasound.

DSOC showed a sensitivity of 85.7% (CI 95% 76.6 — 94.8%), a specificity of 95.5% (CI 95% 90 —
100%) and an overall diagnostic accuracy of 89.5% (CI 95% 81.5 — 97.4%); NPV was 80.8% (CI 95%
70.5% - 91%) and PPV was 96.8% (CI 95% 92.2.- 100%).

IDUS showed similar characteristics, with a sensitivity of 84.4% (CI 95% 74.5 — 94.2%), a
specificity of 80% (CI 95% 69.1 — 90.9%) and an accuracy of 82.7% (CI 95% 72.4 — 93%). NPV and PPV
were respectively 76.2% (64.6% - 87.8%) and 87.1% (CI1 95% 78 — 96.2%).

DSOC-guided biopsies had lower sensitivity (63.6%, CI 95% 51.1% - 76.1%) and a specificity of
100% (83 — 100%); the diagnostic accuracy of targeted biopsies was 76.9% (CI 95% 66 — 87.9%).

Brush cytology showed a sensitivity of 51.6% (CI 95%38.6 — 64.6%) and a specificity of 100% (CI
95% 68 — 100%). The accuracy of this technique was 61.5% (CI 95% 48.9 — 74.2%).

DSOC visualization and IDUS outperformed cytology in terms of sensitivity (p< 0.01, p= 0.03,
p< 0.01 respectively) and accuracy (p< 0.01, p= 0.047, p= 0.03 respectively); NPV was significantly
higher for DSOC and IDUS compared to cytology (p< 0.01). Finally, DSOC sensitivity was
significantly higher than targeted biopsies (p= 0.05).

Comparison of operating characteristics of each test are reported in Table 3.

Table 3. Comparison among diagnostic techniques.

Sensitivity =~ Specificity Accuracy NPV PPV
Comparison P value

DSOC vs IDUS >0.99 0.17 0.41 0.73 0.35
DSOC vs Biopsy 0.05 >0.99 0.12 0.15 >0.99
DSOC vs Cytology <0.01 >0.99 <0.01 <0.01 >0.99
IDUS vs Biopsy 0.09 0.11 0.63 0.73 0.11
IDUS vs Cytology <0.01 0.29 0.03 <0.01 0.23
Biopsy vs Cytology 0.45 >0.99 0.16 0.10 >0.99

NPV, negative predictive value; PPV, positive predictive value; DSOC, digital single operator cholangioscopy;
IDUS, intraductal ultrasound.

3.2. Secondary Aim: Effect of Previous Stenting

Twenty-nine out 57 patients (50.9%) underwent the procedure with a previous stent in place,
removed before starting DSOC, and all but one were plastic stents. Twenty-eight patients (49.1%) did
not have stent in place.

The two groups were comparable in terms of age (respectively 66.5+11.0 vs 68.0 vs 9.2, p = 0.58),
gender (male were 62.1% and 75% respectively, p = 0.27) and etiology (malignant stricture in 55.2%
and 67.9% of cases, p = 0.42).

Presence of a stent did not affect the diagnostic accuracy of DSOC-visualization (89.7% in the
stent group, 92.9% in the no-stent group, p >0.99), while the diagnostic accuracy of IDUS in stented
patients demonstrated a trend towards a slight decrease (74.1% vs 92%), but the reduction was not
statistically significant (p = 0.14).
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3.3. Secondary Aim: Safety

Ten patients out of 57 experienced 11 AEs (17.5%); 5 AEs were mild, 5 moderate and 1 fatal. The
most common AE was cholangitis (5 cases, 8.8%), followed by acute pancreatitis (4 cases, 7.0%) and
one case of aspiration pneumonia; only in one case of cholangitis a new endoscopic intervention was
required, with replacement of malfunctioning plastic stent, while the others were managed with
medical therapy. In all cases the hospital stay was prolonged for less than 7 days.

A patient with a previous history of coronary artery disease developed a myocardial infarction
four days after cholangioscopy, which was judged not related to endoscopic procedure; he
underwent to percutaneous transluminal coronary angioplasty and died during the hospitalization.
All AEs are reported in Table 4.

Table 4. Adverse events in the cohort.

Onset
. Adverse Severity
Patient (day after Management Outcome
event grade
procedure)
Endoscopic
Patient1 ~ Cholangitis Moderate 9 (repeated ERCP with Favorable
stent replacement)
Acute
Patient 2 . Mild 1 Medical therapy Favorable
pancreatitis
Patient2  Cholangitis Moderate 2 Medical therapy Favorable
Acute
Patient 3 . Mild 0 Medical therapy Favorable
pancreatitis
Acute
Patient 4 . Mild 0 Medical therapy Favorable
pancreatitis
Percutaneous
Myocardial transluminal
Patient 5 Fatal 4 Fatal
infarction coronary
angioplasty
Aspiration
Patient 6 ] Moderate Medical therapy Favorable
pneumonia
Patient7  Cholangitis Moderate Medical therapy Favorable
Patient8  Cholangitis Mild Medical therapy Favorable
Patient9  Cholangitis Mild Medical therapy Favorable
Acute
Patient 10 . Moderate Medical therapy Favorable
pancreatitis

4. Discussion

The goal of an accurate diagnosis of IBS is crucial due to the potentially vastly different prognosis
based on etiology [13]. Because of the suboptimal diagnostic accuracy of conventional ERCP-based
tissue acquisition, DSOC has emerged as a promising innovation that could have a role in the
diagnosis of IBS [14]. Our results confirm these findings: DSOC showed nearly 90% diagnostic
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accuracy, significantly higher when compared with brush cytology (61.5%) which is a current
standard in many endoscopy units.

The direct visualization of the characteristics of a stricture results in the possibility to recognize
endoscopic features of malignancy, such as papillary projections and tortuous vessels, with a
specificity comparable with histological specimen but a higher sensitivity.

Interestingly, an optical diagnosis seems to perform better in term of sensitivity and diagnostic
accuracy compared to DSOC-guided biopsies. This “paradox” can be partially explained by
biological characteristics of cholangiocarcinoma, which is the leading cause of IBS in our cohort:
desmoplastic nature of tumors, associated fibrosis and the submucosal spread exhibit by bile duct
tumors could particularly lower the yield of superficial sampling method. Lastly, cancers extrinsic to
the bile duct such as pancreatic cancers and metastatic tumors are expectedly more difficult to sample
from within the duct [15]. In addition, size and shape of the DSOC-dedicated forceps may be
implicated in the lack of sensitivity of targeted biopsy; as previously described [16,17], the small
specimens collected by the forceps have to be carefully manipulated to avoid loss of material during
the standard formalin fixation and paraffin embedding, and new dedicated processing protocols
should be individuated in order to maximize the diagnostic yield [18].

Unlike in EUS-guided tissue acquisition [19], the procedure is still lacking of a standardized
protocol of sampling, and the minimum number of biopsies to optimize the diagnostic performance
of the technique has not been defined. However, in a prospective study, Bang and colleagues found
that in the absence of on-site cytopathology evaluation, performing 3 biopsies can make the correct
diagnosis for the 90% of cases, comparable to the on-site approach [20]. Indeed, when available, the
“rapid on-site evaluation of touch imprint cytology”(ROSE-TIC) may improve the diagnostic yield
of DSOC-guided biopsies [21].

Our results are in line with literature, where the visual accuracy during DSOC has been reported
to range between 80 and 97%.7,22 Initially, some concerns were raised on the poor interobserver
agreement for the correct classification of some cholangioscopic features [23], based more on
impressions provided by the investigators rather than reference to standardized, validated
definitions [24,25].

The evolution of cholangioscopy to a digital platform with improved imaging quality [26] and
the introduction of different classification systems (the Monaco classification and the Robles-
Medranda Criteria) [27,28] helped to overcome these limitations, as demonstrated recently by
Kahaleh and colleagues [29].

The present study showed similar diagnostic yield for IDUS, with sensitivity and specificity
above 80%, significantly higher compared to cytology; IDUS showed also a trend for a better
sensitivity compared to targeted biopsies (84.4% vs 63.6%, p = 0.09). This technique has not
proliferated, and nowadays very few endoscopists performing ERCP are trained in IDUS. In our
experience, it is a fast and reliable tool in the evaluation of strictures, residual lithiasis and
compression of the bile ducts from extra-ductal lesions, which can be hard to assess by fluoroscopy;
moreover, it permits an evaluation of longitudinal extension of cholangiocarcinoma, and provides an
accurate assessment of hepatic artery and portal vein infiltration, which is crucial for surgical
candidates [30,31]. Not least, compared to cholangioscopy, IDUS is safer and less expensive. In fact,
miniprobes are reusable and can last up to 50 examinations when properly handled, which made
IDUS particularly beneficial in limited-resource settings [32].

An interesting finding of our study is the impact of biliary stenting on diagnostic accuracy.
Diagnostic accuracy of DSOC with or without a stent in place is comparable (respectively 89.7 vs
92.9), while diagnostic accuracy of IDUS in patient with stent in place was slightly decreased (74.1%
of accuracy in the stent group, compared to 92% in patient without biliary stenting).

The difference, although not significant, show how prior endoscopic manipulation of biliary
stricture alters the biliary epithelium, likely resulting in inflammation and architectural distortion
which can negatively impact accuracy.

In addition to the diagnostic yield, we focused on safety of procedure; AEs rate of our study was
17.5%, which is comprised in the wide range (from 1.7% to 25.4%) published in previous studies
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[26,33,34]; this variation depends to a certain extent to different definitions of AEs in previous
published studies, with higher rates in papers with more detailed definitions. Despite the
administration of antibiotic prophylaxis in all patients, the most common AE was cholangitis (8.8%),
probably due to the intermittent irrigation to obtain adequate visualization of the biliary mucosa,
with a retrograde bacterial flow in the biliary tree [35]. Currently, European guidelines consider
cholangioscopy as a procedure at high risk for post-ERCP cholangitis and suggest antibiotic
prophylaxis when performing it [36]. With this in mind, more studies, including randomized
controlled trials, are necessary to precisely define possible measure to prevent this complication,
maybe investigating a possible role of a longer course of antibiotic therapy after cholangioscopy,
instead of only procedural antibiotic dose, in reducing cholangitis rate.

Acute pancreatitis was the second most common AE in our study , occurring in 7% of patients.
This rate seems greater when compared to the 2-4% risk of acute pancreatitis following standard
ERCP [37].

A possible pathogenic mechanism can be found in the mechanical irritation and subsequent
swelling of the papilla due to the passage of the cholangioscope, as previously described for other
rigid catheter such as IDUS miniprobes [38]. Interestingly, the association of the two techniques
(DSOC and IDUS) in our cohort did not lead to an increased risk when compared to previous
published studies on DSOC [26,34]. Furthermore, all cases of post-procedural acute pancreatitis
observed were mild and moderate, managed with medical therapy and with limited extension of the
hospital stay. Since post-procedural lipase levels were routinely determined in all patients, even mild
cases of pancreatitis were less likely to be missed.

Before drawing definite conclusions, we need to address some limitations to our study. First of
all, endoscopists were not blinded to the previous imaging, laboratory results and clinical history
when they were evaluating biliary strictures, hence IDUS and DSOC visual evaluation could have
been biased; however, our patients were referred due to still indeterminate biliary strictures despite
previously performed diagnostics, and this is more representative of the clinical practice. Secondly,
this is a monocentric experience, with procedures performed by expert endoscopists in a high volume
referral hospital; although European guidelines recommend that IBS should be assessed and
managed in tertiary referral centers [39,40], it is unclear whether similar results would be reproduced
if less-experienced endoscopists performed these procedures. Lastly, the number of patients is still
relatively small; this explains the wide confidence intervals in our diagnostic operating characteristics
and may limit our results given that one false negative or false positive examination can significantly
change our findings.

5. Conclusions

In conclusion, DSOC visualization and IDUS demonstrated an optimal diagnostic yield in the
differentiation of indeterminate biliary strictures; the high sensitivity of these techniques compared
to standard sampling methods helped to correctly diagnose 90% of IBS in our cohort. A multimodal
approach, with the possibility to perform different diagnostics in the same session with a tailored
procedure, can help endoscopists in the management of this challenging disease. DSOC showed the
highest diagnostic accuracy, and should be the method of choice in the evaluation of IBS; when
technically unfeasible due to the position or angulation of the stricture, the use of IDUS can come to
the rescue, providing a reliable results in more than 80% of the patients and reducing the need of
multiple procedures, shortening the time to reach an accurate diagnosis.
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