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Introduction

Indeterminate  bi l iary  s tr ictures  are  a  diagnost ic 
challenge for endoscopists. Endoscopic retrograde 
cholangiopancreatography (ERCP) with brush cytology 
and biopsy has been the standard of care for the evaluation 
of biliary strictures; however, this approach has a low 
sensitivity for defining malignancies in these strictures 
and fails to accurately diagnose 55% of patients (1). 
Additionally, low-sensitivity tests prevent early diagnosis 
and the provision of treatment for malignant strictures, 

thus delaying surgical interventions or leading to repeated 
interventions and increasing the healthcare-related cost.

Both malignant and benign conditions should be 
considered in the differential diagnosis of indeterminate 
biliary strictures, considering that their management 
approaches differ significantly, and up to 30% of patients 
with cholangiocarcinoma have a negative initial sample (1,2). 
We aimed to review the available data on new technologies 
for the management of indeterminate biliary strictures and 
the impact of these technologies on the clinical management 
of these patients.
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Indeterminate biliary strictures

Biliary strictures are defined as indeterminate when 
the biliary strictures have no overt mass on noninvasive 
imaging [computed tomography or magnetic resonance 
cholangiopancreatography (MRCP)] and cannot be 
distinguished as malignant or benign after ERCP 
fluoroscopic evaluations (Figure 1) with standard brush 
cytology and/or forceps biopsy (3). The differential 
diagnoses of indeterminate biliary strictures are extensive, 
ranging from neoplastic to non-neoplastic conditions. 
Additionally, biliary strictures can originate as external 
compression from the extrahepatic biliary tree, pancreas, 
liver, gallbladder, ampulla, regional lymph nodes, or 
metastasis.

Biliary brush cytology and intraductal biopsy

ERCP with brush cytology and intraductal biopsies are 
routinely performed for the evaluation of malignant-
appearing biliary strictures; however, a recent meta-analysis 
showed that both procedures had limited sensitivity for 
the diagnosis of biliary strictures (45% for brush cytology 
and 48% for intraductal biopsies) and the combination 
of both techniques modestly increased the sensitivity to 
59.4%. However, these modalities had a 100% specificity 
for confirming malignancies (1). Currently, there are 
wire-guided assisted endobiliary forceps (US Endoscopy, 
Steris company, Ohio, USA) that enable the placement 

of the forceps into the biliary system along a guidewire, 
with the aim to improve tissue acquisition (4); however, 
prospective studies that evaluate this promising tool for 
tissue acquisition and compare the tool with peroral 
cholangioscopy system (POCS)-guided biopsy are needed 
before clinical guidelines can be established.

Fluorescence in situ hybridization (FISH)

FISH evaluates the presence of chromosomal abnormalities 
in cells obtained during biliary brushing. Various 
chromosomal abnormalities have been described, including 
aneuploid chromosomal regions on chromosomes 3, 7, 
and 17 (CEP 3,7,17) and deletion of the 9p21 locus (p16). 
In a recent 10-year retrospective study of 281 patients, 
combined cytology and FISH reached a 63% sensitivity 
and 98% specificity. The authors suggest the sequential 
FISH analysis for patients with distal biliary strictures and 
negative cytology results, whereas they recommend that 
cytology and FISH analyses should be performed directly in 
patients with proximal biliary strictures (5,6).

Endoscopic scraper

Endoscopic devices with scraping loops have been proposed 
for the sampling of biliary strictures (Figure 2) and have 
obtained adequate samples in 93% of patients; however, 
it only detects 65% of biliary neoplasia. Interestingly, this 
endoscopic device with scrapping loops had significantly 
higher rates of sample acquisition and cancer detection 
than biopsy forceps, identifying 48% of malignant 
strictures that were false-negatives when biopsy forceps 
were used alone (7). This type of endoscopic device could 
be considered a first-line tissue-sampling tool for biliary 
strictures in centers where other diagnostic methods are 
not available. In a recent study, one endoscopic scraper 
device (Trefle®, Piolax Medical Devices Inc., Yokohama, 
Japan) was compared to a POCS-guided tissue acquisition 
forceps; the paper described an 87.5% adequate tissue 
acquisition rate for the endoscopic scraper, with an 83% 
sensitivity and 86% specificity, whereas the POCS-
guided forceps biopsy reached a 90% sufficient sample 
rate, sensitivity, and specificity. The authors noted that 
endoscopic sphincterotomy was performed in fewer patients 
who underwent sampling using the endoscopic scraper than 
in those who underwent sampling with the POCS-guided 
forceps, and the endoscopic scraper might help to preserve 
the sphincter of Oddi (8).

Figure 1 Fluoroscopic evaluation of an indeterminate biliary 
stricture in the proximal common bile duct (original source from 
the authors). 
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In a randomized trial, the wire-grasping method for 
obtaining an adequate specimen for histology evaluations 
was significantly superior to the direct ERCP forceps biopsy 
method, with a 91% sensitivity and 100% specificity and a 
93% detection rate for neoplasia (9).

Endoscopic ultrasound fine-needle aspiration (EUS-FNA)

EUS-FNA has been indicated to be a safe procedure as a 
first-line modality for obtaining histological samples from 
biliary lesions (Figure 3) and had an 87% sensitivity and 
87% accuracy in a prospective, single-center trial (10). 
In another single-center study, EUS-FNA was proven to 

be significantly superior to ERCP with brush cytology 
and forceps biopsy (93.8% sensitivity and 94% accuracy 
versus 60% sensitivity and 62% accuracy, P=0.034). 
However, when these two procedures were combined in a 
single session, they reached a 97.9% sensitivity and 98%  
accuracy (11). However, this approach is limited for 
intrahepatic strictures or proximally located strictures and 
has better outcomes for distal and extraductal lesions and 
those larger than 15 mm (11).

POCS

A single-operator POCS can be inserted into the common 
bile duct to allow for direct visualization and to obtain 
targeted biopsies. In a recent meta-analysis, a first-
generation single-operator POCS that was based on a 
fiberoptic device reached an 84% pooled sensitivity and 
83% pooled specificity for the diagnosis of malignant biliary 
strictures, whereas cholangioscopy-guided biopsies achieved 
a 60% sensitivity and 98% specificity (12).

Then,  a  digita l  vers ion of  the s ingle-operator 
cholangioscope (Spyglass  DS,  Boston Scient i f ic , 
Malborough, MA, USA) improved the image quality and 
provided a wider endoscopic field of view than the first 
generation POCS. This system includes an aspiration 
and irrigation channel, which enables less traumatic 
advancement across the papilla and strictures. In a 
retrospective analysis comparing fiberoptic cholangioscopy 
and digital  cholangioscopy, the latter exhibited a 

Figure 2 Fluoroscopic evaluation with a biliary stricture in the hilum (A) and guide-wire biliary forceps specimen acquisition (B) (original 
source from the authors).

Figure 3 Endoscopic ultrasound evaluation of a biliary stricture 
(arrowhead) in the proximal common bile duct (arrow) (original 
source from the authors).  
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significantly superior diagnostic yield (13). In a recent meta-
analysis of a digital single-operator cholangioscope that 
involved 335 patients, the visual characterization reached 
a 90% sensitivity and 87% specificity for the diagnosis 
of indeterminate biliary lesions, whereas POCS-guided 
biopsy reached a 69% sensitivity and 98% specificity (14). 
In another meta-analysis, the accuracy of the POCS was 
89% for making a visual diagnosis and 79% for making a 
histological diagnosis (15).

Regarding safety, POCS is a safe procedure with an 
adverse event rate of 7%; however, it leads to a higher 
incidence of cholangitis than ERCP; thus, the routine use 
of antibiotics is indicated for POCS (16).

POCS-guided biopsy forceps
Intraductal forceps biopsy sampling during POCS can be 
performed using the SpyBite® forceps (Boston Scientific, 
Malborough, USA); however, the diagnostic outcomes 
differ among various studies with sensitivities ranging 
from 58% to 86% and specificities from 90% to 100% 
for digital cholangioscope-guided biopsy (17,18). One 
factor that influences this may be the number of biopsy 
passes performed during POCS and the cholangioscope 
device used. Interestingly, POCS-guided biopsy has 
shown inferior sensitivity values compared to the visual 
characterization with POCS, which is probably related to 
the lack of an optimal technique for specimen processing 
and an unknown number of biopsies required to establish 
an accurate diagnosis. In a recent meta-analysis of POCS-
guided biopsies for the diagnosis of biliary malignancies in  
539 patients, the pooled sensitivity was 71.9%, and the 
pooled specificity was 99.1% (19).

The rapid onsite evaluation of touch imprint cytology 

(ROSE-TIC) for POCS-guided biopsies of indeterminate 
biliary strictures showed a 93.5% diagnostic accuracy [100% 
sensitivity, 88.9% specificity, 86.7% positive predictive 
value (PPV) and 100% negative predictive value (NPV)]. 
This technology is limited by the availability of an on-site 
cytopathologist and the associated costs; however, ROSE-
TIC may benefit centers that rely mainly on ERCP-guided 
biopsies and lack other techniques (20).

Recently, in a randomized control trial evaluating the 
optimal specimen processing method (onsite or offsite) 
and the number of biopsies needed to establish a definite 
diagnosis, researchers found no significant difference 
between offsite and onsite processing in terms of diagnostic 
accuracy; however, onsite evaluations required one biopsy 
to provide a diagnosis, compared to the 3 or 4 biopsies 
needed for offsite specimen evaluations. Based on these 
findings, the authors suggest that for centers without onsite 
cytopathology support, 3 POCS-guided biopsies of biliary 
strictures should be obtained for offsite evaluations to 
accurately diagnose 90% of the cases (21).

Cholangioscopic features of neoplasia

Since the development of POCS, various morphological 
elements of the strictures during POCS visualization have 
been proposed to predict malignancy, such as the presence 
of papillary projections, intraductal nodules or mases  
(Figure 4), infiltrative or ulcerated strictures, irregular 
surface or irregular, dilated, and tortuous vasculature 
(tumor vessels). However, the agreement between expert 
endoscopists has been shown to be slight when criteria such 
as the surface structure, vessels, lesions, and visual findings 
were applied, demonstrating the necessity for formally 
established and validated visual criteria for benign and 
malignant biliary disorders (22).

Sethi et al. in a two-phase study, defined the terminology 
for visual criteria during cholangioscopy by consensus of 
12 expert biliary endoscopists into eight categories: the 
presence of stricture, presence of a lesion, mucosa features, 
papillary projections, ulceration, abnormal vessels, scarring 
and pronounced pit. During the validation process, in 
multivariable analysis ulceration and papillary projections 
criteria were the only features found to be significantly 
associated with the diagnosis of malignancy (23). 

Cholangioscopy classification system

Recently, a novel classification system using POCS for 

Figure 4 A biliary lesion evaluated under direct visualization 
via peroral cholangioscopy: a mass lesion with the presence of 
irregular and tortuous vessels (suggestive of a malignancy) (original 
source from the authors). 
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the diagnosis of bile duct lesions was proposed, including 
seven types of lesions divided into two main categories 
(neoplastic and non-neoplastic) based on the morphological 
and vascular patterns (24). This classification system 
reached a 96.3% sensitivity and 92.3% specificity, with 
high reproducibility among observers. For non-neoplastic 
lesions, the authors proposed three types of lesion patterns: 
a villous, a polypoid, and an inflammatory pattern without 
the presence of irregular vascularity. However, for 
neoplastic lesions, they proposed a flat pattern, a polypoid 
pattern, and a honeycomb pattern, and all patterns had 
irregular or spider neovascularity.

Vascularity as a single predictor of neoplasia

The presence of bleeding, oozing, or tortuous vessels as 
indicators of “tumoral vessels” has been considered one of 
the most reliable cholangioscopic findings of malignancy. 
The term “tumor vessel” was first described by Yamase et al.,  
who defined these vessels as abnormal, irregular, and 
serpentine vascular structures adjacent to the mucosa of 
malignant lesions that are synthetized de novo for nutritional 
purposes (25).

In various recent prospective trials, the presence of 
irregular vessels has been identified as one of the most 
common features of malignancy (26). Interestingly, in 
the current POCS classification system, this feature was 

shared among the four proposed types for neoplastic biliary 
strictures. Prat et al. suggested that the presence of irregular 
or spider vascularity should be enough to predict the 
occurrence of neoplasia (27).

In a recent study from our research group, we evaluated 
neovascularity as a single cholangioscopic feature of 
neoplasia and found a high sensitivity and NPV (94% 
and 90%, respectively). However, an inferior specificity 
(63%) and PPV (75%) were encountered in comparison 
to those of the POCS classification system; we believe this 
might be influenced by the exclusion of other POCS visual  
features (28). Additionally, a benign condition such as 
Ig-G4-related sclerosing cholangitis and severe mucosa 
inflammation might show tortuous vessels; however, the 
morphology of the vessels rather than its presence should 
be considered when predicting malignancies in biliary 
strictures (29).

Establishing a single feature for malignant biliary 
strictures may facilitate an adequate diagnosis, guide biopsy 
specimen acquisition, and improve interobserver agreement, 
considering that modern digital POCS offer an accurate 
visualization of the intraductal vessels.

Economic impact of peroral cholangioscopy

Recently, an economic analysis from Belgium compared the 
ERCP+ brushing diagnostic method and POCS methods. 
Considering a 45% sensitivity for ERCP+ brushing and an 
86% sensitivity for POCS, they found a lower number of 
procedures (−31%) and costs (€265 per patient) in a decision 
tree for the stricture diagnosis model when POCS was 
used as the diagnosis method. Interestingly, in a simulation 
conducted with this model, an increase in the use of POCS 
may potentially save up to one patient in a cohort of 36 
patients with malignancies, thereby increasing the overall 
survival to 17% (30).

Probe-based confocal laser endomicroscopy 
(p-CLE)

p-CLE provides an in vivo histological evaluation of the 
biliary mucosa (Figure 5) via a probe advanced through the 
cholangioscope working channel and a real-time endoscopic 
visualization of the histology of the biliary tree without the 
need for biopsy. This technique requires an intravenous 
contrast injection (fluorescein) to enhance the vascular-
supplied mucosal structures.

Recently, in a meta-analysis of eight studies evaluating 

Figure 5 Probe-based confocal laser endomicroscopy evaluation 
of a biliary lesion: the presence of thick dark bands >40 µm (arrow) 
and thick white band >40 µm (arrowhead) suggestive of malignancy 
(original source from the authors).

20 μm
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p-CLE for the diagnosis of indeterminate biliary strictures, 
90% and 75% pooled sensitivity and specificity values were 
described, respectively (31). Interestingly, three studies 
used the Miami classification as the diagnostic criteria for 
the malignant biliary strictures, which was shown to have 
a 83% sensitivity and 77% specificity for the diagnosis 
of malignant biliary strictures (32). However, the Miami 
classification has a limited ability to differentiate between 
malignant and inflammatory strictures (33).

Therefore, Caillol et al. proposed the Paris classification, 
which aimed to provide a specific set of criteria to 
differentiate inflammatory strictures and malignancies and 
to reduce the number of false-positive strictures. They 
proposed four criteria to improve the accuracy of p-CLE 
for diagnosing benign inflammatory strictures: multiple thin 
white bands, dark granular pattern with scales, enlarged 
space between scales, and thickened reticular structures (34).  
Kahaleh et al.  demonstrated that the specificity of 
p-CLE using the Paris classification in the diagnosis of 
indeterminate biliary strictures increased from 67% to 
83.3% without impacting the overall accuracy of 83% (35). 

However, one limitation is that this equipment 
is currently available in a limited number of tertiary 
centers, and no studies determining the role of p-CLE in 
combination with other methods, such as cholangioscopy, 
to improve the diagnostic accuracy of biliary neoplasia exist; 
however, an area of great interest is the economic impact of 
this technology in the management of biliary strictures.

Optical coherence tomography (OCT)

OCT consists of a probe that is advanced into the bile 
duct through a biliary catheter and using low-intensity 
infrared light produces a high-resolution in-vivo cross-
sectional image of the bile duct during ERCP evaluations. 
In malignant strictures, OCT depicted disorganized bile 
duct wall layers (unrecognizable layer architecture) and 
large nonreflective areas, suggesting the presence of tumor 
vessels. In a pilot study of patients with biliary strictures, 
the two OCT criteria for malignancy were encountered 
in 53% of patients, whereas at least one criterion could be 
found in 79% of patients. In this study, a 79% sensitivity 
and 69% specificity for defining malignancy was described 
for using both criteria (36). Recently, a second-generation 
OCT system using volumetric laser endomicroscopy (VLE) 
was introduced for the evaluation of biliary strictures during 
ERCP, in which epithelial thickening with projection and 

a hyper-reflective surface with shadowing, and layering 
effacement (loos of visualization and haziness of inner 
mucosal layers) were described in patients with confirmed 
cholangiocarcinoma (37). These preliminary observations 
demonstrate the feasibility and safety of additional OCT 
evaluation of biliary strictures; however, larger randomized 
trials are necessary to confirm the clinical impact of adding 
this technique to conventional ERCP with forceps biopsy/
cytobrush evaluation. 

Conclusions

Accurately diagnosing biliary strictures is a challenging task 
during clinical practice. Patients may benefit from high-
sensitivity diagnostic methods to receive early curative 
therapy, which therefore improves mortality. Technology 
has advanced from low-sensitivity diagnostic techniques 
such as ERCP with conventional cytobrushing and biopsy 
sampling to more modern technologies that allow for the 
intraductal evaluation of strictures. However, the variability 
of the sensitivity of POCS and the agreement between 
observers has been found in various studies, probably 
because of the lack of a diagnostic criteria consensus for 
malignant biliary strictures for POCS. Specimen acquisition 
of distal biliary strictures can be performed via EUS with 
FNA, which is highly sensitive for distal biliary strictures 
when combined with ERCP.

Various attempts have been made to improve the 
sensitivity of the histological evaluations of the obtained 
specimens, such as the use of FISH, onsite specimen 
evaluations and ROSE-TIC, and have resulted in a 
modest improvement in sensitivity for FISH and a large 
improvement for ROSE-TIC. New technologies that 
aimed to offer the in vivo cellular evaluation of biliary 
strictures have been presented with high accuracy and 
specificity; however, these values are inferior compared 
to those of cholangioscopy. False-negatives during the 
histological assessment, cholangioscopy, and p-CLE 
significantly impacted the management of patients. First, 
it delayed early curative interventions, increasing the 
need for additional diagnostic methods and increased the 
morbidity and healthcare-related costs. There is no doubt 
that appropriate diagnostic and sampling methods lead to 
optimal management and reduce both overtreatment and 
undertreatment. The evaluation of indeterminate biliary 
strictures is a developing field of research with several 
concerns that still need be addressed.
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