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Abstract: Peroral cholangioscopy (POC) provides minimally inva-

sive, direct endoscopic visualization of the biliary ductal system for 

both diagnostic and therapeutic purposes. POC has benefited from 

a number of technologic advances since its first introduction several 

decades ago. These advances have led to improved utility and expand-

ed functionality, making POC an integral part of managing various bile 

duct diseases and disorders. Over time, the clinical role of POC has 

expanded. Novel applications and capabilities are being increasingly 

appreciated and developed. This article provides an overview of the 

current state of POC, with a particular focus on digital single-operator 

cholangioscopy and its strengths, limitations, advances, and emerging 

applications.

Peroral cholangioscopy (POC) was introduced in the 1970s to 
permit direct visualization of the biliopancreatic tree for the 
diagnosis and treatment of intraductal disorders.1,2 The original 

cholangioscope used for POC required 2 endoscopists to handle the 
“mother-baby scope” setup, which was composed of a “mother” duo-
denoscope and a “baby” cholangioscope. Numerous other technical 
limitations were associated with POC.1 However, POC has undergone 
significant transformation across multiple generations of devices. In 
2005, the first single-operator cholangioscopy (SOC) system was intro-
duced followed by a digital single-operator cholangioscopy (D-SOC) 
system in 2015.3 Improvements, including dramatically higher image 
resolution, wider field of view, brighter light source, tapered tip, 
increased therapeutic channel lumen diameter, and 4-way tip deflection, 
have all further revolutionized modern POC.4,5
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In parallel with technical improvements, clinical 
applications of POC (Table 1) have expanded over 
time, as evidenced, in part, by the growing number of 
publications on the topic of cholangioscopy (Figure 1).6 
Nevertheless, data in support of the role of POC in these 
applications, while generally favorable, have been vari-
able, as has been the level of evidence on which to guide 
management. Thus, amid the enthusiasm and promise 
surrounding this modality, objectivity and further 
research remain essential.

The goal of this article is to provide a critical over-
view of the current state of POC, focusing on D-SOC 
and its applications, strengths, limitations, recent devel-
opments, and future directions. This article aims to pro-
vide clinically useful information not only for advanced 
endoscopists, but also for general gastroenterologists, 
hepatologists, and other practitioners involved in the 
management of bile duct disorders. 

Current Applications of Cholangioscopy

Array of Cholangioscopic Accessories
The current generation of D-SOC, termed SpyGlass 
DS (Boston Scientific), uses a 10-Fr catheter containing 

Table 1. Clinical Applications of Cholangioscopy

Diagnostic Applicationsa

Choledocholithiasis (and other intraductal filling defects)

Indeterminate bile duct strictures

Dominant strictures in primary sclerosing cholangitis

Intraductal tumor mapping of cholangiocarcinoma for staging

Post–liver transplant bile duct disorders 

Therapeutic Applicationsa

Lithotripsy for choledocholithiasis 

Biliary tumor ablative therapy

Selective biliary duct wire cannulation

Extraction of migrated stents

aIn some of these diagnostic and therapeutic applications, cholangio
scopy is not a first-line procedure but rather is reserved for instances in 
which conventional endoscopic retrograde cholangiopancreatography 
techniques are insufficient. However, emerging data appear to 
support earlier implementation of cholangioscopy in the management 
algorithm for a growing number of indications. 

Figure 1. The growing number of annual publications related to cholangioscopy, pancreatoscopy, and SpyGlass indexed in 
PubMed over time.
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a fiber-optic probe that passes through the endoscopic 
retrograde cholangiopancreatography (ERCP) scope. 
The catheter has a dedicated 1.2-mm working channel 
through which a variety of accessories can be passed (Fig-
ure 2).7 For tissue acquisition, SpyBite biopsy forceps, 
or the newly available SpyBite Max biopsy forceps, can 
be used.8 For biliary stones, the working channel of the 
SpyGlass DS system accommodates the Autolith Touch 
Electrohydraulic Lithotripsy Generator (Northgate Tech-
nologies) for electrohydraulic lithotripsy and the Lume-
nis Pulse and the VersaPulse PowerSuite Holmium Laser 
Generator (Lumenis) for holmium laser lithotripsy.7 
Additionally, the SpyGlass retrieval snare and retrieval 
basket can be used for the removal of stone fragments or 
foreign bodies.9 Finally, the SpyGlass system is compat-
ible with the Habib EndoHPB Bipolar Radiofrequency 
Catheter (Boston Scientific).9 These accessories and their 
applications will be discussed in subsequent sections.

Treatment of Difficult Bile Duct Stones
Choledocholithiasis can be seen in approximately 10% to 
18% of patients with symptomatic cholelithiasis.10 ERCP 
with endoscopic sphincterotomy and extraction of stones 
is an established treatment for common bile duct stones, 
with a success rate of 84%.10 Difficult bile duct stones 
have been variably defined as including large bile stones 
(>1.5 cm in diameter), stone impaction in the bile or cys-
tic duct, intrahepatic location, stricture distal to stones, 
and/or anatomic variants causing challenging access to the 
biliary duct (eg, surgically altered anatomy).11,12 Conven-
tional ERCP approaches to difficult common bile duct 
stones include mechanical lithotripsy and endoscopic 
papillary large balloon dilation.

A meta-analysis of 49 studies examined the efficacy 
of POC for the treatment of difficult bile duct stones 
and the evaluation of indeterminate strictures. Difficult 

bile duct stones were defined as stones that could not 
be removed by conventional methods (eg, ERCP with 
standard extraction balloons, baskets, or lithotripters). 
Common methods of extraction included POC-guided 
electrohydraulic lithotripsy, laser lithotripsy, and/or basket 
or balloon catheter retrieval (Figure 3). Of the 49 studies 
evaluated in the meta-analysis, 33 included data on diffi-
cult bile duct stones. The overall estimated stone clearance 
rate was 88% (95% CI, 85%-91%) across 820 patients 
(n=31 studies).13 In the treatment of difficult bile duct 
stones, POC can significantly improve procedural success.

Three recent randomized, controlled trials have 
compared SOC-guided lithotripsy to conventional ther-
apy (such as mechanical lithotripsy, endoscopic papillary 
balloon dilation, and balloon extraction). In 2 studies, 
stone clearance was achieved in more than 90% of 
patients in the SOC-guided treatment arms, with similar 
adverse event (AE) rates compared with conventional 
therapy.14,15 In the remaining study, successful stone 

Figure 2. From left to right, accessories for electrohydraulic 
lithotripsy, holmium laser lithotripsy, SpyBite Max, the 
SpyGlass retrieval snare, and the SpyGlass retrieval basket 
for the SpyGlass DS system.
Adapted from Boston Scientific.9

Figure 3. Examples of difficult bile duct stones successfully 
managed cholangioscopically. A: Cholangioscopic 
visualization of large, smooth common bile duct stones. 
B: Cholangioscopically guided electrohydraulic lithotripsy 
performed on an impacted common bile duct stone, with 
the arrow pointing to the lithotriptor. C: Endoscopic 
view of smooth stones (as well as stone fragments) in 
the duodenal lumen following lithotripsy and balloon 
extraction. D: Examination of the hepatic ductal confluence 
following stone removal to exclude an occult biliary 
neoplasm or residual stones proximally; normal-appearing 
biliary epithelium is seen.

Figure 3D is adapted with permission from Dr Isaac Raijman and Boston 
Scientific.
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removal did not statistically differ in the SOC-guided 
treatment arm vs the conventional therapy arm. Simi-
larly, differences detected during crossover were not 
statistically significant (Table 2).16

A proposed treatment algorithm for incorporating 
D-SOC into the management of large bile duct stones is 
shown in Figure 4.17

Management of Indeterminate Biliary Strictures

Cholangioscopic Visual Evaluation  Indeterminate bili-
ary strictures refer to strictures that, despite cross-sectional 
imaging and ERCP with brush cytology or intraductal 
biopsies, remain nondiagnostic with regard to stricture 
etiology.18 POC can aid in the evaluation of indeterminate 

Table 2. Randomized, Controlled Trials Evaluating the Efficacy of Cholangioscopy-Guided Lithotripsy Vs Conventional Therapy

Study Year
Sample 
Size, N

Randomized to 
Cholangioscopy- 

Guided 
Lithotripsy, n

Randomized to 
Conventional 
Therapy,a n

Cholangioscopy- 
Guided Stone 

Clearance, n (%)

Stone 
Clearance With 
Conventional 

Therapy, n (%)

P value

Franzini et al16 2018 100 50 50 37b,c (77) 36 (72) >.05

Buxbaum et al14 2018 60 42 18 39 (93) 12 (67) .009

Angsuwatcharakon 
et al15 2019 32 16 16 16c (100) 10 (63) <.01

aMechanical lithotripsy, endoscopic papillary balloon dilation, and balloon extraction.
bTwo patients randomized to the cholangioscopy arm did not receive intervention due to a new diagnosis made during cholangioscopy. 
cCrossover permitted.

Figure 4. Proposed treatment algorithm for large bile duct stones. Adapted from Doshi et al.17

Large stone 
(>15 mm)

Stone ≤2 cm or stone/common  
bile duct ratio ≤1.0

Option 1 for treatment failure
Mechanical lithotripsy

Stone >2 cm or stone/common  
bile duct ratio >1.0

Cholangioscopy with electrohydraulic  
or laser lithotripsy

Stent and repeat  
mechanical lithotripsy

Option 2 for treatment failure

Endoscopic sphincterotomy  
and endoscopic papillary  
large balloon dilatation
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biliary strictures both visually and histopathologically 
(Figure 5). With regard to the former—although there 
is no widely accepted, standardized classification system 
for visual diagnosis—certain cholangioscopic findings 
have been demonstrated to be suggestive of malignancy 
(Figure 6). Of these, neovascularization is perhaps the 

best characterized. Neovascularization, also known as 
tumor vessels, refers to irregularly dilated and tortuous 
vessels seen within or adjacent to a lesion.19,20 As a marker 
of malignancy, neovascularization has at least moderate 
diagnostic accuracy, which improves when combined 
with POC-directed biopsy.21 This is exemplified by the 

Referral to oncology  
and/or surgery for  

treatment planning

+

+

–

–

+

–

Suspected biliary stricture

Cross-sectional imaging  
(eg, MRCP) to further  

evaluate for and characterize 
potential stricture(s)

Absence of stricture

Monitor serum liver  
biochemistries, consider 

additional non-ERCP  
workup (eg, liver biopsy)  

as clinically indicated 

Technically  
amenable to POC

POC-guided  
intraductal biopsy

Diagnostic for 
malignancy?

Not technically  
amenable to POCa

ERCP with  
intraductal brushings  

± FISH ±  
intraductal biopsy

EUS ± FNAc ±  
advanced ERCP  

techniques  
(eg, probe-based)

Diagnostic for 
malignancy?

Multidisciplinary case 
review and discussion  
of potential optionsb,c

Referral to oncology  
and/or surgery for  

treatment planning

Referral to oncology  
and/or surgery for  

treatment planning

Presence of stricture(s)

Figure 5. Simplified management algorithm for biliary strictures.
ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasound; FISH, fluorescence in situ hybridization; FNA, fine-needle aspiration; MRCP, 
magnetic resonance cholangiopancreatography; POC, peroral cholangioscopy.
aStrictures that are not amenable to POC include proximal strictures in ducts too small to be reached by the cholangioscope, distal strictures wherefore the cholangioscope 
cannot be stabilized intraductally, or in cases of surgically altered anatomy (eg, Roux-en-Y bypass).
bPotential options may include serial monitoring with serum laboratory tests and imaging, repeat ERCP with POC, EUS-FNA, balloon dilation and/or stenting, and/or 
referral for surgical management, depending on the clinical scenario.
cFNA of a primary tumor (as opposed to a regional lymph node), if performed, may render a tumor as unresectable and nontransplantable in most centers consequent to 
the risk of tumor seeding and, thus, should generally be avoided.
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results of a systematic review and meta-analysis of the 
performance of visual POC findings in the diagnosis of 
malignant biliary strictures. The pooled sensitivity and 
specificity were found to be 84.5% (95% CI, 79.2%-
88.9%) and 82.6% (95% CI, 77.1%-87.3%), respec-
tively.22 Of note, these findings may not apply to primary 
sclerosing cholangitis (PSC), as will be discussed later.

Cholangioscopic Tissue Acquisition  Cholangioscopi-
cally guided biopsies can offer critical additional data in 
the evaluation of indeterminate biliary strictures. In the 
aforementioned systematic review and meta-analysis, 
the pooled sensitivity and specificity of SOC-directed 
biopsy in the diagnosis of malignant biliary strictures 
were found to be 60.1% (95% CI, 54.9%-65.2%) and 
98.0% (95% CI, 96.0%-99.0%), respectively.22 Four 
studies in the review included patients who had previ-
ously undergone ERCP with indeterminate and/or neg-
ative brushing or biopsy results. In this subset of studies, 
the pooled sensitivity and specificity of SOC-directed 
biopsy for diagnosis of malignancy in biliary strictures 

were 74.7% (95% CI, 63.3%-84.0%) and 93.3% (95% 
CI, 85.1%-97.8%), respectively.22 A multicenter, obser-
vational study performed by the same group reported 
even more promising findings with D-SOC. In this 
study, 44 patients underwent D-SOC–guided biopsies 
for the purpose of diagnosing malignancy. Sensitivity 
and specificity were 85% (95% CI, 64.0%-94.8%) and 
100% (95% CI, 86.2%-100.0%), respectively.23 Overall, 
POC-directed biopsy (and especially D-SOC–guided 
biopsy) appears to provide a moderate yet important 
increase in sensitivity in the evaluation of malignant 
biliary strictures even in cases with previously negative 
brushings and/or biopsies. Furthermore, POC-directed 
biopsies combined with biliary lavage cytology have been 
shown to improve diagnostic yield over POC-directed 
biopsy alone.24 

Analogous to other tissue sampling techniques, the 
question of performance of off-site vs on-site methods 
of tissue processing as regards D-SOC has been recently 
answered. The SOCRATES study randomized 62 
patients with indeterminate biliary strictures to an off-
site cohort (n=30) and an on-site cohort (n=32).25 Off-
site tissue evaluation with a centralized system resulted in 
a diagnostic accuracy of 90% (95% CI, 73.5%-97.9%), 
compared with 84.4% (95% CI, 67.2%-94.7%) with 
on-site evaluation (P=.86). The overall costs of D-SOC 
were $14,423 for the off-site cohort and $13,015 for the 
on-site cohort (P=.61). Thus, this trial showed that POC 
was a cost-effective procedure for the evaluation of inde-
terminate biliary strictures for centers without on-site 
cytopathology. A secondary finding was that 3 biopsies 
are sufficient for diagnosing indeterminate lesions.25

Dominant Strictures in Primary Sclerosing Cholangitis 
Patients with PSC are at risk for the development of 
focal, clinically significant strictures, referred to as dom-
inant strictures, some of which may harbor underlying 
cholangiocarcinoma. Dominant strictures are defined as 
stenosis of 1.5 mm or less in diameter in the common 
bile duct or 1.0 mm or less in diameter in the right 
and left hepatic ducts, and are associated with worse 
long-term outcomes.18,26,27 The data to date regarding 
the utility of POC in PSC are limited but suggest that 
POC may be superior to conventional ERCP techniques 
in detecting malignancy, with statistically significant 
improvements in specificity (93% vs 51%), positive 
predictive value (79% vs 29%), and negative predictive 
value (97% vs 84%), respectively,26,28 and a trend toward 
improved sensitivity (92% vs 66%, although not statis-
tically significant). 

A systematic review and meta-analysis found that the 
pooled sensitivity and specificity of POC in the diagnosis 
of cholangiocarcinoma in patients with PSC were 65% 

Figure 6. Examples of cholangioscopic images of benign, 
malignant, and indeterminate lesions. A: Benign biliary 
stricture exhibiting a bland, white appearance. B: Biliary 
stricture with tumor vessels confirmed as carcinoma 
following intraductal biopsies. C: Finger-like villiform 
projections suggestive of intraductal papillary neoplasm 
of the bile duct, among other potential intraductal biliary 
epithelial neoplasms. D: Common bile duct stricture with 
indeterminate cholangioscopic features equivocal for a 
reactive vs dysplastic process. 

Figures 6A to 6D are adapted with permission from Dr Isaac Raijman and 
Boston Scientific.
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C D



116    Gastroenterology & Hepatology  Volume 17, Issue 3  March 2021 

S U B H A S H  E T  A L

(95% CI, 35%-87%) and 97% (95% CI, 87%-99%), 
respectively.29 Overall, the sensitivity of detecting biliary 
malignancy in PSC remains a challenge.26,30,31 A retrospec-
tive cohort study of 92 patients (36 with and 56 without 
PSC) examined the performance characteristics of SOC-
guided biopsies and/or fluoroscopically guided biopsies 
when combined with cytology and fluorescence in situ 
hybridization, compared with conventional cytology 
alone. In the cohort without PSC, the combination of 
all 4 diagnostic modalities compared with cytology alone 
trended toward statistical significance in improving sensi-
tivity (75.0% vs 40.9%; P=.06). However, the PSC cohort 
did not show such a trend (60.0% vs 50.0%; P=1).32

Consensus on the exact role of POC as a diagnostic 
modality for cholangiocarcinoma in PSC remains an area 
of ongoing investigation. It is hoped that advances in 
POC and the advent of larger-capacity forceps will result 
in meaningful diagnostic improvements. 

Preoperative Assessment of Neoplasms
Cross-sectional imaging can lead to overdiagnosis of sus-
pected malignancy as regards biliary strictures. A review 
article found that 15% to 24% of patients referred for 
surgery for suspected biliary malignancy have benign 
pathology.33 This is due to radiologic or clinical features 
that cannot reliably distinguish between benign and 
malignant disease. POC can play a role in presurgical 
mapping of presumed diagnoses of pancreatobiliary 
malignancies, including cholangiocarcinoma and pan-
creatic intraductal papillary mucinous neoplasm. In a 
multicenter prospective trial of 118 patients, cholan-
giopancreatoscopy altered the initially established surgi-
cal plan in 34% (8 of 13 patients in the pancreatic arm 
and 32 of 105 patients in the biliary arm). In particular, 
5% of patients in the biliary arm and 31% of patients in 
the pancreatic arm required less extensive surgery, and 
one-quarter of the patients in the biliary arm avoided 
surgery altogether.34 Of the patients who underwent 
surgery, the overall concordance between cholangiopan-
creatoscopy and surgical histology was 88%. Thus, 
cholangiopancreatoscopy offers useful data regarding the 
presence and extent of malignancy and can help guide 
surgical resection.

Analogous to the aforementioned utility of chol-
angiopancreatoscopy, an additional application is in 
the evaluation and differentiation of pancreatic duct 
abnormalities such as pancreatic duct dilation related to 
chronic pancreatitis vs main duct intraductal papillary 
mucinous neoplasm.35 Cholangiopancreatoscopy is often 
complementary to the findings of noninvasive imaging 
and can provide essential diagnostic information, both 
through visual inspection and targeted biopsies as well as 
a platform for therapeutic intervention. 

Ablation of Biliary Tumors
Radiofrequency ablation (RFA) of malignant biliary 
strictures is another potential application of POC. Inves-
tigators conducted a retrospective study of 12 consecutive 
patients who underwent D-SOC–RFA (as an alternative 
to ERCP-RFA) to assess its safety to directly maintain bil-
iary tree and/or stent patency. In the study, only 1 patient 
had an AE in the form of cholangitis after RFA. Visual 
reduction of tumor was seen in all patients, and median 
stent patency was 154 days after D-SOC–RFA.36 

Photodynamic therapy delivered by POC is an addi-
tional modality that has been shown to improve symp-
toms and prolong survival in patients with biliary tumors. 
Photodynamic therapy involves intravenous administra-
tion of photosensitizer that is preferentially retained by 
neoplastic tissue. Light energy is subsequently delivered 
to the appropriate location under POC guidance. In a 
randomized, multicenter trial of 39 patients with non
resectable cholangiocarcinoma, photodynamic therapy 
plus endoscopic stenting had a mean survival of 493 days 
vs 98 days with endoscopic stenting alone. Photodynamic 
therapy also led to improvements in cholestasis and overall 
quality of life.37 The rate of AEs was 7% in both groups. 
Another study, which compared SOC-guided photo
dynamic therapy with photodynamic therapy without 
SOC, showed a similar increase in median survival (386 
vs 200 days, respectively).38,39

Limitations of Cholangioscopy

Inadequate Evaluation of Extrinsic Biliary Strictures 
and Distal Biliary Lesions
POC has limited utility when considering certain ana-
tomic factors. One anatomic challenge is posed by extrin-
sic strictures or compression such as that from metastatic 
disease, which can impact accuracy in determining the 
cause of a lesion. In a multicenter observational study, 
POC-based visual impression had a sensitivity of 84% 
for intrinsic strictures compared with 62% for extrinsic 
strictures. Not surprisingly, the sensitivity of forceps 
biopsy also was demonstrated to be significantly better 
for intrinsic malignant lesions (66%) compared with 
extrinsic lesions (8%).40 Very distal ductal disease can also 
pose a considerable technical challenge. In such cases, 
maintaining intraductal stability with the cholangioscope 
can be difficult to achieve. Furthermore, saline irrigation 
in the distal ducts can be inadequate when attempting 
to distend them to evaluate the biliary lumen because of 
immediate drainage into the duodenum.

Lack of Standardized Cholangioscopic Classification
No standardized classification system to characterize 
and, thereby, distinguish benign and malignant lesions 
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currently exists. In an international study that examined 
interobserver agreement, 9 interventional endoscopists 
assessed 27 deidentified video clips, which were all per-
formed by a single endoscopist.41 The observers showed 
slight to poor interobserver agreement in evaluating intra-
ductal strictures and lesions to determine a final diagnosis 
(benign, malignant, indeterminate) based on previously 
published criteria.42 In an attempt to address this lim-
itation, a separate group of researchers has proposed a 
classification system that distinguishes neoplastic from 
nonneoplastic disease, with excellent interexpert agree-
ment (κ > 0.8).43 However, this proposed classification 
system has yet to be externally validated, and the original 
study population did not include patients with PSC.

Additionally, the use of narrow-band imaging in 
conjunction with POC has been investigated to detect 
dysplasia, but with unsatisfactory findings and only with a 
dual-operator videocholangioscope setup.44 Further stud-
ies are needed to assess the utility of advanced imaging 
techniques in conjunction with POC followed by valida-
tion of those techniques.

Small Specimen Size of Cholangioscopically  
Guided Biopsies
One of the technical challenges of POC-guided biopsy 
has historically been the small capacity of SpyBite biopsy 
forceps.7 To address this limitation of the first-generation 
SpyBite (legacy) forceps, the SpyBite Max biopsy forceps 
was developed with an identical outer sheath diameter 
but double the capacity due to several structural improve-
ments.45 Published clinical data regarding the diagnostic 
yield of SpyBite Max are awaited.

Adverse Events 
A meta-analysis of 45 studies on the efficacy of POC found 
that the overall AE rate was 7% (95% CI, 6%-9%).13 
Rates of cholangitis, pancreatitis, perforation, and other 
AEs were 4% (95% CI, 3%-5%), 2% (95% CI, 2%-3%), 
1% (95% CI, 1%-2%), and 3% (95% CI, 2%-4%), 
respectively.13 Studies of POC may inadvertently under-
estimate AE risk relative to ERCP alone given that most 
POC cases are performed during a nonindex ERCP, such 
as after sphincterotomy has already been performed.46 In 
addition, there may be positive publication bias. Another 
consideration is that POC typically requires general anes-
thesia due to the duration of the procedure and volume of 
irrigating agent (saline) instilled, whereas ERCP without 
cholangioscopy often can be performed with only deep 
sedation.

Financial Impact 
High capital costs for the processor and disposable 
scopes limit the widespread use of POC. Estimates of the 

start-up costs range from $50,000 to $90,000.47 In a study 
conducted in Spain that evaluated the standard direct 
costs of various advanced endoscopic techniques (deter-
mined by the time, equipment, materials/consumables,  
medications, and stent devices used in each procedure), 
the investigators found that ERCP with SpyGlass (with 
stent placement) carried the highest cost of all endoscopic 
procedures.48 This is largely due to the single-use consum-
able materials used in POC (eg, SpyBite forceps, SpyGlass 
snare) and the single-use nature of the SpyScope. In com-
paring the costs of POC with the average procedural cost 
of the surgical alternative, cost-savings were not always 
realized with cholangioscopic management.48 However, 
the applicability of the cost-effectiveness data is limited, 
as the study was performed at a university hospital in 
Spain. Therefore, the true cost comparison of POC vs the 
surgical alternative in the United States cannot be fully 
determined.

Investigators in Belgium have used a micro-cost-
ing approach calculated by multiplying the number of 
resources used by the unit costs in addition to hospital-
ization costs, thereby using an average length of stay for a 
procedure to examine cost efficacy. Their analysis showed 
that POC was cost-effective for both treatment of difficult 
bile duct stones and diagnosis of indeterminate strictures 
compared with the surgical alternative.49 Cost reduction 
was 11% and 5%, respectively. However, the applicabil-
ity of these data to the United States is limited. Further 
research regarding cost-effective applications of POC in 
the United States is needed.

Developing and Future Applications  
and Directions

Primary Sclerosing Cholangitis Classification
A number of additional uses of POC have recently been 
proposed. Researchers have produced a novel classifi-
cation system, known as Edmonton Classification, for 
the phenotypic classification of extrahepatic dominant 
PSC strictures (n=30) based on a single center’s review.50 
Following review, the strictures were classified into the 
following 3 phenotypes: inflammatory type, with muco-
sal erythema and active inflammatory exudate; fibroste-
notic type, with concentric fibrotic scars; and nodular 
or mass-forming type, with a mass in the extrahepatic 
bile duct. Based on this classification, further manage-
ment was proposed, including no intervention, targeted 
therapy with POC follow-up for treatment response, 
and close follow-up with repeat POC and surveillance 
biopsies. With the proposed classification system and 
management algorithm, the natural history of dominant 
strictures in PSC may be better understood and poten-
tially modified.
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Selective Biliary Duct Guidewire-Assisted Cannulation
Another area of increasing clinical utility for POC is in 
selective guidewire placement across biliary strictures. 
A retrospective study examined the use of D-SOC and 
selective guidewire placement across biliary strictures 
at a single university hospital in Germany.51 Cases were 
included only if a conventional endoscopic guidewire 
approach had previously failed. Thirty of 167 cases met 
this inclusion criterion in 23 patients. Guidewire place-
ment was ultimately successful in 21 (70%) of these 30 
cases. AEs were reported in 16.7% of all cases. 

Notably, the use of POC solely for selective guide-
wire cannulation purposes may pose cost concerns, albeit 
with incremental improvement in stricture transversal. As 
such, other means, such as varying guidewire diameters 
and tip conformations, may first need to be exhausted. 

Postorthotopic Liver Transplant Complications
POC also has been described for the evaluation and 
targeted treatment of anastomotic strictures in patients 
post–orthotopic liver transplantation. In a case series of 3 
patients who failed standard treatment of biliary anasto-
motic strictures following orthotopic liver transplantation, 
ERCP with balloon dilation followed by POC-guided 
corticosteroid injection was performed.52 Two of the 3 
patients remained stent-free at a mean follow-up of 26 
months. The third patient required repeat balloon dila-
tion of new strictures above the anastomotic site. 

Radiation-Free Management of Choledocholithiasis
POC may have particular utility in pregnant women as a 
potential radiation-free technique to mitigate teratogenic 
risk, particularly during the first trimester.53 Although 
ERCP is considered the standard technique for common 
bile duct stone removal, nonradiation ERCP combined 
with POC has been reported to be a safe, alternative 
technique.54 Direct visualization with POC can be used 
to confirm biliary cannulation and/or to confirm ductal 
clearance without need of fluoroscopy.55 Although the 
application of POC appears promising in pregnancy, its 
reported use has thus far been limited.56-58

Other Clinical Applications and Device Development
POC also has been shown to have utility in the retrieval 
of migrated stents. This is typically attempted following 
failed endoscopic retrieval or radiologic interventions. In 
these circumstances, the SpyGlass retrieval basket and/or 
retrieval snare have been shown to be effective for success-
ful removal, avoiding further invasive procedures, such 
as surgery.59,60 In highly selected cases of cholecystitis, 
POC also has been used to transverse the cystic duct with 
subsequent stent placement to achieve gallbladder drain-
age.61-63 New cholangioscope options and cholangioscopic  

accessories are expected to be available for clinical use 
from other manufacturers within the next several years, 
thus expanding potential applications.

With regard to videocholangioscopy, a new gener-
ation of videocholangioscope was released (CHF-B290, 
Olympus Medical System) in certain Asian markets in 
May 2019 and in European markets in October 2019.64 
Although limitations remain with this platform, includ-
ing the need for 2 endoscopist operators and 2 towers, this 
videocholangioscope retains excellent image quality while 
addressing concerns of device durability and waste associ-
ated with single-use devices and increasing the diameter 
of the working channel.64 However, it remains unclear 
whether and to what extent videocholangioscopy may be 
brought to the United States. 

Conclusion

POC has considerably improved the way physicians can 
visualize and treat biliopancreatic pathology. The D-SOC 
system, with its improved quality of digital images, has 
been shown to be superior in the evaluation of indeter-
minate biliary strictures and mapping of biliopancreatic 
neoplasia. POC also has been shown to have improved 
outcomes related to its interventional indications, spe-
cifically POC-assisted guidewire placement for biliary 
strictures and removal of difficult biliary stones by POC-
guided lithotripsy.

However, this new technology does present limita-
tions. There is currently no standardized terminology for 
visual description of findings during POC and, therefore, 
no criteria on how to reliably distinguish between benign 
and malignant lesions. Data are also limited regarding 
the histologic yield of biopsy specimens. Future research 
should evaluate the establishment of biopsy site and spec-
imen number criteria to improve diagnostic value. The 
device itself is costly, and the training to use POC is time- 
and resource-intensive, leaving only a limited number of 
endoscopists able to efficiently use this technology.

The future is promising for POC. Technologic 
advancements in cholangioscope design, a wider array 
of accessories, and a growing number of applications are 
expected. Over time, the role of POC will likely further 
expand outside of tertiary referral centers.
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