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INTRODUCTION

T h e  i n t r o d u c t i o n  o f 
e n d o s c o p i c  r e t r o g r a d e 
cholangiopancreatography 
(ERCP) was a significant advance 
in pancreatobiliary imaging. 
Endoscopic cannulation of 
the papilla de Vater was first 
reported in 1968 [1]  and 
provided means of obtaining 
a detailed radiographic image 
of the biliary and pancreatic 
ducts. With the development of 
endoscopic sphincterotomy in 
1974 [2, 3], ERCP evolved over 
the succeeding two decades 
with the addition of a multitude 
of therapeutic maneuvers. 
However, since its introduction, 
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ABSTRACT

Besides the adverse effects associated with endoscopic retrograde cholangiopancreatography (ERCP), indirect 
visualization of the biliopancreatic system through fluoroscopy has limited its diagnostic and therapeutic 
efficacy. Direct visualization through cholangiopancreatoscopy may overcome this limitation and allow the 
resolution of many dilemmas related to the diagnostic and therapeutic drawbacks of ERCP. Herein, we discuss 
the current indications of single-operator cholangioscopy (SOC) concerning the diagnostic interventions 
within the biliopancreatic system. The current role of SOC in the diagnosis of pancreatobiliary stenosis, 
primary sclerosing cholangitis, intraductal papillary mucinous neoplasm, and pre-surgical mapping of 
neoplastic lesions were reviewed. There is growing data in the literature supporting the early implementation 
of SOC in the diagnostic algorithm of pancreatobiliary diseases. In selected cases, this could prevent diagnostic 
delay and reduce the risks and costs related to repeated ERCPs. This potential characterizes SOC as safety 
and cost-effective.
 
Key words: cholangioscopy – pancreatobiliary neoplasia – biliary strictures – pancreatic intraductal papillary 
mucinous neoplasm.

Abbreviations: BD-IPMN: branch-duct intraductal papillary mucinous neoplasm; CP: chronic pancreatitis; 
ERCP: endoscopic retrograde cholangiopancreatography; EUS: endoscopic ultrasonography; FNA: fine-needle 
aspiration; IgG4-SC: IgG4-related sclerosing cholangitis; IPMN: intraductal papillary mucinous neoplasm; 
MD-IPMN: main duct IPMN; MRCP: magnetic resonance cholangiopancreatography; MPD: main pancreatic 
duct; PSC: primary sclerosing cholangitis; SOC: single-operator cholangioscopy. 

one of the significant drawbacks of ERCP is the potential 
adverse effects associated with the procedure. Therefore, the 
evolving role of ERCP has changed over the years with the 
emerging noninvasive or semiinvasive procedures.

Recent years brought a significant shift in ERCPs towards 
therapeutic indications and a decline in its conventional 
diagnostic utility [4]. Newer imaging modalities, in particular, 
magnetic resonance cholangiopancreatography (MRCP) 
and endoscopic ultrasonography (EUS) have provided 
detailed imaging of the bile and pancreatic ducts, thus 
expanding the field of pancreatobiliary imaging. EUS with 
fine-needle aspiration (FNA) is increasingly being used as 
a method for the diagnosis of pancreatic malignancy [5]. 
Beyond the introduction of imaging modalities, there are 
now better biomarkers in the blood, often making diagnostic 
ERCPs unnecessary.  The former being particularly true in 
autoimmune pancreatitis or cholangitis. This imposing array 
of technology have provided different options for diagnosing 
and planning therapy in patients with pancreatobiliary disease, 
leaving primarily a therapeutic role to ERCP procedure.

REVIEW
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Besides the adverse effects associated with ERCP, indirect 
visualization of the biliopancreatic system through fluoroscopy 
has limited it´s diagnostic and therapeutic efficacy. Direct 
visualization through cholangiospancreatoscopy may overcome 
this limitation especially in some arduous and challenging 
situations such as indeterminate stenosis and difficult stones [6, 
7]. With the introduction of a single-operator cholangioscope 
(SOC) in 2007 [8], the technique has gained popularity and 
is increasingly performed by endoscopists worldwide with 
high success rates. This single-user device allows that a single 
physician can perform the procedure and it overcomes most 
of the shortcomings of the “mother-daughter scope”, namely 
low image quality, lack of irrigation, small working channel, 
limited deflection ability and extreme fragility [9]. 

Most of the reported literature regarding SOC derives 
from the experience with the SpyGlassTM (Boston Scientific 
Corp, Natick, Massachusetts, USA). So this review will focus 
merely on different aspects of this platform. Initially, the system 
was made as a directable plastic sheath and a reusable optical 
combined light and image guide called SpyGlassTM Legacy. In 
2015, this system was replaced by an utterly disposable device 
with digital imaging (SpyGlassTM DS).

The purpose of this review is to discuss current indications 
of SOC concerning diagnostic interventions within the 
biliopancreatic system. The current role of SOC in the diagnosis 
of pancreatobiliary stenosis biliary, primary sclerosing 
cholangitis, intraductal papillary mucinous neoplasm and 
pre-surgical mapping of neoplastic lesions will be discussed. 
In the future, improving some features of SOC may change the 
current ERCP role in diagnosing pancreatobiliary neoplasia. 

DIAGNOSTIC APPLICATIONS OF 
CHOLANGIOSCOPY

Biliary strictures
When dealing with a biliary stricture, the most crucial issue 

is to rule out malignancy. Obstruction of a bile duct may be due 
to lesions within the biliary lumen, from the bile duct itself, or 
extra-biliary compression. 

Malignant biliary obstruction is most often due to 
cholangiocarcinoma or pancreatic adenocarcinoma. However, 
surgical series demonstrated that 15-24% of patients who 
undergo resection for suspected malignant strictures based 
on preoperative imaging or ERCP will ultimately have a 
benign diagnosis on pathology [10, 11]. The benign causes 
of extrabiliary obstruction include compression from a 
gallstone lodged in the cystic duct (Mirrizi syndrome), benign 
cysts (hepatic, pancreatic, choledochal cysts), and vascular 
structures in the case of portal cholangiopathy. Regarding the 
intraluminal strictures, benign causes include autoimmune 
processes of primary sclerosing cholangitis (PSC) and IgG4-
related sclerosing cholangitis (IgG4-SC), responses to infection, 
vascular injuries, and the sequelae of iatrogenic or other trauma 
(e.g. long-standing choledocholithiasis) [12]. 

Due to this diversity of possible causes of biliary stenosis, 
and the therapeutic implications, the differential diagnosis 
of an incidentally discovered biliary stenosis is challenging. 
As an example, PSC accompanied by a stricture is a common 
dilemma; up to 26% of all patients with PSC strictures will 

develop cancer, a 400-fold increase over the general population 
[13]. Establishing a diagnosis in this setting is particularly 
challenging owing to the low sensitivity and negative predictive 
value of cytologic brushings [14]. 

Therefore it is essential to minimize the risk of surgically 
resecting a benign stricture or missing an opportunity to resect 
a curable malignancy. From a practical point of view, the  term 
“indeterminate biliary stricture” refers to biliary strictures 
with no overt mass on noninvasive imaging such as computed 
tomography or MRCP, and which cannot be distinguished 
as malignant or benign after standard diagnostic procedures 
such as ERCP with tissue sampling (either brushing alone or 
in combination with biopsies) [15]. 

ERCP with tissue sampling and/or EUS-FNA is considered 
the mainstay in the evaluating of these lesions and excluding 
malignancy. EUS-FNA has a reported overall sensitivity 
between 43% and 86% for the diagnosis of all malignant 
strictures.  However, it seems to be more sensitive in the 
evaluation of distal strictures, which are more often caused 
by pancreatic adenocarcinoma and more easily accessible for 
FNA sampling [16-19]. A diagnostic approach using SOC with 
biopsy or EUS-FNA according to the stricture location may 
be useful in the diagnosis of a suspected malignant biliary 
stricture. Unfortunately, there has been a lack of randomized 
controlled clinical trials comparing cholangioscopy-guided 
biopsy with EUS-guided tissue acquisition for the diagnosis of 
indeterminate biliary strictures. A prospective, observational 
study, conducted by Lee et al. [20], enrolled patients with a 
suspected malignant biliary stricture in whom a first ERCP with 
transpapillary forceps biopsy was not conclusive. In such cases, 
SOC and biopsy with SpyGlassTM system or direct per-oral 
colangioscopy using an ultraslim endoscope were performed 
for proximal strictures, and EUS-FNA was performed for distal 
strictures as a follow-up biopsy. The authors showed that the 
performance of cholangioscopy for proximal biliary strictures 
and EUS-tissue acquisition for distal biliary strictures had high 
sensitivities of 92.3% (95%CI: 74.9−99.1) and 96.0% (95%CI: 
79.7−99.9), respectively. However, despite the high accuracy, 
EUS-tissue acquisition of a primary bile duct tumor is currently 
contraindicated in patients who are potential candidates for 
liver transplantation [21]. 

In proximal lesions, ERCP with brush cytology and/or 
biliary biopsy is the current first-line approach. Although 
cholangiography provides clues to malignancy, such as 
complete obstruction, surface irregularity, and stricture length, 
these features cannot reliably distinguish the stricture’s cause 
and thus obtaining tissue for histopathology remains the 
gold standard [22, 23]. Despite a high specificity of brush 
cytology (>95%), sensitivity remains an issue. A recent 10-year 
experience review, including 16 studies, reported a pooled 
sensitivity of 41.6±3.2% for malignancy detection [24]. Given 
the low negative predictive value, the authors question the 
role of ERCP with brush cytology in changing the surgical 
management, especially in patients with a high suspicion of 
malignancy based on clinical, laboratory or imunological data.

Single-operator cholangioscopy offers a distinct advantage 
for the diagnosis of strictures allowing direct visualization of 
the lesion. The 3.3 mm outer diameter, continuous irrigation 
capability and four-way tip deflection allows the visualization of 
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most of the lesions detected in fluoroscopy; however, a location 
in small intraductal branches or  areas of seep angulation may 
be challenging to reach. In a recent review, comprising 691 
patients, the ability to visualize and biopsy target lesions was 
achieved in 91,3% of the procedures [25]. High success rates 
(96%) have also been reported in patients with PSC, in which 
multiple and fibrotic stenosis may limit cholangioscopy and a 
cholangioscopy guided sample [26] (Fig. 1). 

sensitivity and specificity were found to be 84.5% and 82.6%, 
respectively. Navaneethan et al. [31] recently reported an 
accuracy improvement with the use of SpyGlassTM DS; the 
authors prospectively evaluated 44 patients with indeterminate 
biliary stricture using the digital Image of the SpyGlassTM DS 
and reported a sensitivity of 90% and a specificity of 95.8%. 
More recently, an observational cohort study by Jang et al. [32] 
aimed to measure the accuracy of SOC with SpyGlassTM DS in 
visual interpretation and bile duct sample of indeterminate 
biliary strictures. The study demonstrated that the addition 
of SOC could enhance the efficacy of ERCP in discerning 
malignant stricture from benign ones in a stricture that 
was once deemed indeterminate: the sensitivity of visual 
impression and bile duct sample was 89.1% and 69.8% and their 
specificity was 90% and 97.9%, respectively. Also, the authors 
demonstrated that the degree of endoscopists’ experience and 
the severity of hyperbilirubinemia negatively impacted the 
accuracy of SOC.

Diagnosing malignancy by visual impression, however, has 
some limitations: accuracy is limited when evaluating extrinsic 
strictures (such as pancreatic cancer, gallbladder cancer or 
metastatic disease) compared to cholangiocarcinoma, irregular 
patterns of biliary mucosa may not represent malignancy 
[8], pseudopolipoid morphology and traumatic ulcers can 
be seen after stent removal, and even traumatic lesions  due  
to the passage of the scope may be misinterpreted. So visual 
impression is useful for detecting neoplastic lesions,  but 
cholangioscopy-guided biopsy is required for confirmation.

The single operator colangioscop has a smaller 1.2 mm 
accessory channel that allows only the passage of a dedicated 
mini forceps (SpyBiteTM Boston Scientific Corp, Marlborough, 
MA, USA). The biopsy cup of the mini forceps has a 4.1mm 
opening at 55º and a central spike for securing specimens in a 
difficult anatomy. Laleman et al. [25], in an aggregated review 
of 13 studies, reported a Spybite biopsy success and adequacy 
biopsy specimen of 94.2% and 82.3%. The superiority of 
cholangioscopy-directed biopsy over standard ERCP cytology 
brushings was demonstrated in a prospective paired control 
design study of 26 patients with an indeterminate stricture 
[33]. Mini-forceps biopsy provided significantly better 
sensitivity (76.5% vs. 5.9%, p<0.0001) and overall accuracy 
(84.6% vs. 53.8%, p=0.0215) compared with standard cytology 
brushings. A recent study by Gerges et al. [34] randomized 
patients with an indeterminate biliary stricture on the basis of 
MRCP to standard ERCP visualization with tissue brushing 
(control arm) or SOC with SOC-guided biopsy sampling. 
The study showed that the overall accuracy of SOC-guided 
biopsy samples was significantly higher than ERCP cytology 
brushing (87.1% vs. 65.5%, p<0.05), whereas specificity, 
positive predictive value and negative predictive value showed 
no significant difference. Also, adverse events were equally 
low in both arms.

 Nevertheless, histologic diagnostic continues suboptimal, 
and some strategies have been described in order to improve 
it. Performing multiple intraductal biopsies, taking biopsies 
from the margin of the stenotic area [35], combination with 
ERCP conventional sampling [36] and rapid onsite evaluation 
of touch imprint cytology [37] can improve the sensitivity of 
cholangioscopy-directed biopsies. 

Fig. 1. Cholangioscopy in a primary sclerosing cholangitis 
patient with a “dominant stricture” identified in MRCP 
imaging. This method allowed the visualization of 
the stricture and direct tissue sampling for histologic 
evaluation.

Multiple cholangioscopic findings suggestive of malignancy 
have been identified in the literature, yet, there is currently 
no standard classification system for a truly visual diagnosis 
of malignancy (Table I). The most well-described predictor 
of malignancy appears to be the presence of a tumor vessel 
(tortuous and dilated vessel). Kim et al. [27] reported that 
the visualization of a tumor vessel had a sensitivity of 61% 
for the detection of malignancy and combination with 
cholangioscopy-guided biopsy increased sensitivity to 96%. 
Other features such as intraductal masses and nodules, 
papillary/villous mucosal projections and ulceration have also 
been described as predictors of malignancy and can also help 
to predict the histological type of tumor [28]. In a multicenter 
prospective cohort study, Chen et al. [29] compared the 
sensitivity of ERCP to SOC impression for the detection of 
biliary malignancy in 95 patients. It was found that SOC had 
a sensitivity of 77.8% compared to 51.1% for ERCP. 

Table I. 

Cholangioscopic features predictive of malignancy

• Tumor vessel pattern

• Intraductal mass/nodule

• Pappilary/Vilous projections

• Mucosal ulceration

A systematic review evaluated the accuracy of visual 
cholangioscopic findings in determining the malignancy of 
biliary strictures [30]. Most of the studies used the fiberoptic 
imaging of the first-generation SpyGlassTM, and the presence 
of a mass with tumor vessel for diagnosing malignancy. The 
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In 2018 a consensus document was published [21], aiming 
to provide evidence-based guidance to assist the selection of 
tissue diagnostic tools and improve the diagnostic yield for 
biliary strictures. This document supports that the selection 
of tissue diagnostic tools for biliary strictures depends on the 
clinical setting, tumor location and the availability of expertise. 
The consensus panel states that in the context of suspected 
biliary malignancy requiring an ERCP for biliary drainage, 
transpapillary standard biliary brushing and/or forceps 
biopsy are commonly performed as the first-line modality for 
sampling both distal and proximal biliary lesions. For a non-
diagnostic first approach, the selection of endoscopic tissue 
diagnostic modality (SOC vs. EUS) should be determined by 
the location of the lesion and different clinical settings (Fig 
2). A summary of the results of the cited articles regarding the 
diagnostic performance of SOC system is showed in Table II.

Mapping of intraductal cholangiocarcinoma prior to 
resection

Cholangiocarcinoma is an aggressive cancer that carries 
a poor prognosis. The surgical intervention combined with 
adjuvant or neoadjuvant therapies offers the highest chance 
for a cure, though only a minority of patients achieve this 
outcome. Often these tumors show extensive spread along 
the bile duct beyond the macroscopic extent of the visible 
mass [38]. This extension can result in tumor involvement at 
the resection margin after macroscopically successful radical 
resection. Single operator cholangioscopy has been used in 
the preoperative setting for diagnosing the lateral extent of 
cholangiocarcinoma (Fig. 3). 

In a small case series from Japan [39], 20 patients 
with extrahepatic cholangiocarcinoma were evaluated 
preoperatively with SpyGlassTM DS for the lateral extent 
of cholangiocarcinoma. A visual impression of the intra-
epithelial spread was judged by referring to the following 
mucosal findings continuous from the primary tumor: 
(1) subtle irregular papillary or granular changes; (2) fine 
protrusions with so-called fish egg-like appearance; (3) vessels 
with irregularity in diameter; and (4) a line demarcating the 
height of the mucosa. Single operator cholangioscopy-guided 
mapping biopsy accuracy for preoperative diagnosis was 84% 
and 100%, respectively for the liver side and the ampullary 

side. This oriental experience has recently been reproduced 
in a multicenter study, including various US centers and one 
European center [40]. In 118 patients with pancreatobiliary 
lesions, SOC changed the surgical plan in 32 patients with 
biliary lesions; 6 (5%) had less extensive surgery and 26 (25%) 
avoided surgery. The overall correlation between endoscopy 
and surgical histology was 88%.

Together, these preliminary data suggest that SOC can 
delineate the degree of involvement in biliary lesions prior to 
surgical resection and could be used to determine resection 
lines in patients with extrahepatic cholangiocarcinoma, 
altering the surgical plan and optimizing patient care.

Inflammatory cholangiopathies: primary sclerosing 
cholangitis and IgG4-related sclerosing cholangitis 

Primary sclerosing cholangitis is a chronic, cholestatic 
liver disease of uncertain etiopathogenesis which obstructs 
intra- and/or extrahepatic bile ducts via inflammation and 
fibro-obliteration [41]. The two most important issues in 
dealing with PSC is to rule out malignancy and the differential 
diagnosis with other inflammatory cholangiopathies, especially 
IgG4-SC. This increases the need for definitive diagnosis of 
biliary strictures in this patient population.

The indication for endoscopic intervention in PSC is most 
commonly to evaluate and/or treat “dominant strictures” 
or when MRCP is insufficient or unfeasible. In this context, 
cholangioscopy offers several potential clinical benefits: direct 
tissue sampling of strictures, identification of stones missed on 
cholangiography [42], comparing the visual characteristics of 
PSC to those of IgG4-SC and cholangiocarcinoma. 

For excluding cholangiocarcinoma, SOC appears to be 
equally accurate in PSC and in patients with single biliary 
strictures. In a multicenter European study [43], including 52 
PSC patients, the overall accuracy of SOC in differentiating 
between malignant and benign strictures was 88%, and the 
accuracy of SOC guided biopsies was 79%. Moreover, the 
reported experience in this population demonstrated a high 
technical success for targeted biopsies even in otherwise 
inaccessible strictures [26]. However, more disappointing 
accuracy results have been shown in a recent study [44]. 
In this retrospective single-center study [44] with a high 
proportion of PSC in the pool of indeterminate biliary stricture 

Fig. 2. Suggested algorithm for the evaluation and sampling of biliary strictures (adapted from Sun B et al. Aliment Pharmacol 
Ther 2018;48:138-51). Legend: CT: computed tomograohy; ERCP: endoscopic retrograde cholangiopancreatography; 
MRCP: magnetic resonance cholangiopancreatography.
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Table II. Results of the cited articles on overall diagnostic yield of SOC (and SOC-guided biopsies) for the evaluation of Indeterminate Biliary Strictures

Study Device Design n Population Outcome Sensitivity Specificity PPV NPV Accuracy Adverse 
Events

Lee et al., 
[20] 

SpyGlassTM 
(1st 
generation/
DS) or 
Ultraslim 
Endoscope

Observational, 
Prospective

32 Proximal 
Biliary Stricture 
with a previous 
conventional 
forceps biopsy 
inconclusive

Overall 
Diagnostic 
Accuracy

92.3% 100% --- --- 93.6% 6.3%

Laleman et 
al. [25] 

SpyGlassTM 
DS

Observational, 
Prospective

45 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

Visual 
Interpretation

83.3% 82.9% --- --- 82.9% 21.4 % 

SpyBiteTM 
Biopsies

90.8% 90.9% --- --- 90.8%

Chen et al., 
[29] 

SpyGlassTM 
(1st 
generation)

Observational, 
Prospective

95 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

Visual 
Interpretation

78% 82% 80% 80% 80% 7.5%

SpyBiteTM 
Biopsies

49% 98% 100% 72% 75%

Korrapati et 
al., [30] 

All Peroral 
Cholangio-
scopy devices

Systematic 
Review and 
Meta-Analysis 

49 
studies

Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

Visual 
Interpretation

93% 85% --- --- 89% 7%

SpyBiteTM 
Biopsies

69% 94% --- --- 79%

Navaneethan 
et al., [31] 

SpyGlassTM 
DS 

Observational, 
Prospective

44 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

Visual 
Interpretation

90% 95.8% 94.7% 92.0% --- 2.9% 

SpyBiteTM 
Biopsies

85% 100% 100% 88.9% 97.7%

Jang et al., 
[32] 

SpyGlassTM 
DS 

Observational, 
Prospective

105 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

Visual 
Interpretation

89.1% 90% 90.7% 88.2% 89.5% 6.7% 

SpyBiteTM 
Biopsies

69.8% 97.9% 97.4% 74.6% 83.2%

Draganov et 
al., [33] 

SpyGlassTM 
DS

Observational, 
Prospective

26 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

SpyBiteTM 
Biopsies

76.5% 100% --- 69.2% 84.6% 11.5%

Gerges et 
al., [34] 

SpyGlassTM 
DS

Randomized 
Controlled 
Trial

32 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling) vs. 
ERCP-guided 
brushing

SpyBiteTM 
Biopsies

68.2% 62.5% 100% 45.5% 66.7% 6.25%

Varadarajulu 
et al., [37] 

SpyGlassTM 
DS

Observational, 
Retrospective

31 Indeterminate 
Biliary Stricture 
submitted to 
SOC (+ tissue 
sampling)

SpyBiteTM 
Biopsies with 

ROSE

100%, 88.9% 86.7% 100% 93.5% 0%

ERCP: endoscopic retrograde cholangiopancreatography; NPV: negative predictive value; PPV: positive predictive value; ROSE - rapid nn-site evaluation; 
SOC: single operator cholangioscopy.

patients (32/80 patients). The diagnostic accuracy of SOC for 
indeterminate biliary strictures was found to be inferior to 
brush cytology, with a low impact on patient management 
(the outcome changed management in 17% of patients). The 
results of the study rekindle the discussion and, through some 
questioning, cast doubt on the true value of SOC with targeted 
biopsies in the diagnosis of indeterminate biliary strictures. 
However, these results reinforce the importance of other factors 
in the SOC procedure (bile duct size, multiple stenoses, fibrosis 
from previous stent therapy, tissue sampling and preparation, 
cytopathology expertise, etc) [45]. 

IgG4-SC has been recognized as a relatively new clinical 
entity, that contrary to PSC responds well to corticosteroid 
therapy. Serum IgG4 levels may be elevated in the two 
conditions, and there are no clinical or imaging characteristics 
that could differentiate PSC patients with normal IgG-4 levels 
from PSC patients with higher IgG4 levels [46].  In a study of 
33 patients, Itoi et al. [47] compared the visual characteristics 
of PSC to those of IgG4-SC and cholangiocarcinoma. Scarring 
and pseudodiverticula were found significantly more often 
in PSC than IgG4-SC. In contrast, dilated vessels were found 
significantly more often in IgG4-SC than in patients with 
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cholangiocarcinoma.  Bile duct biopsies are not highly sensitive 
for diagnosing IgG4-SC since the infiltration of IgG4-positive 
plasma cells typically locates in the subepithelial region. 
Nevertheless, the use of cholangioscopy-guided forceps biopsy 
can accurately diagnose bile duct cancer and may help the 
distinction between these two conditions.

Adverse events appeared to occur more commonly 
following SOC in patients with PSC compared to controls, 
mainly due to an increased risk of post-procedural cholangitis 
in the former [43]. The intermittent ductal irrigation in 
the presence of a leak epithelium due to inflammation may 
explain the increased risk of cholangitis, reinforcing the 
need to correctly select the patients for the procedure and 
the universal administration of antibiotic prophylaxis in PSC 
patients submitted to SOC. 

DIAGNOSTIC APPLICATIONS OF 
PANCREATOSCOPY

Pancreatic Strictures
Strictures of the main pancreatic duct (MPD) occur 

in chronic pancreatitis (CP) as a result of inflammation or 
fibrosis, or at anastomotic sites after pancreatic surgery. The 
presence of a dominant pancreatic stricture in the context of 
CP should raise the suspicions of occult malignancy, however 
differentiating between benign and malignant pancreatic duct 
strictures is often challenging using conventional imaging 
modalities. Similar to cholangioscopy, pancreatoscopy can 
be used in the diagnosis of pancreatic stricture, however, its 
role in the identification, evaluation, and sampling of occult 
pancreatic duct lesions remains limited to case series. 

The most extensive experience reporting the use of 
pancreatoscopy for assessing pancreatic stenosis was 
recently reported by El Hajj et al. [48]. They evaluated in a 
retrospective analysis a 13-year experience of patients who 
underwent pancreatoscopy to evaluate an indeterminate 
pancreatic duct stricture or suspected intraductal papillary 
mucinous neoplasms (IPMN).  A final diagnosis of neoplasia 
was established in 42% (33/79) patients included in the study 
(adenocarcinoma in 12 cases and IPMN in 21) [48]. The authors 

reported an 87% accuracy in distinguishing malignant for 
benign lesions (sensitivity 87%, specificity 86%) [48]. Lesions 
more frequently observed in patients with malignant lesions 
included: tumor vessels, mucin, ulceration, friability, infiltrative 
stricture, and protruding lesions including papillary, polypoid, 
villiform and vegetative lesions. Nevertheless, these results 
must be interpreted with caution as this report experience from 
a single US center with experience in pancreatic endotherapy. 
It is known that pancreatoscopy is technical more challenging 
due to the usual small diameter of the pancreatic duct, more 
tortuous course and the inability to  visualize side branch 
lesions adequately.

Findings of smooth mucosa without protrusions, friability 
or tumor vessels are suggestive of benign stenotic lesions [48], 
yet pancreatoscopy directed tissue acquisition is needed for 
malignancy exclusion. Pancreatic stenosis usually are tight and 
fibrotic and developed in the context of CP with pancreatic 
stones in the pancreatic duct. Overall the advancement of the 
scope in the pancreatic duct as well as performing biopsies can 
be more complicated than in the bile duct. Dilatation of the 
stricture can help to obtain biopsies as reported in a case series 
of 5 patients with indeterminate pancreatic duct stenosis [49]. 
After dilation, the authors were able to obtain biopsies under 
direct visualization in 4 of the 5 patients (80%), biopsies were 
benign in all the cases.

Intraductal papillary mucinous neoplasm 
One of the indications of diagnostic pancreatoscopy is 

the characterization of IPMNs in terms of location, extent, 
and differentiating this entity from CP. IPMN is a lesion 
with papillary proliferation of mucin-producing neoplastic 
epithelium, which causes cystic dilation of the PD [50]. The 
entity is considered pre-malignant and involves a spectrum of 
epithelial changes ranging from hyperplasia to carcinoma [51]. 

The reported incidence of malignancy in main duct IPMN 
(MD-IPMN) is higher than of branch duct IPMN (BD-IPMN) 
[52]. Since MD-IPMN occurs predominately in the head of 
the pancreas, a region more easily accessed by pancreatoscopy, 
direct visualization of the lesion may help confirm the diagnosis 
in equivocal cases based on imaging and history. In particular, 
when there is diffusely dilated pancreatic duct without any 
focal lesions seen on cross-sectional imaging or EUS, or in the 
differential diagnosis of CP versus IPMN. 

Trindade et al. [53] retrospectively evaluated 31 patients 
with dilated pancreatic duct; 13 patients (42%) presented 
findings on pancreatoscopy that were not seen in other exams, 
including EUS. In these patients, pancreatoscopy dictated the 
type of surgery. Based on their results, the authors suggested a 
possible role for pre-surgical pancreatoscopy in patients with 
diffusely dilatated PD for evaluating lesions not evident in 
noninvasive evaluation. 

In patients with non-dilated main pancreatic duct 
(<5mm) pancreatoscopy may be more challenging. One study 
[54] reported the usefulness of pancreatoscopy using the 
SpyGlassTMprobe in patients with non-dilated main pancreatic 
duct for evaluating IPMN. Pancreatoscopy was performed in 
12 patients, and sufficient visualization was achieved in 92% of 
cases. Ten patients with protruding lesions were identified, but 
biopsies could only be obtained in seven due to the insufficient 

Fig. 3. Cholangioscopy in a patient with cholangio-
carcinoma proposed for surgery. The visual impression 
of the intra-epithelial spread can delineate the proximal 
and distal extent of the lesion, determining the lateral 
extent of the tumor.
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angulation of the probe. Targeted biopsies had a sensitivity of 
25% and a specificity of 100%. However, with pancreatoscopy 
irrigation cytology, they had a 100% sensitivity and specificity 
for detecting malignancy.

Arnelo et al. [55] evaluated the role of pancreatoscopy in 
44 patients suspected of IPMN based on radiological findings. 
Pancreatoscopy was considered to have affected the clinical 
decisions in 76% of the cases. Interestingly four of the 25 
patients with radiological signs of MD-IPMN were classified 
as BD-IPMN after pancreatoscopy by the exclusion of lesions 
in the main pancreatic duct.

Assessment of main pancreatic duct involvement in 
MD-IPMN

To avoid total pancreatectomy, MD-IPMN can be treated 
with partial pancreatectomy if surgical margins are negative for 
high-grade dysplasia or invasive carcinoma [56]. Endoscopic 
ultrasound and other imaging modalities can detect mural 
nodules; however detecting intraductal low-length protruding 
lesion by EUS is quite difficult [56]. 

Pancreatoscopy can be used in the preoperative assessment 
of pancreatic duct involvement in MD-IPMN in order to 
“guide” surgical treatment in obtaining free surgical margins 
(Fig. 4). Two studies evaluated this issue [57, 58], but only 
one used the SpyGlassTMplatform. In this small case series, the 
authors retrospectively analyzed data from seven patients who 
underwent a preoperative assessment of MD-IPMN using the 
digital version of SpyGlassTM; the visualization of the target 
lesion was considered excellent. However, targeting biopsy had 
a poor diagnostic ability (sensitivity for diagnosing high-grade 
dysplasia was 0%) and the intraoperative frozen section was 
still required to obtain a negative surgical margin [58]. 

Although previous reports [53, 57] suggested that 
pancreatoscopy could guide the type of surgery, this technique 
may not be accurate enough in the preoperative assessment 
of the extent of main duct IPMN due to the poor diagnostic 
ability to target biopsy.

Safety
Since there are several noninvasive imaging modalities 

for evaluating the pancreatobiliary system, one of the major 
issues with SOC is safety. Clinical data shows that using SOC 
for diagnostic purposes augments the diagnostic accuracy of 
ERCP; nevertheless  the possible rise in adverse effects may not 
overcome the clinical benefit derived from its use. Whether 
SOC adds significant additional risks to those associated with 
standard ERCP remains controversial. 

In a large retrospective study by Sethi et al. [59] the authors 
compared the safety adverse of 3,476 ERCP with that of 402 
cholangioscopies (using conventional cholangioscopes and 
first-generation SpyGlassTM). The adverse events in the first 
group were 2.9% and in the second group 7%. They detected 
significantly higher rates of cholangitis in the cholangioscopy 
group (1% vs. 0.2%) and similar rates of pancreatitis and 
perforation. This increase in complication was not observed 
in a single-center study [60]. Moreover, a meta-analysis of 45 
studies on cholangioscopy demonstrated a pooled adverse 
event rate of 7%  (95%CI: 6–9) and a pooled severe adverse 
event rate of 1% (95%CI: 1–2) [30]. 

One explanation for the different reported rates of SOC 
adverse events could be the use of different definitions for 
complications and differences in the evaluated populations. 
Overall, SOC is considered a safe procedure with relatively 
few serious adverse events.

Limited irrigation of bile and pancreatic duct during the 
procedure, administration of prophylactic antibiotics and 
ensuring adequate drainage of duct explored may reduce the 
rate of cholangitis associated with SOC. 

CONCLUSIONS

There is growing data in the literature supporting the 
early implementation of SOC in the diagnostic algorithm 
of pancreatobiliary strictures. In selected cases, this could 
prevent diagnostic delay and reduce the risks and costs related 
to repeated ERCPs.

Poor interobserver agreement of cholangioscopy images 
and lack of a correlation between the macroscopic features and 
histology can lead to misdiagnosis and limit the applicability 
of SOC in this clinical scenarios. The development of new 
classification system with good intra and interobserver 
agreement may improve the sensitivity of the visual diagnosis 
[61]. The use of chromoendoscopy and incorporating artificial 

Fig. 4. Duodenoscopy (A) and Pancreatoscopy 
(B) in a case of a MD-IPMN proposed for surgical 
resection. Pancreatoscopy can delineate the extent 
of MD-IPMN and detect skip lesions of a diffusely 
dilated main pancreatic duct, guiding the choice of 
surgical procedure.
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intelligence systems for the interpretation of visual findings 
may help to solve the problem of suboptimal correlation 
between histological and macroscopic features. Indeed, this 
can reduce the problem of misdiagnosing malignancy in some 
vascular and pseudopolipoid lesions that may appear following 
stent removal.

Improvement of biopsy forceps and biopsy protocol is also 
needed since the achieved histological confirmation is still 
relatively low. Use of rapid onsite evaluation of touch imprint 
cytology [37] and ancillary cytologic techniques may increase 
the sensitivity of SpyBite biopsy forceps.

Incorporating SOC in the preoperative protocol of 
pancreatobiliary tumors may tailor and improve the efficacy 
of surgical treatment. Replication of published data in other 
centers through the elaboration of multicenter randomized 
control studies may help to define the precise role of SOC in the 
preoperative setting. Moreover, improving diagnostic ability 
with targeting biopsy may define the microscopic extension of 
the tumor and define surgical strategy previous to operation. 

One of the major limitations of SOC dissemination has 
been the costs.  In a recent study  from two Belgian hospitals, 
the use of SOC determined a decrease in the number of 
procedures (- 31 % relative reduction) and costs (- €13 
000; - 5 % relative variation) when compared with ERCP for 
indeterminate biliary strictures [62]. Preforming additional 
cost-effectiveness analysis may help to solve the problem of  the 
high capital costs for the processor and the disposable catheter 
probe. Modifications in the reimbursement policy and creation 
of a dedicated code for SOC are additional measures that can 
be used for limiting the costs of the procedure. The clinical 
success though, has been widely acknowledged.
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