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Abstract

Per-oral pancreatoscopy (POPS) is an endoscopic procedure to visualize the main
pancreatic duct. POPS specifically has the advantage of direct visualization of the
pancreatic duct, allowing tissue acquisition and directed therapies such as stones
lithotripsy. The aim of this review is to analyze and summarize the literature
around pancreatoscopy. Pancreatoscopy consists of the classic technique of the
mother-baby method in which a mini-endoscope is passed through the accessory
channel of the therapeutic duodenoscope. Pancreatoscopy has two primary
indications for diagnostic purpose. First, it is used for visualization and
histological diagnosis of intraductal papillary mucinous neoplasms. In these
cases, POPS is very useful to assess the extent of malignancy and for the study of
the intraductal papillary mucinous neoplasm in order to guide the surgery
resection margins. Second, it is used to determine pancreatic duct strictures,
particularly important in cases of chronic pancreatitis, which is associated with
both benign and malignant strictures. Therefore POPS allows differentiation
between benign and malignant disease and allows mapping the extent of the
tumor prior to surgical resection. Also tissue sampling is possible, but it can be
technically difficult because of the limited maneuverability of the biopsy forceps
in the pancreatic ducts. Pancreatoscopy can also be used for therapeutic
purposes, such as pancreatoscopy-guided lithotripsy in chronic painful
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pancreatitis with pancreatic duct stones. The available data for the moment
suggests that, in selected patients, pancreatoscopy has an important and
promising role to play in the diagnosis of indeterminate pancreatic duct strictures
and the mapping of main pancreatic duct intraductal papillary mucinous
neoplasms. However, further studies are necessary to elucidate and validate the
pancreatoscopy role in the therapeutic algorithm of chronic pancreatitis.

Key words: Pancreatoscopy; Per-oral pancreatoscopy; Endoscopic retrograde
cholangiopancreatography; SpyGlass

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Multiple modalities are available for the investigation of pancreatic diseases,
such as magnetic resonance cholangiopancreatography, computed tomography,
transabdominal ultrasound, endoscopic retrograde cholangiopancreatography, and
endoscopic ultrasound. Per-oral pancreatoscopy was initially described in 1976. The
available data suggests that in selected patients pancreatoscopy plays an important role in
indeterminate pancreatic duct strictures and in evaluating the main pancreatic duct for
intraductal papillary mucinous neoplasms following endoscopic ultrasound-fine needle
aspiration prior to surgical treatment. Considering its therapeutic role, per-oral
pancreatoscopy with lithotripsy has achieved a high rate of ductal clearance in patients
with chronic calcific pancreatitis.

Citation: De Luca L, Repici A, Kogollari A, Auriemma F, Bianchetti M, Mangiavillano B.
Pancreatoscopy: An update. World J Gastrointest Endosc 2019; 11(1): 22-30
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INTRODUCTION

Per-oral pancreatoscopy (POPS) was initially described in 1976 by Kawai et all'!l in
order to directly visualize the main pancreatic duct. Multiple modalities are available
for the investigation of pancreatic diseases, such as magnetic resonance
cholangiopancreatography, computed tomography, transabdominal ultrasound,
endoscopic retrograde cholangiopancreatography, and endoscopic ultrasound (EUS).
Even though there have been technological refinements in these imaging modalities,
making a conclusive diagnosis in the setting and managing indeterminate
pancreatico-biliary stricture can be difficult”. POPS specifically has the advantage of
directly observing the main pancreatic duct, permitting tissue acquisition, and
directing therapies such as stones lithotripsy. The aim of this review is to analyze and
summarize the literature around pancreatoscopy by elucidating its diagnostic and
therapeutic roles in the management of pancreatic diseases.

EQUIPMENTS AND TECHNIQUE

Pancreatoscopy consists of the classic technique of the mother-baby method in which
a mini-endoscope is inserted through the working channel of the duodenoscope. The
early systems were improved by allowing the control of tip movement and adding a
channel for irrigation and insertion of biopsy device or lithotripsy probel™.
Pancreatoscopes with high definition images or virtual chromoendoscopy (narrow
band imaging) (Figure 1) enhance the detail of the mucosal surface and blood vessels
pattern improving the identification of tumors. One drawback of the mother-baby
system is its dependence on two skilled operators to simultaneously control the
separate endoscopes. In 2007 the first clinical experience with the single-operator
cholangiopancreatoscopy system was reported (SpyGlass DVS, Boston Scientific)l.
Later, in 2015, this system was upgraded to a digital version in order to improve
image quality (SpyGlass DS, Boston Scientific)® (Figure 2).

Pancreatoscopes with small diameters (2.6-4 mm) can be inserted through the
accessory channel of a therapeutic duodenoscope (minimum diameter of 4.2 mm) and
a 0.035-inch guidewire, biopsy forceps, or a 1.9-Fr to 3-Fr electrohydraulic/laser
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The figure has been removed because the author forgot to obtain permission for reuse from the copyright holder. The original
source: Figure 4a and b in “Intraductal biliopancreatic imaging: European Society of Gastrointestinal Endoscopy (ESGE) technology
review. £ndoscopy 2015; 47: 739-753".

Figure 1 Video-cholangiopancreatoscopy shows a normal main pancreatic duct in white light vision and in narrow band imaging mode.

lithotripsy can pass through the 1.2-mm working channel of a pancreatoscope. The
image acquisition system is mediated by optical fibers connected to a light source
with a video system.

Intraprocedural antibiotics are recommended in patients undergoing
pancreatoscopy because there is a serious risk of infection due to systemic bacterial
translocation during the duct saline irrigation.

Pancreatoscopy is performed by positioning the patient in the semi-prone
configuration ensuring the stability of the duodenoscope, which is very important to
facilitate the pancreatoscope insertion and eventual maneuvers. Access to the
pancreatic duct is similar to that of the mother-baby cholangioscopy and commonly
occurs through the major papilla, with or without sphincterotomy depending on the
diameter of the pancreatic orifice and diagnostic indications, although it is also
possible through the minor papillall. For example, in intraductal papillary mucinous
neoplasm (IPMN) where the papillary orifice is typically large, a sphincterotomy may
be unnecessary.

However, the decision of whether or not to perform sphincterotomy prior to
pancreatic duct cannulation is variable for diagnostic indications, but may be very
helpful in cases of complex stones or stricture. Moreover, it would seem intuitive to
recommend it because the diameter of the scope can be easily damaged when used in
sub-optimal conditions, and this may have an impact on financial feasibility of the
procedures. No data or guidelines have been published about this issue.

The pancreatoscope is advanced in the Wirsung duct on the guidewire to reach its
caudal portion under regular irrigation and fluoroscopy (Figure 3). The passage of
lithotripsy probes or biopsy forceps through the accessory channel can sometimes be
difficult (although simpler than cholangioscopy in which the angulation is more
accentuated and therefore decreases the maneuverability). The Spyglass system
allows easier maneuverability within the Wirsung duct.

Similarly to cholangioscopy, a few years ago direct POPS was achieved using
ultraslim gastroscopes through two approaches: (1) a 5-Fr balloon catheter positioned
and inflated in the Wirsung duct in order to create an anchoring mechanism and
facilitate the progression of the pancreatoscope!” (Figure 4); and (2) an overtube
placed on an ultra-slim gastroscope to prevent stomach looping during insertion!"*'!
(Figure 5).

In patients without chronic calcific pancreatitis and/or pancreatic sphincterotomy,
ductal injection is a high-risk maneuver for the development of post-endoscopic
retrograde cholangiopancreatography pancreatitis. In these cases some preventive
measures are highly recommended (i.e., rectal indomethacin, hydration, stenting)!***..

INDICATIONS

Pancreatoscopy has two primary indications for diagnostic purpose. First, it is used
for visualization and histological diagnosis of IPMNs!'"l. Second, it is used to
determine pancreatic duct strictures, differentiate between benign and malignant
disease!'”, and allow mapping the extent of the tumor prior to surgical resectionl.
Pancreatoscopy can also be used for therapeutic purposes, such as pancreatoscopy-
guided lithotripsy in chronic painful pancreatitis with pancreatic duct stones!'’l.
Indications for pancreatoscopy are summarized in Table 1.

Diagnostic role of pancreatoscopy
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SpyGlass™ DS

Sistema di visualizzazione diretta

Figure 2 Single-operator video-cholangiopancreatoscopy digital system (SpyGlass DS, Boston Scientific).

Pancreatoscopy in IPMN: One of the main indications of pancreatoscopy is to
characterize the location and extent of IPMNs. The risk of malignancy within this type
of tumors is highly variable, and they are distinguished in three different types: main
duct, branch duct, and mixed-type IPMNs. Differential diagnosis is usually
performed by magnetic resonance cholangiopancreatography because it helps to
define adequate patient management®’l. While the branch duct IPMNs can be
histologically malignant in a low rate of cases, main pancreatic duct IPMNs are
malignant in 57%-92% of cases!”. The primary utility of pancreatoscopy in main
pancreatic duct IPMN is to confirm the diagnosis in equivocal cases. It is especially
important when there is a question of chronic pancreatitis versus IPMN considering
the history and imaging of the patient. Pancreatoscopy in these cases is very useful to
assess the extent of malignancy and for the study of the IPMN in order to guide the
surgery resection margins. On the other hand, pancreatoscopy should not be used to
distinguish different subtypes of pancreatic cystic neoplasm™*.

The appearance of protruding lesions on pancreatoscopy have been well classified
by Hara et al™l. This has allowed discrimination of malignant from benign IPMNs
with an accuracy of 88% for main duct IPMNs and 67% for branch duct IPMNs. The
classification consists of five groups (Figure 6): Type 1: Granular mucosa; Type 2:
Fish-egg-like protrusions without vascular images; Type 3: Fish-egg-like protrusions
with vascular images; Type 4: Villous protrusions; and Type 5: Vegetative
protrusions. Hara et al™ compared the pancreatoscopy findings to the histopathology
of resected specimens in 60 patients with confirmed IPMNs. No case of malignancy
was found in type 1 and 2, while type 3, 4, and 5 were found to be malignant, which
included carcinoma in situ and invasive carcinoma. The presence of type 3, 4, and 5
lesions was 78% specific and 68% sensitive for malignancy.

Pancreatoscopy can be very useful to assess main duct IPMN extent pre-
operatively. Tyberg et al'¥l reported the first use of digital single-operator
cholangiopancreatoscopy for pre-surgical mapping of pancreatobiliary malignancy.
Sixty-two percent of their patients undergoing surgery for IPMN had a change in their
surgical plan based on preoperative pancreatoscopy. Of these half required more
extensive surgery and half required less extensive surgery. These results suggested an
important and promising role of pancreatoscopy in IPMNs treatment. POPS-guided-
tattoo may be a new technique developed in the near future to optimize IPMNs
treatment.

Pancreatoscopy in indeterminate strictures of the main pancreatic duct: The
conventional imaging modalities that are now widely used can often be insufficient to
differentiate between benign and malignant pancreatic duct strictures. This is
particularly important in chronic pancreatitis where it is possible discover both
benign and malignant strictures™*). Augmented endoscopy including narrow band
imaging enhances visualization, which enhances detection of malignancies and
improves diagnostic accuracy of POPS. As probe-based confocal laser
endomicroscopy allows in vivo identification of cellular and subcellular
microstructures and thus permits a real-time histological diagnosis. In a retrospective
analysis, El Hajj et al* evaluated patients undergoing pancreatoscopy with
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Figure 3 Pancreatoscopy with SpyGlass DS.
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indeterminate pancreatic duct stricture (64%) or suspected IPMN (36%). The final
diagnosis was based on surgical pathology. A pancreatic duct neoplasia was found
overall in 41.8% of patients while the remaining cases had benign clinical features
(benign strictures and branch IPMNs). The authors observed that pancreatic duct
direct visualization had an 87% global accuracy in the differential diagnosis between
benign and malignant lesions.

In conclusion, pancreatoscopy could be useful in differential diagnosis of
indeterminate Wirsung duct strictures in all those selected cases where EUS-guided
tissue acquisition (fine needle aspiration) does not provide conclusive findings!"*1.

Pancreatoscopy assisted-tissue sampling: Pancreatoscopy allows tissue sampling, but
it can be technically difficult due to the poor maneuverability of the biopsy forceps
inside the Wirsung duct. In a study published a decade ago! about patients with
IPMN surgically resected, it was observed that the diagnostic sensitivity for malignant
IPMN was significantly higher if the pancreatic juice was sampled through direct
visualization during pancreatoscopy compared with catheter aspiration (68% and 38%
respectively). Therefore, pancreatic juice sampling should always be taken into
account for cytopathological examination, particularly in IPMN setting, in cases in
which the EUS-fine needle aspiration is not contributive (for example due to the high
viscosity of the mucus) or has provided inconclusive results!”. El Hajj et al*! reported
high rates of diagnostic accuracy (87% sensitivity and 100% specificity) from
pancreatic duct direct visualization or pancreatoscopy assisted biopsies for
differentiating malignant from benign lesions.

Therapeutic role of pancreatoscopy

Pancreatoscopy with lithotripsy is indicated as a second line treatment in patients
with chronic calcific pancreatitis and duct stones refractory to other treatments. In
fact, even if endoscopic retrograde cholangiopancreatography and extracorporeal
shock wave lithotripsy for ductal clearance and pain relief are now the current
standard techniques, available studies about pancreatoscopy using either
electrohydraulic or laser lithotripsy have provided encouraging results. Both were
effective and safe in the fragmentation of macrolithiasis. Moreover the possibility of
obtaining direct visualization and accurately adjusting shock waves with probes
increases the effectiveness by reducing complications such as bleeding, perforations,
and wall duct damage. From a recently published systematic review!”], authors
examined 10 studies (a total of 87 patients), none of which were randomized and only
two prospective. The cohort study with more consistent data showed high technical
and clinical success rates (70% and 74%, respectively)’l. Another retrospective
multicenter cohort study including a total of 28 patients who underwent
pancreatoscopy-guided lithotripsy, Wirsung duct clearance was achieved in 79% and
clinical success was found in 89% at a median follow-up of 13 mo"l. Recent studies by
Shah et al® and Navaneethan et all’! obtained pancreatic duct clearance in 100% (7/7)
and in 80% (4/5) of patients with lithotripsy (electrohydraulic and laser, respectively)
using a single operator digital cholangiopancreatoscope. Overall, pancreatoscopy-
guided lithotripsy appears to be effective although its precise role in the treatment of
difficult-to-manage chronic painful pancreatitis with pancreatic duct stones remains
unknown’l. Moreover, the oncoming marketing of ancillary devices suitable for a
single-operator cholangiopancreatoscopy system, such as the nitinol disposable
minisnare (Figure 7) and minibasket (SpyGlassTM Retrieval Snare, Boston Scientific)
could open new additional options for therapeutic procedures (i.e., stone fragments
extraction, proximally migrated pancreatic stent capture and retrieval).
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The figure has been removed because the author forgot to obtain permission for reuse from the
copyright holder. The original source: Figures 2 and 3 in “Direct peroral pancreatoscopy with an
ultraslim endoscope for the evaluation of intraductal papillary mucinous neoplasms. £ndoscopy
2011; 43: E390-E391".

Figure 4 An ultraslim upper endoscope inserted into the pancreatic duct assisted by a 5-Fr intraductal
balloon catheter.

COMPLICATIONS AND LIMITATIONS

The overall complication rates after diagnostic and therapeutic POPS were reported at
10%-12% and mostly consisted of mild pancreatitis!'”’"l. The success of a
pancreatoscopy can be conditioned by pancreatic main duct anatomy and diameter,
ductal stenosis, or blocking stones. Depending on the clinical indication (as
highlighted in the Pancreatoscopy in indeterminate strictures of the main pancreatic
duct section) the visualization rate of Wirsung duct is 70%-80%. Some authors argue
that a main pancreatic duct diameter greater than 5 mm is necessary.

CONCLUSION

Pancreatoscopy should be reserved to specific subgroups of patients with a limited
scope of benefit. The available data suggests that in selected patients pancreatoscopy
plays an important role in indeterminate pancreatic duct strictures and the mapping
of main pancreatic duct IPMNs following EUS-fine needle aspiration prior to surgical
treatment. Considering its therapeutic role, POPS with lithotripsy has achieved a high
rate of ductal clearance in patients with chronic calcific pancreatitis and difficult-to-
manage pancreatic duct stones, which are refractory with traditional techniques.
Further studies are necessary to elucidate and validate the pancreatoscopy role in the
therapeutic algorithm of chronic pancreatitis.
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Table 1 Indications for pancreatoscopy

Diagnostic

Visualization and histological diagnosis of intraductal papillary mucinous neoplasm

Determine pancreatic duct strictures, differentiate between benign and malignant disease allows mapping the extent of the tumor prior to surgical
resection

Therapeutic

Pancreatoscopy-guided lithotripsy in chronic painful pancreatitis with pancreatic duct stones

The figure has been removed because the author forgot to obtain
permission for reuse from the copyright holder. The original source:
Figures 3 and 4 in “Overtube-assisted direct peroral pancreatoscopy using
an ultraslim gastroscope in a patient suspected of having an intraductal
papillary mucinous neoplasm. £ndoscopy 2011; 43: E279-E280".

Figure 5 Overtube of a single-balloon enteroscope assisted direct per-oral pancreatoscopy with an ultraslim gastroscope.

Figure 6 Endoscopic classifications of the protruding lesions by per-oral pancreatoscopy.

‘||||||||||||I||||I||||l||l|l|||||||||||| IH]II'IIIIIN|II|I|II|I||III|
1 2 3 4 5 6 7

CENTIMETERS

Figure 7 SpyGlass™ Retrieval Snare.
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