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ABSTRACT

Despite advancements in endoscopic retrograde cholangiopancreatography (ERCP), direct endoscopic visualization of the biliary tree by cholangios-
copy is required to improve the diagnosis and treatment of the underlying disease. Although several types of peroral cholangioscopy (POC) systems
are available, single-operator cholangioscopy (SOC) has been widely used for interventions in the biliary system. The first SOC was SpyGlass direct
visualization system (Boston Scientific, Natick, MA, USA) expanded to a digital version of the SOC (SpyGlass DS; Boston Scientific). More recently,
single-operator direct POC using an ultra-slim upper endoscope has been proposed. The remarkable developments in POC and available specialized
accessories continue to improve therapeutic procedure of the biliary diseases. POC allows the visualization of bile duct stone and guide wire place-
ment across difficult strictures and selective cannulation of the intrahepatic and cystic ducts. It is also demonstrating its utility in investigational ap-

plications such as intraductal ablation therapy for bile duct tumors, removal of foreign body in the bile duct and evaluation of hemobilia.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is
a standard diagnostic and therapeutic procedure for biliary dis-
eases. However, cholangiography alone has limitations for the
management of some clinical situations. Cholangioscopy is a
useful tool to overcome these limitations of ERCP allowing direct
endoscopic visualization of biliary tree. Peroral cholangioscopy
(POQ) is traditionally only conducted using a mother-baby scope
system. However, routine clinical application of this system has
been restricted because of their fragility and requirement of the
participation of two skilled endoscopists using 2 endoscopic sys-
tems."” Subsequently, POC systems operated by single-operator
have been introduced to overcome drawbacks of a mother-baby
scope system. The first single-operator cholangioscopy (SOC) was
SpyGlass direct visualization system (Boston Scientific, Natick,
MA, USA) expanded to a digital version of the SOC (SpyGlass DS;
Boston Scientific). More recently, single-operator direct POC using
a conventional ultra-slim upper endoscope has been proposed.
The remarkable developments in POC, such as image quality,
technical convenience, and available specialized accessories, con-
tinue to improve real time diagnosis and therapeutic procedure of

the biliary diseases. This review summarizes the role of POC in the
therapeutic applications of biliary diseases with a focus on SOC.

Instruments and Procedure
SpyGlass direct visualization system

SpyGlass direct visualization system was introduced as a SOC
technique in 2007. The first version of SpyGlass system (referred
to as ‘SpyGlass Legacy’) is composed of a reusable 0.77-mm di-
ameter optical probe (6,000-pixel image with 70° field of view)
and a disposable 10-Fr delivery catheter (SpyScvope; Boston
Scientific). The delivery catheter has a fourway deflected steering,
a 1.2-mm accessory channel, a 0.9-mm channel for the optical
probe, and 2 dedicated 0.6-mm irrigation channels, which enables
continuous water irrigation for clear image. However, SpyGlass
Legacy has several limitations. The image quality was suboptimal,
image stability was poor because of interference from blood and
mucus, and manipulation of the catheter was challenging because
of lack of coordination between the directional control dial move-
ments and optical fiber visualization.”

In 2015, a digital version of SOC (SpyGlass DS; Boston Sci-
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entific) was introduced. The system consists of a fully integrated
SpyScope Digital System Access and Delivery Catheter and a
fully-disposable system to eliminate probe reprocessing. The inte-
grated digital sensor provides superior imaging, greater resolution,
and a 110° field of view. The insertion tube contains 1 working
channel (1.2-mm diameter) for accessory devices and aspiration,
2 channels for irrigation, 2 optical fibers to transmit illumina-
tion from the controller, and wiring to transmit video signals to
the controller. In addition, SpyGlass DS is easy to set up and the
tapered distal end enables easy entering of the common bile duct
(CBD)—using a free-hand technique or over a guidewire." Acces-
sories for use with both the legacy and the SpyGlass DS systems
include an intraductal mini-biopsy forceps (SpyBite; Boston
Scientific). Recently, the next version of the SpyGlass DS system
(SpyGlass DS version 2.0) has been released. It is expected to pro-
vide improved diagnostic and therapeutic capabilities using four-
fold higher image resolution and optimized light emitting diode
(LED) illumination.

Direct peroral cholangiosocpy

During the direct POC, ultra-slim upper endoscope is directly
inserted into the bile duct through the papilla. The ultra-slim en-
doscope was originally designed for use in pediatric patients and
transnasal applications. Direct POC can be performed only after
a large previous endoscopic sphincterotomy and/or sphinctero-
plasty, because the outer diameters are 5 to 6 mm, and the diam-
eter of the CBD is usually > 8 mm. Ultra-slim endoscopes have
working channels ranging from 2.0 to 2.2 mm which allow to
extend interventional procedures, including for tissue sampling,
and it permits the use of 5-Fr instruments. In addition, this system
provides high-quality endoscopic imaging with the ease of perfor-
mance of enhanced endoscopy by using narrow-band imaging or
i-SCAN."*®

However, advancement of an ultra-slim endoscope into the
biliary tree has been a major limitation to the performance of di-
rect POC because of acute angulation of biliary tree from second
part of the duodenal lumen. Several specialized accessories and
techniques are used to advance an ultra-slim endoscope into the
proximal CBD."*® Although these accessories have improved the
success rate of direct POC, it was still time-consuming and tech-
nically difficult to perform.” Recently, a prototype multibending
(MB) ultra-slim endoscope was introduced as a dedicated chol-
angioscope to overcome the technical difficulties of direct POC.

The MB endoscope is a modified ultra-slim endoscope that can be
inserted directly into the bile duct without using device assistance
(“free-hand”). It has 2 bending sections and the outer diameters of
the distal end and shaft of an MB endoscope are 4.9 mm and 7.0
mm, respectively, to improve pushability of the endoscope and to
minimize loop formation in the stomach. The MB endoscope re-
vealed a higher technical success rate than the conventional ultra-
slim endoscope in free-hand biliary insertion of the endoscope for
direct POC (89.1% vs 30.4%; P < 0.001)."

Therapeutic Applications
Intraductal lithotripsy for difficult bile duct stones

Management of difficult bile duct stones is most popular ap-
plication of POC. Standard endoscopic stone-removal techniques,
including mechanical lithotripsy, fails in 10%-15% of patients."
Intracorporeal lithotripsy, such as electrohydraulic lithotripsy
(EHL) or laser lithotripsy (LL) is a main treatment option for dif-
ficult bile duct stones. POC enables to conduct EHL or LL (Fig. 1)
under direct visual control for safe and precise targeting during
fragmentation. In a meta-analysis of 35 studies with 1,762 par-
ticipants, POC with intraductal lithotripsy showed an overall stone
fragmentation success of 91.2% with an average of 1.3 lithotripsy
sessions performed. Complete single session fragmentation suc-
cess was 76.9%. There was no difference in overall fragmentation
rate or adverse events; however, LL was associated with a higher
single-session fragmentation rate and shorter procedure time
compared with EHL."

In randomized controlled trials (RCTs), SOC-guided lithotripsy
was compared with conventional endoscopic therapies for man-
agement of difficult bile duct stone. SpyGlass DVS-guided LL
achieved a higher endoscopic clearance rate than conventional
therapy only (93% vs 67%; P = 0.009)."” Mechanical lithotripsy
had also a significantly lower stone clearance rate in the first ses-
sion compared with SpyGlass DS-guided LL (63% vs 100%; P <
0.01)." Similarly, SpyGlass DS-guided LL showed a higher treat-
ment success (93.9%) than in the large balloon sphincteroplasty
(LBS) group (72.7%; P = 0.021) in a recent RCT."

Although SOC-guided lithotripsy is effective and feasible pro-
cedure, it is considered to have several limitations in terms of cost,
complexity and procedure time.'® Buxbaum et al"* reported mean
procedure time of the SOC-guided LL (120.7 + 40.2 minutes) was
significantly longer than that of the conventional therapy (120.7

Fig. 1. Direct peroral cholangioscopy by using a multibending ultra-slim endoscope in a patient with a huge stone in the common bile duct (CBD). Cholangiograms
(A) show a huge stone in the CBD and (B) a multibending endoscope located in CBD without device assistance. (C) Cholangioscopic view of a CBD stone with laser
lithotripsy probe. (D) Cholangioscopy and (E) cholangiograms show the fragmented stones after lithotripsy.
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vs 81.2 minutes, P = 0.0008). In contrast, overall treatment cost
was reported as no significant difference between SOC-guided LL
and LBS in previous study."” However, there is little data avail-
able. Therefore, POC-guided lithotripsy is recommended in pa-
tients with difficult CBD stones who have failed removal of stones
by conventional endoscopic methods.”"

Another advantage of POC-guided lithotripsy is a potential to
reduce radiation exposure of patients and endoscopist. In a previ-
ous study, radiation exposure of patients was significantly higher
in the mechanical lithotripsy group than in the LL group (40,745
vs 20,989 mGycem’; P = 0.04)." And, a prospective study evaluat-
ing stone removal for noncomplex bile duct stone using SpyGlass
DS in radiation-free setting reported that all cases achieved suc-
cessful fluoroscopy-free biliary cannulation and stone extraction.
Fluoroscopy was needed in only 5% cases to confirm stone clear-

ance."”

Intraductal ablation therapy for bile duct tumors

POC provides visual guidance for effective and safe ablation
therapy of intraductal biliary tumor. POC may be useful for de-
termining the extent of tumor and the appropriate location of the

ablation catheter. In addition, it allows to evaluate effectiveness,
remnant intraductal tumor, or recurrence after ablation therapy.'

Endobiliary radiofrequency ablation (RFA) for malignant bili-
ary stricture (MBS) has been reported to contribute to obtaining
longer stent patency or survival.®”' However, endobiliary RFA
under ERCP guidance has been associated with a high adverse
event rate. A recent study evaluated the feasibility and safety of
the RFA procedure using SpyGlass DS. In 12 patients with bile
duct cancer, POC was performed before and after RFA, and en-
dobiliary RFA was also applied under POC guidance. POC-guided
RFA was technically successful in all patients and one adverse
event (post-procedure cholangitis) was developed.”” Photodynamic
therapy (PDT) also can be performed under POC guidance. Choi et
al” reported the feasibility and safety of direct POC-guided PDT
(Fig. 2) in 9 patients with inoperable extrahepatic cholangiocarci-
noma.

Selective guidewire placement for complex biliary stricture or
cystic duct

POC facilitates selective guidewire placement into the com-
plicated biliary stricture or cystic duct (Fig. 3) that is difficult to

Fig. 2. Peroral cholangioscopy-guided photo-
dynamic therapy by using the SpyGlass digital
system. (A) Cholangiogram shows a stricture of
the proximal common bile duct. (B, C) Cholan-
gioscopic images show a stricture with irregular
tortuous vessels at the site of the proximal biliary
stricture. (D) Cholangiogram shows the photo-
dynamic therapy catheter placed across the neo-
plastic stricture. (E) Cholangioscopic appearance
during lighting. (F) Cholangioscopic view 2 weeks
after photodynamic therapy reveals diffuse necro-
sis and improvement of stricture.

Fig. 3. Peroral cholangioscopy (POC)-guided cys-
tic duct cannulation after failure of fluoroscopic
guidance by using the SpyGlass digital system
(DS). (A) Cholangiogram shows SpyGlass DS lo-
cated close to the cystic duct opening. Guide wire
advanced into the cystic duct under (B) POC and (C)
fluoroscopic guidance. (D) Cholangiogram shows
a 7-Fr, 15-cm double-pigtail stent placed between
the gallbladder and duodenum.
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approach by only conventional fluoroscopy. In previous study,
SpyGlass DS-guided guidewire placement across complex biliary
stricture was tried in 30 procedures of 23 patients with previously
failed conventional guidewire placement. It was successful in 21
of 30 procedures (70%).”*

POC-guided direct biliary drainage

The 2.0 to 2.2 mm working channel of an ultra-slim endo-
scope enable direct stent placement with a 5 to 6 Fr diameter
stent after selective guidewire placement.”'®” During the direct
POC, biliary stenting is possible to prevent cholangitis without
exchanging the endoscope for a duodenoscope.

Other indications

Small bile duct stones which were missed by conventional
ERCP can be founded and removed under POC using baskets or
other accessories (Fig. 4).”° In addition, POC has been described
to successfully retrieve proximally migrated biliary stents or bile
duct foreign body.””* Hemobilia could also be diagnosed and
managed successfully by POC.”

Conclusions

With the development of more advanced cholangioscopic sys-
tem, POC is becoming increasingly utilized as an effective tool for
patients with biliary diseases. Therapeutic applications of POC for
biliary lesions is also expanded owing to continuing advances in
specialized endoscopes and available dedicated accessories. Nev-
ertheless, current POC systems are still required improvement in
terms of technical difficulty, diameter of working channel, avail-
able devices and cost.
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Fig. 4. Direct peroral cholangioscopy (POC)-guided
stone removal by using a multibending ultra-slim
endoscope after laser lithotripsy. (A) Cholangio-
gram shows stones in the left intrahepatic duct
(IHD) and a multibending endoscope located in
IHD without device assistance. (B) Cholangioscop-
ic view of IHD stone with laser lithotripsy probe.
() Cholangiogram shows no filling defect in the
left IHD after stone removal. (D) Cholangioscopic
view of small residual stones detected by direct
POC. (E, F) Cholangioscopic view shows IHD stone
extraction into the duodenum using a 5-Fr basket
catheter under direct endoscopic visualization.
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