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The most effective and the standard treatment for bile duct stones (BDSs) is endo-
scopic retrograde cholangiopancreatography (ERCP). However, in 10% to 15% of 
patients with BDSs, the stones cannot be removed by conventional ERCP, which 
involves endoscopic sphincterotomy followed by balloon or basket extraction. Ad-
ditional techniques or devices are often necessary to remove these difficult bile-
duct stones, including endoscopic papillary large balloon dilatation to make a 
larger papillary opening and/or mechanical lithotripsy to fragment the stones. 
Advances in cholangioscopy have made possible electrohydraulic or laser litho-
tripsy under direct cholangioscopic visualization during ERCP. Cholangiosco-
py-guided lithotripsy could be another good option in the armamentarium of 
techniques for removing difficult BDSs. Here we review endoscopic techniques 
based on single-operator cholangioscopy for the management of difficult BDSs.
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Recent advances in the management of difficult 
bile-duct stones: a focus on single-operator  
cholangioscopy-guided lithotripsy
Chi Hyuk Oh and Seok Ho Dong

INTRODUCTION

Bile duct stones (BDSs) are one of the most common 
biliary tract diseases, with a prevalence of 10% to 20% 
in patients with symptomatic gallbladder stones [1,2]. 
Patients with BDSs are at high risk of serious, poten-
tially fatal complications, such as acute cholangitis, liv-
er abscess, or acute gallstone pancreatitis. Endoscopic 
retrograde cholangiopancreatography (ERCP) is a stan-
dard procedure for the treatment of patients with BDSs. 
Approximately 90% of BDSs can be effectively removed 
with endoscopic sphincterotomy (EST) followed by 
stone extraction. However, the remaining 10% to 15%, 
which are considered difficult BDSs, often require addi-
tional techniques or devices for their removal [3]. These 

include cases in which access to the bile duct is challeng-
ing (e.g., periampullary diverticulum, altered anatomy 
after gastric bypass), and/or the size, shape, or location of 
the stones within the bile duct is difficult to determine 
for mechanical lithotripsy (ML) and extraction. ML and 
endoscopic papillary large balloon dilatation (EPLBD) 
are now the standard techniques for the removal of large 
BDSs. Cholangioscopy has been developed over the last 
decade and enables the management of BDSs by provid-
ing direct access to the bile duct. The second generation 
of digital single-operator cholangioscopy (SOC) is avail-
able and facilitates the management of difficult BDSs. 
This review highlights various aspects of difficult BDSs 
and SOC with a focus on recent strategies for SOC-guid-
ed lithotripsy.
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DIFFICULT BILE-DUCT STONES

No clear consensus exists about the definition of dif-
ficult BDSs. Factors that contribute to the difficulty in 
removing BDSs can be divided into four major cate-
gories: (1) stone characteristics, such as stone size > 15 
mm, multiple stones, hard stones, and strange shape of 
stones (e.g., barrel shape); (2) stone location, such as in 
the intrahepatic duct (IHD), above a stricture, or impact-
ed in the bile duct/cystic duct; (3) anatomical alterations 
that make access to the papilla challenging, such as the 
presence of a periampullary diverticulum, Roux-en-Y 
gastric bypass anatomy, and Billroth II anatomy; and (4) 
patient factors, such as bleeding tendency due to the use 
of an antithrombotic agent, age > 65 years, and unstable 
vital signs (Table 1).

ENDOSCOPIC MANAGEMENT OF DIFFICULT 
BILE-DUCT STONES

The removal of difficult BDSs cannot be achieved with 
conventional ERCP, which involves EST followed by bal-
loon or basket extraction. Thus, additional techniques 
including EPLBD, ML, and cholangioscopy-guided lith-
otripsy may be required.

Endoscopic papillary large balloon dilation
According to the 2019 guidelines of the European Soci-
ety of Gastrointestinal Endoscopy (ESGE) [4], EST com-
bined with EPLBD is recommended as the initial step 
in removing difficult BDSs. EPLBD was first described 
by Ersoz et al. [5] in 2003. It is performed with a dilation 
balloon of diameter > 12 mm. EPLBD can be used to di-
late the biliary orifice using a large-diameter (typically 
12 to 20 mm) balloon. Several studies on difficult BDSs 
have demonstrated the efficacy and safety of EPLBD. 
Additionally, EST + EPLBD reduces the need for ML by 
30% to 50% compared with EST alone [6,7]. As a result, 
EPLBD after EST has become the standard technique 
for the management of difficult BDSs. 

The adverse events (AEs) of EPLBD are mainly pan-
creatitis, bleeding, and perforation (the most serious 
AE). Distal common bile duct (CBD) stricture is an in-
dependent risk factor for perforation and is considered 
a relative contraindication to EPLBD. However, EST + 
EPLBD reduces the rate of AEs such as perforation. In a 
systematic review, the rate of AEs was significantly low-
er for EST + EPLBD than for EST alone (8.3% vs. 12.7%; 
odds ratio [OR], 1.60; p < 0.001) [8].

Mechanical lithotripsy
ML is an effective technique for crushing large or hard 
BDSs. The ESGE guidelines recommend ML when EST 
and EPLBD have failed or are inappropriate [4]. The gen-

Table 1. Difficult bile-duct stones

Category Conditions Reasons

Characteristics of stone Large stone (> 15 mm)
Multiple stones (> 3 stones, size > 10 mm)
Hard stone
Strange-shaped stone

Need for lithotripsy and difficulty in  
capturing the stone with a basket

Location of stone Intrahepatic duct stone
Stone above a stricture
Impacted stone in the bile duct/cystic duct
Mirizzi syndrome

Difficulty in access

Anatomical situation Altered anatomy
Billroth II/Roux-en-Y gastric bypass anatomy
Periampullary diverticulum

Difficulty in biliary access and limitation 
of the endoscope/accessory

Patient factors Old age/poor general condition
Unstable vital signs
Bleeding tendency
Paradoxical response

Risk of adverse events
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erally used stone extraction basket cannot crush a hard 
stone because the basket wires are thin and weak. The 
ML basket captures the stone in a strong basket and 
then breaks it against a metal sheath. With the intro-
duction and increased utilization of EPLBD, the use of 
ML has decreased. However, ML may be required if the 
stone is too large to remove after EPLBD, a stricture ex-
ists below the stone, or a traditional basket is impacted 
with a stone in the bile duct [9].

Although ML may require multiple sessions, it has 
been reported to be an effective and safe technique. The 
success rates range from 76% to 91%, and the overall 
rates of AEs range from 3% to 34% [10-14]. In a retrospec-
tive study by Lee et al. [12], stone impaction, stone size 
> 30 mm, and stone to CBD diameter ratio > 1 were sig-
nificant predictors of ML failure. ML is associated with 
high rates of AEs, including cholangitis, hemorrhage, 
pancreatitis, and perforation [9]. The most common and 
feared AEs of ML are an impacted basket, a broken bas-
ket, traction wire fracture, or a broken handle [15].

Although the technical success rate of ML is approxi-
mately 90%, the procedure can be technically challeng-
ing depending on the size and location of the BDSs. An 
impacted stone is a risk factor for failure of ML, and a 
confluence stone is also technically challenging to man-
age. However, these difficulties and limitations have 
been overcome by the development of cholangiosco-
py-guided electrohydraulic lithotripsy (EHL) and chol-
angioscopy-guided laser lithotripsy (LL) [16-19].

CHOLANGIOSCOPY-GUIDED LITHOTRIPSY

Cholangioscopy system
Cholangioscopy is useful in the diagnosis and treatment 
of bile duct abnormalities, and was developed to over-
come the limitations of ERCP. Three types of peroral 
cholangioscopy (POC) are currently available (Table 2) 
[20,21]:

1.  “Mother–baby” endoscope system: This system re-
quires one operator to handle the duodenoscope 
and another to handle the cholangioscope.

2.  SOC using the SpyGlass DS system: In this method, 
a digital and single-use cholangioscope is attached 
to the duodenoscope, allowing a single operator to 
manage the control of both scopes.

3.  Direct POC using an ultra-slim endoscope: Direct 
access to the bile duct is a good option for the man-
agement of large BDSs because it offers direct vi-
sualization of the stone during therapy. However, 
because dual-operator cholangioscopy and direct 
cholangioscopy systems with an ultra-slim endo-
scope are inconvenient to use, expensive, and rela-
tively thick, their application to the management of 
difficult BDSs has several limitations.

The mother–baby technique using classic cholangio-
scopes is limited by their fragility, cost, complex and dif-
ficult installation, two-way tip deflection only, and the 
need for two experienced endoscopists. Therefore, they 
are rarely used at present.

Single-operator cholangioscopy
SOC, through the introduction of the SpyGlass DS Di-

Table 2. Three types of cholangioscopy system

“Mother–baby”
dual-operator  

cholangioscopy

Single-operator  
cholangioscopy

(SpyGlass DS system)

Direct peroral  
cholangioscopy

(ultra-slim endoscope)

Endoscopist 2 1 1

Additional endoscope system Yes Yes No

Scope diameter, mm 3.3–3.5 3.6 5–6

Accessory channel, mm 1.2 1.2 2

Irrigation channel No Yes No

Cost High High Low

Image quality High Intermediate High

www.kjim.org


238 www.kjim.org https://doi.org/10.3904/kjim.2020.425

The Korean Journal of Internal Medicine Vol. 36, No. 2, March 2021

rect Visualization System (Boston Scientific, Marlbor-
ough, MA, USA), has led to a rapid increase in the use 
of cholangioscopy (cholangioscopy using the SpyGlass 
system is usually referred to as SOC). SpyGlass is a digi-
tal and single-use cholangioscope that overcomes sever-
al limitations of other types of cholangioscopes. Because 
this digital cholangioscope has a diameter of approxi-
mately 3.5 mm, it can be used to access the bile duct di-
rectly through the working channel of a duodenoscope. 
Because it is a ‘plug-and-play’ device, it is easy and quick 
to set up. This cholangioscope has both a 1.2 mm acces-
sory channel and a 1.2 mm suction channel. Through the 
thin accessory channel, instruments, such as an EHL or 
LL probe, can be inserted and used for lithotripsy (Fig. 1).

The next generation of the SpyGlass DS System (Spy-
Glass DS 2.0) has recently been released. It has fourfold 
higher image resolution and optimized light emitting 
diode (LED) illumination, promising improved diag-
nostic and therapeutic capabilities.

Cholangioscopy-guided lithotripsy 

Electrohydraulic lithotripsy
In this method, an EHL probe made of a coaxial bi-
polar device is passed into the working channel of the 
endoscope. EHL is based on the principle that, when a 
charge is applied, sparks generated underwater produce 
high-frequency hydraulic pressure waves. The energy is 
absorbed by the stones and results in their fragmenta-
tion. The probe is used with the probe tip 1 to 2 mm 
from the stone. Continuous saline irrigation is required 
to provide a medium for shock-wave energy transmis-
sion. Additionally, saline irrigation enables the mainte-
nance of optimal vision during lithotripsy. Because di-
rect bile-duct damage caused by shock waves can lead to 
bleeding or perforation, it is important to perform lith-
otripsy with direct visualization using cholangioscopy.

Laser lithotripsy
In LL, a laser light at a particular wavelength is focused 
on the surface of the stone to induce wave-mediated 
fragmentation. The first successful use of a pulsed laser 
for shock-wave lithotripsy of BDSs was reported in 1986 
[22]. The technology has evolved since then, and other 
laser types, such as an neodymium:yttrium aluminum 
garnet (Nd:YAG) laser with an automatic stone recog-
nition system and the frequency-doubled double-pulse 
Nd:YAG laser system, have been introduced [23,24]. The 
tip of the laser fiber has a green (or white) aiming beam, 
which is used to target the stone under direct vision. 
With the probe tip 1 to 2 mm from the stone and under 
continuous saline irrigation, laser bursts are delivered 
through the aqueous medium until stone fragmenta-
tion is deemed complete.

SOC-GUIDED LITHOTRIPSY

Indications for SOC-guided lithotripsy
No clear guidelines exist for SOC-guided lithotripsy, 
including those for indications, selection of cholangio-
scope type, and choice between EHL and LL [20]. The 
ESGE guidelines suggest that the type of cholangioscopy 
and lithotripsy should depend on local availability and 
experience [4]. Instead, the inclusion criteria of several 
studies on SOC-guided lithotripsy have suggested sit-

Figure 1. Single-operator cholangioscopy (SOC) using the 
SpyGlass DS system (Boston Scientific). (A) The SpyScope is 
inserted into the duodenoscope through its working chan-
nel. (B) A single endoscopic retrograde cholangiopancrea-
tography endoscopist operates both the duodenoscope and 
the SOC (hence ‘single-operator’ cholangioscopy). (C) The 
SpyScope, the digital, single-use scope of the SpyGlass DS 
System. Its diameter is 3.6 mm. The diameter of the work-
ing channel is 1.2 mm. LED, light emitting diode.

A

C

B
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uations in which SOC-guided lithotripsy should be ac-
tively considered: stone size > 20 mm, multiple stones 
> 10 mm, stones proximal to a stricture, stones in the 
IHD, stones in difficult-to-access locations (cystic duct 
or IHD), impacted stones in the bile or cystic duct, lu-
men-occupying stone casts, and at least two failed at-
tempts of stone clearance using conventional means.

Procedure, technique, and protocol
EST is performed before SOC. The choice of the 
SOC-guided lithotripsy method (EHL or LL) depends 

on system availability and the preferences of the endos-
copist. When performing SOC, the SpyScope, which is 
a digital and single-use cholangioscope in the SpyGlass 
DS System, is inserted into the bile duct in a freehand 
or guidewire-guided method. The SpyScope is advanced 
into the CBD or cystic stump toward the stone of inter-
est, with endoscopic vision and intermittent fluorosco-
py. When deemed necessary, the SpyScope is advanced 
over the guidewire to the target site. After direct visu-
alization of the stone, the guidewire is replaced by the 
EHL probe (Fig. 2). When using the holmium laser tech-

Figure 2. Single-operator cholangioscopy (SOC)-guided electrohydraulic lithotripsy (EHL). (A) Endoscopic retrograde chol-
angiopancreatography (ERCP) image showing an impacted bile duct stone (arrowhead). (B) Fluoroscopy image showing SOC 
(arrowhead) inserted into the bile duct. (C) Final ERCP image showing no residual filling defect after lithotripsy (arrowhead). 
(D) SOC image showing an impacted stone. EHL (arrowheads, EHL probe) is performed under endoscopic view. (E) SOC image 
showing the cleared bile duct after lithotripsy. (F) Fragmented bile duct stones are extracted using a multi-wire basket after 
lithotripsy.
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nology, the LL fiber is inserted into the 1.2 mm working 
channel of the SpyScope (Fig. 3). The energy of the laser 
fiber or EHL probe is delivered until stone fragmenta-
tion is deemed complete. The fragmented stones are 
removed using conventional extraction devices, which 
may include ML, at the discretion of the endoscopist. If 
complete ductal clearance is not achieved in a single ses-
sion, one or more plastic biliary stents or a nasobiliary 
drain catheter is inserted until the next session.

Inserting an EHL or LL probe into the accessory chan-
nel of the SpyScope can be impossible because of strong 
resistance. This is because when the SpyScope is locat-
ed inside the bile duct, an acute angulation is made by 
the twisted distal end of the duodenoscope and its ele-
vator. After straightening the SpyScope by withdrawing 
to the duodenum, the probe can be more easily inserted. 
Thereafter, the SpyScope is re-inserted into the bile duct.

During SOC-guided EHL or LL, continuous saline 
irrigation is required to provide a medium for electric 
shock waves or laser bursts. However, in some situ-
ations, such as after full EST and EPLBD, it is impos-
sible to fill the bile duct with saline. Various strategies 
can be attempted to overcome this situation—changing 
the patient’s position may be a good and easy solution. 

Increasing the irrigation pressure using a water pump 
can also be a good technical alternative. In addition, 
SOC-guided lithotripsy can be performed after occlud-
ing the bile duct with a balloon catheter. However, this 
procedure is complex and time consuming because it 
requires re-inserting the duodenoscope.

Efficacy of SOC-guided lithotripsy
Several studies have demonstrated the successful man-
agement of difficult biliary stones using cholangiosco-
py-guided LL and EHL, with success rates ranging from 
67% to 100% [19,24-31].

In a meta-analysis of 49 studies, the overall stone 
clearance rate was 88% (95% confidence interval [CI], 
85% to 91%) [28]. However, this study investigated all 
types of cholangioscopy-guided lithotripsy, including 
SOC-guided lithotripsy. Recent studies focusing on 
SOC-guided lithotripsy have reported better efficacy 
(Table 3) [19,26,27,29-34].

In a recent systematic review and meta-analysis of 24 
studies, Jin et al. [35] analyzed the efficacy and safety of 
SOC-guided lithotripsy in treating difficult BDSs. The 
rate of complete stone clearance was 94% (95% CI, 90.2% 
to 97.5%). The rate of single-session stone clearance was 
71.1% (95% CI, 62.1% to 79.5%) in the pooled 2786 pa-
tients. The number of sessions needed for complete 
stone clearance was 1.26 (95% CI, 1.17% to 1.34%).

In a recent retrospective study, Bokemeyer et al. [29] 
reported that SOC-guided lithotripsy was successful in 
95% of patients, with 15% needing at least two treatment 
sessions. They concluded that SOC-guided lithotripsy is 
an excellent rescue approach even in patients with dif-
ficult stones in whom previous conventional ERCP had 
failed. Additionally, they reported that SOC-guided lith-
otripsy reduced radiation exposure compared with the 
conventional ERCP method.

In a retrospective study of 407 patients who underwent 
POC for difficult biliary stones at 22 tertiary centers in 
the United States, United Kingdom, and Korea, tech-
nical success, defined as complete stone clearance, was 
achieved in 97.3% with a median number of lithotripsy 
sessions of 1 (range, 1 to 4 sessions) [27]. In a multivariate 
analysis, difficult anatomy and cannulation were asso-
ciated with technical failure (adjusted OR, 5.18; 95% CI, 
1.26 to 21.2; p = 0.02) and the duration of the procedure 
was a predictor of the need for more than one session 

Figure 3. Single-operator cholangioscopy-guided laser lith-
otripsy. Green aiming beam from the laser fiber (probe) tar-
geting and fragmenting the impacted stone.
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to achieve complete stone clearance (adjusted OR, 1.02; 
95% CI, 1.01 to 1.03; p < 0.001). The authors concluded 
that SOCguided lithotripsy is effective and safe in > 95% 
of patients with difficult BDSs.

In a prospective study by Wong et al. [26], complete 
biliary stone clearance with SOCguided LL was suc-
cessful in 94% of patients (16/17) in a median of 1 endo-
scopic procedure (range, 1 to 3). The median duration of 
SOC-guided LL was 90 minutes (range, 46 to 164). This 
suggests that SOC with LL is effective for the manage-
ment of difficult BDSs.

EHL vs. LL
We use both EHL and LL in our patients with biliary 
stones, according to endoscopist preference and equip-
ment availability. A recent multicenter study compared 
EHL and LL by analyzing 407 patients [27]. This retro-
spective study compared the outcomes of 306 patients 
submitted to EHL and 101 patients treated with LL. The 
final clearance rate was similar for the two techniques 
(96.7% for EHL and 99% for LL). The ducts were cleared 
in a single session in 77.4% of patients. However, a trend 
favoring LL with respect to efficacy was observed in a 

single initial session (74.5% for EHL and 86.1% for LL, 
p = 0.20). The mean procedure time was significantly 
longer in the EHL group (73.9 minutes) than in the LL 
group (49.9 minutes, p < 0.001).

A recent systematic review showed that LL had a 
higher complete ductal clearance rate (95.1%) than EHL 
(88.4%, p < 0.001) [36]. Also, the AE rate was significantly 
higher with EHL (13.8%) than with LL (9.6%, p = 0.04). 
Thus, LL provides better clinical outcomes in difficult 
BDSs; however, it may depend on local expertise and the 
availability of each technique.

However, those studies did not explore the number 
of probes used and did not provide recommendations 
for choosing between EHL and LL. Further studies and 
guidelines that compare EHL and LL, including cost-ef-
fectiveness analyses, are needed.

EHL probes have a short life span, which is propor-
tional to the power used during lithotripsy. In contrast, 
LL probes do not have this limitation but are more 
expensive. In addition, the generator/system is much 
more expensive. Probably, laser probes should be select-
ed only in cases of very large, multiple, or hard stones, 
to overcome the life-span limitation of the EHL probe.

Table 3. Efficacy of single-operator cholangioscopy-guided lithotripsy

Study Study design Lithotripsy
No. of  

patients
Clearance, 

%

Clearance 
after 1 

session, %

Mean no. 
of proce-

dure

Mean size 
of stone, 

mm

Kurihara et al. (2016) [30] Multicenter
Prospective

EHL + LL 31 74.2 1.9 20.6

Bhandari et al. (2016) [19] Single center LL 34 100 94.1 1.1

Navaneethan et al. (2016) 
[31]

Multicenter
Retrospective

LL 31 97.2 86.1 1.1 14.9

Wong et al. (2017) [26] Single center EHL + LL 17 100 94.1 17

Brewer et al. (2018) [27] Multicenter
Retrospective

EHL + LL 407 97.3 77.4 1

Buxbaum at al. (2018) [37] Single center
Prospective

LL 42 93 1.9 18

Turowski et al. (2018) [32] Multicenter
Retrospective

EHL + LL 107 91.1 3

Angsuwatcharakon et al. 
(2019) [33]

Multicenter
Prospective

LL 32 100 100 1 19.5

Bokemeyer et al. (2020) [29] Multicenter
Retrospective

EHL + LL 60 95 67 20

EHL, electrohydraulic lithotripsy; LL, laser lithotripsy.
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SOC-guided lithotripsy vs. direct POC-guided lith-
otripsy
Few studies have directly compared SOC-guided litho-
tripsy with direct POC-guided lithotripsy. In a system-
atic review of 49 studies, Korrapati et al. [28] analyzed the 
efficacy of POC for difficult BDSs. The overall estimated 
stone clearance rate was 88% (95% CI, 85% to 91%). Addi-
tionally, they identified a significant association between 
the type of POC used and the technical success rate, with 
SOC demonstrating a higher technical success rate than 
the other methods (p < 0.01). Direct POC involving the 
use of an ultra-slim endoscope by a single endoscopist 
is technically difficult. Moreover, because an ultra-slim 
endoscope is thicker than SpyGlass, cannulating a non-
dilated bile duct is more difficult using the former. The 
need for direct POC had decreased recently because of 
the widespread use of SpyGlass. However, because Spy-
Glass is extremely expensive, direct POC can be a good 
treatment option for difficult BDSs in centers where the 
use of SpyGlass is not possible.

SOC-guided lithotripsy vs. conventional ERCP 
(EPLBD and/or ML)
SOC-guided lithotripsy has been reported to have a 
better stone clearance rate than conventional ERCP 
(EPLBD and/or ML). However, there are advantages and 
disadvantages to consider when deciding which proce-
dure to perform.

Buxbaum et al. [37] randomized patients with diffi-
cult BDSs at a 2:1 ratio to SOC-guided LL and conven-
tional therapy alone. Complete clearance was achieved 
in 93% of patients treated with SOC-guided LL and in 
67% of those treated with conventional therapy alone 
(p = 0.009). However, SOC-guided LL was associated 
with a longer procedure time (120.7 ± 40.2 minutes in 
the conventional group and 81.2 ± 49.3 minutes in the 
SOC-guided LL group, p = 0.0008). The authors con-
cluded that SOC-guided LL has a significantly higher 
stone clearance rate and a lower need for surgery than 
conventional therapy alone, although it is associated 
with a longer procedure time.

The randomized controlled trial by Angsuwatchara-
kon et al. [33] compared SOC-guided LL and ML after 
a failed EPLBD. The complete stone removal rates in 
a single session were 100% and 63% with comparable 
AE rates (6% and 13%) in the SOC-guided LL and ML 

groups, respectively. In this study, the procedure time 
was not significantly different between the two groups 
(66 minutes vs. 83 minutes, p = 0.23), although the ra-
diation exposure was significantly lower (20,989 mGy 
cm2 vs. 40,745 mGy cm2, p = 0.04) in the SOC-guided LL 
group. The rate of AEs was not different between the two 
groups (13% in the ML group vs. 6% in the LL group, p 
= 0.76).

Therefore, although ML is the standard procedure 
for difficult BDSs, SOC-guided lithotripsy is the more 
effective and safer treatment option and should be con-
sidered when available.

Role of SOC in the management of IHD stones
As mentioned earlier, SOC-guided lithotripsy is mainly 
used in the treatment of extrahepatic BDSs. However, 
few studies have investigated the efficacy of SOC in the 
management of IHD stones. The application of SOC 
in the removal of IHD stones is technically challeng-
ing. Usually, percutaneous transhepatic cholangioscopy 
(PTC) is the standard endoscopic method for the man-
agement of IHD stones in patients with a high operation 
risk, those who refuse surgery, and those with a previous 
hepatobiliary surgery or stones distributed in multiple 
parts of the liver. IHD stones are problematic to remove 
with ERCP because the IHD is difficult to access using 
the devices or accessories. This limitation can be over-
come to some extent with SOC. Because the diameter of 
the cholangioscope is about 3.5 mm, access to the IHD 
is easier than with other types of cholangioscopy sys-
tems. With SOC, after finding the IHD site where the 
stone is located, the guidewire is placed, and the stones 
can be removed using a balloon and a basket over the 
guidewire. Although SOC is technically more difficult 
than PTC, it has the advantage of providing an excellent 
quality of life for patients because it requires simple pa-
tient preparation, takes a short time to complete, and 
does not require a transcutaneous route. Further studies 
and case reports on SOC-guided management of IHD 
stones are needed to develop appropriate guidelines.

Adverse events
Post-ERCP AEs include pancreatitis, bleeding, cholan-
gitis, perforation, and cardiopulmonary complications. 
Generally, AEs after ERCP have been reported to occur 
in 7% of patients [38]. With respect to SOC, previous 
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studies have reported rates of AEs ranging from 0% to 
16.4% [26,27,32,34,39-44]. The profiles of SOC-related AEs 
are not different from those after conventional ERCP 
[44]. However, SOC-guided lithotripsy is more likely 
to have different or more frequent AEs than diagnostic 
SOC procedures because it has a longer procedure time 
and is intended for therapeutic use.

In a recent meta-analysis of 31 studies, the estimated 
overall AE rate was 7% (95% CI, 6% to 9%) [28]. The es-
timated rates of pancreatitis and cholangitis were 2% 
(95% CI, 2% to 3%) and 4% (95% CI, 3% to 5%), respective-
ly. The estimated rate of severe AEs was 1% (95% CI, 1% 
to 2%). In several studies, including this one, cholangitis 
was the most frequently reported AE [24,25,34,43]. Sethi 
et al. [43] suggested that ERCP with cholangioscopy may 
be associated with higher total rates of AEs, especially 
cholangitis, despite antibiotic prophylaxis. The authors 
proposed that this risk could be explained by the in-
creased pressure associated with water irrigation during 
the procedure. Pancreatitis is a rare AE, probably due to 
the high proportion of a preexistent EST state [34].

Overall, the available data suggest that SOC-guided 
lithotripsy is an effective and safe procedure for the 
management of difficult BDSs.

Limitations
The most important consideration in SOC-guided lith-
otripsy is the cost factor. The high cost, limited avail-
ability, and high endoscopist skill requirements of SOC 
hamper its widespread use.

EST with EPLBD and/or ML has the advantage of 
being relatively inexpensive and widely available com-
pared with SOC-guided lithotripsy. In particular, in 
SOC-guided lithotripsy, it is important to consider that 
approximately 20% of patients require more than a sin-
gle EHL/LL session. However, in the cost-effectiveness 
analysis by Deprez et al. [45], the use of a cholangioscope 
for difficult BDSs decreased the number of procedures 
and the cost by 28% and 11%, respectively.

It is important that proven and effective techniques 
(e.g., ML/EPLBD) for the treatment of difficult BDSs 
are adequately considered before proceeding with 
SOC-guided lithotripsy. Future randomized studies 
comparing conventional ERCP and SOC-guided litho-
tripsy are needed to define the treatment algorithm for 
difficult BDSs considering cost-effectiveness (Fig. 4).

The technical limitations of SOC-guided lithotripsy 
should also be considered. As mentioned earlier, treat-
ment using SOC may be difficult if it is not possible to 
fill the bile duct with saline, if it is difficult to insert the 
EHL or LL probe through the channel of the cholangio-
scope (SpyScope), or if the location of the stones is diffi-
cult to access with a cholangioscope (such as the IHD). 
Therefore, the optimal management of difficult BDSs 
requires a multidisciplinary approach, including an en-
doscopist, a surgeon, and an interventional radiologist, 
before and/or after surgery. Furthermore, it is important 
to remember that what is challenging for one ERCP en-
doscopist may not be as challenging for another.

CONCLUSIONS

In clinical practice, clearance of BDSs is often not 
achievable with conventional ERCP. If the remov-
al of these difficult BDSs is impossible with ML or 
EPLBD, cholangioscopy-guided lithotripsy represents 

EST +
Balloon / Basket

Bile duct stones

Simple /  Easy Dif�cult bile duct stomes

Failed extraction
EST + EPLBD

Failed extraction

ML

Cholangioscopy-guided lithotripsy

Temporary plastic stenting,
PTC, surgery,

muiti-discipiinary

Failed extraction

Large stone (> 15 mm), multiple stones (> 3, > 10 mm),
hard stone, strange shape stone, IHD, impacted stone

Failed extraction

Figure 4. Treatment algorithm for the management of dif-
f icult bile-duct stones. EST, endoscopic sphincterotomy; 
IHD, intrahepatic duct; EPLBD, endoscopic papillary large 
balloon dilatation; ML, mechanical lithotripsy; PTC, percu-
taneous transhepatic cholangioscopy.
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an emerging alternative technique for stone fragmen-
tation and extraction. Subsequent to the development 
and widespread use of SOC, SOC-guided lithotripsy has 
been established as an excellent treatment option for 
the management of difficult BDSs. In cases for which 
SOC-guided lithotripsy is needed, endoscopists should 
be aware of the indications, techniques, treatment re-
sults, and management of possible complications of the 
procedure.
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