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Abstract
Background and Aims: Endoscopic retrograde cholangio-
pancreatography is the preferred strategy for the manage-
ment of biliary and pancreatic duct stones. However, difficult 
stones occur, and electrohydraulic (EHL) and laser lithotripsy 
(LL) have emerged as treatment modalities for ductal clear-
ance. Recently, single-operator cholangioscopy was intro-
duced, permitting the routine use of these techniques. We 
aimed to evaluate the clinical effectiveness of cholangiosco-
py-guided lithotripsy using LL or EHL in patients with diffi-
cult biliary or pancreatic stones. Methods: This is a prospec-
tive clinical study – conducted at two affiliated university 
hospitals – of 17 consecutive patients with difficult biliary 
and pancreatic stones who underwent single-operator chol-
angioscopy-guided lithotripsy using two techniques: holmi-

um laser lithotripsy (HL) or bipolar EHL. We analyzed com-
plete ductal clearance as well as the impact of the location 
and number of stones on clinical success and evaluated the 
efficacy of the two techniques used for cholangioscopy-
guided lithotripsy and procedural complications. Results: 
Twelve patients (70.6%) had stones in the common bile 
duct/common hepatic duct, 2 patients (17.6%) had a stone 
in the cystic stump, and 3 patients (17.6%) had stones in the 
pancreas. Sixteen patients (94.1%) were successfully man-
aged in 1 session, and 1 patient (5.9%) achieved ductal clear-
ance after 3 sessions including EHL, LL, and mechanical lith-
otripsy. Eleven patients were successfully submitted to HL in 
1 session using a single laser fiber. Six patients were treated 
with EHL: 4 patients achieved ductal clearance in 1 session 
with a single fiber, 1 patient obtained successful fragmenta-
tion in 1 session using two fibers, and 1 patient did not 
achieve ductal clearance after using two fibers and was suc-
cessfully treated with a single laser fiber in a subsequent ses-
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sion. Complications were mild and were encountered in 6/17 
patients (35.2%), including fever (n = 3), pain (n = 1), and mild 
pancreatitis (n = 1). Conclusions: Cholangioscopy-guided 
lithotripsy using LL or EHL in patients with difficult biliary or 
pancreatic stones is highly effective with transient and min-
imal complications. There is a clear need to further compare 
EHL and HL in order to assess their role in the success of chol-
angioscopy-guided lithotripsy.

© 2018 Sociedade Portuguesa de Gastrenterologia 
Published by S. Karger AG, Basel
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Resumo
Introdução: A CPRE é o exame preferencial para a re-
moção de cálculos biliares e pancreáticos. Em situações 
de cálculos difíceis foram propostas novas modalidades 
terapêuticas como a litotrícia electro-hidráulica (LEH) e a 
litotrícia por laser (LL). Recentemente a disponibilidade 
da colongioscopia de operador-único tornaram estas 
técnicas mais acessíveis e fáceis de realizar. Procuramos 
avaliar a eficácia clínica de litotrícia guiada por colangio-
scopia recorrendo à LEH ou à LL em doentes com cálculos 
biliares e pancreáticos difíceis. Métodos: Estudo prospe-
tivo, conduzido em 2 Hospitais associados à Universi-
dade e englobando 17 doentes consecutivos com cálcu-
los difíceis biliares e pancreáticos, estes doentes foram 
tratados com litotrícia guiada por colangioscopia recor-
rendo a LEH ou LL. Analisamos a limpeza completa dos 
ductos, bem como o impato do número de pedras e lo-
calização no sucesso clínico, associada à avaliação das 2 
técnicas de litotrícia e complicações desta abordagem 
terapêutica. Resultados: Doze doentes (70.6%) tinham 
cálculos no colédoco/hepático comum, 2 doentes (17.6%) 
tinham um cálculo único no coto do cístico e 3 doentes 
(17.6%) apresentavam cálculos pancreáticos. Dezasseis 
(94.1%) doentes foram tratados com sucesso numa única 
sessão e o restante (5.9%) doente necessitou de 3 sessões 
incluído LEH, LL e litotrícia mecânica para obter limpeza 
dos ductos. Onze doentes foram tratados com LL e obti-
veram sucesso clínico numa única sessão com uma fibra 

única de laser. Seis doentes foram tratados com LEH: 4 
doentes obtiveram sucesso clínico numa única sessão 
com 1 fibra; 1 doente necessitou de 2 fibras para obter 
limpeza ductal numa sessão única. O último doente fal-
hou a limpeza dos ductos com duas fibras de LEH e neces-
sitou de sessão adicional com Laser (uma fibra) para ob-
ter fragmentação adequada dos cálculos. As complica-
ções foram ligeiras em 6/17 (35.2%) doentes e incluíram 
febre (n = 4), dor (n = 1) e pancreatite ligeira (n = 1). Con-
clusões: A litotrícia guiada por colangioscopia com re-
curso a LEH ou LL em doentes com cálculos difíceis bili-
ares e pancreáticos é muito eficaz e está associada a com-
plicações transitórias e ligeiras. Existe clara necessidade 
de realizar estudos comparativos entre LEH e LL.

© 2018 Sociedade Portuguesa de Gastrenterologia 
Publicado por S. Karger AG, Basel

Introduction

Endoscopic retrograde cholangiopancreatography 
(ERCP) has emerged as the standard treatment for the 
management of biliary and pancreatic stone disease [1–
3]. Extraction of bile or pancreatic duct stones can be 
achieved with conventional techniques such as extraction 
baskets, balloons, or mechanical lithotripsy, with success 
rates up to 95% [2–4]. However, biliary and pancreatic 
stones that cannot be removed by conventional tech-
niques occur, and these difficult stones include very large 
stones, impacted stones, and stones in difficult locations, 
namely, cystic or intrahepatic stones and pancreatic 
stones that are large or proximal to a stricture. These dif-
ficult-to-remove stones need multiple procedures, extra-
corporeal shock wave lithotripsy, and even more invasive 
methods for complete ductal clearance [2–5].

ERCP-guided electrohydraulic (EHL) and laser litho-
tripsy (LL) were first introduced in the 1980s for difficult 
stones, and they were found to be effective in these clini-
cally challenging cases [6, 7]. Holmium LL (HL) was first 
reported in 1998 [8]. However, all these techniques pro-
duce high energy levels and require clear vision of the 
duct – that is, a cholangioscopy-guided approach – to 
avoid serious injury to the biliary/pancreatic ducts. Clas-
sic cholangioscopes using the “mother-baby” technique 
are limited by their fragility, complex setup, and moder-
ate visual resolution and the need for two experienced 
operators to work together. Recently, a single-operator 
cholangioscopy system has been introduced, which al-
lows a more routine use of these technologies [9, 10]. This 
device has been improved, and the second-generation 
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digital system permits superior visualization of the biliary 
and pancreatic system when compared with the original 
device [4].

Recent reports have suggested that cholangioscopy-
guided LL is a safe and effective technique for the treat-
ment of difficult biliary and pancreatic stones, although 
the experience with pancreatic stones is more limited [2–
5, 11, 12]. There is no reported experience in Portugal 
with the second-generation digital cholangioscopy-guid-
ed lithotripsy system using EHL or HL. Therefore, we 
conducted a prospective study aiming to evaluate the ef-
ficacy and safety of cholangioscopy-guided lithotripsy  
using LL or EHL in patients with difficult biliary or pan-
creatic stones.

Subjects and Methods

Patients and Setting
This is a prospective clinical study with a single-arm design 

conducted at two affiliated university hospitals (Professor Doutor 
Fernando Fonseca Hospital and Santa Luzia Hospital). Between 
January and December 2017, all of the consecutive patients with 
difficult biliary and pancreatic stones who were managed with sin-
gle-operator cholangioscopy-guided lithotripsy were included in 
the study.

The following criteria were used for inclusion in this study: (1) 
having 1 or more biliary stones that failed treatment by mechanical 
lithotripsy and/or balloon sphincteroplasty; (2) having impacted 
stones or stones in difficult locations (cystic stump or intrahepatic 
ducts); and (3) having symptomatic chronic calcific pancreatitis 
(pain with analgesic dependence and previous attacks of pancre-
atitis) with pancreatic stones that were not amenable to being re-
moved by a stone retrieval basket or balloon and/or having ob-
structing stones (proximal to a stricture) in the pancreatic head or 
body. Patients with distorted anatomy, malignant strictures, and 
bleeding diatheses were excluded from the study.

Endpoints and Definitions
The primary endpoint was clinical success defined as complete 

ductal clearance determined by cholangioscopy or pancreatoscopy 
associated with an occlusion cholangiogram or pancreatogram. 
Secondary endpoints included the assessment of safety, the impact 
of the location and number of stones on clinical success, and an 
evaluation of the efficacy of the two techniques used for cholan-
gioscopy-guided lithotripsy, namely, holmium laser technology or 
the bipolar EHL system. Stone impaction was defined as an im-
mobile stone that precluded guidewire and/or basket/mechanical 
lithotripter passage. Complications were defined as any adverse 
events related to cholangioscopy-guided lithotripsy, and they were 
carefully monitored using previously specified definitions [13].

Endoscopic Technique and Lithotripsy
The ERCP procedures were performed with the patients in the 

prone position under sedation with propofol administration by an 
anesthesiologist. All patients received an intraprocedural dose of 
intravenous antibiotics (third-generation cephalosporin or fluoro-

quinolone). The techniques of cholangioscopy, pancreatoscopy, 
and lithotripsy have been described in previous publications. 
Briefly, all patients had previously been submitted to biliary or 
pancreatic sphincterotomy; however, when deemed necessary, an 
extension of the existing sphincterotomy or balloon sphinctero-
plasty was performed to facilitate the easy passage of the visualiza-
tion system. Cholangioscopy/pancreatoscopy was performed with 
the second-generation SpyGlass Direct Visualization System 
(SGDS), using a single-operator four-way deflected 10-Fr Spy-
Scope (Boston Scientific, Natick, MA, USA) inserted through the 
4.2-mm working channel of a therapeutic duodenoscope. In ductal 
lithotripsy, we used two different techniques for the SpyScope-
guided lithotripsy: holmium laser technology and the bipolar EHL 
system.

Holmium Laser Technology. We used this technology (Auriga 
XL 50W, model 4007; Boston Scientific) with a dedicated 365-µm-
diameter fiber (LightTrail Fiber; Boston Scientific), with energy 

a

b

Fig. 1. Cholangioscopy-guided laser lithotripsy of a large bile duct 
stone. a Laser fiber and green aiming beam targeting the stone.  
b Successful fragmentation of the stone after laser bursts.
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levels set at 800–1,500 mJ and a frequency of 8–15 Hz. For biliary 
stones, most of the times, we used a frequency of 12 Hz and an en-
ergy level of 1,200–1,500 mJ. For pancreatic stones, we used a fre-
quency of 8–10 Hz and an energy level of 800–1,200 mJ. The tip of 
the laser fiber has a green aiming beam (brightening regulated), 
which was used to target the stone under direct vision. With the 
probe tip 1–2 mm away from the stone, and under continuous or 
intermittent saline irrigation, laser bursts were delivered through 
the aqueous medium until stone fragmentation was deemed com-
plete (Fig. 1).

Bipolar EHL System. We used this system (Autolith Touch Bil-
iary EHL System; Boston Scientific) with a dedicated 1.9-Fr 375-
cm EHL probe (Boston Scientific) which was optimized for use 
with the SGDS. The probe was used with the following parameters: 
low, medium, or high power depending on the technical challenge, 
and 5–10 pulses per foot pedal activation. The probe is used only 

in aqueous medium under continuous or intermittent saline irri-
gation. The probe has no aiming beam and is used with the probe 
tip touching or 1–2 mm away from the stone.

The choice of the cholangioscopy-guided lithotripsy system de-
pended on system availability and on the preferences of the endos-
copist. When performing cholangioscopy, the SpyScope was in-
serted through the papilla and advanced to the common bile duct 
or cystic stump towards the stone of interest, with endoscopic vi-
sion and intermittent fluoroscopy. When deemed necessary, the 
cholangioscope was advanced over a stiff 0.025-inch guidewire. 
After direct visualization of the stone, the guidewire was changed 
by the 1.9-Fr EHL probe. When using the holmium laser technol-
ogy, the fiber was preloaded into the cholangioscope’s 1.2-mm 
working channel, which allows the simultaneous presence of the 
laser fiber and the 0.025-inch guidewire. For pancreatoscopy, the 
SpyScope was always advanced over the 0.025-inch guidewire. The 
energy of the laser fiber or of the EHL probe was delivered until 
stone fragmentation was deemed complete. Fragmented stones 
were removed with conventional extraction devices at the discre-
tion of the endoscopist, which may have included mechanical lith-
otripsy. In case complete ductal clearance was not achieved in 1 
session, 1 or more plastic biliary or pancreatic stents were inserted 
until the next session.

Follow-Up and Statistical Analysis
The patients were followed up for at least 1 month, with subse-

quent visits and blood analysis. Categorical data are shown as ab-
solute and relative frequencies, and quantitative data are summa-
rized as mean and standard deviation or as median and range ac-
cording to the normality of the distribution. All statistical analyses 
were performed using the Stata software package version 14 (Stata-
Corp 2015, Stata Statistical Software, Release 14; StataCorp, Col-
lege Station, TX, USA).

Results

In total, 17 patients (6 women and 11 men) with a me-
dian age of 72 years (range 42–90) were enrolled in the 
study. The patient demographics and prior interventions 
are summarized in Table 1. All of the patients had failed 
at least 1 prior stone removal attempt (median 2; range 
1–7) using conventional stone extraction techniques. Of 
the 17 patients included in the study, 12 patients (70.6%) 
had stones in the common bile duct/common hepatic 
duct (median number of stones 2.5; range 1–4) (Table 2). 
Of these 12 patients, 1 patient had an impacted stone in 
the mid common bile duct and 2 patients had intrahe-
patic stones associated with stones in the common bile 
duct/common hepatic duct. Three patients (17.6%) had 
stones in the pancreas (median number of stones 2; range 
1–3) and 2 patients (11.8%) had a single stone in the cys-
tic stump. In total, the median procedural time of cholan-
gioscopy-guided lithotripsy was 55 min (range 30–100) 
(Table 3).

Table 1. Demographic and baseline patient data (n = 17)

Median age (range), years 72 (42–90)
Sex, n (%)

Male 11 (65)
Female 6 (35)

Previous cholecystectomy, n (%) 9 (52.9)
Prior ERCPs procedures

Median number of procedures (range) 2 (1–7)
1 procedure 5
2 procedures 5
>3 procedures 7

Table 2. Indications, stone locations, and characteristics (n = 17)

Indication, n (%)
Biliary stones 14 (82.4)
Pancreatic stones 3 (17.6)

Stone location, n (%)
Biliary tree 14 (82.4)

Common bile duct/common hepatic duct 12 (70.6)
Cystic stump 2 (11.8)

Pancreatic duct 3 (17.6)
Body 2 (11.8)
Head 1 (5.9)

Impacted stone, n (%) 1 (5.9)

Stone characteristics
Biliary

Median stone size (range), mm 17 (10–40)
Number of stones

Median number of stones (range) 2 (1–4)
1 stone 7
2 stones 2
>3 stones 5

Pancreatic
Median stone size (range), mm 6 (5–7)
Median number of stones (range) 2 (1–3)
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Primary Endpoint
Complete ductal clearance was achieved in 17/17 pa-

tients (100%) after a median number of 1 session (range 
1–3). In total, 16/17 patients (94.1%) achieved complete 
removal of their stones in 1 session, and in the remaining 
patient (1/17; 5.9%), ductal clearance was obtained after 
3 sessions.

Biliary Endotherapy
Of the 14 patients with difficult biliary stones, 12 pa-

tients (85.7%) had stones in the common bile duct/com-
mon hepatic duct and 2 patients (14.3%) had a single 
stone in the cystic stump (median diameter 10.5 mm; 
range 11–12) (Fig. 2). In total, the 14 patients had a me-
dian number of 2 biliary stones (range 1–4) with a me-
dian diameter of 17 mm (range 10–40). Of the 14 patients, 
2 patients with stones in the common bile duct/common 
hepatic duct had an associated stone in the right hepatic 
duct (7 and 8 mm, respectively), which was also success-
fully submitted to cholangioscopy-guided lithotripsy.

Of the 14 patients, 1 patient with 2 stones of 20 and 40 
mm was submitted to 3 sessions: in the first session, the 
patient was submitted to endotherapy with an EHL probe; 
after using two probes, none of the 2 stones was consid-
ered to be adequately fragmented, and the procedure was 
stopped and 2 biliary stents were left in the bile duct. In 
the second session, the patient was submitted to cholan-
gioscopy-guided lithotripsy with holmium laser technol-

Table 3. Cholangioscopy-guided lithotripsy duration, technique, 
and main outcomes (n = 17)

Median duration (range), min 55 (30–100)

Lithotripsy technique, n (%)
Holmium laser 11 (64.7)
EHL 6 (35.3)
EHL + holmium laser 1 (5.9)

Successful stone clearance, n (%)
Overall 17 (100)

In 1 session 16 (94.1)
In 3 sessions1 1 (5.9)

Adverse events, n (%)
Overall 6 (35.3)

Fever 4 (23.5)
Pancreatitis (mild) 1 (5.9)
Pain 1 (5.9)

EHL, electrohydraulic lithotripsy. 1 The patient was submitted 
to holmium laser, EHL, and mechanical lithotripsy. The final duc-
tal clearance was obtained by an occlusion cholangiogram only.

a

b

c

Fig. 2. Mirizzi syndrome associated with a large stone remaining 
in the cystic stump. a Image of a large impacted stone in the cystic 
stump. b Fragmentation of the stone using electrohydraulic litho-
tripsy. c Final image showing clearance of the bifurcation of the 
cystic stump/common bile duct.
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ogy with successful fragmentation of the stones and par-
tial clearance of the ductal fragments (online suppl. Video 
S1; see www.karger.com/doi/10.1159/000488508 for all 
online suppl. Material). Between the second and the third 
session, 2 biliary stents were left in place, and in the third 
session the patient was submitted to treatment with con-
ventional extraction devices including mechanical litho-
tripsy and achieved ductal clearance, which was only de-
termined by an occlusion cholangiogram. This patient, 
with 90 years of age and a considerable number of comor-
bidities, had previously been submitted to several ERCPs 
with stent exchanges due to failed attempts at stone ex-
traction.

Pancreatic Endotherapy
Of the 3 patients (3 men) who were submitted to duc-

tal lithotripsy, all had impacted stones in the head or body 
precluding conventional extraction and further stenting 
of the pancreas. All the patients had symptomatic disease 
with analgesic dependence and previous attacks of pan-
creatitis. None of the patients had been previously sub-
mitted to extracorporeal shock wave lithotripsy. The 3 
patients had a median number of 2 pancreatic stones 
(range 1–3) with a median diameter of 6 mm (range 5–7). 
All of the pancreatic stone patients were successfully sub-
mitted to cholangioscopy-guided lithotripsy in a single 
session, 2 patients using the EHL probe and 1 patient us-
ing the holmium laser technology.

One patient had an impacted stone of 6 mm in the mid 
pancreatic body and associated dilatation in the tail and 
proximal body. The patient was submitted to cholangios-
copy-guided lithotripsy with the holmium laser technol-
ogy. After successful treatment of the stone in 1 session, 
the stricture was further submitted to an increased num-
ber of plastic stents, and at the end of endotherapy the 
patient remained asymptomatic during follow-up (6 
months) without further interventions. One patient had 
3 stones impacting the distal pancreatic body (median di-
ameter 6 mm; range 5–7) that had failed basket or balloon 
clearance and at the same time precluded the treatment 
of the associated stricture. The patient was treated with 
the EHL probe in a single session (using 1 probe) allowing 
ductal clearance and sequential stricture stenting and 
treatment. The third patient had 2 stones in the head (me-
dian diameter 6 mm; range 5–7) impacting a stricture lo-
cated at the transition between the genu and the head. 
They were successfully fragmented with the EHL probe 
(1 probe) in a single session. The patient was successfully 
submitted to further stricture stenting and remained as-
ymptomatic after 3 months. In total, the median proce-

dural time of cholangioscopy-guided lithotripsy for pan-
creatic endotherapy was 50 min (range 45–60).

Efficacy of the EHL Probe and HL
In total, 6 patients were submitted to cholangioscopy-

guided EHL and 11 patients were submitted to HL. Of the 
6 patients treated by EHL, 2 patients had stones in the 
main pancreatic duct, 1 patient had a stone in the cystic 
stump, 1 patient had 3 stones in the common bile duct/
common hepatic duct (median size 15 mm; range 12–25), 
1 patient had 4 stones in the common bile duct/common 
hepatic duct (median size 17 mm; range 15–20), and 1 
patient had 2 stones in the common hepatic duct (median 
size 30 mm; range 20–40). The first 4 patients were treat-
ed in a single session using a single probe. The patient 
with 4 stones in the common bile duct/common hepatic 
duct was treated in a single session using 2 probes. The 
sixth patient failed the first session using 2 EHL probes 
(see above in the Biliary Endotherapy section). He crossed 
to endotherapy with HL and obtained ductal clearance in 
2 additional sessions.

In total, 11 patients were treated with a dedicated laser 
fiber. One patient had a stone of 10 mm in the cystic 
stump. One patient had a 6-mm stone in the pancreas, 
and 9 patients had a medium number of 2 stones (range: 
1–4) in the common bile duct/common hepatic duct with 
a median diameter of 19 mm (12–25). All of the patients 
submitted to HL achieved ductal clearance in 1 session 
with a single dedicated laser fiber.

Complications
Complications were encountered in 6 of the 17 pa-

tients (35.3%). Four patients had transient fever between 
37.9 and 39.2  ° C during 24 h (3 patients) and 48 h (1 pa-
tient). The fever was managed conservatively, with fever 
clearance after 48 h. One patient (submitted to pancre-
atic endotherapy) experienced pain during the first 6 h 
after endotherapy and 1 patient had a mild post-ERCP 
pancreatitis. The 2 patients responded well to conserva-
tive management and were discharged within 3 days.

Discussion

The present study was designed to assess the clinical 
effectiveness and safety of SGDS-guided HL and EHL in 
the management of patients with difficult-to-remove bile 
duct and pancreatic stones. In our work, these advanced 
lithotripsy techniques were highly effective, demonstrat-
ing a 94.1% overall stone clearance rate (16/17 patients) 
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in a single session, and a good safety profile. All patients 
except one required just a single session to completely re-
move the stones. In the only patient that had incomplete 
stone clearance in the first session (using EHL), the stones 
were removed after 2 additional sessions, using LL in the 
second session to further stone fragmentation and in-
cluding mechanical lithotripsy to accelerate ductal clear-
ance in the third session. Procedure-related adverse 
events, albeit mild, occurred in 6 patients (1 patient had 
mild pancreatitis and 4 patients had transitory fever), but 
in all cases they resolved uneventfully with conservative 
measures.

The majority of our patients had difficult biliary stones 
previously submitted to multiple ERCPs (median 2), with 
unsuccessful bile duct stone removal despite mechanical 
lithotripsy and/or balloon dilation. In our study, com-
plete stone clearance was accomplished in a single session 
in 94.1% (16/17) of the patients. The remaining patient in 
our series achieved stone clearance after 2 incomplete ses-
sions of cholangioscopy guided-lithotripsy and a third 
session with conventional extraction devices including 
mechanical lithotripsy. This patient had 2 difficult biliary 
stones, one 20 mm and the other 40 mm in size, impacted 
in the common hepatic duct and was referred to our cen-
ter because of previously failed attempts of stone remov-
al. Although, ultimately, cholangioscopy was not done in 
the last session, the occlusion cholangiogram demon-
strated successful ductal clearance. Therefore, not being 
a success according to the protocol, final ductal clearance 
was only possible by cholangioscopy guided-lithotripsy.

Several other studies have demonstrated successful 
management of difficult biliary stones using cholangios-
copy-guided LL and EHL, with success rates ranging 
from 67 to 100% [2–5, 12]. In a large series that enrolled 
69 patients with complex biliary stones treated with 
SGDS-guided HL, Patel et al. [3] reported a successful  
extraction rate of 74% in the index ERCP. This value  
increased to 97% after additional sessions. Wong et al.  
[4] – in a more recent prospective cohort study involving 
17 patients with complex biliary stones, preferentially us-
ing HL laser – reported a success rate of 63% in the first 
ERCP. After additional sessions, the overall success rate 
increased to 75%. Our higher success rate in the first 
ERCP session than in prior reports is comparable to the 
success rate reported in more recent publications, such as 
in a large series of 36 patients by Navaneethan et al. [14] 
enrolled in a multicenter study. They reported an initial 
success rate of bile duct stone removal of 87.1%, which 
increased to 100% after additional sessions. In the future, 
this high success rate will probably lead to the progressive 

adoption of these techniques for complex biliary stones. 
This apparent trend toward higher success rates in more 
recent reports [4, 12, 14] is likely to be related to cumula-
tive experience with the technique combined with the in-
troduction of the second generation of the SGDS system 
in 2012.

The SpyGlass is a single-operator cholangioscope 
which overcomes some of the limitations of other chol-
angioscopes available in the market. The mother-daugh-
ter peroral cholangioscopes were fragile, expensive (due 
to frequent repairs), and sometimes difficult to insert in 
the bile duct, required two experienced endoscopists, and 
had only two-way tip deflection. This new system, with 
improved image quality and four-way steering of the tip, 
has a separated irrigation and suction channel through an 
outside port. One of its major advantages is the easiness 
of its insertion into the common bile duct through the 
papilla from the duodenoscope, as well as its resistance. 
Despite the fair quality of endoscopic view provided, 
there is considerable room for improvement, especially 
when we compare it with the quality of the new digital 
endoscopes used in clinical routine.

We used both HL and EHL on our patients with biliary 
stones, according to the preferences of the endoscopist 
and the equipment available. The holmium laser is the 
newest laser lithotripter introduced for stone fragmenta-
tion, with excellent results and limited collateral effects 
[7, 14, 15]. On 11 patients, we used HL in the index ERCP 
and the stones were completely removed in 1 session us-
ing only 1 probe. The remaining patients, for which EHL 
was the first choice, failed ductal clearance after using 2 
probes, and therefore HL was used in a subsequent ses-
sion; the stones were adequately fragmented after that 
session with a single laser probe. Another patient under-
went EHL with 4 large stones, needing 2 EHL probes in a 
single session to achieve ductal clearance.

EHL probes have a limited life span, which is propor-
tional to the potency chosen during the procedure. In 
contrast, HL probes do not have this limitation, but they 
are more expensive (with a difference between EUR 100 
and 200 depending on the country and the technology 
used). Probably we should opt for laser probes for very 
large or multiple stones to overcome this limitation of 
EHL probes. A recent multicenter study has addressed 
this issue assessing 406 patients [12]. This retrospective 
study compared outcomes between 306 patients submit-
ted to EHL and 101 patients treated with HL. The authors 
concluded that the final rate of ductal clearance was sim-
ilar using the two techniques (96.7 and 99% with EHL and 
HL, respectively). However, there was a trend favoring 
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HL with regard to efficacy in a single initial session (86.1 
vs. 74.5%) and a statistically significant difference in me-
dian duration of the procedure in favor of HL (49.9 vs. 
73.9 min; p < 0.001). However, this study did not explore 
the number of probes used and recommendations for 
choosing EHL or HL; therefore, more studies are war-
ranted that compare the two lithotripsy techniques, in-
cluding cost-effectiveness analyses.

Notwithstanding, given the heterogeneity in the stud-
ies published and the limited number of patients includ- 
ed – with different inclusion criteria, lithotripsy tech-
niques used (i.e., different lasers), and even outcome def-
initions – it is difficult to draw definite conclusions. Most 
of the studies are retrospective, and some use prospective 
cohorts. There is a scarcity of randomized controlled tri-
als [15].

Despite the small number of patients, we demonstrat-
ed a 100% success rate in ductal clearance of pancreatic 
stones in 3 patients with chronic pancreatitis. Our results 
are comparable with those of other reports (there are only 
few reports published), most of them based on a small 
number of patients [2, 5]. In a retrospective study includ-
ing 5 patients with chronic pancreatitis and stones locat-
ed in the body and neck, HL was successful in the first 
session for all patients [2]. In the largest published series, 
Attwell et al. [5] analyzed 28 patients with chronic cal-
cific pancreatitis previously submitted to extracorporeal 
shock wave lithotripsy. This paper reports complete duc-
tal clearance in 79% of the patients and partial clearance 
in 11% of the cases. The authors concluded that this tech-
nique is feasible and is associated with clinical improve-
ment in selected patients [5]. In our study, we were suc-
cessful in 3 out of 3 cases (100%), with stones located 
more distally – in 2 patients in the body – which increased 
the grade of difficulty of the procedure. This technique 
could replace extracorporeal shock wave lithotripsy as the 
first-line treatment or be used as a complement to extra-
corporeal shock wave lithotripsy for difficult pancreatic 
stones in the main pancreatic duct [5].

A study by Sethi et al. [16] suggests that ERCP with 
cholangioscopy may be associated with higher total rates 
of adverse events, especially cholangitis despite antibiotic 
prophylaxis. The authors proposed that this risk could be 
explained by the increased biliary pressure during the 
procedure secondary to the frequent irrigation of the bil-
iary tree with water. In our study, we had 6 patients with 
adverse events, all mild (35.3%). The most common was 
fever for less than 48 h. All patients had received 200 mg 
of ciprofloxacin before the procedure. The overall com-
plication rates reported in the literature are diverse, rang-

ing from 4.1 to 21.4%. The definitions of complications 
and study designs used are heterogeneous, which limits 
their comparability. However, given the high number of 
patients with fever, we closely monitor this adverse event, 
and perhaps, in the future, antibiotics should be contin-
ued some days after the procedure.

Despite the high efficacy of these advanced lithotripsy 
techniques, we should be aware that some patients will 
need multiple sessions in order to limit the length of each 
ERCP session for safety reasons. We should bear in mind 
that a large majority of patients, especially with difficult 
biliary stones, are elderly and have an advanced ASA 
grade. In our cohort, the oldest patient was 90 years of 
age, and half of the patients were over 72 years old.

Further studies are needed on this topic: (a) studies 
comparing the efficacy and costs of EHL and HL; (b) 
studies assessing the cost-effectiveness of these tech-
niques, in particular evaluating whether an earlier intro-
duction of these technologies is not justified, thereby 
avoiding the implementation of several ERCPs (with 
stent exchange and failed attempts at stone removal) and 
the morbidity and costs associated with these procedures; 
and (c) studies evaluating the efficacy of cholangioscopy-
guided lithotripsy in a specific group of patients with in-
trahepatic lithiasis.

This study has several limitations, including the lim-
ited number of patients and the lack of a control group. 
It was carried out in two high-volume centers by two en-
doscopists experienced in complex endoscopic endo-
therapy (J.C. and L.L.). Thus, the results cannot be gen-
eralized to other centers with less experience in advanced 
pancreatobiliary endoscopy. Given the limited number 
of patients with difficult stones available, we should im-
plement a national registry for this advanced technique. 
Notwithstanding, our study has some strengths that 
should be mentioned. First, its prospective design should 
be mentioned, with the support from a registry database 
and the collection of data by an independent researcher. 
To our knowledge, including 17 patients this is the larg-
est prospective cohort study performed in Portugal eval-
uating the outcomes and safety of SpyGlass-guided litho-
tripsy.

In conclusion, cholangioscopy-guided lithotripsy us-
ing LL or EHL in patients with difficult biliary or pancre-
atic stones is highly effective with transient and minimal 
complications. There is a clear need to further compare 
EHL and laser technology to assess their role in the suc-
cess of cholangioscopy-guided lithotripsy.
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