
Introduction
The cystic duct, which connects the gallbladder to the common
hepatic duct, is a tortuous channel susceptible to obstruction
by cystic duct stones (CDS). These stones typically form in the
gallbladder and migrate into the cystic duct. CDS can cause a
spectrum of disease, ranging from biliary colic to cholecystitis
to Mirizzi’s syndrome (MS), in which the common hepatic duct

is obstructed by inflammation surrounding the gallbladder or
cystic duct [1]. Symptomatic CDS warrants intervention, which
traditionally involves surgical cholecystectomy with distal liga-
tion of the cystic duct in patients with an intact gallbladder.
However, endoscopic procedures are available as an alternative
to invasive surgery, especially in patients with prior cholecys-
tectomy in whom surgical procedures can contribute to signifi-
cant morbidity [2, 3]. Although stone extraction by endoscopic
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ABSTRACT

Background and study aims Cystic duct stones (CDS) are

challenging to treat with conventional ERCP techniques due

to the small diameter and tortuous nature of the cystic

duct. There have been limited studies focused on endo-

scopic management of CDS.We present our experience

managing CDS endoscopically and demonstrate that new

advances in endoscopic technology have rendered CDS ea-

sier to manage.

Patients and methods From 2013 to 2020, we prospec-

tively maintained a database of patients undergoing endo-

scopic management of CDS. ERCP was performed in all pa-

tients, and if unsuccessful in removing stones, cholangios-

copy with electrohydraulic lithotripsy (EHL) was utilized. All

patients were followed in clinic for outcomes.

Results Of 5,123 ERCPs performed at our institution dur-

ing the study period, 21 patients were diagnosed with

CDS. Six patients were successfully treated with conven-

tional ERCP alone. Cholangioscopy with EHL was used in 15

patients undergoing 18 procedures to achieve stone clear-

ance. CDS clearance was achieved in all patients. There was

one adverse event (post-ERCP pancreatitis). Spyglass DS

was associated with a significant decrease in average proce-

dure time in comparison to first-generation SpyGlass (89.3

vs. 54.4 minutes, P=0.004). Thirteen patients (87%) were

discharged from the hospital within 24 hours. The median

follow-up duration was 23.2 months.

Conclusions Endoscopy should be the preferred manage-

ment strategy for CDS, especially in patients with prior cho-

lecystectomy. Surgical outcomes have been associated with

high patient morbidity and hospital length of stay. Our case

series is the largest cohort of CDS patients successfully

managed with cholangioscopy and EHL in the United States.
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retrograde cholangiopancreatography (ERCP) is technically
challenging due to the anatomy of the cystic duct, cholangios-
copy with lithotripsy (electrohydraulic or laser) is an innovative
and effective intervention for CDS [4]. While this procedure has
not yet been studied widely for CDS, a few case reports and
case series demonstrate its ability to successfully facilitate CDS
removal [5]. To our knowledge, this is the largest case series of
endoscopic management of CDS in the United States. We re-
port our experience within an academic hospital system and
summarize the progression of endoscopic management of
CDS with increased utilization of single operator cholangiosco-
py. These innovations have improved clinical outcomes for
these patients and have made endoscopy the preferred inter-
vention for CDS.

Patients and methods
Information on patients undergoing ERCP for management of
CDS or MS at Wake Forest Baptist Medical Center from June
2013 to December 2020 was identified and prospectively
stored in a secured database in accordance with our institution-
al review board (IRB number: 00000215). Patient data, includ-
ing clinical presentation, laboratory values (i. e. liver function
tests), diagnostic imaging, procedure details, adverse events
(AEs), and clinical outcomes, were collected and retrospectively
analyzed (▶Fig. 1). Descriptive statistics were used for the anal-
ysis. Patient and procedure characteristics were presented with
percentages (%), mean and standard deviation (SD), and medi-
an and range.

All patients diagnosed with CDS or MS were consented for
ERCP and cholangioscopy. ERCPs were performed under gener-
al anesthesia or monitored anesthesia care (supervised by an
anesthesiologist). Antibiotic prophylaxis, most commonly with
ciprofloxacin, was administered at the start of the procedure.
Following cannulation of the bile duct, a cholangiogram was
obtained, and cystic duct patterns were classified into three
types based on the classification system proposed by Cao et al:
Type 1 located on the right and angled up, Type 2 located on
the right and angled down, and Type 3 located on the left and
angled up [6]. A biliary sphincterotomy was performed and at-
tempts were made to clear stones from the cystic duct using
standard accessories (including stone extraction balloons and
baskets). If unsuccessful, a cholangioscope (SpyGlass, Boston
Scientific, Marlborough, Massachusetts, United States) was ad-
vanced over a guidewire through the working channel of a duo-
denoscope (Pentax, Tokyo, Japan) (▶Fig. 2). Upon direct visua-
lization of the CDS on cholangioscopy, electrohydraulic litho-
tripsy (EHL) was performed through the working channel of
the cholangioscope (1.9 F probe and the Nortech Autolith sys-
tem, Northgate Technologies, Inc, Elgin, Illinois, United States)
to achieve stone fragmentation. Saline was used for irrigation
through the SpyGlass irrigation channel. EHL was completed
using a power of 90 watts and a frequency of seven shots per
second. This process was repeated with gradual increase in fre-
quency as necessary (maximum 10 shots per second). The
stone fragments were subsequently removed using balloon
sweeps and/or baskets (▶Fig. 3).

The primary outcome was defined as complete cystic duct
clearance, documented either by cholangiogram or direct vi-
sualization via cholangioscopy. The secondary outcome was
procedure-related complications.Complications were recorded
and graded according to the American Society of Gastrointesti-
nal Endoscopy (ASGE) Lexicon criteria [7]. Patients were fol-
lowed in an outpatient clinic for ongoing laboratory analysis
and clinical outcomes after the procedure.

Results
Of the 5,123 ERCPs that were performed at our institution dur-
ing the study period, 21 were performed for the removal of CDS
or treatment of MS. Six patients (29%) underwent successful
extraction of CDS with traditional ERCP techniques. The re-
maining 15 patients (71%) required cholangioscopy and EHL
for direct stone visualization and extraction. Three of these pa-
tients were treated with first-generation SpyGlass (2013–
2017), and 12 were treated with Spyglass DS (2017–2020).
Two patients required more than one cholangioscopy session
(a total of 5 cholangioscopies and EHL) to remove the CDS

▶ Fig. 1 MRCP in a patient with prior cholecystectomy showing a
16-mm calculus (red arrowhead) at the junction of cystic duct and
bile duct concerning for Type I Mirizzi’s syndrome.

▶ Fig. 2 a Cholangiogram showing two stones (red arrowheads) in
the cystic duct. b Fluoroscopic image showing SpyGlass DS in the
cystic duct.
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(▶Fig. 4). ▶Table 1, ▶Table2, and ▶Table 3 describe the de-
mographics, clinical presentation, and outcomes of all patients
included in the study.

The mean age of patients treated with cholangioscopy and
EHL was 57.2 years (SD 19.3). Eleven patients (11/15, 73%)
were female. All patients were diagnosed with CDS prior to in-
tervention with either intraoperative cholangiogram (1), ERCP
(4), magnetic resonance cholangiopancreatography (7), com-
puted tomography of the abdomen (2), or endoscopic ultra-
sound (1). The presenting symptoms included abdominal pain

(15), nausea/vomiting (4), and cholangitis (3). Seven patients
had hyperbilirubinemia (defined as a bilirubin > 2mg/dL) at clin-
ical presentation. MS was present in three patients (20%) and
concurrent choledocholithiasis was present in six patients
(40%). Fourteen patients had a history of prior cholecystectomy
and one patient had an intact gallbladder. The single patient
with an intact gallbladder treated with cholangioscopy and
EHL had severe cholecystitis at the time of cholecystectomy,
which was aborted until resolution of active inflammation was
achieved with endoscopic stone removal and cholecystostomy
tube placement. Thirteen patients had prior ERCP with sphinc-
terotomy. Eleven patients had one stone present in the cystic
duct and four patients had three or more stones (▶Table 4).
The median stone size was 10mm (range 6–16mm).

In two patients, cholangioscopy showed a fibrotic stricture
at the takeoff of the cystic duct preventing passage of the cho-
langioscope into the cystic duct. Attempts to advance a biliary
dilating balloon, biliary dilating catheter, cholangioscopy-guid-
ed retrieval basket and snare into the cystic duct were unsuc-
cessful. The patients were given the option of undergoing sur-
gical management for symptomatic retained cystic duct
stones; however, opted for endoscopic therapy. On subsequent
cholangioscopy, the EHL probe was directed at the stenotic cys-
tic duct orifice and sequential pulses of EHL were delivered at a
power of 40 Watts and frequency of 5Hz. This facilitated stric-
turotomy and orifice widening (▶Fig. 5). An occlusion cholan-
giogram was then obtained with opacification of the cystic
duct remnant, thereby permitting visualization of stones on
fluoroscopy. Under fluoroscopic guidance, an EHL probe was
advanced past the stenotic cystic duct orifice and positioned
adjacent to the stones. Sequential pulses of EHL were then de-
livered to achieve stone fragmentation (Boston Scientific, Marl-
borough, Massachusetts, United States) while using continuous
irrigation of saline and contrast. A SpyGlass retrieval basket and
snare (Boston Scientific, Marlborough, Massachusetts, United
States) were then used to remove the stone fragments. Follow-
ing stone fragments removal, a plastic stent was placed in the

CDS or MS, n = 21

Intact gallbladder, 
n = 3

Postcholecystectomy, 
n = 18

Successful 
conventio-
nal ERCP, 

n = 4

Cholan-
gioscopy 
and EHL, 

n = 14

Successful 
Cholan-
gioscopy 
and EHL 

(1 session), 
n = 1

Successful 
cholan-

gioscopy 
and EHL 

(1 session),
n = 12

Successful 
cholan-

gioscopy 
and EHL (2 
sessions),

n = 1

Successful 
cholan-

gioscopy 
and EHL (3 
sessions),

n = 1

Successful 
conventio-
nal ERCP, 

n = 2

▶ Fig. 4 Flowchart of 21 patients from diagnosis to successful
endoscopic management.

▶ Fig. 3 a Cholangioscopy with visualization of stone in the cystic duct. b Cholangioscopy showing stone fragments post-EHL. c Cholan-
gioscopy showing cystic duct stump post stone removal.
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common bile duct. Both patients were discharged on antibio-
tics the day after the procedure without any complications. On
follow-up ERCP(s), cholangioscopy and EHL was performed un-
der direct vision to achieve stone clearance (▶Fig. 6).

Clinical success was achieved in all patients. Post-ERCP pan-
creatitis occurred in one patient (moderate grade on ASGE lex-
icon) [7]. This patient was admitted to the hospital for 4 days
and her symptoms were managed conservatively with intrave-
nous fluids and pain medications. There were no other proce-
dure or anesthesia-related complications. The average proce-
dure time for patients undergoing first-generation SpyGlass
was 89.3 minutes (SD 13.7) compared to 54.3 minutes (SD
18.2) for SpyGlass DS (P =0.004). Thirteen patients (87%) were
discharged from the hospital within 24 hours of the procedure
(▶Table5). The median length of stay for the remaining 2 pa-
tients was 2.5 days (range 1–4). The median follow-up was
23.2 months (range 1.8–93.0).

Discussion
CDS present a challenge to clinicians as they are often difficult
to extract via ERCP due to the small diameter of the cystic duct
and its tortuous course. Advances in endoscopy, like the devel-
opment of peroral cholangioscopes in the 1970 s, have provid-
ed minimally invasive options for CDS management particularly
in patients with prior cholecystectomy [8]. In 2000, Tsuyuguchi
et al published a retrospective cohort of patients with MS treat-
ed with peroral cholangioscopy and shock wave lithotripsy. In
their population of 25 patients, 23 achieved successful stone

▶Table 4 Summary of characteristics of 15 patients undergoing
cholangioscopy and electrohydraulic lithotripsy.

Age, mean (± SD), years 57.2 (19.3)

Female gender, n (%) 11 (73%)

Prior cholecystectomy, n (%) 14 (93%)

Mirizzi syndrome, n (%) 3 (20%)

Concurrent Choledocholithiasis, n (%) 6 (40%)

Number of cystic duct stones, median (range) 1 (1–7)

Number of patients with ≥3 cystic duct stones, n, (%) 4 (27%)

Median stone size (range), mm 10 (6–16)

Number of patients with hyperbilirubinemia at pre-
sentation, n (%)

7 (47%)

▶ Fig. 5 a Magnetic resonance imaging of cystic duct stones prior
to intervention. b Cholangioscopy showing a stenotic cystic duct
orifice. c Stricturotomy using EHL probe directed at the stenotic
orifice. d Cystic duct orifice post-stricturotomy.

▶ Fig. 6 a Fluoroscopic imaging of a basket in the cystic duct.
b Cholangioscopy showing stone fragments removed with a basket.
c Cholangioscopic imaging of the cystic duct after stones removal.
d Cholangiogram showing a patient cystic duct.

▶Table 5 Clinical outcomes in 15 patients undergoing cholan-
gioscopy and electrohydraulic lithotripsy.

Successful stone clearance on first session cholan-
gioscopy and EHL, n (%)

13 (87%)

Procedure time for Cholangioscopy and EHL using
1st Gen. SpyGlass, mean (± SD), min.

89.3 (13.7)

Procedure time for Cholangioscopy and EHL using
SpyGlass DS, mean (± SD), min.

54.3 (18.2)

Patients discharged within 24 hours, n (%) 13 (87%)

Adverse events, n (%) 1 (7%)

Clinical success, n (%) 15 (100%)
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removal with the cholangioscopic approach; however, long-
term outcomes of these patients included cholangitis in four
(17%) and death in two patients (9%) [4].

The first cholangioscopes in the 1970 s used a “mother-
baby" endoscope technique, which required two trained endos-
copists and was limited by poor image resolution and limited
accessories. While the mother baby scopes have improved their
image quality, the requirement for a second endoscopist has
limited its widespread use. The development of SpyGlass (Bos-
ton Scientific, Natick, Massachusetts, United States) in 2007 al-
lowed for single-operator cholangioscopy and the use of ad-
vanced intervention techniques like lithotripsy (EHL or laser)
for management of CDS [9]. While the first-generation Spy-
Glass improved the endoscopic management of CDS and MS, it
was limited by the cumbersome nature of its setup, long proce-
dure times, and poor image quality [10]. Subsequent advances
in technology led to the introduction of SpyGlass DS in 2015
with improved visualization of the biliary tree, a wider field of
view, and a simple “plug and play” setup [11, 12]. This innova-
tion has allowed for decreased procedure time and overall ease
of use. In fact, Minami et al performed a retrospective study on
183 patients undergoing cholangioscopy using Spyglass DS.Of
the 93 patients with indeterminate bile duct strictures, suc-
cessful visualization and biopsy was achieved in 100% and
95.7% respectively. Furthermore, in 90 patients with stone dis-
ease, successful visualization of stones was attained in 98.9% of
patients and complete stone clearance in 92.2% [13].

Since the introduction of cholangioscopy with SpyGlass, a
few case reports and case series have demonstrated this meth-
od for the management of CDS (▶Table 6) [5, 14–24]. For ex-
ample, Issa et al. presented the first case of laser lithotripsy
using Spyglass cholangioscopy in a patient with postcholecys-
tectomy MS in 2011 [20]. This publication was closely followed
by a 2012 case series by Sepe et al, in which 13 patients under-

went single operator cholangioscopy and EHL. Complete clear-
ance of the cystic duct was noted in 10 of 13 patients (76.9%).
The high clinical success rate and low AE rate reported by this
study demonstrated that SpyGlass with EHL is a viable endo-
scopic intervention for patients with CDS [21]. Furthermore,
Bhandari et al. treated 34 patients with MS or CDS at a high-vol-
ume tertiary care center in 2016 with Spyglass and laser-guided
lithotripsy with a 100% success rate [22]. The extensive experi-
ence of endoscopists at these centers may partially account for
the high success rate associated with these procedures.

An alternative to intraductal lithotripsy for CDS is extracor-
poreal shock wave lithotripsy (ESWL). This was reported by
Shim et al in a case series of 11 patients with impacted CDS
who were not surgical candidates [25]. Following disintegration
of stones using ESWL, endoscopy was performed to remove
stone fragments. Although complete ductal clearance was safe-
ly achieved in 81.8% of patients (9/11), the authors concluded
this was a difficult and time-consuming procedure. As a result,
widespread dissemination of this technique has yet to be dem-
onstrated.

The traditional treatment modality for CDS in patients with
prior cholecystectomy was surgery which has shown limited ef-
ficacy and high patient morbidity. In fact, in 2007, Walsh et al
reported five post-cholecystectomy patients with CDS requir-
ing surgical intervention. Four patients required laparotomy
and only one was successfully treated laparoscopically. This
was noted to be secondary to chronic inflammatory tissue and
difficulty safely delineating the biliary anatomy [26]. In 2009,
Palanivelu et al presented a retrospective cohort of 15 patients
with CDS managed laparoscopically. This study demonstrated
an average operating time of 103.4 minutes, hospital length of
stay of 4 to 12 days, and 13.33% morbidity [27]. While there
was no mortality or conversions to laparotomy, the extended
hospital length of stay and significant morbidity pale in com-

▶Table 6 Summary of studies utilizing cholangioscopy and EHL/laser lithotripsy for management of CDS and Mirizzi syndrome.

First author (year) No. of patients Endoscopic technique Successful stone removal (%)

Tsuguyuchi (2011) 50 Cholangioscopy+ EHL, LL  96%

Issa (2011)  1 Cholangioscopy+ LL 100%

Sepe (2012) 13 Cholangioscopy+ EHL  77%

Issa (2012)  2 Cholangioscopy+ EHL 100%

Forbes (2016)  1 Cholangioscopy+ EHL 100%

Bhandari (2016) 34 Cholangioscopy+ LL 100%

Jones (2017)  1 Cholangioscopy+ EHL 100%

Marya (2020)  1 Cholangioscopy+ EHL 100%

Li (2020)  1 Cholangioscopy+ EHL 100%

Salgado-Garza (2021)  3 Cholangioscopy+ EHL (2), LL (1) 100%

Chon (2021)  1 Cholangioscopy+ EHL 100%

Park (2021)  1 Cholangioscopy+ EHL 100%

EHL, electrohydraulic lithotripsy; CDS, cystic duct stones; LL, laser lithotripsy.
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parison to our study results. Most recently, Kar et al published
results on 12 patients with cystic duct and remnant gallbladder
stones. While seven patients could be managed laparoscopical-
ly, five patients required conversion to an open procedure [28].
These studies demonstrate the lack of a viable minimally inva-
sive surgical alternative for these patients.

One of the challenges to successful endoscopic manage-
ment of CDS in our study was a stenotic cystic duct orifice.
This was seen in two patients with a prior history of cholecys-
tectomy and recurrent episodes of stump cholecystitis result-
ing in stricture formation. Following visualization of stricture
on cholangioscopy, an EHL probe was placed in close proximity
to the stricture. Oscillating shock waves were then applied to
induce epithelial injury and facilitate stricturotomy. This al-
lowed injection of contrast with visualization of stones on
fluoroscopy permitting EHL therapy under fluoroscopic gui-
dance. The usage of EHL under fluoroscopic guidance was de-
scribed by Moon et al in a case series of 19 patients in which
16 achieved complete ductal clearance [29]. In this relatively
small case series, there were no episodes of bile leak; however,
two patients developed hemobilia. Given the high risk of bile
duct injury associated with this technique, we recommend its
usage as a last resort.

Our study includes the largest population of CDS patients
treated with Spyglass DS to date and reports a 100% clinical
success rate in removing CDS from the biliary tree [23, 24]. In
addition, it is the largest cohort of CDS patients successfully
managed with cholangioscopy and EHL in the United States.
There was only one complication observed in our cohort (post-
ERCP pancreatitis), which is a known complication of ERCP. We
also report a statistically significant reduction in procedure
time with SpyGlass DS compared to first-generation SpyGlass,
which is likely a reflection of its improved interface, scope man-
euverability, and high-resolution imaging. The limitations of
our study include performance by endoscopists with extensive
prior experience with cholangioscopy. Therefore, our findings
may be challenging to extrapolate to providers without such
experience. Given the low prevalence of this disease, this was a
retrospective observational study without randomization of pa-
tients to a comparison cohort. This may lead to selection bias,
preventing generalizability to all patients.

Conclusions
Our results demonstrate that cholangioscopy and EHL is a safe
and effective treatment for management of CDS.Given the
shorter procedure times, improved visualization, and high pro-
pensity for same-day discharge, we propose that all CDS pa-
tients should be evaluated for endoscopic management prior
to surgical intervention. Further studies should be performed
to evaluate the cost effectiveness of cholangioscopy for CDS
and to directly compare a surgical cohort to a SpyGlass DS co-
hort.
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