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Abstract

Background  Although previous studies have reported the
possibility of therapeutic ERCP without fluoroscopy, more
robust documentation of fluoroscopy-free common bile
duct stone (CBDS) clearance is needed. Technically, “digi-
tal cholangioscopy” (DCS) may be used to confirm CBDS
clearance. We aimed to compare the feasibility, safety, and
radiation exposure between patients with CBDS undergoing
stone removal by DCS and conventional ERCP (cERCP).
Methods Fifty (50) consecutive patients with a CBDS
size <15 mm underwent DCS (SpyGlass DS Direct Visu-
alization System, Boston Scientific, Marlboro, MA, USA)
between December 2015 and October 2016. Of 202 con-
secutive patients undergoing cERCP during the same time
frame, 50 matched pairs were created using propensity score
matching analysis. In the DCS group, patients underwent
biliary cannulation and CBDS removal without fluoroscopy
followed by DCS to confirm complete CBDS clearance. A
final occlusion cholangiogram was performed as the current
standard of care to confirm CBDS clearance.

Results Cannulation success rates were similar between the
DCS and cERCP groups (98 vs. 98%). By intention-to-treat
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analysis, CBDS clearance in the DCS and cERCP groups
was not different (90 vs. 98%; p=0.20, respectively). DCS
had successful CBDS removal in 45 cases, whereas 5 (10%)
failed for clearance by DCS due to technical limitations.
Adverse events were not different between both groups.
Conclusions In the management of uncomplicated CBDS,
our data confirmed the feasibility of DCS for CBDS clear-
ance as it showed efficacy and safety comparable to those
of cERCP. Although certain conditions may limit its effec-
tiveness, DCS offers the ability to perform CBDS clearance
without the need for fluoroscopy unit and can avoid radiation
exposure while ERCP under fluoroscopy remains the current
standard of care in patients with CBDS.

Keywords Endoscopic retrograde
cholangiopancreatography - Cholangioscopy - Non-
radiation - Fluoroscopy

Abbreviations
ERCP  Endoscopic retrograde
cholangiopancreatography

CBDS Common bile duct stone

EUS Endoscopic ultrasound

IDUS  Intraductal ultrasound

DCS Digital cholangioscopy

cERCP conventional ERCP

DAP Dose area product

TUS Transabdominal ultrasonography

CT Computed tomography

MRCP Magnetic resonance cholangiopancreatography

SD Standard deviation

ASGE  American Society for Gastrointestinal
Endoscopy
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Endoscopic retrograde cholangiopancreatography (ERCP) is
the first-line therapy for common bile duct stones (CBDS).
This therapy is standardly performed and is a fluoroscopy-
guided technique. Radiation exposure to patients and staff
during ERCP is an important health and safety concern [1,
2]. Since cumulative doses of ionizing radiation from multi-
ple procedures carry an increased risk of cancer, the Ameri-
can Society for Gastrointestinal Endoscopy (ASGE) recom-
mends minimizing radiation exposure during ERCP [2].

Radiation-free ERCP is needed in particular settings
such as dealing with pregnant and critically ill immobilized
patients [3—8]. However, the data are limited by small sam-
ple size. One important limitation of the procedure without
fluoroscopy includes the lack of CBDS-clearance confir-
mation. Thus, in this setting, biliary stenting is common to
ensure drainage, followed by repeat ERCP under fluoroscopy
for the final CBDS clearance. Either endoscopic ultrasound
(EUYS) or intraductal ultrasound (IDUS) has been used to
confirm CBDS clearance [9-11], but EUS may have limita-
tion due to its inability to distinguish CBDS from air bubbles
after sphincterotomy [12].

Direct cholangioscopy is a promising technique to con-
firm CBDS clearance. The first generation of SpyGlass (the
Legacy system, Boston Scientific, Marlboro, MA, USA)
was launched in 2007. A previous series of studies dem-
onstrated missed CBDS clearance in one of five pregnant
patients (20%) using the Legacy system [5]. The incomplete
CBDS clearance could be secondary to the limited visibility
of the fiber optic cholangioscope. Compared to the Legacy
system, a recent digital cholangioscope provides not only a
significant improvement in the image quality but also a much
easier setup process so that the system can be ready in 5 min
[13]. To date, data on the outcomes of digital cholangios-
copy (DCS)-assisted CBDS removal are lacking.

The objectives of our study were as follows: (1) to com-
pare the feasibility and safety of DCS-assisted uncompli-
cated CBDS removal with conventional ERCP (cERCP)
using a propensity score matching analysis and (2) to meas-
ure how much radiation exposure to the patients [dose area
product (DAP; mGy-cm?)] could be avoided in the DCS
group when the exposure amount for the cERCP group was
used as the reference.

Materials and methods
Study population

Between December 2015 and October 2016, 50 consecutive
adult patients with suspected CBDS with a size < 15 mm in
diameter were invited to participate in the prospective study
of DCS at our institution. The diagnosis of CBDS was based
on clinical presentation (biliary pain and/or abnormal liver

function tests) and at least one image study [transabdomi-
nal ultrasonography (TUS), computed tomography (CT),
magnetic resonance cholangiopancreatography (MRCP), or
EUS]. The exclusion criteria were a history of bile duct sur-
gery, bile duct stricture, bile duct tumors, severe comorbid
diseases, unstable vital signs including septic cholangitis,
pregnancy, coagulopathy and a large CBDS (size > 15 mm)
as determined by imaging studies. Patients who provided
informed consent followed the procedure protocol of DCS
(Fig. 1).

Using our endoscopy databases, all patients with CBDS
undergoing cERCP during the same timeframe (n=202)
were retrospectively reviewed. Of those patients, 50 match
pairs with a 1:1 matched DCS:cERCP ratio were created
using propensity score matching analysis. Potential con-
founders for calculation, including age, sex, CBDS size,
presence of a duodenal diverticulum, and previous sphincter-
otomy, were selected by experienced endoscopists. Relevant

Biliary cannulation

‘Confirmed by bile aspiration

4 Standard Sphincterotomy

dl Balloon extraction until suspected
| complete CBDS clearance

CBDS clearance

Final occlusion cholangiogram as gold standard

Fig. 1 The procedure protocol of patients undergoing DCS-assisted
CBDS removal (without fluoroscopy). CBDS common bile duct
stone, DCS digital cholangioscopy
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demographic and clinical data, including duodenal diver-
ticulum, previous biliary sphincterotomy, CBDS size based
on imaging studies, cannulation techniques, total procedure
times, and total radiation doses delivered to patients (DAP;
mGy-cmZ), were abstracted from medical records. Follow-
ing the procedures, adverse events and hospitalization were
observed.

The study protocol was approved by our local institutional
review board. The study was registered at clinicaltrials.gov
(NCT02967926).

Procedures

Using a side-viewing duodenoscope (TJF-160R or TJF-
Q180V; Olympus, Tokyo, Japan) under conscious sedation
(midazolam and meperidine), all procedures were per-
formed by one of the four experienced endoscopists who
performed > 300 ERCPs per year and > 20 cholangioscopies
under fluoroscopy per year. Advanced endoscopy fellows
were involved only during scope positioning and biliary
cannulation.

In the cERCP group, the patients were put in prone posi-
tion using the same fluoroscopy unit. The need for fluoros-
copy is only controlled by the attending endoscopist. DAP
(mGy-cm?) was documented after the procedure was com-
pleted. Prophylactic antibiotics were administered. After
identifying the papilla, selective bile duct cannulation was
performed using a bendable-tip catheter, either an Ultratome
XL (Boston Scientific, Marlboro, MA, USA) or a Swing Tip
cannula (Olympus, Tokyo, Japan), and a 0.035-inch guide
wire was used for standard cannulation. Advanced tech-
niques for biliary cannulation, such as a double guidewire
and/or precut sphincterotomy technique, were performed
under fluoroscopy guidance if guidewire-assisted cannula-
tion was not achieved within 10 min. Standard techniques,
including cholangiogram, endoscopic sphincterotomy, and
stone extraction, were performed as addressed in the litera-
ture [14]. A final cholangiogram with a balloon sweep was
performed to confirm CBDS clearance.

Fig. 2 DCS using the SpyGlass
system showed A complete
CBDS removal; B residual
CBDS. CBDS common bile
duct stone, DCS digital cholan-

gioscopy
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In the DCS group, patients underwent selective biliary
cannulation without fluoroscopy. The primary setting for the
fluoroscopic control was set to “disable” to prevent unin-
tentional use of fluoroscopy. Following successful bile duct
cannulation confirmed by visible bile in the catheter and
by smooth advancement of a guidewire without any resist-
ance, a standard biliary sphincterotomy was performed. If a
failed standard cannulation occurred, the double guidewire
technique was attempted without the use of fluoroscopy.
In such case, after pancreatic duct deep cannulation was
confirmed by pancreatic juice aspiration, a guidewire was
gently advanced to the main pancreatic duct approximately
7—-10 cm beyond the papilla or until resistance was detected.
Following the first guidewire placement in the main pancre-
atic duct, the catheter was exchanged and reloaded with the
second guidewire. Selective biliary cannulation was aimed
at the 10-11 o’clock position, with a left, upward relation to
the first guidewire. After successful biliary cannulation was
confirmed by the bile aspiration technique, the first guide-
wire was removed. If failure occurred during double guide-
wire cannulation without fluoroscopy, standard or advanced
biliary cannulation, including precut under fluoroscopy, was
re-attempted step by step under fluoroscopic guidance; this
situation was considered failed non-fluoroscopic biliary
cannulation within the DCS group. Following successful
selective biliary cannulation and sphincterotomy, a balloon
catheter was gently advanced over the guidewire 10-15 cm
beyond the papilla or until resistance was observed, which
implied reaching the hilum. Balloon sweeps were performed
and repeated until no stones were retrieved. Then, a DCS
system (SpyGlass DS Direct Visualization System, Bos-
ton Scientific, Marlboro, MA, USA) was advanced into the
CBD to confirm complete CBDS clearance (Fig. 2A). If
DCS showed residual CBDS (Fig. 2B), another round of
non-fluoroscopic CBDS removal was attempted. This pro-
cess was repeated until there was no residual stone. A final
occlusion cholangiogram under fluoroscopy was performed
as the gold standard of care to confirm CBDS clearance. If
residual stones were seen during the final cholangiogram,




Surg Endosc (2018) 32:2704-2712

2707

the DCS procedure was converted to a cERCP, and the DCS
procedure was considered as failed per protocol.

Post-procedure evaluation

In our protocol, following successful CBDS removal, all
patients were hospitalized for clinical observation and
able to progressively resume a normal diet within 12-24 h
if no adverse events related to the procedures developed.
Post-procedure pancreatitis was defined as the presence of
pancreatitis-type pain plus a serum amylase level over three
times the upper normal limit or pain plus evidence of acute
pancreatitis seen on imaging studies (CT or MRI). Bleeding,
perforation, and cholangitis were defined as described in the
literature [15].

Statistical analysis

To compare patient characteristics and clinical outcomes
of the DCS group to those of the matched cERCP group,
propensity score matching with a 1:1 matched DCS:cERCP
ratio was used to reduce differences in possible confound-
ing factors between groups as follows: age, sex, CBDS size,
duodenal diverticulum occurrence, and previous sphincter-
otomy. Student’s #-test was performed for continuous vari-
ables and Chi-square or Fisher’s exact test was performed for
categorical variables. Continuous variables were presented
as the mean =+ standard deviation (SD) for normal distribu-
tion and as the median (range) for non-normal distribution.
Categorical variables were reported as numbers and percent-
ages. A p value <0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSS version
23 for Windows software (SPSS, Chicago, Ill., USA).

Fig. 3 Flowchart of patients
undergoing DCS-assisted CBDS
removal*. CBDS common

Results
Patients

We recruited 50 patients (26 males, mean age:
64 + 17 years) for the DCS group (Fig. 3). By design,
patient characteristics were similar between the DCS
group and the cERCP group, including gender, age, duo-
denal diverticulum occurrence, previous biliary sphincter-
otomy, and CBDS size (Table 1).

Cannulation

On an intent-to-treat (ITT) basis, successful biliary cannu-
lation was comparable between both groups (98 vs. 98%)
(Table 2). In the DCS group, 47 (94%) patients underwent
successful biliary cannulation using a standard guidewire-
assisted cannulation technique, and 2 (4%) patients under-
went a double guidewire technique without fluoroscopy.
No cystic duct cannulation was noted. In 1 (2%) patient,
non-fluoroscopic bile duct access failed, and a precut
sphincterotomy under fluoroscopy was needed to achieve
biliary cannulation. In the case-matched cERCP group, 47
(94%) patients underwent successful standard guidewire-
assisted cannulation, and 2 (4%) patients underwent a suc-
cessful double guidewire technique, all under fluoroscopy.
In another patient (2%) fluoroscopy-guided biliary can-
nulation at the first ERCP session failed, and cannulation
was ultimately performed using fluoroscopy-guided precut
sphincterotomy in a subsequent ERCP.

50 consecutive patients undergoing DCS

bile duct stone, DCS digital
cholangioscopy. *The reasons
for unsuccessful DCS were
failed biliary cannulation (n=1)
and missed CBDS clearance by
DCS due to dark bile obscur-
ing CBD visibility (n=1), very
small stone fragment (n=1),
and over irrigation causing
stone migration to intrahepatic
duct (n=2)

Final choangiogram with balloon
sweep showed residual CBDS (n=4)

Failed biliary cannulation
without fluoroscopy (n=1)

Successful biliary cannulation
without fluoroscopy (n=49)

Successful non-fluoroscopy CBDS
removal (n=49)

DCS was used to confirm CBDS
clearance (n=49)

DCS showed complete CBDS
clearance (n=49)

| }
Final cholangiogram confirmed
CBDS clearance (n=45)
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Table 1 Baseline
characteristics of patients

who underwent digital
cholangioscopy (DCS) versus
conventional ERCP (cERCP)
for common bile duct stone
removal

Characteristics DCS (N=50) cERCP (N=50) P value
Mean age (SD) (years) 64 (17) 63 (18) 0.73
Male; n (%) 26 (52) 24 (48) 0.82
Endoscopic findings; n (%)
Duodenal diverticulum 21 (42) 17 (34) 0.41
Previous biliary sphincterotomy?® 4 (8) 4 (8) 1.00
Mean common bile duct stone size (SD) (mm) 7.8 (3.6) 7.7 (3.4) 0.98

#No patients in the DCS group who had previous biliary sphincterotomy (n=4 patients, 8%) were included
in the propensity-matched cERCP group again

Table 2 Outcomes of patients who underwent digital cholangioscopy (DCS) versus conventional ERCP (cERCP) for common bile duct stone

(CBDS) removal

Outcomes DCS (N=50) cERCP (N=50) P value

Mean procedure time (SD) (min) 37 (10) 34 (12) 0.16

Successful biliary cannulation; n (%) 49 (98) 49 (98) 1.00
Successful standard biliary cannulation (guidewire-assisted cannulation) 47 (94) 47 (94) 1.00
Successful double guidewire technique 2(4) 2(4) 1.00

Complete CBDS clearance; n (%)

Intention-to-treat analysis (complete CBDS clearance in single ERCP session) 45 (90) 49 (98) 0.20

Mean radiation exposure of patients in prone position (SD) (dose area product, mGycm?) 3253%* (3536) 8415 (5502)

Mean fluoroscopy time (SD) (s) 76 (75) 257 (177)

Adverse events; n (%) 5(10) 8 (16) 0.55%
Mild post-ERCP pancreatitis 24 24
Post-sphincterotomy bleeding 2(4) 4(8)

Duodenal perforation 00 1(2)
New onset of cholangitis 1(2) 1(2)
Median length of stay (days) (range) 2 (1-30) 1 (1-30) 0.08%**

*In the DCS group, fluoroscopy was performed at the final cholangiogram as a confirmation for CBDS clearance according to the protocol

**Fisher’s exact test
***Mann—Whitney U test

CBDS clearance

In the DCS group, CBDS clearance was achieved in one
round of the DCS procedure in 42 (84%) cases and in two
rounds of DCS procedures in 3 (6%) cases as confirmed by
occlusion cholangiogram. In 5 (10%) of the cases in the DCS
group, conversion to cERCP was needed to complete CBDS
clearance due to failure of non-fluoroscopic biliary cannula-
tion (1), dark bile obscuring the visibility of CBD (1), pres-
ence of a very small stone fragment (1), and over-irrigation
causing the migration of stones into the intrahepatic duct (2)
(Fig. 4). In the cERCP group, CBDS clearance was achieved
in 49 (98%) of the cases in one ERCP procedure, and in 1
(2%) case, clearance was achieved after two ERCP proce-
dures; the second procedure requiring precut cannulation.
Thus, on an ITT basis, CBDS clearance was achieved in
one or more rounds of DCS procedures in a single session
within the DCS group in 45 (90%) cases, and in one ERCP

@ Springer

session in the cERCP group in 49 (98%) cases (p =0.20)
(Table 2). Using the same analysis (ITT), CBDS clearance
was achieved in one round of the DCS procedure in a single
session in 42 (82%) patients and in one cERCP session in 49
(98%) patients (p=0.03).

Duration of the procedure

The overall procedural duration was not significantly dif-
ferent between the DCS group and the cERCP group [DCS
(37 + 10 min) vs. cERCP (34 + 12 min)]. The mean SpyGlass
time for confirmation of CBDS clearance was 5.8 min (range
3—15 min).
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Fig. 4 Missed CBDS clearance
by DCS due to over irrigation
causing stone migration to
intrahepatic duct, A initial DCS
examination from the hilum to
distal CBD confirmed CBDS
clearance, B final cholangio-
gram demonstrated suspicious
CBDS at the hilum (black
arrow), C subsequent balloon
sweep showed a residual CBDS

Radiation exposure

In the cERCP group, the mean radiation exposure to
patients in the prone position was 8415 + 5502 mGy-cm?,
while DCS was performed for successful stone removal
without radiation exposure to patients and staff. The mean
fluoroscopy time was 257 + 177 s in the cERCP group. In
the DCS group, fluoroscopy was performed at the final
cholangiogram as a confirmation for CBDS clearance
according to the protocol (DAP 3253 + 3536 mGy-cm?).

Adverse events

There were no differences in adverse events related to the
procedures between the DCS group and the cERCP group
(10 vs. 16%), including mild pancreatitis (4 vs. 4%), post-
sphincterotomy bleeding requiring adrenaline injection (4
vs. 8%), type Il duodenal perforation managed conserva-
tively without surgery (0 vs. 2%) and cholangitis (2 vs.
2%). All patients with prior cholangitis improved without
worsening of their condition. No death was reported. The

median length of hospital stay was comparable in both
groups.

Discussion

Previous studies showed that radiation-free ERCP guided
by EUS or IDUS could be used for confirmation of CBDS
clearance; however, the data were limited by the study
design heterogeneity and lack of control group [9-11]. With
EUS guidance, the endoscopist needs to exchange the duo-
denoscope to the EUS scope to confirm CBDS clearance,
whereas the IDUS catheter probe can be advanced through
the duodenoscope for scanning. In a study from Korea on
IDUS-directed management of CBDS without radiocontrast
cholangiography [10], IDUS was applied in 38 patients to
verify CBDS clearance after saline solution irrigation. Fol-
lowing endoscopic sphincterotomy, IDUS-directed CBDS
removal was successfully performed without radiocontrast
cholangiography in 26 patients during the first session. In the
remaining nine patients, a second IDUS to confirm CBDS
clearance was required. However, a final cholangiogram was
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not performed as the gold standard in that study. The authors
mentioned the limitations of IDUS, including the inability
to provide a clear view of the bile duct lumen because of
air bubbles.

Recently, a prospective randomized trial from Hat Yai,
Thailand demonstrated that the CBDS clearance rate of
EUS-assisted ERCP was inferior to the conventional ERCP
group (85 vs. 100%) (»p=0.002) [16]. They counted the
CBDS number under EUS and tried to match the number
when they retrieved the stones. Of note, a final cholangio-
gram was still required to confirm CBDS clearance in the
EUS-assisted group. Although our study performed the final
cholangiogram as the gold standard for CBDS clearance,
the actual technique that we recommended does not require
cholangiogram as we determined that cholangioscopy alone
was enough. In our study, since residual stones were seen
during cholangioscopy in 3 (6%) patients, then the second
round of non-fluoroscopic balloon sweep was attempted
until cholangioscopy confirmed CBD clearance. Unlike
direct cholangioscopy, only counting the CBDS number
under EUS may not precisely match the real CBDS number.
In our opinion, under EUS, it is quite difficult to match the
CBDS by its size and shape to the actual endoscopic finding.
Moreover, some of CBDSs may become fragmented during
the stone retrieval procedure.

A recent study by Barakat et al. showed successful fluor-
oscopy-free biliary cannulation and stone extraction under
cholangioscopy guidance performed by a single endoscopist
in all 40 patients with non-complex CBDS. However, the
control group (cERCP) was lacking [17]. Based on the
Barakat et al. protocol, cholangioscopy was applied before
CBDS removal for documentation of the number and loca-
tion of CBDS, and again after CBDS removal for confir-
mation of CBD clearance. Our study is the first study that
compared the feasibility and safety of radiation-free DCS
(n=50) with cERCP (n=50) for CBDS clearance using a
propensity score matching design. According to our proto-
col, all procedures were performed by one of the four experi-
enced endoscopists, and cholangioscopy was done only after
stone removal to confirm CBDS clearance and to reduce
the risk of bacteremia, since we evaluated the number and
location of CBDS by pre-procedure imaging studies. The
success rate of DCS for CBDS clearance without conver-
sion to ERCP was 90% and trended to lower than cERCP
success rates (100%) (without statistical significance). Nev-
ertheless, DCS offers secondary benefits including being a
radiation-free alternative, and it also allows performance of
CBDS clearance without the need for fluoroscopic equip-
ment. Furthermore, no serious adverse events were observed
in the DCS group. Although we expected the potential risk
of cholangitis with direct cholangioscopy to be significantly
based on previous studies using an ultraslim endoscope
(14%) [18-201], in our series, we experienced only 2% of new
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cholangitis cases using DCS. This very low rate of cholangi-
tis may be explained by the dedicated irrigation and aspira-
tion channels of DCS that reduced the water-pressure load.

Compared to the previous series, our data showed a
higher success rate of non-fluoroscopic biliary cannula-
tion (98%) [10, 11, 16]. In our series, the success rate
of biliary cannulation without the use of fluoroscopy was
comparable to that with fluoroscopy assistance (98 vs.
98%). Moreover, the double guidewire technique could
be performed without fluoroscopy in two patients. These
data suggest that the double guidewire technique without
fluoroscopy is technically feasible for DCS. Nevertheless,
advanced techniques for bile duct cannulation, including
precut under fluoroscopy, may be eventually required, as
we performed for one of our patients.

In our series, residual small CBDS were missed by DCS
and were detected in the final cholangiogram with a bal-
loon sweep in four patients (8%). The reasons for missed
CBDS clearance by DCS included dark bile obscuring
CBD visibility, a very small stone fragment size of 3 mm,
and over irrigation causing stone migration into the left
intrahepatic duct (Fig. 4). Our data suggest that these con-
ditions deserve special attention since they could limit the
effectiveness of DCS. Notably, in a case with very dark
bile (one case in this series) or turbid bile, more time may
be needed to carefully aspirate and irrigate the ducts to
optimize visualization. In addition, carefully aspirating
the ducts before irrigating and balancing amounts of bile
aspiration and irrigation water while iteratively checking
the ductal tree as best as possible to minimize the risk of
stone migration into deep hepatic ducts (two cases in this
series) is strongly recommended.

Our data showed similar total procedure time between
the DCS group and cERCP group. Of note, our endoscopists
had performed more than 20 Legacy cholangioscopies under
fluoroscopy prior to this study. The mean SpyGlass proce-
dure time was 6 min. During the learning curve (n=42)
using an ultraslim cholangioscopic system, significant vari-
ability in the results was reported in the first nine proce-
dures, followed by a steady improvement in the results of
subsequent cholangioscopic procedures [21]. However, no
data on the learning curves for digital SpyGlass procedures
have been published. We foresee that the learning curve for
DCS would be faster than that previously published on the
Legacy system.

Although radiation risks associated with ERCP for
endoscopists are relatively low, the risk of radiation-induced
cancer was 10% for a lifetime exposure of 1 Sieverts (Sv)
[22, 23]. We demonstrated DCS as a radiation-free alterna-
tive technique for uncomplicated CBDS removal. In certain
patients, such as those that are pregnant, or immobilized
critically ill patients, DCS may be the only option to remove
CBDS as it can be performed at bedside.
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Our study is limited by the retrospective nature of the
cERCP group. However, selection bias and confounding fac-
tors of our data are reduced by the propensity score matching
analysis. Since the data were limited to a CBDS size < 15 mm,
we found that DCS is easy to perform and provides a com-
parable duration of procedure for patients with small CBDS
when compared to cERCP. However, in clinical practice, the
previous imaging studies may not correctly help for selection
of ideal candidate for DCS. Although there was very low rate
of cholangitis in the DCS group, the volume of saline irriga-
tion during cholangioscopy was not mentioned in our study.
More importantly, it should be realized that pregnant patients
and critically ill immobilized patients, who were excluded in
this study, cannot be put in prone position, and supine ERCP
is required. This in turn made it difficult for us to recruit such
cases as we had to enroll the regular CBDS cases and extrapo-
lated their results to those particular cases. Furthermore, chol-
angioscopy can be more challenging in patients in the supine
position due to the degree of technical difficulty. Although
cholangitis patients could potentially benefit from radiation-
free DCS for CBDS removal, DCS in such patients should
be done with care as it is generally not advisable to perform
cholangioscopy in patients with severe cholangitis. Another
limitation is that all procedures were performed by experi-
enced endoscopists. We need more data on the DCS learning
curve for community practitioners. Last, we did not perform a
cost-effectiveness analysis on DCS as the technique requires a
single-use device and since the cost that incurs from a single-
use SpyScope is much more expensive than the routine ERCP
cost for CBD clearance under standard fluoroscopy.

In conclusion, our data confirmed the feasibility of DCS
for CBDS clearance as it showed efficacy and safety com-
parable to those of cERCP for uncomplicated CBDS. DCS
offers the ability to perform CBDS clearance without the need
for fluoroscopy unit and can avoid radiation exposure while
ERCP under fluoroscopy remains the current standard of care
in patients with CBDS. Particular conditions could limit the
effectiveness of DCS; however, these limitations may be over-
come in the future by procedural optimization.
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