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Introduction

Symptomatic gallstone disease is a leading cause of hospital
admissions, with higher incidence in females compared with
males.1 Inpatientsundergoing cholecystectomy for gallstones,
10 to 15% of patients have concomitant common bile duct
(CBD) stones.2 In these patients, the most common two-step
approach is used, which is endoscopic stone extraction fol-

lowed by cholecystectomy. A single-step approach of combin-
ing cholecystectomy and CBD exploration is less commonly
used. In patients undergoing two-step approach, it is common
practice to perform prophylactic CBD stent placement even
after complete CBD clearance is achieved. The recurrence rate
of choledocholithiasis after endoscopic retrograde cholangio-
pancreatography (ERCP) is between 2 and 22%.3 There are
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Abstract Objectives This study aims to evaluate whether stent removal through endoscopic
retrograde cholangiopancreatography (ERCP) with balloon sweeps is necessary or whether
stent removal by forward-viewing gastroscope without cholangiogram is sufficient.
Materials and Methods A prospective, single-center study was conducted from
April 2022 to March 2023 for 1 year. Adult patients with choledocholithiasis who
underwent common bile duct (CBD) clearance and CBD stenting followed by chole-
cystectomy were included. Then, they underwent CBD stent removal either by
gastroscope directly or by side-viewing endoscopy with balloon sweeps and occlusion
cholangiogram. Recurrence of stones and complications after stent removal were
studied in both groups.
Results Forty-seven patients were enrolled in the final study. A total of 64% of patients
(n¼30) underwent CBD stent removal followed by balloon sweeps and cholangio-
gram, and the remaining 34% (n¼17) patients underwent direct stent removal. Time
taken for the procedure was more in the balloon sweeps group compared with the
direct stent removal group and was statistically significant. No statistically significant
adverse events were seen in both groups.
Conclusion Patients who underwent CBD stenting for choledocholithiasis after
cholecystectomy can safely undergo stent removal using a gastroscope rather than
be subjected again to ERCP. This will significantly reduce the duration, unplanned
adverse events, and cost of ERCP.
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three possible explanations for such recurrence, which are
precholecystectomy, during cholecystectomy, or de novo de-
velopment of stone in the CBD.4 For first two scenarios,
prophylactic CBD stent during index ERCP can mitigate risk-
related CBD stones, and these stones can be subsequently
removed during stent removal by balloon sweep.

There is no formal recommendation about performing
repeat ERCP during stent removal, and it can be associated
with added cost and risk of adverse events. There is no
enough evidence to recommend ERCP for all patients under-
going stent removal postcholecystectomy. The current study
aimed to compare direct stent removal and ERCP with
balloon sweep.

Methods

Study Population
This is a prospective study conducted at the Lokmanya Tilak
Medical College and Sion Hospital, Mumbai between
April 2022 and March 2023. The institutional ethics com-
mittee approval was obtained for the current study. All
patients who underwent ERCP for choledocholithiasis with
CBD stent placement followed by cholecystectomy were
screened for enrollment. Those patients who did not under-
go cholecystectomy, malignancy, chronic kidney disease,
patients taking hepatotoxic drugs, pregnancy, or abnormal
liver function test or ultrasonography (USG) abdomen at the
time of stent removal were excluded. All included patients
were divided into two groups: Group 1 (balloon sweep
group) in whom ERCP with balloon sweep and occlusion
cholangiogram was performed and Group 2 (direct stent
removal group) stent removal was performed directly using
gastroscope as per endoscopist preference.

The recurrence of stone, ERCP-related complications, time
between cholecystectomyand stent removal, and duration of
procedure in both groups were noted. All patients were
subsequently followed for next 8 weeks for occurrence of
abdominal pain, gastrointestinal bleeding, blood and radio-
logical investigation whenever indicated.

The primary outcome was recurrence of CBD stone re-
quiring repeat ERCP at the time of stent removal. Secondary
outcomes were ERCP-related complications, duration of the
procedure, and cost-effectiveness of the procedure.

Statistical Analysis
Categorical variables were expressed as number and propor-
tion and continuous variables were expressed as mean and
standard deviation. Categorical variables were compared
with the chi-square test or Fisher’s exact test wherever
required. Continuous variables were compared with an
independent t-test. The p-value of <0.05 was considered
statistically significant. All statistical analysis was performed
using IBM SPSS version 22.5

Results

A total of 47 patients were included in the study. Thirteen
patients who did not meet inclusion criteria were excluded.

Group 1 (n¼30, 64%) underwent balloon sweep during ERCP,
whereas group 2 (n¼17, 36%) underwent direct stent re-
moval (►Fig. 1). Majority of patients underwent laparosco-
pic cholecystectomy (n¼40, 90%); rest underwent open
cholecystectomy.

Group1(n¼30,64%)underwentballoonsweepduringERCP,
whereas group 2 (n¼17, 36%) underwent direct stent removal
(►Fig. 1). Majority of patients underwent laparoscopic chole-
cystectomy (n¼40, 90%); rest underwent open cholecystecto-
my. Abdominal painwas themost common symptom forwhich
patients presented to the hospital (90%; ►Table 1).

Following precholecystectomy ERCP, four patients had
post-ERCP complications. Subsequently, three of them un-
derwent balloon sweeps during the stent removal.

Following the second ERCP, two patients who underwent
balloon sweeps had persistent abdominal pain (6%) (abdomi-
nal pain resolvingwith oral analgesics but without evidenceof
any other complications like pancreatitis, cholangitis, perfora-
tion) and one patient had post-ERCP pancreatitis (biochemical
and radiological evidence of pancreatitis; ►Fig. 2).

Therewas one patient who had persistent abdominal pain
in the direct stent removal group (5.88%) and later the same
patient developed a recurrence of stone and cholangitis
(►Table 2). Recurrence of stone after stent removal was
seen only in group 2 (1 out of 17 patients); however, a
significant association was not found using Fisher’s exact
test (p¼0.362) among both the groups. None of the patients
in either group had bleeding or perforation after stent
removal.

All patients underwent cholecystectomy after index ERCP
by 4th week. The majority of patients in either group
underwent stent removal within 4 weeks (80% in group 1
and 76% in group 2 as shown in ►Table 3).

The mean duration of the procedure in group 1 was
29.3�5.40minutes and themeanduration in group 2 (which
was also an unsedated procedure) was 11.941�1.71
minutes. On applying one-way analysis of variance, the
difference was statistically significant as there was less
procedural time and less anesthesia-related side effects
(►Table 4).

Fig. 1 Flow chart depicting the recruitment of patients into two
groups for stent removal. CBD, common bile duct; ERCP, endoscopic
retrograde cholangiopancreatography; LFT, liver functional test; USG,
ultrasonography.
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All patients of group 1were asymptomatic on follow-up at
4th week and one patient later at follow-up at 8th week had
mild abdominal pain, which was relieved with oral
analgesics.

There was one patient in the direct stent removal group
who had a sonologically dilated CBD>10mm at the time of
stent removal and later developed a recurrence of CBD stone
and cholangitis for which we had intervened (►Tables 5–7).

Table 1 Patient demographics, type of cholecystectomy underwent, symptomatic (yes/no) at the time of first endoscopic
retrograde cholangiopancreatography, and recurrence of stone after stent removal

Group 1 or balloon
sweep group (N¼ 30)

Group 2 or direct stent
removal group (N¼ 17)

Mean patient age (y) 46.93 46.8

Sex (male/female) 11/19 5/12

Type of cholecystectomy—open/laparoscopic 3/27 4/13

Symptomatic at the time of first ERCP (yes/no) 25/5 15/2

Recurrence of stone after stent removal (yes/no) 0/30 1/16

Abbreviation: ERCP, endoscopic retrograde cholangiopancreatography.

Fig. 2 Bar chart showing complications at the time of index ERCP and at the time of stent removal in both the groups. ERCP, endoscopic
retrograde cholangiopancreatography.

Table 2 Comparison of complications at the time of index endoscopic retrograde cholangiopancreatography and at the time of
stent removal in both the groups

Complications Method of stent removal Fisher exact p-value

Balloon sweep
group

Direct stent
removal group

Post-ERCP complications at the time of initial CBD stenting 3 (10%) 1 (5.88%) 1.00

Persistent abdominal pain after stent removal 2 (6.67%) 1 (5.88%) 1.000

Cholangitis after stent removal 0 (0%) 1 (5.88%) a

Pancreatitis after stent removal 1 (3.33%) 0 (0%) a

Recurrence of stone after stent removal 0 (0%) 1 (5.88%) a

Abbreviations: CBD, common bile duct; ERCP, endoscopic retrograde cholangiopancreatography.
aNo statistical test was applied due to 0’s in cells.
Note: No bleeding, no perforation for all the 47 patients.
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Discussion

Prior to the present study, ERCP with balloon sweeps was
the norm in our institution, as there are no previous studies
or guidelines in the literature regarding themethod of stent
removal after postcholecystectomy in the case of choledo-
cholithiasis. This study tries to generate some evidence on
this topic. In our study, the majority of patients (90%) who

presented with choledocholithiasis had abdominal pain as
the presenting symptom. A study done by Sarli et al also
showed that asymptomatic CBD stones were in 36% of
patients and symptomatic in 64% of patients.6 Natural
history of asymptomatic CBD stones is difficult to predict.7

The majority of the patients in our study were in their 4th

and 5th decades. Studies by Gupta and Selva et al also
showed similar trends.8,9 Ponugoti et al noticed a female

Table 3 Comparison of time of stent removal in weeks in both the groups

Time of stent removal (wk) Method of stent removal

Balloon sweep group Direct stent removal group

4 24 (80%) 13 (76.47%)

6 0 (0%) 2 (11.76%)

8 4 (13.33%) 1 (5.88%)

12 1 (3.33%) 1 (5.88%)

24 1 (3.33%) 0 (0%)

Table 4 Time taken for the procedure in both the groups

Procedure done Mean Number of patients Standard deviation p-Value

Direct stent removal by forward-viewing gastroscope 11.941 17 1.7128

ERCP with balloon sweeps 29.300 30 5.4021 <0.001

Total 23.021 47 9.5131

Abbreviation: ERCP, endoscopic retrograde cholangiopancreatography.

Table 5 Comparison of common bile duct size at the time of stent removal between balloon sweep and direct stent removal

CBD Balloon sweep

Balloon sweeps with cholangiogram
by side-viewing duodenoscope

Direct stent removal by
forward-viewing gastroscope

Dilated 0 (0%) 1 (5.88%)

Not dilated 30 (100%) 16 (94.12%)

Table 6 Comparison of symptoms at 4th week between balloon sweep and direct stent removal (N¼47)

Symptoms Balloon sweep

Yes (N¼ 30) No (N¼ 17)

Asymptomatic 30 (100%) 16 (94.12%)

Fever 0 (0%) 1 (5.88%)

Table 7 Comparison of symptoms at 8th week between balloon sweep and direct stent removal (N¼47)

Symptoms at 8th week Balloon sweep

Yes (N¼30) No (N¼ 17)

Asymptomatic 29 (96.67%) 16 (94.12%)

Pain abdomen 1 (3.33%) 0 (0%)

Reintervened 0 (0%) 1 (5.88%)

Journal of Digestive Endoscopy Vol. 15 No. 3/2024 © 2024. The Author(s).

Balloon Sweeps during Stent Removal a Must? Sasikumar et al.160



preponderence in patients with choledocholithiasis, simi-
lar to our study.10

The reported rate of complications post-ERCP varies from 6
to 7% in different studies.11 In our study, after the index ERCP,
complications were seen in 8% of the patients. Themajority of
patients underwent laparoscopic cholecystectomy rather than
open cholecystectomywithin2weeks. Laparoscopic cholecys-
tectomy in the presence of CBD stents poses a significant risk
when the stent is kept in situ for a long time.12 Themean time
frame between cholecystectomy and stent removal in our
study was 5.2 weeks. This was similar to the time frame
seen in other studies. A delay in stent removal can lead to a
recurrence of stone and stent blockage.10

A study by Freeman et al showed pancreatitis in 5 to 6% of
the patients.13 Tsujino et al study showed that injecting
contrast into the biliary tree can result in post-ERCP pancre-
atitis after balloon dilatation.14 The incidence of poststent
removal pancreatitis in our study was 3.3%, which was
observed in the balloon sweep group.

The risk factors for recurrent bile duct stones after Endo-
scopic sphincterotomy (EST)were previously suggested to be
a dilated CBD, Gall blaader (GB) stone, periampullary diver-
ticulum, biliary stricture, angulation of the CBD, previous
open cholecystectomy, and lithotripsy.15–19 Patients in the
direct stent removal groupwho had a recurrence of stonehad
a dilated CBD greater than 1 cm on sonographic evaluation of
the biliary system before stent removal, suggesting caution
in such patients (dilated CBD>1 cm) for direct removal. A
study done by Hawes et al estimated the recurrence of
postcholecystectomy CBD stone after CBD clearance to be
around 4%.20 In our study, CBD stone recurrence after stent
removal was 2% (1 out of 47 patients). A clear sweep was
obtained in the majority of the balloon sweep group, with 2
patients having sludge out of 30 patients.

The duration of the procedure was significantly reduced
in the direct stent removal group compared with the balloon
sweep group; moreover, all patients in the balloon sweep
groupwere exposed to sedation with midazolam in compar-
ison to those in the direct stent removal group who were
unsedated.

The average cost of ERCP with balloon sweep (418 U.S.
dollars) and stent removal is much higher than gastroscopic
stent removal (176 U.S. dollars).21 This will help to cut down
on the cost to the patient and the health care system if the
patient undergoes direct stent removal. We need a larger
number of randomized controlled trials that can guide us
with data supporting direct gastroscopic stent removal with
the use of ultrasounds and liver functional tests (LFT) as
guiding parameters.

Limitations of the Study

This is a single-center observational study.

Conclusion

Patients who underwent CBD stenting for choledocholithia-
sis after cholecystectomy can safely undergo stent removal

using a gastroscope rather than subjecting again to ERCP,
based on their LFTs and abdominal USG. This will signifi-
cantly reduce the duration, unplanned adverse events, and
the cost associated with the ERCP procedure.
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