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Abstract 

Background Endoscopic papillary large balloon dilation (EPLBD) after sphincterotomy (EST) was introduced for the 
removal of large (≥ 10 mm) or multiple bile duct stones. This method combines the advantages of EST and EPLBD by 
increasing the efficacy of stone extraction while minimizing complications of EST and EPLBD when used alone. This 
prospective study aimed to compare between EPLBD with prior limited EST and sole sphnicterotomy for extraction of 
multiple and/or large common bile duct stones.

Results Statistical analysis revealed insignificant difference between the studied groups as regards the presence of 
periamullary diverticulum (23% vs. 19%, P > 0.05) and the use of mechanical lithotripsy (4% vs. 9%, P > 0.05). The rates 
of overall and initial stone clearance were not significantly different between both groups [94% vs. 90%), P > 0.05; 
and 84% vs. 78%, P > 0.05, respectively]. The procedure-related pancreatitis and bleeding in EST/EPLBD group were 
lower compared to EST group (3% vs. 5%, P > 0.05; and 2% vs. 6%, P > 0.05, respectively). None of the studied groups’ 
patients died or developed procedure-related perforation or cholangitis.

Conclusion Endoscopic large balloon dilation with prior limited sphincterotomy is an effective and safe endoscopic 
technique for removing multiple and/or large CBDSs.
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Introduction
Common bile duct stones (CBDSs) are present in about 
4–10% of patients who have undergone cholecystec-
tomy. Endoscopic retrograde cholangiopancreatography 
(ERCP) has been used as the first choice therapy for the 
treatment of CBDSs because of its high success rate, low 

invasiveness, low incidence of complications, and mortal-
ity [1].

Endoscopic sphincterotomy is the standard method 
for enlarging the CBD opening in the duodenum before 
stone removal during ERCP. Although EST is effective, it 
may be accompanied by short-term and long-term com-
plications [2].

Therefore, another less invasive technique, endoscopic 
papillary balloon dilation (EPBD), has been used to facili-
tate the extraction of CBDSs while preserving the biliary 
sphincter function especially in patients with coagulopa-
thy, cirrhosis, and unfavorable anatomy [3].

The efficacy of endoscopic balloon dilation is similar 
to sphincterotomy in the extraction of small to moderate 
sized stones (1–9 mm). However, it frequently requires 
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additional procedures, such as endoscopic mechani-
cal lithotripsy (EML), especially in the removal of large 
stones (> 10 mm) [4].

Ersoz et  al. recommended a modification of EPBD 
which combined large balloon dilation (12–20 mm) with 
a limited papillary precut. This technique combines the 
advantages of sphincterotomy and EPBD by increasing 
the efficacy of stone clearance while minimizing the com-
plications of sphincterotomy and EPBD when used alone 
[5].

Therefore, this prospective study aimed at evaluat-
ing the efficacy and safety of EPLBD after limited EST in 
comparison to sole sphincterotomy for the extraction of 
multiple and/or CBDSs.

Patients and methods
This prospective randomized comparative study was 
conducted on 200 patients with CBD obstruction by 
multiple and/or large stone(s). They were selected from 
960 patients who were referred to the endoscopy units 
of Tropical Medicine Department, Menoufia University 
Hospitals, and Hepatogastroenterology Department, 
National Liver Institute, Menoufia University for ERCP 
in the period between April 2019 to March 2021. The 
excluded 760 patients were presented with either current 
or previous pancreatic disease, CBD strictures, hepato-
biliary surgery, infection, single CBD stone (Fig. 1)

The required sample size was calculated to be 100 
patients per group as it has been calculated at 95% power, 
90% non-inferiority margin, that reported the overall 
adverse event rate of 15% on EPLBD with EST based 
on past review of literature [5]. So, the patients were 
classified into two groups according to the order of the 
procedure, 100 patients were subjected to endoscopic 

large balloon dilation with prior sphincterotomy (EST/
EPLBD) (group I) and 100 patients were subjected to 
sole endoscopic sphincterotomy (EST) (group II). The 
study was approved by the local ethics committee of 
Faculty of Medicine, Menoufia University (Approval 
No. 32019Trop) and according to the Helsinki Declara-
tion, and informed consents were taken from all patients 
included in this study.

Before the endoscopic procedure, all patients were 
subjected to full clinical assessment, laboratory inves-
tigations such as [complete blood count, liver func-
tion tests (bilirubin, alanin transaminase, aspartate 
transaminase, GGT, alkaline phosphatase, and pro-
thrombin time) and measurement of serum amylase and 
lipase before and 24 h after ERCP] and imaging studies 
(pelvi-abdominal ultrasound and magnetic resonance 
cholangiopancreatography).

Endoscopic procedure
After overnight fasting, the patients were put in the pros-
trate position and connected to the anaesthetic apparatus 
and according to their general condition; the anaesthesi-
ologists used either general anaesthesia or deep sedation 
by IV propofol infusion (50–200 mcg/kg/min) and/or 
midazolam (0.25–1 mcg/kg/min).

ERCP was performed using side-viewing duodeno-
scope (JF-260 or TJF-260;Olympus Optical Co., Ltd., 
Tokyo, Japan). The C arm was SIEMENS AXIOM 
Sireskop SD and the ERBE ICC 200 device was used for 
automatic cutting or coagulation using a blended current 
of 40 W cutting and 35 W coagulation. Selective cannu-
lation of the bile duct was attempted with the tip of the 
sphinctertome (Boston Scientific, Natick, MA) dipped 
2–3 mm inside the ampulla and oriented to the common 

Fig. 1 Inclusion and exclusion criteria of studied patients
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bile duct, a soft hydrophilic tipped teflon 0.035 inch wire 
(Boston Scientific, Natick, MA or Wilson Cook, Win-
ston Salem, NC) was introduced in 2–3 mm increments 
to gain access to the common bile duct. Adjustments to 
the orientation of the sphinctertome were done until the 
guide wire was seen to enter the common bile duct. The 
guide wire was introduced further into the common bile 
duct followed by incremental advancement of the sphinc-
tertome and then the contrast was injected to verify com-
mon bile duct cannulation. After successful cannulation 
of CBD, the studied patients were randomly classified by 
using a computer-generated random number table (pre-
pared by a statistician) into an EST+EPLBD group or 
sole EST group.

Group I (EST/EPLBD)
Limited sphincterotomy was performed before EPLBD 
using a 25-mm pull-type papillotome (CleverCut 3V; 
KD-V411M, Olympus) and extended to a third of the 
total papillary length and wire-guided hydrostatic bal-
loon catheter (5.5 cm in length, 12 to 20 mm in diam-
eter) (Boston Scientific Microvasive, Cork, Ireland) was 
introduced across the major papilla with the balloon 
mid-portion placed at the sphincter of Oddi. Under 
endoscopic and fluoroscopic control, the hydrostatic bal-
loon was gradually inflated with dilute contrast medium 
to the pressure equal to the smallest balloon diameter 
(12–20 mm) until the waist of the balloon had disap-
peared (Figs.  2 and 3). The pressure for inflation of the 
balloon was gradually increased till the desired dilation 

was achieved according to the size of the stones and bile 
duct proximal to the tapered segment. After that, the bal-
loon was maintained in position for more than two min-
utes and then deflated and removed.

Group II (EST)
Sphincterotomy was performed with a 20-mm cut-wire 
sphincterotome (Boston Scientific, Natick, MA) with 
using of the electrosurgical generator (ERBE) in the 
endocut mode and a needle knife (Boston Scientific) ori-
ented from the 11:00 to 1:00 o’clock position over the 
maximum convexity of the bulging part of the papilla. 
The sphincterotomy was done over the mid-region of the 
papillary orifice and extended upwards carefully to avoid 
perforation of the duodenum. Inferiorly, the sphincter-
otomy was not extended to the papillary orifice to avoid 
the injury to the pancreatic sphincter. Sphincterotomy 
extending up to the transverse hood is defined as a small 
(subtotal) EST, whereas large (total) EST extends up to 
the superior margin of the intramural bile duct.

After the procedure, the common bile duct stones were 
removed with a Dormia basket or a balloon extractor 
(Extractor Three Lumen Retrieval Balloon, Boston Scien-
tific Microvasive., Cork, Ireland). Endoscopic mechanical 
lithotripsy was used to fragment the stones when previ-
ous techniques failed to extract the CBDSs. An occlusion 
cholangiogram was done at the end of the procedure to 
confirm complete clearance of CBDSs. When the stone 

Fig. 2 Cholangiogram shows EPLBD. A The biliary sphincter is visible as a ‘waist’ during inflation of the balloon. B The biliary sphincter is adequately 
dilated when the balloon’s waist has completely disappeared



Page 4 of 9Mohammed et al. Egyptian Liver Journal            (2023) 13:1 

had not been completely extracted, a plastic stent was 
inserted to ensure biliary drainage.

Outcomes
Endoscopic and post-endoscopic assessments were done 
for technical data, including (technical success rate, over-
all success rate and the number of therapeutic ERCP 
procedures required for complete stone clearance), the 
frequency of use of mechanical lithotripsy and proce-
dure-related complications, including (bleeding, pancre-
atitis, perforation, and cholangitis).

Post-ERCP complications were defined as procedure 
adverse effects that necessitated immediate interven-
tion or prolonged duration of hospitalization or required 
readmission for previously discharged patients. Post-
endoscopic pancreatitis was defined as a new onset of 
abdominal pain with increase in the level of amylase and/
or lipase above the upper limit of normal at more than 
24 h after the procedure [6]. Procedure-related bleeding 
was classified as major bleeding (necessitating transfu-
sion or immediate intervention) or minor bleeding (self-
limited) [7]. Cholangitis was diagnosed by the presence 
of Charcot’s triad [6]. Perforation was defined as the 
leakage of contrast medium into the retroperitoneum or 
intraabdominal cavity during ERCP or evidence of ret-
roperitoneal-free air on abdominal plain radiography or 
computed tomography [8].

Statistical analysis
Data were statistically analyzed using SPSS (statistical 
package for social science/IBM, Chicago, USA) program 
version 13 for windows. Descriptive statistics were used 
in which qualitative data were presented in the form 
numbers and percentages (%) and quantitative data 
were presented in the form of standard deviation (SD), 
mean (X), and range. Statistical significance was demon-
strated for results (p value < 0.05) using Student’s t test. 
Chi-square test (χ2) was used to study the association 
between two qualitative variables.

Results
Demographic data of the 200 patients (119 females 
(59.5%) and 81 males (40.5%); age ranged between 19 and 
83 years) is presented in Table 1. The median CBD stone 
size was 13.5 mm in group I (EST/EPLBD) and 14 mm 
in group II (EST) and statistical analysis revealed no sig-
nificant difference between the studied groups as regards 
mean stone size (p value = 0.051). Statistical analysis 
revealed no significant difference between the studied 
groups regarding the presence of periamullary diverticu-
lum (23% vs 19%, P > 0.05) and the diameter of CBD (18.6 
± 7.43 mm vs 17.5 ± 5.02 mm, P > 0.05) (Table 1).

The use of mechanical lithotripsy and stent insertion 
were less frequent in group I (EST/EPLBD) compared to 
group II (EST) and there was a statistical insignificant dif-
ference between the studied groups regarding EML and 

Fig. 3 Endoscopic view of EPLBD following papillary precut. A Limited precut of papilla. B Large balloon inflation within the papillary orifice. C 
Markedly dilated papillary orifice after EPLBD. D A large CBD stone was removed using a retrieval balloon catheter through the dilated papillary 
orifice
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stent insertion [4% vs. 9%, P > 0.05; and 41% vs. 52%, p > 
0.05, respectively). Statistical analysis revealed significant 
lower mean procedure time in EST/EPLBD group com-
pared to EST group (37.530 ± 8.061 vs. 40.790 ± 10.741, 
P = 0.016). Moreover, although the technical success 
rate was 100% in both groups, the overall success rate of 

complete stone clearance was higher with a lower num-
ber of ERCP sessions in EST/EPLBD group compared to 
the sole sphnicterotomy group (Table 2).

The overall complications in EST/EPLBD group were 
lower compared to EST group, (5% vs. 11%, P = 0.118). 
The procedure-related pancreatitis and bleeding in EST/

Table 1 Characteristics of the patients

CBD common bile duct, CBDSs common bile duct stones, SD standard deviation, χ2 chi-square, t t test

Variables EST/EPLBD
(Group I)

EST
(Group II)

Test
χ2/t

P value

Sex N % N %

 Male 38 38.00 43 43.00 0.519 0.471

 Female 62 62.00 57 57.00

Age

 Range 19–82 23–83 0.217 0.828

 Mean ± SD 50.7 ± 17.18 50.190 ± 16.025

CBD diameter (mm)

 Range 9.7–40 10–34 1.278 0.203

 Mean ± SD 18.6 ± 7.4 17.5 ± 5.02

CBDSs number

 One 47 47.00 39 39.00 1.317 0.518

 Two 17 17.00 19 19.00

 ≥ Three 36 36.00 42 42.00

CBDSs size (mm)

 < 5 11 11.00 23 23.00 5.873 0.053

 6–9 9 9.00 11 11.00

 ≥ 10 80 80.00 66 66.00

Range 3–32 3–26 1.768 0.051

Median 13.5 14

Periamullary diverticulum 23 23.00 19 19.00 0.482 0.487

Table 2 Comparison of outcomes between both groups

χ2 chi-square, t t test, SD standard deviation

Variables EST/EPLBD
(Group I)

EST
(Group II)

Test
χ2/t

P value

N % N %

Mechanical lithotripsy 4 4.00 9 9.00 2.057 0.152

Stent insertion 41 41.00 52 52.00 2.432 0.119

Procedure time (min)

 Range 13–44 15–67 − 2.427 0.016

 Mean ± SD 37.530 ± 8.061 40.790 ± 10.741

Technical success rate 100 100.00 100 100.00 – –
Overall success of complete stone 
removal

94 94.00 90 90.00 0.611 0.434

Number of endoscopic sessions

 1st session (initial success) 84 89.36 73 81.11 5.868 0.053

 2nd session 10 10.64 12 13.33

 3rd session 0 0.00 5 5.56



Page 6 of 9Mohammed et al. Egyptian Liver Journal            (2023) 13:1 

EPLBD group were lower compared to SEST group, (3% 
vs. 5%, P > 0.05; and 2% vs. 6%, P > 0.05, respectively) and 
all patients with pancreatitis were completely recovered 
within 72 h of conservative treatment. Moreover, six 
patients with PEP were younger than 60 years versus two 
patients aged more than 60 years. None of the studied 
patients died or developed procedure-related perforation 
or cholangitis (Table 3).

Discussion
In general, approximately 5–15% of bile duct stones failed 
to be detached with a single technique of sphincterotomy 
or EPBD, especially multiple and large CBDSs. Moreover, 
large common bile duct stone removal might need the 
concomitant use of EML, which is associated with severe 
procedure-related complications [9].

EPLBD uses a larger balloon size (12–20 mm) after lim-
ited EST is used as an alternative technique for removal 
of bile duct stones. This technique theoretically combines 
the advantages of balloon dilation and sphincterotomy by 
increasing stone extraction efficacy while minimizing the 
complications of them [10].

The present study revealed nonsignificant differences 
between the studied groups as regards the presence of 
periamullary diverticula (23% in EST/EPLBD group 
vs. 19% in EST group, P > 0.05). This excluded the role 
of periamullary diverticula in successful cannulation. 
These results agreed with Kim et al., 2010 [11], and Lee 
et  al., 2011 [12], who demonstrated that the presence 
or absence of periampullary diverticula did not affect 
the ERCP procedure in limited EST+EPLBD and sole 
sphincterotomy groups.

The present study revealed that EPLBD with prior lim-
ited sphincterotomy significantly reduced the need for 
mechanical lithotripsy compared to sole sphincterotomy 
(4% vs 9%, P > 0.05). These results were in agreement 
with Guo et al., 2014 [13], and Tsuchida et al., 2015 [14], 

who reported that combining EPLBD with limited EST 
significantly decreased the need for EML as it achieved a 
spacious opening of the common bile duct. On the other 
hand, Heo et al., 2007 [15], demonstrated that combining 
EST with EPLBD didn`t significantly reduce the rate of 
mechanical lithotripsy compared to sole sphincterotomy. 
Moreover, Stefanidis et al., 2011 [16] and Kim et al., 2016 
[17], reported that mechanical lithotripsy is time con-
suming with high risk of complications and should be 
replaced by EPLBD in the era of removal of CBD stones.

The present study revealed that the procedure time 
was significantly shorter in EST/EPLBD group compared 
with EST group (37.530 ± 8.061 vs. 40.790 ± 10.741, p 
< 0.05), respectively. These results agreed with Itoi et al., 
2009 [18], and Tsuchida et  al., 2015 [14], who reported 
that EPLBD with limited EST significantly decreased the 
mean procedure time.

The technical success rate in the present study was 
achieved in all patients of both groups. However, the 
initial (first session) and overall success rates of com-
plete stone removal were higher in the EST/EPLBD 
group compared to EST group, (84% vs. 70%, P > 0.05) 
and (94% vs. 90%, P > 0.05), respectively. These results 
were similar to the two studies done by Guo et al., 2014 
[13], and Chu et al., 2017 [19], who reported insignificant 
difference between the limited EST+EPLBD and EST 
group as regards the initial and overall success rates of 
stone removal, although they were higher in the former 
group. In addition, Tsuchida et  al., 2015 [14], reported 
a significant higher initial success rate and a significant 
lower mean number of sessions required for complete 
stone clearance in EST/EPLBD group (1.12) sessions vs. 
EST group (1.47), p = 0.002). Moreover, Liu et al., 2019 
[20] reported that EPLBD following limited or medium 
sphincterotomy can make it more effective in stone 
removal with reduction in the procedure time and the 
number of endoscopic sessions.

Table 3 Complications among both groups

χ2 chi-square, SD standard deviation

Complications EST/EPLBD
(GroupI)

EST
(GroupII)

Test P value

N % N % χ2

Overall complications 5 5.00 11 11.00 2.446 0.118

Pancreatitis 3 3.00 5 5.00 0.521 0.470

Perforation 0 0.00 0 0.00 – –

Cholangitis 0 0.00 0 0.00 – –

Bleeding

 Minor 2 2.00 5 5.00 2.369 0.306

 Major 0 0.00 1 1.00

Mortality 0 0.00 0 0.00 – –
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The present study revealed that the overall complica-
tions were 5% in the EST/EPLBD group compared to 11% 
in EST group (P = 0.118). These results agreed with pre-
vious reports but varied in their significance. Stefanidis 
et al., 2011 [16], reported significant lower overall adverse 
events in EST + EPLBD compared to SEST (4.4% vs. 20%, 
P = 0.049). In a systemic review of 30 studies done by 
Kim and Kim, 2013 [21], the overall complications were 
lower in sphincterotomy combined with EPLBD group 
than in sole sphincterotomy (8.3% vs 12.7%, OR = 1.60, 
P < 0.001).

The present work revealed that procedure-related pan-
creatitis in the EST group was 5% and 3% in EST/EPLBD 
group. These results agreed with a systematic review 
done by Junior et  al., 2018 [22], who stated that post-
endoscopic pancreatitis (PEP) tended to be less com-
mon in the EST/ELPBD group than in the EST group, 
although the difference was not statistically significant. 
Liao et  al., 2012 [23], demonstrated that EPLBD with 
limited sphincterotomy significantly decreased the risk 
of PEP by adequate visualization and cannulation of the 
common bile duct. Furthermore, this technique prevents 
accidental pancreatic duct cannulation and avoids pres-
sure overload on it.

Hwang et al., 2013 [24], founded that EPLBD with lim-
ited sphincterotomy reduced the need for mechanical 
lithotripsy. This prevented obstruction of the pancre-
atic duct orifice as a result of papillary edema or spasms 
induced by EML and therefore, minimizes the post-endo-
scopic pancreatitis. Moreover, Huang et  al., 2018 [25], 
reported that endoscopic nasobiliary drainage catheters 
significantly lowered PEP. Therefore, Guo et al., 2015 [10] 
and Park et al., 2018 [26], recommended routine postpro-
cedure biliary drainage to minimize PEP. Furthermore, 
Park et al., 2018 [26] stated that endoscopic experiences 
with peri-procedural patients’ optimization are essential 
in the prevention of PEP.

The present study revealed that six patients with PEP 
were younger than 60 years versus two patients aged 
more than 60 years. These results agreed with Weinberg 
et  al., 2006 [27], who reported that PEP was higher in 
patients aged less than 60 years compared to those above 
60 years, and the authors attributed that to the progres-
sive decrease in pancreatic exocrine function with a 
lower risk of pancreatic injury with aging.

The present study revealed that procedure-related 
bleeding in the sole sphincterotomy group was 6% 
compared to 2% in EST/EPLBD group, (P = 0.306). 
There was a case of major bleeding in SEST group that 
required blood transfusion and hemostatic therapy, and 
seven cases had minor bleeding (2 in group I and 5 in 
group II) that was controlled by administration of hemo-
static agents. Guo et  al., 2014 [13], reported that the 

procedure-related bleeding was lower in EST/EPLBD 
group in comparsion to EST group [1/64 (1.6%) vs. 5/89 
(5.6%), P < 0.05]. The lower risk of bleeding in EPLBD 
with prior limited EST group may be related to preven-
tion of bleeding by effective compression done by the bal-
loon and this technique may be recommended specially 
in patients with high risk of bleeding such as patients on 
anticoagulant therapy as well as patients with cirrhosis or 
end stage renal diseases [28].

None of the studied groups’ patients died or devel-
oped procedure-related perforation or cholangitis. These 
results agreed with Aujla et  al., 2017 [29], who demon-
strated that there was no reported cases of perforation, 
cholangitis, or mortality in either group. In contrast 
to the study done by Guo et  al., 2014, who reported 
that there was two cases in sphincterotomy group died 
from multiple organ failure. Moreover, he reported that 
the lower risk of procedure-related duodenal perfora-
tion in EST/EPLBD group compared to sphincterotomy 
group could be related to the ability of the endoscopist 
to observe ampullary dilation status by side view endo-
scope and fluoroscopy. Moreover, this lower risk can be 
minimized by avoiding the size of the dilating balloon 
to exceed CBD diameter [13]. Many previous studies 
showed that acute cholangitis developed more often in 
the sphincterotomy group in comparison to the EPLBD 
group, and this might be explained by the loss of sphinc-
ter function after sphincterotomy, which enables coloni-
zation of intestinal organisms into the biliary system [30].

In the current study, the failure of complete stone 
removal in EST/EPLBD and sole EST groups was (6% 
vs. 10%, respectively) and this was associated with larger 
transverse stone diameters (> 2 cm) and all those patients 
underwent surgical removal of CBDSs. These results 
agreed with previous reports. Aujla et  al., 2017 [29], 
reported that large CBDSs > 17.4 mm was associated 
with significant failure of duct clearance. Kuo et al., 2016 
[31] and Chu et al., 2017 [19] related failure of complete 
duct clearance to large stones (1.5–2 cm), present with 
large periamullary diverticulum and inadequate stone 
capture by the basket and they recommended open sur-
gery in those patients.

Previous studies have indicated that biliary reflux in the 
early postoperative period is a major cause for long-term 
complications such as recurrence of CBDSs with sole 
sphincterotomy. By the combination of sphincterotomy 
and EPLBD, the occurrence of biliary reflux was mini-
mized through limiting the damage of the papilla as well 
as the impairment of sphincter function, thus effectively 
preventing these complications in patients [19].

There were limitations in the current study. Our study 
only assessed short-term complications, not long-term 
complications, which could be important to evaluate the 
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safety of the techniques. Also, a larger sample size or a 
non-inferiority trial might be necessary to confirm these 
results.

Conclusion
From the present study, we concluded that EPLBD with 
prior EST was as effective and safe as sole sphincterot-
omy in patients with multiple and/or large common bile 
duct stones and it could be considered a useful alterna-
tive modality for the treatment of multiple and/or large 
CBDSs.
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