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ABSTRACT
INTRODUCTION: Endoscopic  sphincterotomy  (EST)  is now 
known as the main endoscopic treatment of stone in common bile 
duct. However, it is difficult to extract multiple (3 or more) or large 
(≥10mm) common bile duct stones with EST. EST plus endoscop-
ic large balloon papillary dilation (EPLBD) balloon was identified as 
a valid treatment option for these bile duct stones.
AIM OF THIS WORK: To compare the EST alone versus EST plus 
EPBD regarding efficacy, feasibility, advantages, and complications.
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METHODS: Forty patients with large common bile duct stones 
(CBD) (≥ 10 mm) or multiple stones (≥ 3) underwent EST + EPLBD 
(20 cases) or EST alone (20 cases). We compared the stone removal 
rates in the first session, procedure times and complications recorded 
in both groups.
RESULTS: The rates of stone extraction were comparable between 
the both groups (EST plus EPLBD: 95% versus EST: 90%). 
Regarding the procedure time a shorter procedure time was observed 
in EST plus EPLBD group (EST + EPLBD: 52 min versus EST: 54 
min; p = 0.545). Complications like pancreatitis occurred in one case 
in the EST + EPLBD group and in two cases in the EST group, but 
without significance difference (EST + EPLBD: 5% vs. EST: 10%).
CONCLUSIONS: EST + EPLBD is safe and an effective method 
for treatment of the patients with either large or multiple CBD stones, 
as fewer sessions were required, and shorter operative times was 
observed than EST alone.
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INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) is com-
monly used method for extracting common bile duct (CBD) stones 
and eventually replaced traditional surgery. Endoscopic sphincteroto-
my (EST), was first introduced in 1974[1]. The procedure with 8-12% 
risk of complications like hemorrhage, perforation[2] and long-term 
drawbacks like sphincter dysfunction.
    Endoscopic papillary balloon dilation (EPBD), introduced by 
Staritz et al[3], could bring down the danger of bleeding and perfora-
tion, but with higher risk of post-ERCP pancreatitis[4-6]. It could also 
only be used to extract small to moderate sized stones less than 10 



the major duodenal papilla, with the balloon’s middle portion at the 
biliary sphincter site (Figure 5). The balloon was then slowly loaded 
with diluted contrast medium guided by endoscopy and fluoroscopy  
to see the waist progressively vanishing in the balloon, Once the 
waist had vanished, which was taken to suggest gradual dilation of 
the orifice; the balloon remained inflated for 60 seconds and then 
extraction for stones (Figure 6). 
    Stones with a basket or extraction balloon were then collected 
from the bile duct. When the balloon was not big enough to expel 
the stones, we repeated it in the order of 15, 16.5- or 18-mm larger 
balloon. Insertion of plastic sent for biliary drainage indicated in 
some cases.
    Stones number and size (Figure 7) were recorded during ERCP, 
taken during and after visualization of the biliary system on the 
C-arm screen. The size of the stone was calculated based on the 
relation between the stone diameter and the endoscope shaft diameter 
as estimated on the cholangiogram screen. 
    24 hours after the procedure laboratory tests were obtained 
included serum amylase and lipase concentrations, complete blood 
cell count and liver functions to detect possible complications. 
    ERCP related pancreatitis was characterized as upper abdominal 
pain, with elevated serum amylase and/or serum lipase 3-fold or more 
one day after the procedure. Significant Hemorrhage was considered 
by evidence of melena or hematemesis, decrease in Hb concentration 
of at least 2 g / dL, or blood transfusion.

RESULTS
From May 2019 to May 2020, forty patients were included in 
our study. Twenty patients were included in group A (endoscopic 
sphincterotomy with balloon dilatation) and the same number in 
group B (endoscopic sphincterotomy). (1) Sex Group A included 
12 female patients (60%) and 8 male patients (40%). while group 
B included 10 female patients (50%) and 10 male patients (50%). 
(2) Table 1 illustrate baseline characteristics between both study 
groups, regarding the age, sex number of stones within the common 
bile duct, size of stones and pre-endoscopy laboratory investigation. 
(3) The CBD diameter was ranged from 13 to 22 mm (mean = 
17.25 ± 2.51 mm) in group A and from 13 to 22 mm (mean = 16.85 
± 2.39 mm) in group B. (4) Precut sphincterotomy was done in 3 
patients in group A (15%) and in 7 patients in group B (34%), which 
was an insignificant difference as regard pre-cut sphincterotomy 
(p value = 0.144). (5) The procedure duration ranged from 40 to 
75 minutes (mean = 52.80 ± 9.76 minutes) in group A and from 
40 to 80 minutes (mean = 54.90 ± 11.86 minutes), which was 
an insignificant difference as regard procedure duration (p value 
0.545). (6) Stone extraction in the first session failed in one case 
in group A (5%) while it occurred in two cases in group B (10%). 
(7) There was one case of clinically and laboratory pancreatitis in 
group A while there were two case of pancreatitis in group B. (8) 
Table 2: Comparing both groups regarding pre-ERCP and post-
ERCP data between both study groups. (9) There was insignificant 
difference as regard hemoglobin levels before (p value 0.552) and 
after the procedure (p value 0.915) in the two groups. (10) In our 
study perforation was not encountered in any patients of the two 
groups. (11) We initiated univariable logistic regression to search 
for predictors of post ERCP pancreatitis. We evaluated all baseline 
characteristics, stone size, number and duration of the procedure. 
We could not identify any independent predictors for post ERCP 
pancreatitis. In addition, type of sphincterotomy was not correlated 
to the pancreatitis risk.

mm[6]. 
    Roughly 10-15% of stones could not be extracted by both of the 
previously mentioned methods, especially difficult stones[7] (bigger 
than 10-15 mm, numerous, barrel-shaped and impacted stones). in 
addition, difficult access to papilla (periampullary diverticulum or 
postoperative variation), tortuosity and tightening of the distal com-
mon bile duct[8,9] increase the failure rate of stone extraction.
    Ersoz et al[10], in 2003 suggested an alternation of the EPBD 
through the combination of large balloon dilation (15-20 mm) with a 
constrained precut of the papilla. It was designed to reduce the risk of 
complication by avoiding a complete incision, shortening the time of 
the procedure, and reducing the need of mechanical lithotripsy[11]. 
    Aim of the work: to compare the EST alone versus EST plus 
EPBD regarding efficacy, feasibility, advantages, and complications.

PATIENTS
40 patients were enrolled prospectively (22 females & 18 males), 
all patients were having common bile duct stones documented by 
Magnetic Resonance Cholangiopancreatography (MRCP) presented 
to the GIT surgery unit, Main Alexandria university hospital, 
Alexandria, Egypt. Signed consent was obtained from all patients. 
Procedures were approved by both the institutional and the regional 
ethics committees. 
    Patients with multiple CBD stones or single large stone more 
than 10 mm were included. We excluded patients with bleeding 
tendency (INR > 1.5, thrombocytopenia < 50000/mL, patient on 
anticoagulation therapy within 3 days of the procedure), acute 
cholecystitis, acute pancreatitis, cholangitis, intrahepatic duct stones 
and pancreatico-biliary malignancies.
    Thorough history and clinical examination done for all patients 
and laboratory investigations including liver functions and enzymes 
and pancreatic enzymes performed before and after the procedure. 
Imaging included abdominal ultrasound and MRCP (Figure 1). 
    Selected cases were divided into two groups randomly by the 
closed envelop technique. Group A: Twenty patients underwent (EST) 
plus (EPBD). Group B: Twenty patients underwent (EST) alone.

Procedure
Endoscopic Retrograde Cholangio-Pancreatography (ERCP): was 
achieved with endoscopic side-viewing (Olympus Optical Co.). The 
electrosurgical unit was adjusted (cut coagulation ratio, 4:1).
    Midazolam and meperidine were used for patient sedation. 
preoperative antibiotics prophylaxis usually used. They sedated 
patients with a midazolam. They were regularly given antibiotics. 
After the endoscope was introduced into the second part of 
duodenum, cymetropium bromide was intravenously administered to 
reduce peristalsis.
    The initial cholangiogram was taken after cannulation of the CBD 
(Figure 2). If it was not possible to cannulate the CBD, then a precut 
needle-knife-sphincterotomy was performed to obtain an access 
(Figure 3). 
    In the EST group: EST was extended to the full length of major 
duodenal papilla, but not exceeding the major duodenal horizontal 
fold avoiding crossing the intramural part of the CBD (Figure 4).
    EBS plus EPBD group: The length of the sphincterotomy 
was limited to one third the length of sphincterotomy the first 
group (Minor EBS). The catheter of the balloon (Boston Scientific 
Microvasive) was passed over a guidewire with a diameter of 
between 12 and 20 mm. The balloon diameter corresponded to the 
diameter of the bile duct. The balloon was positioned in front of 
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Figure 1 Illustrating dilated intra and extra-hepatic biliary radicles with 
multiple CBD stones.

Figure 2 Initial cholangiogram showing large distal CBD stone (arrow).

Figure 3 Needle knife precut-sphincterotomy in a duodenal diverticulum.

Figure 4 Major Endoscopic biliary sphincterotomy (EBS).

Figure 5 Illustrating sphincterotomy followed by papillary balloon 
dilatation.

DISCUSSION
Treatment of CBD stones over the last decades has undergone various 
changes. Although there has been much controversy about whether 
the ampulla should be cut or dilated during ERCP stones extraction, 
the optimal procedure should have the lowest complication rates with 
the greatest effectiveness[2]. 
    EBS is the commonest used method for extraction of CBD 
stones, it has a high success rate exceed 90%. However, EBS carries 
substantial procedure-related risks, include bleeding, duodenal 
perforation, and pancreatitis furthermore, the potential sequels 
of destruction of the biliary sphincter. Loss of sphincter function, 
may lead to enteric biliary reflux with bacterial colonization and 
inflammation of the biliary system which leading to cholangitis and 
stones formation especially in younger patients[4].
    Staritz et al. developed EPBD (Endoscopic Papillary Balloon 
Dilatation) in 1983 as an effective procedure for removing bile duct 
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Figure 6 Showing extraction balloon with retrieval of multiple stones. Figure 7 Showing the endoscope with multiple CBD stone 3 stones 1.5 
mm.

stones. The key benefit of this strategy is that it does not require 
cutting the biliary sphincter, thus retaining its function with low risk 
of bleeding and perforation. However, there are significant drawbacks 
of EPBD, including difficulties in removing large stones and high 
incidences of post-ERCP pancreatitis[5].
     Balloon dilation does not expand sphincter of Oddi to the same 
degree as EST therefore, large stone removal with EPBD is difficult 
and mechanical lithotripsy is more frequently needed than with 
EST[6]. Experimental study results showed mostly that balloon 
dilation of uninterrupted sphincter is potentially more dangerous than 
sphincterotomy in inducing pancreatitis. The process most definitely 
is mechanical squeezing of the pancreatic sphincter as well as the 
duct by the balloon[7].
     The success rate for clearing of CBD stones in our study was 95% 
in group (A), versus success rate 90% in group (B). The higher 
number of stones, and the bigger the stones, the more sessions 
were needed for successful stones extraction. These results are in 
agreement with many studies. Heo et al accomplished a similar rate 
of success in stone extraction[1]. Our results are also in agreement 
with de Clemente Junior et al in their study which showed a 
comparable efficacy for stone extraction between EPBD and EBS in 
202 patients with choledocholithiasis (EPBD 90% vs. EBS 91%, in 
one endoscopic session, p value= 0.81)[8].
    The variability in successful stone extraction from other studies 
could be linked to multiple variables, such as the extent of EBS, stone 
and balloon size, and stone and CBD shape, we believe that full EBS 
is the most important independent factor for successful large CBD 
stone extraction and reducing the need of mechanical lithotripsy[9]. 
    Our study revealed one cases developed post-ERCP pancreatitis 
(5%) in group (A) (EPBD + EBS) and two cases (10%) in group 
(B) (EBS). This is in agreement with 2 large-clinical trial studies by 
Baron and Harewood study and Tsujino[10] Kanazawa et al[12] study 
indicated that EBS followed by EPBD may have a lower chance of 
post-ERCP pancreatitis as EBS conducted before EPBD that leading 
to separation biliary orifice from pancreatic duct, and make the forces 
of the balloon dilation away from the pancreatic duct[12]. It has been 
indicated in other series that the minimal or mid-incision EBS before 
balloon dilation can reduce the risk of post-ERCP pancreatitis as it 
can lead the path of balloon dilation towards the CBD rather than the 
pancreatic duct[13].
      In our present study none of the patients developed bleeding in the 
two groups (0%). The endoscopic bleeding rates for EBS plus EPBD 

Table 1 Comparison of baseline characteristics between both study groups.

EPBD (n = 20) EST (n = 20) P-value

Age (years) 53.0 (47.3-59.8) 58.0 (49.3-61.5) 0.242

Sex M/F 8/12 10/10 0.525

Stone number 2 (1.0-3.0) 3 (2.0-3.0) 0.063

Stone size in mm 12.5 (10.0-15.8) 12.0 (0.9-14.8) 0.478
Periampullary 
diverticulum 2 (10.0%) 2 (10.0%) 1.0*

Pre-ERCP lab. investigations

Total bilirubin 7.3 (5.1-9.0) 6.3 (4.6-8.0) 0.445

Direst bilirubin 5.2 (4.1-6.4) 4.5 (3.4-6.5) 0.529

ALP 250.0 (202.5-304.8) 292.5 (219.5-330.0%) 0.183

Serum albumin (g/dl) 3.9 (3.7-4.1) 3.8 (3.5-4.0) 0.327

INR 1.1 (1.0-1.2) 1.1 (1.0-1.4) 0.253

Serum amylase 62.0 (55.3-78.8) 71.0 (58.5-86.0) 0.355

Serum lipase 51.0 (41.0-57.8) 65.0 (46.3-76.8) 0.043

Serum creatinine 1.1 (0.9-1.3) 1.0 (0.7-1.2) 0.157

Serum Urea 35.5 (25.3-49.5) 37.5 (24.0-45.0) 0.799

Hemoglobin 11.4 (10.1-12.5) 11.0 (10.3-12.0) 0.698

Platelet count 302 (282.5-370.3) 273 (199.3-346.5) 0.253

White blood count 7900 (5825-9925) 7650 (5925-9875) 0.862
Categorical variables are expressed in counts (percentages). Continuous 
variables are expressed in median values (interquartile range). *Fischer’s 
exact test.

Table 2 Comparison of the endoscopic and post-ERCP data between both 
study groups.

EPBD (n = 20) EST(n = 20) P-value

Procedure duration (min) 50.0 (45.0-58.8) 50.0 (45.0-65.0) 0.565

Precut 3 (15.0%) 7 (35.0%) 0.144

Successful stone extraction 18 (94.7%) 18 (94.7%) 1.0*

Post ERCP pancreatitis 0 (0.0%) 2 (10.0%) 0.487

Post-ERCP lab.

Total bilirubin 5.6 (4.1-7.5) 4.5 (3.9-6.9) 0.461

Direst bilirubin 3.5 (2.4-5.3) 2.9 (2.2-4.4) 0.461

Serum amylase 73.0 (56.0-84.8) 81.0 (67.5-89.5) 0.102

Serum lipase 64.5 (50.0-74.0) 70.0 (57.8-77.3) 0.201

Hemoglobin 11.1 (10.0-12.4) 10.9 (10.3-12.0) 0.968
Categorical variables are expressed in counts (percentages). Continuous 
variables are expressed in median values (interquartile range). *Fischer’s 
exact test
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and EBS were 3.0 percent and 10.0 percent respectively in a report 
by Heo et al; 2 cases had clinically relevant bleeding from EBS[11]. 
While the bleeding rates between groups were not considerably 
different, attention should be given to EBS plus EPBD in selected 
patients with serious coagulopathy and large stones.
    We initiated univariable logistic regression to search for predictors 
of post ERCP pancreatitis. We evaluated all baseline characteristics, 
stone size, number, and duration of the procedure. We could not 
identify any independent predictors for post-ERCP pancreatitis.
furthermore, type of sphincterotomy was not correlated to the 
pancreatitis risk and that may be due to small sample size (Table 3).

CONCLUSIONS
EST is recognized as standard treatment option for CBD stone, but it 
is associated with elevated risk of bleeding.
    EST plus LBD is a safe and effective treatment option for common 
bile duct stones extraction. This procedure is more effective in some 
cases, such as those with tapered distal CBD; large, rectangular stone, 
or several stones and anatomical variants, such as periampullary 
diverticulum.
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Table 3 Logistic regression analysis for independent predictors of post-
ERCP pancreatitis.

Univariable analysis

Variable P HR 95% CI

Age (y) 0.116 0.001 0.89-1.83

Sex* 0.998 0.001 -

Stone number 0.954 0.967 0.31-3.00

Stone size 0.355 1.225 0.79-1.88

Periampullary diverticulum 0.11 11.67 0.57-237.2

Precut 0.424 3.22 0.18-56.8

Procedure duration 0.173 1.09 0.96-1.25

Type of sphincterotomy** 0.998 <0.001 -

*Male sex is the reference. ** EPBD is the reference.


