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ABSTRACT

Background/Aims: Recently, endoscopic papillary large
balloon dilation (EPLBD) using a large balloon (12 -
20 mm) for extraction of difficult common bile duct
(CBD) stones has been widely accepted with favorable
outcomes. However, there is no consensus with regard
to the ballooning time. The aim of our study was to
evaluate the efficacy and safety of immediate balloon
deflation in EPLBD for the treatment of difficult bile
duct stone. Methods: This was a retrospective study
of 80 consecutive patients with bile duct stones who
were treated with an immediate balloon deflation me-
thod in EPLBD combined with endoscopic sphinc-
terotomy (EST) between January 2010 and December
2012. Overall success rate, success rate at first ERCP,
and the frequency of mechanical lithotripsy for com-
plete stone removal were assessed for efficacy and
safety was evaluated by assessing major complica-
tions. Results: Overall success rate for complete stone
removal was high (78/80, 97.5%) and success rate for
complete stone removal at first ERCP was 86.3%
(69/80). The use of mechanical lithotripsy was 0%
(0/80). The overall complication rate was favorable
(5/80, 6.3%). PostERCP pancreatitis was observed in
3 patients (two: mild, one: moderate). In subgroup anal-
ysis, the presence of periampullary diverticulum was
the only factor affecting the success rate at first
ERCP. Conclusion: This study demonstrated the fa-
vorable outcome of immediate balloon deflation for
treatment of difficult CBD stones and can be consid-
ered for clinical application.
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1. INTRODUCTION

Endoscopic papillary large balloon dilation (EPLBD) has
recently been used for extraction of difficult bile duct
stones. This technique requires of use of a large balloon
(=212 mm in diameter) for papillary dilation and is almost
always combined with endoscopic sphincterotomy (EST).

In 2003, Ersoz et al. [1] first described the use of
EPLBD after EST for removal of difficult bile duct stones.
Since then, several studies of EPLBD [2-9] for treatment
of difficult bile duct stones have reported favorable out-
comes and acceptable complication rates. In addition, a
recent meta-analysis [10] reported that EPLBD should be
considered as an alternative for patients in whom EST
could not be routinely performed; it was also recom-
mended for removal of large or difficult common bile
duct stones in patients with an underlying coagulopathy or
need for anticoagulation following endoscopic retrograde
cholangiopancreatography (ERCP) because cases of he-
morrhage in EPLBD are fewer than in EST.

However, so far, there has been no consensus with re-
gard to ballooning time [10]. In most studies on EPLBD,
the balloon was kept inflated for a certain period after the
waist of the balloon had disappeared under endoscopic
and fluoroscopic guidance. Unlike other studies, a bal-
loon used in this study was deflated immediately after
disappearance of the waist of balloon had been achieved.
The aim of this study was to evaluate the efficacy and
safety of an immediate balloon deflation method.

2. MATERIALS AND METHODS
2.1. Patients

Between January 2010 and December 2012, a total of 80
patients who were hospitalized for extraction of difficult
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bile duct stones and never exposed to ERCP were en-
rolled in this study and retrospective analysis was per-
formed. All enrolled patients were treated with EPLBD
(balloon size 12 mm - 20 mm) combined with a limited
EST. Difficult bile duct stones were defined as bile duct
stone(s) greater than 15 mm in diameter (if multiple, a
diameter in the largest one) and/or having a periampul-
lary diverticulum (PAD), which could cause technical
difficulty for conventional EST. All enrolled patients
were 18 years of age or older and informed consent was
obtained before ERCP. Patients who had a history of
previous EST or EPLBD were excluded from this study.
Patients who underwent precut papillotomy, which could
compromise the assessment of procedure-related com-
plications for bile duct access, were excluded. For the
same reason, patients with clinically proven acute pan-
creatitis were also excluded. Other exclusion criteria in-
cluded concomitant pancreatic or biliary malignancy, de-
finite benign biliary stricture, combined with choledo-
choduodenal fistula, hepatolithiasis, and altered anatomy
due to a prior operation, such as Billroth anastomosis and
hemostatic disorders. Bile duct stones that were positive
on initial imaging studies (US, CT, or MRCP) but uni-
dentified on ERCP were also excluded.

2.2. Methods

After obtaining informed consent, all ERCP was per-
formed using a side-viewing duodenoscope (TJF-240;
Olympus Optical Co, Ltd, Tokyo, Japan) with sedation
with midazolam plus opioids (demerol or fentanyl). Pro-
pofol infusion was added when deep sedation was needed.
Selective bile duct cannulation was achieved using the
pull-type papillotome preloaded with a 0.035-inch guide-
wire. Minimal pancreatogram was performed only when

a guidewire assisted bile duct cannulation was not secure.

After successful selective bile duct cannulation, a cholan-
giogram was performed and the diameter of the stone
(the largest one if multiple) with CBD diameter was
measured on the initial cholangiogram. Distal CBD arm
and CBD angle were also measured on the initial cholan-
giogram and acute CBD angle was defined as a CBD
angle less than 135°. A limited sphincterotomy (an inci-
sion less than 1/3 of the papillary roof) was performed
and a balloon catheter (CRE Esophageal/Pyloric, maxi-
mum diameter 12, 15, 18, or 20 mm; length 5 cm, Boston
Scientific, Natick, MA) dilation was chosen according to
the diameter of CBD and the stone was introduced and
gradually inflated up to the maximal pressure under en-
doscopic and fluoroscopic guidance. As soon as the dis-
appearance of the balloon waist was confirmed, balloon
deflation was performed immediately without keeping
the balloon inflated.

Ballooning time was defined as the period between at-
tainment of maximal pressure and deflation of the bal-
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loon. After balloon deflation, stone extraction using a
retrieval balloon catheter was attempted in order to avoid
impaction. If the stone extraction using a retrieval bal-
loon failed after four attempts, mechanical lithotripsy
was attempted. Complete stone removal was documented
with a final cholangiogram. If a residual stone was found,
a plastic stent (7Fr single pigtail or double pigtail) was
placed and a second ERCP was reattempted within three
or four days. Routine pancreatic stenting was not in-
tended.

Complications were evaluated according to the con-
sensus criteria of Cotton et al. [11] Efficacy was evalu-
ated by assessing the success rate for complete stone re-
moval at the first ERCP session and the frequency of me-
chanical lithotripsy. Technical failure was considered as
either failure of complete stone clearance at the first
ERCP attempt or overall failure of stone extraction. Safe-
ty was evaluated by assessing the incidence of major post-
procedure complications (postERCP pancreatitis, bleed-
ing, and perforation).

2.3. Statistical Analysis

Continuous variables are expressed as mean + standard
deviation (SD). Median with range was used for the ex-
pression of continuous variables that did not show nor-
mal distribution. Student’s t test was used for comparison
of mean values between the two groups. The Mann-
Whitney’s test was used in the analysis of continuous
variables that did not show normal distribution. Chi-
square tests were used in the analysis of categorical
variables. A p value of less than 0.05 was considered
statistically significant.

3. RESULTS
3.1. Patient Characteristics (Table 1)

Mean age of all enrolled patients was 70.98 + 10.21. 40
patients were male and 40 were female. Bile duct stone
size was 14.43 + 4.44 mm. Multiple stones were ob-
served in 44/80 (55%) patients. Bile duct diameter was
20.33 £ 5.74 mm. The size of the CRE balloon used for
dilation was as follows: 12 mm in 18 patients, 15 mm in
37 patients, 18 mm in 18 patients, and 20 mm in seven
patients. Balloons over 18 mm were used in 25 patients
(31.3%). PAD was present in 45/80 (56.3%) patients.
Mean CBD angle was 143.53° + 16.06° and mean distal
CBD arm was 37.30 £ 12.36 mm. Acute CBD angle
(£135°), which could cause difficulty in removal of bile
duct stones, was observed in 40 patients (40%).

3.2. Efficacy and Safety Evaluation
(Tables 2 and 3)

Overall success rate for complete stone removal was

OPEN ACCESS



144

Table 1. Baseline characteristics of patients and subgroup anal-

ysis.
Total (n=80)
Age 70.98 £ 10.21
Gender
Male:Female 40 (50.0%):40 (50.0%)

Balloon size (mm)
12
15
18
20
Stone size (mm)
Multiple stones
PAD
Yes
No
CBD diameter (mm)
Distal CBD arm (mm)
CBD angle
CBD angle <135
Laboratory findings
Total bilirubin (mg/dL)
AST (U/L)
ALT (U/L)
ALP (U/L)

18 (22.5%)
37 (46.3%)
18 (22.5%)
7 (8.8%)
15.05 +3.75
44 (55.0%)

45 (56.3%)
35 (43.8%)
2033 +5.74
3730+ 12.36
143.53 + 16.06
40 (50.0%)

326+2.98
165.28 £ 226.06
16591 £161.59
231.19£176.78

Table 2. Efficacy evaluation.

Total (n = 80)

Overall success rate 78/80 (97.5%)
Success at first ERCP 69/80 (86.3%)
Mechanical lithotripty 0 (0%)
Table 3. Safety evaluation.
Total (n = 80)
Overall major complications 5(6.3%)
Complication
Pancreatitis 3 (3.8%)
Bleeding 2 (2.5%)
Perforation 0 (0%)
Death 0 (0%)

high (78/80, 97.5%) and success rate for complete stone
removal at first ERCP was 69/80 (86.3%). Failure oc-
curred in two patients. Too tortuous bile duct course was
the reason for failure in both cases. In terms of technical
failure, the rate of technical failure was 13.8% (11/80).
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The use of mechanical lithotripsy was 0% (0/80).
Overall complication rate was favorable (5/80, 6.3%).
PostERCP pancreatitis was observed in three patients
(two: mild, one: moderate), which was successfully treat-
ed with supportive care. Bleeding occurred in two pa-
tients. However, no life threatening bleeding episode was
observed. Fortunately, we did not experience perforation
in our study.

3.3. Subgroup Analysis (Table 4)

We compared the success group (complete stone extrac-
tion at first ERCP, n = 69) with the failure group (>2
ERCP sessions requiring complete stone removal or
complete failure, n = 11). Of 11 failed patients, nine were
successful at the second ERCP session and two were
converted to operation. Between the two groups, baseline
characteristics were similar, and Stone size, number of
stones, CBD diameter, acute CBD angle (<135°), and
distal CBD arm did not differ in statistical significance.
However, the presence of PAD was significantly higher
in the success group (44/69, 63.8%) than in the failure
group (1/11, 9.1%) (p = 0.001). The use of mechanical
lithotripsy was similar in both groups. Overall complica-
tion rates did not differ between the two groups as well
(3/69, 4.3% and 2/11, 18.2%, p = 0.137). PostERCP
pancreatitis occurred in two cases of the success group
(one: mild, one: moderate) and one case of the failure
group (one: mild) (p = 0.362). All patients with pos-
tERCP pancreatitis were treated successfully with sup-
portive care. Bleeding that was not serious occurred in
one case in both groups, respectively (p = 0.258). No pro-
cedure related perforation was observed in either group.

4. DISCUSSION

Enlarging the papillary orifice is an indispensible requi-
site for the endoscopic treatment of bile duct stones. It
could be achieved either by cutting the biliary sphincter
(endoscopic biliary sphincterotomy, EST) or by dilating
the biliary sphincter (endoscopic papillary balloon dila-
tion, EPBD). For more than three decades, EST has been
performed worldwide as a primary endotherapy for ex-
traction of bile duct stones, with a success rate of 85% to
90% for complete stone removal [12]. Nonetheless, even
when performed by an expert, EST has been associated
with some risk of complications, such as perforation,
bleeding, pancreatitis, and, rarely, with a mortality of 0.5
to 1% [11,13].

In addition, failure of stone extraction could be ex-
pected in stones larger than 15 mm, stones impacted in
the duct, or those located above strictures or tapered
ducts [14]. Since it was first described by Staritz et al. in
1983, EPBD, which dilates the biliary sphincter using a
balloon typically 6 to 10 mm in diameter has been advo-
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Table 4. Subgroup analysis between success group and failure group at first ERCP.

Success group (69) Failure group (11) p-value
Age 71.36 £10.37 68.55+9.27 0.399
Gender 0.33
Male 36 (52.2%) 4 (36.4%)
Female 33 (47.8%) 7 (63.6%)
Balloon size (mm) 0.971
12 16 (23.2%) 2 (18.2%)
15 32 (46.4%) 5 (45.5%)
18 15 (21.7%) 3(27.3%)
20 6 (8.7%) 1(9.1%)
Stone size (mm) 14 (12 - 30) 14 (12 - 26) 0.67
(Median with range)
Multiple stones 39 (56.5%) 5 (45.5%) 0.493
PAD 0.001
Yes 44 (63.8%) 1(9.1%)
No 25(36.2% 10 (90.9%)
CBD diameter (mm) 20.28 £5.53 20.64 +£7.22 0.848
Distal CBD arm (mm) 37.42 +12.65 36.55+10.89 0.829
CBD angle 142.58 £ 16.51 149.45 £ 11.79 0.189
CBD angle <135 33 (47.8%) 7 (63.6%) 0.518
Laboratory findings
Total bilirubin (mg/dL) 3.40 £ 3.09 229+1.94 0.273
AST(U/L) 156.86 £213.91 229.89 +312.46 0.365
ALT(U/L) 164.03 + 156.36 180.33 £207.95 0.778
ALP(U/L) 230.64 +175.79 235.44 +195.15 0.939
Mechanical lithotripsy 0 (0%) 0 (0%) NA
Complication
Pancreatitis 2 (2.9%) 1(9.1%) 0.362
Bleeding 1 (1.4%) 1(9.1%) 0.258
Perforation 0 (0%) 0 (0%) NA
Death 0 (0%) 0 (0%) NA
Overall complications 3 (4.3%) 2 (18.2%) 0.137

PAD: periampullary diverticulum; CBD: common bile duct; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase;

ERCP: endoscopic retrograde cholangiopancreatography.

cated as an alternative to EST [15]. Although EPD has
several advantages over EST (less likely with bleeding,
perforation, and preservation of sphincter function), this
procedure is associated with a high risk of pancreatitis
[16]. Another major limitation of EPBD is the difficulty
of removing larger stones because loosening of the bil-
iary orifice is sometimes not adequate for extraction of
larger stones [17].

Recently, large-diameter (more than 12 mm) balloons
have been used for papillary dilation with EST for treat-
ment of patients with difficult bile duct stones that could

Copyright © 2013 SciRes.

not be extracted by conventional EST. According to the
reports [1-9], the success rate of CBD stone clearance
was similar in EPLBD compared to EST alone. Me-
chanical use was less frequent in EPLBD, although me-
chanical usage in large stones was similar. With respect
to complications, EPLBD was associated with fewer
complications [10].

However, ballooning time remains controversial in
EPLBD [10]. In most EPLBD studies, the balloon was
kept inflated for a few seconds to a minute after the waist
of the balloon had disappeared on endoscopic and fluoro-
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scopic guidance.

According to one EPBD study [17], longer dilation
may result in a larger orifice and facilitate stone extrac-
tion. On the contrary, a recent meta-analysis [10] of
EPLBD studies demonstrated that ballooning time did
not appear to alter the success rate of CBD stone clear-
ance. However, it is generally believed that the longer
duration gives a larger orifice and facilitates stone ex-
traction; this idea might be accepted as relevant for either
EPBD or EPLBD [18,19].

In the current study, the hypothesis for the immediate
deflation method was as follows. First, EPLBD plus EST
appears similar to EPBD in the context of balloon dila-
tion. Compared to EPLBD, EPBD could not afford sepa-
ration of the biliary and pancreatic orifices, which has a
critical role in easier loosening of the orifice and reduc-
ing complications. Separation of the biliary and pancre-
atic orifices could be achieved by sphincterotomy prior
to EPLBD. Second, creation of a larger orifice by EPLBD
appeared to be achieved by not keeping the balloon in-
flated over a period but by gradual inflation of the dila-
tion balloon, especially combined with EST (especially
using a larger balloon, such as 18 mm or 20 mm) and, in
most cases, achievement of the disappearance of the
waist of the balloon, which is an indicator for adequate
balloon inflation, appears to occur when the maximal
pressure of the balloon was attained. Third, very short
ballooning time (10 - 12 s) was observed in one EPLBD
study [4], which was very similar to our study idea
demonstrating high successful stone clearance rate and
low complication rates.

In our study, overall success rate for complete stone
removal using the immediate balloon deflation method
was very high (78/80, 97.5%), which is comparable to
other EPLBD studies [2-4,6,7], and the success rate at
first ERCP for complete stone removal was acceptable
(69/80, 86.3%). In addition, in our study, compared to
other studies, the use of mechanical lithotripsy, which is
a very important factor for assessing efficacy, was very
low (actually, none). However, it is too impetuous to
conclude that immediate deflation is a better technique
compared to conventional ballooning time with this re-
sult. Limited number of enrolled patients in our study
might have contributed to our findings. Nevertheless, in
terms of efficacy, our new method of immediate defla-
tion is not inferior to conventional ballooning time,
which is routinely applied in most in hospitals. Overall
major complication rate (5/80, 6.3%) was also acceptable,
compared to that of other EPLBD studies, which ranged
from 3% to 6%.

Our focus for assessment of complications was on sig-
nificant procedure-related bleeding or perforation. Al-
though complications appeared to be fewer in EPLBD
plus EST than in EST alone [10], life threatening bleed-
ing [20] and perforation [21] could be caused from tear-
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ing of the ducts during performance of EPLBD. And, in
general, longer inflation of the balloon is thought to have
a compression effect on bleeding. Therefore, it was one
of our concerns that when the balloon was deflated im-
mediately in EPLBD, sudden loss of compression effect
of a balloon might induce serious bleeding from a lacer-
ated duodenal wall. However, in our study, although
bleeding occurred in two patients, there was no occur-
rence of serious bleeding and these two patients were
easily treated with supportive care. With regard to perfo-
ration, we did not experience procedure related perfora-
tion. Considering these results, acute hemorrhage and
perforation following EPLBD appeared to be related not
to ballooning time but to balloon over inflation, as men-
tioned previously by Itoi et al. [16] Procedure related
death was not reported. In terms of safety, use of the
immediate balloon deflation method did not result in an
increase in complication rate and appears to be safe,
compared to conventional ballooning time.

In sub-group analysis, similar baseline characteristics
were observed between the success group and the failure
group. The size of the balloon used, bile duct stone size,
and number of bile duct stones did not affect stone
clearance in either group. However, the presence of PAD
was different. In the success group, PAD was present in
44/69 (63.8%) patients and in only 1/11 (9.1%) patients
in the failure group (p = 0.001). Thus far, the impact of
PAD on EPLBD has not been well studied. One recently
published study reported that the presence of PAD did
not affect the technical success and complications on
EPLBD with limited EST for treatment of CBD stones,
however, caution is required in some types of PAD [22].
In subgroup analysis, our result regarding the presence of
PAD seemed very difficult to interpret. This result should
not lead to the conclusion of a positive influence of the
presence of PAD on the technical success in EPLBD.
One possible explanation is that a small sample size of
the failure group might have caused this questionable
result. Another possible explanation is that the presence
of PAD could cause the endoscopist to try harder to com-
plete stone extraction in a single session.

No significant significance in CBD diameter, distal
CBD arm, and CBD angulations was observed in either
group. This finding suggests that in EPLBD therapy,
anatomical variation of bile duct might play a minimal
role in removal of bile duct stones. Either overall major
complication rates or individual major complications be-
tween the two groups were similar.

Retrospective analysis is a major limitation in our
study. A small sample size is another major limitation,
which might have resulted in underestimation of com-
plication rates. These limitations should also be consid-
ered for interpretation of results in subgroup analysis.
However, being naive to ERCP in all enrolled patients is
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a strong point of our study, which might lower the chance
of bias.

In conclusion, our new method for immediate balloon

deflation in EPLBD is effective and safe and could be
considered for use in clinical practice. In addition, re-
ducing procedure time and patient’s discomfort might be
another expected benefit of our study, although they
were not evaluated in this study. We hope that a large
prospective study will be conducted in order to confirm
our results in the near future.
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