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Abstract
Endoscopic papillary large balloon dilation (EPLBD) 
with endoscopic sphincterotomy (EST) has been widely 
used as the alternative to EST along with endoscopic 
mechanical lithotripsy (EML) for the removal of large or 
difficult bile duct stones. Furthermore, EPLBD without 
EST was recently introduced as its simplified alternative 
technique. Thus, we systematically searched PubMed, 
Medline, the Cochrane Library and EMBASE, and ana-
lyzed all gathered data of EPLBD with and without EST, 
respectively, by using a single standardized definition, 
reviewing relevant literatures, published between 2003 
and June 2013, where it was performed with large-
diameter balloons (12-20 mm). The outcomes, includ-
ing the initial success rate, the rate of needs for EML, 
and the overall success rate, and adverse events were 
assessed in each and compared between both of two 
procedures: “EPLBD with EST” and “EPLBD without 
EST”. A total of 2511 procedures from 30 published ar-
ticles were included in EPLBD with EST, while a total of 
413 procedures from 3 published articles were included 
in EPLBD without EST. In the results of outcomes, the 

overall success rate was 96.5% in EPLBD with EST and 
97.2% in EPLBD without EST, showing no significant 
difference between both of them. The initial success 
rate (84.0% vs  76.2%, P  < 0.001) and the success 
rate of EPLBD without EML (83.2% vs  76.7%, P  = 
0.001) was significantly higher, while the rate of use 
of EML was significantly lower (14.1% vs  21.6%, P  
< 0.001), in EPLBD with EST. The rate of overall ad-
verse events, pancreatitis, bleeding, perforation, other 
adverse events, surgery for adverse events, and fatal 
adverse events were 8.3%, 2.4%, 3.6%, 0.6%, 1.7%, 
0.2% and 0.2% in EPLBD with EST and 7.0%, 3.9%, 
1.9%, 0.5%, 0.7%, 0% and 0% in EPLBD without EST, 
respectively, showing no significant difference between 
both of them. In conclusion, recent accumulated results 
of EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of large or 
difficult bile duct stones without any additional risk of 
severe adverse events, when performed under appro-
priate guidelines.

© 2013 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: We systematically analyzed all gathered data 
of endoscopic papillary large balloon dilation (EPLBD) 
with and without endoscopic sphincterotomy (EST), re-
spectively, by using a single standardized definition, to 
evaluate their outcomes, reviewing relevant literatures. 
Thirty studies involving 2511 procedures of EPLBD with 
EST and 3 studies involving 413 procedures of EPLBD 
without EST were enrolled in this review. The results 
of EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of large or 
difficult bile duct stones without any additional risk of 
severe adverse events, when performed under appro-
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INTRODUCTION
Ever since its introduction in 1974[1,2], endoscopic sphinc-
terotomy (EST) has become the standard procedure 
for the removal of  common bile duct stones. However, 
it still runs the risk of  various adverse events, such as 
bleeding, perforation, pancreatitis and cholangitis[3-6], and 
large bile duct stones may require endoscopic mechanical 
lithotripsy (EML) as an adjunctive procedure to facilitate 
stone clearance[7-11]. Endoscopic papillary balloon dila-
tion (EPBD) was first proposed as an alternative to EST 
in 1982[12]. Initially it was widely performed in the belief  
that it had more advantages over EST such as the reduc-
tion of  bleeding and perforation risks and functional 
preservation of  the biliary sphincter[13-17]. However, it has 
been proven that EPBD is significantly less successful 
in removing bile duct stones compared to EST, because 
dilating balloons with a range of  6- to 10-mm in diameter 
are inadequate in achieving an ampullary opening wide 
enough[18,19]. More importantly the risk of  pancreatitis 
is significantly higher than EST to the extent of  an in-
creased mortality rate[7,18,20].

Endoscopic papillary large balloon dilation (EPLBD) 
combined with EST was initially introduced to facilitate 
in the removal of  large bile duct stones in 2003[21], where 
large-diameter balloons (12- to 20-mm balloon) are used 
to remove large or difficult bile duct stones[22-26]. It was 
initially presumed that this new technique would cause 
higher incidence rates of  potential serious adverse events 
such as pancreatitis and bile duct perforation[27-31]. How-
ever, recent results on EPLBD with EST have quashed 
these presumptions[32-36], therefore it is rapidly and widely 
being adopted as a useful technique for the removal of  
large or difficult bile duct stones[37-50]. As an alternative 
technique, EPLBD without EST was formally incorpo-
rated as a simplified technique in 2009[51]. A number of  
studies have recently been conducted in South Korea 
and Taiwan[43,45,52,53], concurring that it is also as safe and 
effective in patients with large bile duct stones without 
any additional risk of  severe pancreatitis or perforation. 
Nevertheless, it was very difficult to get a precise analysis 
of  the outcomes of  EPLBD, because the results from 
each article were based on different definitions. Thus, we 
analyzed all gathered data of  EPLBD with and without 
EST, respectively, by using a single standardized defini-
tion, reviewing relevant literatures.

LITERATURE SEARCH AND REVIEW
A search of  literatures on EPLBD was initially performed 

under title and abstract with the search terms “large bal-
loon”, “balloon dilation”, “sphincteroplasty” and “en-
doscopic papillary large balloon dilation” by means of  
the commonly used online databases; PubMed, Medline, 
the Cochrane Library and EMBASE. After reviewing the 
corresponding abstracts of  the retrieved articles, those 
that showed relevance to this review were downloaded in 
full text. Additional articles were then searched by tracing 
back on their references. Details of  literature search and 
evaluation process are shown in Figure 1.

The following inclusion criteria were employed in this 
review: (1) original articles about clinical trials in humans 
published between 2003 and 2013 June, since EPLBD 
was first reported on in 2003[21]; (2) the language filtering 
system was not used in online databases; (3) EPLBD per-
formed with large-diameter balloons (12-20 mm) whether 
preceding EST was done or not; and (4) EPLBD per-
formed when the standard balloon and basket techniques 
after EST failed even though the stone size was under 
10 mm. Exclusion criteria of  patients or articles were as 
follows: (1) review articles[54-58], editorial letters[59-63], case 
reports[64-68], case series[69] and preliminary reports[70]; (2) 
articles which included EPBD with a dilating balloon less 
than 12 mm in diameter[52,53,71-76]; (3) articles about clinical 
trials on only patients with surgically altered anatomy of  
the upper gastrointestinal tract, such as Billroth II surgery 
and Roux-en-Y anastomosis[77-82]; (4) articles where data 
extraction were not possible[83-86]; and (5) articles which 
contained duplicated patient data from another publica-
tion[87].

Patient data from the relevant articles was indepen-
dently extracted by two reviewers and is as follows; 
baseline clinical characteristics of  the patients, study 
design, study inclusion criteria, a history of  gastrointes-
tinal surgery, periampullary diverticulum, largest stone 
size, range of  stones, number of  stones, treatment naïve, 
performance of  EST, size of  EST, prior EST, balloon 
diameter, time duration of  inflated balloon, initial success 
rate, success rate of  EPLBD without EML, rate of  use 
of  EML, overall success rate, number of  sessions needed 
for complete stone removal, rates of  adverse events and 
rate of  surgery and mortality due to adverse events. An 
article of  a large scaled multicenter study[43], that included 
our institute, where the data of  both the patients who 
had EPLBD with EST and those without EST were cal-
culated as one, was re-analyzed using its raw data in order 
to re-group both of  them separately. Any discrepancies 
between the two reviewers’ results were resolved through 
discussion.

DEFINITION
Because data from each article, such as size of  EST, initial 
success rate, success rate of  EPLBD without EML, rate 
of  use of  EML, overall success rate, and rate of  adverse 
events, was based on different definitions, we re-analyzed 
all gathered data by using a single standardized definition, 
in order to get a precise analysis of  the outcomes. The 
size of  the EST used before performing EPLBD was 
classified into 2 groups based on the extent of  ampullary 
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incision: (1) “large” if  EST was completed to anywhere 
between two-thirds of  the total length of  the ampulla 
and up until the major horizontal fold crossing the intra-
mural portion of  the bile duct or if  the extent of  EST was 
described under such terms as “full incision EST”[40,46], “full-
EST”[43], “maximum EST”[23], “major EST”[49], “complete 
EST”[29], “standard EST”[30,36] or “normal EST”[44]; and 
(2) “limited” if  EST was made from the orifice of  the 
ampulla proximally up to, but no exceeding two-thirds 
of  the ampulla or if  the extent of  EST was described under 
such terms as “mid-incision EST”[22,28,38], “medium EST”[28], 
“middle EST”[48], “mid-EST”[43], “small EST”[24,42], “minor 
EST”[25] or “limited EST”[41,47,48].

Initial success was defined as complete bile duct 
stone clearance when only one session of  EPLBD was 
performed whether EML as an adjunctive procedure was 
used or not. Overall success was defined as overall com-
plete bile duct stone clearance by using EPLBD whether 
EML as an adjunctive procedure was used or not, with 
the exception of  using other lithotripsies such as elec-
trohydraulic lithotripsy and laser lithotripsy, irrespective 
of  the number of  EPLBD sessions. Success of  EPLBD 
without EML was defined as complete stone clearance 
without the assistance of  EML by using EPLBD irre-
spective of  the number of  EPLBD sessions. The rate 
of  use of  EML was defined as the rate for using EML 
as an adjunctive procedure to remove bile duct stones in 
all cases irrespective of  the number of  EPLBD sessions. 
Adverse events were classified and graded according to 
the consensus criteria proposed by Cotton et al[3].

STATISTICAL ANALYSIS
Statistical analyses were done using SPSS version 18.0 
software (SPSS Inc., Chicago, Illinois, United States). The 

significance of  difference for categorical variables was de-
termined using either chi-square test or Fisher’s exact test 
and a logistic regression analysis was performed for mul-
tiple comparisons in the statistically significant categorical 
variables that have more than two subgroups. Quantita-
tive data were analyzed by either unpaired Student’s t test 
or Mann-Whitney test, and presented as the mean ± SD. 
A P value below 0.05 was regarded as statistically significant.

EPLBD COMBINED WITH EST
A total of  2511 procedures in 2503 patients were includ-
ed in this review from 30 published original articles, made 
up of  23 retrospective studies, 4 prospective studies and 
3 prospective randomized controlled studies. The base-
line clinical characteristics of  the patients are described in 
Table 1. Periampullary diverticulum, which was provided 
in 25 studies, was noted in 36.7%. Prior EST, which was 
provided in 28 studies, was done in 20.2%. Patients with 
surgically altered anatomy of  the upper gastrointestinal 
tract, such as Billroth Ⅰ or Ⅱ surgery and Roux-en-Y 
anastomosis were included in 2.4% from 20 studies.

Patient outcomes 
Based on the size of  EST, EPLBD was performed in 10 
studies mainly when stone removal had failed with the 
standard techniques after a large EST, in 13 studies after 
a limited EST mainly if  it is speculated that the stone size 
is too large to be removed using the standard techniques, 
in 4 studies without additional EST if  they had a previ-
ous history of  EST, and in one multi-center study after 
variable sizes of  EST. Twenty four studies described time 
duration of  inflated balloon using a dilating balloon with 
a diameter of  12 to 20 mm which varied from 10 to 180 
s, most of  which were less than 60 s with the exception 
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Potentially relevant articles identified through online database 
searching (n  = 357)

Irrelevant titles or abstracts were excluded 
(n  = 290)

Articles retrieved for evaluation 
(n  = 67)

Excluded (n  = 35):
  Review articles, editorial letters (n  = 10)
  Case reports, case series, preliminary reports (n  = 7)
  Articles included EPBD with a balloon < 12 mm in diameter (n = 8)
  Clinical trials on only patients with surgically altered anatomy (n  = 6)
  Data extraction not possible (n  = 3)
  Articles which were duplicated publications (n  = 1)

Articles included in this review 
(n  = 321)

Figure 1  Flow-chart of literature 
search and evaluation.1Data from 
one article of a large scaled multi-
center study was re-grouped into two; 
endoscopic papillary large balloon 
dilation with and without endoscopic 
sphincterotomy, and the outcomes 
were re-analyzed separately.
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fatal cases, were reported in 4 studies[29,30,36,43]; two were 
successfully managed with angiography and surgery, re-
spectively, and the other two had expired due to post-
EPLBD massive bleeding. Perforation occurred in 0.6% 
(0%-2.8%). Six problematic perforations (5 duodenum 
and 1 cystic duct), including 3 severe and 3 fatal cases, 
were reported in 3 studies[30,43,45]; two with duodenal 
perforation were successfully managed with surgery and 
one with cystic duct perforation with percutaneous drain-
age, and the other three expired due to septic shock and 
multi-organ failure (2) and cardiogenic shock (1). Other 
adverse events were noted in 1.7% (0%-14.8%), includ-
ing cholangitis (14), hypotension (10), pain (4), intramural 
dissection (3), pneumonia (3), basket impaction (2), sepsis 
(2), cholecystitis (1), injured bile duct (1), and hypoxia (1). 
All of  these cases were successfully managed with con-
servative treatment, except for all basket impaction cases 
who received surgery.

EPLBD WITHOUT EST
A total of  413 patients who each received EPLBD with-
out EST were included in this review from 3 published 

of  3 studies[27,43,49] (Table 2). The initial success rate was 
84.0% (range 61.9%-100%), which was provided in only 
24 studies, thirteen of  which studies were designed to 
include cases where EML was performed along with the 
first session of  EPLBD. The mean number of  EPLBD 
sessions for complete stone clearance was 1.2. The suc-
cess rate of  EPLBD without EML, the rate of  use of  
EML, and the overall success rate, which were provided 
from all 30 studies, were 83.2% (59.6%-100%), 14.1% 
(0%-38.6%) and 96.5% (79.7%-100%), respectively (Table 2).

Adverse events
The overall rate of  adverse events following EPLBD 
with EST was 8.3% (0%-17.0%), the majority of  which 
were of  mild to moderate severity. Adverse events were 
classified as pancreatitis, bleeding, perforation, and oth-
ers (Table 3), and graded accordingly to severity as found 
in Table 4. Pancreatitis occurred in 2.4% (0%-13.2%), all 
cases of  which were of  mild to moderate severity (98.4%), 
except for one fatal case who had had a history of  severe 
pancreatitis[46]. Bleeding occurred in 3.6% (0%-8.6%), 
but it mostly was of  mild to moderate severity (94.5%). 
Four problematic bleedings, including 2 severe and 2 

  Ref. Study 
design

No. of procedures, 
No. of patients

Mean age, 
year

No. of periampullary 
diverticulum

Mean size of 
largest stone, mm

Range of 
stone size, mm

Prior 
EST

Altered 
anatomy

  Ersoz et al[21] R   58 NA   4 (6.9) NA 12-28 14 0
  Hwang et al[22] R   30   71.3     6 (20.0) 21.6 15-35   0 NA
  Maydeo et al[23] P   60   58.0   0 (0.0) 16.0 12-20   0 0
  Minami et al[24] R   88    74.01 NA 14.0 > 12   0 NA
  Heo et al[25] RCT 100  64.4   49 (49.0) 16.0 NA   0 0
  Lee et al[26] R   55 70.8   16 (29.1) 20.8 15.4-35.5   0 B-Ⅱ:2
  Kim et al[27] R   35 66.9     9 (25.7) 26.1 12-50 14 NA
  Lee et al[28] R   41 72.2   21 (51.2) 18.2 10-45   0 B-Ⅱ:2, R-Y:2
  Misra et al[29] R   50 40.1 NA NA < 15-25   0 NA
  Attasaranya et al[30] R         107, 103 70.1   36 (35.0) 13.01 10-30 50 B-Ⅱ:6
  Espinel et al[31] P   93 76.5   30 (32.2) 13.4 5-30 42 B-Ⅱ:4
  Itoi et al[32] R   53 75.3   25 (47.2) 14.8 10-28   0 0
  Kim et al[33] RCT   27 70.3     9 (33.3) 20.8   15-38.3   0 0
  Itoi et al[34] R   18 79.1     9 (50.0) 16.7 13-21   0 B-Ⅰ:1
  Kurita et al[35] R   24  82.01   18 (75.0)  16.51 12-33 24 NA
  Ghazanfar et al[36] P   84 48.4 NA 14.7 10-32   0 NA
  Kim et al[37] R   70 68.7   24 (34.3) 12.5 5-30 70 NA
  Youn et al[38] R 101 69.1   12 (11.9) 21.8 7-52    0 B-Ⅰ:2, B-II:3
  Kim et al[39] R   72 69.3   41 (56.9) NA > 10    0 0
  Stefanidis et al[40] RCT   45 69.4 NA NA 12-20    0 0
  Rebelo et al[41] R   30 68.0     7 (23.3)  17.01 12-30   4 NA
  Sakai et al[42] R   59 76.7   27 (45.8) 15.0 10-28 21 B-Ⅰ:3, B-Ⅱ:2
  Park et al[43] R 633 72.7               246 (39.1) 15.4    10-38.4 NA2 B-Ⅱ:20
  Poincloux et al[44] R         64, 62 77.0   15 (24.2) NA NA   0 NA
  Hwang et al[45] R   69 68.2   33 (47.8) 16.5 NA   0 0
  Paspatis et al[46] RCT 124 74.9   21 (16.9) 15.7 NA NA2 0
  Rosa et al[47] R   68 70.8 NA 16.8 NA   0 0
  Yang et al[48] R          171, 169 69.3   73 (43.2)  15.01 10-45 32 B-Ⅱ:1
  Yoon et al[49] P 52 68.1   19 (36.5) 20.1 12-40 52 0
  Harada et al[50] R 30 78.0   23 (76.7) 18.0 10-39 30 NA
 Total          2511, 2503 773 (36.7)   5-45 353 (20.2) 48 (2.4)

Table 1  Baseline clinical characteristics of the patients undergoing endoscopic papillary large balloon dilation with endoscopic 
sphincterotomy  n  (%)

1Median value; 2Studies that included patients with a history of prior endoscopic sphincterotomy, but their exact numbers were not described. EST: Endo-
scopic sphincterotomy; R: Retrospective; P: Prospective; RCT: Randomized controlled trial; NA: Not available; B-Ⅰ: Billroth-Ⅰ anastomosis; B-Ⅱ: Billroth-
Ⅱ anastomosis; R-Y: Roux-en-Y anastomosis.
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original articles, all of  which were retrospective studies. 
The baseline clinical characteristics of  the patients are de-
scribed in Table 5. Mean age was 71.8, periampullary di-
verticulum was noted in 33.2% of  the patients, the mean 
size of  the largest stone was 15.4 mm, the range of  stone 
size was 10 mm up to 37 mm, and patients with Billroth 
Ⅱ surgery were included in 2.7%. 

Patient outcomes
EPLBD without EST was performed using a dilating 
balloon with a diameter of  12 to 20 mm in all 3 stud-
ies with time duration of  inflated balloon of  30 s up to 
180 s. The initial success rate was 76.2% (74.1%-91.9%), 
but two of  the 3 studies were designed to include cases 
where EML was performed along with the first session 
of  EPLBD. The mean number of  EPLBD sessions for 
complete stone clearance was 1.27. The success rate of  
EPLBD without EML, the rate of  use of  EML, and the 
overall success rate were 76.7% (76.0%-80.6%), 21.6% 
(19.4%-21.7%), and 97.2% ( 96.8%-97.4%), respectively 
(Table 6).

Adverse events
The overall rate of  adverse events following EPLBD 
without EST was 7.0% (2.6%-7.7%), the majority of  
which were of  mild to moderate severity. Adverse events 
were classified as pancreatitis, bleeding, perforation, and 
others (Table 7), and graded accordingly to severity as 
found in Table 4. No cases of  severe or fatal adverse 
events were reported. Pancreatitis and bleeding occurred 
in 3.9% (2.6%-6.4%) and 1.9% (0%-2.6%), respectively, 
all cases of  which were of  mild to moderate severity. 
Perforation occurred in two cases, 0.5% (0%-0.6%), both 
of  which were of  moderate severity, which were success-
fully managed with conservative management. As other 
adverse events, only 3 cases of  mild cholangitis were re-
ported from one multicenter study[43].

COMPARISON BETWEEN EPLBD WITH 
EST AND EPLBD WITHOUT EST
Comparison between patients who received EPLBD with 

  Ref. Size of EST Balloon 
size, mm

Duration of inflated  
balloon, s

Initial success No. of
sessions, mean

Success without 
EML

Use of EML Overall success

  Ersoz et al[21] Large 12-20 20-45     48 (82.8) 1.17    54 (93.1)       4 (6.9)       58 (100)
  Hwang et al[22] Limited 15-18 30-60 NA NA      30 (100.0)       0 (0.0)       30 (100)
  Maydeo et al[23] Large 12-20 30     57 (95.0) 1.05    57 (95.0)       3 (5.0)       60 (100)
  Minami et al[24] Limited 20 NA     87 (98.9) 1.00    87 (98.9)       1 (1.1)       88 (100)
  Heo et al[25] Limited 12-20 60          83 (83.0) 1.12            90 (90.0)       8 (8.0)        97 (97.0)
  Lee et al[26] Limited 15-20 30-60 NA NA    52 (94.5)       3 (5.5)       55 (100)
  Kim et al[27] Limited 12-20 60-90 NA NA    22 (63.1)         9 (25.7)        31 (88.6)
  Lee et al[28] Limited 13-20 20-60     35 (85.3) 1.20    37 (90.3)       4 (9.8)       41 (100)
  Misra et al[29] Large 15-20 30-45 NA NA    45 (90.0)         5 (10.0)       50 (100)
  Attasaranya et al[30] Large 12-18 NA        102 (95.3)1 1.00            78 (72.9)       29 (27.1)      102 (95.3)
  Espinel et al[31] Large 12-20 30-45        93 (100.0)1 1.00    90 (96.8)       3 (3.2)       93 (100)
  Itoi et al[32] Large 15-20 15-30      51 (96.2)1 1.04    50 (94.3)       3 (5.7)       53 (100)
  Kim et al[33] Limited 15-18 NA      23 (85.2)1 1.27    18 (66.7)         9 (33.3)       27 (100)
  Itoi et al[34] Large 15-18 10     17 (94.4) 1.06    14 (77.8)         4 (22.2)       18 (100)
  Kurita et al[35] Prior 15-20 30     23 (95.8) 1.00    23 (95.8)       1 (4.2)        23 (95.8)
  Ghazanfar et al[36] Large 15-18 NA     52 (61.9) 1.28    67 (79.7)       0 (0.0)        67 (79.7)
  Kim et al[37] Prior 12-18 20-60     68 (97.1) 1.02    69 (98.6)       1 (1.4)       70 (100)
  Youn et al[38] Limited 15-20 30-60      93 (92.1)1 1.08            94 (93.1)       7 (6.9)     101 (100)
  Kim et al[39] Limited 12-20 30      63 (87.5)1 1.14    64 (88.9)       6 (8.3)        70 (97.2)
  Stefanidis et al[40] Large 15-20 10-12     44 (97.7) 1.00    44 (97.7)       0 (0.0)        44 (97.7)
  Rebelo et al[41] Limited 12-18 60      25 (83.3)1 1.14    23 (76.7)         6 (20.0)        29 (96.7)
  Sakai et al[42] Limited 12-20 NA      49 (83.1)1 1.30    51 (86.4)         8 (13.6)        57 (96.6)
  Park et al[43] Variable 12-20 30-180   3573 (65.4)1 1.46         4844 (78.4)        1234 (19.9)     6024 (97.6)
  Poincloux et al[44] Large 15-20 30-60     62 (96.9) 1.05    61 (95.3)       3 (4.7)        64 (100)
  Hwang et al[45] Limited 12-20 60      65 (94.2)1 1.02    51 (73.9)       18 (26.1)        66 (95.7)
  Paspatis et al[46] Large 15-20 30-60 NA NA          102 (81.8)       4 (3.2)      106 (85.0)
  Rosa et al[47] Limited 12-18 60      56 (82.4)1 1.10    55 (80.9)       10 (14.7)        65 (95.6)
  Yang et al[48] Limited 12-18 NA    163 (95.3)1 1.00          102 (59.6)       66 (38.6)      163 (95.3)
  Yoon et al[49] Prior 12-20 60-120 NA 1.70    36 (69.2)       12 (23.1)        48 (92.4)
  Harada et al[50] Prior 15-20 30      29 (96.7)1 1.00    27 (90.0)             3 (10.0)        29 (96.7)
  Total 12-20 10-180 1745 (84.0)  1.202        2077 (83.2)     353 (14.1)    2407 (96.5)

Table 2  Procedure characteristics and outcomes of endoscopic papillary large balloon dilation with endoscopic sphincterotomy  
n  (%)

1Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary 
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean 
number of session with each number of procedures; 3Total number of procedures was 546 due to missing data; 4Total number of procedures was 617 due to 
missing data. EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; Prior: Prior endoscopic sphincterotomy; NA: Not available.
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EST and those who received EPLBD without EST were 
summarized in Table 4. Mean age and the rate of  peri-
ampullary diverticulum showed no significant difference 
between both procedures. Mean number of  EPLBD 
session and the overall success rate were not significantly 
different between both procedures, but the initial success 
rate (84.0% vs 76.2%, P < 0.001) and the success rate of  

EPLBD without EML (83.2% vs 76.7%, P = 0.001) were 
significantly higher in patients who received EPLBD with 
EST than in those who received EPLBD without EST, 
while the rate of  use of  EML (14.1% vs 21.6%, P < 0.001) 
were significantly lower in patients who received EPLBD 
with EST. Overall adverse events, pancreatitis, bleeding, 
perforation, other adverse events, the rate of  surgery for 

  Ref. Overall 
AEs

Pancreatitis Bleeding Perforation Others AE-related 
surgery

AE-related 
death

  Ersoz et al[21]      9 (15.5)       2 (3.4)   5 (8.6) 0 (0.0)   2 (3.4)    0 (0.0)   0 (0.0)
  Hwang et al[22]    1 (3.3)       0 (0.0)   1 (3.3) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Maydeo et al[23]    5 (8.3)       0 (0.0)   5 (8.3) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Minami et al[24]    15 (17.0)       1 (1.1)   1 (1.1) 0 (0.0)   13 (14.8)   0 (0.0)   0 (0.0)
  Heo et al[25]   5 (5.0)       4 (4.0)   0 (0.0) 0 (0.0)   1 (1.0)  0 (0.0)   0 (0.0)
  Lee et al[26]    2 (3.6)       0 (0.0)   2 (3.6) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Kim et al[27]    1 (2.8)       0 (0.0)   0 (0.0) 1 (2.8)   0 (0.0)   0 (0.0)   0 (0.0)
  Lee et al[28]    3 (7.2)       2 (4.8)   1 (2.4) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Misra et al[29]      7 (14.0)       4 (8.0)   3 (6.0) 0 (0.0)   0 (0.0)   1 (2.0)   0 (0.0)
  Attasaranya et al[30]    6 (5.6)       0 (0.0)   2 (1.9)            1 (0.9)   3 (2.8)   1 (0.9)   0 (0.0)
  Espinel et al[31]    2 (2.2)       1 (1.1)   1 (1.1) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Itoi et al[32]    2 (3.8)       1 (1.9)   0 (0.0) 0 (0.0)   1 (1.9)   0 (0.0)   0 (0.0)
  Kim et al[33]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Itoi et al[34]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Kurita et al[35]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Ghazanfar et al[36]    6 (7.1)       3 (3.6)   3 (3.6) 0 (0.0)   0 (0.0)   0 (0.0)   1 (1.2)
  Kim et al[37]    1 (2.3)       1 (2.3)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Youn et al[38]    7 (6.9)       2 (2.0)   2 (2.0)            1 (1.0)   2 (2.0)   0 (1.0)   0 (1.0)
  Kim et al[39]    6 (8.3)       5 (6.9)   0 (0.0) 0 (0.0)   1 (1.4)   0 (0.0)   0 (0.0)
  Stefanidis et al[40]    2 (4.4)       1 (2.2)   1 (2.2) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Rebelo et al[41]      4 (13.3)       1 (3.3)   0 (0.0) 0 (0.0)     3 (10.0)   0 (0.0)   0 (0.0)
  Sakai et al[42]    4 (6.8)       0 (0.0)   1 (1.7) 1 (1.7)   2 (3.4)   0 (0.0)   0 (0.0)
  Park et al[43]    71 (11.2)     13 (2.1)         48 (7.6)            7 (1.1)   3 (0.4)   2 (0.3)   4 (0.6)
  Poincloux et al[44]      9 (14.1)       2 (3.1)   5 (7.8) 0 (0.0)   2 (3.1)   0 (0.0)   0 (0.0)
  Hwang et al[45]    5 (7.2)       3 (4.3)           0 (0.0)            1 (1.4)   1 (1.4)   2 (2.9)   0 (0.0)
  Paspatis et al[46]    17 (13.7)       4 (3.2)   6 (4.8)            2 (1.6)   5 (4.1)   0 (0.0)   1 (0.8)
  Rosa et al[47]    10 (14.7)         9 (13.2)   0 (0.0) 0 (0.0)   1 (1.5)   0 (0.0)   0 (0.0)
  Yang et al[48]    8 (4.7)       2 (1.2)   4 (2.4)            1 (0.6)   1 (0.6)   0 (0.0)   0 (0.0)
  Yoon et al[49]    0 (0.0)       0 (0.0)   0 (0.0) 0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Harada et al[50]    1 (3.3)       0 (0.0)   0 (0.0) 0 (0.0)   1 (3.3)   0 (0.0)   0 (0.0)
  Total             809 (8.3)     61 (2.4)         91 (3.6)          15 (0.6)        42 (1.7)             6 (0.2)   6 (0.2)

Table 3   Adverse events of endoscopic papillary large balloon dilation with endoscopic sphincterotomy  n  (%)

AE: Adverse event.

Kim JH et al . Endoscopic papillary large balloon dilation

EPLBD with EST No. of studies EPLBD without EST No. of studies P  value

  No. of procedures 2511 30 413 3
  Mean of mean age, yr 69.6 ± 8.61 29 70.3 ± 2.31 3    0.808
  Periampullary diverticulum   773 (36.7) 23 122 (33.2) 2    0.186
  Initial success  1745 (84.0) 24 285 (76.2) 3 < 0.001
  Success without EML 2077 (83.2) 30 306 (76.7) 3    0.001
  Use of EML   353 (14.1) 30   86 (21.6) 3 < 0.001
  Overall success 2407 (96.5) 30 388 (97.2) 3    0.432
  Overall adverse events 209 (8.3) 30 29 (7.0) 3    0.370
  Pancreatitis, total; M/Mod/S/F    61; 51/9/0/1 (2.4) 30 16; 14/2/0/0 (3.9) 3    0.089
  Bleeding, total; M/Mod/S/F       91; 75/11/2/2 (3.6)2 30 8; 7/1/0/0 (1.9) 3    0.079
  Perforation, total; M/Mod/S/F 15; 3/6/3/3 (0.6) 30 2; 0/2/0/0 (0.5) 3    1.000
  Other adverse events 42 (1.7) 30 3; 3/0/0/0 (0.7) 3    0.148
  AE-related surgery   6 (0.2) 30 0 (0) 3    1.000
  AE-related death   6 (0.2) 30 0 (0) 3    1.000

Table 4  Comparison between endoscopic papillary large balloon dilation with and without endoscopic sphincterotomy  n (%)

1mean ± SD; 2One case of bleeding was not graded for severity. M: Mild; Mod: Moderate; S: Severe; F: Fatal; EPLBD: Endoscopic papillary large balloon di-
lation; EST: Endoscopic sphincterotomy; EML: Endoscopic mechanical lithotripsy; AE: Adverse event.
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adverse events, and fatal adverse events were not signifi-
cantly different between both procedures.

We compared the rates of  adverse events among 3 
kinds of  EPLBD procedures which we classified based 
on the extent of  ampullary incision of  the EST; large 
EST, limited EST and no EST (Table 8). There were no 
significant differences among the 3 EPLBD procedures 

in the rates of  the overall adverse events, pancreatitis, 
perforation, other adverse events, and adverse events re-
lated to surgery and death, but the rate of  bleeding was 
significantly higher in EPLBD with large EST, compared 
with EPLBD with limited EST (P < 0.001, OR = 3.33) 
or without EST (P = 0.049, OR = 2.17), but no signifi-
cant difference between EPLBD with limited EST and 

  Ref. Overall 
AEs 

Pancreatitis Bleeding Perforation Others AE-related 
surgery 

AE-related 
death 

  Jeong et al[51]     1 (2.6)      1 (2.6)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Hwang et al[45]     4 (6.4)      4 (6.4)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)   0 (0.0)
  Park et al[43]   24 (7.7)    11 (3.5)   8 (2.6)   2 (0.6)  3 (1.0)   0 (0.0)   0 (0.0)
  Total   29 (7.0)    16 (3.9)  8 (1.9)   2 (0.5)  3 (0.7)   0 (0.0)   0 (0.0)

Table 7  Adverse events of endoscopic papillary large balloon dilation without endoscopic sphincterotomy  n  (%) 

AE: Adverse event.

EPLBD with large EST EPLBD with limited EST EPLBD without EST P  value

  No. of procedures 756 946 413
  Overall adverse event 65 (8.6)  71 (7.5) 29 (7.0) 0.568
  Pancreatitis 18 (2.4)  29 (3.1) 16 (3.9) 0.349
  Bleeding 31 (4.1)  12 (1.3)   8 (1.9)  0.0011

  Perforation   3 (0.4)    5 (0.5)   2 (0.5) 1.000
  Other adverse events 13 (1.7)  25 (2.6)   3 (0.7) 0.054
  AE-related surgery   2 (0.3)    2 (0.2)   0 (0.0) 0.832
  AE-related death   2 (0.3)    0 (0.0)   0 (0.0) 0.166

Table 8  Comparison of adverse events among endoscopic papillary large balloon dilation with large, limited and without endoscopic 
sphincterotomy  n  (%)

1EPLBD with large EST vs EPLBD with limited EST, P < 0.001; EPLBD with large EST vs EPLBD without EST, P = 0.049; EPLBD with limited EST vs EPLBD 
without EST, P = 0.35. EPLBD: Endoscopic papillary large balloon dilation; EST: Endoscopic sphincterotomy; AE: Adverse event.
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  Ref. Balloon 
size, mm

Duration of 
inflated balloon, s

Initial success No. of sessions, 
mean

Success without EML Use of EML Overall success

  Jeong et al[51] 15-18 60      25 (65.8) 1.20      29 (76.3)     9 (23.7)      37 (97.4)
  Hwang et al[45] 12-20 60       57 (91.9)1 1.05     50 (80.6)   12 (19.4)      60 (96.8)
  Park et al[43] 12-20 30-180    2033 (74.1)1 1.33  2274 (76.0)  654 (21.7)   2914 (97.3)
  Total 12-20 30-180    285 (76.2)  1.272   306 (76.7)   86 (21.6)    388 (97.2)

Table 6  Procedure characteristics and outcomes of endoscopic papillary large balloon dilation without endoscopic sphincterotomy  n  (%)

1Studies which were designed to include cases where endoscopic mechanical lithotripsy was performed along with the first session of endoscopic papillary 
large balloon dilation; 2Calculated by dividing total number of procedures into total number of sessions which was calculated by multiplying each mean 
number of session with each number of procedures; 3Total number of procedures was 274 due to missing data; 4Total number of procedures was 299 due to 
missing data. EML: Endoscopic mechanical lithotripsy.

  Ref. Study design No. of
procedures

Mean age, yr No. of periampullary 
diverticulum

Mean size of largest 
stone, mm

Range of stone 
size, mm

Altered anatomy

  Jeong et al[51] R   38 68 NA 17.7 12-31 0
  Hwang et al[45] R   62    70.4   16 (25.8) 15.7 12-26 0
  Park et al[43] R 313    72.6 106 (34.6) 15.0 10-37 B-Ⅱ:11
  Total 413     71.81 122 (33.2)  15.42 10-37 11 (2.7)

Table 5  Baseline clinical characteristics of the patients on endoscopic papillary large balloon dilation without endoscopic 
sphincterotomy  n  (%) 

1Calculated by dividing total number of procedures into total number of the parameter which was calculated by multiplying each mean value with each 
number of procedures; 2A retrospective multicenter study where missing data are present in each analyzed variable. R: Retrospective; B-Ⅱ: Billroth-Ⅱ 
anastomosis.
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without EST (P = 0.35).

DISCUSSION
Standard basket and balloon techniques after EST are 
most commonly used for the removal of  bile duct stones 
with overall success rates of  more than 80% to 90%[88-92]. 
When it fails due to the stone size being larger than the 
widened ampullary orifice by performing EST or the 
distal common bile duct, additional endoscopic proce-
dures, mainly EML, are usually required for complete 
stone clearance[93-97]. However, EML proved to be a time-
consuming and challenging technique[11,98,99]. EPLBD has 
been widely used as the alternative to EST with EML for 
the removal of  large or difficult bile duct stones. EPLBD 
was initially performed when the standard techniques 
failed after a large EST[21,23], but recently it has been per-
formed after a limited EST or sometimes without EST, 
even before attempting trials the standard technique with 
a large EST. Such procedure is usually performed when it 
is speculated that the size of  the stone is too large for it 
to be removed using the standard techniques after a large 
EST and on the assumption that it would reduce the in-
cidence rate of  potential serious adverse events of  a large 
EST such as bleeding and bile duct perforation.

The initial success rate and the overall success rate 
were 84.0% and 96.5%, respectively, in EPLBD with EST 
in this review, while the results showed 80.9% and 95.3% 
in EST alone and 73.5% and 90.1% in EPBD alone, re-
spectively, in a previous meta-analysis[18] (Table 9). When 
we compared these results, the initial success rate was sig-
nificantly lower in EPBD alone than EPLBD with EST 
(P < 0.001, OR = 1.89) and EST alone (P = 0.013, OR 
= 1.53), but showing no significant differences between 
EPLBD with EST and EST alone (P = 0.131); the overall 
success rate was also significantly lower in EPBD alone 
than EPLBD with EST (P < 0.001, OR = 2.72) and EST 
alone (P = 0.001, OR = 2.03), and showing also no sig-
nificant differences between EPLBD with EST and EST 
alone (P = 0.141). However, a comparison between these 
meta-analysis results and ours is somewhat contradictory 

because their meta-analysis was of  relatively small bile 
duct stones. Furthermore, the initial success rate in this 
review was statistically flawed, because studies included 
were designed heterogeneously based on different defi-
nitions, some of  which included cases where EML was 
performed along with the first session of  EPLBD. There 
were only 4 comparison studies, including 2 prospective 
randomized studies[25,33] and 2 retrospective studies[32,39], 
done for the evaluation of  outcomes between EPLBD 
with EST and EST alone with the assistance of  EML in 
patients with large or difficult bile duct stones. However, 
these studies failed to show any differences in the initial 
success rate and the overall success rate between both 
procedures, except one retrospective study[32], where 
EPLBD with EST was superior to EST alone only in the 
initial success rate, not the overall success rate[32]. The 
initial success rate in EPLBD without EST in this review 
was significantly lower, compared with that in EPLBD 
with EST, most likely due to the opening of  the orifice 
retracting almost immediately back to its original size 
which is commonly seen in EPBD alone. However, the 
overall success rate showed no significant difference be-
tween both of  them.

The intended purpose of  EPLBD was to simplify 
removing large or difficult bile duct stones without ad-
ditional adverse events to EST alone or EPBD alone, and 
contemplated major advantages were that it would reduce 
both the need of  EML and the procedure time, increasing 
the success rates of  stone removal, compared with EST 
alone and EPBD alone. This is believed to be because 
the wider ampullary orifice, made when using EPLBD, 
would facilitate in the easier extraction of  relatively large 
bile duct stones. In addition, it may also reduce potential 
EML-related adverse events, such as basket impaction 
and bile duct injury. However, the frequency of  EML use 
in EPLBD might be related to various factors, such as the 
diameter of  dilating balloon used, discrepancy in the size 
between the stone and the ampullary orifice or the distal 
bile duct, and the shape of  the stone and the bile duct. 
The rate of  use of  EML was 14.1% in EPLBD with 
EST with a wide range of  0% to 38.6% in this review. It 

P- Reviewers  Bener A    S- Editor  Wen LL    L- Editor  Cant MR    E- Editor  Li JY  

P- Reviewers  Bener A    S- Editor  Song XX    L- Editor  Stewart GJ    E- Editor  Li JY

EST1 EPBD1 No. of studies EPLBD with EST No. of studies P  value

  No. of procedures 890 878 15 2511 30
  Mean age, range, yr 47-71 49-75 15 40-82 29
  Mean stone size, range, mm        7.3-16.9     7-15.6 15 5-45 25
  Initial success     322 (80.9) 285 (73.5)   7    1745 (84.0) 24 < 0.001
  Use of EML     121 (13.3) 162 (19.6) 13      353 (14.1) 30 < 0.001
  Overall success     776 (95.3) 733 (90.1) 13    2407 (96.5) 30 < 0.001
  Overall adverse events     113 (12.7) 106 (12.1) 15     209(8.3) 30 < 0.001
  Pancreatitis     36 (4.3) 71 (8.6) 14      61 (2.4) 30 < 0.001
  Bleeding     33 (4.8)   1 (0.1) 12      91 (3.6) 30 < 0.001
  Perforation       3 (0.5)   2 (0.3)   9      15 (0.6) 30    0.941
  AE-related death       2 (0.3)   4 (0.7)   7          6 (0.24) 30    0.152

Table 9  Comparison among endoscopic sphincterotomy, endoscopic papillary balloon dilation, and endoscopic papillary balloon 
dilation with endoscopic sphincterotomy  n (%)

1Results of a meta-analysis by Weinberg et al[18]. EST: Endoscopic sphincterotomy; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic papil-
lary large balloon dilation; EML: Endoscopic mechanical lithotripsy. 
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showed similar results in EST alone of  13.3% in a previ-
ous meta-analysis[18], but significantly lower than EPLBD 
without EST of  21.6% from this review and EPBD alone 
of  19.6% in a previous meta-analysis[18]. In 4 comparison 
studies between EPLBD with EST and EST alone, there 
were conflicting results concerning the use of  EML for 
the removal of  large or difficult bile duct stones; two 
prospective randomized studies reported no significant 
difference in the use of  EML[25,33], on the contrary to two 
retrospective studies[32,39]. These studies overlooked one 
important fact that the rate of  use of  EML when tallied 
against the number of  patients requiring EML, could not 
help but be similar between both procedures, because 
EML was still needed in patients where the size of  the 
stones exceeded the size of  the widened ampullary orifice 
even after EPLBD. However, the need for repeated EML 
would be reduced due to a wider ampullary orifice, if  the 
stones were fragmented mostly by one session of  EML 
following EPLBD. Thus, for a more accurate evaluation 
about the rate of  use of  EML, it should be calculated 
based on the frequency of  EML use in each patient who 
underwent EPLBD, not the number of  patients requir-
ing EML. Mean procedure time was evaluated in two of  
these 4 comparison studies; one prospective randomized 
study failed to show any difference between EPLBD 
with EST and EST alone[33], while the other retrospective 
study showed a shorter procedure time in EPLBD with 
EST[32]. Large-scale, prospective multicenter comparison 
studies will be needed to confirm advantages of  EPLBD 
in the frequency of  EML use and procedure time.

In results of  adverse events following EPLBD in 
this review, adverse events in EPLBD without EST 
showed no significant difference compared with those in 
EPLBD with EST. The most common adverse event in 
each procedure was bleeding with a mean rate of  3.6% 
in EPLBD with EST and pancreatitis with a mean rate 
of  3.9% in EPLBD without EST. Our results showed 
definite evidence that EPLBD with and even without 
EST, did not increase the risk of  serious pancreatitis, as 
more frequently seen in EPBD using small-diameter bal-
loons (≤ 10 mm)[18-20]. It is no doubt that the mechanism 
of  pancreatitis would be different in EPLBD, compared 
with EPBD, although its mechanism still remains unclear, 
a major etiologic factor of  pancreatitis. The most serious 
adverse event was bile duct perforation in EPLBD with 
EST. The following shows the comparison of  adverse 
events between results of  a previous meta-analysis[18] in 
EST alone and EPBD alone and those of  our review in 
EPLBD with EST (Table 9); the rate of  overall adverse 
events was significantly lower in EPLBD with EST than 
EST alone (P < 0.001, OR = 1.60) and EPBD alone (P 
= 0.001, OR = 1.51); the rate of  pancreatitis was signifi-
cantly lower in EPLBD with EST than EST alone (P = 
0.006, OR = 1.80) and EPBD alone (P < 0.001, OR = 
3.77); the rate of  bleeding was not significantly different 
between the EPLBD with EST and EST alone (P = 0.164) 
and was significantly lower in EPBD alone than EPLBD 
with EST (P = 0.001, OR = 25.27) and EST alone (P = 

0.001, OR = 33.75); the rate of  perforation and the rate 
of  adverse event-related death showed no significant 
differences among the 3 procedures (P = 0.941 and P = 
0.152, respectively). However, within 4 comparison stud-
ies on adverse events between EPLBD with EST and 
EST alone, each study showed no significant differences 
between both of  them [25,32,33,39].

Major risk factors which are related to adverse events 
include procedure-related factors such as size of  balloon, 
size of  EST, and time duration of  inflated balloon, and 
patient-related factors such as the existence of  bile duct 
strictures, periampullary diverticulum, surgically altered 
anatomy, and a bleeding tendency. Park et al[43] reported 
that larger stone size more than 16mm in diameter, 
underlying cirrhosis, and full-length EST were indepen-
dently associated with an increase in adverse events. The 
size of  the balloon is the most important major factor in 
ensuring a success of  EPLBD and a reduction of  adverse 
events[53]. As the ampullary orifice becomes wider as a 
result of  balloon dilation, stone removal becomes easier. 
However, choosing an inappropriately oversized balloon 
increases the risk of  adverse events, such as perforation 
or bleeding due to blood vessel injury[53]. Interestingly, a 
multicenter study by Park et al[43] reported that balloons 
larger than 14 mm in diameter were independently as-
sociated with a decreased risk of  pancreatitis, projecting 
that only simple stretching of  the ampullary orifice or 
direct blockage of  the pancreatic orifice by compression 
of  large-diameter balloons is not a major etiologic factor 
of  pancreatitis following EPLBD.

The intended maximal target diameter of  a dilating 
balloon for EPLBD should be determined based on the 
size of  the stone and the size of  the distal bile duct proxi-
mal to the tapered segment[26,55,100], but must never exceed 
the diameter of  the distal bile duct to prevent bile duct 
perforation[43,53]. A 12- to 20-mm diameter balloon for 
pyloric use (CRETM wire-guided balloon dilator, Boston 
Scientific, Natick, Massachusetts, United States) is mostly 
used to dilate the duodenal ampulla during EPLBD, each 
of  which gradually inflates in 3 different diameter steps 
by increasing balloon inflation pressure. The balloon used 
should be selected with the 2nd or the 3rd diameter step 
being the intended maximal target diameter, and be in-
flated gradually, starting from a smaller diameter step of  
the balloon than the intended maximal target diameter. 
The balloon is slowly dilated until it reaches its 1st diam-
eter step with gradual increment of  balloon pressure to 
prevent sudden tearing of  the ampullary roof. If  the bal-
loon is dilated without any difficulty with the disappear-
ance of  its central waist, it is then dilated gradually to its 
2nd diameter step and then further up to its 3rd diameter 
step till its diameter reaches the intended maximal target 
diameter. If  the central waist of  the balloon does not 
disappear against the marked resistance of  the bile duct 
or the patient indicates severe pain during balloon infla-
tion at any step, further balloon inflation must be ceased 
for the prevention of  bile duct perforation[43]. Lee et al[55] 
recommended based on personal experience that balloon 
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inflation should be discontinued if  the balloon waist does 
not disappear even once it reaches 75% of  the recom-
mended maximal inflation pressure. In patients who are 
known to have obvious distal bile duct strictures, EPBLD 
should be avoided to prevent bile duct perforation[43,55]. 
If  there is a suspicion of  strictures, based on personal 
experience, we recommend pulling back a large retrieval 
balloon, that should be inflated up to approximately the 
same size as the distal bile duct, just up until the inside of  
the ampullary orifice. If  there is no existence of  a stric-
ture, the suspected site of  stricture should easily expand 
allowing the balloon to pass through without any resis-
tance.

The extent of  ampullary incision is another important 
major factor to prevent adverse events, such as bleeding 
and perforation. Theoretically, EPLBD with limited EST 
would have combined advantages to minimize major ad-
verse events of  both EST alone and EPBD alone, such as 
bleeding and perforation mainly in a large EST and pan-
creatitis mainly in EPBD[54]. In comparison of  the 3 dif-
ferent EPLBD procedures based on the extent of  ampul-
lary incision of  the preceding EST, which were classified 
into large, limited and no EST, it showed no significant 
differences among them in the rates of  overall adverse 
events, pancreatitis, perforation and other adverse events. 
However, the rate of  bleeding was significantly higher 
in EPLBD with large EST than in EPLBD with limited 
EST or without EST, but there was no significant dif-
ference between EPLBD with limited EST and without 
EST. Delayed fatal bleeding was noted in 2 patients who 
underwent a full-incision EST before EPLBD in this re-
view. Delayed serious bleeding may occur if  a large blood 
vessel located at the proximal part of  the ampullary roof  
is severed during full-incision EST, not injury caused by 
stretching of  the ampullary orifice using a large-diameter 
balloon. Therefore, EPLBD with large, especially full-
incision EST should be avoided to prevent serious bleed-
ing. In patients with prior EST, it is known that extended 
incision of  the previous EST site can increase the risk of  
adverse events such as bleeding or perforation[3,6,8]. There-
fore, almost all patients with prior EST did not receive 
repeated EST in this review. There were 3 retrospective 
studies and one prospective study about clinical trials 
of  EPLBD using 12- to 20-mm large balloons on only 
patients with prior EST but without repeated EST, show-
ing similar results in stone clearance and adverse events, 
compared with their counterpart studies in which all pa-
tients underwent no prior EST[35,37,49,50].

The main purpose of  EST during EPLBD is not to 
make an incision of  the duodenal ampulla long, but to 
control the direction of  tearing during balloon dilation. 
A probable mechanism of  a reduced pancreatitis rate in 
EPLBD with EST is believed to be that the radial force 
exerted by the dilating balloon shifts along the cutting 
direction made during EST toward the bile duct away 
from the pancreatic orifice, resulting in less periampullary 
injury around the pancreatic duct with a decreased risk 
of  pancreatitis[21,24,43,101]. However, EST may be a limited 

role in preventing pancreatitis in EPLBD, because there 
was no evidence that EPLBD without EST increased 
the risk of  pancreatitis in this review. So to explain this, 
we suggest the following hypothesis surrounding the 
mechanism of  pancreatitis after EPLBD; manipulation 
of  Dormia basket and retrieval balloon catheter as well 
as the frequency of  EML in EPLBD with, or even with-
out, EST, may be reduced due to a sufficiently widened 
ampullary orifice, resulting in less periampullary trauma 
or edema that occurs during stone extraction and eventu-
ally leading to a low risk of  pancreatitis. On the contrary, 
its frequency in EPBD using small-diameter balloons 
is increased due to the ampullary orifice not widening 
enough, increasing the risk of  pancreatitis[100].

Time duration of  inflated balloon of  the duodenal 
ampulla during EPLBD is mostly around 1 min in this 
review, after the intended maximal target diameter of  the 
balloon was reached. One prospective randomized study 
revealed that 30 s of  duration of  inflated balloon was not 
different in adverse events, including pancreatitis, bleed-
ing and perforation, to 60 s in EPLBD with EST[46]. The 
longer the time duration of  inflated balloon did not seem 
to be related to an increase of  the risk of  adverse events, 
and the shorter the time duration of  inflated balloon 
seems to be related to an increase of  the risk of  serious 
bleeding, due to insufficient compression by the balloon. 
Further studies are warranted to determine the optimal 
time duration of  inflated balloon during EPLBD.

The patient-related factors related to adverse events 
include periampullary diverticulum, surgically altered 
anatomy, and a bleeding tendency. Patients with peri-
ampullary diverticulum were suitable for EPLBD. A 
retrospective comparison study in patients between with 
and without periampullary diverticulum, showed similar 
stone clearance rates and adverse events in both, follow-
ing EPLBD with limited EST[76], and several studies re-
ported that the presence of  a periampullary diverticulum 
was not associated with a significant increased rate of  
adverse events such as pancreatitis, bleeding, or perfora-
tion[43,46,48,86]. There were 6 studies about clinical trials of  
EPLBD on only patients with surgically altered anatomy, 
such as Billroth Ⅱ surgery (5)[77-81] and Roux-en-Y anas-
tomosis (1)[82], resulting in complete stone clearance in all 
patients with a low incidence of  pancreatitis and bleed-
ing. In patients with coagulopathy, EPLBD without EST 
may be useful, but should be undertaken cautiously[43,100], 
even though further studies are warranted. Park et al[43] 
reported that the size of  the bile duct stone (≥ 16 mm) 
and presence of  cirrhosis might be independent factors 
of  bleeding. If  serious bleeding from the ampulla occurs 
after balloon deflation, compression of  the ampulla with 
re-ballooning can be done for several minutes till the 
bleeding stops.

Our recommendations for a successful EPLBD are 
as follows, based on the results in this review and per-
sonal experiences: (1) EPLBD with large, especially full-
incision EST should be avoided to prevent serious bleed-
ing; (2) EPLBD with limited EST is recommended to be 
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performed to reduce the risk of  bleeding and perforation 
even before attempting trials of  a standard technique 
with large EST, when the stone is seen to be too large 
on cholangiogram; (3) EPLBD without EST may be use-
ful in some patients with coagulopathy, periampullary 
diverticulum, or surgically altered anatomy to reduce the 
risk of  serious bleeding and perforation; (4) In patients 
with obvious distal bile duct strictures, EPBLD should 
be avoided to prevent perforation. If  there is a suspicion 
of  strictures, using the pulling method of  a large inflated 
retrieval balloon through the site is recommended to 
confirm an existence; (5) The intended maximal target 
diameter of  the balloon should be determined based on 
the diameter of  the largest stones, but should not exceed 
the diameter of  the distal bile duct to reduce the risk of  
perforation; (6) The balloon should always be inflated 
gradually, starting from a smaller diameter step of  the 
balloon than the intended maximal target diameter; and 
(7) Further balloon inflation must be ceased to prevent 
perforation, if  the central waist of  the balloon does not 
disappear or the patient indicates severe pain during bal-
loon inflation at any step (Table 10).

There are several limitations to this review. It was 
very difficult to analyze systematically the outcomes of  
EPLBD, because the results from each relevant article 
were based on different definitions. So we re-analyzed 
all gathered data by using a single standardized defini-
tion. An article of  a large scaled multicenter study[43] that 
included our institute, where the data of  the patients un-
dergoing EPLBD with and without EST were calculated 
as one, was re-analyzed using its raw data in order to re-
group both of  them separately. Another limitation is that 
most articles included in this review are not prospective 
controlled studies, but retrospective studies. Therefore, 
further large-scale prospective randomized controlled 
studies will be needed not only to confirm our claims on 
effectiveness of  EPLBD with or without EST, compared 
with both of  EST alone and EPBD alone, but to assess 
the facts which affect the outcome and adverse events 
of  EPLBD. In conclusion, recent accumulated results 
of  EPLBD with or even without EST suggest that it is a 
safe and effective procedure for the removal of  large or 
difficult bile duct stones without any additional risk of  

severe adverse events, when performed under appropri-
ate guidelines.
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