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Bile duct stone size may in�uence the e�cacy of endoscopic sphincterotomy
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Abstract

Background
Endoscopic sphincterotomy (EPT) and/or large balloon dilation (EPBD) are used to remove common bile duct (CBD) stones. This meta-analysis compared the
e�cacy of EPT + EPBD versus EPT alone in removal stones based on stone size.

Methods
Twenty-one studies (10 randomized control trials (RCTs) and 11 non-RCTs) were identi�ed and reviewed from searches of Embase, PubMed, and Web of
Science. CBD stone’s size was measured with reference to the diameter of the duodenoscope (13mm) and the size of the large dilatation balloon (17mm) from
cholangiogram. The stone clearance rate was compared according to the mean stone size and further divided into group A (small) < 13mm, B (medium) 13–
17 mm, and C (large) > 17 mm. The study protocol was registered with Prospero (number CRD42020171689).

Results
In RCTs, EPT + EPBD had a signi�cantly better stone clearance rate (OR = 1.95, 95% CI: 1.15 ~ 3.30) and required less mechanical lithotripsy (ML) (OR = 0.39,
95% CI: 0.23 ~ 0.65) than EPT for removing CBD stones. These results were also supported by analysis of non-RCTs. In subgroup analysis, EPT + EPBD had a
signi�cantly better initial stone clearance rate than EPT in groups B and C, but not A. EPT + EPBD also required signi�cantly less ML than EPT in groups B and
C. In meta-regression analysis, group B has a better correlation of log OR with the size of CBD stone in initial stone clearance and less ML usage rates but not
for group C with larger stones.

Conclusions
EPT + EPBD had a signi�cantly better initial stone clearance rate and required less ML than EPT for medium CBD stones but the e�cacy was limited for the
large CBD stones.

Trial registration:
The protocol for this review was registered in PROSPERO (registration number CRD42020171689).

Background
Choledocholithiasis or common bile duct (CBD) stones occur in 10-20% of patients with gallbladder stones [1, 2], and an estimated 15% will eventually
become symptomatic [3] and require further treatment. Currently, standard treatment for large CBD stones includes endoscopic retrograde
cholangiopancreatography (ERCP) and endoscopic sphincterotomy (EPT) [4] (Some scholars also abbreviate EPT as EST), or endoscopic sphincterotomy
followed by large balloon dilation (EPT+ EPBD) (also collectively called EST with balloon dilatation, ESBD) [5].

EPT involves cutting the biliary sphincter to facilitate removal of CBD stones [6]. Adverse events of the procedure include post-sphincterotomy pancreatitis,
hemorrhage, perforation, cholangitis, cholecystitis, and procedure-related death [7]. In 2003, Ersoz et al. [8] described EPT+ EPBD, which involves a
sphincterotomy before using a large-size balloon to dilate the papillary ori�ce. This combination improves the passage of larger CBD stones and avoids the
risk of stone impaction.

Recent guidelines [5, 9-12] have suggested that EPT+EPBD may play an important role in the management of large CBD stones. However, few studies have
focused on the clinical application of EPT+EPBD. Early studies [13-16] have shown inconsistent results regarding the e�cacy of EPT+EPBD in removing large
CBD stones. Therefore, a more detailed review and meta-analysis to compare the e�cacy of EPT+EPBD versus EPT based on CBD stone size is needed. We
conducted a meta-analysis to determine the e�cacy of these two techniques in the overall management of CBD stones. 

The meta-analysis included experimental studies with randomized control trials (RCTs) and real-world practice non-randomized control trials (non-RCTs). We
performed subgroup analysis based on stone size to evaluate its effect on the e�cacy of EPT+EPBD in CBD stones clearance. We attempt to de�ne the
suitable CBD stone size for EPT + EPBD based on existing clinical data and evidence, to support the application of this technique in clinical practice. The
primary endpoints included successful stone removal during the �rst or initial session of ERCP, including the need for mechanical lithotripsy (ML) and
procedure time. 

Materials And Methods
This study was conducted and reported in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analysis) guidelines [17].

I. Study selection 

This meta-analysis and systematic review included studies that (a) were RCTs and non-RCTs involving primary experimental designs; (b) were designed with
clearly de�ned interventions i.e. EPT+EPBD versus EPT; (c) included participants with CBD stones; (d) were published in English between 2003 and 2020; and
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(e) included one of the outcome variables. Studies were excluded if they (a) were published in a non-English journal; (b) were meta-analyses or review studies;
(c) did not include a comparison group. The study protocol has been registered with Prospero (number CRD42020171689). 

II. Search strategy and data sources 

Comprehensive searches of Embase, PubMed, and Web of Science were conducted for studies published between January 1, 2003 and February 2, 2020. A
medical librarian (MLF) assisted in developing the search strategies. Sets of keywords were used in conjunction with OR and AND to ensure that the search
was comprehensive. Additionally, we cross-referenced and manually searched the bibliographies of pertinent studies. Detailed search strategies and results
are summarized in S1 Appendix. The search yielded 1,228 articles, of which 845 non-duplicate citations were screened. Ten RCTs and eleven non-RCTs were
ultimately selected for analysis (Fig 1).

III. Data extraction and quality assessment

Two investigators (TWC and JLC) independently extracted study data including publication year, study design, study population, characteristics of the stones,
type of endoscopic technique performed, rate of successful �rst-session stone removal, the need for ML, and recorded adverse events. Eligibility for study
inclusion was based on these data. Any discrepancies or disagreements on which studies to include were resolved through consensus. When the study
investigators could not agree, a third investigator (JL) was consulted. 

We used the Cochrane Risk of Bias Tool to assess quality and risks of bias for the RCTs [18]  and the modi�ed Newcastle-Ottawa Scale (NOS) [19] according
to Cummings et al. 2010 [20] to assess quality and risks of bias for the non-RCTs. Two investigators (TWC and JLC) independently conducted quality
assessment of the RCTs and non-RCTs. The criteria used are presented in the supplementary �gure (Fig S3A and Fig S3B). Stone size was assessed by
comparing the largest diameter of the stone with the (ERCP endoscopic) diameter of the duodenoscope 12-13 mm, as measured on the cholangiogram. In
addition, dilatation balloon diameter (12,15,18,20 mm) was chosen according to the CBD stone size and was used as a reference for comparing CBD stone.
Despite a difference in balloon size, dilatation technique and management algorithm, there was only minor variation across the included studies, and the main
principle and purpose to remove CBD stones is similar among the expert endoscopists. The management algorithm and CBD stones size evaluation method in
included studies were summarized in table 1. In our study, subgroup analyses were performed based on the mean CBD stone size of the included studies that
they were divided into group A(small): <13mm, B (medium): 13-17 mm, and C(large): >17 mm. They were classi�ed based on reference to the diameter of the
(duodenoscope) (12-13 mm) or the diameter of dilation balloons (large: over 17 mm) [21, 22] for subgroup analysis. (Table2). In clinical practice, CBD stone
size is a variable which is di�cult to de�ne with millimeter precision. 

After checking the CBD stone measurement method for each included studies, we found that most studies assess CBD stone size, number and bile duct size
based on the cholangiogram �ndings during ERCP, and this was true for both RCTs and non-RCTs. Therefore, pooled data combining RCTs and non-RCTs was
performed for this meta-analysis to study the relationship between stones size and e�cacy of EPT+ EPBD in stone removal.

IV. Data synthesis and analysis

We used statistical software (Stata 15.0, Stata Corp, College Station, TX) to calculate pooled odds ratios (ORs), risk differences (RDs) or standardized mean
differences (SMDs) with 95% con�dence intervals (CIs) for each pairwise comparison [23]. Pooled ORs and their 95% con�dence intervals (CIs) were estimated
with a �xed effects model if there was no signi�cant heterogeneity, and with a random effects model if signi�cant heterogeneity existed. Two methods were
used to assess heterogeneity: the X2-based Q test, the results of which were considered to be statistically signi�cant if the P value was < 0.05; and I2 statistics,
wherein values 30~60% and 60~90% suggested moderate and substantial heterogeneity, respectively [24, 25]. Sensitivity analyses were performed to verify
the source of heterogeneity [18]. Relationships between stone size and outcomes (�rst stone clearance rate and ML usage rate) were analyzed using meta-
regression with the logarithmic ORs (log OR) as the dependent variable [26]. Log OR equal 0 means Odd ratio equal 1. Publication bias was assessed
qualitatively by inspecting funnel plots of logarithmic ORs (log OR) versus their standard errors, and quantitatively using the Egger regression test [27] and
Begg and Mazumdar adjusted-rank correlation test. Publication bias was considered present if the P value was < 0.1 [28].

Results
Ten RCTs [22, 29-37] and eleven non-RCTs [38-48] involving a total of 6285 patients with CBD stones disease were included in the analysis. Subgroup analysis
based on CBD stone size (small, medium and large) of included studies was conducted to assess the e�cacy and safety of EPT+ EPBD. Relationships
between stone size and clinical outcomes (i.e. initial stone clearance rate and need for ML) were further analyzed using meta-regression analysis.
Characteristics of the CBD stones and baseline patient demographics are summarized in Table 2. 

I. Primary outcome assessment: e�cacy of EPT+EPBD versus EPT on experimental studies and real-world studies

Meta-analysis on First Session Stone Clearance Rate of EPT+EPBD vs EPT for CBD Stones in RCTs and non-RCTs: EPT+ EPBD had a signi�cantly better
stone clearance rate during the �rst session of the intervention than EPT in both RCTs (OR = 1.95, 95% CI: 1.15~3.30, P = 0.013, I2 = 64.3%) and non-RCTs
(OR = 2.37, 95% CI: 1.38~4.06, P = 0.002, I2 = 68.7%) (Fig 2A).  

Meta-analysis on Mechanical lithotripsy usage Rate of EPT+EPBD vs EPT in CBD Stones in RCTs and non-RCTs: EPT+EPBD had a lower rate of ML than
EPT in both RCTs (OR = 0.39, 95% CI: 0.23~0.65, P < 0.0001, I2 = 66.1%) and non-RCTs (OR = 0.36, 95% CI: 0.23~0.65, P = 0.002, I2 = 62.5%) (Fig 2B). 

Meta-analysis on Procedure time of EPT+EPBD vs EPT in CBD Stones in RCTs and non-RCTs: Pooled data revealed that EPT+ EPBD had a shorter
procedure time than EPT in the RCTs (SMD = -0.72, 95% CI: -1.24~0.20, P = 0.007, I2 = 94.8%) (Fig S1A), but not in the non-RCTs (SMD = -0.44, 95% CI:
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-1.180~0.31, P = 0.249, I2 = 92.2%).  

II. Subgroup analysis based on stone size (according to the diameter of the duodenoscope 13mm and large dilatation balloon 18 mm) 

Subgroup analysis was performed according to studies with different stone sizes.   (group A: ≤13 mm, group B: 13-17 mm, and group C: >17 mm). 

Pooled Rate Ratio for Subgroup Analysis in RCTs and non-RCTs for First Session Stone Clearance Rate and Mechanical lithotripsy usage rate: EPT+EPBD
had a signi�cantly better initial stone clearance rate than EPT in Group   (OR = 2.3, 95% CI: 1.17~4.54, P = 0.016, I2 = 0% in RCTs and OR =4.24, 95% CI:
2.04~8.83, P < 0.0001, I2 = 0% in non-RCTs) but not in Group B and Group A in both RCTs and non-RCTs based on this meta-analysis (Fig 3A and Fig3B). 

In the RCTs, EPT+EPBD had a lower rate of ML than EPT in Group B (OR = 0.24, 95% CI: 0.072 ~0.819, P=0.022, I 2=80.8%) but not in Groups A and C (Fig
S2A).  In the non-RCTs EPT+EPBD had a lower rate of ML than EPT in Group C (OR = 0.20, 95% CI:0.060~0.692, P = 0.011, I 2= 56%) but not in Groups B
and A (Fig S2B). 

Pooled Rate Ratio for Subgroup Analysis in combining RCTs and non-RCTs for First Session Stone Clearance Rate,  Mechanical Lithotripsy usage rate
and Procedure Time: Pooled data combining RCTs and non-RCTs studies was performed for e�cacy analysis, EPT+ EPBD had a signi�cantly better initial
stone clearance rate than EPT in group C (OR = 3.05, 95% CI: 1.86~5.03, P <0.0001, I2 = 0%) and group B (OR = 2.3, 95% CI: 1.20~4.77, P = 0.013, I2 =
78.3%), but not in group A (OR = 1.43, 95% CI: 0.9~2.77, P = 0.128, I2 = 0%) (Fig 4A). In addition, EPT+ EPBD had a lower ML usage rate than EPT in group
C (OR = 0.31, 95% CI: 0.13~0.73, P = 0.007, I2 = 57.0%), group B (OR = 0.34, 95% CI: 0.15~0.77, P = 0.010, I2 = 77.8%) and group A (OR = 0.56, 95% CI:
0.33~0.95, P = 0.033, I2 = 0%). Even though EPT+EPBD was better than EPT in each subgroup in this analysis, the Odds ratio in groups C and B were
better than in group A (Fig 4B). In procedure time analysis, EPT+ EPBD had a signi�cantly shorter procedure time than EPT in group B (SMD = -1.20, 95%
CI: -2.08~-0.32, P = 0.008, I2 = 95.8%) but not in group A (SMD = -0.26, 95% CI: -1.32~0.31, P = 0.633, I2 = 94.5%) or group C (SMD = -0.12, 95% CI:
-0.38~0.13, P = 0.341, I2 = 24.8%) (Fig S1B).

III. Meta regression analysis size of CBD stone correlation with log odds ratio (EPT+EPBD vs EPT) for �rst stone clearance and mechanical lithotripsy usage
rate 

In meta-regression analysis for group B, size of CBD stones had a better coe�cient with Log OR (EPT+EPBD vs EPT) and Log OR far away from 0 in �rst
stone clearance rate (slope coe�cient up to 1.88), indicating that initial stone clearance rate for EPT+EPBD is more superior than EPT as stone size
increases.  In group A and C, size of CBD stones had a negative slope coe�cient with a trend of log OR near 0. (Log OR = 0 means Odd ratio = 1). The
slope coe�cient became negative and near 0 especially in group C with larger size stone, indicating that initial stone clearance rate for EPT+EPBD was
more equivalent and not better than EPT. (Fig 5A). 

In meta-regression analysis correlation of log OR with stone size in mechanical lithotripsy usage rate:        in group B analysis, Log OR was negative (OR
<1) and far away from 0 indicating that EPT+EPBD required less mechanical lithotripsy usage than EPT, in contrast a trend of log OR near 0 in group A
and C studies, indicating that the frequency of ML usage for smaller size stone in group A and larger size stone in group C became more equivalent for
both EPT+EPBD and EPT (Fig 5B).

Quality assessment results

All of the ten RCTs were of moderate-to-high quality and three had allocation bias (Fig S3A). Of the eleven non-RCTs, ten did not indicate how the sample size
was calculated, and seven had partial adjustments of confounding factors related to the papilla (i.e. the presence of periampullary diverticulum and naïve
papilla or post-sphincterotomy). Eight non-RCTs were of high quality (Fig S3B).

Publication bias

A funnel plot showed symmetry, and 8/10 RCTs and 9/11 non-RCTs were within the 95% con�dence limit, as shown in FigS4A and FigS4B. Egger's test [27] for
small-study effects showed t = 2.15, P = 0.063 for the RCTs and t = -1.93, P = 0.086 for the non-RCTs. Begg's test [28]for small-study effects showed z = 0.54,
Pr > |z| = 0.592 (continuity corrected) for the RCTs and z = 2.18, Pr > |z| = 0.029 (continuity corrected) for the non-RCTs.

Discussion
The ease of removing CBD stones after an EPT depends on the anatomy and con�guration of the papilla and size of distal CBD. Gauging the adequacy of an
EPT is often made by pulling a bowed papillotome through the cut ori�ce to determine if there is any resistance. A combined EPT+EPBD offers a more
effective way of destroying the biliary sphincter as the radial expansion force provides stretching and more complete tear of the sphincter muscle, and the size
of the opening is indicated by the diameter of the dilation balloon. The usual assessment of stone size is done by referencing the instrument used (e.g.
diameter of a therapeutic duodenoscope 13 mm, or a fully in�ated dilation balloon is >17 mm). 

Our analysis showed that combined EPT+EPBD had a signi�cantly higher success rate of removing medium size (13~17mm) CBD stones during the initial
ERCP and required less ML to assist in ductal clearance than EPT based on both RCTs and non-RCTs. 

According to meta-analysis in non-RCTs, we found that the e�cacy study on real-world non-RCTs are similar and comparable to RCTs studies (Figure 2A,
Fig2B and Fig 3A, Fig 3B). These similar results were partial attributed to the nature of the ERCP procedure which is skill and technology dependent as well as
clinical factors like stone size that in�uenced the therapeutic outcome which could not be blinded during the experimental studies. In contrast, well designed
non-RCT studies can preserve the basic parameters and re�ect the real-world status than experimental studies especially on therapy strategy. (FigS2A and
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FigS2B). In order to verify the true e�cacy of EPT+EPBD in removal CBD stone among different stone size, we combined non-RCTs and RCTs data after
performing quality assessment on each study (FigS3A and FigS3B), the management algorithm and CBD stones size evaluation method (Table 1).  

In our meta-analysis, it showed that EPT+EPBD had a signi�cantly better stone clearance rate than EPT in the initial ERCP session for groups B and C. (Fig
4A). Meta-regression analysis revealed EPT+EPBD was more superior than EPT in group B with a better OR correlation and more e�cacy in initial stone
clearance rate, but the coe�cient of Log OR slope became negative and near 0 for group C meaning the OR is decreasing and near 1 as stone size increases in
group C that limits the e�cacy EPT+EPBD (studies with large size CBD stone). (Fig5A)

Mechanical lithotripsy is often needed to reduce stone size to facilitate removal. Teoh et al. [37], Xu et al. [16] and Jin et al. [15] reported that EPT+EPBD
required less ML than EPT in CBD stone clearance, whereas a meta-analysis by Feng et al. [13] reported no difference. In our analysis, EPT+EPBD had a much
lower ML usage rate than EPT. In subgroup analysis, meta-regression showed that EPT+EPBD had less ML usage rate than EPT in group B. (Log OR negative
and below 0).  In group A and C, the usage of ML was similar between EPT+EPBD and EPT for log OR near 0 (Odd ratio=1) (Fig 5B). This indicates that the
frequency of the usage of ML for removal of smaller stone in group A and larger stone in group C was similar for both EPT+EPBD and EPT. The larger size
stone in group C also limits the e�cacy of EPT+EPBD in stone removal .  

With regards to procedure time, EPT+EPBD had shorter procedure time than EPT in the RCTs, and especially for stones in group B (Fig S1B). 

It is understandable that small stones may not require lithotripsy because extraction is easy with either procedures. However, larger stones will often require
lithotripsy to fragment the stone to facilitate extraction and ductal clearance. EPT+EPBD is more effective in destroying the sphincter of Oddi and thus achieve
better patency for the exit passage (distal bile duct and sphincterotomy), which facilitates stone extraction and reduces the risk of stone impaction. 

The sphincter of Oddi consists of two groups of circular muscles: the common sphincter (1st ring) and the biliary sphincter (2nd ring), which is known as the
“two-ring theory”[49]. EPT+EPBD can open both rings, while EPT can only cut the distal 1st ring. EPT+EPBD is therefore more effective in opening both biliary
and common sphincters than EPT to facilitate clearance of medium stones (group B). Larger stones (group C) which approach the maximum diameter of
dilation balloons will likely require more ML for stone fragmentation to facilitate ductal clearance. In summary EPT+EPBD in Group B had better e�cacy than
group A and C as shown in this meta-analysis. Future prospective studies may allow for better comparison between the two techniques with regard to CBD
stones size range.

To the best of our knowledge, this meta-analysis is the �rst to evaluate the e�cacy of EPT+EPBD versus EPT based on CBD stone size. However, there are
some limitations to this study. We only included articles that were published in English, and some studies did not de�ne post-ERCP adverse events clearly. In
addition, small variations in the combined technique of EPT and EPBD existed among the studies.  These variations and bias were veri�ed during the study
and in order to minimize their in�uence on outcome analysis.

Conclusions
EPT+EPBD has different e�cacy among small, medium and large CBD stones as compared with EPT.

For small CBD stones (group A), EPT+ EPBD has similar initial stone clearance rate as EPT.

For medium CBD stones (group B), EPT+EPBD has signi�cantly better �rst session CBD stone clearance rate and required less mechanical lithotripsy than
EPT. 

For large CBD stones (group C), the initial stone clearance rate for EPT+EPBD was more equivalent and not better than EPT. This may limit the e�cacy of
EPT+EPBD for large size stone.
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CBD - Common bile duct

ERCP - Endoscopic retrograde cholangiopancreatography
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MRCP - Magnetic resonance cholangiopancreatography
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NOS - Newcastle-Ottawa scale
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Tables
Table 1.  Included studies for EPT+EPBD management algorithm, balloon size and dilatation technique, evaluation methods for CBD stone size and procedure
time
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Study 

 

RCT/Non-
RCT

Article
(year) 

Country

/region 

 

Reference
no 

  EPT+EPBD management algorithm EPT
management algorithm: 

Standard and full EPT

(trying to incision up to
the major horizontal
fold)

CBD stone
evaluation
method

(max diameter
stone size ref.
from scope on
cholangiogram)

Mini
EPT
before
EPBD
(1/3 or
1/2 or
full
length
of
papilla)

EPBD balloon size
(mm)

EPBD

(in�ated till
balloon narrow
waist line
disappearance)

Duration of
balloon
dilatation after
waistline
disappearance
(s)

RCT Kim 

2009

Korea

 31

 1/2 15-18 

 

waist line
disappearance

N/A Full EPT ref. from scope
on
cholangiogram

RCT Qian

2013

China

 29

 1/3
~1/2

12-20

 

waist line
disappearance

30 Full EPT ref. from scope
on
cholangiogram

RCT Karsenti

2017

France

 30

Normal
EPT

12-20

 

waist line
disappearance

30-60 Full EPT ref. from scope
on
cholangiogram

RCT  Stani�dis

2011

Greece

21

Normal
EPT

15-20 waist line
disappearance

10-12 Full EPT ref. from scope
on
cholangiogram

RCT Mu

2015

China

32

 1/3 

3-5 mm

12-20 waist line
disappearance

30-60 Full EPT

10-15 mm

Cholangiogram
 

 CT and MRCP 

RCT Guo 

2015

China

33

1/3~1/2 10-15 waist line
disappearance

N/A Full EPT ref. from scope
on
cholangiogram

RCT

 

Chu 

2016

China

34

1/3 12-20 waist line
disappearance

60 Full EPT ref. from scope
on
cholangiogram

RCT Li

2013

China

36

1/3 15-18 waist line
disappearance

60 Full EPT ref. from scope
on
cholangiogram

RCT Teoh 

2013 (a)

Hong
Kong 37

1/3 ~
1/2 

12-15 waist line
disappearance

30 Full EPT ref. from scope
on
cholangiogram

RCT  Heo

2007

Korea

35

1/3 12-20 waist line
disappearance

60 Full EPT ref. from scope
on
cholangiogram

Non-RCT Guidi

2015

Argentina

43

1/2 12-20 

 

waist line
disappearance

60 Full EPT

(Wide ES)

ref. from scope
on
cholangiogram

Non-RCT Tsuchida

2015 (b)

Japan

44

Normal
EPT

15-20 

 

waist line
disappearance

15 Normal EPT ref. from scope
on
cholangiogram

Non-RCT Xu 

2017

China

45

1/3 ~
1/2

12-20 waist line
disappearance

60 Full EPT ref. from scope
on
cholangiogram

Non-RCT Rosa

2013

Portugal

40

1/3~
1/2

12-18  waist line
disappearance

60 Full EPT ref. from scope
on
cholangiogram

Non-RCT Itoi 
 2009

Japan

38

 1/2
~2/3

15-20 

 

waist line
disappearance

15-30 2/3 to full EPT ref. from scope
on
cholangiogram

Non-RCT Park

2014

Korea 

41

 1/3 ~
1/2 

10-18 

 

waist line
disappearance

10-60  Full EPT ref. from scope
on
cholangiogram

Non-RCT Guo

2014

China

48

 1/3 ~
1/2

10-15

 

waist line
disappearance

30-60 Full EPT ref. from scope
on
cholangiogram

Non-RCT Turner

2014 (C)

New
Zealand
46

Normal
EPT

10-20  Dilated to
middle third of
bile duct to
max size 

N/A Full EPT  CT, MRCP 

Cholangiogram



Page 10/15

Non-RCT Kim

2011

Korea

39

  1/3  15-20  waist line
disappearance

30 Full EPT ref. from scope
on
cholangiogram

Non-RCT Kuo   

2019 (C)

Taiwan

47

  1/2   12-20 3-8 atm for
2mins and 1
atm for 2 mins

N/A Full EPT ref. from scope
on
cholangiogram

Non-RCT Paik   

2014 (C)

Korea

42

1/3 ~
1/2 

12-20 Dilated to
estimate size

30-60 Full EPT  ref. from scope
on
cholangiogram

1.EPT, endoscopic sphincterotomy; EPBD, large balloon dilation; N/A, not applicable; ref., reference

2. (a) and (b) means studies have small variations on estimated procedure time (†: time between randomization and occlusion cholangiogram, ‡: time
between identify frontal imaging of Vater’s papilla to the end of the stone removal procedure)

3. (c) means studies with modify EPBD by in�ation dilatation balloon to estimate target size on cholangiogram or to estimate target pressure

 

Table 2. Characteristics of CBD stones and baseline patient data of the included studies in comparisons of EPT+EPBD vs EPT
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Study
RCT
/ Non-
RCT

Article
(year)

Country

/region
Reference
no 

Pts NO

 

EPT+EPBD

EPT

Age(y) 

 

EPT+EPBD

EPT

Gender

M/F

EPT+EPBD

EPT  

Inclusion 

criteria:

CBD
stone
size(mm)

Mean CBD stone
size(mm)

Diameter
of CBD
(mm)

EPT+EPBD

EPT

No of CBD
stones

EPT+EPBD
EPT

Dive
%

EPT

EPT

 RCT Kim   

2009

Korea

 31

     27 

  28

70.3(8.7)

69.8(9.2)

10/15

11/14

>15 mm 21.1 (c) 21.4(6.3)

20.5(5.7)

2.2(1.3)

2.3(1.2)

33.3

35.7

RCT Qian  

2013

China

 29

     63 

  69

67.3(23.4)

68.4(22.8)

32/31

36/33

>15 mm 20.4 (c)

 

22.4(7.3) 

21.5(6.5)

2.2(1.2)

2.3(1.3)

30.1

30.4

RCT Karsenti 

2017

France

 30

     77 

  73

76.7(11.9)

80.9(11.6)

26/51

31/42

>13 mm 16.4 (b)  16.8(4.7) 

16.9(3.9)

2.8(3.3)

3.6(3.8)

26.0

24.7

RCT  Stani�dis

2011   

 

Greece

21

 12/13 

 16/16 

 17/16 

69.4(17.8)

68.2(18.9)

 

24/21

22/23

>12mm   18 (c)

15.5 (b) 12.5(a)   

16.8(3.7)
16.5(4.2)

N/A N/A

RCT Mu      

2015

China

32

147 

144

35.8(21-45)

(total)

 N/A >10 mm 13.2 (b)

 

 N/A Single~
multiple

N/A

RCT Guo    

2015

China

33

     85 

  85

63(16) 

59(16)

46/39

43/42

>10 mm  10 (a) 1.2(1.1-
3.0)

1.2(1.1-
4.0)

Single~

multiple

54.1

31.8

RCT

 

Chu  

2016

China

34

     33 

  31

64.8 (5.5)

65.6(7.4)

15/18

18/14

>10 mm N/A (d) 18.1(4.2)  

17.9(5.5)

Single~

multiple 

36.4

34.4

RCT Li      

2013

China

36

     232

  230

61.8(16.7) 60.6(16.6) 96/136

87/143

Not
limited

N/A (d) 13.2(3.7) 

12.7(3.5)

Single~

multiple

40.1

44.3

RCT Teoh   

2013

Hong
Kong 

37

     73

  78

71.6(14.8)

72.9(13.4)

32/41

40/38

>13 mm 12.8 (a) 15(13-30) 

15(13-50)

Single~

multiple

 N/A

RCT  Heo   

2007

Korea

35 

100

100

64.4(12.8)

62.8(15.7)

 48/52

 50/50

<40 mm  16.5 (b)  N/A Single~

multiple

49%

45%

Non-
RCT

Guidi  

2015

Argentina

43

     44     

  69

56.7(21-88) 54.3(23-
86)

31/13

46/23

>20mm >20 (c) N/A N/A N/A

Non-
RCT

Tsuchida 

2015

Japan

44

     34 

  36

78.5(1.85)

74.2(1.97)

17/17

20/16

>15 mm 18.2 (c) 15.4(0.5)

16.6(0.8)

3.5(0.5)

3.0(0.3)

70.4

61.1

Non-
RCT

Xu     

2017

China

45

     73 

  76

59.7(12.4)

62.1(13.7)

47/26

45/31

>10 mm 16.7 (b) 17.5(4.6)
18.1(5.7)

2.9(1.1)

2.3(1.9)

12.3

14.5

Non-
RCT

Rosa  

2013

Portugal

40

     68 

  43

70.8(13.4)

72.8(12.4)

23/45

15/28

>10 mm 16.5 (b)  17.1(3.4) 

16.4(7.2)

Single~

multiple

N/A

Non-
RCT

Itoi    ‡
 2009

Japan

38

     53

  48

75.3(12.8)

72.6(14.6)

20/33

28/30

>13 mm 15 (b) 17.0(3.7) 

18.1(4.3)

3.2(3.1)
3.0(2.8)

47.2

58.3

Non-
RCT

Park 

2014

Korea 

41

  99      207 75.5(11.3)

73.3(11.4)

53/46

109/98

>10 mm 14.2 (b) 18.6(7.0)
20.8(7.9)

Single~

multiple

42.4

42.5

Non-
RCT

Guo  

2014

China

48

     64

  89

68.5(10.9)

67.3(9.8)

33/31

48/41

>10 mm 12.5 (a) 15.1(3.3) 

15.4(3.6)

Single~

multiple

35.9

34.8

Non-
RCT

Turner 

2014

New
Zealand

46

     51

292

76(29-92) 69(15-92) 21/33

118/174

>10 mm  11 (a) N/A N/A N/A

Non-
RCT

Kim   

2011

Korea

39

     72

  77

69.3(12.4)

69.4(12.0)

39/33

38/39

>10 mm N/A (d) 17.5(3.3) 

18.6(4.4)

Single~
multiple 

56.9

49.3



Page 12/15

Non-
RCT

Kuo  

2019

Taiwan

47

     58

  31

74(55-98)

68(45-88)

26/32

18/13

>15 mm 17.5 (c) 18(11-40)

20(11-27)

Single~
multiple

46.6

38.7

Non-
RCT

Paik 

2014 

Korea

42

     49

  41

68(38-92)

72(49-89)

31/18

14/27

Large
CBD
stones

16.6 (b) 20.9(0.7) 

20.7(0.9)

Multiple 

 

40.8

38.6

1. EPT, Endoscopic sphincterotomy; EPBD, large balloon dilation; N/A, not applicable

2. According to the mean size of the CBD stones, studies divided into subgroup analysis (a): group A (small) <13mm;  (b): B (medium) 13-17 mm, and (c):
C(large) >17 mm

3. (d) means studies with unavailable mean CBD stones size and not included in subgroup analysis 

Figures

Figure 1

Flow Diagram of Studies Included in the Meta-analysis
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Figure 2

Pooled Rate Ratio for First Session Stone Clearance Rate (left panel) and Mechanical Lithotripsy Usage Rate (right panel) of EPT+EPBD vs EPT in CBD Stones
in the RCTs and non-RCTs

Figure 3

Pooled Rate Ratio for Subgroup Analysis according CBD stone size in First Session Stone Clearance Rate of EPT+EPBD vs EPT in the RCTs (A) and non-
RCTs(B)
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Figure 4

Pooled Rate Ratio for First Session Stone Clearance Rate (left panel) and Mechanical Lithotripsy Usage Rate (right panel) of EPT+EPBD vs EPT in CBD Stones
in Subgroup Analysis

Figure 5

Pooled Rate Ratio for First Session Stone Clearance Rate (left panel) and Mechanical Lithotripsy Usage Rate (right panel) of EPT+EPBD vs EPT in log OR
Correlation with CBD Stone Size in Meta-regression Analysis 

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.



Page 15/15

20220317MaintextBMCGastroenterologySupplementalmaterialnew.docx

https://assets.researchsquare.com/files/rs-1405989/v1/d9858ea19fc14883aca6e085.docx

