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Is Endoscopic Balloon Dilation Still Associated With
Higher Rates of Pancreatitis?

A Systematic Review and Meta-Analysis

Carolina Ogawa Matsubayashi, MD,* Igor Braga Ribeiro, MD, *
Diogo Turiani Hourneaux de Moura, MD, MSc, PhD,*7 Vitor Ottoboni Brunaldi, MD,*
Wanderley Marques Bernardo, MD, PhD,* Kelly E. Hathorn, MD,
and Eduardo Guimardes Hourneaux de Moura, PhD*

Abstract: The objective of this study was to compare the efficacy and
safety of endoscopic papillary balloon dilation (EPBD), endoscopic
sphincterotomy (ES), and the combination of large balloon dilation
and ES (ES + EPLBD) in the treatment of common bile duct stones,
with a special focus on postendoscopic retrograde cholangiopancre-
atography (ERCP) pancreatitis (PEP). Individualized search strategies
were developed in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines. We included randomized controlled
trials (RCTs) which evaluated at least one of the following outcomes: PEP,
complete stone removal in the first ERCP, need for mechanical lithotripsy,
recurrence of common bile duct stones, bleeding, and cholangitis. Twenty-
five RCTs were selected for analysis. Pancreatitis rates were higher for
EPBD than for ES (P = 0.003), as were severe pancreatitis rates (P = 0.04).
However, in the 10-mm or greater balloon subgroup analysis, this difference
was not shown (P = (.82). Rates of PEP were higher in the subgroup of
non-Asian subjects (P = 0.02), and the results were not robust when RCTs that
used endoscopic nasobiliary drainage were omitted. The incidence of
pancreatitis was comparable between EPLBD and ES + EPLBD. All 3
approaches were equally efficacious. Nevertheless, the results should
be interpreted with caution, because pancreatitis is a multifactorial pa-
thology, and RCTs can have limited generalizability.

Key Words: common bile duct stone, balloon dilation,
endoscopic papillary balloon dilatation; endoscopic sphincterotomy, lithotripsy

(Pancreas 2020;49: 158-174)

P ancreatitis is one of the major complications in endoscopic
retrograde cholangiopancreatography (ERCP), with an inci-
dence of 3% to 15%,' depending on the risk factors related to
the patient and the procedure. One such factor is the type of ac-
cess to the biliary tract for removal of stones from the common
bile duct (CBD), which can be achieved through the use a vari-
ous techniques, the standard technique being endoscopic
sphincterotomy (ES).? In complex cases, it can be necessary to
use a combination of methods.>*
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Endoscopic papillary balloon dilation (EPBD), first de-
scribed by Staritz et al,> was introduced as an alternative to
ES for the removal of bile duct stones, to minimize the adverse
effects of the procedure. However, the method has become ob-
solete, especially in non-Asian countries, due to the higher in-
cidence of post-ERCP pancreatitis (PEP) after EPBD.®® More
recently, EPBD has been indicated mainly for patients with coag-
ulopathy and a history of gastrointestinal surgery in whom ES is
risky or technically challenging.” However, ES alone is less
efficacious for the treatment of large bile duct stones and me-
chanical lithotripsy (ML) is often needed. In this context,
Ersoz et al'® modified the technique by using large balloon
EPBD after ES (ES + EPLBD), achieving good results. Although
subsequent studies supported those findings, the best choice of tech-
nique and type of access remain controversial.! !> Recently, some au-
thors have adopted EPLBD without precutting the papilla, reporting
good rates of bile duct clearance under safe conditions, with no in-
creased risk of pancreatitis.'>'> Consequently, the real incidence of
PEP due to balloon dilation itself has come into question.'®

Although the management of EPLBD is explained in current
guidelines, some aspects remain unclear, especially regarding
pancreatitis rates.'”!® In addition, since the last meta-analysis,
more trials comparing EPLBD with other techniques have been pub-
lished. In this context, the primary purpose of this systematic review
and meta-analysis was to compare EPLBD, ES, and ES + EPLBD for
the treatment of choledocholithiasis, exploring the incidences rates
for PEP. A secondary aim was to evaluate success rates, the need
for ML, and other post-ERCP complications.

METHODOLOGY

This systematic review and meta-analysis was conducted
in accordance with recommendations outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
statement.'? It was also registered in the International Prospec-
tive Register of Systematic Reviews database (Registration
no. CRD42018111392).

Inclusion Criteria

We included only randomized controlled trials (RCTs) that
met all of the patient-intervention-comparison-outcome criteria,
defined as follows: patient (patients who underwent ERCP for
the treatment of CBD stones); intervention (EPBD or EPLBD);
comparison (ES or ES + EPLBD); and outcome (evaluating at
least 1 outcome). The primary outcome was PEP. The secondary
outcomes were complete stone removal at the first ERCP, the need
for ML, recurrence of bile duct stones, and other post-ERCP com-
plications (bleeding and cholangitis). Only full-text articles were
considered eligible.
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Search Strategy Assessment of Risk of Biases and Quality
of Evidence

Eligible RCTs were assessed for biases using a standardized
table regarding randomization, allocation, losses, outcomes, selective
reporting, sample size calculation, and intention-to-treat analysis. We
assessed the overall quality of the evidence for each outcome, grading

We conducted a comprehensive, systematic search of the
scientific literature to identify all published and unpublished
RCTs. To that end, we searched the Excerpta Medica, MEDLINE
(PubMed), and Cochrane Central Register of Controlled Trials da-
tabases for RCTs published up through June 2019. We used the it as very low, low, moderate, or high, according to the Grading of

following search strings: (calcul* OR stone* OR lithiasis OR Recommendations Assessment, Development and Evaluation

gci{lls tzn Ze lo }lj Ch. Olilgchlit}ZaSis QR CO”,';Z” on 5 illel duc;iisea;es (GRADE) criteria, using the GRADEpro Guideline Development
OR cholelithiasis) (endoscopic papillary balloon dilatation Tool.?! In judging the quality of the evidence, we examined the

OR .balloon dilation OR .balloon cat.heter OR pap illotory OR following variables: risk of bias; inconsistency of results; impreci-
Sp h;ncterop las.ty OR Sphincterop last}es OR_ sphincterotomy OR sion; indirectness; publication bias; dose—effect response; magni-
sphincterotomies OR precut OR Papillotomies). tude of the effect; and plausible confounders.

Study Selection and Data Extraction Data Analysis
We performed statistical analyses using Review Manager,
Two authors, working independently, reviewed all titles and version 5 (RevMan 5, The Cochrane Collaboration, Copenhagen,

abstracts for potential inclusion, as well as the full texts of the ar- Denmark, 2014). Pooled estimates were calculated with the fixed
ticles selected. A third author resolved any disagreements. The effect model devised by Mantel and Haenszel** and presented
following data were retrieved from each article: first author; pub- with 95% confidence intervals (CIs). Risk differences (RDs) were
lication year; number of patients; baseline characteristics; risk of used to compare all outcomes. Heterogeneity was assessed using
bias; interventions; and outcomes, which were collected on an the Higgins test (/%),>> and we considered the 7 interpretation
intention-to-treat basis when possible. thresholds suggested in the Cochrane Handbook.?* For outcomes

Our study involved 2 different groups: Balloon dilation with high heterogeneity, we initially inspected the forest plots and
versus ES (EPBD or EPLBD compared with ES); and EPLBD funnel plots to identify publication bias. If an outlier study was not
versus EPLBD + ES. We accepted the author definitions of PEP detected and bias could not be attributed to another factor, true

and extracted the overall incidence of pancreatitis. In addition, heterogeneity was presumed and the pooled estimates were com-
we ran a separate analysis of the severe cases, classified prefera- puted using the random-effects model devised by DerSimonian
bly according to Cotton et al.>° Bleeding was recorded only in and Laird. >

cases of clinical (not just endoscopic) evidence of bleeding, or For the main outcome, a leave-one-out analysis was carried
when it occurred 48 hours after the procedure, or when there out by removing 1 study at a time to examine the influence that
was a 22 g/dL decrease in hemoglobin levels, or when there each individual study had on our estimate.2® For all outcomes,
was a need for blood transfusion. we performed sensitivity analysis by excluding studies with

Records identified through
Embase (n =9971)
Cochrane (n = 320)

Records identified through
MEDLINE search (n = 6341)

Y
[ Records after duplicates removed ]

(n = 10,415)

("~ Records excluded by abstract with )
the following exclusion criteria:
Records screened) - Not RCT: 247
(n =359) - Duplicate: 18
- Other treatments: 26

N\ J
( 43 articles excluded with reasons: \
-Not RCT: 22; -No data (Cochrane): 3

-Not full text: 6; -Duplicate: 1

[ Articles assessed for eligibility

|

(n = 68) -Other techniques: 10
\ -RCT balloon time: 1 )
Studies included in qualitative and quantitative synthesis (meta-analysis)
(n=25)
FIGURE 1. Study flow diagram.
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unclear or high selection bias. We also investigated whether the
rates of PEP and severe PEP would be different if patients re-
ceived only endoscopic nasobiliary drainage (ENBD) as a fac-
tor of protection.

Given the difference between interventions and based on pre-
vious statements, we prespecified subgroup analyses for the out-
comes, pancreatitis, need for ML, and stone removal, by
balloon size (210 mm vs <10 mm). Regarding PEP, we also
performed a subgroup analysis separating the RCTs conducted
in non-Asian countries and those conducted in Asian countries,
because it has been suggested that ethnic differences can have
an influence.?’

RESULTS

The study selection process yielded 10,415 studies (Fig. 1).
Initially, 10,391 studies were excluded. Of those, 7 were excluded
because the full text was not available.2>* However, for one of
those 7 studies, which was published only as a conference ab-
stract, we were able to obtain the full text directly from the au-
thor.** Therefore, the meta-analysis included 25 full-text RCTs.

The balloon dilation versus ES group comprised 22
studies,®**>* and the EPLBD versus ES + EPLBD group com-
prised 4 studies,?”>%33%5 with collective totals of 2871 and 519
subjects, respectively. Two studies performed both comparisons
and were therefore included in both groups.>®>® The characteris-
tics of the 25 articles are described in Tables 1 and 2.

Because of the nature of the interventions, none of the
endoscopists performing the procedure were blinded to the arm
of the study to which a given patient had been assigned. There
were 3 studies with substantial (>20%) losses to follow-up.>”#'*
In 3 studies, there was a baseline characteristic that differed signif-
icantly between the balloon arm and the comparison arm and
could have led to some degree of bias: younger patients in the bal-
loon dilation arm®>?; stones greater than 15 mm in the balloon di-
lation arm; and a higher proportion of patients with cirrhosis in
the balloon dilation arm.*? In another 2 studies,>*>* the authors
did not include data for the size/number of stones or the diam-
eter of the CBD, so we considered the distribution of the pa-
tients unclear. For all 25 studies, quality and risk of bias are
described in detail (Fig. 2).

Comparison 1: Balloon Dilation Versus ES

Pancreatitis

Of the 22 studies in the balloon dilation versus ES group,
only one was not eligible for inclusion in the calculation of the ef-
fect sizes for pancreatitis and severe pancreatitis (Figs. 3 and 4).%3
Four studies®*%4>% defined severity in a manner different from
that outlined by Cotton et al,® and 3 others did not specify the
criteria applied #0464

In the initial analysis, balloon dilation significantly increased
the incidence of PEP in comparison with ES (RD, 0.03; 95% CI,
0.01-0.04; P=0.003). An ? of 51% was considered moderate be-
cause, although the direction of the effect is clear, the confidence
interval is narrow. Severe cases were also significantly more com-
mon in the balloon dilation arms (RD, 0.01; 95% CI, 0.00-0.02;
P=0.04; P, 0%).

Sensitivity Analysis

As shown in Table 3, the leave-one-out sensitivity analysis
showed that after exclusion of the Disario et al study,® pancreatitis
rates had a tendency to be higher in the balloon dilation arms, al-
though there was no statistical significance (RD, 0.02; 95% CI,
—0.00 to 0.03; P = 0.10; , 25%). For the incidence of PEP and
severe PEP, the results were robust after 6 studies with selection
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TABLE 2A. Balloon Dilation Versus Sphincterotomy: Characteristics of the Procedures

Balloon Pancreatitis Score
Author Size, mm Use of ENBD Use of NSAIDs Other Characteristics Classification
Armnold et al, 2001 8 NR WHO
Bergman et al, 2001* 8 NR Use of needle knife Cotton et al*®
Bergman et al, 2001%° 8 No Pancreatography: Cotton et al*®
EPBD = 64 (69%);
ES =54 (62%)
Bergman et al, 1997°7 8 No When complete stone Cotton et al*®
removal was not possible
after EBD or after a
maximum of 60 min, an
additional sphincterotomy
was done as an “escape”
procedure
Chu et al, 2017 Range, 12-20 In all patients Prophylactic pancreatic Freeman et al’
stents used on a
case-by-case basis
Disario et al, 2004° 8 NR Pancreatography: Cotton et al*®
EPBD = 57 (49%);
ES =57 (48%)
Fu et al, 2013%? Range, 10-12 Post-procedure, NR Did not exclude previous Cotton et al*°

in all patients

Fujita et al, 2003°" Range, 4-8

Post-procedure gabexate: ES after precut ES, when
EPBD = 137 (99%);
ES = 137 (95%)

ES, use of precut ES

Cotton et al*®
deep cannulation of the

bile duct was not possible

Guo et al, 2015 Range, 10-15 Post-procedure, in all patients NR Cotton et al*®
Kogure et al, 2015**  Range, 15-18 NR ASGE lexicon
Lin et al, 2004* Range, 8-12 NR Unclear
Minakari et al, 2013>° Range, 12-15 NR Cotton et al?°
Minami et al, 1995>* Not clear EPBD = 3 patients NR Unclear
Natsui et al, 2002%° 8 After incomplete NR Cotton et al*
stone removal
Ochi et al, 1999°° 8 No Cotton et al®®
Oh and Kim, 2012*®  Range, 10-18 After incomplete Gabexate mesylate Pancreatography: Ranson+Glasgow
stone removal in all patients EPBD =5 (13%);
ES =8 (19%)
Omar et al, 20177 Range, 12-15 After incomplete stone NR Cotton et al*°
removal: EPBD = 6
(61%); ES = 14 (22%)
Seo et al, 2013%7 Range, 6-10 NR Cotton et al*°
Takezawa et al, 2004% 8 NR Cotton et al*®
Tanaka et al, 2004** 8 Indicated for pancreatitis ~ Indicated for pancreatitis Cotton et al*®
and cholangitis: and cholangitis:
EPBD=1;ES=6 EPBD=1;ES=6
Vlavianos et al, 2003%! 10 NR Precut ES if cannulation Cotton et al®®
was not possible
Watanabe et al, 2007+ 8 Intravenous gabexate Liver cirrhosis: EPBD =5 Cotton et al*
mesylate for 3 days
Yasuda et al, 20014 10 Unclear

WHO indicates World Health Organization; ASGE, American Society for Gastrointestinal Endoscopy.

bias had been excluded.3%*4%°05% However, after 6 RCTs in
which patients benefited from ENBD had been omitted,>>7-38-52-5¢
the rates of PEP and severe PEP were significantly higher in the bal-
loon dilation arms.

Subgroup Analysis

The subgroup analysis of balloon size showed signifi-
cantly higher rates of pancreatitis in the <10 mm balloon sub-
group (RD, 0.06; 95% CI, 0.03—0.08; P < 0.0001; P, 56%;
Fig. 5). In the subgroup of studies conducted in non-Asian

162 | www.pancreasjournal.com

countries,®> 744849 the rates of pancreatitis were also significantly

higher (RD, 0.06; 95% CI, 0.02-0.09; P = 0.0009; 7, 61%; Fig. 6).
For severe pancreatitis (Figs. 7 and 8), the non-Asian country sub-
group was the only subgroup that demonstrated a statistical difference
(RD, 0.02; 95% CI, 0.00-0.04; P=10.03; P, 0%), including 9 cases in
balloon dilation arms and one in an ES arm.

Stone Clearance in a Single Session

There were only 3 studies that provided no information re-
garding stone clearance.>>**>* Stones were removed at first

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2B. Balloon Dilation Versus Balloon Dilation Plus Sphincterotomy: Characteristics of the Procedures

Balloon Pancreatitis Score
Author Size, mm Use of ENBD Use of NSAIDs Other Characteristics Classification
Park et al, 2018% 10-20 No Cotton et al*
Cheon et al, 2017% 12-14 NR Cotton et al*
Guo et al, 2015> 10-15 Post-procedure, in all patients NR Cotton et al*°
Chu et al, 2017%° 12-20 In all patients Prophylactic pancreatic Freeman et al’

stents used on a
case-by-case basis

ERCP in 1053 0of 1281 subjects when balloon dilation of the papil-
lae was performed and in 81.5% when ES was performed, the suc-
cess rate being similar in both groups (RD, 0.01; 95% CI, —0.02 to
0.04; P =0.59; P, 70%;). We did not detect any outliers, and we
therefore calculated the RD using a random-effects model (RD,
—0.01; 95% CI, —0.05 to 0.04; P = 0.80; Fig. 9).

Subgroup Analysis

The differences among the balloon size subgroups were sig-
nificant (P =0.07). Among the 10 RCTs evaluated in the <10 mm
balloon subgroup,®33-36:40:42:44.454849.51 there was a tendency to-
ward higher success rates for ES (RD, 0.06; 95% CI, —0.02 to
0.13; P=0.14; P, 68%; Fig. 10). In contrast, among the 8 RCTs
evaluated in the =10 mm balloon subgroup,3*3/-38:41.50.52.53
there was a tendency toward higher success rates for balloon di-
lation (RD, —0.03; 95% CI, —0.10 to 0.03; P = 0.29; 12, 63%).
The quality of evidence was downgraded by 1 level due to high
unexplained inconsistency.

ML

Although the need for ML was more common in the balloon
dilation arms, the difference in comparison with the ES arms was
not significant (RD, —0.02; 95% CI, —0.00 to 0.05; P = 0.06; P,
61%; Fig. 11). Because no publication bias was detected, we in-
corporated heterogeneity into random-effects models (RD, 0.02;
95% CI, —0.01 to 0.05; P = 0.24; I, 61%).

Subgroup Analysis

The results of the test for subgroup differences suggested that
there is a statistically significant subgroup effect regarding bal-
loon size (P =0.03; Fig. 12). The need for ML was more common
in the <10 mm balloon subgroup (RD, 0.09; 95% CI, 0.01-0.18;
P =0.03). However, there was substantial heterogeneity between
the RCTs. Therefore, the validity of this effect estimate is uncer-
tain, as trial results are inconsistent.

In the >10 mm balloon subgroup, there was more use of ML
in the ES arms, although the difference was not significant (RD,
—0.02; 95% CIL, —0.07 to 0.03; P = 0.43). However, we did not
downgrade it for imprecision because the confidence interval
did not fail to exclude the potential benefit.

Bleeding

Twenty-one studies with a collective total of 2669 patients
were included in the bleeding analysis.>*>>37 424454 The inci-
dence of bleeding was significantly higher in the ES arm (RD,
—0.02; 95% CI, —0.03 to —0.01; P = 0.002; Fig. 13), with a num-
ber needed to harm of 50. The results of this analysis were ex-
tremely homogeneous among the RCTs (P, 0%; P = 0.57).
Therefore, we judged this evidence to be of high quality.
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each risk of bias for each study included.
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Balloon Sphincterotomy Risk Difference Risk Difference

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arnold et al, 2001 6 30 3 30 2.2% 0.10 [-0.08, 0.28] *
Bergman et al, 2001 T 93 7 87 6.5% -0.01 [-0.08, 0.07]
Bergman et al, 2001 (BIl) 1 16 0 18 1.2%  0.06 [-0.09,0.22] *
Chu et al, 2016 3 30 0 32 2.3% 0.10 [-0.02, 0.22] >
Disario et al, 2004 18 117 1 120 8.6% 0.15[0.08, 0.21] —_——*
Fuetal, 2013 3 88 11 88 6.4% -0.09[-0.17,-0.01] - ==
Fujita et al, 2003 15 138 4 144  10.3% 0.08 [0.02, 0.14] s
Guoet al, 2015 2 85 2 85 6.2% 0.00 [-0.05, 0.05] - T
Kogure et al, 2015 4 86 5 85 6.2% -0.01[-0.08, 0.05] s
Lin et al, 2004 0 51 0 53 3.8% 0.00 [-0.04, 0.04] - r
Minami et al, 1995 2 20 2 20 1.5% 0.00 [-0.19, 0.19]
Minaraki et al, 2013 g 80 7 80 58% 0.03 [-0.07, 0.12]
MNatsui et al, 2002 4 70 3 70 5.1% 0.01 [-0.06, 0.09] =
Ochi et al, 1999 0 55 2 55 4.0% -0.04[-0.10,0.02] - = r
Oh and Kim, 2012 2 40 3 43 3.0% -0.02 [-0.12, 0.08]
Omar et al, 2017 3 61 4 63 4.5% -0.01 [-0.10, 0.07] ]
Seo etal, 2013 5 62 5 70 4.8% 0.01 [-0.08, 0.10]
Tanaka et al, 2004 3 16 g 16 1.2% 0,00 [-0.27,0.27] ¢ L4
Vlavianos et al, 2003 5 103 1 99 7.3% 0.04 [-0.01, 0.08] T -
Watanabe et al, 2007 9 90 2 90 6.6% 0.08 [0.01, 0.15)
Yasuda et al, 2001 2 35 2 35 2.5% 0.00 [-0.11, 0.11]
Total (95% Cl) 1366 1383 100.0%  0.03 [0.01, 0.04] -
Total events 103 67

. " k 1 L i
Heterogeneity: Chi* = 40.54, df = 20 (P = 0.004); P =51% ) 01 0 01 02

Test for overall effect: Z = 2.84 (P = 0.003)

Favors [Balloon] Favors [Sphincterotomy]

FIGURE 3. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of pancreatitis. df, degrees of freedom; M-H,

Mantel-Haenszel.

Cholangitis

A total of 1930§4patients from 15 studies were evaluated for
cholangitis,®3+38:40-45:50.52.53 4 there was no significance dif-
ference between arms (RD, 0.01; 95% CI, —0.01 to 0.02;
P=0.25; P, 0%; Fig. 14).

Recurrence

Recurrence was analyzed in 12 studies,
with collective totals of 766 and 778 patients in the balloon dilation

6,35-37,40,41,43 44,46 47,50,57

Balloon Sphincterotomy

Study or Subgroup Events Total Events

Arnold et al, 2001 2 30 0 30 2.2%
Bergman et al, 2001 2 93 1 87 B6.7%
Bergman et al, 2001 (BII) 0 16 0 18 1.3%
Chu et al, 2016 0 30 0 32 2.3%
Disario et al, 2004 6 117 0 120 8.9%
Fu et al, 2013 0 88 0 88 6.6%
Fujita et al, 2003 0 138 0 144  10.6%
Kogure et al, 2015 0 86 0 85 6.4%
Lin et al, 2004 0 51 0 53  39%
Minami et al, 1995 0 20 0 20 1.5%
Minaraki et al, 2013 2 80 1 80 6.0%
Matsui et al, 2002 0 70 0 70 52%
Ochi et al, 1999 0 55 0 55 4.1%
Oh and Kim, 2012 0 40 0 43 3.1%
Omar et al, 2017 0 61 0 63 4.6%
Seo et al, 2013 0 62 0 70 4.9%
Takezawa et al, 2004 0 46 0 45  3.4%
Tanaka et al, 2004 0 16 0 16 1.2%
Vlavianos et al, 2003 1 103 0 99  7.6%
Watanabe et al, 2007 1 90 0 90 67%
Yasuda et al, 2001 0 35 0 35 2.6%
Total (95% CI) 1327 1343 100.0%

Total events 14 2
Heterogeneity: Chi? = 10.00, df = 20 (P = 0.97); ? = 0%
Test for overall effect: Z = 2.05 (P = 0.04)

Total Weight M-H, Fixed, 95% CI

and ES arms, respectively. Forty events were reported in each group,
and there was therefore no difference between the methods (RD,
—0.00; 95% CI, —0.02 to —0.02; P=0.95; I, 0%; P = 0.68; Fig. 15).

Sensitivity Analyses

For all secondary outcomes, the results of the sensitivity
analyses were robust after studies with a selection bias had been
excluded (Table 3).

Risk Difference Risk Difference

M-H, Fixed, 95% CI

0.07 [-0.04, 0.17] >
0.01 [-0.03, 0.05]
0.00 [-0.11, 0.11]
0.00 [-0.06, 0.06]
0.05 [0.01, 0.09]
0.00 [-0.02, 0.02]
0.00 [-0.01, 0.01]
0.00 [-0.02, 0.02]
0.00 [-0.04, 0.04]
0.00 [-0.09, 0.09]
0.01 [-0.03, 0.05]
0.00 [-0.03, 0.03]
0.00 [-0.03, 0.03]
0.00 [-0.05, 0.05]
0.00 [-0.03, 0.03]
0.00 [-0.03, 0.03]
0.00 [-0.04, 0.04]
0.00 [-0.11,0.11] *
0.01 [-0.02, 0.04]
0.01 [-0.02, 0.04]
0.00 [-0.05, 0.05]

+

P ——
—_—
f—

0.01 [0.00, 0.02]

T
-0.1

' ' L
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FIGURE 4. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of severe pancreatitis.
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TABLE 3. Sensitivity Analysis

Analysis Preremoval Postremoval
Outcome n RD (95% CI) F,% Studies Omitted* n RD (95% CI) P, %
Leave-one-out
Pancreatitis
EPBD vs ES 21 0.03 (0.01-0.04) 51 6 20 0.02 (—=0.00 to 0.03) 25
EPLBD vs ES + EFBLBD EPBD 4  —0.00 (—0.04 to 0.03) 26 30 3 —0.02(-0.05 to 0.02) 0
Selection bias 36,44,45,46,50.54
Pancreatitis 21 0.03 (0.01-0.04) 51 15 0.03 (0.01-0.05) 56
Severe pancreatitis 21 0.00 (-0.00 to 0.01) 0 15 0.00 (=0.00 to 0.01) 0
Lithotripsy 19 0.02 (-0.01 to 0.05) 61 12 0.01 (-0.02 to 0.05) 63
EPBD vs ES
Removal in 1 ERCP 19 —0.01 (—0.05 to 0.04) 70 14 0.02 (—0.02 to 0.06) 65
Bleeding 20 —0.02 (-0.03 to —0.01) 0 15 —0.02 (-0.03 to —0.01) 0
Recurrence 12 0.00 (—0.02 to 0.02) 0 8 0.01 (—0.02 to 0.03) 0
Cholangitis 15 0.01 (—0.01 to 0.02) 0 11 0.01 (—0.01 to 0.02) 0
Use of ENBD 35,37,38,52,53,54
Pancreatitis
EPBD vs ES 21 0.03 (0.01-0.04) 51 15 0.05 (0.02-0.07) 55
EPLBD vs ES + EPLBD 4 —0.00 (—0.04 to 0.03) 26 3 —0.00 (—0.05 to 0.04) 50
Severe pancreatitis
EPLBD vs ES + EPLBD 21 0.00 (—0.00 to 0.01) 0 16 0.01 (0.00-0.02) 0

Key: Disario et al, 2004%; Natsui et al, 2002>%; Ochi et al, 1999°%; Omar et al, 2017°7; Oh and Kim, 20123, Tanaka et al, 2004**; Arnold et al, 2001%*;
Lin et al, 2004*; Chu et al, 2016°%; Fu et al, 2013°%; Minami et al, 1995°%; Guo et al, 2015.%

Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.14.1 Balloon =10 mm
Chu et al, 2016 3 30 0 32 25% 0.10[-0.02, 0.22]
Fu et al, 2013 3 88 11 88 7.0% -0.09[-0.17,-0.01]
Guo et al, 2015 2 85 2 85 6.8% 0.00 [-0.05, 0.05] -1
Kogure et al, 2015 4 86 5 85 6.8%  -0.01[-0.08, 0.05] T
Minaraki et al, 2013 9 80 7 80 6.4% 0.03[-0.07,0.12] e
Oh and Kim, 2012 2 40 3 43  3.3% -0.02[-0.12, 0.08] S [
Omar et al, 2017 3 61 4 63 49% -0.01[-0.10, 0.07] — =
Vlavianos et al, 2003 5 103 1 99  B8.0% 0.04 [-0.01, 0.08] |
Subtotal (95% Cl) 573 575 45.7% -0.00 [-0.03, 0.02] L
Total events 31 33

Heterogeneity: Chi* = 11.41, df =7 (P = 0.12); I = 39%
Test for overall effect: Z=0.23 (P = 0.82)

2.14.2 Balloon <10 mm

Arnold et al, 2001 6 30 3 30 24% 0.10 [-0.08, 0.28] »
Bergman et al, 2001 7 93 # 87 7.2% -0.01[-0.08,0.07] —_—

Bergman et al, 2001 (BIl) 1 16 0 18  1.3% 0.06 [-0.09, 0.22]

Disario et al, 2004 18 117 1 120 9.4% 0.15[0.08, 0.21] — =
Fujita et al, 2003 15 138 4 144 11.2% 0.08 [0.02, 0.14] —

Minami et al, 1995 2 20 2 20 1.6% 0.00[-0.19, 0.19]

Natsui et al, 2002 4 70 3 70 5.6% 0.01 [-0.06, 0.08] S

Ochi et al, 1999 0 55 2 55 4.4%  -0.04[-0.10, 0.02] — =

Tanaka et al, 2004 3 16 3 16  1.3% 0.00 [-0.27,0.27] * *
Watanabe et al, 2007 ) 90 2 0 72% 0.08 [0.01, 0.15] —
Yasuda et al, 2001 2 35 2 35 2.8% 0.00 [-0.11, 0.11] — T =

Subtotal (95% CI) 680 685 54.3% 0.06 [0.03, 0.08] R

Total events 67 29

Heterogeneity: Chi® = 22.54, df = 10 (P = 0.01}; I? = 56%

Test for overall effect: Z = 4.07 (P < 0.0001)

Total (95% CI) 1253 1260 100.0% 0.03 [0.01, 0.05] <&

Total events 98 62

Heterogeneity: Chi* = 38.60, df = 18 (P = 0.003); IF = 53%

Test for overall effect: Z = 2.99 (P = 0.003)

Test for subgroup differences: Chi* = 9.41, df = 1 (P = 0.002), I* = 89.4%

} Il L 1
-0.2 -0.1 0 01 0.2
Favors [Balloon] Favors [ES]

FIGURE 5. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of pancreatitis regarding balloon size.
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Balloon Sphincterotomy
Study or Subgroup Events Total Ewvents
2.15.1 Asian countries
Chu et al, 2016 3 30 0 3z 22%
Fuetal, 2013 3 88 11 88 6.1%
Fujita et al, 2003 15 138 4 144 9.8%
Guo et al, 2015 2 85 2 85 59%
Kogure et al, 2015 4 86 5 85 6.0%
Lin et al, 2004 0 51 0 53  3.6%
Minami et al, 1995 2 20 2 20 1.4%
Minaraki et al, 2013 9 80 T 80 5.6%
Natsui et al, 2002 4 70 3 70 4.9%
Ochi et al, 1989 0 55 2 55 3.8%
Oh and Kim, 2012 2 40 3 43 29%
Omar et al, 2017 3 61 4 63 4.3%
Secetal, 2013 5 62 5 60  4.3%
Tanaka et al, 2004 3 16 3 16 1.1%
Watanabe et al, 2007 9 90 2 a0 6.3%
Yasuda et al, 2001 2 35 2 35  24%
Subtotal (95% Cl) 1007 1019  70.8%
Total events 66 55
Heterogeneity: Chi? = 22.14, df = 15 (P = 0.10); 1* = 32%
Test for overall effect: Z = 1.08 (P = 0.28)
2.15.2 Non-Asian countries
Arnold et al, 2001 6 30 3 30 21%
Bergman et al, 2001 7 93 7 87 6.3%
Bergman et al, 2001 (BIl) 1 16 0 18 1.2%
Disario et al, 2004 18 117 1 120 8.3%
Omar et al, 2017 3 61 4 63 4.3%
Vlavianos et al, 2003 5 103 1 ag 7.1%
Subtotal (95% CI) 420 417 29.2%
Total events 40 16
Heterogeneity: Chi® = 12.87, df =5 (P =0.02); P =61%
Test for overall effect: Z = 3.33 (P = 0.0009)
Total (35% CI) 1427 1436 100.0%
Total events 106 71

Heterogeneity: Chi® = 41.09, df = 21 (P = 0.005); I = 49%
Test for overall effect: Z = 2.76 (P = 0.006)
Test for subgroup differences: Chi* = 5.14, df = 1 (P = 0.02), F = 80.5%

Total Weight M-H, Fixed, 95% CI

Risk Difference
M-H, Fixed, 95% CI

Risk Difference

0.10 [-0.02, 0.22]
-0.09 [-0.17, -0.01] *
0.08 [0.02, 0.14]
0.00 [-0.05, 0.05]
-0.01 [-0.08, 0.05]
0.00 [-0.04, 0.04]
0.00 [-0.19, 0.19]
0.03 [-0.07, 0.12]
0.01 [-0.06, 0.09]
-0.04 [-0.10, 0.02]
-0.02 [-0.12, 0.08]
-0.01 [-0.10, 0.07]
-0.00 [-0.10, 0.09)
0.00 [-0.27, 0.27]
0.08 [0.01, 0.15]
0.00 [-0.11, 0.11]
0.01 [-0.01, 0.03]

-
-

-
-

0.10 [-0.08, 0.28]
-0.01 [-0.08, 0.07]
0.06 [-0.09, 0.22]

0.15 [0.08, 0.21]
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FIGURE 6. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of pancreatitis regarding

ethnicity.

Comparison 2: Balloon Dilation Versus Balloon
Dilation Plus ES

Four RCTs,?"%%%%5 involving collective totals of 257
patients in the balloon dilation arms and 262 patients in the ES
arms, were enrolled in this comparison and contributed to a
pooled analysis of all outcomes except recurrence. Although stone
removal in a single ERCP session was slightly higher in EPLBD
(RD, —0.03; 95% CI, —0.09 to —0.02; P = 0.25), as was the need
for ML (RD, 0.04; 95% CI, —0.01 to 0.09; P = 0.12), none of
the differences were statistically significant. Adverse events were
summarized as follows: pancreatitis (RD, —0.00; 95% CI, —0.04
to 0.03; P = 0.88); bleeding (RD, 0.00; 95% CI, —0.02 to 0.02;
P = 0.98); cholangitis (RD, 0.00; 95% CI, —0.02 to 0.02;
P = 0.99); and recurrence (RD, 0.00; 95% CI, —0.09 to
0.10; P =0.93).

Heterogeneity was observed only for pancreatitis and for the
need for ML, being less than substantial for both (P, 41% and P,
26%, respectively). All dilations were performed with balloons
210 mm, and all the studies provided information either of ran-
dom sequence generation or allocation. Therefore, no subgroup
analysis or sensitivity analysis regarding selection bias was
carried out.

The results for pancreatitis were robust regarding ENBD
(Table 3). All outcomes were rated as having moderate quality
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and were downgraded by 1 level for imprecision because the con-
fidence intervals overlapped no effect, except for recurrence,
given that the sample size was considered small and events were
few (Table 4).

DISCUSSION

This is the first meta-analysis of RCT of balloon dilation in
which PEP, one of the most worrisome adverse events in ERCP,
was the main outcome measure. Historically, EPBD has been as-
sociated with higher pancreatitis rates especially after the publica-
tion of a multicenter RCT study conducted in the United States, in
which more cases of severe pancreatitis (6 for EPBD vs 1 for ES)
and 2 deaths were also reported.® In the initial overall analysis, our
findings supported that association. However, it is believed that
ES, standard balloon dilation, and EPLBD affect the sphincter
of Oddi differently. A small balloon might not sufficiently dilate
the papilla, and local edema occurs, obstructing the outflow of
pancreatic secretion, predisposing to pancreatitis.”® That scenario
corresponds to our subgroup analysis, in which there were 67
cases of pancreatitis when dilation was performed with a balloon
<10 mm versus 29 in the ES group. It is of note that all of the stud-
ies in this subgroup were older (published between 1995 and
2007) and that most of the dilations were performed with an
8 mm balloon even if the stones were >15 mm. The insufficient

© 2020 Wolters Kluwer Health, Inc. All rights reserved.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.18.1 Asian
Chu et al, 2016 0 30 0 32 23% 0.00 [-0.06, 0.06]
Fu et al, 2013 0 a8 0 88 6.6% 0.00 [-0.02, 0.02] B
Fujita et al, 2003 0 138 0 144  10.6% 0.00 [-0.01, 0.01] -
Kogure et al, 2015 0 86 0 85 64% 0.00 [-0.02, 0.02] T
Lin et al, 2004 0 51 0 53  3.9% 0.00 [-0.04, 0.04] e
Minami et al, 1995 0 20 0 20 1.5% 0.00 [-0.09, 0.09]
Minaraki et al, 2013 2 80 1 80  6.0% 0.01 [-0.03, 0.05] S
Matsui et al, 2002 0 70 0 70 52% 0.00 [-0.03, 0.03] =
Ochi et al, 1999 0 55 0 55 41% 0.00 [-0.03, 0.03] .
Oh and Kim, 2012 0 40 0 43 31% 0.00 [-0.05, 0.05] .
Seo et al, 2013 0 62 0 70 4.9% 0.00 [-0.03, 0.03] S ER
Takezawa et al, 2004 4] 46 0 45  34% 0.00 [-0.04, 0.04] —
Tanaka et al, 2004 0 16 0 16 1.2% 0.00 [-0.11, 0.11]
Watanabe et al, 2007 1 90 0 90 6.7% 0.01 [-0.02, 0.04] 1T
Yasuda et al, 2001 0 35 0 35 26% 0.00 [-0.05, 0.05] =i
Subtotal (95% CI) 907 926 68.7%  0.00 [-0.01, 0.01] L 3
Total events 3 1
Heterogeneity: Chi* = 0.84, df = 14 (P = 1.00); P = 0%
Test for overall effect: Z = 0.47 (P = 0.64)
2.18.2 Non-asian
Arnold et al, 2001 0 30 0 30 22% 0.00 [-0.06, 0.08]
Bergman et al, 2001 2 93 1 87 B67% 0.01 [-0.03, 0.05] == RS
Bergman et al, 2001 (BIl) 0 16 0 18 1.3% 0.00 [-0.11, 0.11]
Disario et al, 2004 6 117 0 120 B8.9% 0.05 [0.01, 0.08] —_—
Omar et al, 2017 0 61 0 63  4.6% 0.00 [-0.03, 0.03] e
Vlavianos et al, 2003 1 103 0 99  7.6% 0.01 [-0.02, 0.04] —
Subtotal (95% CI) 420 417 31.3% 0.02 [0.00, 0.04] i
Total events 9 1
Heterogeneity: Chi? = 4.80, df =5 (P = 0.44); I* = 0%
Test for overall effect: Z = 2.09 (P = 0.04)
Total (95% CI) 1327 1343 100.0%  0.01 [-0.00, 0.02] k3
Total events 12 2
Heterogeneity: Chi® = 7.74, df = 20 (P = 0.99); 17 = 0% 0 ; _0105 5 0 105 0!1

Test for overall effect: Z = 1.75 (P = 0.08)
Test for subgroup differences: Chi* = 2.2, df = 1 (P = 0.10), I* = 63.2%
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FIGURE 7. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of severe pancreatitis

regarding ethnicity.

dilation and recent technological improvements could affect this
result, lowering success rates and increasing the use of ML.

Another interesting analysis is based on the discussion of a
recently published RCT. Park et al proposed that the divergent
rates of PEP could derive from the higher prevalence of sphincter
of Oddi dysfunction in non-Asian countries.”” Our subgroup analysis
showed that the incidence of pancreatitis was higher in non-Asian
countries, indicating that this is an important issue to consider. In a
similar vein, ENBD placement is a technique mostly used in Asian
countries, sometimes replacing pancreatic stenting. Previous studies
have shown improvement in PEP rates after balloon dilation and after
ES + EPLBD,”* although it remains controversial whether this can
be beneficial after ES. In fact, in our analysis, when RCTs that re-
ported this technique were omitted, the rates of pancreatitis and severe
pancreatitis were higher in the balloon dilation arms.

The leave-one-out sensitivity analysis showed that the
Disario et al® study had a major influence on the summary effect
even among non-Asian countries and appeared to be a determi-
nant of the between-study heterogeneity. This is likely because
this trial was a well-conducted, high-quality RCT, which included
a large sample size, and had an overall low risk of bias. Never-
theless, this study was limited by the fact that the sample size
was younger than that in the other included studies. Seemingly,
the incidence of sphincter of Oddi dysfunction is higher in
younger individuals. Younger age has been identified as a risk
factor for pancreatitis in many studies,"” and the older cohort

© 2020 Wolters Kluwer Health, Inc. All rights reserved.

in those studies may under-represent the rates of pancreatitis
in a younger population.®!

It is currently recommended to dilate the papilla enough to
accommodate the stone but not greater than the distal bile duct di-
ameter, to avoid perforation. Larger balloons tend to dilate the pa-
pilla widely, avoiding the disadvantages of standard balloons and
improving results.'” When EPLBD was compared with ES,
pancreatitis rates, ML use, and stone removal in the first ERCP
were similar between the 2 techniques. Kogure et al** found
that even when the stones were larger, balloon dilation de-
creased the need for ML and increased success rates, findings
that run counter to those of the meta-analysis conducted by
Kim et al,' as described in the current Japan Gastroenterolog-
ical Endoscopy Society guidelines.'®

International guidelines for EPLBD state that pancreatitis rates
are similar between balloon dilation alone and ES + EPLBD.'"'® In
addition, the rate of stone removal in the first ERCP was lower
when balloon dilation was performed, although the difference was
not statistically significant. Our study of only RCTs (1A level of ev-
idence) produced the same results, which was also similar to the
previous network meta-analysis, when direct estimates were consid-
ered.'® Since the publication of the meta-analysis conducted by
Kim et al,'? another 4 RCTs were published and included in our
study.>7373%%0 In addition, recurrence and cholangitis were out-
comes not reported in that previous article; in our analysis, the rates
of both were similar.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.17.1 Balloon =10 mm
Chuet al, 2016 0 30 0 32 2.4% 0.00 [-0.08, 0.06]
Fuetal, 2013 0 88 0 88 6.8% 0.00 [-0.02, 0.02] T
Kogure et al, 2015 0 86 0 885 12.2% 0.00 [-0.02, 0.02] I
Minaraki et al, 2013 2 80 1 80 6.2% 0.01 [-0.03, 0.05] — e T
Oh and Kim, 2012 0 40 0 43 3.2% 0.00 [-0.05, 0.05] _—T
Omar et al, 2017 0 61 0 63 4.8% 0.00 [-0.03, 0.03] S| S
Vlavianos et al, 2003 1 103 0 99  7.8% 0.01 [-0.02, 0.04] — ==
Subtotal (95% CI) 488 1290 43.5%  0.00 [-0.01, 0.01] -
Total events 3 1

Heterogeneity: Chi2 = 0.75, df =6 (P = 0.99), 2= 0%
Test for overall effect: Z = 0.61 (P = 0.54)

2.17.2 Balloon <10 mm
Armold et al, 2001
Bergman et al, 2001
Bergman et al, 2001 (BIl)
Disario et al, 2004

Fujita et al, 2003
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Takezawa et al, 2004
Tanaka et al, 2004
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20 16%  0.00[-0.08, 0.09]
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Yasuda et al, 2001 35 3B 27% 0.00 [-0.05, 0.05] - 1
Subtotal (95% CI) 726 730 56.5% 0.01 [0.00, 0.03]
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Heterogeneity: Chi* = 10.21, df =11 (P=0.51); P=0%
Test for overall effect: Z=2.11 (P = 0.03)
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Total events 14 2

Heterogeneity: Chi? = 10.31, df = 18 (P = 0.92); I* = 0%

Test for overall effect: Z = 2.09 (P = 0.04)

Test for subgroup differences: Chi* = 1.37, df =1 (P =0.24), I = 27.0%
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FIGURE 8. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of severe pancreatitis
regarding balloon size.

Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arnold et al, 2001 23 30 30 30 4.4% -0.23[-0.39,-0.08) ¥
Bergman et al, 2001 82 93 81 87 6.8% -0.05[-0.13, 0.04] =
Bergman et al, 2001 (BIl) 13 16 15 18 24% -0.02 [-0.28, 0.24]
Chu et al, 2016 20 30 30 32 3.6% 0.27[-0.46,-0.08) ¥
Disario et al, 2004 114 117 111 120 7.7% 0.05 [-0.01, 0.10] —
Fu et al, 2013 99 103 82 103  6.7% 0.17 [0.08, 0.25] L
Fujita et al, 2003 1056 138 113 144 6.3% -0.02 [-0.12, 0.07] | I
Guo et al, 2015 78 85 79 85 6.9% -0.01 [-0.08, 0.07] . E—
Kogure et al, 2015 78 86 67 85  6.0% 0.12[0.01, 0.23] —
Lin et al, 2004 41 51 47 53 4.9% -0.08 [-0.22, 0.08] - - |
Natsui et al, 2002 41 70 49 70 4.4% -0.11 [-0.27, 0.04] -_—
Ochi et al, 1999 40 55 51 55 5.0% -0.20 [-0.34, -0.06] - =
Oh and Kim, 2012 33 40 35 43 42% 0.01 [-0.15, 0.18] e
Omar et al, 2017 53 61 45 63  4.9% 0.15[0.01, 0.29] -
Seo et al, 2013 87 62 64 70  6.4% 0.01 [-0.09, 0.10] |
Tanaka et al, 2004 " 16 9 16 1.6% 0.13 [-0.21, 0.46] »
Viavianos et al, 2003 65 103 63 99  5.1% -0.01[-0.14, 0.13]
Watanabe et al, 2007 65 90 52 90 5.0% 0.14 [0.01, 0.28]
Yasuda et al, 2001 35 35 35 35 7% 0.00 [-0.05, 0.05] i
Total (95% Cl) 1281 1298 100.0% -0.01 [-0.05, 0.04] k. o
Total events 1053 1058
e 2 = . 2= = - 2= : ’I : :
Heterogeneity: Tau® = 0.01; Chi* = 60.49, df = 18 (P < 0.00001); I* = 70% 02 o1 0 01 02
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FIGURE 9. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of complete stone removal in the first ERCP.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.19.1 Balloon =10 mm
Chu et al, 2016 20 30 26 32 34% -0.15 [-0.36, 0.07]
Fu et al, 2013 99 103 82 103 7.6% 0.17 [0.08, 0.25] -
Guo et al, 2015 78 85 79 85 7.9% -0.01 [-0.09, 0.07] I I
Kogure et al, 2015 78 86 67 85  6.8% 0.12[0.01, 0.23] —_—
Oh and Kim, 2012 33 40 35 43 47% 0.01 [-0.15, 0.18] =
Omar et al, 2017 53 61 45 63  55% 0.15[0.01, 0.29] - -
Viavianos et al, 2003 65 103 63 99  58% -0.01[-0.14, 0.13] - 1
Subtotal (95% CI) 508 510 41.7% 0.06 [-0.02, 0.13] R
Total events 426 397
Heterogeneity: Tau® = 0.01; Chi* = 16.44, df = 6 (P = 0.01); P = 63%
Test for overall effect: Z=1.46 (P = 0.14)
2.19.2 Balloon <10 mm
Arnold et al, 2001 23 30 30 30 49% -0.23[-0.39,-0008) ——
Bergman et al, 2001 82 93 81 87  7.7% -0.05[-0.13, 0.04] |
Bergman et al, 2001 (BIl) 13 16 15 18 27% -0.02 [-0.28, 0.24]
Disario et al, 2004 114 117 111 120 B8.9% 0.05 [-0.01, 0.10] T
Fuijita et al, 2003 105 138 113 144 7.2% -0.02 [-0.12, 0.07] A
Natsui et al, 2002 41 70 49 70 4.9% -0.11 [-0.27, 0.04] - 0
Ochi et al, 1999 40 55 51 55 57% -0.20 [-0.34, -0.08] T
Tanaka et al, 2004 1 16 g 16 1.8% 0.13 [-0.21, 0.46] *
Watanabe et al, 2007 63 90 52 90  56% 0.14 [0.01, 0.28] - -
Yasuda et al, 2001 35 35 35 35 89% 0.00 [-0.05, 0.05] i
Subtotal (95% CI) 660 665 58.3% -0.03 [-0.10, 0.03] .
Total events 529 546
Heterogeneity: Tau® = 0.01; Chi® = 28.44, df = 9 (P = 0.0008); I? = 68%
Test for overall effect: Z = 1.06 (P = 0.29)
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e 2 = . i2 = = |12 = : : : :
Heterogeneity: Tau® = 0.01; Chi* = 51.98, df = 16 (P < 0.0001); 1> = 69% 02 04 0 01 02

Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Chi* = 3.24, df = 1 (P = 0.07), F = 69.1%

Favors [Sphincterotomy]

Favors [Balloon]

FIGURE 10. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of complete stone

removal in the first ERCP regarding balloon size.

Our meta-analysis has some limitations. First, we carried out
the analysis using RD to calculate effect sizes, because it focuses
on the absolute effect. It is possible that different measurement

Favors [Balloon] Sphincterotomy

choices tools might lead to other results, but these were not subse-
quently analyzed in this analysis. Second, the most recent consen-
sus on EPLBD defines large balloons as those 212 mm and we
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FIGURE 11. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of the need for ML.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.21.1 Balloon =10 mm
Chu et al, 2016 4 30 0 32 50% 0.13 [0.00, 0.26]
Fu et al, 2013 3 103 4 103 101% -0.01 [-0.06, 0.04] 1
Guo et al, 2015 12 85 8 85 6.8% 0.05 [-0.05, 0.14] 1T
Kogure et al, 2015 26 86 41 85 44% -0.18 [-0.32, -0.04] e
Minaraki et al, 2013 2 80 2 B0 10.2% 0.00 [-0.05, 0.05] 1
Oh and Kim, 2012 4 40 9 43 4.1% -0.11 [-0.26, 0.04] -
Omar et al, 2017 6 61 11 63 55% -0.08 [-0.20, 0.04] _
Vlavianos et al, 2003 7 103 11 99  8.0% -0.04 [-0.12, 0.04] .
Subtotal (95% CI) 588 590 54.1% -0.02 [-0.07, 0.03] =
Total events 64 86

Heterogeneity: Tau® = 0.00; Chi*=17.86,df=7 (P=0.01); F=61%
Test for overall effect: Z = 0.80 (P = 0.43)
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Disario et al, 2004 2 17 1 120 11.4% 0.01 [-0.02, 0.04] -

Fujita et al, 2003 20 138 17 144 8.0% 0.03 [-0.05, 0.11] H—

Natsui et al, 2002 29 70 27 70 3.8% 0.03 [-0.13, 0.19] —

Ochi et al, 1999 7 55 2 55  6.6% 0.09 [-0.01, 0.19] T

Tanaka et al, 2004 8 16 6 16 1.1% 0.13[-0.22, 0.47] *
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FIGURE 12. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of subgroup analysis of the use of ML
regarding balloon size.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arnold et al, 2001 0 30 2 30 22% -0.07[-0.17,0.04] *
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Bergman et al, 2001 (BII) 0 16 3 18  1.3% -0.17 [-0.36,0.03] *
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FIGURE 13. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of bleeding.
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Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Amold et al, 2001 3 30 0 30 31% 0.10[-0.02, 0.22] b
Chu et al, 2016 0 30 0 32 32% 0.00 [-0.06, 0.086] E
Disario et al, 2004 1117 1 120 12.2% 0.00 [-0.02, 0.02] o
Fuetal, 2013 0 103 0 103 10.6% 0.00 [-0.02, 0.02] I
Guo et al, 2015 1 85 1 85 8.8% 0.00 [-0.03, 0.03] D
Kogure et al, 2015 3 86 2 85 8.8% 0.01 [-0.04, 0.06] T
Natsui et al, 2002 2 70 3 70 7.2% -0.01 [-0.08, 0.05] - 1
QOchi et al, 1999 0 55 0 55 5.7% 0.00 [-0.03, 0.03] B (TR
Oh and Kim, 2012 2 40 1 43 4.3% 0.03 [-0.08, 0.11]
Omar et al, 2017 2 61 1 63 64% 0.02 [-0.04, 0.07] D
Takezawa et al, 2004 0 46 0 45  47% 0.00 [-0.04, 0.04] N
Tanaka et al, 2004 0 16 2 16 1.7%  -0.13[-0.31, 0.08] *
Vlavianos et al, 2003 2 103 1 99  10.4% 0.01[-0.02, 0.04] ) i a—
Watanabe et al, 2007 3 80 0 a0 9.3% 0.03 [-0.01, 0.08] = T -
Yasuda et al, 2001 0 35 0 35 3.6% 0.00 [-0.08, 0.05] —_—r
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FIGURE 14. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of acute cholangitis.

considered balloons 10 mm or greater eligible, to embrace more
studies. Another potential limitation was the number of studies
conducted in non-Asian countries. The only RCTs comparing
EPLBD with the other 2 techniques were conducted in Asian
countries. Previous discussions have also questioned whether both
groups are even comparable, given their peculiarities. An-
other Additionally, it is known that there are other diverse
procedure-related PEP risk factors, such as difficult cannula-
tion, guidewire cannulation, and/or pancreatic duct contrast
injection, and most RCTs did not provide sufficient informa-
tion to investigate these risk factors and their effects on PEP
further.®? In addition, only a few of the studies reported data
on the use of nonsteroidal anti-inflammatory drugs or pancre-
atic stenting for PEP prevention.®*~®> Notably, in 2 stud-
ies,%* pancreatography was performed in more than 50%
of the patients. Finally, although recurrence was similar in
both comparisons, there is a lack of long-term RCTs on the
theme and each study had a different follow-up duration.

The important issues raised above regarding PEP indicate
that analysis of this adverse event should consider its multiple risk
factors, not all of which could be controlled for equally in all of the
studies. In addition, most of the EPLBD studies were conducted in
Asian countries and selected older participants, reducing the ex-
ternal validity of the results.

CONCLUSIONS

The incidence of PEP was similar among EPLBD, ES,
and ES + EPLBD. In addition, EPLBD appears to be a safe al-
ternative for the removal of large bile duct stones, given that
there was also no difference among the techniques in terms
of the need for ML, the stone removal rate, and the recurrence
rate. Nevertheless, the results should be interpreted with cau-
tion, because pancreatitis has multiple risk factors which
should be weighted as confounders and RCTs can have

limited generalizability.

Balloon Sphincterotomy Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Chu et al, 2016 0 30 2 32 4.0%  -0.06[-0.16, 0.04]
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Ochi et al, 1999 2 55 3 55 7.1% -0.02 [-0.10, 0.06] =
Omar et al, 2017 2 61 2 63  8.0% 0.00 [-0.06, 0.06]
Seo et al, 2013 1 62 4 70 8.5% -0.04 [-0.10, 0.02] R
Takezawa et al, 2004 3 46 1 45 5.9% 0.04 [-0.04, 0.13]
Tanaka et al, 2004 5 35 5 35  4.5% 0.00 [-0.16, 0.16]
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FIGURE 15. Meta-analysis of trials comparing balloon dilation and sphincterotomy. Forest plot of recurrence.
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TABLE 4. Balloon Dilation Versus Balloon Dilation Plus Sphincterotomy

No. Patients, n (%) Effect

No. Studies Balloon ES + Balloon RD (95% CI) P P GRADE

Pancreatitis

4 9/257 (3.5) 10/262 (3.8) —0.00 (-0.04 to 0.03) 0.88 26% S
Moderate*

Stone removal in 1 session

4 216/257 (84.0) 229/262 (87.4) —=0.03 (-0.09 to 0.02) 0.25 0% G110
Moderate*

Lithotripsy

4 31/257 (12.1) 21/262 (8.0) 0.04 (—0.01 to 0.09) 0.12 41% (SIS

High

Cholangitis

3 2/227 (0.9) 2/229 (0.9) 0.00 (-0.02 to 0.02) 0.99 0% [S1sEe)
Moderate*

Bleeding

4 2/257 (0.8) 2/262 (0.8) 0.00 (-0.02 to 0.02) 0.98 0% [S1sEe)
Moderate*

Recurrence

2 7/72 (9.7) 7/77 (9.1) 0.00 (-0.09 to 0.10) 0.93 0% SPoo

Low*"

*Downgrade by 1 level for imprecision because the confidence interval overlaps no effect.

"Downgrade by 1 level for imprecision due to a small sample size and few events.
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