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Abstract

AIM

To compare gallstones removal rate and incidence of
bleeding, pancreatitis, use of mechanical lithotripsy,
cholangitis and perforation between isolated sphin-
cterotomy vs sphincterotomy associated with balloon
dilation of papilla in choledocholithiasis through the
meta-analysis of randomized clinical trials.
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METHODS

We conducted a systematic review according to the
PRISMA guidelines. Literature search was restricted
to randomized controlled trials (RCTs) on MedLine,
Cochrane Library, LILACS, and EMBASE database
platforms in July 2017. The manual search included
references of retrieved articles. We extracted data
focusing on outcomes: The primary endpoint was the
stones removal rate; Secondary endpoints were rates
of pancreatitis, bleeding, use of mechanical lithotripsy
(ML), perforation and cholangitis.

RESULTS

Eleven RCTs with 1824 patients were included. EST
was associated with more post-endoscopic retrogra-
de cholangiopancreatography (ERCP) bleeding [FE
RD-0.02, CI (-0.03, -0.00), /* = 33%, P = 0.05] and
more need of mechanical lithotripsy in general [RE
RD-0.16, CI (-0.25, -0.06), > = 90%, P = 0.002] and
in subgroup analysis of stones greater than 15 mm
[RE RD-0.20, CI (-0.38, -0.02), * = 82%, P = 0.003].
Incidence of pancreatitis [FE RD-0.01, CI (-0.03, 0.01),
I’ = 0, P = 0.36], cholangitis [FE RD-0.00, CI (-0.01,
0.01), 7> =0, P = 0.97] and perforation [FE RD-0.01,
CI (-0.01, 0.00), * = 0, 2 = 0.23] was similar between
the groups as well as similar stone removal rates in
general [FE RD-0.01, CI (-0.01, 0.04), I* = 0, P = 0.23]
and pooled analysis of stones greater than 15 mm [FE
RD-0.02, CI (-0.02, 0.07), I = 11%, P = 0.31].

CONCLUSION

Through meta-analysis of randomized clinical trials
we found that isolated sphincterotomy was associated
with more post-ERCP bleeding and more need for
mechanical lithotripsy. However, there was no statistical
difference in the stone removal rate between isolated
sphincterotomy and sphincterotomy associated with
balloon dilation in the approach to remove gallstones.

Key words: Sphincterotomy; Papillotomy; Dilation;
Cholangiopancreatography; Endoscopic retrograde;
Endoscopic retrograde cholangiopancreatography;
Cholangiography

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.
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INTRODUCTION

Endoscopic sphincterotomy as well as balloon dilation
of major papilla are recognized endoscopic treatment
approaches to choledocholithiasis. These two techniques,
however, are associated with adverse events such as
bleeding, perforation and pancreatitis. Additionally,
gallstones cannot be removed in approximately 5%
to 10% of patients using sphincterotomy or balloon
dilation alone™.

Sphincterotomy presents high resolution rates
for most cases, but in complex situations, especially
regarding large stones, the resolution can become a
challenge. Endoscopic balloon dilation of the duodenal
major papilla is part of the available arsenal for
choledocholithiasis resolution, but its isolated application
was practically abandoned at the present time due to
the unsatisfactory results and greater risk of pancreatitis
when compared to isolated sphincterotomy, restricting
its indication to selected cases with high hemorrhagic
risk.

Is there a preferential approach in choledocholithiasis
with lower rates of adverse events while maintaining
high effectiveness?

To compare stones removal rate and incidence
of adverse events such as bleeding, pancreatitis, per-
foration, cholangitis and use of mechanical lithotripsy
between isolated sphincterotomy vs sphincterotomy
associated with balloon dilation in choledocholithiasis
through the meta-analysis of randomized clinical trials.

MATERIALS AND METHODS

Core tip: Our initial motivation was to determine if there is
a preferential endoscopic approach in choledocholithiasis,
comparing efficacy and safety data between the
two most widespread endoscopic methods, which is
sphincterotomy with vs without large balloon dilation.
Through the systematic review, it was possible to
perform the meta-analysis of a large sample of patients
obtained from properly conducted randomized clinical
trials. We found that endoscopic sphincterotomy
associated with large balloon dilation was a safer
method compared to isolated sphincterotomy, since
this last group carried an increased risk of post ERCP
bleeding and required more frequent complementation
with use of mechanical lithotripsy.
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This systematic review was conducted according to
the PRISMA Statement (Preferred Reporting Items for
Systematic reviews and Meta-Analyses)™.

Inclusion criteria were defined according to the
parameters established in PICO Model: (1) Participants
(P): Patients with choledocholithiasis, over 18 years old;
(2) interventions (I) and comparisons (C): To compare
isolated sphincterotomy (ES) vs sphincterotomy
associated with balloon dilation (ESBD); (3) outcomes
(O): Primary-Stones removal rate, Secondary: bleeding,
pancreatitis, use of mechanical lithotripsy (ML), cholangitis
and perforation; and (4) study design: Randomized
clinical trials (RCT). There were no restrictions on
language or date of publication.
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Information sources

The search was performed in the electronic databases
MedLine (via PubMed), Cochrane Library, LILACS,
EMBASE, the CAPES database (Brazil), and gray/manual
literature from included references of retrieved articles.

Search

The keywords used to perform the search were
(Cholangiopancreatograph* OR Endoscopic Retrograde
OR ERCP OR Cholangiograph*) AND (Sphincterotom*
OR papillotom*), without the use of filters.

Selection of studies

The evaluation of eligibility and selection of articles was
done independently and standardized by two reviewers
based initially on the title and abstract. In doubtful
cases the full text was consulted prior to inclusion when
it was possible. Disagreements among the reviewers
were resolved by consensus or with the assistance
of a third author. The present study involves only
randomized clinical trials comparing exclusively isolated
sphincterotomy (ES) vs combined sphincterotomy and
balloon dilation of papilla (ESBD).

Data collection process

Data extraction from selected clinical trials was performed
independently by the two authors in spreadsheets
until consensus was obtained on all data in case of
divergence. Only published data were considered.

The variables searched were: stone removal rates,
pancreatitis, cholangitis, bleeding, perforation and use
of mechanical lithotripsy. The raw numbers were used
for analysis.

Statistical analysis

For all outcomes, absolute risk difference was weighted
by intention-to-treat analysis (ITT) and the 95%(CI and
P < 0.05 as statistically significant.

Treatment effect and heterogeneity of the studies™
were analyzed by the method proposed by Higgins
et al®), called %, with fixed (FE) and random effects
(RE), using Review Manager software version 5.3.
The difference between the outcomes was calculated
by the risk difference (RD), with fixed effect, for the
dichotomous variables and as difference of mean for
the continuous variables. Sensitivity analysis was used
to attempt to identify a study with a higher likelihood of
outlier publication when the heterogeneity, calculated
using the chi-square test and quantified by the method
proposed by Higgins et al”, called I?, was higher or
equal to 50%. If this was not present the random effect
was used in the analysis. For the synthesis of results,
analytical graphs were generated using funnel plot and
forest plot.

RESULTS

Initial search identified 4194 articles. After reviewing the
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title and abstracts, 4158 were excluded because they
were not RCTs. Thirty six articles were fully evaluated,
25 were excluded because they were retrospective,
compared to other methods or because they were
systematic reviews. At the end 11 RCTs were included.
A total of 1824 patients with choledocholithiasis were
evaluated, of which 914 were submitted to sphincteroto-
my plus balloon dilation and 910 underwent isolated
sphincterotomy (Figure 1).

Risk of bias

Of the 11 RCTs, none cited blinding, two presented
significant differences in population in relation to some
variable and one did not present complete data (Table 1).

The studies were classified by methodological quality
according to the JADAD Score' (Table 2).

The following outcomes were analyzed according to
the data presented by each study: stone removal rate,
pancreatitis, bleeding, cholangitis, perforation and use
of mechanical lithotripsy (Table 3).

Stone removal rate

All included studies evaluated stone removal rate.
The meta-analysis of the results (n = 1824 patients)
demonstrated heterogeneity of I2 = 54% (Figure 2).
Sensitivity analysis was performed with funnel plot,
which identified an outlier study (Karsenti)™**! (Figure
3). By removing it from the analysis, heterogeneity
has disappeared (I = 0). Considering a total of 1674
patients in this analysis, no statistical difference was
observed between the two methods (Figure 4).

[7-17]

Stone removal rate in patients with stones greater than
15 mm

Six studies™ presented data relevant to this
meta-analysis, totaling a number of 484 patients, being
not statistically different between the groups (Figure 5).

11,12,14,16,17]

Pancreatitis

All included studies””*”? evaluated the presence of post-
procedure pancreatitis as an adverse event totaling
1802 patients, there was no statistical difference be-
tween the groups (Figure 6).

Bleeding

All included studies'” ! evaluated post-procedure
bleeding as an adverse event in a total of 1802 patients,
there was statistical difference between the groups,
being ESBD a protective factor (P = 0.05) (Figure 7).

Cholangitis

All included studies”*” evaluated the presence of post-
procedure cholangitis as an adverse event in a total
of 1802 patients, there was no statistical difference
between the groups (Figure 8).

Use of mechanical lithotripsy in general
All included studies”*” evaluated the use of mechani-
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Figure 1 Flow diagram of studies included in the meta-analysis.

ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Chu, 2016 31 33 30 32 3.6% 0.00 [-0.11, 0.12] _
Guo, 2015 82 85 79 85 9.3% 0.04 [-0.03, 0.10] ——
Heo, 2007 83 100 87 100 11.0%  -0.04 [-0.14, 0.06] —_—
Hong, 2009 70 70 65 65 7.4% 0.00 [-0.03, 0.03] —
Karsenti, 2017 74 77 54 73 8.2% 0.22 [0.11, 0.33] _
Kim HG, 2009 23 27 23 28 3.0% 0.03 [-0.16, 0.23]
Kim TH, 2009 100 104 92 100 11.2% 0.04 [-0.02, 0.11] —t
Li, 2013 222 232 215 230 25.3% 0.02 [-0.02, 0.06] — -
Qian, 2013 60 63 63 69 7.2% 0.04 [-0.05, 0.12] —_—
Takeshi, 2015 50 50 50 50 5.5% 0.00 [-0.04, 0.04] —
Teoh, 2013 65 73 69 78 8.3% 0.01 [-0.10, 0.11] —_
Total (95%CI) 914 910 100.0% 0.03 [0.01, 0.06] ‘
Total events 860 827
Heterogeneity: Chi* = 21.72, df = 10 (P = 0.02); I* = 54% . . . .
Test for overall effect: Z = 2.60 (P = 0.009) -02  -0.1 0 0.1 0.2

[ES] [ESBD]

Figure 2 Stone removal rate forest plot enrolling all studies.

Perforation perforation during the procedure as an adverse event in
All included studies”” evaluated the presence of a total number of 1802 patients, there was no statistical
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Table 2 JADAD score
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Figure 3 Funnel plot showing one outlier study in the stone removal rate
analysis.

difference between the groups (Figure 15).

DISCUSSION

Eleven RCTs with a total of 1824 patients were in-
cluded in this systematic review and meta-analysis.
Regarding efficacy there was no statistical difference
in primary outcome stipulated as stone removal rate.
The analysis from data of included studies showed
statistical difference in safety between the methods
since incidence of post-ERCP bleeding was higher in EST
group.

Systematic reviews of randomized clinical trials
on choledocholithiasis treatment methods in the past
compared isolated sphincterotomy vs isolated dilationt® ..

Feng et a*® found a lower mechanical lithotripsy (ML)
use and a lower bleeding frequency in isolated dilation
group in the general analysis.

Liu et a/*, by including non-randomized and
randomized studies, found in his meta-analysis that
isolated dilation caused more pancreatitis after ERCP
and increased need for ML, whereas isolated ES had
lower rates of bleeding. Jin et a/*® identified lower ML
use in the group submitted to isolated dilation both in
general and subgroup of gallstones larger than 15 mm
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analysis.

In recent years it is remarkable in the literature a
greater interest in comparing the ESBD vs ES methods
by randomized clinical trials or by retrospective studies
and even by systematic reviews. An important landmark
in this sense was reported by Ersoz et a/®!, who
performed the first attempt to combine sphincterotomy
and large balloon dilation to extract difficult bile duct
stones in order to minimize adverse events rate. This
technique successfully removed the stones in 89% of
cases with disproportion between gallstones and distal
bile duct, in addition to 95% in cases with giant stones,
with adverse event rates significantly lower than in
previous studies that prioritized one technique over the
other without associating them.

Posterior studies have revealed the promising effect
of sphincterotomy associated with balloon dilation of
papilla in choledocholithiasis’®**®', Inversely proportional
is the number of published articles comparing single
dilation to any other method.

Liu et a*” analyzed non-randomized and randomized
clinical trials comparing sphincterotomy associated
with balloon dilation (ESBD) vs isolated sphincterotomy
(ES) identifying in a separated analysis into subgroups
a lower occurrence of bleeding in the ESBD from RCT
analysis (n = 355) and in the non-randomized clinical
trials (NRCT) the group of patients retrospectively
submitted to ESBD obtained a higher success in the
gallstones removal rate, as well as a lower need for ML
and a lower rate of adverse events in general. In this
same subgroup of NRCTs, patients were sub grouped
according to presence of gallstones greater than 15
mm, reaching statistical difference in the lower use of
ML when compared to ES group.

A meta-analysis of Yang et ai* demonstrated that
the ESBD group had a lower rate of adverse events
and a lower use of ML when compared to the ES group,
which was more evident in the subgroup with patients
with gallstones greater than 15 mm. It is important
to note that this review included among the selected
papers the clinical trial of Stefanidis that compares
ESBD vs ES plus ML, not having an ES only arm in this
study.

Stefanidis et a/®¥ and Xu et a/® included four
randomized clinical trials involving 496 patients. In
order to avoid the possible inclusion bias of the afore-
mentioned Stefanidis study, which was also included
in his selection and evaluates different methods from
the other three RCTs contained in the review, Xu et af*!
chose to separate the analysis of this trial, losing in
some meta-analysis its 90 patients. By doing so, he
obtained statistically significant difference concluding
that ESBD reduces the use of ML in patients with stones
greater than 15 mm. After an isolated analysis of the
study of Stefanidis, Xu concludes that there is statistical
difference in the sample obtaining a higher rate of
cholangitis in patients who performed ML after ES, still
citing as probable causes: trauma to the wall of the bile
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Table 3 Frequency of outcomes based on systematic review

. Sphincterotomy associated with
Sl g balloon dilation &
Stone removal rate 773/837 (92.3%) 786/837 (93.9%) 0.10

Stone removal rate with stones greater

than 15 mm 218/240 (90.8%) 228/244 (93.4%) 0.14
Pancreatitis 48/891 (5.3%) 40/911 (4.4%) 0.16
Bleeding 31/891 (3.4%) 18/911 (1.9%) 0.02
Cholangitis 7/891 (0.78%) 7/911 (0.76%) 0.48
Perforation 5/911 (0.54%) 0/891 (0) 0.08
Use of mechanical lithotripsy 262/910 (28.8%) 105/914 (11.5%) <0.00001
Use of mechanical lithotripsy with stones 115/218 (52.7%) 54/214 (25.2%) < 0.00001
greater than 15 mm

ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI  Year M-H, Fixed, 95%CI
Heo, 2007 83 100 87 100 12.0% -0.04[-0.14, 0.06] 2007 —
Hong, 2009 70 70 65 65 8.1%  0.00[-0.03,0.03] 2009 -
Kim HG, 2009 23 27 23 28  3.3%  0.03[-0.16,0.23] 2009
Kim TH, 2009 100 104 92 100 12.2%  0.04[-0.02, 0.11] 2009 -
Li, 2013 222 232 215 230 27.6%  0.02[-0.02,0.06] 2013 T
Qian, 2013 60 63 63 69 7.9%  0.04[-0.05,0.12] 2013 [
Teoh, 2013 65 73 69 78 9.0%  0.01[-0.10,0.11] 2013 e —
Takeshi, 2015 50 50 50 50 6.0% 0.00[-0.04,0.04] 2015 —r
Guo, 2015 82 85 79 85 10.2%  0.04[-0.03,0.10] 2015 —_
Chu, 2016 31 33 30 32 3.9% 0.00[-0.11,0.12] 2016 S S—
Total (95%CI) 837 837 100.0%  0.01[-0.01, 0.04]
Total events 786 773 T

1

Heterogeneity: Chi* = 4.33, df = 9 (P = 0.98); I* = 0%

Test for overall effect: Z = 1.20 (P = 0.23) 02 01 0 01 02
[ES] [ESBD] !
Figure 4 Stone removal rate forest plot after removing the outlier study.
ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Guo, 2015 15 17 10 15 6.6% 0.22 [-0.07, 0.50] —
Heo, 2007 34 36 29 30 13.6% -0.02 [-0.12, 0.08] —=—
Hong, 2009 70 70 65 65 27.9% 0.00 [-0.03, 0.03] -
Kim HG, 2009 23 27 23 28 11.4% 0.03 [-0.16, 0.23] —_—
Qian, 2013 60 63 63 69 27.3% 0.04 [-0.05, 0.12] ——
Teoh, 2013 26 31 28 33 13.2% -0.01 [-0.19, 0.17] —_——
Total (95%CI) 244 240 100.0% 0.02 [-0.02, 0.07]
Total events 228 218 T
Heterogeneity: Chi* = 5.61, df = 5 (P = 0.35); I* = 11% ! ! ! !
-0.50 -0.25 0 0.25 0.50

Test for overall effect: Z = 1.01 (P = 0.31)

[ES] [ESBD]

Figure 5 Forest plot of stone removal rate in patients with stones greater than 15 mm.

duct by the lithotripter wire, inadequate sphincterotomy
and edema at the site of sphincterotomy.

The last meta-analysis on this topic was made by
Park and published in July 2017, this analysis show
that ESBD had superior efficacy to endoscopic papillary
balloon dilation (EPBD) in terms of stone removal in
the first endoscopic session. Mechanical lithotripsy was
less frequently required in ESBD than in EPBD. Post-
ERCP pancreatitis tended to be less common in ESBD
and EST than in EPBD, although the difference was not
statistically significant. However, ESBD and EST carried
a higher risk of post-ERCP bleeding than did EPBD. The
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author used indirect analysis to compare the outcomes
and identified significant inconsistency between direct
and indirect evidence in outcomes such as post-ERCP
bleeding and perforation, which was attributed to an
extremely low incidence. They selected 25 trials, of
which 17 compared EST vs balloon dilation (EPBD).
Only seven articles with 1253 patients compared EST
to ESBD, the two methods that our review compares,
since it is not part of the current guidelines the isolated
use of balloon dilation, except in selected cases of
irreversible coagulopathy. Among the seven selected,
Stefanidis’s above-mentioned work is present®.
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ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Chu, 2016 0 33 0 32 3.6% 0.00 [-0.06, 0.06] —
Guo, 2015 2 85 2 85 9.5% 0.00 [-0.05, 0.05] —
Heo, 2007 4 100 4 100 11.1% 0.00 [-0.05, 0.05] —
Hong, 2009 4 70 9 65 7.5%  -0.08[-0.18, 0.02] _—
Karsenti, 2017 1 74 0 54 6.9% 0.01 [-0.03, 0.05] —r—
Kim HG, 2009 0 27 0 28 3.1% 0.00 [-0.07, 0.07] s —
Kim TH, 2009 10 104 9 100 11.3% 0.01 [-0.07, 0.09] —_—
Li, 2013 12 232 15 230 25.7%  -0.01[-0.06, 0.03] .
Qian, 2013 63 6 69 7.3%  -0.02 [-0.11, 0.07] —_—
Takeshi, 2015 50 0 50 5.6% 0.02 [-0.03, 0.07] B E—
Teoh, 2013 73 3 78 8.4% -0.01 [-0.07, 0.05] —_—
Total (95%CI) 911 891 100.0%  -0.01[-0.03, 0.01] ‘
Total events 40 48
Heterogeneity: Chi* = 5.12, df = 10 (P = 0.88); I* = 0% ‘ ‘ ‘ ‘
Test for overall effect: Z = 0.92 (P = 0.36) -0.2 -0.1 0 0.1 0.2
[ES] [ESBD]
Figure 6 Forest plot of post-endoscopic retrograde cholangiopancreatography pancreatitis rate.
ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Chu, 2016 0 33 2 32 3.6%  -0.06 [-0.16, 0.04] —
Guo, 2015 1 85 1 85 9.5% 0.00 [-0.03, 0.03] ——
Heo, 2007 0 100 2 100 11.1%  -0.02[-0.05, 0.01] —a
Hong, 2009 4 70 10 65 7.5%  -0.10[-0.20, 0.01] —_——
Karsenti, 2017 3 74 2 54 6.9% 0.00 [-0.06, 0.07] —_—
Kim HG, 2009 4 27 2 28 3.1% 0.08 [-0.09, 0.24]
Kim TH, 2009 1 104 0 100 11.3% 0.01 [-0.02, 0.04] ——
Li, 2013 4 232 12 230 25.7% -0.03 [-0.07, -0.00] m |
Qian, 2013 0 63 0 69 7.3% 0.00 [-0.03, 0.03] —a
Takeshi, 2015 0 50 0 50 5.6% 0.00 [-0.04, 0.04] —
Teoh, 2013 1 73 0 78 8.4% 0.01 [-0.02, 0.05] ——
Total (95%CI) 911 891 100.0% -0.02 [-0.03, -0.00] ¢
Total events 18 31
Heterogeneity: Chi* = 14.85, df = 10 (P = 0.14); I = 33% . . . .
Test for overall effect: Z = 1.99 (P = 0.05) 02 01 0 01 02
[ES] [ESBD]
Figure 7 Forest plot of post-procedure bleeding rate (P = 0.05).
ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CIL
Chu, 2016 1 33 1 32 3.6%  -0.00 [-0.08, 0.08]
Guo, 2015 2 85 1 85 9.5% 0.01 [-0.03, 0.05] —_———
Heo, 2007 0 100 0 100 11.1% 0.00 [-0.02, 0.02] .
Hong, 2009 0 70 0 65 7.5% 0.00 [-0.03, 0.03]
Karsenti, 2017 0 74 0 54 6.9% 0.00 [-0.03, 0.03] S m—
Kim HG, 2009 0 27 0 28 3.1% 0.00 [-0.07, 0.07]
Kim TH, 2009 0 104 0 100 11.3% 0.00 [-0.02, 0.02] ——
Li, 2013 2 232 2 230 25.7%  -0.00[-0.02, 0.02] -
Qian, 2013 1 63 1 69 7.3% 0.00 [-0.04, 0.04] —_—
Takeshi, 2015 0 50 0 50 5.6% 0.00 [-0.04, 0.04] _—
Teoh, 2013 1 73 2 78 8.4%  -0.01[-0.06, 0.03] B
Total (95%CI) 911 891 100.0% 0.00 [-0.01, 0.01]
Total events 7 7 T
Heterogeneity: Chi* = 0.63, df = 10 (P = 1.00); I* = 0% . ! ! !
-0.10 005 0 0.05 0.10

Test for overall effect: Z = 0.03 (P = 0.97)

Figure 8 Forest plot of post-procedure cholangitis rate.
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ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI  Year M-H, Fixed, 95%CI
Heo, 2007 8 100 9 100 11.0% -0.01[-0.09,0.07] 2007 —a
Kim TH, 2009 8 104 17 100 11.2% -0.09[-0.18, -0.00] 2009 —
Hong, 2009 13 70 47 65 7.4% -0.54 [-0.68, -0.40] 2009 —
Kim HG, 2009 9 27 9 28 3.0%  0.01[-0.24, 0.26] 2009 R I —
Teoh, 2013 21 73 36 78 8.3% -0.17[-0.33,-0.02] 2013 —
Li, 2013 28 232 80 230 25.3% -0.23[-0.30,-0.15] 2013 —.—
Qian, 2013 5 63 17 69 7.2% -0.17 [-0.29, -0.05] 2013 —_—
Guo, 2015 7 85 8 85 9.3% -0.01[-0.10, 0.07] 2015 —
Takeshi, 2015 3 50 13 50 5.5% -0.20[-0.34, -0.06] 2015 E—
Chu, 2016 0 33 0 32 3.6%  0.00[-0.06, 0.06] 2016 -
Karsenti, 2017 3 77 26 73 8.2% -0.32[-0.44, -0.20] 2017 —
Total (95%CI) 914 910 100.0% -0.17[-0.21, -0.14] ¢
Total events 105 262
Heterogeneity: Chi* = 103.36, df = 10 (P < 0.00001); * = 90% : ‘ ‘ ‘
Test for overall effect: Z = 10.01 (P < 0.00001) 050 025 0 025 050
[ES] [ESBD]
Figure 9 Forest plot with fixed effect comparing the use of mechanical lithotripsy (P < 0.00001).
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Figure 10 Funnel plot showing true heterogeneity in the use of mechanical lithotripsy general analysis.
ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%CI Year M-H, Random, 95%CI
Heo, 2007 8 100 9 100 9.9% -0.01 [-0.09, 0.07] 2007 —-
Kim TH, 2009 8 104 17 100 9.7% -0.09 [-0.18, -0.00] 2009 —
Hong, 2009 13 70 47 65 8.7% -0.54 [-0.68, -0.40] 2009 —
Kim HG, 2009 9 27 9 28 6.3% 0.01 [-0.24, 0.26] 2009 e
Teoh, 2013 21 73 36 78 8.4% -0.17 [-0.33, -0.02] 2013 E—
Li, 2013 28 232 80 230 10.0% -0.23 [-0.30, -0.15] 2013 ——
Qian, 2013 5 63 17 69 9.1% -0.17 [-0.29, -0.05] 2013 ——
Guo, 2015 7 85 8 85 9.8% -0.01 [-0.10, 0.07] 2015 —
Takeshi, 2015 3 50 13 50 8.7% -0.20 [-0.34, -0.06] 2015 ——
Chu, 2016 0 33 0 32 10.2% 0.00 [-0.06, 0.06] 2016 ——
Karsenti, 2017 3 77 26 73 9.2% -0.32 [-0.44, -0.20] 2017 ——
Total (95%CI) 914 910 100.0%  -0.16 [-0.25, -0.06] <o
Total events 105 262
Heterogeneity: Tau® = 0.02; Chi? = 103.36, df = 10 (P < 0.00001); 7* = 90% ‘ ‘ ‘ ‘
-0.50 025 0 0.25 0.50

Test for overall effect: Z = 3.14 (P = 0.002)
[ES] [ESBD]

Figure 11 Forest plot with random effect comparing the use of mechanical lithotripsy (P < 0.002).

The literature review of the previous meta-analysis
shows that authors did follow diverse methodology and
were faced with limitations related to the selection of
available studies, either by grouping different methods
in the same analysis group, or by grouping prospective
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to retrospective studies or finally reaching a low total
number of patients when they tried a more rigorous
selection. However, we can identify among the studies,
a lower tendency to use ML when balloon dilation
is associated to sphincterotomy, especially in large
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ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI Year M-H, Fixed, 95%CI
Heo, 2007 6 6 8 8 3.2%  0.00[-0.24, 0.24] 2007 —
Kim HG, 2009 9 27 9 28 12.8%  0.01[-0.24, 0.26] 2009 —_—
Hong, 2009 13 70 47 65 31.3% -0.54[-0.68,-0.40] 2009 —a—
Qian, 2013 5 63 17 69 30.6% -0.17[-0.29,-0.05] 2013 .
Teoh, 2013 18 31 30 33 14.8% -0.33[-0.53,-0.13] 2013 —
Guo, 2015 3 17 4 15 7.4% -0.09 [-0.38, 0.20] 2015 —_—
Total (95%CI) 214 218 100.0% -0.27 [-0.35, -0.20] <
Total events 54 115
Heterogeneity: Chi* = 28.03, df = 5 (P < 0.0001); I* = 82% . . . .
-0.50 -0.25 0 025 0.50

Test for overall effect: Z = 7.05 (P < 0.00001)

[ES] [ESBD]

Figure 12 Forest plot with fixed effect comparing the use of mechanical lithotripsy in patients with stones greater than 15 mm (P < 0.00001).
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Figure 13 Funnel plot showing true heterogeneity in the use of mechanical lithotripsy in patients with stones greater than 15 mm analysis.

ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%CI Year M-H, Random, 95%CI
Heo, 2007 6 6 8 8 15.5% 0.00 [-0.24, 0.24] 2007 —s
Kim HG, 2009 9 27 9 28 15.3% 0.01 [-0.24, 0.26] 2009 —_—
Hong, 2009 13 70 47 65 18.8% -0.54 [-0.68, -0.40] 2009 —
Qian, 2013 5 63 17 69 19.4% -0.17 [-0.29, -0.05] 2013 —a—
Teoh, 2013 18 31 30 33 17.0% -0.33 [-0.53, -0.13] 2013 ——
Guo, 2015 3 17 4 15  14.0% -0.09 [-0.38, 0.20] 2015 —
Total (95%CI) 214 218 100.0% -0.20 [-0.38, -0.02] P
Total events 54 115
Heterogeneity: Tau® = 0.04; Chi* = 28.03, df = 5 (P < 0.0001); * = 82% ‘ ‘ ‘ ‘
-0.50 -0.25 0 025 0.50

Test for overall effect: Z = 2.12 (P = 0.03)

[ES] [ESBD]

Figure 14 Forest plot with random effect comparing the use of mechanical lithotripsy in patients with stones greater than 15 mm analysis (P = 0.03).

gallstones.

This systematic review sought to homogenize the
selection of clinical trials to compare the outcomes of the
two most commonly used endoscopic methods in the
extraction of gallstones from common bile duct, isolated
sphincterotomy (ES) and sphincterotomy associated
with balloon dilation (ESBD), besides presenting the
largest sample involved up to the present moment. The
incorporation of recent trials updates the understanding
of the choledocholithiasis approach, and the sampling
and selection of only randomized clinical trials provide
greater magnitude and accuracy.

The selected RCTs applied, in general, similar

Roishidenge ~ WJGE | www.wjgnet.com

exclusion criteria among themselves, such as: Active
acute pancreatitis; cholangitis; acute cholecystitis;
intrahepatic duct stones; pancreatobiliary malignancy;
surgical history involving the biliary tree (not including
the gall bladder) or gastrointestinal tract, such as
the stomach or small bowel (Billroth II or Roux-en-Y
reconstruction), which can change the papillary location;
coagulation disorders; currently taking clopidogrel;
pregnancy and inability to give informed consent.
Regarding safety, all selected trials define post-ERCP
bleeding according to the Cotton consensus™”’ with the
exception of not being able to extract this information
from the only three selected trials published in abstract
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ESBD ES Risk difference Risk difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%CI M-H, Fixed, 95%CI
Chu, 2016 0 33 0 32 3.6% 0.00 [-0.06, 0.06]
Guo, 2015 0 85 0 85 9.5% 0.00 [-0.02, 0.02] —
Heo, 2007 0 100 0 100 11.1% 0.00 [-0.02, 0.02] —
Hong, 2009 0 70 0 65 7.5% 0.00 [-0.03, 0.03] —
Karsenti, 2017 0 54 1 74 6.9%  -0.01[-0.05, 0.03] —_—
Kim HG, 2009 0 27 0 28 3.1% 0.00 [-0.07, 0.07]
Kim TH, 2009 0 104 1 100 11.3% -0.01 [-0.04, 0.02] ——
Li, 2013 0 232 0 230 257% 0.00 [-0.01, 0.01] -
Qian, 2013 0 63 1 69 7.3%  -0.01[-0.05, 0.03] S
Takeshi, 2015 0 50 0 50 5.6% 0.00 [-0.04, 0.04] —_—
Teoh, 2013 0 73 2 78 8.4% -0.03 [-0.07, 0.02] —
Total (95%CI) 891 911 100.0%  -0.01[-0.01, 0.00] <
Total events 0 5
Heterogeneity: Chi* = 3.60, df = 10 (P = 0.96); I* = 0% . ! . .
-0.10 -0.05 0 0.05 0.10

Test for overall effect: Z = 1.21 (P = 0.23)

Figure 15 Forest plot comparing perforation rates during the procedure.

format!®*>*l, Of our eleven selected trials, four tended
to have more bleeding in the EST group™®"'%'", but
only Li et al'™! presented statistical difference, its
sample was significantly larger than the sample from
each of the other trials, hence its presence was decisive
for the final result, however, without compromising
the analysis of heterogeneity (¥ = 33%). We obtained
that EST group presented more post-ERCP bleeding
(3.4% vs 1.9%, P = 0.02) with a total of 1802 patients
included in this analysis. This corroborates with the
previous findings in 2013 systematic review done
by Liu®. It is worth to mention that its result was
generated from a separated analysis with only three
RCTs selected with a total of 355 patients, of which 155
were extracted from a single clinical trial that addressed
only patients with periampullary diverticulum, adding an
important selection bias to the analysis™®, The recently
published meta-analysis by Park CH did not observe this
difference in bleeding risk between ESBD and EST, but
obtained that both ESBD and EST had more bleeding
than EPBD™,

Although there is a precedent in the literature on
this finding, care should be taken when checking the
presence of bias in the analysis, also identified by Park
et al'®®, regarding the difference in sphincterotomy
extension among selected trials, an important isolated
variable related to the risk of bleeding, as assessed in a
retrospective study done by Park et af**®.,

All studies included in this review proceeded to the
technique of partial sphincterotomy (one-third or half
of the conventional length) associated with balloon
dilation vs total sphincterotomy (performed on the full
length of the transverse fold), with the exception of
Karsenti 's trial”}, who underwent total sphincterotomy
in all patients. This peculiarity did not change the results,
since there is no tendency for a greater risk of post-
procedure bleeding in any of the groups of his clinical
trial. On the other hand, its full length cut approach
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[ES] [ESBD]

may have been the main cause of the discrepancy in
their results compared to the other trials in primary
outcome assessment (stone removal rate), being
evident when its inclusion in this analysis increased the
heterogeneity of the group from I? = 0 to I’ = 54%,
therefore was identified as the only outlier study after
sensitivity analysis was performed with funnel plot and
withdrawn from that analysis. The author advocates
against the use of small sphincterotomy as a cautious
attitude against adverse events from results based on
previous trials showing safety in total sphincterotomy
prior to dilation'’>%, obfuscating the association found
in Park SJ®! retrospective study. Finally, Karsenti et al”?
obtained in their trial a clear advantage in the stone
removal rate in favor to ESBD group, in addition to a
lower need for ML in the same group without difference
between techniques in the adverse events rate from a
sample of 150 patients.

In our dinical experience at the Hospital das Clinicas of
the University of Sdo Paulo Medical School, endoscopists
underwent total sphincterotomy prior to dilation in all
selected complex cases without presenting rates of
adverse events higher than those found in the literature.
In our procedures the balloon was kept inflated during
three minutes to avoid bleeding and reinflated for the
same period if hemorrhage is noted.

Perforation was a rare event, affecting only five of
1802 patients effectively submitted to ERCP, being all
from EST group and conducted with conservative non-
surgical resolution. This demonstrates how techniques
and accessories have evolved bringing greater safety to
the procedure.

Regarding efficacy, in the assessment of primary
outcome defined as stone removal rate, from available
data it was possible to extract and to analyze a
subgroup with patients who had stones greater than
or equal to 15 mm with the final sum of 484 patients.
Despite the tendency in favor to the ESBD group, there
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was no statistical difference among the groups. This
outcome was expected to be the one that most could
have differentiated the methods efficacy about the
balloon dilation association in the process, perhaps the
subgroup sample was too small to evidence it. So it
may be required more large-scale specific RCTs.

However, ML was less needed in ESBD group
both in general and in subgroup analysis with stones
greater than 15 mm, reinforcing previous data in the
literaturel”*%***31>1¢] Therefore this association should
be part of the approach decision algorithm according to
physician’s experience with one technique or another,
since if he opts less often for dilation he will be more
susceptible to the need for ML.

We found that ESBD was a safer method compared
to ES since ES group carried a higher risk of post-
ERCP bleeding and required more frequent therapeutic
complementation with use of mechanical lithotripsy,
being exposed to a greater theoretical risk of bile duct
injury, in addition to a potential longer procedure cost
and time. In terms of efficacy, we obtained statistical
similarity between groups, with tendency to superiority
in ESBD group.

The review of the literature necessary to perform
this work, coupled with the authors’ clinical experience
in their reference services, has led to the hypothesis
that it is safe to perform the total sphincterotomy prior
to large balloon dilation. However, in order to add a
greater degree of scientific evidence, we suggest a
pertinent study design to confirm this hypothesis: A
large multicentric randomized clinical trial with stand-
ardized techniques and assessments based on up-to-
date consensus involving patients with complex gall-
stones (greater than 15 mm or in humber greater than
10 or with size disproportion between stone and distal
CBD) comparing partial vs total sphincterotomy, both
associated with large balloon dilation.

The future research should also consider the latest
technologies incorporated into the available tools arsenal
for the management of difficult bile duct stones, such
as the use of cholangioscopy with target endobiliary
therapies without the need for large biliary dilation and
sphincterotomies, which can reduce possible adverse
events. A recent randomized controlled trial totaling 100
patients comparing cholangioscopy vs papillary large
balloon dilation for complex biliary stones management
performed by Gastrointestinal Endoscopy Unit of the
University of Sao Paulo Medical School concludes that
the two techniques presented similar high success rates
and low incidence of adverse events. Furthermore, the
association of the methods improved biliary clearance,
thus they can be complementary to each other™",

Finally we present the flow chart of current clinical
approach in our reference service (Figure 16).

The first limitation of this systematic review appeared
in the initial search, because there are insufficient
number of specific clinical trials for giant gallstones (=
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15 mm), and studies with relatively large gallstones
are heterogeneous in the sample and subdivided into
groups with different cutoff size of the stones (12 mm,
15 mm or 20 mm). Only six studies of the eleven have
pooled stones larger than 15 mm.

There was heterogeneity in technical details of
procedures between the RCTs, such as different
time of balloon insufflation and different length of
sphincterotomy, this last seems to be an isolated
variable that generates conflict in results interpretation
when grouping different techniques in systematic
reviews, this way we can infer that it is not only a
limitation of the paper, but perhaps a point to be
discussed and explored in future trials.

The nature of the intervention did not allow
blinding after randomization. There was population
heterogeneity between groups after randomization with
regard to age in Karsenti trial and on the presence of
periampular diverticulum on Guo trial.

We included three trials published in abstract
format; we consider that it brings a limitation for the
biases analysis, since they could not be fully evaluated
in these works, such as adequate randomization or
possible losses. In addition, it is important to emphasize
the impossibility of accessing in these trials the adverse
events definitions adopted (post-ERCP hemorrhage
and pancreatitis). It was not possible to extract
sphincterotomy technique data (small or total) from
only one trial published in abstract format!*®..

Regarding the results of these studies, the inclusion
of the abstracts was not considered an absolute
limitation, since the availability of all required data for
the meta-analysis was a pre-requisite for inclusion in
our study.

Through meta-analysis of randomized clinical trials
we found that there was no statistical difference in the
stone removal rate between isolated sphincterotomy
and sphincterotomy associated with balloon dilation in
the approach to remove gallstones. However, isolated
sphincterotomy was associated with more post-ERCP

bleeding and more need for mechanical lithotripsy.

ARTICLE HIGHLIGHTS

Research background

Endoscopic retrograde cholangiopancreatography (ERCP) has become one
of the most important techniques for the treatment of choledocholithiasis, a
pathology with an important prevalence in the population, which incidence
increases with age, with an estimated 5% to 10% of patients with cholelithiasis
at the time of cholecystectomy even without any predictive factors. The
techniques and endoscopic instruments have evolved a lot in the last decades,
with a significant improvement in effectiveness and safety, but we still have
challenging situations (gallstones larger than 15 mm or in number greater than
10 or when there is a disproportion between stone size and the distal bile duct
caliber). In this sense, we should seek solidified data in the available scientific
literature to support our most appropriate therapeutic decision.

Research motivation
Endoscopic sphincterotomy as well as balloon dilation of duodenal major
papilla are recognized endoscopic treatment approaches to choledocholithiasis.
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Choledocolithiasis

Technical features (and / or) Total
Stone size greater than 15 mm Sphincterotomy
Sphincterotomy O m— Disproportion between stone and plus
No distal bile duct ves Balloon dilation
Multiple stones (> 10)
Stone removal?
(with Dormia basket or extraction balloon)
K
N No
No I |
] Mechanical lithotripsy
r I
: ! Unsuccessfully
I
y ‘ Biliary stent
Surgery | or
| Cholangioscopy plus lithotripsy
|
‘ Biliary stent cases
|
L

Revaluation in 3 mo

Figure 16 Flow chart of current clinical approach in our reference service.

These two techniques, however, are associated with adverse events such as
hemorrhage, perforation and pancreatitis. Additionally, gallstones cannot be
removed in approximately 5% to 10% of patients, especially those with difficult
duct biliary stones. Our initial motivation was to know if there is a preferential
approach in choledocholithiasis with lower rates of adverse events while
maintaining high effectiveness. From the literature review about the subject,
we realized some characteristics that we interpreted as important limitations in
the previous works. Thereafter, this study tried to remove these limitations and
to follow a rigorous methodological approach in the selection and analysis of
clinical trials in order to enhance the knowledge about safety and efficacy data.

Research objectives

We want to compare efficacy and safety data between the two most
widespread endoscopic approach methods in choledocholithiasis: endoscopic
sphincterotomy vs endoscopic sphincterotomy associated with large balloon
dilation. It was possible to obtain in the literature a large sample of patients
taken from properly conducted clinical trials. We believe that future systematic
reviews on this issue can be based on our selection and analysis methodology
and just add new trials which shall be published in order to update and to bring
a greater dimension to the theme.

Research methods

This systematic review was conducted according to the PRISMA Statement
(Preferred reporting items for systematic reviews and meta-analyses). The
search was performed in the electronic databases MedLine (via PubMed),
Cochrane Library, LILACS, EMBASE, the CAPES database (Brazil), and
gray literature. The incorporation of recent trials updates the understanding
of the choledocholithiasis approach, and the sampling and selection of only
randomized clinical trials provide greater magnitude and accuracy.

Research results

Eleven randomized controlled trials (RCTs) with 1824 patients were included.
EST was associated with more post-ERCP bleeding (P = 0.05) and more need
for mechanical lithotripsy in general (P = 0.002) and in subgroup analysis of
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stones greater than 15 mm (P = 0.003). Incidence of pancreatitis, cholangitis
and perforation was similar between the groups as well as similar stone
removal rates in general and in pooled analysis of stones greater than 15
mm. We obtained the largest sample already described in the literature that
directly compares the EST vs sphincterotomy associated with balloon dilation
(ESBD) methods in choledocholithiasis through data extracted from published
randomized clinical trials. We were expecting that the primary outcome defined
as stone removal rate have differentiated the methods efficacy about the
balloon dilation association at least for the subgroup analysis of patients with
stones greater than 15 mm, but, despite the tendency to favors the ESBD
group, there was no statistical difference among the groups. Perhaps the
subgroup sample (484 patients) was too small to evidence it. So it may be
required more large-scale specific RCTs.

Research conclusions

Through the direct meta-analysis of the largest sample ever pulled exclusively
from randomized clinical trials addressing choledocholithiasis, we found that
isolated sphincterotomy was associated with higher post-ERCP bleeding as
well as an increased need for mechanical lithotripsy than when associated with
balloon dilation. Regarding efficacy, stone removal rate tended to be better in
ESBD than in EST, although the difference was not statistically significant. This
study sought to remove the bias from the lack of methodological rigor applied
in the selection and analysis of clinical trials identified in the previous reviews,
thus obtaining more purified results, even though they are similar. We found that
ESBD was a greater safety method compared to isolated sphincterotomy (ES)
since ES group carried a higher risk of post-ERCP bleeding and required more
frequent therapeutic complementation with use of mechanical lithotripsy, being
exposed to a greater theoretical risk of bile duct injury, in addition to a potential
longer procedure cost and time. In terms of efficacy, we obtained statistical
similarity between groups, with tendency to superiority in stone removal rate for
the ESBD group. This study proposes that the complement with balloon dilation
after sphincterotomy of the papilla is associated with greater safety in ERCP for
choledocholithiasis, since isolated sphincterotomy was associated with more
post-ERCP bleeding. Taking into account the fact that mechanical lithotripsy
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(ML) was less needed in ESBD group both in general and in subgroup analysis
with stones greater than 15 mm, this association should be part of the approach
decision algorithm according to physician’s experience with one technique or
another, since if he opts less often for dilation he will be more susceptible to
the need for ML. This systematic review sought to homogenize the selection
of randomized clinical trials and to compare the outcomes of the two most
commonly used endoscopic methods in the extraction of gallstones from
common bile duct: isolated sphincterotomy ES and ESBD, besides presenting
the largest sample involved up to the present moment submitted to direct
analysis. The incorporation of recent clinical trials updates the understanding
of the choledocholithiasis approach, and the sampling and selection of only
randomized clinical trials provide greater magnitude and accuracy. All the
phenomena found had already occurred separately in previous studies, so, this
study corroborates and reinforces with the findings of the literature. To achieve
greater impact through direct analysis of the largest sample taken exclusively
from the RCT so far, we can confirm some findings from the literature review
as a higher risk of bleeding in the EST group compared to ESBD and less
need for ML in the ESBD group when performing ERCP for choledocholithiasis

resolution.

Research perspectives

The legitimacy of comparing these two methods through meta-analyzes always
seems to be influenced by the technical differences applied in each trial, such
as the sphincterotomy length, once it shows an evident disturbance in the
results of this study. Continuous assessment of efficacy and safety data for
difficult cases of choledocholithiasis, focusing on compares the outcomes
between partial vs total sphincterotomy, both associated to large balloon
dilation. A pertinent study design to the theme would be a large multicentric
randomized clinical trial with standardized techniques and assessments based
on up-to-date consensus involving patients with complex gallstones (greater
than 15 mm or in number greater than 10 or with size disproportion between
stone and distal CBD) comparing small vs total sphincterotomy, both associated
with large balloon dilation.
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