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Each year choledocholithiasis results in biliary obstruction, cholangitis, and pancreatitis in a significant number of

patients. The primary treatment, ERCP, is minimally invasive but associated with adverse events in 6% to 15%.
This American Society for Gastrointestinal Endoscopy (ASGE) Standard of Practice (SOP) Guideline provides
evidence-based recommendations for the endoscopic evaluation and treatment of choledocholithiasis. The Grading
of Recommendations Assessment, Development and Evaluation (GRADE) framework was used to rigorously review
and synthesize the contemporary literature regarding the following topics: EUS versus MRCP for diagnosis, the role
of early ERCP in gallstone pancreatitis, endoscopic papillary dilation after sphincterotomy versus sphincterotomy
alone for large bile duct stones, and impact of ERCP-guided intraductal therapy for large and difficult choledocho-
lithiasis. Comprehensive systematic reviews were also performed to assess the following: same-admission cholecys-
tectomy for gallstone pancreatitis, clinical predictors of choledocholithiasis, optimal timing of ERCP vis-à-vis
cholecystectomy, management of Mirizzi syndrome and hepatolithiasis, and biliary stent therapy for choledocholi-
thiasis. Core clinical questions were derived using an iterative process by the ASGE SOP Committee. This body
developed all recommendations founded on the certainty of the evidence, balance of risks and harms, consideration
of stakeholder preferences, resource utilization, and cost-effectiveness. (Gastrointest Endosc 2019;89:1075-105.)
Guidelines for appropriate use of endoscopy are based
on a critical review of the available data and expert

fore, clinical considerations may lead an endoscopist to
take a course of action that varies from these guidelines.
consensus at the time the guidelines were drafted. Further
controlled clinical studies may be needed to clarify
aspects of this guideline. This guideline may be revised
as necessary to account for changes in technology, new
data, or other aspects of clinical practice. The recommen-
dations in this document were based on reviewed studies
using the GRADE and systematic review methodologies
described in the Methods section.

This guideline is intended to be an educational device to
provide information that may assist endoscopists in
providing care to patients. This guideline is not a rule and
should not be construed as establishing a legal standard
of care or as encouraging, advocating, requiring, or
discouraging any particular treatment. Clinical decisions
in any particular case involve a complex analysis of the
patient’s condition and available courses of action. There-
V

INTRODUCTION

Bile duct stones (choledocholithiasis) most frequently
result from the migration of gallstones from the gall-
bladder into the biliary tree. Gallstones are the conse-
quence of cholesterol supersaturation in bile,
inadequate bile salt levels or function, and diminished
contractility of the biliary epithelium because of the multi-
factorial effects of diet, hormones, and genetic predispo-
sition.1,2 Prospective population data reveal that 10% of
American adults will develop symptomatic gallstones
over the course of a decade.2 Greater than 700,000 will
undergo outpatient cholecystectomy, and despite
436,000 being managed as outpatients, the annual cost
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exceeds 6.6 billion dollars.2,3 Among those with symptom-
atic cholelithiasis 10% to 20% have concomitant choledo-
cholithiasis.4 An analysis using Diagnosis-Related Group
(DRG); International Classification of Disease, 9th Revi-
sion (ICD-9); and Current Procedural Terminology
(CPT) codes suggests that each episode of choledocholi-
thiasis results in a cost of 9000 dollars.5 Furthermore,
choledocholithiasis is the leading cause of acute
pancreatitis, which results in 275,000 hospitalizations
annually at a cost of 2.6 billion dollars.6

ERCP has transformed bile duct stone removal from
a major operation to a minimally invasive procedure.
Over the past 3 decades a number of strategies have
been introduced to address even the most difficult bile
duct stones, including large balloon papillary dilation and
cholangioscopy-guided intraductal laser and electrohy-
draulic lithotripsy (EHL).7,8 However, a significant risk
(6%-15%) of major adverse events associated with ERCP-
guided treatment of bile duct stones has also been recog-
nized.9,10 This has underscored the need to identify
appropriate candidates for this procedure and to reserve
biliary endoscopy for patients who have the highest prob-
ability of intraductal stones.
AIMS/SCOPE

The aim of this document is to provide evidence-based
recommendations for the endoscopic evaluation and
treatment of choledocholithiasis based on rigorous re-
view and synthesis of the contemporary literature, using
the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) framework. The GRADE
framework is a system for rating the quality of evidence
and strength of recommendations that is comprehensive
and transparent and has been recently adopted by the
American Society for Gastrointestinal Endoscopy
(ASGE).11 This document addresses the following 4
clinical questions:
1. What is the diagnostic utility of EUS versus MRCP to

confirm choledocholithiasis in patients at intermediate
risk of choledocholithiasis?

2. In patients with gallstone pancreatitis, what is the role of
early ERCP?

3. In patients with large choledocholithiasis, is endoscopic
papillary dilation after sphincterotomy favored over
sphincterotomy alone?

4. What is the role of ERCP-guided intraductal therapy
(EHL and laser lithotripsy) in patients with large and
difficult choledocholithiasis?
Five additional clinical questions were addressed by the

guideline panel using comprehensive literature review but
not adhering to GRADE methodology: (1) Is same admis-
sion cholecystectomy necessary for patients with gallstone
pancreatitis? (2) Are combinations of liver function tests,
clinical characteristics, and transabdominal ultrasound
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(US) able to predict choledocholithiasis? (3) What is the
optimal timing of ERCP for choledocholithiasis in patients
undergoing cholecystectomy? (4) What is the role of ERCP
in the management of Mirizzi syndrome and hepatolithia-
sis? (5) What is the role of bile duct stents in the manage-
ment of choledocholithiasis?

METHODS

Overview
This article was prepared by a working group of the

Standards of Practice (SOP) Committee of the ASGE in
conjunction with a GRADE methodologist. This document
includes a systematic review of available literature along
with guidelines for the endoscopic diagnosis and manage-
ment of choledocholithiasis. The panel members first
formulated the relevant questions and agreed on patient-
important outcomes for each question, which were subse-
quently approved by the ASGE Governing Board. The
GRADE framework was used to develop clinical questions
1 to 4, systematically review the relevant evidence, rate
the quality of evidence, and develop guidelines.12 All
other clinical questions (5-9) were evaluated by
comprehensive literature review, and recommendations
were based on consensus opinion. All recommendations
were drafted by the full panel during a face-to-face meeting
on March 17, 2018 and approved by the SOP committee
members and the ASGE Governing Board.

Panel composition and conflict of interest
management

The panel was composed of a GRADE methodologist
(S.S.), 4 content experts with expertise in systematic review
and meta-analysis (J.L.B., S.A.F., B.J.Q., D.S.F.), a content
expert independent of the SOP committee (P.Y.), a hepatobili-
ary surgeon (L.M.), committee chair (S.B.W.), and the other
members of the SOP committee. The panel members dis-
closed possible intellectual and financial conflicts of interest
in concordance with ASGE policies (https://www.asge.org/
docs/default-source/about-asge/mission-and-governance/
asge-conflict-of-interest-and-disclosure-policy.pdf).

Formulation of clinical questions
Nine clinical questions were developed by an iterative

process on March 24, 2017 by the ASGE SOP Committee.
Four of these questions were deemed to be amenable to a
PICO approach. For each PICO question we identified the
population (P), intervention (I), comparator (C), and out-
comes of interest (O) (Table 1). Patient-important outcomes
included confirmation and complete clearance of choledo-
cholithiasis as well as associated adverse events. The clinical
questions were approved by the ASGE Governing Board.

Literature search and study selection criteria
For each PICO question a comprehensive literature

search for existing systematic reviews and meta-analyses
www.giejournal.org
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TABLE 1. List of PICO questions addressed by Grading of Recommendations Assessment, Development and Evaluation methodology

Population Intervention Comparator Outcomes Rating

1. Patients with intermediate
risk of choledocholithiasis

EUS MRCP 1) Confirmation of bile
duct stones

2) Cost-effectiveness
3) Adverse events

Critical
Important
Important

2. Patients with gallstone pancreatitis Early ERCP Conservative
management

1) Local adverse events
2) Systemic adverse events

3) Mortality

Critical
Critical
Critical

3. Patients with large
choledocholithiasis

Endoscopic papillary balloon
dilation after endoscopic

sphincterotomy

Endoscopic
sphincterotomy

1) Complete stone removal
2) Stone removal in 1 session

3) Adverse events
4) Procedure time

5) Need for mechanical lithotripsy

Critical
Important
Important
Important
Important

4. Patients with large and
difficult choledocholithiasis

Intraductal therapy Conventional lithotripsy 1) Complete stone removal
2) Stone removal in 1 session

3) Adverse events
4) Procedure time

Critical
Important
Important
Important

Role of endoscopy in the evaluation and management of choledocholithiasis
was first performed. If no published review was identified, a
systematic review and meta-analysis was performed. For
PICO question one, two, and four, a librarian (LK) created
and documented search strategies in the following
bibliographic databases: Ovid Medline, Embase, Cochrane
Library, and Web of Science on September 21, 2017. For
PICO question three, a librarian (HS) created and
documented search strategies in the following
bibliographic databases: Ovid Medline, Embase, Cochrane
Library, and Web of Science on November 16, 2017. A
combination of subject headings (when available) and
keywords were used for the concepts lithotripsy, balloon
dilatation, sphincterotomy, and bile duct stones. No
language or other limits were applied. See Supplementary
Tables 3A-4D for full search strategies including database
details. In an effort to capture unpublished studies LK
and HS conducted searches in Google Scholar and
ClinicalTrials.gov. Due to database constraints and lack of
replicability, only the first 200 citations from Google
Scholar were collected. Only English language citations
were included. Cross-referencing and forward searches of
the citation from articles fulfilling inclusion criteria were per-
formed using the Web of Science. For PICO questions 2 and
3 only randomized controlled trials (RCTs) were included in
the primary analyses. Given limitations in the available liter-
ature, randomized controlled and observational cohort
studies were included in searches for PICO questions 1
and 4. Identified citations were imported into EndNote
x7.7.1 (Clarivate Analytics, Philadelphia, Pa), duplicates re-
move by the Bramer method,13 and uploaded into
Covidence (Melbourne, Australia).

Data extraction and statistical analysis
For questions that required meta-analysis, data extrac-

tion was performed by at least 2 independent reviewers.
Pooled effects were derived using random effects models
www.giejournal.org V
and the specific summary statistic depended on the rele-
vant outcomes: overall diagnostic odds ratio (OR) for
PICO 1, risk ratios for PICO 2, summary OR for PICO 3,
and pooled proportions for PICO 4 using Stata 14.2 (Stata
Corp, College Station, Tex). Indirect comparisons were
used to estimate effect size and direction when direct com-
parisons were unavailable. Heterogeneity was quantified by
the I2 statistic (I2) and evaluated by sensitivity analyses.
Funnel plots and analyses stratified by study design were
used to evaluate for publication bias and influence of study
quality.

Certainty in evidence
Quality of evidence. The certainty in the body of ev-

idence (also known as quality of the evidence or confi-
dence in the estimated effects) was assessed for each of
the outcomes of interest, following the GRADE approach
based on the following domains: risk of bias of individual
studies, imprecision, inconsistency, indirectness of the ev-
idence, and risk of publication bias. The certainty was cate-
gorized into 4 levels ranging from very low to high
(Table 2).14 In this approach evidence from RCTs starts
at high quality but can then be rated down based on
assessment of above domains. On the other hand,
evidence from observational studies starts at low quality
and then is potentially downgraded based on the above
variables or upgraded in case of dose–response relation-
ship, large magnitude of effect, or confounding. For each
PICO, an evidence profile or summary of findings table
was created using the GRADEpro/GDT application
(http://gdt.guidelinedevelopment.org/app).

Development of recommendations. During an in-
person meeting, the panel developed recommendations
based on the following: the certainty in the evidence, the
overall balance of benefits and harms, values and prefer-
ences associated with the decision, and available data on
olume 89, No. 6 : 2019 GASTROINTESTINAL ENDOSCOPY 1077
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TABLE 2. Grading of Recommendations Assessment, Development and Evaluation categories of quality of evidence

Categories Symbols Meaning Interpretation

High 4444 We are confident that the true effect lies close to
that of the estimate of the effect.

Further research is very unlikely to change
our confidence in the estimate of the effect.

Moderate 444 We are moderately confident in the estimate of
the effect; the true effect is likely to be close to

the estimate of the effect, but there is a possibility
that it is substantially different.

Further research is likely to have an impact on
our confidence in the estimate of the effect

and may change the estimate.

Low 44 Our confidence in the estimate of the effect is
limited; the true effect may be substantially different

from the estimate of the effect.

Further research is very likely to have an
impact on our confidence in the estimate of
the effect and is likely to change the estimate.

Very low 4 We have very little confidence in the estimate
of the effect; the true effect is likely to be

substantially different from the estimate of the effect.

Any estimate of the effect is very uncertain.

TABLE 3. Interpretation of definitions of strength of recommendation using Grading of Recommendations Assessment, Development and
Evaluation framework

Implications for Strong recommendation Conditional recommendation

Patients Most individuals in this situation
would want the recommended course of action,

and only a small proportion would not.

Most individuals in this situation would want
the suggested course of action, but many would not.

Clinicians Most individuals should receive the intervention.
Formal decision aids are not likely to be needed

to help individual patients make decisions
consistent with their values and preferences.

Recognize that different choices will be appropriate for
individual patients and that you must help each patient arrive

at a management decision consistent with his or her values and preferences.
Decision aids may be useful in helping individuals to make decisions

consistent with their values and preferences.

Policymakers The recommendation can be adopted as policy
in most situations. Adherence to this recommendation

according to the guideline could be used as a
quality criterion or performance indicator.

Policymaking will require substantial
debate and involvement of various stakeholders.
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resource utilization and cost-effectiveness. The final
wording of the recommendations (including direction
and strength) was decided by consensus and was approved
by all members of the panel. The recommendations are
labeled as either “strong” or “conditional” according to
the GRADE approach. The words “the guideline panel
recommend” are used for strong recommendations and
“suggest” for conditional recommendations. Table 3
provides the suggested interpretation of strong and
conditional recommendations by patients, clinicians, and
healthcare policymakers.

Patient values and preferences. Few publications
addressing choledocholithiasis have measured or ad-
dressed patient values and preferences. Single-step treat-
ment (combined laparoscopic cholecystectomy and
bile duct exploration [LC-BDE]) was associated with
higher patient satisfaction scores than the strategy of
ERCP before cholecystectomy.15 This was attributed to
shortened hospital stay. In a trial of EUS/ERCP before
cholecystectomy versus ERCP after cholecystectomy in
patients with a positive intraoperative cholangiogram,
quality of life outcomes were assessed using EuroQol
1078 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
Group, 5-level (EQ-5D-5L) scores.16 Although the latter
strategy was associated with shorter hospital stay and less
procedures, there was no statistically significant
difference in the EQ-5D-5L scores for the 2 approaches.

Cost-effectiveness. Limited data address the cost-
effectiveness of evaluation and management strategies in
patients with choledocholithiasis. The most extensive
modeling study assessed the role of EUS and MRCP in pa-
tients at intermediate risk of choledocholithiasis. It appears
that EUS and MRCP result in cost-saving by avoiding the
expense and adverse events of ERCP.17-20 Cost-
effectiveness models using the British National Health Ser-
vice data revealed that use of MRCP rather than ERCP to
evaluate patients at intermediate risk (37% likelihood of
stones) resulted in an increase of 0.11 (range, 0-.30)
quality-adjusted life-years and a savings of 149 British
pounds per patient.21 A similar approach using Medicare
costs for financial modeling revealed that EUS was more
cost-effective than intraoperative cholangiography (IOC)
and ERCP for patients with an intermediate (15%-45%)
risk of bile duct stones.22 Scheiman et al17 compared the
cost of MRCP versus EUS for patients at intermediate risk
www.giejournal.org
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TABLE 4. Summary of recommendations with strength of recommendation and quality of evidence derived by Grading of Recommendations
Assessment, Development and Evaluation (GRADE) methodology

Statement
Strength of

recommendation
Quality of
evidence

1. In patients with intermediate risk of choledocholithiasis we
suggest either EUS or MRCP given high specificity; consider
factors including patient preference, local expertise, and availability.

Conditional Low

2. In patients with gallstone pancreatitis without cholangitis or biliary
obstruction/choledocholithiasis we recommend against urgent (<48 hours) ERCP.

Strong Low

3. In patients with large choledocholithiasis we suggest performing
large balloon dilation after sphincterotomy rather than endoscopic sphincterotomy alone.

Conditional Moderate

4. For patients with large and difficult choledocholithiasis we suggest
intraductal therapy or conventional therapy with papillary dilation;
this may be impacted by local expertise, cost, patient and physician preferences.

Conditional Very low

Role of endoscopy in the evaluation and management of choledocholithiasis
of stones using Medicare reimbursements as an equivalent
for cost ($407 for MRCP vs $680 for EUS); when the cost of
avoiding ERCP and related adverse events was included in
the model, the cost per patient for EUS ($1111) was
slightly less than MRCP ($1145). However, further
analysis of this trial by the same authors in a subsequent
publication revealed that if sensitivity of MRCP increased
to .6 it would be the less costly strategy and if greater
than .75 would dominate.20 In a study of intermediate-
and high-risk patients that compared the cost of EUS
before ERCP versus ERCP, the former strategy was more
cost-effective.18

Several studies have also compared costs for single-step
treatment (LC-BDE) for concomitant choledocholithiasis
and cholelithiasis versus ERCP before or after cholecystec-
tomy. In a randomized trial comparing LC-BDE versus
ERCP followed by LC, Bansal et al15 determined that the
former was less costly with an incremental cost-
effectiveness ratio, measuring the difference in cost versus
effect of the 2 approaches, of $1182.70. In a similar RCT
Rogers et al23 found a trend toward lower total costs for
LC-BDE versus ERCP before LC and significantly lower pro-
fessional fees ($4820 vs $6139).

RESULTS

The recommendations and quality of evidence for the 4
clinical questions that were addressed using the GRADE
framework are summarized in Table 4.

Clinical questions for which the GRADE
framework was used

Question 1: What is the diagnostic utility of EUS
versus MRCP to confirm choledocholithiasis in pa-
tients at intermediate risk?

Recommendation: In patients with intermediate
risk (10%-50%24) of choledocholithiasis, we suggest
either EUS or MRCP to confirm the diagnosis; the
choice of test should take into account factors such
www.giejournal.org V
as patient preference, local expertise, and availability
of resources (conditional recommendation, low
quality of evidence).

Summary of the evidence. The outcomes of interest
for this clinical question included sensitivity and specificity
of the 2 diagnostic modalities. No RCTs compared EUS
with MRCP, but several prospective observational trials
comparing MRCP and EUS were identified. The evidence
for MRCP versus EUS for choledocholithiasis was evaluated
by recent systematic review and meta-analysis by Meeralam
et al.25 The evidence profiles for this question are
presented in Tables 5A and 5B.

Meeralam et al25 included studies that directly
compared MRCP with EUS and used a criterion standard
for verification (ERCP or IOC and clinical follow-up
of �3 months). The authors identified 5 prospective
comparative studies (272 patients; Supplementary
Table 1, available online at www.giejournal.org). The
pooled sensitivity of EUS was higher compared with
MRCP (.97 [95% confidence interval [CI], .91-.99], I2 Z
15.1%, vs .87 [95% CI, .80-.93], I2 Z 55.5, P Z .006).
However, there was no difference in specificity between
EUS and MRCP (.90 [95% CI, .83-.94], I2 Z 54.2%, vs .92
[95% CI, .87-.96], I2 Z 68.8%, P Z .42). The diagnostic
OR was greater for EUS (162.5 [95% CI, 54.0-489.3],
I2 Z 0) than MRCP (79.0 [95% CI, 23.8-262.2], I2 Z
.22.3, P Z .008).

The systematic review and meta-analysis did not
formally address the outcome of cost-effectiveness. Among
the 5 included studies, only Scheiman et al17 specifically
addressed cost of EUS versus MRCP, although the
financial analysis included patients with distal biliary
strictures in addition to those with choledocholithiasis.
As described previously in the cost-effectiveness section,
EUS was favored over MRCP, but this did not take into ac-
count the cost of anesthesia. Additionally, this analysis
assumed a very modest sensitivity of .4 for MRCP. MRCP
was more cost-effective than EUS when the sensitivity of
MRCP was assumed to be greater than .6.20 Additionally,
olume 89, No. 6 : 2019 GASTROINTESTINAL ENDOSCOPY 1079
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TABLE 5A. PICO question 1A: Should EUS be used to diagnose choledocholithiasis in low to intermediate risk of disease?

Outcome

No. of
studies
and

patients
Study
design

Factors that may decrease certainty of evidence Effect per 1000 patients tested

Test
accuracy

Risk of
bias Indirectness Inconsistency Imprecision

Publication
bias

Pretest
probability

of 5%

Pretest
probability
of 20%

Pretest
probability
of 50%

True positives
(patients with
[target condition])

5 studies
272
patients

Cross-
sectional
(cohort
type
accuracy
study)

Not
serious

Not
serious

Serious* Seriousy None 49
(46-50)

194
(182-198)

485
(455-495)

44BB

LOW

False negatives (patients
incorrectly classified as
not having [target
condition])

1
(0-4)

6
(2-18)

15
(5-45)

True negatives (patients
without [target
condition])

5
studies
272
patients

Cross-
sectional
(cohort
type
accuracy
study)

Not
serious

Not
serious

Serious* Seriousy None 855
(789-893)

720
(664-752)

450
(415-470)

44BB

LOW

False positives (patients
incorrectly classified as
having [target
condition])

95
(57-161)

80
(48-136)

50
(30-85)

*We rated down for inconsistency because the confidence intervals did not overlap and the I2 for EUS specificity was 54.2%.
yWe rated down for imprecision because of wide confidence intervals.
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the meta-analysis did not address adverse events. Among
the included trials, 2 studies reported no serious adverse
events associated with EUS or MRCP, and the rate of
adverse events was not documented in other re-
ports.17,26-29 Nevertheless, diagnostic EUS used to evaluate
for choledocholithiasis is associated with a low but finite
(.02%-.07%) risk of perforation.30

Certainty in the evidence. Although the 5 trials were
observational, they were prospective, comparative, and
blinded (Supplementary Table 2, available online at www.
giejournal.org). The authors used the Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) tool to
assess for risk of bias and found that none of the
included trials had high likelihood of bias; 4 were
intermediate and 1 low (Supplementary Fig. 1, available
online at www.giejournal.org). The quality of evidence
was rated down for inconsistency given the high I2 and
for imprecision suggested by nonoverlapping CIs among
the included studies (Tables 5A and 5B). Hence, the
overall quality of evidence for the outcome was rated to
be low for EUS but moderate for MRCP (rated down for
inconsistency).

Considerations. The current evidence indicates that
EUS and MRCP have high specificity for choledocholithia-
sis, although EUS may be more sensitive. However, an
important consideration is the cost of EUS, particularly if
anesthesia services are used for sedation, and the fact
that it is operator-dependent. Similarly, patient inconve-
nience related to the procedure may influence decision-
making. The meta-analysis did not address cost, adverse
events, and patient preferences for EUS versus MRCP.
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Additionally, the studies have variable inclusion criteria,
and a significant number of patients were ineligible for 1
or both tests. Given the low quality of evidence supporting
this recommendation, it is likely that further evidence on
adverse events, cost, and patient experience may impact
future recommendations.

Discussion. EUS has a comparable accuracy with diag-
nostic ERCP for evaluation of choledocholithiasis and is
associated with a significantly lower adverse event rate.31

Among patients at indeterminate risk, EUS before ERCP
may obviate the need for the latter.31,32 MRCP overcomes
the limitations of transabdominal US, particularly the
obfuscation of the distal bile duct because of intraductal
air.19 In the meta-analysis of head-to head studies by Meer-
alam et al,24 the specificities of both EUS and MRCP were
very high (.97 vs .92), consistent with a Cochrane meta-
analysis,33 which primarily used indirect comparison of
the 2 tests. In the Cochrane review the sensitivity of
MRCP and EUS were also comparable.33 However, in the
meta-analysis of direct comparison studies by Meeralam
et al24 the sensitivity of EUS was superior to MRCP. In
the 2 individual studies with the largest discrepancy
between the sensitivity of EUS and MRCP, the false-
negative MRCPs were for small stones (6 mm in diam-
eter).17,27 Kondo et al27 proposed that EUS be
considered in those with a negative MRCP. Although this
may not be necessary unless there is strong persistent
clinical suspicion of choledocholithiasis, a tailored
approach deserves additional study.

Nevertheless, the relative cost of EUS versus MRCP in
the era in which monitored anesthesia care is frequently
www.giejournal.org
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TABLE 5B. PICO question1B: Should MRCP be used to diagnose choledocholithiasis in patients with low or intermediate risk for it?

Outcome

No. of
studies
and

patients
Study
design

Factors that may decrease certainty of evidence Effect per 1000 patients tested

Test
accuracy

Risk
of bias Indirectness Inconsistency Imprecision

Publication
bias

Pretest
probability

of 5%

Pretest
probability
of 20%

Pretest
probability
of 50%

True positives
(patients with
choledocholithiasis)

5
studies
272
patients

Cross-
sectional
(cohort
type
accuracy
study)

Not
serious

Not serious Serious* Not serious None 44
(40-47)

174
(160-186)

435
(400-465)

444B

MODERATE

False
negatives
(patients
incorrectly
classified as
not having
choledocholithiasis)

6
(3-10)

26
(14-40)

65
(35-100)

True
negatives
(patients without
choledocholithiasis)

5
studies
272
patients

Cross-
sectional
(cohort
type
accuracy
study)

Not
serious

Not serious Serious* Not serious None 874
(827-912)

736
(696-768)

460
(435-480)

444B

MODERATE

False
positives
(patients incorrectly
classified as having
choledocholithiasis)

76
(38-123)

64
(32-104)

40
(20-65)

*We rated down for inconsistency; the I2 was 55.5% for MRCP sensitivity and 66.8% for specificity.
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used for EUS is unknown. Furthermore, although low,
the adverse event rate of EUS is not zero.30,31 Although
more widely available, EUS is also not universally per-
formed in community health centers, and requirement
for travel to a referral center may render it inconvenient.
Additionally, prospective studies reveals that learning
curves for EUS are highly variable, with approximately
one fourth not achieving competence at the end of
advanced endoscopy training, highlighting the need for
more standardized approaches to training and evalua-
tion for EUS.34 The implications of this are that
performance characteristics of EUS outside of the
research setting are likely to be even more variable,
leading to lower diagnostic test accuracy. Other
considerations include patient-specific factors that may
limit the feasibility of using a specific test, such as claus-
trophobia and pacemakers (which may preclude MRCP)
or a history of GI bypass procedures (which may pre-
clude EUS).

Question 2: In patients with gallstone pancrea-
titis, what is the role of early ERCP?

Recommendation: In patients with gallstone
pancreatitis without cholangitis or biliary obstruc-
tion/choledocholithiasis we recommend against
urgent (within 48 hours) ERCP (strong recommenda-
tion, low quality of evidence).

Summary of the evidence. The patient-important
outcomes for this clinical question were mortality and sys-
temic and local adverse events of pancreatitis (critical).
www.giejournal.org V
This question had been previously addressed in a Co-
chrane systematic review conducted by Tse and Yuan in
201235 in which the authors systematically reviewed the
literature from inception until January 2012 for the
Cochrane Database of Systematic Reviews. To inform this
guideline, and based on our request, Tse and Yuan used
their initial search strategy and carried it forward to
January 2018. Their search revealed 991 additional
references during this period. However, after abstract
and manual review no studies fulfilling the inclusion
criteria for their prior meta-analysis were identified. The
evidence profile for this question is presented in Table 6A.

Five RCTs informed the mortality outcome and 7 RCTs
informed the outcomes of systemic and local adverse
events.35 Early ERCP does not reduce mortality relative to
a conservative approach (risk ratio [RR], .74 [95% CI, .18-
3.03], I2 Z 62%). Early ERCP also did not diminish the
risk of local (RR, .85 [95% CI, .52-1.43], I2 Z 12%) or
systemic adverse events (RR, .59 [95% CI, .31-1.11], I2 Z
14%). Conservative treatment included analgesics,
intravenous fluids, selective ERCP for cholangitis, rising
bilirubin, or clinical deterioration.

To investigate heterogeneity for the main result ad-
dressing overall mortality, the authors performed several
subgroup analyses. Initial trials suggested that early ERCP
would benefit those with predicted severe but not mild
pancreatitis.36,37 The meta-analysis did not show a reduc-
tion in mortality, systemic, or local adverse events for pa-
tients with predicted severe disease. However, subgroup
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TABLE 6A. PICO question 2: Early ERCP compared with conservative management for management of gallstone pancreatitis

Certainty
assessment

No. of studies
Study
design Risk of bias Inconsistency Indirectness Imprecision

Reduction in all-cause mortality

5 Randomized
trials

Serious* Seriousy Not serious Not serious

Reduction in local adverse events (defined by the Atlanta classification)

4 Randomized
trials

Serious* Not serious Not serious Not serious

Reduction in systemic adverse events (defined by the Atlanta classification)

4 Randomized
trials

Serious* Not serious Not serious Not serious

CI, Confidence interval; RR, risk ratio.
*We rated down for bias given low Cochrane Collaboration RCT Bias score.
yWe rated down for inconsistency; I2 Z 62% for mortality.

Role of endoscopy in the evaluation and management of choledocholithiasis
analysis of studies, which included patients with cholangi-
tis, revealed that early ERCP reduced mortality (RR, .2
[95% CI, .06-.68], I2 Z 0), systemic (RR, .37 [95% CI, .18-
.78], I2 Z 0), and local adverse events (RR, .45 [95% CI,
.20-.99], I2 Z 0) in this patient population. The evidence
profiles for studies that included patients with cholangitis
are presented in Table 6B. Stratified analysis of studies
that included patients with biliary obstruction
demonstrated a trend toward decreased local (RR, .53
[95% CI, .26-1.07], I2 Z 0) and systemic adverse events
(RR, .56 [95% CI, .30-1.02], I2 Z 10) but not mortality
(RR, .38 [95% CI, .12-1.17], I2 Z 11). With regard to
adverse events of bleeding, there was no difference with
early ERCP (RR, 1.58 [95% CI, .54-4.63], I2 Z 0)
compared with conservative therapy. No episodes of
perforation or cholangitis were reported in these studies.
No episodes of post-ERCP pancreatitis were reported,
although it was acknowledged that this is difficult to mea-
sure in patients who already have pancreatitis.

Certainty in the evidence. Although the included
studies were RCTs, the quality of evidence was rated
down given that all but 1 trial had an unclear or low risk
of bias (Supplementary Fig. 2, available online at www.
giejournal.org). Specifically, only 2 studies reported the
use of random sequence generation for randomization,
and a single trial reported the use of concealed
allocation. For the outcome of mortality, we also rated
down for inconsistency given the high I2. The certainty in
the evidence was moderate for local and systemic
adverse events.

Considerations. Although the overall quality of evi-
dence across outcomes was low, the panel members
made a strong recommendation against early ERCP in
those with gallstone pancreatitis (but without cholangitis
or biliary obstruction) given the lack of benefit and poten-
tial for increased harm of ERCP. Studies included in the
meta-analysis differed in how early ERCP was defined;
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some studies used time from admission to procedure
time versus time from symptoms, whereas others used
the time frame of 48 to 72 hours. The committee believed
that early ERCP defined as within 48 hours was most
appropriate given that urgent ERCP is of benefit in those
with cholangitis with or without gallstone pancreatitis if
done in the first 48 hours.38,39 There was also extensive
panel discussion regarding early ERCP for patients with
gallstone pancreatitis and concomitant biliary obstruction
or choledocholithiasis given a favorable but nonsignificant
trend. The panel voted to exclude patients with simulta-
neous biliary obstruction or choledocholithiasis and gall-
stone pancreatitis from the recommendation against early
ERCP for gallstone pancreatitis.

Discussion. The concept of early ERCP for gallstone
pancreatitis originates from observational surgical reports
that suggested operative relief of bile duct obstruction in
gallstone pancreatitis decreased mortality.40,41 Those who
underwent surgical exploration at >48 hours exhibited
more severe histologic lesions than those who had ampul-
lary gallstone impaction for �48 hours.40,41 In this multihit
theory of gallstone pancreatitis it is postulated that passage
of small calculi through the ampulla initiates acute pancre-
atitis and larger choledocholithiasis persistently obstructed
at the papilla result in severe disease.42 However, an RCT
of early surgery for gallstone pancreatitis demonstrated
that early intervention resulted in increased morbidity
and mortality.43 This favored an alternate “single-hit”
hypothesis that gallstone pancreatitis results from
passage of an initial gallstone through the ampulla and
additional surgical or endoscopic manipulation of the
region is more likely to exacerbate than alleviate
inflammation. Additional supportive evidence for this
approach is found in endoscopic series in which most
patients with gallstone pancreatitis have negative
cholangiography even among those with rising liver
tests.44,45
www.giejournal.org
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TABLE 6A. Continued

Certainty
assessment No. of patients Effect

Certainty Importance
Other

considerations Early ERCP Conservative management Relative (95% CI) Absolute (95% CI)

None 19/326 (5.8%) 19/318 (6.0%) RR, .74 (.18-3.03) 16 fewer per 1000 (from
49 fewer to 121 more)

44BB
LOW

CRITICAL

None 35/262 (13.4%) 38/255 (14.9%) RR, .86 (.52-1.43) 21 fewer per 1000 (from 72
fewer to 64 more)

444B
MODERATE

CRITICAL

None 17/200 (8.5%) 31/206 (15.0%) RR, .59 (.31-1.11) 62 fewer per 1000 (from 104
fewer to 17 more)

444B
MODERATE

CRITICAL

Role of endoscopy in the evaluation and management of choledocholithiasis
In their meta-analysis, Tse and Yuan35 demonstrated that
early ERCP does not decrease the mortality or adverse
events of gallstone pancreatitis. The panel’s
recommendation against ERCP was thus driven by the need
to minimize risk and undue harm; ERCP carries a risk of
harm in addition to cost and inconvenience without clear
benefit. The results of the meta-analysis differed from the
findings of the earlier trials by Fan et al36 and Neoptolemos
et al.37 However, these earlier trials included patients with
concomitant pancreatitis and cholangitis. These trials also
demonstrated a greater benefit for those with predicted
severe pancreatitis, which was not seen in later trials.
However, they used predictive scoring systems such as
Ranson’s and Glasgow whose components (ie, white blood
cell count) are also elevated in cholangitis.46 Our
recommendation against early ERCP does not apply to
patients with gallstone pancreatitis and cholangitis, given
the demonstrated benefit of ERCP in the setting of
cholangitis.38,39 More recent reports by Oria et al47 and
Folsch et al48 used more focused inclusion criterion, which
enables a more nuanced application of their findings. Both
studies excluded patients with cholangitis, which benefits
from early endoscopic therapy.38,39 Folsch et al excluded pa-
tients with a bilirubin <5 mg/dL and instituted ERCP for pa-
tients who developed fever, an increase of bilirubin >3 mg/
dL, and refractory biliary type pain.

One challenge in informing the recommendation for early
ERCP for gallstone pancreatitis is that a method to diagnose
post-ERCP pancreatitis in those with concomitant gallstone
pancreatitis is lacking.35 Given this limitation, Tse and Yuan
could not directly compare adverse events for early versus
conservative management. Nevertheless, ERCP is associated
with a significant 9.7% to 14.7% risk of post ERCP
pancreatitis and .9% to 6% risk of other adverse events
including hemorrhage, perforation, and cholangitis.49,50

Future trials would also be improved by adoption of consis-
tent terminology to define inclusion criteria and score out-
www.giejournal.org V
comes such as the Tokyo cholangitis criterion or Revised
Atlanta Pancreatitis classification.51,52 These recommenda-
tions are consistent with the recent American Gastroentero-
logical Association Institute Guidelines on Initial
Management of Acute Pancreatitis that also suggest against
routine use of urgent ERCP for gallstone pancreatitis.53

Question 3: In patients with large bile duct stones,
is endoscopic papillary dilation after sphincterot-
omy favored over sphincterotomy alone?

Recommendation: In patients with large bile
duct stones, we suggest performing endoscopic
sphincterotomy followed by large balloon dilation
(ES-LBD) rather than endoscopic sphincterotomy
(ES) alone (conditional recommendation, moderate
evidence).

Summary of the evidence. The patient-important
outcomes for this clinical question were bile duct clear-
ance, adverse events, and the requirement for mechanical
lithotripsy. The evidence profile is presented in Table 7.

We conducted a systematic review and meta-analysis to
evaluate these outcomes. A systematic search in collabora-
tion with an information specialist revealed 4233 abstracts
(Supplementary Table 3, available online at www.
giejournal.org). Authors of the studies were contacted if
there was concern for longitudinal publication of the
same cohort and to obtain missing information. Studies
that reported ES-LBD for stones of a wide range of diame-
ters were not included unless the subset of results for
stones �1 cm were reported. We identified 9 RCTs
comparing ES-LBD versus ES alone. These studies reported
on 551 patients who underwent ES-LBD and 551 patients
who received ES alone. Based on random effects models,
patients were more likely to have complete clearance of
large stones by ES-LBD versus ES alone (pooled OR, 2.8
[95% CI, 1.4-5.7], I2 Z 26%) (Fig. 1, Table 8). A funnel
plot showed low likelihood of publication bias. No
significant difference in first procedure clearance for ES-
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TABLE 6B. PICO question 2: Early ERCP compared with conservative management for management of gallstone pancreatitis and cholangitis

Certainty
assessment

No. of studies
Study
design Risk of bias Inconsistency Indirectness Imprecision

Reduction in all-cause mortality

5 Randomized
Trials

Serious* Not serious Not serious Not serious

Reduction in local adverse events (defined by the Atlanta classification)

3 Randomized
Trials

Serious* Not serious Not serious Not serious

Reduction in systemic adverse events (defined by the Atlanta classification)

4 Randomized
trials

Serious* Not serious Not serious Not serious

CI, Confidence interval; RR, risk ratio.
*We rated down for bias given low Cochrane Collaboration RCT Bias score.

Role of endoscopy in the evaluation and management of choledocholithiasis
LBD versus ES (OR, 1.8 [95% CI, .9-3.7], I2 Z 63%) was
found. There was a decreased requirement for mechanical
lithotripsy in those treated with ES-LBD versus ES (OR, .2
[95% CI, .1-.7], I2 Z 82%) (Supplementary Fig. 3). For
the outcome of adverse events, there was no difference
in overall adverse events (OR, .8 [95% CI, .5-1.4], I2 Z 0)
or specific adverse events of cholangitis, pancreatitis,
bleeding, or perforation.

In a sensitivity analysis, we included the 22 observa-
tional comparative reports in addition to the 9 RCTs (ES-
LBD, 1939 patients; ES alone, 2148 patients). There was
greater overall clearance (OR, 2.33 [95% CI, 1.66-3.28],
I2 Z 30%) and first procedure clearance (OR, 2.09 [95%
CI, 1.41-3.09], I2 Z 66%) in the ES-LBD cohorts
(Supplementary Figs. 4 and 5, available online at www.
giejournal.org).

Certainty in the evidence. There were no issues with
risk of bias as summarized in Supplementary Figure 6. The
quality of evidence was rated down for imprecision
(Table 7). There did not appear to be serious
indirectness or inconsistency. Overall certainty was
determined to be moderate.

Considerations. The panel had significant discussion
about the overall quality of evidence and the balance be-
tween benefit and harm. There was acknowledgment
that the heterogeneous classification of adverse events
made it difficult to compare the proportions of patients
who develop adverse events and, in particular, severe
adverse events, combined with variability in techniques.
The panel voted to make a conditional recommendation
for ES-LBD over ES. Additional studies using well-
characterized definitions of adverse events as well as
more standardized balloon sizes and sphincterotomy
extent may impact this recommendation. Furthermore,
studies on cost and procedure times are also needed.

Discussion. ES-LBD was developed to facilitate
removal of large stones and to avoid the increased rates
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of pancreatitis seen when balloon dilation was performed
without sphincterotomy for choledocholithiasis.54,55

Although the relative performance varies among the 9
RCTs comparing ES-LBD and ES alone, the summary effect
demonstrated greater overall successful stone removal for
ES-LBD. When all comparative trials (including observa-
tional studies) were included, a consistent finding was
observed. A recent meta-analysis of RCT by Park et al56

reported greater first procedure clearance for ES-LBD
than ES among those with large and small stone sizes. In
contrast to the study by Park et al, we include 2 additional
RCTs published in 201757,58 and only included the subsets
of studies by Teoh and Li, which reported specific results
for large stones (Table 8).8,59 Another important consider-
ation was heterogeneity in the techniques of ES-LBD: The
maximum size of the papillary dilation balloon ranged from
15 to 20 mm, some groups used a complete sphincterot-
omy from the biliary orifice to the horizontal fold, whereas
others made an incision 33% to 66% of the distance. Also,
the minimal stone size for inclusion varied from 10 to
15 mm.

Summary estimates suggest that adverse events for ES-
LBD were comparable with ES alone. Nevertheless, their
classification was highly variable. Although the Cotton
Consensus criteria were ostensibly used in most studies,
it was subjected to various “modifications.”60-63 Stefanidis
et al70 reported a high rate of cholangitis with ES, but the
cases were all mild and responded to conservative
treatment. In a recent multicenter study, Karsenti et al57

reported comparable adverse events for ES-LBD versus
ES but described that 2 patients in the former group
developed life-threatening adverse events, whereas those
after ES were mild. In a large multicenter retrospective
series by Park et al,64 it was reported that 10% (95/946)
of ES-LBD procedures were associated with adverse
events. Multivariate analysis indicated that complete ES
(to transverse fold) was associated with bleeding and
www.giejournal.org
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TABLE 6B. Continued

Certainty
assessment No. of patients Effect

Certainty Importance
Other

considerations Early ERCP Conservative management Relative (95% CI) Absolute (95% CI)

None 2/200 (1.0%) 15/215 (7.0%) RR, .20 (.06-.68) 56 fewer per 1,000
(from 22 fewer to 66 fewer)

444B
MODERATE

CRITICAL

None 8/115 (7.0%) 19/121 (15.7%) RR, .45 (.20-.99) 86 fewer per 1,000
(from 2 fewer to 126 fewer)

444�
MODERATE

CRITICAL

None 8/179 (4.5%) 25/184 (13.6%) RR, .37 (.18-.78) 86 fewer per 1000
(from 30 fewer to 111 fewer)

444B
MODERATE

CRITICAL

Role of endoscopy in the evaluation and management of choledocholithiasis
long distal strictures associated with perforation. The au-
thors advocate avoiding a complete ES before LBD, and
the approach should be used with caution in those with
distal biliary strictures. It was also recommended not to
dilate to greater than the size of the bile duct. Standard-
ized granular definitions of adverse events with specific
classification by severity are needed to better compare
these methods. Alternative approaches to ES-LBD such
as laser lithotripsy may be a consideration in patients
with specific anatomic features such as distal biliary
stricture.

The RCTs provided little evidence regarding cost or
length of hospitalization associated with these ap-
proaches. Jun Bo et al65 reported a shorter length of
stay for those managed with ES-LBD versus ES (11
days vs 15 days). Nevertheless, the need for greater
than a week of hospitalization in both groups is un-
clear.65 Relative procedural costs ranged from higher
for ES-LBD,65 similar,57 or less particularly if ES was
supplemented with mechanical lithotripsy.57 Although
not limited to patients with large stones, Teoh et al8

reported that overall cost of hospitalization was less for
ES-LBD, $ (U.S.) 5025 (interquartile range [IQR], 4150-
5235), than ES, $6005 (IQR, 4462-5441). In an observa-
tional study of ES-LBD versus ES, Itoi et al75 reported
shorter procedure duration (32 vs 40 minutes) and
decreased fluoroscopy time (13 vs 22 minutes). The
randomized trial by Li et al59 replicated these data but
included patients with all stone sizes. Among individual
trials of ES-LBD versus ES for large stones there were
no significant differences in procedure time.57,65,66 How-
ever, variable definitions of procedure duration (ie, can-
nulation to drain placement vs time from scope
introduction to removal) prevented quantitative pooling
of the individual trials for this outcome. The trend to-
ward greater first procedure clearance could be pro-
posed as a surrogate of overall procedure time
www.giejournal.org V
potentially in favor of ES-LBD. Trials examining cost,
procedure time, and hospital length are needed to
more comprehensively compare these approaches.

Question 4: What is the role of intraductal versus
conventional therapy in patients with large and diffi-
cult choledocholithiasis?

Recommendation: For patients with difficult and
large choledocholithiasis we suggest intraductal
therapy or conventional therapy with papillary dila-
tion. The choice of therapy may be impacted by
local expertise, cost, and patient and physician pref-
erences (conditional recommendation, very low
quality of evidence).

Summary of the evidence. The outcomes of interest
for this clinical question were complete stone removal
(critical), removal in the first session (important), and dif-
ferences in adverse events (important) or procedure dura-
tion (important). Only 1 RCT addressed this question.67

Therefore, evidence from observational studies was also
used. The evidence profile for this question is provided
in Table 9.

We conducted a systematic review and meta-analysis to
compare intraductal versus conventional treatment for
difficult and large choledocholithiasis. Intraductal therapy
included cholangioscopy and fluoroscopically guided laser
and EHL. Conventional therapy included mechanical litho-
tripsy, balloon extraction, and papillary dilation. In collabo-
ration with a research librarian the extant literature from
inception through October 2017 (Supplementary Table 4,
available online at www.giejournal.org) was searched, and
a total of 3257 abstract and 663 full text articles were
identified. We reviewed 182 studies reporting on patients
treated specifically for bile duct stones with diameter �1
cm or for which removal was characterized by authors of
the report as difficult for other reasons (ie, anatomic
considerations or impaction). The analytic set contained
123 cohort studies of conventional therapy, 57 cohort
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TABLE 7. PICO question 3: Large balloon papillary dilation D sphincterotomy compared with sphincterotomy alone for large choledocholithiasis

Certainty
assessment

No. of studies
Study
design Risk of bias Inconsistency Indirectness Imprecision

Overall clearance

9 Randomized
trials

Not serious Not serious Not serious Serious*

Need for mechanical lithotripsy

8 Randomized
trials

Not serious Not serious Not serious Serious*

All adverse events

8 Randomized
trials

Not serious Not serious Not serious Serious*

CI, Confidence interval; OR, odds ratio
*We rated down for imprecision because of wide confidence intervals.

Role of endoscopy in the evaluation and management of choledocholithiasis
studies of intraductal therapy, and a single randomized trial
that compared the 2 approaches. Included studies
reported on a total of 13,588 patients, of whom 2204
(16%) were treated by intraductal and 11,384 (84%) by
conventional approaches.

Overall, summary estimates of proportion of patients
with complete stone clearance did not differ between the
2 therapeutic approaches. Generated using random effects
models, pooled proportion of complete stone clearance
for intraductal therapy was (summary estimates of propor-
tion, .92 [95% CI, .90-.94], I2 Z 60%). This was the same
for patients treated with conventional approaches
(summary estimates of proportion, .92 [95% CI, .90-.94],
I2 Z 91%). Stratified meta-analysis identified noteworthy
differences in complete stone clearance between further
subsets of studies (Table 10). Clearance was more likely
after intraductal than conventional therapy in 3 subsets
of studies: those published before 2007 (summary
estimates of proportion, .89 [95% CI, .85-.93], vs
summary estimates of proportion, .75% [95% CI,
.64-.84]), those in which papillary dilation was not used
(summary estimates of proportion, .92 [95% CI, .87-.96],
vs summary estimates of proportion, .81 [95% CI,
.75-.87]) (Fig. 2), and those conducted in Western
countries (summary estimates of proportion, .91% [95%
CI, .88-.94], vs summary estimates of proportion, .84
[95% CI, .78-.89]). Further analyses jointly stratified all 3
covariates and revealed that better clearance after
intraductal therapy was largely confined to studies that
did not use papillary dilation, regardless of year or
geographic region (Table 10). Thus, time and geographic
differences were largely because of variable use of
papillary dilation. In 74.6% of studies that used papillary
dilation the minimum size of the dilator balloon
was �12 mm and was preceded by sphincterotomy (ES-
LBD). In the 94 studies reporting on whether clearance
was achieved in the first procedure, this was
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accomplished less frequently in patients managed by
intraductal (summary estimates of proportion, .69 [95%
CI, .62-.75]) versus conventional therapy (summary
estimates of proportion, .81 [95% CI, .77-.84]) (Table 11).
However, this distinction was restricted to studies in
which papillary dilation was used.

There was no difference in overall frequency of adverse
events between intraductal and conventional therapy
(summary estimates of proportion, .08 [95% CI, .06-.11],
vs summary estimates of proportion, .09 [95% CI, .08-
.11]). Mechanical lithotripsy was more frequently required
with conventional than with intraductal therapy (summary
estimates of proportion, .29 [95% CI, .23-.36], vs summary
estimates of proportion, .19 [95% CI, .10-.29]) but less so
for studies that used papillary dilation. Overall stone clear-
ance for intraductal therapy with laser was not significantly
different from EHL (summary estimates of proportion, .94
[95% CI, .91-.96], vs summary estimates of proportion, .91
[95% CI, .86-.95]).

Certainty in the evidence. The quality of evidence
was rated down to very low given that the observational
studies were deemed to be at high risk of bias using the
Newcastle Ottawa Scale Tool (Supplementary Table 5,
available online at www.giejournal.org). We also rated
down for inconsistency as reflected by the high I2 values
and also indirectness given that an indirect comparison
approach was required.

Considerations. The panel agreed on a conditional
recommendation that large or difficult bile duct stone
may be managed either by intraductal therapy or by con-
ventional therapy, which includes ES-LBD. There was exten-
sive discussion regarding the potential high cost, procedure
time, and inconvenience (referral to tertiary centers)
related to cholangioscopy-guided therapy. It was also dis-
cussed that training in cholangioscopy and large balloon
papillary dilation is needed. It was acknowledged that
future studies would be enhanced by the development
www.giejournal.org
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TABLE 7. Continued

Certainty
assessment No. of patients Effect

Certainty Importance
Other

considerations
Papillary dilation D

sphincterotomy
Sphincterotomy

alone
Relative
(95% CI) Absolute (95% CI)

None 534/551 (96.9%) 500/551 (90.7%) OR 2.8 (1.4-
5.7)

57 more per 1000
(from 25 more to 75 more)

444B
MODERATE

CRITICAL

None 50/551 (9.1%) 144/551 (26.1%) OR .27 (.16-
.46)

174 fewer per 1000
(from 121 fewer to 208 fewer)

444B
MODERATE

CRITICAL

None 33/551 (6.0%) 45/551 (8.2%) OR .79 (.45-
1.38)

16 fewer per 1000
(from 28 more to 43 fewer)

444B
MODERATE

CRITICAL

Role of endoscopy in the evaluation and management of choledocholithiasis
and implementation of a standardized lexicon to grade bile
duct stones in a hierarchical manner based on size and
objective features and that detailed cost-effectiveness, pro-
cedure time, and quality of life assessment may also impact
future recommendations for this clinical question.

Discussion. Large (>10 mm) size stones and those
with unusual hardness or eccentric shapes may be difficult
to remove.68 Additionally, the presence of an abnormal
distal duct (oblique, narrowed, perivaterian), stone
impaction, or high multiplicity may render stones
refractory to extraction. The recent introduction of more
evolved cholangioscopes, including those that are
disposable and provide high-resolution images, has intensi-
fied interest in intraductal treatment of difficult choledo-
cholithiasis using EHL and laser lithotripsy.57,69

Systematic review of the endoscopic management of
difficult bile duct choledocholithiasis reveals similar pro-
portions of successful clearance (.92 for both) with use
of intraductal and conventional nonintraductal approaches.
This is in contrast to the 1 randomized trial comparing
intraductal versus conventional treatment of large choledo-
cholithiasis that demonstrated greater clearance with intra-
ductal therapy (.93 vs .67, P Z .009).67 There are several
explanations for this difference. When stratified by use of
LBD the meta-analysis found that intraductal therapy
was superior to conventional treatment when ES-LBD
was not performed as part of conventional therapy. In
the randomized trial, ES-LBD was potentially underutilized
in that large (>12 mm) dilation was used in <20% of
patients in the conventional arm. Additionally, the results
may be impacted by discrepant enrollment criteria based
on stone size.70,71 Other investigators studied intraductal
therapy only in patients who had failed conventional (me-
chanical lithotripsy or papillary dilation) therapy.72,73 In
the RCT by Buxbaum et al,67 randomization was stratified
on whether the procedure was their first ERCP or
whether than had undergone a previous ERCP in the
prior 3 months. Increased success for intraductal versus
www.giejournal.org V
conventional therapy was seen in those who had
undergone prior ERCP (.90 versus .54), with no difference
among those who had not undergone a prior procedure.

There was inconsistent reporting of procedure or fluo-
roscopy times for the 2 approaches among the observa-
tional studies included in the meta-analysis. In the RCT
comparing intraductal and conventional approaches, the
procedure time was longer for intraductal, 120.7 � 40.5 mi-
nutes, compared with conventional therapy, 81.2 � 49.3 mi-
nutes.67 There is also very limited study on the
cost of difficult bile duct stone management. A recent
publication modeled the use of cholangioscopy-guided laser
lithotripsy after unsuccessful mechanical lithotripsy
compared with repeat conventional approaches.74 Using
cost data from a Belgian hospital and literature reports of
success for intraductal therapy, they estimate a cost
savings of 363 Euros per patient. Nevertheless, the high
cost of digital cholangioscopes has resulted in
administrative approval being required for their use in
many tertiary care centers. Assessment of the extant
literature underscores the need for a direct comparison
of intraductal versus ES-LBD and accords with the
current state of clinical equipoise. It also underlines the
need for controlled study of management algorithms for
specific stone types (ie, attempt first procedure clearance
with ES-LBD followed by intraductal treatment if unsuc-
cessful). Higher resolution cholangioscopy and more effi-
cient ES-LBD may impact the performance of these
approaches.7,75
Clinical questions for which a comprehensive
review was used

The following clinical questions were addressed by the
guideline panel on the basis of comprehensive literature
review but not adhering to GRADE methodology.

Is same admission cholecystectomy necessary for
patients with mild gallstone pancreatitis?
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Figure 1. Forest plot of randomized trials comparing endoscopic sphincterotomy followed by large balloon dilation versus endoscopic sphincterotomy
for stone clearance.
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Recommendation: Same admission cholecystec-
tomy is recommended for patients with mild gall-
stone pancreatitis.

Comprehensive review. A recent technical review
systematically assessed the role of same admission chole-
cystectomy for gallstone pancreatitis.76 Among the 120
citations revealed by the search the only RCT identified
was the Pancreatitis of biliary origin, optimal timing of
cholecystectomy (PONCHO) trial.77 This trial challenged
the theory that inflammation increases the morbidity of
cholecystectomy and other surgical procedures in
gallstone pancreatitis. It had been postulated that the
increased morbidity seen in surgery for patients with >3
Ranson’s criterion could be extrapolated to patients with
mild disease.43 However, in a small (n Z 50) randomized
trial, Aboulian et al78 demonstrated that early <48 hours
cholecystectomy among patients with mild acute
gallstone pancreatitis (Ranson’s score <3) shortened
mean hospitalization by 2 days compared with those who
underwent cholecystectomy at a later time during the
initial admission.

Before the PONCHO trial the investigators (Dutch
Pancreatitis Study Group) performed a meta-analysis to
1088 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
assess the safety of cholecystectomy during the index
admission for mild gallstone pancreatitis and the risk of
biliary adverse events between discharge and cholecystec-
tomy in those who did not undergo cholecystectomy dur-
ing their initial hospitalization.79 The authors’ search of the
extant literature between 1992 and 2010 revealed data on
948 patients: 483 patients who underwent same
admission cholecystectomy and 515 who were managed
with cholecystectomy a median of 40 days (IQR, 19-58)
after discharge. Among the latter group 95 patients
(18%) were readmitted before cholecystectomy; 43(8%)
for recurrent pancreatitis, 35(7%) for biliary colic, and
17(3%) for acute cholecystitis. There were no differences
in adverse events or conversion to open procedure
among those who underwent index hospitalization or
interval cholecystectomy. In the PONCHO trial, 266
patients from 23 Dutch centers with mild gallstone
pancreatitis were randomized to same admission versus
interval cholecystectomy.77 The primary outcome was
gallstone-related adverse events requiring readmission,
including cholangitis, biliary obstruction, recurrent pancre-
atitis, biliary colic, or mortality. Biliary adverse events
occurred in 17% of patients in the interval versus 5% in
www.giejournal.org
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TABLE 8. Procedural features of randomized trials comparing ES-LBD versus ES

First
Author Year

Stone size
(mm)

Maximum balloon
size (mm)

Extent of sphincter
incision (%)

Procedure
cost: ES-LBD

Procedure
cost: ES

Procedure duration:
ES-LBD (min)

Procedure
duration: ES (min)

Heo60 2007 10-40 20 50 d d d d

Kim62 2009 >15 18 50 d d 18þ12 19þ13

Stefanidis70 2011 12-20 20 100 d d d d

Teoh8 2013 Subset
>13

15 33-50 d d 24.3þ12.9* 27.2þ16.9*

Jun Bo65 2013 >15 20 33 d d 14.5þ8.4 15.9þ8.8

Li59 2014 Subset
>12

18 33 d d 38.6þ15.5 47.1þ20.2

Guo136 2015 >10 15 33-66 d d 20þ11 20þ10

Chu58 2017 >10 20 33 18,021 (18,021-
22,541)

13,199
(13,199-
17,719)

d d

Karsenti57 2017 >13 20 100 447 euros
447 euros

449 euros
709 euros

30 (22-48)
30 (22-48)

35 (25-50) 45y

ES-LBD, Endoscopic sphincterotomy followed by large balloon dilation; d, data not available.
*Procedure durations are for entire published cohort, which includes smaller stones.
yProcedure duration and cost when mechanical lithotripsy is used.

Role of endoscopy in the evaluation and management of choledocholithiasis
the same admission cholecystectomy group (RR, .28 [95%
CI, .12-.66]). There was no difference in adverse events or
the proportion converted to open procedures. The panel
recommended that same admission cholecystectomy be
performed for patients presenting with gallstone pancrea-
titis. This recommendation concurs with the recent guide-
line statement from the American Gastroenterological
Association.53

A related clinical question is whether ES protects against
biliary adverse events in those in whom the gallbladder re-
mains in situ. In their pre-PONCHO meta-analysis, the
Dutch Pancreatitis Study Group found that among 136 pa-
tients with mild gallstone pancreatitis who underwent
ERCP with sphincterotomy but not cholecystectomy 14
(10%) were readmitted for biliary adverse events and 2
(1%) for recurrent pancreatitis.77 In contrast, 48 of 197
patients (24%) who had not undergone ERCP or
cholecystectomy were readmitted for biliary adverse
events and 31 (16%) with recurrent pancreatitis.
Nevertheless, in the PONCHO trial, the protective effect
of same admission cholecystectomy was not attenuated
by ES.77 Readmission for biliary adverse events occurred
in 17% of patients who had undergone ES without
cholecystectomy compared with 3% managed with same
admission cholecystectomy and ES. These findings
accord with previous randomized trials comparing
ERCP with sphincterotomy as an alternative for
cholecystectomy in patients at high risk for surgery.80-82

A Cochrane analysis of 662 patients from 5 RCTs revealed
that a nonoperative approach after ES and bile duct clear-
ance was associated with an increased risk of recurrent
biliary pain (14.6 [95% CI 5.0-42.8]), jaundice or cholangitis
(2.5 [1.1-5.9]), and mortality (1.8 [1.2-2.8]) versus prophy-
www.giejournal.org V
lactic cholecystectomy.83 A very large recent cohort study
compared 7330 patients who underwent ES alone with
4478 who underwent ES and cholecystectomy for
choledocholithiasis, ascending cholangitis, or gallstone
pancreatitis.84 Consistent with the PONCHO trial and the
prior Cochrane meta-analysis, a greater proportion
managed with ES alone, 39.3% developed recurrent
adverse events, versus 18.0% managed with ES and chole-
cystectomy (adjusted OR, .38 [95% CI, .34-.42]). The panel
agreed that ERCP with prophylactic sphincterotomy to pre-
vent recurrent pancreatitis or other biliary adverse events
should not be used as an alternative to cholecystectomy
for patients with gallstone pancreatitis unless surgery is
absolutely contraindicated (eg, recurrent pancreatitis in
setting of end-stage liver disease).

Are combinations of liver function tests, clinical
characteristics, and transabdominal US able to pre-
dict choledocholithiasis?

We suggest the following high-risk criteria for choledo-
cholithiasis, which should directly prompt ERCP:
1. Common bile duct stone on US or cross-sectional

imaging
2. Total bilirubin >4 mg/dL and dilated common bile duct
3. Ascending cholangitis

We suggest that patients with other criteria such as
abnormal liver tests, age >55 years, and dilated common
bile duct on US (intermediate risk for choledocholithiasis)
undergo EUS, MRCP, or laparoscopic IOC or laparoscopic
intraoperative US for further evaluation

Comprehensive review. The 2010 ASGE Guideline
for the Evaluation of Suspected Choledocholithiasis pro-
posed an algorithm using clinical factors to predict the
risk (high [>50%], intermediate [10%-50%], low [<10%])
olume 89, No. 6 : 2019 GASTROINTESTINAL ENDOSCOPY 1089
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TABLE 9. PICO question 4: Intraductal therapy compared with conventional therapy for difficult bile duct stones

Certainty
assessment

No. of studies
Study
design Risk of bias Inconsistency Indirectness Imprecision

Complete stone clearance

182 Observational
studies

Not serious* Seriousy Seriousz Not serious

Need for mechanical lithotripsy

121 Observational
studies

Serious* Seriousy Seriousz Not serious

Overall adverse events

167 Observational
studies

Serious* Serious* Seriousz Not serious

Complete stone clearance without balloon dilation

90 Observational
studies

Serious* Seriousy Seriousz Not serious

CI, Confidence interval; RR, risk ratio.
*We rated down for bias given overall low scores on Newcastle-Ottawa score.
yWe rated down for inconsistency; the I2 was 91% for conventional therapy and 60% for intraductal therapy.
zWe down for indirectness given indirect comparison and calculations.
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of bile duct stones.105 These predictors were informed by
the prospective McGill Laparoscopic Cholecystectomy
Registry, several large cohort studies, and a meta-analysis
by Abboud et al.85-89 Since that time, these guidelines
have been the subject of validation studies using multiple
clinical cohorts.90-94

Studies using ERCP or a composite of EUS, MRCP, and
ERCP as reference standards have demonstrated that very
strong and strong predictors were associated with a
several-fold increase in the odds of choledocholithiasis
(Table 12).90-94 The exception was that gallstone pancrea-
titis did correlate with increased risk of choledocholithiasis
in these series.17,90-92 These studies have confirmed the
intent of the guidelines, to identify patients with high-
risk criterion who have >50%, intermediate 10% to 50%,
and low <10% likelihood of choledocholithiasis. Neverthe-
less, ERCP for choledocholithiasis typically requires native
papilla cannulation and is associated with a significant 6%
to 15% rate in adverse events and 1% to 2% of severe
adverse events categorized by death or prolonged (>10
day) hospitalization.9,95 Additionally, the techniques of
EUS and MRCP have a diagnostic performance comparable
with ERCP with much lower risk.96,97 Validation studies
have also convincingly shown that the 2010 ASGE guide-
lines will result in performance of diagnostic ERCP in
20% to 30% of cases (Table 12).90,92 Assessment of the cri-
terion in a small series of pediatric patients demonstrated
similar findings; ongoing studies suggest a possible role
for conjugated bilirubin in this population.98,99

Given the high risk and lack of benefit of diagnostic
ERCP, there is a call for improvement. This reflects an in-
crease in the threshold probability of choledocholithiasis
required by endoscopists from historic levels of <50%.100
1090 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
After excluding patients with cholangitis, Adams et al91

found that the 2010 ASGE criterion had an accuracy of
only 62%, sensitivity of 47%, and specificity of 73% for
choledocholithiasis or sludge (Table 13). Integration of a
second set of liver laboratories did not markedly improve
the performance characteristics. A second article using an
ethnically and demographically distinct cohort yielded
consistent results.93 In a very large cohort, He et al94 found
that the existing guidelines had a specificity of 74% and
positive predictive value of 64% (Tables 13 and 14).
However, when revised to define high probability as the
combined findings of total bilirubin >4 mg/dL and dilated
duct or a stone on US, this improved the specificity to 94%
and positive predictive value to 85% (Tables 13 and 14).
Nevertheless, this approach improves specificity to the
detriment of sensitivity, expands the intermediate category,
and increases the need to arbitrate by EUS or MRCP.

Ideally, a more optimal group of clinical features could
be identified to predict the presence of persistent choledo-
cholithiasis. Jovanovic et al101 demonstrated that an
artificial neural network could be developed to predict
choledocholithiasis with 93% sensitivity and 68%
specificity. Nevertheless, the reliable input data needed
to fit complex exponential formulas might not be readily
available at most centers, and it is unclear whether its
performance changes with evolution in patient
population. Sherman et al102 proposed a scoring system
using ductal diameter, gamma-glutamyl transpeptidase,
alkaline phosphatase, and total and direct bilirubin to pre-
dict persistent choledocholithiasis in patients with gall-
stone pancreatitis. The authors found that a score of
0 had a negative predictive value of 100% and score of 5
had a positive predictive value of 100%. Nevertheless, it
www.giejournal.org
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TABLE 9. Continued

Certainty
assessment No. of patients Effect

Certainty Importance
Other

considerations
Intraductal
therapy

Conventional
therapy Relative (95% CI) Absolute (95% CI)

None 2023/2204
(91.8%)

10311/11384
(90.6%)

RR 1.01 (.96-1.06) 9 more per 1000
(from 36 fewer to 54 more)

4BBB
VERY LOW

CRITICAL

None 125/1029
(12.1%)

2620/9505
(27.6%)

RR, .44 (.32-.56) 154 fewer per 1000
(from 121 fewer to 187 fewer)

4BBB
VERY LOW

CRITICAL

Overall adverse events

None 164/1891
(8.7%)

1080/11080
(9.7%)

Not assessable 4BBB
VERY LOW

CRITICAL

None 1873/2038
(91.9%)

1932/2448
(78.9%)

RR 1.17 (1.09-1.24) 134 more per 1000
(from 71 more to 189 more)

4BBB
VERY LOW

CRITICAL
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is unclear whether these asymptotic scores applied to a sig-
nificant portion of the population because those with
scores of 1 to 4 required additional testing with IOC or
MRCP.

It is possible that the protean and nonspecific causes of
liver test and ultrasonic anomalies may limit the ultimate
capability of these clinical features to predict choledocho-
lithiasis. Although the performance of various clinical fac-
tors was retrospectively studied by He et al,94 in practice
the group performed MRCP for 90% of patients who
underwent ERCP. As a consequence, 97% of those who
underwent ERCP were found to have stones in
comparison with 72% to 80% of cohorts using only the
clinical predictors recommended in the ASGE 2010
guidelines. Multiple controlled tandem and RCTs have
shown that EUS before ERCP decreases the requirement
for ERCP, lowers adverse events rates, and is not
associated with higher rates of subsequent biliary adverse
events because of “missed stones.”31,32,103,104

After reviewing the comprehensive contemporary evi-
dence, the panel of experts suggested the 2010 criterion
be revised to decrease the use of diagnostic ERCP, which
has significant risk but minimal benefit. Given a lack of cor-
relation, gallstone pancreatitis was removed as a criterion.
Because 3 studies have shown improved specificity with a
combination of total bilirubin >4 mg/dL and bile duct dila-
tion, this was included as a high-risk criterion. Thus, the
panel recommended the following high-risk criteria: chol-
angitis, stone on imaging, and the combination of total bili-
rubin >4 mg/dL and bile duct dilation (Table 15). The
latter was defined as >6 mm in adults who have not
undergone and 8 mm in those who have undergone
cholecystectomy.94 Intermediate criterion were defined
www.giejournal.org V
as abnormal liver biochemical tests, age >55 years, or
bile duct dilation. It proposed that patients with any of
the high-risk criteria proceed to ERCP and those
with intermediate-risk criterion undergo EUS, MRCP,
IOC, or intraoperative US. Those without clinical risk fac-
tors should undergo cholecystectomy with or without
IOC or intraoperative US if indicated for symptomatic
cholelithiasis. This stratification and management
approach will require validation in future large prospective
trials. Finally, specific guidelines for ERCP in pediatric pa-
tients with choledocholithiasis will likely require further
research, and current adult guidelines may not be directly
applicable.

What is the optimal timing of ERCP for choledo-
cholithiasis in patients undergoing cholecystectomy?

Recommendation: We suggest that pre- or postop-
erative ERCP or laparoscopic treatment be performed
for patients at high risk of choledocholithiasis or pos-
itive IOC depending on local surgical and endoscopic
expertise.

Comprehensive review. There are several ap-
proaches to the management of choledocholithiasis
when cholecystectomy is planned; they are frequently
described as 1-step approaches when 1 combined surgical
procedure is used versus a variety of 2-step approaches
using surgery and a minimally invasive bile duct clear-
ance procedure. One frequently used 2-step pathway
is to perform ERCP for patients at high risk for choledo-
cholithiasis before cholecystectomy. Rogers et al23

randomized 100 patients to this 2-step approach versus a
1-step LC-BDE and demonstrated comparable proportions
of stone clearance 98% versus 88% as well as adverse
events. Patients managed by the 1-step surgical approach
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TABLE 10. Results of meta-analyses estimating summary prevalence of stone clearance by intraductal and conventional therapy for all studies
and subgroups defined by attributes of studies and clinical features of patients

Intraductal therapy Conventional therapy

No. of contributing
studies

Summary estimates of
proportion (95% confidence

interval) No. of contributing studies

Summary estimates
of proportion (95%
confidence interval)

Overall results

All studies 58 .92 (.90-.94) 124 .92 (.90-.94)

Subgroups of studies defined by single factors

Year study conducted

Before 2007 19 .89 (.85-.93) 17 .75 (.64-.84)

2007 and later 39 .93 (.91-.95) 107 .94 (.92-.95)

Use of papillary dilation

Without 52 .92 (.89-.94) 38 .81 (.75-.87)

With 6 .92(.87-.96) 86 .95 (.94-.96)

Geographic region

Western country* 37 .91 (.88-.94) 34 .84 (.78-.89)

Eastern countryy 21 .94 (.91-.97) 90 .95 (.93-.96)

Study design

Prospective cohorts 8 .91 (.84-.96) 93 .91 (.88-.94)

Retrospective cohorts 50 .92 (.90-.94) 31 .92 (.90-.94)

Type of report

Full article 46 .92 (.89-.94) 88 .92 (.89-.94)

Abstract 12 .93 (.88-.96) 36 .93 (.89-.96)

Subgroups defined by use of papillary dilation, overall, and further stratified on year and geographic region of study

Without papillary dilation 52 .92 (.89-.94) 38 .81 (.75-.87)

Before 2007 19 .90 (.85-.93) 16 .74 (.63-.84)

2007 and later 33 .93 (.90-.96) 22 .86 (.80-.93)

Western country* 33 .91 (.88-.94) 15 .71 (.58-.83)

Eastern countryy 19 .94 (.90-.97) 23 .86 (.75-.87)

With papillary dilation 6 .92 (.87-.96) 86 .95 (.94-.96)

Before 2007 0 d 1 .88 (.77-.94)

After 2007 6 .92 (.87-.96) 86 .95 (.94-.96)

Western country* 4 .91 (.83-.98) 20 .90 (.86-.94)

Eastern countryy 2 .93 (.85-.99) 66 .96 (.95-.97)

d, Not applicable.
*Europe, United States, Canada, Australia.
yAsia, Latin America.
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had a shorter time from the first procedure to discharge
compared with the 2-step algorithm. Subsequent RCTs
have similarly demonstrated comparable success and
adverse events for this comparison but longer hospitaliza-
tion for ERCP before cholecystectomy.15,105

An alternative 2-step approach is to perform LC with
IOC and subsequent postoperative ERCP for positive
IOC.106 Rhodes et al106 compared this algorithm with the
single-step LC-BDE and found comparable success and
adverse events but a nonsignificant trend toward shorter
hospitalization. Among those randomized to laparoscopic
1092 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
treatment, however, 23% required subsequent ERCP. Lapa-
roscopic treatment is simpler in patients amenable to tran-
cystic treatment compared with those who require a
choledochotomy. Nathanson et al107 performed a RCT
in which only 86 patients who failed laparoscopic
transcystic bile duct stone clearance at time of LC were
randomized to choledochotomy versus postoperative
ERCP. There was comparable success for ERCP versus
choledochotomy, (96% vs 98%), adverse events (13% vs
17%), hospital stay (7.7 vs 6.4 days), and need for
reoperation (6.3% vs 7.3%). Given a postcholedochotomy
www.giejournal.org
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Figure 2. A, Proportion of large and difficult stone clearance by intraductal therapy stratified by papillary dilation. B, Proportion of large and difficult
stone clearance by conventional therapy stratified by papillary dilation.
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Figure 2. Continued.
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TABLE 11. Results of meta-analyses estimating summary proportions of clearance in first procedures, all adverse events, and specific adverse
events

Intraductal therapy Conventional therapy

No. of
contributing

studies
Summary estimates of proportion

(95% confidence interval)

No. of
contributing

studies
Summary estimates of proportion

(95% confidence interval)

Clearance in first procedure, all
studies

28 .69 (.62-.75) 66 .81 (.77-.84)

Studies without papillary
dilation

24 .68 (.60-.75) 13 .56 (.42-.69)

Studies with papillary
dilation

4 .75 (.66-.83) 53 .85 (.82-.88)

Any adverse events 49 .08 (.06-.11) 118 .09 (.08-.11)

Studies without papillary
dilation

46 .08 (.05-.10) 35 .11 (.07-.15)

Studies with papillary
dilation

3 .11 (.01-.25) 83 .09 (.07-.10)

Pancreatitis 49 .00 (.00-.00) 116 .03 (.02-.04)

Studies without papillary
dilation

46 .00 (. 00-.00) 33 .02 (.01-.04)

Studies with papillary
dilation

3 .04 (.01-.09) 83 .03 (.02-.04)

Cholangitis 49 .01 (.00-.02) 116 .01 (.00-.01)

Studies without papillary
dilation

46 .01 (.00-.02) 33 .03 (.01-.05)

Studies with papillary
dilation

3 .02 (.00-.06) 83 .00 (.00-.00)

Bleeding 49 .01 (.00-.02) 116 .02 (.01-.03)

Studies without papillary
dilation

46 .00 (.00-.01) 33 .02 (.01-.03)

Studies with papillary
dilation

3 .03 (.00-.18) 83 .02 (.01-.03)

Sedation adverse event 49 .00 (.00-.00) 116 .00 (.00-.00)

Studies without papillary
dilation

46 .00 (.00-.00) 33 .00 (.00-.00)

Studies with papillary
dilation

3 .00 (.00-.01) 83 .00 (.00-.00)

Other adverse event 49 .01 (.00-.02) 116 .00 (.00-.00)

Studies without papillary
dilation

46 .01 (.00-.02) 33 .00 (.00-.01)

Studies with papillary
dilation

3 .00 (.00-.01) 83 .00 (.00-.00)

(continued on the next page)
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bile leak rate of 14.6%, the authors recommended that this
approach should be used with caution for inflamed ducts
and those less than 7 mm in diameter.

A new algorithm was presented by Iranmanesh et al.16

The authors randomized 100 patients defined as
intermediate risk for choledocholithiasis based on the
2010 ASGE guidelines to EUS with ERCP for positive
endosonography followed by cholecystectomy versus
cholecystectomy with intraoperative cholangiogram
www.giejournal.org V
followed by intraoperative or postoperative ERCP if
positive. The authors found that the latter strategy was
associated with significantly decreased length of stay (5
[IQR, 5-8] versus 8 [IQR, 6-12] days). This was driven by a
fairly low 21% prevalence of choledocholithiasis. Although
all patient randomized to preprocedure EUS underwent
the procedure, resulting in a median delay of 1.5 days
(IQR, 1.5-3), only one fifth of patients assigned to the
latter strategy required a postcholecystectomy ERCP.
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TABLE 11. Continued

Intraductal therapy Conventional therapy

No. of
contributing

studies
Summary estimates of proportion

(95% confidence interval)

No. of
contributing

studies
Summary estimates of proportion

(95% confidence interval)

Requirement for mechanical
lithotripsy

18 .19 (.10-.29) 93 .29 (.23-.36)

Studies without papillary
dilation

15 .17 (.08-.27) 22 .74 (.53-.91)

Studies with papillary
dilation

3 .28 (.05-.58) 72 .18 (.15-.22)

Clearance with laser 26 .94 (.91-.96) N/A N/A

Studies with papillary
dilation

2 .93 (.87-.98)

Studies without papillary
dilation

24 .94 (.91-.97)

Clearance with
electrohydraulic
lithotripsy

17 .90 (.85-.95) N/A N/A

Studies with papillary
dilation

1 .90 (.60-.98)

Studies without papillary
dilation

16 .90 (.84-.85)

N/A, Not applicable.

Role of endoscopy in the evaluation and management of choledocholithiasis
What is the role of ERCP in the management for
Mirizzi syndrome and hepatolithiasis?

Recommendations: For patients with Mirizzi syn-
drome, peroral cholangioscopic therapy may be an
alternative to surgical management depending on
local expertise; however, gallbladder resection is
needed regardless of strategy. For hepatolithiasis
we suggest a multidisciplinary approach including
endoscopy, interventional radiology, and surgery.

Comprehensive review. Approximately .3% to 1.4%
of patients will develop Mirizzi syndrome in which biliary
obstruction develops because of a cystic duct or gall-
bladder neck stone.108,109 ERCP is well established as a
method to diagnose Mirizzi syndrome and temporize
biliary obstruction with biliary stent placement before
definitive surgical treatment. Cholangioscopy-guided
intraductal laser and EHL appear to expand the role of
endoscopic treatment.110-112 In a recent cohort study
of patients with Mirizzi syndrome and symptomatic
cystic duct stones, conventional ERCP techniques were
successful in only 40% of patients (8/20); the addition
of cholangioscopy-guided holmium laser enabled endo-
scopic clearance in the remaining 60% (12/20).110

Larger series revealed a success rate of 75% to 91%
for cholangioscopy-guided intraductal approaches to
treat Mirizzi syndrome.111,113 Nevertheless, if the gall-
bladder is not removed after endoscopic therapy, most
patients develop additional bile duct adverse events,
and even after cholecystectomy 10% may develop subse-
1096 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
quent biliary problems.111,114 Experts advocate that
cholangioscopy-guided therapy should be limited to
type II Mirizzi syndrome because type I is difficult to
approach using this technique and the surgical approach
typically requires only a cholecystectomy without ductal
exploration.111

Intrahepatic lithiasis complicates postoperative biliary
strictures (ie, post-transplant), primary sclerosing cholangi-
tis, progressive familial intrahepatic cholestasis, and recur-
rent pyogenic cholangitis.115-118 Recurrent pyogenic
cholangitis is the most frequently reported origin of intra-
hepatic lithiasis in the literature and appears to result from
a helminthic injury to the biliary epithelium, which favors
subsequent bacterial infection and stone formation.119

Adverse events of intrahepatic lithiasis include recurrent
cholangitis, cholangiocarcinoma, and atrophy of the
affected hepatic lobe.120 Although studies are very
limited, approximately two thirds of patients with
intrahepatic biliary disease have favorable responses to
conventional endoscopic approaches.121 Advances in
peroral cholangioscopy, including the development of
flexible, high-resolution endoscopes, have enabled suc-
cessful endoscopic therapy in laser and electrohydraulic
treatment in >85% of patients.7,69 Nevertheless, although
not significant, there was a trend toward lower success
(OR, 2.7 [95% CI, .6-12.6]) for intrahepatic disease in inter-
national multicenter cohort studies of cholangioscopic-
guided stone treatment.7 There is also a role for
percutaneous therapy. Akin to endoscopic approaches,
www.giejournal.org
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TABLE 12. Proportion of patients with choledocholithiasis by risk category104

Cohort Reference standard
High likelihood
with stones

High likelihood
without stones

Intermediate
likelihood with stones Low likelihood with stones

Rubin90 2013 ERCP 189/264
72%

75/264
28%

102/249
35%

2/8
25%

Adams 2015,91 first set labs* EUS, MRCP, ERCP 99/179
55%

80/179
45%

111/208
35%

Adams 2015,91 second set labs* EUS, MRCP, ERCP 93/161
58%

68/161
42%

108/209
34%

Magalhaes92 2015 ERCP 154/193
80%

39/193
20%

25/73
34%

0/2
0%

Suarez 2016,93 first set labs* EUS, MRCP, ERCP 39/71
55%

32/71
45%

32/102
31

Suarez 2016,93 second set labs* EUS, MRCP, ERCP 33/58
57%

25/58
43%

25/76
33%

*Excludes cholangitis.

TABLE 13. Performance characteristics of the 2010 American Society for Gastrointestinal Endoscopy guidelines

Cohort Reference standard
Sensitivity

(%)
Specificity

(%)

Positive
predictive value

(%)

Negative
predictive value

(%)

Adams 2015,91 first set labs EUS, MRCP, ERCP 47 73 56 65

Adams 2015,91 second set labs EUS, MRCP, ERCP 46 76 58 66

He 2017,94 Full ASGE criteria EUS, MRCP, IOC, PTC, ERCP 70 74 64 79

He 2017,94 Bilirubin >4 mg/dL, common
bile duct stone on US, or bilirubin level
1.8-4 mg/dL and common bile duct dilation

EUS, MRCP, IOC, PTC, ERCP 64 85 74 78

He 2017,94 bilirubin >4 mg/dL and
common bile duct dilation or
common bile duct stone on US

EUS, MRCP, IOC, PTC, ERCP 55 (95% CI, 55-61) 94 (95% CI, 93-95) 85 (95% CI, 82-88) 76 (95% CI, 74-78)

Suarez 2016,93 first set labs EUS, MRCP, ERCP 55 69 55 69

Suarez 2016,93 second set of labs EUS, MRCP, ERCP 57 67 57 71

IOC, Intraoperative cholangiography; PTC, percutaneous transhepatic cholangiography; CI, confidence interval.

Role of endoscopy in the evaluation and management of choledocholithiasis
this has been bolstered by percutaneous transhepatic
cholangioscopic lithotripsy via a catheter or t tube. In a
large series of patients with recurrent pyogenic
cholangitis, 85.3% achieved clearance with this
approach.122 However, in certain cases strictures and
casts of stones may obviate clearance by either
endoscopic or percutaneous approaches, and partial liver
resection in those with good hepatic function enables
success in >80% of patients with severe intrahepatic
stone disease.123,124 Thus, a multidisciplinary approach is
recommended including the endoscopist, radiologist, and
surgeon for intrahepatic stone disease.115

What is the role of bile duct stents in the manage-
ment of choledocholithiasis?

Recommendation: Plastic and covered metal
stents may facilitate removal of difficult choledocho-
lithiasis but require planned exchange or removal.
www.giejournal.org V
Comprehensive review. Biliary stents are commonly
used to maintain biliary drainage between ERCP in patients
with difficult choledocholithiasis and signs of infection.125

However, it has also been proposed as a treatment
strategy for difficult choledocholithiasis. Bergman et al125

studied long-term therapy using a 10F polyethylene stent,
which was only exchanged for recurrent problems in 58
elderly patients (median age, 83 years). Although the strat-
egy was initially successful, over time 38% developed recur-
rent cholangitis, and in 12% it was fatal. In a comparison of
EHL versus permanent stent therapy for difficult stones,
Hui et al126 demonstrated that EHL was associated with a
much lower rate of recurrent cholangitis, 7.7%, than the
latter, 63.2%. In a randomized comparison of duct
clearance versus long-term biliary stent placement, Chopra
et al127 consistently demonstrated that although
procedural adverse events were higher for duct
olume 89, No. 6 : 2019 GASTROINTESTINAL ENDOSCOPY 1097
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TABLE 14. Test characteristics of individual predictors of common bile duct stones

Stone
US Cholangitis

Total
bilirubin

>4 mg /dL
first set
labs

Total
bilirubin

>4 mg /dL
second set

labs

Dilated
common
bile duct

Bilirubin
1.8-4
mg/dL

Abnormal
liver

function
tests

Age
> 55

Gallstone
pancreatitis

Total bilirubin >
1.8 mg/dL D

common bile
duct dilation

Total bilirubin
> 4.0 mg/dL D

common bile
duct dilation

Adams91

OR (95% CI)
5.5
(2.7-
11.1)

2.0 (1.3-3.0) 2.0 (1.3-
3.0)

Suarez93

MV OR
(95% CI)

6.4
(1.5-
27.3)

4.9 (1.8-
12.9)

He94

OR (95% CI)
17.3
(12.6-
23.8)

3.1 (2.3-4.2) 1.8 (1.5-
2.2)

1.8 (1.4-
2.4)

2.3 (1.9-
2.9)

1.4
(1.2-
1.7)

.4 (.3-.6)

Rubin90

OR (95% CI)
6.7
(2.6-
17.2)

3.9 (1.3-
11.6)

2.7 (1.8-4.0) 2.2 (1.5-
3.1)

.9 (.6-1.3) 2.9 (1.2-
7.2)

1.4
(.9-
2.2)

.6 (.4-.9)

Magalhaes92

OR (95% CI)
11.3
(5.3-
23.8

6.5 (1.9-
21.8)

1.8 (1.0-3.1) 5.1 (2.9-
9.0)

3.2 (1.6-
6.1)

2.4 (1.2-
4.9)

2.4
(1.4-
4.2)

.6 (.3-1.0)

Adams91

sensitivity
22% 30% 22% 42% 17%

Suarez93

sensitivity
14% 30% 36% 56% 20%

He94

sensitivity
(95% CI)

44%
(41-47)

1% (0-2) 22% (20-25) 75% (72-
77)

44% (41-
47)

77% (75-
80)

60%
(57-
62)

10% (8-12) 36% (33-38) 19% (17-22)

Rubin90

sensitivity
13% 7% 41% 58% 32% 98% 18% 22%

Magalhaes92

sensitivity
56% 18% 43% 84% 61% 90% 79% 20%

Adams91

specificity
94% 83% 86% 69% 93%

Suarez93

specificity
97% 84% 90% 76% 94%

He94

specificity
(95% CI)

97%
(95-98)

99% (99-
100)

94% (92-95) 63% (60-
65)

80% (78-
82)

50% (48-
52)

54%
(51-
56)

85% (83-86) 90% (89-91) 96% (95-97)

Rubin90

specificity
98% 98% 79% 61% 63% 7% 86% 69%

Magalhaes92

specificity
90% 97% 71% 49% 67% 21% 38% 70%

Adams91

positive
predictive
value

71% 56% 53% 44% 59%

Suarez93

positive
predictive
value

77% 57% 66% 53% 70%

He94 positive
predictive
value
(95% CI)

91%
(89-94)

56%
(37-75)

69% (54-74) 57% (54-
59)

59% (55-
62)

50% (48-
53)

46%
(43-
48)

29% (25-34) 70% (66-74) 78% (73-83)

(continued on the next page)
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TABLE 14. Continued

Stone
US Cholangitis

Total
bilirubin

>4 mg /dL
first set
labs

Total
bilirubin

>4 mg /dL
second set

labs

Dilated
common
bile duct

Bilirubin
1.8-4
mg/dL

Abnormal
liver

function
tests

Age
> 55

Gallstone
pancreatitis

Total bilirubin >
1.8 mg/dL D

common bile
duct dilation

Total bilirubin
> 4.0 mg/dL D

common bile
duct dilation

Rubin90

positive
predictive
value

88% 83% 72% 66% 54% 57% 63% 48%

Magalhaes92

positive
predictive
value

92% 92% 75% 77% 75% 70% 72% 57%

Adams91

negative
predictive
value

62% 60% 60% 67% 58%

Suarez93

negative
predictive
value

62% 63% 73% 78% 63%

He94 negative
predictive
value (95%
CI)

73%
(71-75)

61% (59-63) 65% (63-67) 79% (77-
81)

69% (66-
71)

77% (74-
79)

67%
(64-
69)

59% (57-61) 68% (66-70) 58% (54-61)

Rubin90

negative
predictive
value

47% 45% 51% 53% 43% 68% 45% 41%

Magalhaes92

negative
predictive
value

50% 37% 38% 60% 51% 51% 48% 30%

US, Ultrasound; OR, odds ratio; CI, confidence interval; MV, multivariate.

TABLE 15. Proposed strategy to assign risk of choledocholithiasis and manage patients with symptomatic cholelithiasis based on clinical
predictors

Probability Predictors of choledocholithiasis Recommended strategy

High Common bile duct stone on US/cross-sectional imaging
or

Clinical ascending cholangitis
or

Total bilirubin >4 mg/dL and dilated common bile
duct on US/cross-sectional imaging

Proceed to ERCP

Intermediate Abnormal liver biochemical tests
or

Age >55 years
or

Dilated common bile duct on US/cross-sectional imaging

EUS, MRCP, laparoscopic IOC, or intraoperative US

Low No predictors present Cholecystectomy with/without IOC or intraoperative US

US, Ultrasound; IOC, intraoperative cholangiography.

Role of endoscopy in the evaluation and management of choledocholithiasis
clearance, 16% versus 7%, it was associated with lower
rates of long-term biliary adverse events, 14% versus
36%. The authors concluded that destination therapy of
biliary stents for complex choledocholithiasis without
planned exchanges are associated with high rates of recur-
www.giejournal.org V
rent cholangitis and are recommended only in patients
with a very short life expectancy.

In contrast, temporary placement of biliary stents appears
to be an effective therapy for chodocholithiasis. Cohort
studies demonstrate that stent placement for difficult
olume 89, No. 6 : 2019 GASTROINTESTINAL ENDOSCOPY 1099
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TABLE 16. Future directions

Category Specific needs

Classification systems Predicted removal difficulty
based on size, stone features, duct features

Standardized diagnostic
criterion

Post-ERCP cholangitis

Post-ERCP pancreatitis in
patients presenting with

biliary pancreatitis

Adverse event severity

Clinical trials Validation of 2018 risk
stratification algorithm

Cost-effectiveness and quality
of life studies for all aspects of
choledocholithisis algorithms

Comparative trials of ES-LBD
versus intraductal therapy for difficult

choledocholithisis

Management of Mirizzi syndrome,
intrahepatic stones

Standardized
training

EUS detection of
choledocholithaisis

ES-LBD

Intraductal (EHL, laser) therapy
of difficulty choledocholithiasis

ES-LBD; Endoscopic sphincterotomy followed by large balloon dilation; EHL,
electrohydraulic lithotripsy.

Role of endoscopy in the evaluation and management of choledocholithiasis
choledocholithiasis results in a significant decrease in stone
burden and number.128-130 At the time of scheduled stent
removal 2 to 6 months after initial placement, complete
clearance was achieved in 65% to 93% of cases. Two investi-
gators have also shown that placement of covered metal
stents for a median of 6 and 8 weeks, respectively, enabled
complete clearance during the ERCP in >80% of patients
during the second ERCP.131,132 In the larger series the previ-
ously difficult stones could be removed by simple balloon
sweep in 66%.132 The authors hypothesized that the stent
favors removal of challenging choledocholithiasis by
fragmentation by direct mechanical friction and by
inducing papillary dilation.132
FUTURE DIRECTIONS

A systematic assessment of the literature pertaining to
the diagnosis and management of bile duct stones has
identified several areas that require further study. To favor
accurate comparison of different therapies a more objec-
tive, hierarchical system is needed to categorize stones,
that is, large but not giant stones may be amenable to spe-
cific treatment and should be identified using a reproduc-
ible system (Table 16).69 Additionally, international
consensus definitions of adverse endoscopic events and
their severity are needed to compare new therapeutic
1100 GASTROINTESTINAL ENDOSCOPY Volume 89, No. 6 : 2019
maneuvers with nontrivial risk profiles.133 Specific criteria
to diagnose post-ERCP cholangitis in those with pre-
existing biliary problems and post-ERCP pancreatitis in
those with recent gallstone pancreatitis would help to
more completely categorize the safety profile of endo-
scopic therapy for choledocholithiasis. Development of
this framework to characterize stone and adverse events
of their removal will strengthen trials between contempo-
rary modalities and evolving technology such as drug
eluting stents.

Predicting the probability of persistent bile duct stones
continues to be a controversial problem, and a high-fidelity
algorithm using clinical features has not yet been identi-
fied.91,94 Because the use of more advanced radiographic
and endoscopic testing is costly, a greater prospective
multicenter effort is needed using predefined protocols
and a systematic classification of stones. Furthermore,
testing of algorithms that consider training and cost-
effectiveness are needed to determine if and when EUS,
MRCP, and additional studies should be used to evaluate
patient in the intermediate-risk category.22,27,134

Direct comparative trials of intraductal and ES-LBD
methods are needed to define an optimal approach for
stones with specific features. Additionally, training and
competency algorithms for large balloon dilation, cholan-
gioscopy, and future technologies will need to be devel-
oped for trainees and endoscopists already in practice
who encounter difficult bile choledocholithiasis as well
as challenges such as Mirizzi syndrome and intrahepatic
lithiasis. Future studies will also need to further define
the interplay between evaluation, endoscopy, and surgery
to optimize quality and cost in patients with biliary
disease.135
SUMMARY AND CONCLUSIONS

GRADE methodology was used to develop practice
guidelines for the diagnosis and treatment of bile duct
stones. Furthermore, they adhere to the Institute of Med-
icine standards for guideline creation. These Guidelines
use an evidence-based approach to inform a series of prac-
tical clinical questions encountered by those caring for pa-
tients with choledocholithiasis; these include the use of
MRCP versus EUS for intermediate-risk patients, the role
of early ERCP for gallstone pancreatitis, and the utility of
papillary dilation after sphincterotomy and intraductal ther-
apy for large and difficult concretions. Furthermore, the
optimal timing of cholecystectomy, the use of endoscopy
vis-à-vis surgery, and the role of endoscopy in difficult
cases such as Mirizzi syndrome and intrahepatic lithiasis
is addressed. A practical algorithm to risk stratify and
manage patients has been developed. The aim of this
guideline, as summarized in Table 17, is to enable the
clinicians to gauge the available literature to provide the
most informed care of patients with choledocholithiasis.
www.giejournal.org
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TABLE 17. Summary of recommendations on the role of endoscopy in the evaluation and management of choledocholithiasis

Clinical question Recommendations based on GRADE methodology

1. What is the diagnostic utility of EUS versus magnetic
resonance cholangiopancreatography (MRCP) to confirm
choledocholithiasis in patients with intermediate risk of
choledocholithiasis?

1. In patients with intermediate risk (10%-50%) of choledocholithiasis, we suggest
either EUS or MRCP given high specificity; consider factors including patient

preference, local expertise, and availability.

2. In patients with gallstone pancreatitis, what is the role of
early ERCP?

2. In patients with gallstone pancreatitis without cholangitis or biliary obstruction/
choledocholithiasis, we recommend against urgent (<48 hours) ERCP.

3. In patients with large choledocholithiasis, is endoscopic
papillary dilation after sphincterotomy favored over
sphincterotomy alone?

3. In patients with large choledocholithiasis, we suggest performing large-balloon
dilation after sphincterotomy rather than endoscopic sphincterotomy alone.

4. What is the role of intraductal versus conventional
therapy in patients with large and difficult
choledocholithiasis?

4. For patients with large and difficult choledocholithiasis, we suggest intraductal
therapy or conventional therapy with papillary dilation. This may be impacted by

local expertise, cost, and patient and physician preferences.

Clinical question Recommendations based on comprehensive review

5. Is same-admission cholecystectomy necessary for
patients with mild gallstone pancreatitis?

5. Same-admission cholecystectomy is recommended for patients with mild
gallstone pancreatitis.

6. Are combinations of liver function tests, clinical
characteristics, and transabdominal ultrasound able
to predict choledocholithiasis?

6. In order to minimize the risk of diagnostic ERCP, we suggest the following
HIGH-RISK criteria to directly prompt ERCP for suspected choledocholithiasis:

(1) CBD stone on ultrasound or cross-sectional imaging or (2) Total
bilirubin >4 mg/dL AND dilated common bile duct on imaging (>6 mm

with gallbladder in situ)* or (3) Ascending cholangitis.
In patients with INTERMEDIATE-RISK criteria of abnormal liver tests or age >55 years

or dilated CBD on ultrasound, we suggest EUS, MRCP, laparoscopic intraoperative
cholangiography (IOC), or laparoscopic intraoperative ultrasound for

further evaluation.y
For patients with symptomatic cholelithiasis without any of these risk factors, we

suggest cholecystecomy without IOC.

7. What is the optimal timing of ERCP for
choledocholithiasis in patients undergoing
cholecystectomy?

7. We suggest that pre-operative or post operative ERCP or laparoscopic treatment
be performed for patients at high risk of choledocholithiasis or positive
intraoperative cholangiopancreaography depending on local surgical and

endoscopic expertise.

8. What is the role of ERCP in the management for
Mirizzi syndrome and hepatolothiasis?

8. For patients with Mirizzi syndrome, per-oral cholangioscopic therapy may be
an alternative to surgical management depending on local expertise; however,
gallbladder resection is needed regardless of strategy. For hepatolithiasis we

suggest a multidisciplinary approach including endoscopy, interventional radiology,
and surgery.

9. What is the role of bile duct stents in the management
of choledocholithiasis?

9. Plastic and covered metal stents may facilitate removal of difficult
choledocholithiasis but require planned exchange or removal.

*In the 2010 ASGE Choledocholithiasis Guideline,24 total bilirubin 1.8-4.0 mg/dL and bile duct dilation or total bilirubin >4 mg/dL alone qualified as high-risk criteria. In this
revised Guideline, the presence of both total bilirubin >4 mg/dL and bile duct dilation are required to qualify as a high-risk criterion to directly prompt ERCP.
yIn contrast to the 2010 ASGE Choledocholithiasis Guideline,24 gallstone pancreatitis is no longer included as an intermediate-risk criterion.
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Supplementary Figure 1. Quality parameters of studies comparing EUS versus MRCP for confirmation of choledocholithiasis. (Adapted from Meeralam
et al,25 Fig. 2, with permission.)
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Supplementary Figure 2. Quality parameters of studies comparing early ERCP versus conservative management for choledocholithiasis. (Adapted from
Meeralam et al,25 Figs. 2-3, with permission.)
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Supplementary Figure 3. Forest plot for randomized trials comparing mechanical lithotripsy requirement by ES-LBD versus ES. ES-LBD, Endoscopic
sphincterotomy followed by large balloon dilation.
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Supplementary Figure 4. Forest plot for randomized and observational studies comparing stone clearance for ES-LBD versus ES. ES-LBD, Endoscopic
sphincterotomy followed by large balloon dilation.
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Supplementary Figure 5. Forest plot for randomized and observational studies comparing first procedure stone clearance for ES-LBD versus ES. ES-
LBD, Endoscopic sphincterotomy followed by large balloon dilation.
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SUPPLEMENTARY TABLE 2. Design of studies comparing EUS versus MRCP for choledocholitiasis

First author Reference test Time between EUS and MRCP Blinding

Fernandez-Esparrach26 ERCP, IOC, long-term (6-month) follow-up 24 h Index and reference tests

Kondo27 ERCP Not reported Index and reference tests

Aube28 ERCP, IOC, long-term (3-month) follow-up <48 h Index tests

de Ledinghen29 ERCP or IOC Not reported Index tests

Scheiman17 ERCP 24 h Index and reference tests

IOC, intraoperative cholangiography.
Adapted with permission from Meeralam et al,25 Table 1.

SUPPLEMENTARY TABLE 1. Test characteristics of studies comparing EUS versus MRCP for choledocholithiasis

First author N
EUS sensitivity

95% CI EUS specificity (95% CI) MRCP sensitivity (95% CI) MRCP specificity (95% CI)

Fernandez-Esparrach26 135 .97 (.89-1.00) .85 (.74-.93) .89 (.78-.95) .98 (.90-1.00)

Kondo27 28 1.00 (.86-1.00) .50 (.07-.93) .88 (.68-.97) .75 (.19-.99)

Aube28 47 .94 (.74-1.00) .96 (.80-1.00) .88 (.62-.98) .96 (.80-1.00)

de Ledinghen29 32 1.00 (.69-1.00) .95 (.77-1.00) 1.00 (.69-1.00) .73 (.50-.89)

Scheiman17 30 .89 (.28-.99) .96 (.78-1.00) .40 (.05-.85) .96 (.78-1.00)

Adapted with permission from Meeralam et al,25 Table 1.

SUPPLEMENTARY FIGURE 6. Quality parameters of studies comparing large balloon dilation after sphincterotomy versus endoscopic
sphincterotomy alone for large (≥1 cm) bile duct stones

First author and year Random sequence generation Allocation concealment Incomplete outcomes Selective reporting Other

Heo 200760 ? ? þ þ ?

Kim 200962 ? ? þ þ ?

Stefanidis 201170 þ þ þ þ ?

Teoh 20138 þ þ ? þ þ
Bo 2013 þ þ ? þ ?

Li 2014 þ þ þ ? ?

Guo 2015 þ ? þ þ ?

Chu 2017 þ ? þ þ ?

Karsenti 201757 þ þ þ þ ?

þ, High risk of bias; -, low risk of bias; ?, unclear risk of bias.
Higgins JP, Altman DG, Gotzsche P, et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. Gut 2011;18:1-9.
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SUPPLEMENTARY TABLE 3A. Systematic search for studies comparing endoscopic papillary dilation after sphincterotomy versus sphincterotomy
alone for large bile duct stones. Medline

Database Names: Ovid Medline� Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid Medline� Daily, Ovid Medline�

Database Vendor: Wolters Kluwer

Database Coverage: 1946 - Present

Date Last Searched: September 21, 2017

(exp Lasers/ OR exp Laser Therapy/ OR exp Lithotripsy/ OR laser.af OR lasers.af OR lithotripsy.af OR lithotripsie.af OR lithotripsies.af OR litholapaxy.af OR
litholapaxie.af OR litholapaxies.af OR lithotrity.af OR lithotripter.af OR lithotriptor.af OR ESWL.af OR ESWLs.af OR shock-wave.af OR shockwave.af OR
“pulveriz*”.af)

AND

(expCholedocholithiasis/ OR exp Common Bile Duct/ OR “common bile duct”.af OR choledocholithiasis.af OR choledocholithiases.af OR ((“bile duct”.af
OR biliary.af OR choledochal.af OR choledochus.af OR “common duct”.af) adj8 (stone.af OR stones.af OR calculus.af OR calculi.af OR gallstone.af OR
gallstones.af OR “gall stone”.af OR “gallstones”.af)))

SUPPLEMENTARY TABLE 3B. Embase

Database Name: Embase & Embase Classic

Database Vendor: Elsevier

Database Coverage: 1947 - Present

Date Last Searched: September 21, 2017

(’laser’/exp OR ’low level laser therapy’/exp OR ’lithotripsy’/exp OR ’lithotripter’/exp OR laser

OR lasers OR lithotrip* OR litholapaxy OR litholapaxie OR litholapaxies OR lithotrity OR

ESWL OR ESWLs OR ’shock wave’ OR shockwave OR pulveriz*)

AND

((’common bile duct stone’/exp OR ’common bile duct’/exp OR ’common bile duct’ OR choledocholithiasis OR choledocholithiases) OR ((’bile duct’ OR
biliary OR choledochal OR choledochus OR ’common duct’) NEAR/8 (stone OR stones OR calculus OR calculi OR gallstone OR gallstones OR ’gall
stone’ OR ’gall stones’)))

SUPPLEMENTARY TABLE 3C. Cochrane

Database Name: Cochrane Library

Database Vendor: Wiley

Issues Searched: Cochrane Reviews (Issue 9 of 12, September 2017)

Other Reviews (Issue 2 of 4, April 2015)

Trials (Issue 9 of 12, September 2017)

Methods Studies (Issue 3 of 4, July 2012)

Technology Assessments (Issue 4 of 4, October 2016)

Economic Evaluations (Issue 2 of 4, April 2015)

Date Last Searched: September 21, 2017

[mh lasers] OR [mh “laser therapy”] OR [mh lithotripsy] OR laser OR lasers OR lithotripsy OR lithotripsies OR litholapaxy OR lithotrity OR lithotripter OR
lithotripter OR ESWL OR ESWLs OR ’shock wave’ OR shockwave OR pulveriz*)

AND

(([mh choledocholithiasis] OR [mh “common bile duct”] /exp OR ’common bile duct’/exp OR ’common bile duct’ OR choledocholithiasis OR
choledocholithiases) OR ((“bile duct” OR biliary OR choledochal OR choledochus OR “common duct”) AND (stone OR stones OR calculus OR calculi OR
gallstone OR gallstones OR ’gall stone’ OR ’gall stones’)))
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SUPPLEMENTARY TABLE 3D. Web of Science

Database Names: Web of Science Core Collection

Database Vendor: Clarivate Analytics

Database Coverage: Science Citation Index Expanded (1900-present)

Social Sciences Citation Index (1900-present)

Arts & Humanities Citation Index (1975-present)

Conference Proceedings Citation Index-Science (1990-present)

Conference Proceedings Citation Index-Social Science & Humanities (1990-present)

Book Citation Index -Science (2005-present)

Book Citation Index - Social Sciences & Humanities (2005-present)

Emerging Sources Citation Index (2015-present)

Current Chemical Reactions (1985-present)

Index Chemicus (1993-present)

Date Last Searched: September 21, 2017

(lasers OR lithotrip* OR litholapaxy OR litholapaxie OR litholapaxies OR lithotrity OR

ESWL OR ESWLs OR shock-wave OR shockwave OR pulveriz*)

AND

((“common bile duct” OR choledocholithiasis OR choledocholithiases) OR ((“bile duct” OR biliary OR choledochal OR choledocus OR “common duct”)
NEAR/8

(stones OR calculi OR gallstones OR “gall stone” OR “gall stones”)))

SUPPLEMENTARY TABLE 4A. Systematic search for studies of intraductal and conventional treatment of large and difficult bile duct
choledocholithiasis. Medline

Database Names: Ovid Medline� Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid Medline� Daily, Ovid Medline�

Database Vendor: Wolters Kluwer

Database Coverage: 1946 - Present

Date Last Searched: November 16, 2017

(exp Balloon Enteroscopy/ OR exp Dilatation/ OR Balloon.af. OR Dilatation.af. OR Dilation.af. OR Dilate.af.)

AND

(exp Sphincterotomy, Endoscopic/ OR “Sphincter of Oddi”/su OR Sphincterotomy, Transhepatic/ OR “Ampulla of Vater”/su OR exp
Cholangiopancreatography, Endoscopic Retrograde/ OR Endoscopic Retrograde Cholangiopancreatography.af. OR Endoscopic Retrograde
Cholangiopancreatographies.af. OR Sphincterotomy.af. OR Sphincterotomies.af. OR Papillotomy.af. OR Papillotomies.af. OR Sphincteroplasty.af. OR
Sphincteroplasties.af. OR Papillosphincteroplasty.af. OR Papillosphincteroplasties.af. OR Papillostomy.af. OR papillostomies.af.)

AND

(exp Choledocholithiasis/ OR exp Common Bile Duct/ OR “common bile duct”.af OR choledocholithiasis.af OR choledocholithiases.af OR ((“bile duct”.af
OR biliary.af OR choledochal.af OR choledochus.af OR “common duct”.af) adj8 (stone.af OR stones.af OR calculus.af OR calculi.af OR gallstone.af OR
gallstones.af OR “gall stone”.af OR “gall stones”.af)))
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SUPPLEMENTARY TABLE 4B. Embase

Database Name: Embase & Embase Classic

Database Vendor: Elsevier

Database Coverage: 1947 - Present

Date Last Searched: November 16, 2017

(’balloon enteroscopy’/exp OR ’balloon dilatation’/exp OR ’balloon catheterization’/exp OR ’balloon’/exp OR ’dilatation’/exp OR ’dilatation catheter’/exp
OR dilatation OR dilation OR dilate)

AND

(’sphincterotomy’/exp OR ’endoscopic sphincterotomy’/exp OR ’vater papillotomy’/exp OR ’endoscopic retrograde cholangiopancreatography’/exp OR
(Endoscopic AND Retrograde AND Cholangiopancreatography) OR (Endoscopic AND Retrograde AND Cholangiopancreatographies) OR
Sphincterotomy OR Sphincterotomies OR Papillotomy OR Papillotomies OR Sphincteroplasty OR Sphincteroplasties OR Papillosphincteroplasty OR
Papillosphincteroplasties OR Papillostomy OR papillostomies)

AND

((’common bile duct stone’/exp OR ’common bile duct’/exp OR ’common bile duct’ OR choledocholithiasis OR choledocholithiases) OR ((’bile duct’ OR
biliary OR choledochal OR choledochus OR ’common duct’) NEAR/8 (stone OR stones OR calculus OR calculi OR gallstone OR gallstones OR ’gall
stone’ OR ’gall stones’)))

SUPPLEMENTARY TABLE 4C. Cochrane

Database Name: Cochrane Library

Database Vendor: Wiley

Issues Searched: Cochrane Reviews (Issue 9 of 12, September 2017)

Other Reviews (Issue 2 of 4, April 2015)

Trials (Issue 9 of 12, September 2017)

Methods Studies (Issue 3 of 4, July 2012)

Technology Assessments (Issue 4 of 4, October 2016)

Economic Evaluations (Issue 2 of 4, April 2015)

Date Last Searched: November 16, 2017

#1 MeSH descriptor: [Choledocholithiasis] explode all trees

#2 MeSH descriptor: [Common Bile Duct] explode all trees

#3 “common bile duct”

#4 choledocholithiasis

#5 #1 or #2 or #3 or #4

#6 “bile duct”

#7 biliary

#8 choledochal

#9 choledochus

#10 “common duct”

#11 #6 or #7 or #8 or #9 or #10

#12 stone

#13 stones

#14 calculus

#15 calculi

#16 gallstone

#17 gallstones

#18 “gall stone”

(continued on the next page)
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SUPPLEMENTARY TABLE 4C. Continued

#19 “gall stones”

#20 #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19

#21 #11 and #20

#22 #5 or #21

#23 MeSH descriptor: [Balloon Enteroscopy] explode all trees

#24 MeSH descriptor: [Dilatation] explode all trees

#25 Balloon

#26 Dilatation

#27 Dilation

#28 Dilate

#29 #23 or #24 or #25 or #26 or #27 or #28

#30 MeSH descriptor: [Sphincterotomy, Endoscopic] explode all trees

#31 MeSH descriptor: [Sphincterotomy, Transduodenal] explode all trees

#32 MeSH descriptor: [Cholangiopancreatography, Endoscopic Retrograde] explode all trees

#33 Endoscopic Retrograde Cholangiopancreatography

#34 Endoscopic Retrograde Cholangiopancreatographies

#35 Sphincterotomy

#36 Sphincterotomies

#37 Papillotomy

#38 Papillotomies

#39 Sphincteroplasty

#40 Sphincteroplasties

#41 Papillosphincteroplasty

#42 Papillosphincteroplasties

#43 Papillostomy

#44 papillostomies

#45 #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or #44

#46 #22 and #29 and #45
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SUPPLEMENTARY TABLE 4D. Web of Science

Database Names: Web of Science Core Collection

Database Vendor: Clarivate Analytics

Database Coverage: Science Citation Index Expanded (1900-present)

Social Sciences Citation Index (1900-present)

Arts & Humanities Citation Index (1975-present)

Conference Proceedings Citation Index- cience (1990-present)

Conference Proceedings Citation Index-Social Science & Humanities (1990-present)

Book Citation Index -Science (2005-present)

Book Citation Index - Social Sciences & Humanities (2005-present)

Emerging Sources Citation Index (2015-present)

Current Chemical Reactions (1985-present)

Index Chemicus (1993-present)

Date Last Searched: November 16, 2017

(Balloon OR Dilatation OR Dilation OR Dilate)

AND

(Endoscopic Retrograde Cholangiopancreatography OR Endoscopic Retrograde Cholangiopancreatographies OR Sphincterotomy OR Sphincterotomies
OR Papillotomy OR Papillotomies OR Sphincteroplasty OR Sphincteroplasties OR Papillosphincteroplasty OR Papillosphincteroplasties OR
Papillostomy OR papillostomies)

AND

((“common bile duct” OR choledocholithiasis OR choledocholithiases) OR ((“bile duct” OR biliary OR choledochal OR choledocus OR “common duct”)
NEAR/8 (stones OR calculi OR gallstones OR “gall stone” OR “gall stones”)))
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SUPPLEMENTARY TABLE 5. Quality parameters (Newcastle-Ottowa Scale tool) of studies of intraductal and conventional treatment of large and
difficult bile duct choledocholithiasis

First author Year Journal Publication type Study type Selection Comparability Exposure/outcome

Akaraviputh 2013 Surg Endo Abstract Cohort **** ***

Akcakaya 2009 HPB Dis Int Full article Cohort **** ** ***

AlAmri 1997 Saudi Med J Full article Cohort **** ** ***

Alhalel 1995 GIE Abstract Cohort **** ***

Aljebreen 2014 Saudi J Gastro Full article Cohort **** ** ***

Arya 2004 AJG Full article Cohort **** ***

Aslan 2014 PrzGastro Full article Cohort **** ** ***

Attasaranya 2008 GIE Full article Cohort **** * ***

Binmoeller72 1993 Endoscopy Full article Cohort **** ***

Chan 2011 BMC Gastro Full article Cohort **** ***

Chander 2011 GIE Abstract Cohort **** ***

Chang71 2005 WJG Full article Cohort **** * ***

Chen 2011 GIE Full article Cohort **** ***

Cheng 2012 WJG Full article Cohort **** ** ***

Cho 2009 GIE Full article Cohort **** ***

Choi 2009 GIE Full article Cohort **** ***

Choi 2012 JGH Full article Cohort **** ***

Chung 1991 Brit J Surg Full article Cohort **** ***

Cipolletta 1997 Brit J Surg Full article Cohort **** * ***

DiMitri 2016 WJG Endo Full article Cohort **** ***

Draganov 2009 JCG Full article Cohort **** ***

Elkholy 2015 HPB Abstract Unclear **** ***

Ell 1993 GIE Full article Cohort **** * ***

Ersoz54 2003 GIE Full article Cohort **** ***

Fan36 1989 Aus Nz Surg Full article Cohort **** ***

Farrell 2005 Endoscopy Full article Cohort **** ***

Fujita 2017 Gut and Liver Full article Cohort **** ***

Garg68 2004 GIE Full article Cohort **** ** ***

Gunasingam 2017 JGH Abstract Cohort **** ***

Guo66 2014 WJG Full article Cohort **** ** ***

Han128 2009 AJG Full article Cohort **** ***

Han 2010 Dig Endo Abstract Cohort **** ***

Hanumantharaya 2014 Gut Abstract Cohort **** ***

Harada 2013 JHBP Full article Cohort **** ** ***

Hartery132 2017 GIE Full article Cohort **** ***

Heetun 2015 Irish J Abstract Cohort **** ***

Hochberger 1998 Gut Full article Cohort **** ***

Hong 2009 GIE Abstract Unclear **** * ***

Huang 2017 Dig Liv Dis Full article Cohort **** ***

Hui126 2003 Ali Pharm Thera Full article Cohort **** ** ***

Hwang 2013 BMC Gastro Full article Cohort **** ** ***

Itoi75 2010 GIE Full article Cohort **** ***

Jain130 2000 GIE Full article Cohort **** ***

Jakobs 2007 Arq de Gastro Full article Cohort **** ***
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SUPPLEMENTARY TABLE 5. Continued

First author Year Journal Publication type Study type Selection Comparability Exposure/outcome

Jang 2013 Dig Dis Diet Full article Cohort **** ***

Jeong 2012 GIE Abstract Cohort **** ***

Jeong 2015 GIE Abstract Cohort **** ***

Johnson 1993 GIE Full article Cohort **** ***

Jun Bo65 2013 Pakistan J Full article Cohort **** ** ***

Kalaitzakis 2012 Eur JGH Full article Cohort **** ***

Kamada 2015 JGH (Aus) Abstract Cohort **** ***

Karsenti57 2017 Endoscopy Full article Cohort **** ** ***

Katsinelos 2003 Ann Gastro Full article Cohort **** ***

Katsinelos 2008 Dig Liv Dis (Italy) Full article Cohort **** ** ***

Kim 2007 GIE Full article Cohort **** ***

Kim 2008 WJG Full article Cohort **** ***

Kim62 2009 WJG Full article Cohort **** ***

Kim 2010 Digestion Abstract Cohort **** ***

Kim 2010 WJG Full article Cohort **** ***

Kim 2010 Dig Endo Abstract Cohort **** ***

Kim 2011 Surg Endo Full article Cohort **** ** ***

Kim 2011 JGH Abstract Cohort **** ***

Kim 2011 GIE Full article Cohort **** **

Kim 2012 GIE Abstract Cohort **** ***

Kim 2014 UE Gastro J Abstract Cohort **** ***

Kochhar 2009 DDS Full article Cohort **** ***

Kumar 2011 AJG Abstract Cohort **** ***

Kuo 2016 BMC Gastro Full article Cohort **** ***

Kurita 2010 Scand J Gastro Full article Cohort **** ***

Kurland 2009 GIE Abstract Cohort **** ***

Kwok 2009 GIE Abstract Cohort **** ***

Laleman 2014 Surg Endo Full article Cohort **** ***

Lee 2007 Scand J Gastro Full article Cohort **** ***

Lee 2007 Dig Endo Full article Cohort **** ***

Lee 2010 Endoscopy Full article Cohort **** ***

Lee 2011 GIE Full article Cohort **** ***

Lee 2012 Photomed Surg Full article Cohort **** ***

Lee 2016 JGH Abstract Cohort **** ***

Lekharaju 2013 JGH Abstract Cohort **** ***

Lesmana 1999 Med J Indonesia Full article Cohort **** ***

Leung 1988 GIE Full article Cohort **** ***

Li 2015 GIE Abstract Cohort **** ***

Liu 2011 Endoscopy Full article Cohort *** ***

Lourenço 2015 UE Gastro J Abstract Cohort **** ***

Luz 2012 GIE Abstract Cohort **** ***

Matsukawa 2016 GIE Abstract Cohort **** ***

Matsumi 2014 JGH Abstract Case control * * ***

Matsumoto 2016 Surg Endo Full article Cohort **** ***

Maydeo 2007 Endoscopy Full article Cohort **** ***

(continued on the next page)
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SUPPLEMENTARY TABLE 5. Continued

First author Year Journal Publication type Study type Selection Comparability Exposure/outcome

Maydeo73 2011 GIE Full article Cohort **** ***

Merino-Rodríguez 2013 UE Gastro J Abstract Cohort **** ***

Minami 2007 WJG Full article Cohort **** ***

Misra 2008 Endoscopy Full article Cohort **** ***

Moon 2004 GIE Full article Cohort **** ***

Moon 2009 AJG Full article Cohort **** ***

Mu 2015 DDS Full article Cohort **** ***

Navaneethan69 2016 GIE Full article Cohort **** ***

Neuhaus 1990 GIE Abstract Cohort **** ***

Neuhaus 1993 Gut Full article Cohort **** ***

Neuhaus 1994 GIE Full article Cohort **** ***

Ödemiş 2016 Gastro Res Prac Full article Cohort **** ** ***

Omuta 2011 JGH Abstract Cohort **** ***

Omuta 2015 WJG Full article Cohort **** ***

Paik 2014 Gut and Liver Full article Cohort **** ***

Panpimanmas 2000 J Med Assoc Thai Full article Cohort **** ***

Park64 2013 DDS Full article Cohort **** ***

Park 2014 DDS Full article Cohort **** ***

Park 2016 DDS Full article Cohort **** ***

Paspatis 2013 Dig Liv Dis Full article Cohort **** ***

Patel 2014 GIE Full article Cohort **** ***

Pisello 2008 Langenbecks Ar Surg Full article Cohort **** ***

Poincloux 2013 Scand J Gastro Full article Cohort **** ***

Ponchon 1991 Gastroenterology Full article Cohort **** ***

Prat 1994 GIE Full article Cohort **** ***

Putta 2009 Gut Abstract Cohort **** ***

Rebelo 2012 WJG Full article Cohort **** ***

Riemann 1984 GIE Full article Cohort **** *

Rosa 2013 WJG Full article Cohort **** ***

Sakai 1999 Unknown Abstract Cohort **** ***

Sakai 2013 Hepato-Gastro Full article Cohort **** ***

Sandha 2016 GIE Abstract Cohort **** ***

Satoh 2014 Pancreas Abstract Cohort **** ***

Sauer 2013 DDS Full article Cohort **** ***

Schreiber 1995 GIE Abstract Cohort **** ***

Seelhoff 2009 GIE Abstract Cohort **** ***

Sharma 2008 WJG Full article Cohort **** ***

Sharma 2014 Ind J Gastro Full article Cohort **** ***

Shi 2014 J Lap Adv Surg Full article Cohort **** ** ***

Sioulas 2017 Hep Panc Dis Int Full article Cohort **** ***

Smith 2009 Gut Abstract Cohort **** ***

Soontornmanokul 2013 GIE Abstract Cohort **** * ***

Sorbi 1999 GIE Full article Cohort **** **

Stefanidis70 2011 AJG Full article Cohort **** ** ***

Swahn 2010 Surg Endo Full article Cohort **** ***

(continued on the next page)
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SUPPLEMENTARY TABLE 5. Continued

First author Year Journal Publication type Study type Selection Comparability Exposure/outcome

Swain 1995 GIE Abstract Cohort **** **

Swan 2013 JGH Abstract Cohort **** ***

Tariq Berlas 2009 Gut Abstract Cohort **** ***

Thienchanachaiya 2012 GIE Abstract Cohort **** ** ***

Tonozuka 2014 DDS Full article Cohort **** * ***

Tsuchida 2015 BMC Gastro Full article Cohort **** ** ***

Tsutsumi 2016 GIE Abstract Cohort **** ***

Tsuyuguchi111 2011 Surg Endo Full article Cohort **** ** ***

Uskudar 2013 Turkish J Gastro Full article Cohort **** ***

Vij 1995 Ind J Gastro Full article Cohort **** ***

Wan 2011 Hep Panc Dis Int Full article Cohort **** ***

Wong 2017 Endo Int Open Full article Cohort **** ***

Xinopoulos 2013 GIE Abstract Cohort **** ***

Xu 2017 WJG Full article Cohort **** ***

Yamauchi 2017 Surg Endo Full article Cohort **** ***

Yang 2013 J Dig Dis Full article Cohort **** ***

Ye 2016 Turkish J Gastro Full article Cohort **** ***

Yoo 2009 GIE Abstract Cohort **** ***

Yoon 2014 Dig Endo Full article Cohort **** ***

Yüksel 2016 Turkish J Med Sci Full article Cohort **** ***

Zeng 2014 J Dig Dis Abstract Cohort **** ***

Zippi 2013 W J Clin Cases Full article Cohort **** ***

A maximum of 4 stars may be allotted under “Selection,” a maximum of 2 stars may be allotted under “Comparability,” and a maximum of 3 stars may be allotted under
“Exposure/Outcome.”
From Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. Ottawa, Ontario, Canada:
Ottawa Hospital Research Institute, 2016.
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