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Abstract
The laparoscopic cholecystectomy (LC) is an important approach of treating acute cholecystitis and the timing of performing this
given treatment is associated with clinical outcomes. Although several meta-analyses have been done to investigate the optimal
timing of implementing this treatment, the conflicting findings from these meta-analyses still confuse decision-making. And thus, we
performed this systematic review to assess discordant meta-analyses and generate conclusive findings to facilitate informed
decision-making in clinical context eventually. We electronically searched the PubMed, Cochrane Library, and EMBASE to include
meta-analysis comparing early (within 7 days of the onset of symptoms) with delayed LC (at least 1 week after initial conservative
treatment) for acute cholecystitis through August 2015. Two independent investigators completed all tasks including scanning and
appraising eligibility, abstracting essential information using prespecified extraction form, assessing methodological quality using
Oxford Levels of Evidence and Assessment of Multiple Systematic Reviews (AMSTAR) tool, and assessing the reporting quality using
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), as well as implementing Jadad algorithm in each
step for the whole process. A heterogeneity degree of �50% is accepted. Seven eligible meta-analyses were included eventually.
Only one was Level I of evidence and remaining studies were Level II of evidence. The AMSTAR scores varied from 8 to 11 with a
median of 9. The PRISMA scores varied from 19 to 26. The most heterogeneity level fell into the desired criteria. After implementing
Jadad algorithm, 2meta-analyses with more eligible RCTs were selected based on search strategies and implication of selection. The
best available evidence indicated a nonsignificant difference in mortality, bile duct injury, bile leakage, overall complications, and
conversion to open surgery, but a significant reduction in wound infection, hospitalization, and operation duration and improvement
of the quality of life when compared early LC with delayed LC. However, number of work days lost, hospital costs, and patient
satisfaction are warranted to be assessed further. With the best available evidence, we recommend early LC to be as the standard
treatment option in treating acute cholecystitis.

Abbreviations: AMSTAR=Assessment of Multiple Systematic Reviews, DLC=delayed laparoscopic cholecystectomy, ELC=
early laparoscopic cholecystectomy, ESM=electronic supplementary material, GRADE=Grading for Recommendation,
Assessment, Development, and Evaluation, LC= laparoscopic cholecystectomy, QoL=quality of life, RCTs= randomized controlled
trials, TSA= trial sequential analysis.
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1. Introduction in our study. All search information was summarized in

1.3. Selection criteria

1.4. Selecting meta-analyses
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Acute cholecystitis is a potentially life-threatening condition,
which affects >20 million Americans yearly and causes high
economic burden around the world.[1] Gallstones is the major
contributor to acute cholecystitis.[1] Laparoscopic cholecystecto-
my (LC) is an important approach for treating acute cholecystitis
nowadays.[2] Issued data indicated that approximately 917,000
and >50,000 LCs were annually performed to treat acute
cholecystitis in the United States and England, respectively.[3–7]

Although LCs have been extensively performed to manage acute
cholecystitis, the optimal timing of LC for this given condition is
inconclusive.
Traditionally, given the higher rate of morbidity such as bile

duct injury, leakage, and conversion to open surgery, the delayed
LC (DLC), which is defined as at least 1 week after initial
conservative treatment, is commonly adopted in treating acute
cholecystitis.[8] However, several clinical studies supported early
LC (ELC) (within 7 days of the onset of symptoms) to treat acute
cholecystitis.[9–11] Although some systematic reviews with meta-
analysis investigated the optimal timing of LC for patients with
acute cholecystitis previously, a consistent and conclusive
conclusion has not yet been obtained from these systematic
reviews. For instance, 2 meta-analyses[3,12] qualitatively sup-
ported no difference between ELC andDLC in terms of mortality,
1[13] indicated no difference in both approaches for this outcome,
and 2[14,15] considered this given outcome, but the effects of both
approaches in causing mortality were identified. Moreover, 4
meta-analyses[3,12,14,16] indicated that DLC shortens the duration
of operation; however, 2[2,13] identified no difference between
DLC and ELC in terms of this given outcome. Most importantly,
these conflicting findings will confuse the informed decision-
making. And thus, we performed this systematic review of
discordant meta-analyses to further assess the effects of ELC for
acute cholecystitis compared with DLC.
Two purposes of this systematic review of discordant meta-

analyses are as follows: helping decision-maker to assess and
interpret these discordant meta-analyses findings, and concluding
the treatment recommendations based on the best available
evidence for clinical practice.
1.1. Materials and methods
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The Preferred Reporting Items for Systematic Reviews andMeta-
analysis (PRISMA)[17] and Cochrane Handbook for Systematic
Review of Interventions[18] were compiled to generate reliable
and valid systematic review and meta-analysis results with high
quality. No ethical approval and patient written informed
consent are needed because all processes of the whole study were
performed on the basis of previous information. All processes
were conducted using Microsoft Word (Microsoft Corporation,
Redmond, WA).

1.2. Study retrieval

Systematic reviews or meta-analyses comparing ELC versus DLC
for patients with acute cholecystitis were electronically searched
independently by 2 investigators in PubMed, Cochrane Library,
and EMBASE databases up to August 2015. The terms “acute
cholecystitis,” “laparoscopic cholecystectomy,” “LC,” “celio-
scopic cholecystectomy,” “systematic review,” and “meta-
analysis” were applied to perform search process. We also
manually checked the bibliographies of all eligible studies to
include any potential study. No other restrictions were imposed
electronic supplementary material (ESM)-search strategy file,
http://links.lww.com/MD/B11.
Implementing this systematic review of overlapping meta-
analyses, we aimed to solve the discordance among findings
from meta-analyses comparing the ELC to DLC in acute
cholecystitis. Consequently, meetings abstract, letter to the
editor, correspondence, systematic reviews without meta-
analysis, and meta-analysis including non-RCTs are excluded
from our study.
Two investigators were assigned to independently select studies
from all potential citations based on checking title and abstract of
all citations captured initially and reviewing full version obtained
from initial check stage in accordance with selection criteria for
our study. Any discrepancies between these 2 investigators were
resolved based on discussion or consulting a third investigator
until a consensus was reached.

1.5. Information abstraction

The essential information for this study were abstracted
independently by 2 investigators from each eligible meta-analysis
using prespecified standard information extraction forms (ESM-
Table 1, http://links.lww.com/MD/B12) based on Microsoft
Excel, including first author name, publication year, retrieval
database, study design of the original trial, number of included
RCTs, level of evidence, additional statistical analysis method,
heterogeneity level, and all outcomes of interest. Any disagree-
ments between these 2 investigators were eliminated by inviting a
third investigator to arbitrate.

1.6. Quality assessment

We assigned 2 independent investigators to assess the search
methodology of all eligible systematic reviews with meta-analyses
based on retrieval sources and any restrictions including
publication status and language of the original trial. Moreover,
we also assigned 2 investigators to evaluate independently the
methodological quality of each meta-analysis included using the
Oxford Levels of Evidence[19] and the Assessment of Multiple
Systematic Reviews (AMSTAR) Instrument.[20] AMSTAR, con-
sists of 11 items, is currently reported as a measurement tool with
reliability, validity, and responsibility to assess the methodologi-
cal quality of systematic review and (or) meta-analysis
extensively.[21,22] We also adopted the preferred reporting items
for systematic review and meta-analyses (PRISMA) to assess the
reporting quality of each eligible meta-analysis.[17] Score of 1 will
be recorded if corresponding information for an item was
reported; in contrast, score of zero will be entered. Discussion is
the method to resolve any discordance between 2 investigators at
this stage.

1.7. Assessing the heterogeneity

We assessed the heterogeneity level for each outcome of interest
in all eligible meta-analyses based on information abstracted. The
purpose of assessing the heterogeneity is to explore whether
the systematic reviewer evaluated and dealt appropriately the

http://links.lww.com/MD/B11
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heterogeneity and whether associated subgroup analysis and (or)

to identify which meta-analyses generated available best evidence

2. Results

2.2. Search methodology

Figure 1. Flow diagram of identification and selection of meta-analyses: 95
potential records were initially captured using specified search terms and 7
were finally incorporated into this study based on comprehensive screened.
CCS, case-control study; CDSR, Cochrane Database of Systematic Review;
CRD, Center for Review and Dissemination; MA, meta-analysis; RCTs,
randomized controlled trials.

Song et al. Medicine (2016) 95:23 www.medicine.com
sensitivity analysis were formally performed. In accordance with
the judgment criteria documented in Cochrane Handbook for
Systematic Review of Interventions,[18] an I2 of �50% is eligible
for the desired limit in our study.
1.8. Implementing the Jadad decision algorithm

2.3. Methodological quality
Jadad decision algorithm is the guide to interpreting discordant
systematic reviews with meta-analysis.[23] To help decision-
makers (including clinicians, policy-makers, researchers, and
patients, depending on the context) make choices among
alternative health care interventions when experts and the results
of trials disagree, Jadad et al[23] summarized the disagreement
among systematic reviews with meta-analysis and 6 reasons
including defining clinical question, specifying study inclusion
and exclusion criteria, abstracting data, assessing the methodo-
logical quality, assessing the ability to pool studies, and
summarizing the information were determined. Three investi-
gators were assigned to implement the Jadad decision algorithm
Table 1

Basic information of each eligible meta-analysis.

Study ID
Journal

abbreviation
Search strategy

until
No. of RCTs

pooled

Papi et al, 2004[15] Am J Gastroenterol December, 2001 3
Siddiqu et al, 2008[16] Am J Surg December, 2008 4
Gurusamy et al, 2013[14] Cochrane Db Syst Rev November, 2008 6
Zhou et al, 2014[12] The Scientific World J December, 2013 7

Cao et al 2015[13] J Gastrointest Surg October, 2014 14

Menahem et al, 2015[2] HPB May, 2014 9
Wu et al, 2015[3] Brit J Surg October, 2014 16

DLC, delayed laparoscopic cholecystectomy; ELC, early laparoscopic cholecystectomy; RCT, randomized
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on this topic until a consensus was reached.
2.1. Search results and basic information of eligible meta-
analyses

We captured 96 records using specified search terms at the initial
search stage and no citation was identified through other sources.
The EndNote (versionX7.1) literature management software was
used to manage and scan the potential citations. After
comprehensively reviewing all potential citations based on title,
abstract, and full-version, 7 systematic reviews with meta-
analyses[2,3,12–16] were incorporated into our study to generate
treatment recommendations. The flow diagram of identification
and selection of meta-analysis and references bibliography were
recorded in Fig. 1. The publication year of all eligible meta-
analyses ranged from 2004 to 2015. The number of primary
studies incorporated into each eligible meta-analysis varied from
3 to 16. The basic information of all meta-analyses included and
the number of original studies incorporated into them were
sorted in Tables 1 and 2, respectively.[2,3,12–16]
Comprehensive literature search is the fundamental guarantee to
decrease the publication and time-lag bias.We assessed the search
methodology quality of all eligible meta-analyses. The meta-
analysis conducted by Menahem et al[2] did not search the
unpublished literature and restricted the publication language to
English. Four meta-analyses[3,13,14,16] did not impose the
restriction of publication language. Remaining 2 meta-analy-
ses[12,15] did not provide the information of publication language.
Two meta-analyses[14,16] did not restrict the publication status of
the original study and 2[2,13] restricted the eligible study to trials.
All meta-analyses searched the PubMed/Medline, EMBASE, and
the Cochrane Library. The detail of search was described in
Table 3.[2,3,12–16]
The reliability and stability of meta-analysis findings were
generated from strict design and standard reporting. Level of
evidence and methodology quality of all eligible meta-analyses
Definition

ELC DLC

Within 7 days of onset of symptoms At least 6 weeks after symptoms settle
Within 7 days of the onset of symptoms 6 weeks after admission
Within 7 days of the onset of symptoms 6 weeks after the index admission
Within 7 days of onset of symptoms At least 1 week later after initial

conservative treatment
Within 7 days of symptom onset On the second admission after successful

non-operative management
Within 7 days of onset of symptoms 6–12 weeks later
Within 7 days of onset of symptoms At least 1 week after initial conservative

treatment

controlled trial.
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were rated and assessed using Oxford Levels of Evidence[19] and level, subgroup analysis, and sensitive analysis of each meta-

2.5. Results of Jadad decision algorithm

Table 2

Primary RCTs incorporated into each eligible meta-analysis.

Meta-analyses included

Primary
RCTs

Papi
et al 2004[15]

Siddiqu
et al 2008[16]

Gurusamy
et al, 2013[14]

Zhou
et al, 2014[12]

Cao
et al, 2015[13]

Menahem
et al, 2015[2]

Wu
et al, 2015[3]

Lai, 1998[24] Yes Yes Yes Yes Yes Yes Yes
Lo, 1998[25] Yes Yes Yes Yes Yes Yes Yes
Dávila, 1999[26] Yes Yes Yes Yes
Chandler, 2000[27] Yes Yes
Khan, 2002[28] Yes
Johansson, 2003[29] Yes Yes Yes Yes Yes Yes
Johansson, 2004[30] Yes
Kolla, 2004[31] Yes Yes Yes Yes Yes
Ghani, 2005[32] Yes
Yadav, 2009[33] Yes Yes Yes Yes
Macafee, 2009[34] Yes Yes
Mare, 2012[35] Yes Yes
Faizi, 2013[36] Yes Yes
Gul, 2013[37] Yes Yes Yes
Verma, 2013[38] Yes Yes
Gutt, 2013[39] Yes Yes Yes Yes
Saber, 2014[40] Yes Yes
Ozkardes, 2014[41] Yes Yes

RCT, randomized controlled trial.
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AMSTAR[20] tool, respectively. The reporting quality was
analyzed using the PRISMA.[17]

Based on Oxford Levels of Evidence, only 1 meta-analysis was
regarded to include the Level I evidence and remaining meta-
analyses included level of evidences I to II. Most of the meta-
analyses[2,3,12,14] used to ReviewManager software to pool data.
Only 1 meta-analysis performed Grading for Recommendation,
Assessment, Development, and Evaluation (GRADE) to rate the
level of evidence.[14] Two meta-analyses used the trial sequential
analysis (TSA) to calculate the required information size for each
outcome of interest.[3,14] Subgroup was used in 3 meta-
analyses,[13,14,16] sensitivity analysis was used in 4,[2,12–14] and
2 meta-analyses reported information of register.[21,23] You can
find the detail on methodology quality in Table 4.[2,3,12–16] The
AMSTAR scores varied from 8 to 11 with a median of 9. Table 5
recorded the data of AMSTAR of each meta-analysis included
and Table 6 presented the information of PRISMA.[2,3,12–16]
2.4. Assessing the heterogeneity
All eligible meta-analyses tested the heterogeneity level using x2

test,Q test, or I2 statistic. We also summarized the heterogeneity
Table 3

Search Methodology used by each meta-analysis.

Restriction imposed in meta-analyses

Study ID Publication language Publication status Pu

Papi et al 2004[15] NR NR
Siddiqu et al 2008[16] No No
Gurusamy et al, 2013[14] No No
Zhou et al, 2014[12] NR NR
Cao et al, 2015[13] No Yes
Menahem et al, 2015[2] Yes Yes
Wu et al, 2015[3] No NR

No, not implemented; NR, not reported; SCI, science citation index; Yes, implemented.
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analysis in ESM-Table 2, http://links.lww.com/MD/B13. Het-
erogeneity levels of most outcomes fulfilled the acceptable criteria
(�50%) released by the Cochrane Collaboration.[18]
To visually assess all pooled results, we developed Fig. 2 to
present all results of outcomes reported in all eligible meta-
analyses. Given these criteria written in Jadad decision algorithm,
we consequently selected 2 meta-analyses with more RCTs
completed by Cao et al[13] and Wu et al,[3] respectively, based on
2 judgment factors including search strategy and application of
selection criteria owing to all of meta-analyses addressed same
clinical question, did not included the same primary trials, and
employed similar selection criteria (Fig. 3). Two meta-analyses
consistently indicated not significantly different in mortality, bile
duct injury, bile leakage, overall complications and conversion to
open surgery when ELC versus DLC for patients with acute
cholecystitis. Both of them suggested that ELC effectively reduced
wound infection, increased the quality of life, and reduced the
length of hospitalization and the conclusion on hospital stay was
confirmed by TSA in Wu et al’s study. However, these 2 meta-
Target electronic database

bMed Medline EMBASE Cochrane Library SCI Others

Yes Yes Yes Yes
Yes Yes Yes Yes
Yes Yes Yes Yes Yes
Yes Yes Yes

Yes Yes Yes Yes Yes
Yes Yes Yes

Yes Yes Yes Yes

http://links.lww.com/MD/B13


analyses generated discordant conclusion on duration of settings, study selection and inclusion which consists of selection

Table 4

Methodological information for each included study.

Study ID
Design of

studies analyzed
Level of
evidence Software Grade TSA

Subgroup
analysis

Sensitivity
analysis

Information of
register

Papi et al 2004[15] RCT Level II SP No No No No No
Siddiqu et al 2008[16] RCT Level I CMA No No Yes No Yes
Gurusamy et al, 2013[14] RCT Level II RevMan Yes Yes Yes Yes Yes
Zhou et al, 2014[12] RCT Level II RevMan No No No Yes No
Cao et al, 2015[13] RCT Level II CMA No No Yes Yes No
Menahem et al, 2015[2] RCT Level II RevMan No No No Yes No
Wu et al, 2015[3] RCT Level II RevMan No Yes No No No

RCT, randomized controlled trial; TSA, trial sequential analysis.
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operation, time of work days lost, and hospital costs. A point
must be noted is that Wu et al performed a TSA to confirm the
conclusion of which DLC spent less time to complete
cholecystectomy than ELC. Moreover, this meta-analysis con-
ducted byWu et al indicated high patient satisfaction occurred in
ELC group (Fig. 2).

3. Discussion

Systematic review or meta-analysis including all available
original trials was listed to be the best available evidence
source.[42] Decision-makers including researchers, policy makers,
and practitioners usually adopt a systematic review with meta-
analysis to resolve those problems which cannot be solved in the
original study and provide recommendations for informed
decision-making eventually.[43] However, discordant systematic
reviews with meta-analysis on the same topic make the decision
tend to be more complicated rather than simpler.[23]

For the purpose of facilitating informed decision-making,
Jadad et al determined all potential sources which caused the
discordance among meta-analyses in 1997. They summarized
these sources as follows: clinical question which refers to
populations of patients, interventions, outcome measures and
Table 5

AMSTAR criteria for each included study.

Items
Papi et al
(2004)[15]

Siddiqu et a
(2008)[16]

Was a prior design provided? 0 1
Was there duplicate study selection and data extraction? 1 1
Was a comprehensive literature search performed? 1 1
Was the status of publication (i.e., Gray literature) used
as an inclusion criterion?

0 1

Was a list of studies (included and excluded) provided? 0 0
Were the characteristics of the included studies provided? 1 1
Was the scientific quality of the included studies
assessed and documented?

1 1

Was the scientific quality of the included studies
used appropriately in formulating conclusions?

1 1

Were the methods used to combine the findings of
studies appropriate?

1 1

Was the likelihood of publication bias assessed? 1 1
Was the conflict of interest stated? 1 1
Total scores 8 10

5

criteria, application of the selection criteria and strategies to
search the literature, data extraction which can be divided into
methods to measures outcomes, end points, and human error
(that is random or systematic), assessment of study quality which
can be performed based on methods to assess quality,
interpretations of quality assessments and methods to incorpo-
rate quality assessments in review, assessment of the ability to
combine studies which can be completed through statistical
methods and clinical criteria to judge the ability to combine
studies, and statistical methods for data synthesis.[23]

After implementing the Jadad decision algorithm, 2 meta-
analyses performed by Cao et al[13] and Wu et al[3] were selected
to generate treatment recommendations on timing of LC in
treating acute cholecystitis based on the best available evidence
and facilitate informed decision-making in clinical context
eventually. The meta-analysis conducted by Cao et al[13]

suggested that incidence of wound infections was decreased,
total length of hospitalization was shortened, and cost was
decreased after ELC was implemented in acute cholecystitis;
however, no differences in morbidity, bile duct injury, bile
leakage, and conversion to open surgery were detected. As a
result, these authors concluded that ELC should be recommended
to be the standard treatment option for acute cholecystitis. Wu
l Gurusamy et al,
(2013)[14]

Zhou et al
(2014)[12]

Cao et al
(2015)[13]

Menahem et al
(2015)[2]

Wu et al
(2015)[3]

1 0 0 0 0
1 1 1 1 1
1 1 1 1 1
1 1 0 0 1

1 0 0 0 0
1 1 1 1 1
1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

1 1 1 1 1
1 1 1 1 1
11 9 8 8 9
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et al[3] demonstrated that ELC lowers the risk of wound infection,

Table 6

PRISMA criteria for each included study.

Reporting
items

Papi et al
(2004)[15]

Siddiqu et al
(2008)[16]

Gurusamy et al
(2013)[14]

Zhou et al
(2014)[12]

Cao et al
(2015)[13]

Menahem et al
(2015)[2]

Wu et al
(2015)[3]

Title 1 1 0 1 1 1 1
Structured summary 1 1 1 1 1 1 1
Rationale 1 1 1 1 1 1 1
Objectives 1 1 1 1 1 1 1
Protocol and registration 0 1 1 0 0 0 0
Eligibility criteria 1 1 1 1 1 1 1
Information sources 1 1 1 1 1 1 1
Search 1 1 1 1 1 1 1
Study selection 1 1 1 1 1 1 1
Data collection process 1 1 1 1 1 1 1
Data items 1 1 1 1 1 1 1
Risk of bias in individual studies 0 1 1 1 1 1 1
Summary measures 1 1 1 1 1 1 1
Synthesis of results 1 1 1 1 1 1 1
Risk of bias across studies 0 1 1 1 1 1 1
Additional analyses 0 1 1 0 1 1 1
Study selection 1 1 1 1 1 1 1
Study characteristics 1 1 1 1 1 1 1
Risk of bias within studies 1 1 1 1 1 1 1
Results of individual studies 1 1 1 1 1 1 1
Synthesis of results 1 1 1 1 1 1 1
Risk of bias across studies 0 1 1 1 1 1 1
Additional analysis 0 1 1 0 1 1 1
Summary of evidence 1 1 1 1 1 1 1
Limitations 0 0 1 1 0 1 1
Conclusions 1 1 1 1 1 1 1
Funding 0 0 1 1 0 1 0
Total scores 19 25 26 24 24 26 25

Figure 2. Results of all outcomemeasures reported in eligiblemeta-analyses. CBD,
commonbileduct;DLC,delayed laparoscopic cholecystectomy (at least 1weekafter
initial conservative treatment);ELC,early laparoscopiccholecystectomy (within7days
of onset of symptoms); QL, qualitative analysis; QT, quantitative analysis.
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shortens the hospital stay, increases the cost-effectiveness,
duration of operation, patients satisfaction, and quality of life
(QoL). Moreover, these authors obtained a statistical finding
which ELC decreased the work days lost of patients with acute
cholecystitis. However, authors acknowledged these findings
from their study should be cautiously interpreted because of
several limitations existed. For example, the conclusion of
hospital costs generated from limited data and several eligible
studies were rated to be at high risk of bias. Most importantly,
Wu et al[3] applied the TSA method to confirm the duration of
operation and hospital stay. On the basis of findings from meta-
analyses selected, we concluded that ELC can be implemented to
decrease the incidence of wound infection and hospital stays, and
to increase the QoL and patient satisfactions. It is important to
note that ELC increased the duration of operation.
We strictly performed this systematic review of overlapping

meta-analyses, but some limitations may impair the power of our
findings. First, although a comprehensive literature search was
conducted to include eligible as more adequate as possible,
additional potential meta-analyses on this topic may be identified
if the target databases were extended. Second, only meta-analyses
including RCTs comparing the ELC with DLC in acute
cholecystitis were eligible for these inclusion criteria designed
in our systematic review, but several original RCTs incorporated
into these 2 eligible meta-analyses have high risk of bias, which
generate overestimated benefit and harm of ELC. Third,
outcomes reported in these meta-analyses included are the subset
of the universal set of outcomes of interest and thus the
comprehensiveness of treatment recommendations from our
systematic review will be limited.



4. Conclusion [9] Jarvinen HJ, Hastbacka J. Early cholecystectomy for acute cholecystitis:

Figure 3. Flow diagram of Jadad decision algorithm. The square frame filled with light blue represented the decision process of the present study.
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With the best available evidence, we recommend ECL to be the
standard treatment option in treating acute cholecystitis.
However, the potential of ELC for working days lost and
hospital costs are needed to be investigated further because of
controversial conclusions existed in these 2 meta-analyses.
Further, future studies should clearly define the definition of
ELC and elective LC to provide more feasible and accurate
information for clinical practice.
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