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ABSTRACT
Background The effectiveness of early cholecystectomy
for gallstone diseases treatment is uncertain compared
with conservative management/delayed cholecystectomy.
Aims To synthesise treatment outcomes of early
cholecystectomy versus conservative management/
delayed cholecystectomy in terms of its safety and
effectiveness.
Design We systematically searched randomised
control trials investigating the effectiveness of
early cholecystectomy compared with conservative
management/delayed cholecystectomy. We pooled the
risk ratios with a 95% CI, also estimated adjusted number
needed to treat to harm.
Results Of the 40 included studies for systematic review,
39 studies with 4483 patients are included in meta-
analysis. Among the risk ratios of gallstone complications,
pain (0.38, 0.20 to 0.74), cholangitis (0.52, 0.28 to 0.97)
and total biliary complications (0.33, 0.20 to 0.55) are
significantly lower with early cholecystectomy. Adjusted
number needed to treat to harm of early cholecystectomy
compared with conservative management/delayed
cholecystectomy are, for pain 12.5 (8.3 to 33.3), biliary
pancreatitis >1000 (50–100), common bile duct stones
100 (33.3 to 100), cholangitis (100 (25–100), total biliary
complications 5.9 (4.3 to 9.1) and mortality >1000 (100
to100 000).
Conclusions Early cholecystectomy may result in
fewer biliary complications and a reduction in reported
abdominal pain than conservative management.
PROSPERO registration number 2020
CRD42020192612.

INTRODUCTION
Cholelithiasis/gallstone disease management
imposes a significant burden on healthcare
systems worldwide, costing about 6.5 billion
dollars/year only in the USA itself.1 The
prevalence of gallstones ranges from 0.1%
to 50.5% worldwide2. Although gallstone
disease is usually asymptomatic, certain risk
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Summary box
What is already known about this subject?
►► Although from individual trials, early cholecystecto-

my is considered safe and effective compared with
conservative management/delayed cholecystectomy, but the synthesised evidence is limited.

What are the new findings?
►► Gallstone-
related complications are significantly

lower with early cholecystectomy compared with
observation management, endoscopic management
and delayed cholecystectomy.
►► The perioperative and intraoperative complications
are significantly higher with early cholecystectomy
compared with delayed cholecystectomy.
►► Overall early cholecystectomy is effective compared
with conservative management/delayed cholecystectomy for gallstones.

How might it impact clinical practice in the
foreseeable future?
►► Our meta-analysis has reported both adjusted and

unadjusted number needed to treat to harm, which
is a beneficial measure for the surgeons and policymakers to arrive at appropriate clinical and policy
decision-making, respectively.

factors drive the progression from asymptomatic to symptomatic illness, with or
without complications, making it imperative
related complications
to treat.3 Gallstone-
include common bile duct stones (CBD
stones)/choledocholithiasis, acute cholecystitis, cholangitis, gallstone pancreatitis and
others.3 Surgical removal of the gallbladder
(known as cholecystectomy) is the treatment
of choice for symptomatic gallstones.4 Laparoscopic cholecystectomy is the preferred
treatment option over open cholecystectomy
for gallstones and cholecystitis.5 However,
1
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Biliary and pancreatic disease

approximately 12% of patients who have undergone
cholecystectomy continue to experience pain and recurrent gallstone-related symptoms.6
Conservative management (CM), involving pain and
symptomatic treatment with gallbladder in situ, carries
no risk of operative complications and is also considered an alternative to cholecystectomy.7 However,
among conservatively managed patients with uncomplicated gallstones, recurrence of gallstone symptoms and
subsequent development of gallstone-related complications often lead to cholecystectomy.8 Similarly, several
randomised control trials (RCTs) comparing early versus
delayed cholecystectomy (DC) for gallstone disease
reported recurrence of symptoms/complications in the
waiting period before surgery and also reported higher
postsurgical complications with delayed surgery.9 Thus,
the effectiveness of early cholecystectomy (EC) over CM/
DC is ambiguous. Therefore, we aimed to conduct this
systematic review and meta-analysis to synthesise treatment outcomes between EC and CM/DC. The study’s
objective is to synthesise treatment outcomes such as (1)
gallstone-related complications between EC and CM/DC
(2) surgical complications, length of hospital stays and
operative time between early and DC.

METHODS
Screening and study selection
We carried out this systematic review and meta-analysis in
compliance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and
registered the protocol at PROSPERO.10 11 We systematically searched the studies indexed in PubMed-Medline,
Scopus and Embase. The search terms were constructed
based on domains of population, intervention, comparator and outcome (PICO) as described below. The search
terms were combined using Boolean operator ‘OR’
within the same domains, and Boolean operator ‘AND’
between domains of PICO as described in online supplemental tables 1–3. An initial search was performed on 16
June 2020 and an updated search was performed on 12
January 2021.
According to the inclusion criteria, search results were
screened for eligibility. The population included individuals with gallstones (cholelithiasis/cholecystolithiasis)
or CBD stones (choledocholithiasis) or acute cholecystitis or gallstone pancreatitis. The intervention included
surgical removal of the gallbladder through open or
laparoscopic methods, where surgery was performed on
an emergency basis or within 7 days, treated as EC. The
comparator is CM and DC. CM included both observation management (OM) (also known as wait and watch
strategy) and Endoscopic management (EM). Under
OM, this study considered patients with gallstones who
were symptomatically managed using pain killer, antibiotics, diet and lifestyle changes. Under EM, this study
considered patients who underwent endoscopic removal
of CBD stones with gallbladder left in situ. In DC, we
2

considered patients who were initially managed conservatively and later underwent cholecystectomy after 6 weeks.
Outcomes included complications related to gallstone
disease, perioperative, intraoperative and postoperative
complications with cholecystectomy, length of hospital
stays, operative time and the studies included were RCTs.
Nonrandomised trials, observational studies, reviews and
studies published in non-English languages for which a
translation could not be obtained were excluded. Studies
were also excluded for their selection of PICO, that is not
of study’s interest.
Titles and abstracts of studies listed from the electronic database search were meticulously screened independently by authors (BSB, MH, AS) using Rayyan-web
application.12 After screening, authors independently
reviewed and selected studies based on inclusion and
exclusion criteria with authors’ mutual consensus
(figure 1).
Data extraction and management
All relevant details were extracted from the studies
included, using a specific data extraction form. Data
extracted include study characteristics (study design,
location of study etc), participant characteristics (age,
gender, duration of symptoms and timing of surgery),
intervention, comparators and treatment outcomes (gallstone symptoms and complications, surgical complications). All the data for pooling were extracted as reported
in the primary studies. For quality control, data extraction was performed by one reviewer and cross checked by
another reviewer (BSB, MH). Any discrepancies between
authors were resolved by discussion and consulting with
a third reviewer (AS), whenever necessary. The extracted
data were checked and used for further analysis after
confirmation of its consistency.
Assessment of risk of bias
We assessed the risk of bias using a revised Cochrane risk
of bias tool (RoB-2 tool) for randomised trial.13 RoB-2 tool
comprises five domains: bias arising from randomisation
process, deviation from intended intervention, missing
outcome data, bias in the measurement of outcome and
selection of reported results. The judgement regarding
the risk of bias was determined by means of signalling
questions with responses as ‘yes’, ‘probably yes,’ ‘probably no,’ ‘no’ and ‘no information’. Two authors (MH
and KVJ) independently assessed the risk of bias; later,
a consensus was reached for any disagreement through
discussion. However, a third reviewer’s opinion (BSB)
was obtained wherever necessary. The overall risk of bias
was ascertained as high, some concerns or low for each
study.
Statistical analysis
Risk ratio along with its 95% CI was estimated for each
complication from individual studies. Subsequently, risk
ratios were pooled across studies using a random effects
DerSimonian and Laird method considering possible
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Figure 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection.

heterogeneity across studies. For continuous variables,
such as operation time and duration of hospital stay,
mean difference and its 95% CI were estimated for individual studies and then pooled using a random-effects
DerSimonian and Laird method. While performing the
analysis, zero cells were corrected by adding 0.5.
Assessment of heterogeneity
Heterogeneity was assessed using visual inspection of
forest plots, Cochran-Q test and I2 statistics. I2 describes
the percentage of the variability in effect estimates that
is due to heterogeneity rather than sampling error
(chance). I2 values in our analysis were interpreted using
the standards laid down in Cochrane’s handbook for
Systematic Reviews of Interventions.14 Cochran’s Q is the
weighted sum of squared differences between individual
study effects and the pooled effect across studies, with the
weights being those used in the pooling method. Q is a χ2
statistic with k (number of studies) minus one degree of
freedom. If the Q(k-1) value is greater than the tabulated
value (obtained using df) and p value is <0.1, then the
heterogeneity is considered to be present.15
Analysis of subgroups
Results were further explored using subgroup analysis
based on intervention and comparators: EC versus OM
(EC vs OM), EC versus EM and EC versus DC. A subgroup
analysis of baseline gallstone complications (CBD stones/
acute cholecystitis/gallstone pancreatitis) was performed
within each comparison to address the hetergeneity
of patients included in the systematic review. We also
performed a subgroup analysis, to determine whether

the timing of surgery influenced the surgical complications. We have also performed a separate analysis of EC
with CM alone (combining OM and EM). Risk ratios and
mean differences were pooled between all interventions
and comparators; however, perioperative and intraoperative complications were pooled only among early versus
DC studies.
Estimation of number of needed to harm
In this systematic review and meta-
analysis, we additionally estimated the number needed to treat to harm
(NNTH) for each outcome.16 NNTH is defined as ‘the
number of people exposed to a given treatment such that
on average and over a given follow-up period one additional person experiences the adverse effect of interest
because of the treatment’. It expresses the additional
absolute risk of an adverse effect conferred by treatment
and is, therefore, a useful and intuitively understandable
decision-making tool for practicing clinicians.16 As there
is no consensus for the calculation of NNTs from pooled
meta-analysis, we estimated the NNTH for each outcome
using the two approaches suggested.17 In the first
approach, the log of risk difference (RD) and its 95% CIs
between intervention and comparator for each complication was estimated. RDs were then pooled across studies
using a random-effect model. Following, mean NNTH
for each complication and its 95% CI were calculated as
the inverse of mean and inverse of upper and lower limits
of 95% CI of pooled RD, respectively.18
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We also calculated adjusted NNTH using the method
suggested by Furukawa et al19 and recent evidence
synthesis.17 We calculated adjusted NNTH using the
following formula.
NNTHadjusted = (1−RR1)∗PEER
	

where RR is pooled relative risk, PEER is the patient
expected event rate. The PEER was calculated as the ratio
of the total frequency of complication among comparators to that of the total number of comparators in respective pooled studies.

Assessment of publication bias
Publication bias was assessed using a funnel plot (asymmetry) and Egger’s test (p<0.05) of the effective measures, only if sufficient (at least 10) number of studies were
available for pooling.20 21 Furthermore, on identifying
asymmetry in the funnel plot, the source of asymmetry
was explored using a contourenhanced funnel plot. Data
were recorded using a Microsoft Excel sheet and analysed
using Stata software V.1622. Two-sided p<0.05 was considered statistically significant except for the subgroup analysis and heterogeneity test, wherein p<0.10 was regarded
as significant.
RESULTS
We retrieved a total of 6494 studies through our initial
and updated search, out of which 40 studies were
included for systematic review, as shown in the PRISMA
flow diagram (figure 1). We had excluded one study from
the meta-analysis since no information on complications
was reported.23 Therefore, 39 studies with 4483 patients
with gallstone disease (intervention—EC, n=2265 and
comparator (CM/DC), n=2218) were included in meta-
analysis.8 24–61 Characteristics of included studies are
provided in online supplemental table 4.
Patient’s mean age was 53.47 years and 54.41 years in
intervention and comparators, respectively. Sample sizes
in individual studies ranged from 15 to 314 patients.
In total, 6, 3 and 31 studies that compared EC versus
OM,8 54–58 EC versus EM59–61 and EC versus DC,23–53
respectively, were analysed. Among the 32 studies, which
reported gender proportions, 26 studies (81.25%) had a
higher proportion of female participants. Only 9 out of 40
included studies for systematic review were multicentric
RCTs, and the rest were conducted in single centres. The
baseline gallstone complications reported were acute
cholecystitis, CBD stones, gallstone pancreatitis and
uncomplicated gallstones in 20, 12, 7 and 1 study, respectively. Out of the 40 studies included in systematic review,
open cholecystectomy was reported among 9 studies
and cholecystectomy was performed laparoscopically
among the rest. Duration of symptoms was reported only
in seven studies, in which duration varied from 35.1 to
96 hours. In all the included EC versus DC studies, EC was
performed within 7 days of randomisation and DC was
performed after 6 weeks of randomisation.
4

Risk of bias assessment
Out of 40 studies included in systematic review, 31
(77.5%) studies adequately followed the randomisation
process. None of the included studies reported that
patients and caregivers were blinded for the intervention
under study, which might be due to the involvement of
surgical intervention. Nine (22.5%) studies had shown
deviations from the intended intervention. There were
seven (17.5%) studies under the missing outcome data
domain, one study (2.5%) in each domain for measurement of outcome data and selection of the reported
results were assessed as high risk of bias. The overall risk
of bias was estimated as low in 22 (55.0%), some concerns
in 6 (15.0%) and high in 12 (30.0%) studies (online
supplemental figure 1).
Gallstone-related complications
Pain/biliary colic
We pooled the risk ratios of pain/biliary colic from
12 studies comparing EC and CM/DC, consisting of
subgroups EC versus OM (n=5),8 54 56–58 EC versus EM
(n=2)59 61 and EC versus DC (n=5).27 30 32 41 45 The pooled
risk ratio was 0.38 (0.20 to 0.74, I2=51.57%) with moderate
heterogeneity indicating significantly lower pain events
with EC (see table 1). However, among subgroups, only
in EC versus OM, there was significantly lower pain events
with EC (0.39, 0.16 to 0.94, I2=39.4%). The adjusted and
unadjusted NNTH were 14.0 (10.9 to 33.4) and 12.5 (8.3
to 33.3), respectively. Subgroup analysis was conducted
based on baseline gallstone complications within each
comparison (EC vs OM, EC vs EM and EC vs DC). In
EC versus OM, subgroups included were patient with
(1) CBD stones, (2) uncomplicated gallstones and (3).
acute cholecystitis. The pooled risk ratio shows significantly lower pain events with EC compared with OM
in CBD stones and uncomplicated gallstones, whereas
in acute cholecystitis, no significant difference was
observed (online supplemental figure 3). In EC versus
EM, subgrouping based on baseline gallstone complications was not performed due to lack of published studies.
In EC versus DC, one study each for acute cholecystitis30
and CBD stones45 and three studies for gallstone pancreatitis22 27 36 were identified. Significantly lower pain was
observed in the EC compared with DC for acute cholecystitis and CBD stones, whereas for gallstone pancreatitis, no significant difference was observed between EC
and DC online supplemental figure 3. The funnel plot
for EC versus DC shows asymmetry (p=0.508), indicating
publication bias (online supplemental figure 4). Separate analysis of pain in EC versus CM alone (combining
OM and EM) showed significantly lower pain events in
EC (online supplemental table 5).
Biliary pancreatitis
We pooled the risk ratios of biliary pancreatitis from eight
studies consisting of subgroups EC versus OM (n=3),8 57 58
EC versus EM (n=2)59 60 and EC versus DC (n=3).27 32 41
The pooled risk ratio was estimated as 0.47 (0.221.03,
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0.31 (0.09 to 1.07)
0.29 (0.1 to 0.85)

EC vs EM (n=1)

EC vs DC (n=5)
0.98 (0.71 to 1.36)

0.33 (0.19 to 0.56)

EC vs DC (n=19)

0.33 (0.2 to 0.55)

0.55 (0.20 to 1.50)

EC vs DC (n=10)

EC vs OM (n=5)

0.75 (0.17 to 3.29)

EC vs EM (n=2)

Overall (n=11)

0.80 (0.48 to 1.35)

EC vs OM (n=4)

–

EC vs DC (n=0)
0.74 (0.48 to 1.15)

1.00 (0.21 to 4.84)

EC vs EM (n=2)

Overall (n=15)

0.79 (1.47 to 0.10)

0.34 (0.13 to 0.86)

EC vs DC (n=3)

EC vs OM (n=4)

0.58 (0.07 to 4.67)

EC vs EM (n=2)
0.52 (0.28 to 0.97)

1.48 (0.24 to 9.29)

Overall (n=6)

0.47 (0.22 to 1.03)

Overall (n=8)

0.70 (0.12 to 4.23)

EC vs DC (n=2)

EC vs OM (n=3)

–

EC vs EM (n=0)

0

83.75

–

38.13

68.24

0

0

0

0

–

0

0

0

0

0

0

0

0

–

0

0

74.68

0

39.70

51.57

I2 (%)

22.45

24.62

–

6.47

31.48

3.56

0.03

2.83

6.81

–

3.76

2.96

3.76

1.34

0.25

0.30

3.90

0.12

–

0

0.40

15.80

0.27

6.63

22.72

Q

586.2 (32.6 to 40.4)

6.6 (5.2 to 31.4)

7.2 (5.5 to 71.4)

5.2 (4.3 to 7.9)

5.7 (4.8 to 8.5)

186.9 (105.1 to 168.2)

147.0 (16.0 to 44.3)

54.3 (20.9 to 31.0)

118.3 (59.2 to 205.1)

–

Could not calculate

5.8 (4.2 to 9.4)

29.6 (19.8 to 474.4)

16.3 (12.3 to 76.7)

161.9 (18.5 to 73.1)

-383.3 (22.2 to 242.1)

44.9 (30.5 to 794)

203.3 (19.0 to 69.3)

–

39.2 (27.1 to 22.2)

81.4 (47.3 to 52.2)

14.8 (10.8 to 30.0)

34.2 (17.4 to 23.7)

10.4 (7.6 to 105.97)

14.0 (10.9 to 33.4)

NNTH_adjusted (95% CI)

>1000 (50 to 50)

6 (3.8 to 16.7)

7.1 (3.7 to 100)

5.3 (3.7 to 10)

5.9 (4.3 to 9.1)

>1000 (100.0 to 100.0)

>1000 (33.3 to 50.0)

100.0 (25.0 to 100.0)

>1000 (100 to 1 00 000)

–

 

Could not calculated

100.0 (25.0 to 100.0)

17.0 (9.1 to 100.0)

100.0 (33.3 to 50.0)

100.0 (33.3 to 100.0)

>1000 (50 to 100.0)

100.0 (33.3 to 50.0)

–

50.0 (25 to 100.0)

100.0 (33.3 to 100.0)

14.0 (6.7 to very high)

33.33 (12.5 to 100.0)

12.5 (5.9 to 100.0)

12.5 (8.3 to 33.3)

NNTH_unadjusted
(95% CI)

25–28 30 32 34 36 37 41 43 44 46–48 50–53

27 30 32 41 45

61

8 55–58

 

24 27 30 32–35 42 45 49

60 61

54 56–58

 

–

60 61

54–56 58

 

27 32 41

59 60

8 57 58

 

27 45

–

8 57

 

27 30 32 41 45

59 61

8 54 56–58

 

References

CBD, common bile duct; DC, delayed cholecystectomy; EC, early cholecystectomy; EM, endoscopic management; NNTH, number needed to treat to harm; OM, observation management; RR, risk ratio.

Conversion to laparotomy

Total number of biliary
complications

Mortality/death

Cholangitis

Biliary pancreatitis

0.35 (0.06 to 2.15)

EC vs OM (n=2)

0.33 (0.08 to 1.33)

EC vs DC (n=5)
0.50 (0.14 to 1.78)

0.35 (0.06 to 2.28)

EC vs EM (n=2)

Overall (n=4)

0.39 (0.16 to 0.94)

EC vs OM (n=5)

CBD stones

0.38 (0.2 to 0.74)

Overall (n=12)

Pain/biliary colic

RR (95% CI)

Subgroup
(number of studies)

Complications

Table 1 Pooled risk ratios and NNTH of gallstone-related complications with subgroups based on intervention
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I2=0%) with low heterogeneity, indicating no significant difference between intervention and comparators
(table 1). The adjusted and unadjusted NNTH were 44.9
(30.5 to 793.9) and >1000 (50.0 to 100.0) respectively.
Among subgroups, in EC versus DC alone, significantly
lower biliary pancreatitis events was observed in EC.
Subgroup analysis based on baseline gallstone complications was not performed due to insufficient published
literature. Separate analysis of biliary pancreatitis in EC
versus CM alone (combining OM and EM) showed no
significant difference in biliary pancreatitis between EC
and CM (online supplemental table 5).
CBD stones
We pooled the risk ratios of CBD stones from four studies
consisting of EC versus OM (n=2)8 57and EC versus DC
(n=2).27 45 No studies with EC versus EM were available.
The pooled risk ratio was 0.50 (0.14 to 1.78, I2=0%) with
low heterogeneity, indicating no significant difference
between intervention and comparator. Results were
found similar within each of the subgroups (see table 1).
The adjusted and unadjusted NNTH were 81.4 (47.3 to
52.2) and 100.0 (33.3 to 100.0), respectively. Subgroup
analysis based on baseline gallstone complications was
not performed due to insufficient published studies.
Separate analysis of CBD stones in EC versus CM alone
(combining OM and EM) showed no significant difference in CBD stones between EC and CM (online supplemental table 5).

Cholangitis
We pooled the risk ratios of cholangitis from six studies
consisting of EC versus OM (n=4)54–56 58 and EC versus EM
(n=2).60 61 No studies with EC versus DC were available,
the pooled risk ratio was 0.52 (0.28 to 0.97, I2=0%) with
no heterogeneity, indicating significantly lower cholangitis events with intervention (see table 1). The adjusted
and unadjusted NNTH were 21.6 (14.4 to 345.7) and
100.0 (25.0 to 100.0), respectively. Among subgroups, in
EC versus OM, significantly lower cholangitis events were
observed in the EC group (RR=0.46, 0.230.91, I2=0%)
(table 1). Subgroup analysis based on baseline gallstone
complications was not performed due to insufficient
published studies. Separate analysis of cholangitis in EC
versus CM alone (combining OM and EM) showed significantly lower cholangitis events in EC (online supplemental table 5).
Total biliary complications
We pooled the risk ratios of total biliary complications
from 11 studies, including subgroups EC versus OM
(n=5), EC versus EM (n=1) and EC versus DC (n=5) (see
table 1). The pooled risk ratio was 0.33 (0.20 to 0.55,
I2=68.24%) with moderate heterogeneity indicating
significantly lower total biliary complications with EC
(figure 2). The adjusted and unadjusted NNTH was 6.3
(5.2 to 9.3) and 5.9 (4.3 to 9.1), respectively. Among the
subgroups, in EC versus OM and EC versus DC, there

Figure 2 Forest plot showing risk ratio of total biliary complications between early cholecystectomy and conservative
management/delayed cholecystectomy with subgroups. CM, conservative management; DC, delayed cholecystectomy; EC,
early cholecystectomy.
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were significantly lower biliary complications with EC,
but, not in EC versus EM subgroup. On subgroup analysis based on baseline gallstone complications, EC versus
OM showed significantly lower total biliary complications in the EC for CBD stones and cholelithiasis (online
supplemental figure 5). In EC versus DC, only one study
each for acute cholecystitis30 and CBD stones45 was identified, showing significantly lower total biliary complications in EC than DC. For gallstone pancreatitis, three
studies27 32 41 were included, which showed no significant
difference between EC and DC (online supplemental
figure 6). The funnel plot showed asymmetry (p=0.476),
indicating publication bias (online supplemental figure
7). Separate analysis of total biliary complications in EC
versus CM alone (combining OM and EM) showed significantly lower total biliary complications in EC (online
supplemental table 5).
Mortality
We pooled the risk ratios of mortality from 15 studies,
including subgroups EC versus OM (n=4),54 55 57 58 EC versus
EM (n=2)60 61 and EC versus DC (n=9)24 27 30 32 34 35 42 45 49
(see table 1). The pooled risk ratio was 0.74 (0.48 to 1.15,
I2=0%) with no heterogeneity, showing no significant
difference between intervention and comparator. Similar
results were found within each of the subgroups. The
adjusted and unadjusted NNTH were 118.3 (59.16205.1)
and >1000 (100.0->1000), respectively. Furthermore,
subgroup analysis based on baseline gallstone complication showed no significant difference in mortality
between EC and OM (online supplemental figure 8).
Similarly, in EC versus DC, no significant difference in
mortality was observed between the subgroups (online
supplemental figure 9). The funnel plot showed asymmetry (p=0.553), indicating publication bias (online
supplemental figure 10). Separate analysis of mortality in
EC versus CM alone (combining OM and EM) showed no
significant difference in mortality between EC and CM
(online supplemental table 5).
Conversion to laparotomy
We pooled the risk ratios of conversion to laparotomy from
19 studies comparing EC and DC25–29 32 34 36 37 41 43 44 46–48 50–53
(see table 1). The pooled risk ratio was 1.08 (0.18 to 1.43,
I2=2.01%) with low heterogeneity showing no significant
difference between the intervention and comparator. The
adjusted and unadjusted NNTH was >1000 (100.0≥1000).
Subgroup analysis based on baseline gallstone complication showed no significant difference between subgroups
(online supplemental figure 11). The funnel plot showed
asymmetry (p=0.553), indicating publication bias (online
supplemental figure 12).
Surgical complications
All surgical complications, including perioperative,
intraoperative and postoperative complications, were
compared between EC versus DC groups (see table 2).
The perioperative and intraoperative complications

including a requirement of decompression, use of endoscopic pouches to retrieve specimen, enlargement of sub
umbilical incision events were significantly found higher
in EC, indicating complexity. In contrast, adhesion events
were lower in EC significantly. Other complications such
as drain placement, bile leak, CBD injury, bleeding and
total operative complications reported in the studies did
not differ between EC and DC. On subgroup analysis,
based on baseline gallstone complications, the events of
perioperative and intraoperative complications did not
differ between subgroups (data not shown). Subgroup
analysis on the timing of surgery had shown similar results
within the subgroups (online supplemental table 6).
The postoperative complications included as reported
by the studies were wound infection, sepsis, postoperative bleeding, cystic duct leakage, chest infection, pneumonia, retained CBD stones, reoperation due to bile
leak, pulmonary embolus, subphrenic abscess and readmission rate. Among the postoperative complications
reported, only the readmission rate was significantly
lower in the EC group. All other complications had
shown no significant difference between EC versus DC
groups. Subgroup analysis had also shown similar results
between subgroups based on baseline gallstone complications (data not shown) and timing of surgery (online
supplemental table 6).
The length of hospital stay was significantly lower in
the EC group with a mean difference of −3.00 (−3.99
to −2.02) days with high heterogeneity (I2=92.61%)
(figure 3). However, operative time (in minutes) did not
differ between EC versus DC groups, with a mean difference of −4.84 (−12.35 to 2.66) with high heterogeneity
(I2=90.34%).

DISCUSSION
In this systematic review and meta-analysis of RCTs, we
compared clinical effectiveness of EC with CM/DC in
terms of reducing recurrence of gallstone symptoms and
occurrence of related complications. We also compared
the surgical complications between EC and DC. Meta-
analysis results showed that the gallstone-related complications, particularly pain/biliary colic, acute cholecystitis and cholangitis, were significantly lower among EC
compared with CM/DC. The total biliary complications
reported in the studies were significantly lower with
EC in the EC versus OM subgroup, whereas no significant difference was observed in the EC versus EM and
EC versus DC subgroups. The perioperative and intraoperative complications, including the requirement of
decompression, use of endoscopic pouches to retrieve
specimen, enlargement of subumbilical incision except
for adhesion, were found to be significantly higher in EC,
indicating the complexity of the procedure. Other perioperative and major postoperative complications, such as
wound infection and bile leak, did not differ between EC
versus DC groups.
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2.99 (2.99 to 5.13)

1.63 (1.63 to 2.74)

2.73 (2.73 to 16.98)

1.56 (1.56 to 2.17)

1.51 (1.51 to 2.19)

1.18 (1.18 to 2.2)

0.82 (0.82 to 2.77)

0.72 (0.72 to 1.91)

1 (1 to 2.51)

 Required decompression
(n=5)

 Drain placement (n=6)

 Use of fifth port (n=4)

 Use of endoscopic pouches
to retrieve specimen (n=2)

 Enlargement of subumblical
incision (n=2)

 Bile leak (n=13)

 CBD injury (n=4)

 Bleeding (n=6)

 Total perioperative and
intraoperative complications
(n=5)

0

1.7 (1.7 to 6.27)

1.53 (1.53 to 4.27)

2.24 (2.24 to 7.87)

1.04 (1.04 to 5.89)

1.79 (1.79 to 6.91)

0.83 (0.83 to 2.07)

0.94 (0.94 to 1.28)

1.15 (1.15 to 1.45)

0.11 (0.11 to 0.48)

1 (1 to 1.34)

 Basal pneumonia (n=4)

 Retained CBD stones (n=5)

 Reoperation due to biliary
leakage (n=4)

 Pulmonary embolus (n=3)

 Pulmonary pneumonia (n=2)

 Subhrenic abscess (n=7)

 Total postoperative
complications (n=12)

 Total surgical complications
(n=17)

 Readmission rate (n=3)

 Conversion to laparotomy
(n=20)
0

0

0

0

0

0

0

0

10.64

0.31

13.40

0.51

14.63

8.02

3.54

0.01

0.99

0.46

2.73

3.36

1.80

0.33

0.35

0

13.05

6.52

5.88

0.77

6.67

0.19

0.78

4.49

19.07

12.18

1.81

Q

252.7 (22.8 to 101.6)

Could not be calculated

10.0 (9.2 to 17.1)

62.5 (20.8 to 104.2)

113.3 (21.9 to 24.3)

320.3 (50.9 to 81.3)

19.8 (2.7 to 29.6)

2337.5 (19.1 to 115.4)

96 (17.3 to 330.6)

102.5 (16.6 to 120.7)

220.0 (29.2 to 285.2)

128.2 (21.5 to 42.7)

92.4 (8.9 to 140.8)

634.5 (41.3 to 257.5)

90.6 (32.7 to 64.4)

154.0 (47.7 to 64.6)

Could not be calculated

55.9 (17.2 to 21.4)

265.6 (27.0 to 62.9)

314.6 (47.2 to 153.0)

6.2 (2.6 to 78.6)

5.4 (2.6 to 27.3)

50.9 (5.5 to 157.1)

4.9 (1.8 to 103.9)

2.4 (1.2 to 6.4)

5.2 (3.8 to 10.5)

Adjusted NNTH (95% CI)

CBD, common bile duct; ICU, intensive care unit; NNTH, number needed to treat to harm; RR, risk ratio.

 Need for ICU admission (n=2) 0.63 (0.63 to 5.1)

0

0.74 (0.74 to 2.55)

 Chest infection (n=4)

0

0

1.99 (1.99 to 11.28)

 Cystic duct leakage (n=2)

0
0

0.31 (0.31 to 2.91)

 Sepsis (n=2)

0

38.64

14.94

0

0

0

0

33.21

73.79

67.17

0

I2 (%)

 Post-operative bleeding (n=4) 1.28 (1.28 to 5.3)

0.87 (0.87 to 1.31)

 Wound infection (n=16)

Postoperative complications

0.58 (0.58 to 0.79)

 Adhesion (n=3)

Perioperative and intraoperative complications

RR (95% CI)

>1000 (50 to 100)

>1000 (50 to 50)

11 (6.7 to 33.3)

50 (20 to 50)

100 (20 to 33.3)

>1000 (100 to 100)

25 (7.1 to 16.7)

100 (50 to 100)

50 (25 to >1000)

50.0 (33.3 to >1000)

100.0 (33.3 to 100.0)

100.0 (25.0 to 50.0)

>1000 (50 to 50)

>1000 (100 to 100)

100.0 (33.3 to 100.0)

>1000 (50 to 50)

>1000 (33.3 to 33.3)

50.0 (16.7 to 50.0)

100.0 (33.3 to 100.0)

100.0 (50 to >1000)

9.0 (2.8 to 7.7)

6.0 (3.1 to 25)

17.0 (6.7 to 33.3)

5.0 (2.6 to 100)

2.0 (1.6 to 3.2)

5.0 (3.2 to 10)

Unadjusted NNTH (95% CI)

Table 2 Pooled risk ratios and NNTH of surgical complications in early versus delayed cholecystectomy

Surgical complications
(number of studies)

27 36

25–29 32–34 36 37 41 43 44 46–48 50–53

31 37 46

24 25 27 30–32 34 38 39 41–43 45 47 49 51 52

25 29 32 34 36 38 41 45 46 48 51

30 31 35 36 41 45 49

29 39

27 39 49

36 38 42 47

31 33 37 42 47

27 30 31 42

25 33 35 37

27 45

27 30 38 45

42 49

25 26 29–31 33–38 41 42 45 47 49

32 37 42 48 51

26 37 39 44 47 52

28 33 52 53

25 26 28–31 33 34 36 37 42 46 52

25 37

25 37

25 33 34 37

25 29 33 34 37 44

25 29 33 34 37

25 33 37
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Figure 3 Forest plot showing mean difference in length of hospital stay between early and delayed cholecystectomy. DC,
delayed cholecystectomy; EC, early cholecystectomy.

Previous systematic review and meta-analysis, comparing
EC versus DC, had focused mainly on surgical complications, length of hospital stays and operative time with no/
less emphasis on gallstone-related complications.9 But,
this review mainly focused on recurrent gallstone complications, thereby observing lower effectiveness of CM/DC
from the pooled analysis. However, only fewer number
of RCTs had reported these outcomes.27 30 32 41 45 We also
included few additional studies comparing EC versus
DC, which were not included in any previous systematic
review and meta-analysis.25 31 33 35 42 52
We also compared surgical outcomes in EC and DC
groups to assess the impact of delayed surgery on surgical
complications. Although studies involving CM reported
surgical outcomes, not all the patients in the conservative arm underwent surgery. Therefore, we considered
it appropriate to compare the surgical complications
between EC and DC alone. Even though many previously
published observational studies reported a higher risk
for bile duct injury with EC in acute cholecystitis,62 63this
meta-analysis suggests that there is no significant difference in terms of major postoperative complications such
as bile duct injury, wound infection and bile leak between
EC and DC. Our meta-analysis observed a higher risk for
perioperative and intraoperative complications in EC
similar to previous systematic review and meta-analysis.9
Although there was no significant difference in major

surgical complications, this meta-analysis results revealed
the recurrence or aggravation of gallstone symptoms
during the waiting period of DC. Thus, EC seems to be a
safer option based on existing pieces of evidence.
Our meta-
analysis has also reported both adjusted
and unadjusted NNTH, a beneficial measure to arrive
at appropriate clinical decisions,64 65 which is an added
strength to our systematic review and meta-
analysis.
From this meta-analysis, it was clear that 12.5, >1000,
100, 100, 5.9 and >1000 patients need to undergo EC for
one additional patient to have pain, biliary pancreatitis,
CBD stones, cholangitis, total biliary complications and
mortality, respectively, as compared with CM/DC. The
review findings are in favour of EC, as a better treatment
option, compared with CM/DC.
analysis have some
This systematic review and meta-
limitations. We compared EC with CM (including both
OM and EM) and DC, which might have contributed
some heterogeneity in data.
However, we have tried to address it through subgroup
analysis. Few RCTs included in this study had a high risk of
bias in the domains of randomisation and deviation from
intended intervention. In most of the outcomes analysed,
publication bias was also observed. We could not collect
all the evidences, since full texts of some published
studies that met with the inclusion criteria were not available even after requesting the corresponding authors.
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The presence of many zero cells indicates rare events,
which were statically handled through zero correction in
our meta-analysis. We found that there are insufficient
studies in many subgroups. Particularly, there was only
one study that compared EC with OM for acute cholecystitis. Therefore, it is recommended to conduct further
RCTs in future, which may bridge this knowledge gap.
In conclusion, EC is more effective in gallstone disease
management, as it results in fewer biliary complications
and a reduction in reported abdominal pain than DC/
CM.
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Supplementary Figure 3: Subgroup analysis of Pain/Biliary Colic in Early Cholecystectomy
(EC) versus Delayed Cholecystectomy (DC) by Baseline gallstone complication.
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Supplementary Figure 8: Subgroup analysis of Mortality in early cholecystectomy (EC) versus
observation management (OM) by Baseline gallstone complication.
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Supplementary Figure 9: Subgroup analysis of Mortality in Early Cholecystectomy (EC)
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Supplementary Figure 10: Funnel and contour-enhanced funnel plots of early
cholecystectomy versus conservative management for Mortality

Page | 11

Bagepally BS, et al. BMJ Open Gastro 2021; 8:e000675. doi: 10.1136/bmjgast-2021-000675

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open Gastro

Supplementary Figures

Supplementary Figure 11: Subgroup analysis of Conversion to laparotomy in Early
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Supplementary Table 1 Characteristics of included studies
Study

Country

Study
Design

Baseline
gallstone
complication

Type of Groups
surgery
(Sample size)

Muhammedoğlu et
Turkey
al 2020

RCT-SC

CBD stones

LC

Noel et al 2018

Sweden

RCT-SC

Gallstone
Pancreatitis

LC

Khalid et al 2017

Pakistan

RCT-SC

Cholecystitis

LC

El Nakeeb et al
Egypt
2016

RCT-SC

CBD stones

LC

Rajcok et al 2016

Slovakia

RCT-SC

Cholecystitis

LC

Roulin et al 2016

Switzerland

RCT-SC

Cholecystitis

LC

Zhang et al 2016

China

RCT-SC

Jee et al 2016

Malaysia

RCT-SC

da Costa et al 2015

Netherlands

RCT-MC

Agrawal et al 2015

India

RCT-SC

Cholecystitis

LC

Ammar et al 2014

Egypt

RCT-SC

CBD stones

LC

3Heo et al 2014

Korea

RCT-SC

CBD stones

LC

Zahur et al 2014

Pakistan

RCT-SC

Cholecystitis

LC

Gallstone
Pancreatitis
Gallstone
Pancreatitis
Gallstone
Pancreatitis

LC
LC
LC

Age
(Mean)

Gender
(%)

Timing of surgery

62.5%
55.9%
70.9%
65.5%
48.30%
45.10%
43%
43%
57.1%
62.26%
52.63%
61.76%
59%
62%
68%
68%
67.70%
724%
41.9%
44.4%

Duration of
symptoms
(hours)
96
96
35.44
36.8
-

EC (n=82)
DC (n=37)
EC (n=32)
DC (n=34)
EC (n=90)
DC (n=90)
EC (n=55)
DC (n=55)
EC (n=31)
DC (n=31)
EC (n=42)
DC (n=44)
EC (n=49)
DC (n=53)
EC (n=38)
DC (n=34)
EC (n=128)
DC (n=136)
EC (n=25)
DC (n=25)
EC (n=31)
DC (n=29)
CH (n=43)
CM (n=45)

61.5
53.5
48
43.5
43
47
56.3
59.8
55.8
57.9
62.1
63.5
42.5
42.5
53
54
47.28
50.96
46.2
47.3
64.02
63.96

EC (n=47)
DC (n=41)

-

-

-

within 48 hours
6-8 weeks

Not Specified
6-8 weeks
within 48 hours
6 weeks
within 72 hours
6-8 weeks
within 72 hours
after 1 month
within 72 hours
6-8 weeks
within 72 hours
after 6 weeks
within 7 days
>7 days
within 7 days
6-8 weeks
within 72 hours
25-30 days
within 24 hours
6-8 weeks
within 24 hours
>24 hours
-
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Study

Country

Study
Design

Baseline
gallstone
complication

Type of Groups
surgery
(Sample size)

Zargar et al 2014

India

RCT-SC

CBD stones

-

Gul et al 2013

India

RCT-SC

Cholecystitis

LC

Verma et al 2013

India

RCT-SC

Cholecystitis

LC

RCT-MC

Cholecystitis

LC

Schmidt et al a et al
Norway
2011
Schmidt et al b et al
Norway
2011

RCT-MC

Uncomplicated
gallstones
Gallstone
Pancreatitis

LC

Aboulian et al 2010

USA

RCT-SC

LC

Reinders et al 2010

Netherlands

RCT-MC

CBD stones

LC

Salman et al 2009

Turkey

RCT-SC

CBD stones

LC

Yadav et al 2009

Nepal

RCT-SC

Cholecystitis

LC

Kolla et al 2004

India

RCT-SC

Cholecystitis

LC

Lai et al 1998

Hong Kong

RCT-SC

Cholecystitis

LC

Mau Lo et al 1998

Hong Kong,
RCT-SC
China

Cholecystitis

LC

Norby et al 1983

Swedon

RCT-MC

Cholecystitis

OC

Jarvinen et al 1980

Finland

RCT-SC

Cholecystitis

OC

CH (n=80)
CM (n=82)
EC (n=30)
DC (n=30)
EC (n=30)
DC (n=30)
CH (n=31)
CM (n=33)
CH (n=68)
CM (n=69)
EC (n=25)
DC (n=25)
EC (n=47)
DC (n=47)
EC (n=39)
DC (n=40)
EC (n=25)
DC (n=25)
EC (n=20)
DC (n=20)
EC (n=53)
DC (n=51)
EC (n=45)
DC (n=41)
EC (n=101)
DC (n=91)
EC (n=80)
DC (n=75)

Age
(Mean)

Gender
(%)

78.2
77.3
39.83
38.27
31.73
32.8
55.5
61
52
54
33
41
55
47
43.5
44.6
42.68
40.26
41.5
38.6
55.8
56.1
59
61
58
58
57.8
56.7

86.6%
93.3%
60.6%
54.8%
80.9%
82.6%
8%
12%
76.5%
61.7%
66.60%
70%
85%
75%
56.60%
70.50%
42.20%
48.70%
65.30%
61.50%
50%
52%

Duration of
symptoms
(hours)
48
48
35.1
36.1
48
48
52.8
55.2

Timing of surgery

within 72 hours
6-12 weeks
within 72 hours
6-8 weeks
within 48 hours
Not specified
within 72 hours
6-8 weeks
within 48 hours
within 72hours to 7 days
within 48 hours
6-8 weeks
within 24 hours
6-12 weeks
within 24 hours
6-8 weeks
within 72 hours
8-12 weeks
within 7 days
Not specified
within 7 days
8-16 weeks
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Study

Country

Study
Design

Baseline
gallstone
complication

Type of Groups
surgery
(Sample size)

Mcarthur et al 1975

United
Kingdom

RCT-SC

Cholecystitis

OC

Ozkardes et al 2014

Turkey

RCT-SC

Cholecystitis

LC

Saber et al 2014

Egypt

RCT-MC

Cholecystitis

LC

Abbas et al 2013

Pakistan

RCT-SC

Gallstone
Pancreatitis

OC

Gutt et al 2013

Germany

RCT-MC

Cholecystitis

LC

Macafee et al 2009

United
Kingdom

RCT-SC

Cholecystitis

LC

Lau et al 2006

China

RCT-SC

CBD stones

LC

Boerma et al 2002

Netherlands

RCT-MC

CBD stones

LC

Suc et al 1998

France

RCT-MC

CBD stones

OC

RCT-SC

CBD stones

OC

RCT-SC

CBD stones

OC

Targarona et al
Spain
1996
Hammarstrom et al
Sweden
1995
Stone et al 1981

Georgia

RCT-SC

Gallstone
Pancreatitis

OC

Lahtinen et al 1978

Finland

RCT-SC

Cholecystitis

OC

Age
(Mean)

Gender
(%)

EC (n=15)
DC (n=17)

48.9
49.8

82.3%
93.3%

Duration of Timing of surgery
symptoms
(hours)
38.1
Not Specified
47.9
8-12 weeks

EC (n=30)
DC (n=30)
EC (n=60)
DC (n=60)
EC (n=31)
DC (n=31)
EC (n=304)
DC (n=314)
EC (n=36)
DC (n=36)
CH (n=89)
CM (n=89)
CH (n=56)
CM (n=64)
CH (n=105)
EM (n=97)
CH (n=48)
EM (n=50)
CH (n=41)
EM (n=39)
EC (n=36)
DC (n=34)
EC (n=47)
DC (n=44)

58.03
59.43

66.70%
56.70%
75%
70%
83.80%
83.80%
62.8%
54.8%
72.20%
58.30%
51.7%
44.9%
59%
51%
68.50%
68.04%
68.75%
70%
60%
60%

-

40.22
53.51
55.6
56.8
52
53
43
49
60
63
66.7
66.8
80
79
73.5
75
63.8
62.8

within 24 hours
6-8 weeks
within 72 hours
6-8 weeks
Not Specified
6-8 weeks
within 24 hours
7-45 days
within 72 hours
after 3 months
within 72 hours
3-6 months
within 7 days
8-12 weeks

RCT-Randomized Control Trial; MC-Multicentre; SC-Single Centre; LC-Laparoscopic Cholecystectomy; OC- Open Cholecystectomy; EC- Early Cholecystectomy; DC- Delayed
Cholecystectomy; CM-Conservative Management; EM- Endoscopic Management; Ch-Cholecystectomy; CBD- Common Bile Duc
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Supplementary Table 2: Subgroup analysis of surgical complications of early
cholecystectomy (EC) versus delayed cholecystectomy (DC) based on timing of surgery
Surgical
Complications

Timing of surgery

EC within 7 days (2)
EC within 72 hours
Total
Intra(3)
operative
DC <6 weeks (1)
complications
DC >6 weeks (3)
Overall (5)
EC within 7 days (1)
Total
Post- EC within 72 hours
operative
(11)
complications
DC <6 weeks (1)
DC >6 weeks (11)
Overall (12)
EC within 7 days (3)
EC within 72 hours
(12)
Total Surgical
DC <6 weeks (2)
complications
DC >6 weeks (14)

RR (95% CI)

I2 (%)

1.21 (0.15 to 9.65)
0.95 (0.28 to 3.20)

18.99% 1.23
61.33% 5.17

13 24

1.02 (0.02 to 50.42)
0.83 (0.24 to 2.84)
1.00 (0.40 to 2.51)
0.89 (0.19 to 4.14)
0.94 (0.68 to 1.29)

64.54%
38.64%
0%

5.64
6.52
8.01

25

0.26 (0.03 to 2.19)
0.97 (0.70 to 1.32)
0.94 (0.69 to 1.28)
0.83 (0.53 to 1.31)
1.35 (1.02 to 1.79)

0%
0%
0%
0%

6.58
8.02
0.16
9.52

25

Q

References

11 25 26

11 24 26

24
1 5 8 9 18-22 25 26

1 5 8 9 18-22 25 26

7 13 24
1 6 8 9 14 17 19-21 23
26 28

0.98 (0.50 to 1.91)
1.23 (0.94 to 1.62)

0%
3.51%

0.09
13.47

6 14
1 7-9 15 17 19-21 23
24 26-28

Overall (17)
EC within 7 days (3)
EC within 72 hours
(6)
Mortality
DC <6 weeks (2)
DC >6 weeks (7)
Overall (9)
EC within 7 days (2)
EC within 72 hours
(18)
Conversion to
DC <6 weeks (5)
Laparotomy
DC >6 weeks (15)

1.15 (0.91 to 1.45)
0.25 (0.04 to 1.62)
0.97 (0.27 to 3.51)

0%
0%
0%

14.63
0.78
0.9

1.67 (0.21 to 13.55)
0.59 (0.21 to 1.69)
0.63 (0.22 to 1.8)
0.78 (0.23 to 2.63)
1.01 (0.75 to 1.37)

0%
0%
0%
0%
0%

0.27
3.40
3.06
0.27
12.97

12 13 24
6 8 9 14 21 23

6 14
8 9 12 21 23 24 30

10 24
1-5 8 9 11 14 16-18 20
22 25 26 28 29

0.71 (0.36 to 1.43)
1.07 (0.78 to 1.48)

0%
0%

3.46
8.87

2 3 10 14 25
1 4 5 8 9 11 16-18 20
22 24 26 28 29

Overall (20)

1.00 (0.74 to 1.34)

0%

13.40
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Supplementary Table 4: Risk ratios of biliary complications in early cholecystectomy versus
conservative management (Observation and Endoscopic management)
Complications (no. of RR (CI)
studies)

I2

Q

Reference

Pain/Biliary Colic (7)

0.39 (0.21 to 0.75) 13.20%

6.91

31 32 33-37

Biliary Pancreatitis (5)

0.99 (0.25 to 3.90) 0%

0.98

31 38 35-37 38

Acute cholecystitis (9)

0.09 (0.03 to 0.23) 0%

1.13

31 32 38 33-37 39

CBD stones (2)

0.35 (0.06 to 2.15) 0%

0.00

35 36

Cholangitis (6)

0.52 (0.28 to 0.97) 0%

3.76

32-34 37 38

Total
Biliary 0.33 (0.21 to 0.51) 22.7%
complications (6)

6.47

32 34-37 39

Mortality (6)

2.86

32-34 36-38

0.80 (0.49 to 1.30) 0%
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Supplementary Table 5. Search terms and no. of hits in PubMed
PICOS

Pubmed Search terms

Hits (on
date 16th
July 2020)

P

"gall bladder" OR gallbladder OR cholecystitis OR cholelithiasis 151,737
OR gallstone OR “gall stone” OR “gall stones” OR
cholecystolithiasis OR "bile duct stone" OR “common bile duct”
OR CBD OR "biliary disease" OR "biliary tract disease" OR
cholec* OR “gallbladder inflammation”

I

cholecystectomy OR "gallbladder removal" OR "gallbladder 55,069
excision" OR ("surgical removal" AND ("gall bladder" OR
gallbladder)) OR ("surgical excision" AND ("gall bladder" OR
gallbladder)) OR "restrictive strategy" OR cholecystostomy OR
"biliary tract surgery" OR "bile duct operation" OR "bile duct
surgery" OR "bile tract surgery" OR "biliary surgery" OR "biliary
tract operation" OR "biliary tract reoperation" OR "biliary tract
surgery" OR "biliary tract surgical procedures" OR "gall bladder
surgery" OR "gallbladder operation" OR "gallbladder surgery"
OR sphincterotomy

C

“conservative treatment” OR “conservative management” OR 10,190,03
“conservative therapy” OR “nonoperative treatment” OR 9
“nonsurgical treatment” OR 'organ sparing treatment' OR
‘'organ sparing treatments' OR supportive OR non-invasive OR
non-surgical OR non-operative OR "wait and watch" OR "wait
and see" OR watchful-waiting OR "usual care"

S

"randomized controlled trial" [pt] OR "controlled clinical trial" 4,809,100
[pt] OR randomized [tiab] OR placebo [tiab] OR "drug therapy"
[sh] OR randomly [tiab] OR trial [tiab] OR groups [tiab]

PICS

PICS

Additional
search with
new search
terms

(Lithotripsy OR dissolution OR "ursodeoxycholic acid" OR 130
"endoscopic retrograde cholangiopancreatography" OR
"Percutaneous cholecystolithotomy" OR "methyl tert-butyl
ether" OR ursodiol)) NOT PICS

Updated
search

Updated search as on 12th January 2021

74

Total

1945

1742
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Supplementary Table 6. Search terms and no. of hits in Embase
PICOS EMBASE Search terms

Hits
(on
date 16th
July 2020)

P

‘gall bladder'/exp OR 'gall bladder' OR 'gallbladder'/exp OR 356,517
gallbladder OR 'cholecystitis'/exp OR cholecystitis OR
'cholelithiasis'/exp OR cholelithiasis OR 'gallstone'/exp OR gallstone
OR 'gall'/exp OR gall OR 'cholecystolithiasis'/exp OR
cholecystolithiasis
OR
'calculi'/exp
OR
calculi
OR
'choledocholithiasis'/exp OR choledocholithiasis OR 'bile duct
stone'/exp OR 'bile duct stone' OR 'cbd stone' OR 'biliary
disease'/exp OR 'biliary disease' OR 'biliary tract disease'/exp OR
'biliary tract disease' OR “gallbladder inflammation”

I

cholecystectomy OR 'gallbladder removal' OR 'gallbladder excision' 89,610
OR ('surgical removal' AND ('gall bladder' OR gallbladder)) OR
('surgical excision' AND ('gall bladder' OR gallbladder)) OR
'restrictive strategy' OR cholecystostomy OR 'biliary tract
surgery'/exp OR 'bile duct operation' OR 'bile duct surgery' OR 'bile
tract surgery' OR 'biliary surgery' OR 'biliary tract operation' OR
'biliary tract reoperation' OR 'biliary tract surgery' OR 'biliary tract
surgical procedures' OR 'gall bladder surgery' OR 'gallbladder
operation' OR 'gallbladder surgery' OR 'sphincterotomy,
transhepatic' OR 'surgery, biliary tract'

C

'conservative management' OR 'conservative therapy' OR 1,783,181
'conservative treatment' OR 'nonoperative treatment' OR
'nonsurgical treatment' OR 'organ sparing treatment' OR 'organ
sparing treatments' OR 'treatment, conservative' OR analges* OR
'non-steroid
anti-inflammatory'
OR
'non-steroidal
antiinflammatory' OR nsaid OR 'anti inflammatory' OR antinflammatory
OR antibiotic* OR supportive OR 'non invasive' OR 'non surgical' OR
'non operative' OR 'wait and watch' OR 'wait and see' OR 'watchful
waiting' OR 'usual care'

S

trial OR trail OR blind OR rct OR randomization OR randomisation 5,139,403
OR randomized OR randomised OR placebo OR 'randomized control
trial' OR 'randomized controlled trial' OR 'randomized controlled
trail' OR 'randomized control trail' OR 'controlled clinical trial' OR
randomly OR groups OR 'randomised controlled study'
OR 'randomized controlled study'

PICS

1646
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Supplementary Table 7. Search terms and no. of hits in Scopus

PIC
OS

SCOPUS Search terms

Hits (on 16th
July 2020)

P

ALL(“gallbladder" OR gallbladder OR cholecystitis OR cholecystitis O 630,221
R
cholelithiasis
OR
cholelithiasis
OR
"gall
stone" OR gallstone OR cholecystolithiasis OR calculi OR choledoch
olithiasis OR choledocholithiasis OR "bile duct stone" OR "cbd
stone" OR "biliary disease" OR "biliary tract disease" OR “Gallbladder
inflammation” )

I

ALL ( cholecystectomy OR "gallbladder removal" OR "gallbladder 283,560
excision" OR ( "surgical removal" AND ( "gall bladder" OR gallbladder
) ) OR ( "surgical excision" AND ( "gall bladder" OR gallbladder )
) OR "restrictive strategy" OR cholecystostomy OR "biliary tract
operation" OR "biliary tract reoperation" OR "biliary tract surgical
procedures" OR "gallbladder operation" OR sphincterotomy OR (
surger* AND (gall OR biliar*) )

C

ALL ( conservative OR observatio* OR analgesi* OR (nonsteroid AND 9,204,582
anti-inflammatory)
OR
"non-steroidal
antiinflammatory"
OR
nsaid
OR
antiinflammatory OR antinflammatory OR anti-infective OR antibacterial OR supportive OR non-invasive OR noninvasive OR nonsurgical OR nonsurgical OR non-operative OR nonoperative OR "wait
and watch" OR "wait and see" OR watchful-waiting OR "usual care" )

S

ALL ( trial OR trail OR blind OR rct OR randomization OR randomisation 1,184,853
OR randomized OR randomised OR placebo OR 'randomized control trial'
OR 'randomized controlled trial' OR 'randomized controlled trail' OR
'randomized control trail' OR 'controlled clinical trial' OR randomly OR
groups OR 'randomised controlled study' OR 'randomized controlled
study' )

PIC
S

Limited only to journal

2.903
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