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A B S T R A C T

Background

Patients with symptomatic cholecystolithiasis are treated by three different techniques of cholecystectomy: open, small-incision, or

laparoscopic. There is no overview on Cochrane systematic reviews on these three interventions.

Objectives

To summarise Cochrane reviews that assess the effects of different techniques of cholecystectomy for patients with symptomatic

cholecystolithiasis.

Methods

The Cochrane Database of Systematic Reviews (CDSR) was searched for all systematic reviews evaluating any interventions for the

treatment of symptomatic cholecystolithiasis (Issue 4, 2009).

Main results

Three systematic reviews that included a total of 56 randomised trials with 5246 patients are included in this overview of reviews. All

three reviews used identical inclusion criteria for trials and participants, and identical methodological assessments.

Laparoscopic versus small-incision cholecystectomy

Thirteen trials with 2337 patients randomised studied this comparison. Bias risk was relatively low. There was no significant difference

regarding mortality or complications. Total complications of laparoscopic and small-incision cholecystectomy were high, ie, 17.0% and

17.5%. Total complications (risk difference, random-effects model -0.01 (95% confidence interval (CI) -0.07 to 0.05)), hospital stay

(mean difference (MD), random-effects -0.72 days (95% CI -1.48 to 0.04)), and convalescence were not significantly different. Trials

with low risk of bias showed a quicker operative time for small-incision cholecystectomy (MD, low risk of bias considering ’blinding’,

random-effects model 16.4 minutes (95% CI 8.9 to 23.8)) while trials with high risk of bias showed no statistically significant difference.

Laparoscopic versus open cholecystectomy
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Thirty-eight trials with 2338 patients randomised studied this comparison. Bias risk was high. Laparoscopic cholecystectomy patients

had a shorter hospital stay (MD, random-effects model -3 days (95% CI -3.9 to -2.3)) and convalescence (MD, random-effects

model -22.5 days (95% CI -36.9 to -8.1)) compared with open cholecystectomy but did not differ significantly regarding mortality,

complications, and operative time.

Small-incision versus open cholecystectomy

Seven trials with 571 patients randomised studied this comparison. Bias risk was high. Small-incision cholecystectomy had a shorter

hospital stay (MD, random-effects model -2.8 days (95% CI -4.9 to -0.6)) compared with open cholecystectomy but did not differ

significantly regarding complications and operative time.

Authors’ conclusions

No statistically significant differences in the outcome measures of mortality and complications have been found among open, small-

incision, and laparoscopic cholecystectomy. There were no data on symptom relief. Complications in elective cholecystectomy are high.

The quicker recovery of both laparoscopic and small-incision cholecystectomy patients compared with patients on open cholecystectomy

justifies the existing preferences for both minimal invasive techniques over open cholecystectomy. Laparoscopic and small-incision

cholecystectomies seem to be comparable, but the latter has a significantly shorter operative time, and seems to be less costly.

P L A I N L A N G U A G E S U M M A R Y

Open, small-incision, and laparoscopic cholecystectomy seem comparable with regard to mortality and complications

Gallstones are one of the major causes of morbidity in western society. Prevalence of persons with asymptomatic and symptomatic

gallstones varies between 5% and 22%. There is consensus that only patients with symptomatic gallstones need treatment. Three

different operation techniques for removal of the gallbladder exist: the classical open operation technique and two minimally invasive

procedures, the laparoscopic and the small-incision technique. This overview evaluates the three surgical procedures and comprises

fifty-six trials with 5246 patients randomised.

Complication proportions in all three techniques are high, but there seem to be no significant differences in mortality and complications

between the three operation techniques. Both minimally invasive techniques have advantages over the open operation considering

postoperative recovery. This overview of three Cochrane Hepato-Biliary Group systematic reviews shows that the laparoscopic and the

small-incision operation should be considered equal regarding patient-relevant outcomes (mortality, complications, hospital stay, and

convalescence). Operative time seems to be quicker and costs seem to be lower using the small-incision technique.

The question today is why the laparoscopic cholecystectomy has become the standard treatment of cholecystectomy for patients with

symptomatic cholecystolithiasis without the evidence being present. We were unable to find any arguments supporting the ’gold

standard’ status of laparoscopic cholecystectomy.

In future trials, research should concentrate more on outcomes that are relevant to patients (eg, complications and symptom relief ).

Furthermore, the execution of the trials should comply with CONSORT requirements (www.consort-statement.org).

B A C K G R O U N D

Gallstones are one of the major causes of morbidity in western so-

ciety. In many persons gallstones remain asymptomatic. Treatment

is required only in persons with symptomatic gallstones (NIH

Consensus conference 1993). Prevalence of persons with asymp-

tomatic and symptomatic gallstones varies between 5% and 22%

in the USA, and the total estimated number of people with gall-

stones is 20 million (based on 290 million inhabitants) (Legorreta

1993; Everhart 1999). Prevalence of persons with asymptomatic

and symptomatic gallstones in Europe shows similar distributions

varying between 25 and 50 million persons (based on 500 million

inhabitants in 32 countries) (Jensen 1991; Attili 1995). It is esti-
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mated that the yearly incidence of symptomatic cholecystolithiasis

is up to 2.2 per thousand inhabitants (Steiner 1994).

Description of the condition

There is general agreement supported by limited evidence that

gallstone carriers with vague symptoms should not undergo chole-

cystectomy, whereas gallstone carriers with one or more biliary

colic should be offered operation (Scott 1992; NIH Consensus

conference 1993; Neugebauer 1995). A biliary colic is typically

defined by severe pain in the epigastrium or the right hypochon-

drium, eventually radiating to the back, persisting for one to five

hours, often waking the patient during the night, and sometimes

provoked by meals. Classically, patients experience the need to

move around, and there is no typical sign at physical examination.

The presence of gallstones is usually confirmed by ultrasound ex-

amination (Johnston 1993).

Description of the interventions

Cholecystectomy is the preferred treatment in symptomatic chole-

cystolithiasis and is one of the most frequently performed oper-

ations. The annual number of cholecystectomies in the USA ex-

ceeds 500,000 patients (Olsen 1991; NIH Consensus conference

1993; Roslyn 1993). Until the late 1980s, the classical open chole-

cystectomy was the gold standard for treatment of symptomatic

cholecystolithiasis (Traverso 1976). In the early 1970s, small-inci-

sion cholecystectomy was introduced as a minimal invasive proce-

dure (Dubois 1982; Goco 1983). As incisions for cholecystectomy

were shortened, morbidity and complications seemed to decline

(Dubois 1982; Goco 1983) and patients recovered faster. Laparo-

scopic cholecystectomy was first performed in 1985 (Mühe 1986)

and rapidly became the method of choice for surgical removal

of the gallbladder (NIH Consensus conference 1993), although

the evidence of superiority over small-incision cholecystectomy

was absent. This rising popularity was based on assumed lower

morbidity and complication proportions, and a quicker postop-

erative recovery compared to open cholecystectomy. Laparoscopic

cholecystectomy seemed superior to open cholecystectomy (Deziel

1993; Downs 1996; Shea 1996) and to small-incision cholecys-

tectomy (Ledet 1990; O’Dwyer 1990; Olsen 1993; Tyagi 1994;

Seale 1999). However, the mentioned studies are non-randomised

trials, and accordingly they may not provide a fair assessment of

the effects of the interventions.

How the intervention might work

Removal of the gallbladder including its content prevents recur-

rence of colics caused by gallbladder stones. However, patients of-

ten do not present with the classical symptoms of biliary colics.

Therefore, patients with non-classical symptoms or asymptomatic

gallstones may be offered gallbladder removal in the presence of

symptoms originating from other abdominal organs. In fact, ab-

dominal complaints wrongly attributed to co-existent gallstones

could explain the relatively high proportions of failures in symp-

tom relief by cholecystectomy.

Why it is important to do this overview

Laparoscopic cholecystectomy is the treatment of choice by con-

sensus in patients with symptomatic cholecystolithiasis (NIH

Consensus conference 1993), while high level evidence for this

consensus is lacking. Recently, three Cochrane Hepato-Biliary

Group systematic reviews have been conducted comparing differ-

ent surgical techniques for gallbladder removal in these patients

(Keus 2006a; Keus 2006b; Keus 2006c). An overview of the re-

views considering the surgical treatment of symptomatic chole-

cystolithiasis is lacking. This was the reason for preparing this

overview of systematic reviews.

O B J E C T I V E S

The objective was to evaluate the beneficial and harmful effects

of different types of cholecystectomy for patients with symp-

tomatic cholecystolithiasis. We wanted to assess whether laparo-

scopic, small-incision, or open cholecystectomy are different in

terms of primary outcomes (mortality, complications, and relief of

symptoms) or secondary outcomes (conversions to open cholecys-

tectomy, operative time, hospital stay, and convalescence). When

data were available, differences in other secondary outcomes like

analgesic use, postoperative pain, pulmonary function, and costs

were also compared.

M E T H O D S

The overview was conducted according to the recommendations

by The Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2008) and the Cochrane Hepato-Biliary Group Module
(Gluud 2009).

Criteria for considering reviews for inclusion

Only Cochrane reviews were considered for inclusion in this

overview. Non-Cochrane reviews were not planned to be included

in this overview.

Participants

Participants in the included reviews were patients suffering from

symptomatic cholecystolithiasis. Reviews on participants with

acute cholecystitis were excluded from this overview for reasons of

heterogeneity in patient populations.
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Interventions

Only surgical treatments for symptomatic cholecystolithiasis were

considered. Three different techniques for cholecystectomy were

recognised: open, small-incision, and laparoscopic cholecystec-

tomy. The following classifications of the surgical procedures

(based on intention-to-treat) were used:

Laparoscopic cholecystectomy includes those procedures that are

started as a laparoscopic procedure; ie, any kind of laparoscopic

cholecystectomy with creation of a pneumoperitoneum (by Veress

needle or open introduction) or mechanical abdominal wall lift,

irrespective of the number of trocars used.

Only if ’small-incision’, ’minimal access’, ’minilaparotomy’, or sim-

ilar terms as intended terms were mentioned in the primary classi-

fication of the procedure, then the surgical intervention was clas-

sified as a ’small-incision’ cholecystectomy (ie, length of incision

less than 8 cm). The incision length of up to 8 cm was chosen

arbitrarily as most authors had used this length as a cut-off point

between small-incision and (conversion to) open cholecystectomy.

All other surgical interventions for gallbladder removal were clas-

sified as ’open cholecystectomy’; this traditional procedure can be

carried out through a larger, ie, > 8 cm, subcostal incision or me-

dian laparotomy.

Outcomes of interest

Both primary and secondary outcome measures were considered.

Primary outcome measures were mortality, complications (includ-

ing subcategories), and symptom relief. Secondary outcome mea-

sures were all other, less important, outcome measures evaluated,

if any. All outcomes reported in the three systematic reviews were

included.

Search methods for identification of reviews

As only Cochrane reviews were considered for inclusion in this

overview of reviews, The Cochrane Database of Systematic Reviews
(CDSR), Issue 4, 2009, was searched (Table 1). The systematic

reviews had to evaluate any surgical interventions for the treat-

ment of symptomatic cholecystolithiasis. The term ’cholecystec-

tomy’ was entered and restricted to title, abstract, or keywords.

As describing an operation of the gallbladder in medical terms

without the word cholecystectomy is impossible, a maximal sensi-

tive search with the term cholecystectomy was achieved. No other

databases were searched. No restrictions in the inclusion criteria of

the identified reviews were applied regarding participants, details

of the interventions, or outcomes of interest.

Data collection and analysis

The following methods on data collection and data analyses were

used in the overview of reviews.

Selection of reviews

The selection process of Cochrane reviews was performed based on

the criteria for considering reviews for inclusion. Cochrane reviews

were included when comparisons were made between any kind of

surgery in patients suffering from symptomatic cholecystolithiasis.

Data extraction and management

Data from the Cochrane reviews were extracted independently by

two authors and regarding outcomes not reported in the reviews

by one author (FK). Disagreements were resolved by consensus.

In case of missing data, all original reports of included trials were

assessed and additional analyses of missing data were performed if

appropriate.

Assessment of methodological quality of included

reviews

Quality of included reviews

The quality of the included reviews was taken into account. We

described the quality of the reviews in a narrative way. The risk of

systematic errors (bias) in systematic reviews is influenced by the

risks of systematic errors (bias) in the primary trials included in

the systematic review.

Quality of evidence in included reviews

Only recently, methodological quality assessment is recommended

according to the GRADE recommendations (Atkins 2004; Atkins

2005; Guyatt 2008; Guyatt 2008a). However, the quality of ev-

idence of the included trials in the reviews, prior to this new as-

sessment tool, was assessed according to four components assess-

ing risk of bias: generation of the allocation sequence, allocation

concealment, blinding, and follow-up. We described the bias risk

of the included trials as they were assessed in the included reviews.

Data synthesis

Data were extracted from the underlying systematic reviews, and

the summary findings were presented in tables (Table 2; Table 3;

Table 4; Table 5; Table 6; Table 7). Data were extracted from di-

rect comparisons, and no indirect comparisons were made since

evidence from indirect comparisons may be less reliable than ev-

idence from direct (head-to-head) comparisons. All data rest on

intention-to-treat analyses.

R E S U L T S

A total of 14 systematic reviews were identified by the search strat-

egy in the Cochrane Database of Systematic Reviews. Three of

these systematic reviews could be included (Keus 2006a; Keus

2006b; Keus 2006c) (Table 2). For detailed descriptions of all re-

sults, we refer to the three individual Cochrane Hepato-Biliary
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Group reviews (Keus 2006a; Keus 2006b; Keus 2006c) and a pa-

per publication in which all the three reviews were updated (Keus

2008a).

Description of included reviews

The included three reviews contain a total of 56 randomised trials

with 5246 patients randomised. One of the randomised trials (

Coelho 1993) was included in all the three systematic reviews

because it had three parallel-group comparisons (Keus 2006a; Keus

2006b; Keus 2006c).

The Cochrane Database of Systematic Reviews in The Cochrane Li-
brary (Issue 4, 2009) was searched to identify reviews for this

overview of reviews. The three systematic reviews used identical

inclusion criteria for inclusion of trials. Only randomised trials

were included. Identical criteria for types of participants were used.

Three reviews were included which compared open, small-inci-

sion, and laparoscopic cholecystectomy (Table 2).

Identical outcome measures were considered in the three system-

atic reviews (Keus 2006a; Keus 2006b; Keus 2006c). Primary

outcomes were distinguished from secondary outcome measures

(Table 3; Table 4). Primary outcomes were mortality and com-

plications. Complications were subcategorised into four subcat-

egories (intra-operative, bile duct injuries, minor complications,

and severe complications) apart from total complication propor-

tions. Secondary outcomes were convalescence (including return

to normal activity and return to work), operative time, and hos-

pital stay. No data were available considering symptom relief.

Methodological quality of included reviews

The methodological quality of the randomised clinical trials in

the included reviews was evaluated by assessing the following risk

of bias components: generation of the allocation sequence, alloca-

tion concealment, blinding, and follow-up (Higgins 2006; Gluud

2009). Each component was assessed adequate, unknown (’not

performed’ for blinding), or inadequate. Subgroup analyses were

performed based on these assessments. The risk of bias of the in-

cluded trials was considered high both in the small-incision versus

open cholecystectomy and in the laparoscopic versus open chole-

cystectomy comparisons, while it was considered relatively low in

the laparoscopic versus small-incision cholecystectomy compari-

son.

Effect of interventions

Outcomes reported in the systematic reviews

Summary of findings were reported in Table 5, Table 6, and Table

7.

Mortality

Mortality was not reported in all seven trials in the small-incision

versus open cholecystectomy comparison. Mortality was reported

in 14 trials in the laparoscopic versus open cholecystectomy com-

parison and in seven trials in the laparoscopic versus small-incision

cholecystectomy comparison.

We found no significant differences in mortality between the three

techniques. Mortality rates were low (up to 0.09%) in the different

comparisons.

Complications

Complications were categorised into intra-operative, minor, se-

vere, bile duct injury complications, and total complication pro-

portions. There were no significant differences in any of the com-

plication categories.

Intra-operative complications
There were zero intra-operative complications in the small-in-

cision versus open cholecystectomy comparison. In the laparo-

scopic versus open cholecystectomy comparison, the intra-op-

erative complication proportions were 0.9% and 0.1%, respec-

tively, and in the laparoscopic versus small-incision cholecystec-

tomy comparison, the intra-operative complications were 13.1%

and 7.6%, respectively.

We found no significant differences in the intra-operative compli-

cations between the three techniques.

Minor complications
In the small-incision versus open cholecystectomy comparison,

the minor complication proportions were 8.6% and 6.8%, respec-

tively. In the laparoscopic versus open cholecystectomy compar-

ison, the minor complication proportions were 2.1% and 3.1%,

respectively, and in the laparoscopic versus small-incision chole-

cystectomy comparison, the minor complications were 8.3% and

9.2%, respectively.

We found no significant differences in the minor complications

between the three techniques.

Severe complications
In the small-incision versus open cholecystectomy comparison,

the severe complication proportions were 1.4% and 2.5%, respec-

tively. In the laparoscopic versus open cholecystectomy compari-

son, severe complication proportions were 2.2% and 6.8%, respec-

tively, and in the laparoscopic versus small-incision cholecystec-

tomy comparison, the severe complications were 4.0% and 4.2%,

respectively.

We found no significant differences in the severe complications

between the three techniques.

Bile duct injury
In the small-incision versus open cholecystectomy comparison,

zero bile duct injuries were reported. In the laparoscopic versus

open cholecystectomy comparison, the proportion of bile duct in-

juries was 0.2% in both groups. In the laparoscopic versus small-

incision cholecystectomy comparison, the bile duct injury propor-

tions were 1.2% and 1.9%, respectively (risk difference, fixed-ef-

fect model -0.01, 95% CI -0.02 to 0.00). The difference is mainly

caused by eight patients with bile leakage with unknown origin
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and conservative treatment in the small-incision group (five pa-

tients from one trial).

We found no significant differences in the bile duct injuries be-

tween the three techniques.

Total complications
In the small-incision versus open cholecystectomy comparison, no

significant differences were found; the total complication propor-

tions were 9.9% and 9.3%, respectively (risk difference 0.00, 95%

CI -0.06 to 0.07).

In the laparoscopic versus open cholecystectomy comparison, the

total complication proportions were 5.4% and 10.1%, respec-

tively. Although significant differences were found including all

trials and in the trials with high risk of bias (risk difference -0.04,

95% CI -0.07 to -0.01), no significant difference was found in the

trials with low risk of bias (risk difference -0.01, 95% CI -0.05 to

0.02).

No significant differences were observed in the total complication

proportions in the laparoscopic versus small-incision cholecystec-

tomy comparison (26.6% and 22.9%, respectively) (risk differ-

ence -0.01, 95% CI -0.07 to 0.05) with 1.6% re-operation in both

groups. We also summarised the complications in trials, in which

three or more bias components were considered adequate. There

was no significant difference in the proportions of total compli-

cations between laparoscopic and small-incision cholecystectomy

when only trials with low risk of bias were included. However, in

the trials with low risk of bias the complication proportions in

both groups were higher than the complication proportions in the

trials with high risk of bias.

We found no significant differences in the total complications

between the three techniques.

Conversions

Conversion proportions in the small-incision versus open chole-

cystectomy comparison and in the laparoscopic versus open chole-

cystectomy comparison have not been reported. No significant

differences in conversion proportions were found in the laparo-

scopic versus small-incision cholecystectomy comparison (13.4%

and 16.1%, respectively; risk difference 0.00, 95% CI -0.05 to

0.04).

Operative time

We did not observe significant differences considering operative

time in the small-incision versus open cholecystectomy compari-

son (MD 1.94 minutes, 95% CI -1.37 to 5.25).

We found no significant differences considering operative time in

the laparoscopic versus open cholecystectomy comparison (MD

3.79 minutes, 95% CI -4.88 to 12.46).

There is a significant difference in operative time in the laparo-

scopic versus small-incision cholecystectomy comparison. Small-

incision cholecystectomy is significantly faster to perform (MD

9.20 minutes, 95% CI 2.06 to 16.35). Trials with low risk of bias

showed significant differences (MD, trials with low risk of bias

considering ’blinding’, random-effects model 16.4 minutes (95%

CI 8.9 to 23.8)), while trials with high risk of bias showed no

significant difference.

Hospital stay

In the small-incision versus open cholecystectomy comparison,

hospital stay was significantly shorter using the small-incision tech-

nique (MD -2.78 days, 95% CI -4.94 to -0.62).

In the laparoscopic versus open cholecystectomy comparison, hos-

pital stay was significantly shorter using the laparoscopic operation

(MD -3.07 days, 95% CI -3.89 to -2.26).

In the laparoscopic versus small-incision cholecystectomy compar-

ison, no significant difference regarding hospital stay was present

in the trials with low risk of bias (MD, trials with low risk of bias

considering ’blinding’, random-effects model -0.56 days (95% CI

-1.24 to 0.11)), but a significant difference was present in the trials

with high risk of bias (MD, trials with high risk of bias considering

’blinding’, random-effects model -1.08 days (95% CI -1.88 to -

0.28)).

Convalescence

As convalescence can also be measured according to return to work

and return to normal activity (at home), different analyses were

conducted.

In the small-incision versus open cholecystectomy comparison, no

data were available considering work leave. In the laparoscopic ver-

sus open cholecystectomy comparison, a significant difference was

found with the laparoscopic cholecystectomy showing a shorter

work leave (MD -22.51 days, 95% CI -36.89 to -8.13). In the la-

paroscopic versus small-incision cholecystectomy comparison, no

significant difference between the techniques regarding work leave

was found (MD, random-effects model -0.43 days (95% CI -4.37

to 3.51)).

No results were reported in the small-incision versus open chole-

cystectomy comparison and in the laparoscopic versus open chole-

cystectomy comparison. Data on convalescence to normal activity

were available in the laparoscopic versus small-incision cholecys-

tectomy comparison only: no significant difference was found con-

sidering convalescence to normal activity (at home) (MD, trials

with low risk of bias considering ’blinding’, random-effects model

0.79 days (95% CI -5.96 to 7.55)).

D I S C U S S I O N

Summary of main results

The present overview of three Cochrane Hepato-Biliary Group

systematic reviews contains at least nine major findings. First, the

comparison of the clinical outcome of open, small-incision, or la-

paroscopic cholecystectomy has been well tested in 56 randomised

clinical trials, and the risk of bias has been relatively low in laparo-

scopic versus small-incision cholecystectomy trials, but generally

high in laparoscopic versus open cholecystectomy trials and in the

6Open, small-incision, or laparoscopic cholecystectomy for patients with symptomatic cholecystolithiasis. An overview of Cochrane

Hepato-Biliary Group reviews (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



small-incision versus open cholecystectomy trials. Trials with in-

adequate methodological components carry a higher risk of bias

(Schulz 1995; Moher 1998; Jüni 2001; Kjaergard 2001; Egger

2003; Wood 2008). Second, laparoscopic cholecystectomy does

not seem to carry more bile duct injuries than small-incision or

open cholecystectomy. In this comparison one has to assume that

especially interested and skilled surgeons conducted the trials and

carried out the interventions. Therefore, everyday clinical prac-

tice and complication rates ought to be followed through clini-

cal databases and compared to benchmark values (Winkel 2007).

Third, the total numbers of patients with complications are high

and not significantly different for the three procedures. Fourth,

small-incision cholecystectomy takes significantly less time to per-

form than laparoscopic cholecystectomy. Fifth, both of the min-

imally invasive techniques have a shorter hospital stay compared

with open cholecystectomy. Hospital stay after laparoscopic and

small-incision cholecystectomy was not significantly different.

Sixth, convalescence after laparoscopic and small-incision chole-

cystectomy measured by return to work and return to normal

activity was not significantly different. Laparoscopic cholecystec-

tomy shows a shorter convalescence compared with open chole-

cystectomy. Seventh, there seem to be no significant differences in

pulmonary function and analgesic use for laparoscopic and small-

incision cholecystectomy (see below). Eighth, there seem to be

no significant differences in health status among laparoscopic and

small-incision cholecystectomy (see below). Ninth, costs appear to

be lower from different perspectives when using the small-incision

technique (see below).

Overall, both laparoscopic and small-incision cholecystectomy

show quicker convalescence compared with open cholecystectomy.

Small-incision cholecystectomy is quicker to perform and associ-

ated with lower costs from different perspectives compared with

laparoscopic cholecystectomy.

Overall completeness and applicability of
evidence

After having conducted the three Cochrane Hepato-Biliary Group

reviews, it appeared that both of the minimal-invasive techniques

were advantageous compared with the open cholecystectomy. Both

minimal-invasive techniques seemed to be comparable. Therefore,

we questioned the reliability of our findings of the laparoscopic

versus small-incision cholecystectomy review with respect to the

primary outcome measures. We performed two additional studies;

one assessing the robustness of findings using different pooling

methods (Keus 2009a), and the other evaluating the risk of random

error (Keus 2009b) by using trial sequential analysis (Brok 2008;

Wetterslev 2008; Brok 2009; Thorlund 2009).

From previous studies including simulation studies, it is known

that zero event trials may introduce analytical problems (Sweeting

2004; Bradburn 2007). In our systematic review there were many

zero-event trials. Therefore, we evaluated the role of different con-

tinuity corrections, summary effect measures, and statistical meth-

ods for pooling data considering outcomes on rare events, in-

cluding zero event trials. In numerous robustness assessments we

found important inconsistencies in inferences, confidence inter-

vals, and pooled intervention effect estimates (Keus 2009a). An

inconsistency in conclusions was found with respect to intra-op-

erative complications. Robustness assessments showed more in-

tra-operative complications in the laparoscopic cholecystectomy

group. However, detailed evaluation of the types of intra-operative

complication causing this statistical difference showed that intra-

operative gallbladder perforations were responsible for this. Many

surgeons will not regard gallbladder perforations to be a complica-

tion. Therefore, overall, these robustness assessments agreed that

no significant difference was found in primary outcomes (mor-

tality and complications) between laparoscopic and small-incision

cholecystectomy.

In another study, we applied trial sequential analysis to our laparo-

scopic versus small-incision cholecystectomy review (Keus 2009b).

This technique has been developed for the evaluation of the risk

of random error due to the play of chance and multiple testing

in cumulative meta-analysis in order to prevent premature con-

clusions due to spurious findings. Analyses were restricted to the

primary outcome measures. Additionally we constructed a com-

posite outcome measure ’serious adverse events’ including all im-

portant complications. Analyses were based on low bias risk es-

timates of control event rates and intervention effects. Further-

more, adjustments were made for the bias risks of trials as well

as heterogeneity. It appeared that the information size needed for

strong conclusions is not reached for mortality, bile duct injuries,

and severe complications. Considering intra-operative and total

complication proportions, it appeared, that intra-operative gall-

bladder perforations influenced the results importantly. After ex-

cluding gallbladder perforations from the analyses (for their lack of

clinical relevance), the information size needed for strong conclu-

sions was reached. No significant differences were found between

laparoscopic and small-incision cholecystectomy considering in-

tra-operative and total complications. Since the more clinical rel-

evant question of potential differences between laparoscopic and

small-incision cholecystectomy with respect to serious complica-

tions was not answered, we considered the composite outcome

measure ’serious adverse events’. The information size needed to

draw strong conclusions with respect to serious adverse events is

within reach with one additional multicentre trial with low risk

of bias. When ignoring intra-operative gallbladder perforations as

a complication, all trial sequential analyses agree that so far there

is no argument to support either laparoscopic or small-incision

cholecystectomy.

Our two additional studies on assessments on robustness of evi-

dence and trial sequential analyses confirm the review conclusions

of no significant differences between laparoscopic and small-inci-

sion cholecystectomy considering primary outcome measures.

An issue in applicability is the question whether selection for ran-

7Open, small-incision, or laparoscopic cholecystectomy for patients with symptomatic cholecystolithiasis. An overview of Cochrane

Hepato-Biliary Group reviews (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



domised trials introduces bias so that participation is associated

with greater risks and that outcomes are worse than expected in

daily life practice. Differences in outcomes caused by a different

(better or worse) treatment have to be distinguished from a better

recording of outcomes. There is empirical evidence that partici-

pation in randomised trials does not lead to worse outcomes and

that results are applicable to usual practice (Vist 2005; Vist 2008),

so there seems to be no difference in treatment outcomes (Winkel

2007). Yet one could expect that through a more careful follow-

up, outcomes are better recorded leading to more objective results.

The three systematic reviews report different complication propor-

tions in both the totals and the complication categories. Complica-

tions are higher in the laparoscopic versus small-incision cholecys-

tectomy review compared to the other two reviews. We believe that

differences in methodological quality may explain these differences

in data: the overall risk of bias in the laparoscopic versus small-in-

cision cholecystectomy review was considered relatively low com-

pared to the other two reviews. These observations are in accor-

dance with other studies showing linkage between unclear and

inadequate methodological quality to significant overestimation

of beneficial effects and underreporting of adverse effects. High-

quality trials are more likely to estimate the ´ true´ effects of the

interventions (Schulz 1995; Moher 1998; Jüni 2001; Kjaergard

2001; Egger 2003; Wood 2008). The differences in the design of

the trials may also explain differences in complications. Many tri-

als in the laparoscopic versus open cholecystectomy review focus

on haemodynamics, acute phase reactants, oxidative stress factor,

or endocrine functioning etcetera. These outcomes are short-term

results, implying limited follow-up. Moreover, these trials have

probably not focused on complications, making registration prob-

ably less accurate. Therefore, underreporting may very well ex-

plain the lower complication proportions in the laparoscopic ver-

sus open cholecystectomy review. However, heterogeneity may be

another factor explaining the differences in complication propor-

tions. Other factors like changing practices over the years, changes

in surgical techniques, or improvements in anaesthesia cannot be

ruled out to play a role as well.

Based on 6 billion people in the world, an occurrence of gallstones

of 5%, assuming that 10% of these people become symptomatic

and that roughly 50% of symptomatic patients may undergo

cholecystectomy, it can be calculated that 15 million cholecys-

tectomies could be performed worldwide annually. The assump-

tions are all chosen towards the lower boundaries, so that these

calculations probably underestimate the true figure. We showed in

the review an average quicker operative time of 16 minutes using

the small-incision approach compared with the laparoscopic op-

eration. Accordingly, worldwide, 4 million hours operative time

could potentially be saved when changing from laparoscopic to

small-incision cholecystectomy annually. Now that resources are

becoming more scarce, this may offer additional opportunities and

solutions for other problems.

There was no significant difference in hospital stay between la-

paroscopic and small-incision cholecystectomy, but hospital stay

was shorter in both minimally invasive techniques compared with

the open cholecystectomy. One might find hospital stay long com-

pared to daily life practice. Probably, study conditions and differ-

ent practice over time are responsible. Apart from these reasons,

there might be other reasons for differences in hospital stay, in-

cluding cultural differences (Vitale 1991). However, we have to

remember that hospital stay is only a surrogate marker for conva-

lescence and because of numerous factors influencing its length, it

does not necessary reflect objective differences between two oper-

ative procedures. Differences in hospital stay in open studies may

represent bias, unless the type of surgery is blinded. Therefore,

differences in hospital stay have to be interpreted with care. We

feel that the importance of hospital stay is overrated in surgical

literature, probably due to the fact that it can be measured so eas-

ily. The GRADE categorisation of outcomes places hospital stay

in perspective to other outcomes like mortality and grades hos-

pital stay as being ’not important for decision making - of lower

importance to patients’ (Guyatt 2008a). In case two interventions

do not have similar effect on patient important outcomes, length

of hospital stay may, however, become important to patients and

tax or insurance payers.

Outcomes not reported in the systematic reviews

Additional data are available on other outcomes including pul-

monary function and analgesic use, health status, and costs. The

conclusions in the individual randomised trials on these outcomes

are contrasting. These outcomes were not reported in the system-

atic reviews and the overview of reviews due to statistical problems

in meta-analysing these data as well as a lack of uniformity in the

way some of these outcomes were measured. Therefore, we have

summarised qualitatively the available data from the randomised

trials on these outcomes.

Pulmonary function and analgesic use

Pulmonary function differences between laparoscopic and small-

incision cholecystectomy have been studied in seven randomised

trials (Kunz 1992; Coelho 1993; McMahon 1993; McMahon

1994; Squirrell 1998; Bruce 1999; Harju 2006; Keus 2007). Since

different variables and different times of measurement were cho-

sen, outcomes were reported inconsistently (Kunz 1992; Coelho

1993; McMahon 1993; McMahon 1994; Squirrell 1998; Bruce

1999; Harju 2006; Keus 2007), involved small numbers of patients

(Coelho 1993; Squirrell 1998; Bruce 1999) as well as seemed to

incorporate some important methodological shortcomings (Kunz

1992; Coelho 1993; Harju 2006). Three trials suggested superi-

ority of a procedure, based upon a difference in one (Kunz 1992;

Coelho 1993) or two (Bruce 1999) pulmonary function variables.

Three trials incorporated sample sizes of 15 patients or less per

intervention group (Coelho 1993; Squirrell 1998; Bruce 1999).

Two trials used a blind approach (Squirrell 1998; Keus 2007). De-

tails on peri-operative anaesthesia management were not provided

in five of these trials (Kunz 1992; Coelho 1993; McMahon 1993;

McMahon 1994; Squirrell 1998; Bruce 1999). One larger trial
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with 64 patients in each group, found that the laparoscopic tech-

nique was superior and reported both pulmonary function testing

and analgesic use (McMahon 1993; McMahon 1994). However,

this multi-centre trial did not attempt to either blind patients or

physicians, details on anaesthesia management were not provided,

and an incision of 10 cm was considered small, ignoring the more

commonly used 8 cm limitation (McMahon 1993; McMahon

1994). Harju et al evaluated pulmonary function in some of their

patients (without explaining how these were selected) and found

no significant difference between both techniques (Harju 2006).

Our trial including 257 patients showed no significant differ-

ences evaluating eight pulmonary function variables and analgesic

use (Keus 2007). Overall, qualitatively summarising the results of

these seven randomised trials, we conclude that no differences in

pulmonary function and analgesic use have been shown between

laparoscopic and small-incision cholecystectomy.

Health status

Differences in health status between laparoscopic and small-inci-

sion cholecystectomy were examined in four trials (Barkun 1992;

McMahon 1994a; Squirrell 1998; Keus 2008b). Recently, evi-

dence-based guidelines advise to use the gastrointestinal quality

of life index (GIQLI) and the short form (SF-36) for evaluating

health status in cholecystectomy (Korolija 2004). Retrospectively,

three (Barkun 1992; McMahon 1994a; Squirrell 1998) of the four

trials did not use the appropriate questionnaires and one trial did

(Keus 2008b). These questionnaires appear to be valid for evalu-

ating patients’ functional recovery after cholecystectomy (Korolija

2004). One trial with low risk of bias including 257 patients and

using the appropriate questionnaires found no significant differ-

ences between laparoscopic and small-incision cholecystectomy

(Keus 2008b).

Cosmetic results of both minimal-invasive results were evaluated

in one trial comparing laparoscopic versus small-incision cholecys-

tectomy (Keus 2008b). The cosmetic effect of both techniques was

evaluated using the validated body image questionnaire (Dunker

1998). This low bias risk trial did not find any significant differ-

ence between laparoscopic and small-incision cholecystectomy in

the 257 patients (Keus 2008b).

Costs

Differences in costs between laparoscopic and small-incision

cholecystectomy were considered in seven trials (McMahon

1994a; Barkun 1995; Calvert 2000; Srivastava 2001; Secco

2002; Nilsson 2004; Keus 2009c). There are several problems in

analysing and pooling cost results from different studies. First,

costs are reported in different ways including different cost items.

Second, different points of views are taken making comparison of

studies difficult. Generally, a societal perspective is recommended

(Siegel 1997; Oostenbrink 2002). Third, there is a difference in

validity of cost assessments, defined by the details in which costs

are calculated. More detailed analyses provide more reliable esti-

mates (Graves 2002). Fourth, there may be considerable differ-

ences in local costs. Specific items in cost analyses differ from one

country or even setting to another. Fifth, cultural differences are

probably the most important problem. There are wide variations

in convalescence (and return to work) between different cultures

depending on a multitude of causes, like social security and cultural

habits (Vitale 1991). These multiple factors cause heterogeneity,

and pooling results seems, therefore, inappropriate. So far, seven

trials measured costs, and several of these trials had high risk of bias

(McMahon 1994a; Barkun 1995; Srivastava 2001; Secco 2002).

In some trials methodology of cost assessment was very limited

described (McMahon 1994a; Srivastava 2001). Outpatients’ costs

(Calvert 2000; McMahon 1994a) and indirect costs (McMahon

1994a; Barkun 1995; Calvert 2000; Secco 2002) were excluded in

several studies making overall (societal) comparison of techniques

incomplete. Retrospective analyses (Secco 2002) or expert settings

(Calvert 2000; Secco 2002) raise questions on reliability and gener-

alisability. In one trial, a significant advantage was found favouring

small-incision cholecystectomy with surgical residents performing

86% of the operations (Keus 2008c). Overall, the trials showed a

neutral or beneficial effect favouring the small-incision technique

(McMahon 1994a; Barkun 1995; Calvert 2000; Srivastava 2001;

Secco 2002; Nilsson 2004), and especially, the trials with low

risk of bias favoured the small-incision technique (Calvert 2000;

Nilsson 2004; Keus 2008c). Qualitatively summarising cost re-

sults from the randomised trials we conclude that costs seem to be

lower using small-incision cholecystectomy. Moreover, taking into

account that our review did not find any significant differences

between laparoscopic and small-incision cholecystectomy with re-

spect to hospital stay and convalescence, it is even more likely that

costs are lower using the small-incision approach.

Today with increasing budget restrictions we have to focus on

the resource use associated with the available techniques. Savings,

from an operation theatre perspective, have been reported as high

as 23% when using the small-incision cholecystectomy technique.

Reminding that cholecystectomy is one of the most frequently

performed surgical procedures, saving resources by switching the

technique of cholecystectomy offers opportunities for a re-alloca-

tion of these saved resources.

Symptom relief

Remarkably, very little to no information was available with re-

spect to symptom relief. It seems logical that no recurrences of

symptoms of gallbladder colic are to be expected when the gall-

bladder is removed. Especially when two different techniques for

cholecystectomy are being compared, no differences in symptom

relief are to be expected. However, data from lower level of evi-

dence suggest that in up to 40% of patients, symptoms recur after

cholecystectomy. Since this lower level of evidence is the best we

have, the true figure remains unknown. Retrospectively, the diag-

nosis symptomatic cholecystectomy and the indication for chole-

cystectomy may not have been correct in these patients. Therefore,

symptom relief should become the focus of research. Moreover,

remembering the high complication proportions, it is very hard to

justify the risks patients with incorrect diagnosis of symptomatic
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cholecystolithiasis and patients exposed to cholecystectomy with

its unacceptable high complication rates are facing. Future research

urgently needs to refocus on outcomes critical for decision mak-

ing, ie, lowering the numbers of complications as well as achieving

improvements in the accuracy of the diagnosis of symptomatic

cholecystolithiasis.

Quality of the evidence

Trials with low risks of bias seem more likely to show no effect or

a negative effect of laparoscopic surgery, whereas trials with high

risk of bias seem more likely to show a positive effect or no effect

of laparoscopic surgery. These observations are in accordance with

other studies showing linkage between high risk of bias to signifi-

cant overestimation of beneficial effects and underreporting of ad-

verse effects. Trials with low risk of bias are more likely to estimate

the ´ true´ effects of the interventions (Schulz 1995; Moher 1998;

Jüni 2001; Kjaergard 2001; Egger 2003; Wood 2008). This overes-

timation of beneficial effects associated with laparoscopic surgery

in trials with unclear or inadequate methodology may be an il-

lustration of personal preferences of surgeons. Lack of objectivity

biases results. Therefore, overall improvement of methodological

quality of trials, and hence risk of bias, especially in surgery, is

needed to obtain valid and reliable results.

We only based our assessment of bias on generation of the alloca-

tion sequence, allocation concealment, blinding, and follow-up.

It is a weakness that we have not assessed bias due to selective out-

come reporting, baseline differences, early stopping, and vested

interests (Higgins 2008; Gluud 2009). We plan to address these

issues in future updates of the reviews.

Potential biases in the overview process

The first and most important potential source of bias relates to

us, being the authors of all the three included Cochrane reviews.

Additionally, we performed one of the trials with low risk of bias.

We might not have recognised the potential mistakes conducted in

the review process, neither may we be aware of any other potential

sources of bias present in the three included reviews. In contrast,

having critically appraised all individual trials, we are in detail

informed on their weaknesses and strengths on which the reviews

build. This may be an advantage.

A second issue are the risks of bias in the included trials. A system-

atic review summarises results of individual trials and collects their

data into pooled effect estimates. The risks of bias are assessed to

evaluate the validity of the intervention effects. Obviously, a review

depends on the methodological quality of the individual trials and

is never capable of increasing the strength of the trials with high

risks of bias. In the third comparison, laparoscopic versus small-

incision cholecystectomy, the overall risk of bias was considered

relatively low, while in the other two comparisons the overall risk

of bias in the included trials was considered high. Therefore, the

estimates of both minimal invasive techniques compared with the

open technique may not be reliable estimates of the true interven-

tion effects.

Agreements and disagreements with other
studies or reviews

The total complication proportions we found in the laparoscopic

versus the small-incision cholecystectomy comparison are 26.6%

and 22.9%, respectively. These figures include gallbladder perfo-

rations. As some surgeons may not regard gallbladder perforation

as a complication, our figures decrease to 17.0% and 17.5% if gall-

bladder perforation is excluded from our figures. However, these

figures are still much higher than total complication figures up to

5% reported in other series and reviews including non-randomised

series. Such studies represent lower levels of evidence (Southern

Surgeons Club 1991; Litwin 1992; Deveney 1993; Deziel 1994;

Downs 1996). We are not aware of the exact reasons for the three

times higher proportion of complications reported in randomised

trials as compared to that originating from observational stud-

ies, but our findings are in accordance with previous observations

(Papanikolaou 2006). These observations point collectively to the

fact that observational studies are more conservative than the ran-

domised trial when reporting harm.

In the laparoscopic versus open cholecystectomy review, we found

total complication proportions of 5.4% and 10.1%, respectively,

with no significant difference applying the random-effects model.

These figures differ from the laparoscopic versus small-incision

cholecystectomy review (17.0% versus 17.5%). Probably differ-

ences in methodological quality of the trials may play a role. As re-

sults from high quality trials are more reliable (Schulz 1995; Wood

2008), we believe that the 17% is closer to the truth, particularly

because the proportion of trials with low risk of bias in the laparo-

scopic versus small-incision cholecystectomy review outweighs the

proportion of trials with low risk of bias in the laparoscopic versus

open cholecystectomy review. The same arguments hold regarding

the 17.5% complication proportion in small-incision cholecystec-

tomy when compared to complication proportions in the small-

incision versus open cholecystectomy review.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Both small-incision and laparoscopic cholecystectomy seem su-

perior to open cholecystectomy. The question today is why the

laparoscopic cholecystectomy has become the standard treatment

of cholecystectomy for patients with symptomatic cholecystolithi-

asis without strong evidence showing it is superior to small-inci-

sion cholecystectomy. We were unable to identify any outcome
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measure, significantly and convincingly in favour of the laparo-

scopic approach. There are no significant differences in mortality,

complications, conversions, hospital stay, and convalescence on

the low risk of bias evidence level. Other outcomes not suitable

for pooling in meta-analyses, like pulmonary function, pain and

analgesic use, and health status were not significantly different ei-

ther. Operative time and costs were significantly different, both

favouring the small-incision technique. From a patient-relevant

outcomes perspective, both techniques may be considered equally

effective. However, from a society perspective there seem to be

advantages using the small-incision technique.

The high complication proportions observed in all three tech-

niques in trials with low risk of bias raise questions and demand for

´ best practice´ standardised technical guidelines for safer chole-

cystectomy procedures.

Implications for research

Research should concentrate on outcomes that are relevant to pa-

tients instead of focusing on outcomes that are of interest mainly

to the surgeons. The causes of the high complication propor-

tions need to be addressed. Furthermore, one additional trial with

low risk of bias on a composite outcome measure ’serious adverse

events’ seems to be able to reach the cumulative information size

needed for firm conclusions regarding the comparison small-inci-

sion versus laparoscopic cholecystectomy. Instead of considering

total complications, which is a composite outcome measure, it

may be more relevant to consider the individual complication cat-

egories since they may differ regarding their consequences to the

patients. A number of the included trials did not report the spe-

cific subgroup of complications and their severity. Adverse event

reporting is an issue that needs urgent attention in surgical trials.

More elaborate cost evaluations, especially on a macro-economic

level may provide additional arguments to decide on preferences

for either one of both these techniques.

Reports on postoperative symptom relief are highly needed. The

high failure rates of symptom relief suggested by lower level evi-

dence raise questions on our quality of care. The lack of high qual-

ity evidence considering this patient relevant outcome is remark-

able. We need a higher level of evidence to confirm or reject these

failure rates. We urge trialists to conduct long-term follow-up to

assess patient-relevant outcomes. If the figures originating from

lower level of evidence appear to be true, then research should

focus on improvements in the diagnostic process.

The high complication proportions in elective minimal invasive

cholecystectomy should be our major concern. Today, research in

surgery focuses on the widespread implementation of laparoscopy

rather than improving critical patient relevant outcomes. We ought

to worry about the patients’ interests and take their perspective

when considering a hierarchy of relevance of outcomes as recom-

mended by the GRADE Working Group (Guyatt 2008a). It is

worrying that we focus on reducing hospital stay by implement-

ing laparoscopic surgery rather than focusing on critical patient

relevant outcomes.

The overall quality of the included randomised trials varied with

the majority of trials having several methodological deficiencies.

The quality of trials needs to improve by adopting the CONSORT

Statement (www.consort-statement.org).

There are several questions that still remain unanswered, like ques-

tions regarding pulmonary consequences after surgery, cost as-

pects, and more detailed questions on convalescence.
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A D D I T I O N A L T A B L E S

Table 1. Search methods

Database Search performed in Search strategy

The Cochrane Database of Systematic Re-
views (CDSR)

Issue 4, 2009 ’cholecystectomy’

Table 2. Characteristics of included reviews

Review Date assessed as

up to date

Population Interventions Comparison in-

terventions

Outcomes for

which data were

reported

Review limita-

tions

Open versus

small-inci-

sion cholecystec-

tomy for patients

with symp-

tomatic chole-

cystolithiasis

Searches

were performed

in 2004

Review pub-

lished in 2006

Patients with

symptomatic

cholecystolithia-

sis

Small-incision

cholecystectomy

Open cholecys-

tectomy

Primary:

complications

Secondary: oper-

ative time, hospi-

tal stay

Systematic error:

the included tri-

als had relatively

low method-

ological quality

Random

error: only 7 tri-

als including 572

patients were in-

cluded

Time: the review

needs updating

Open versus la-

paroscopic

cholecystectomy

for patients with

symptomatic

cholecystolithia-

sis

Searches

were performed

in 2004

Review pub-

lished in 2006

Patients with

symptomatic

cholecystolithia-

sis

Laparoscopic

cholecystectomy

Open cholecys-

tectomy

Primary: mortal-

ity,

complications

Secondary: oper-

ative time, hospi-

tal stay, convales-

cence

Systematic error:

the included tri-

als had relatively

low method-

ological quality

Time: the review

needs updating

Laparoscopic

versus small-in-

ci-

sion cholecystec-

tomy for patients

with symp-

tomatic chole-

cystolithiasis

Searches

were performed

in 2004

Review pub-

lished in 2006

Patients with

symptomatic

cholecystolithia-

sis

Laparoscopic

cholecystectomy

Small-incision

cholecystectomy

Primary: mortal-

ity,

complications

Secondary: con-

versions, opera-

tive time, hospi-

tal stay, convales-

cence

Time: the review

needs updating
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Table 3. Overview of primary outcomes: numbers of included patients and trials

Review Mortality Intra-opera-

tive complica-

tions

Minor

complications

Severe

complications

Bile duct in-

juries

Total compli-

cations

Open versus
small-in-
cision cholecys-
tectomy for pa-
tients with
symp-
tomatic chole-
cystolithiasis

All trials 0

(0)

571

(7)

571

(7)

571

(7)

571

(7)

571

(7)

Trials with low
risk of bias

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

0

(0)

Open versus la-
paro-
scopic cholecys-
tectomy for pa-
tients with
symp-
tomatic chole-
cystolithiasis

All trials 987

(15)

1914

(30)

1914

(30)

1914

(30)

1914

(30)

1914

(30)

Trials with low
risk of bias

0

(0)

63

(2)

63

(2)

63

(2)

63

(2)

63

(2)

La-
paroscopic ver-
sus small-in-
cision cholecys-
tectomy for pa-
tients with
symp-
tomatic chole-
cystolithiasis

All trials 1952

(7)

2315

(12)

2315

(12)

2315

(12)

2315

(12)

2315

(12)

Trials with low
risk of bias

1181

(3)

1181

(3)

1181

(3)

1181

(3)

1181

(3)

1181

(3)

The three rows represent the three included reviews. The outcomes are in the columns, including all patients and all trials and separately

for the trials with low risk of bias.

The numbers in the columns are the numbers of randomised patients with the numbers of trials reporting that outcome in brackets.

Table 4. Overview of secondary outcomes: numbers of included patients and trials

Review Conversions Con-

valescence: work

leave (days)

Conva-

lescence: normal

activity (days)

Operative time

(minutes)

Hospital stay

(days)

Open versus
small-in-
cision cholecystec-
tomy for patients
with symptomatic

All trials n.a. 0

(0)

0

(0)

210

(3)

180

(2)
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Table 4. Overview of secondary outcomes: numbers of included patients and trials (Continued)

cholecystolithiasis

Trials with low
risk of bias

n.a. 0

(0)

0

(0)

0

(0)

0

(0)

Open versus la-
paroscopic chole-
cystectomy for pa-
tients with symp-
tomatic cholecys-
tolithiasis

All trials n.a. 328

(3)

0

(0)

1134

(24)

1111

(21)

Trials with low
risk of bias

n.a. 0

(0)

0

(0)

20

(1)

20

(1)

Laparoscopic ver-
sus small-incision
cholecystec-
tomy for patients
with symptomatic
cholecystolithiasis

All trials 2132

(8)

1181

(3)

1158

(4)

1953

(9)

1614

(8)

Trials with low
risk of bias

1181

(3)

1181

(3)

924

(2)

1181

(3)

1181

(3)

The three rows represent the three included reviews. The outcomes are in the columns, including all patients and all trials and separately

for the trials with low risk of bias.

The numbers in the columns are the numbers of randomised patients with the numbers of trials reporting that outcome in brackets.

Table 5. Summary of Findings table: OC vs SIC

Quality assessment Summary of findings

Out-

comes

Limita-

tions

Incon-

sistency

Indi-

rectness

Impre-

cision

Other Risk OC

(control)

Risk SIC

(com-

parator)

Relative

effect

- SIC vs

OC

Abso-

lute ef-

fect

- SIC vs

OC

Quality

of the

evidence

(GRADE)

Intra-

opera-

tive

compli-

cations

All trials very seri-

ous

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 0 per 279

(0%)

0 per 292

(0%)

not es-

timable

0 more

per 1000

VERY

LOW

Minor

compli-

cations

All trials very seri-

ous

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 19 per

279

(6.8%)

25 per

292

(8.6%)

1.26 18 more

per 1000

VERY

LOW

Severe

compli-

cations

All trials very seri-

ous

no se-

rious in-

consis-

no seri-

ous indi-

rectness

serious none 7 per 279

(2.5%)

4 per 292

(1.4%)

0.56 11 fewer

per 1000

VERY

LOW
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Table 5. Summary of Findings table: OC vs SIC (Continued)

tency

Bile duct

injuries

All trials very seri-

ous

serious no seri-

ous indi-

rectness

serious none 0 per 279

(0%)

0 per 292

(0%)

not es-

timable

0 fewer

per 1000

VERY

LOW

Total

compli-

cations

All trials very seri-

ous

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 26 per

279

(9.3%)

29 per

292

(9.9%)

1.06 6 more

per 1000

VERY

LOW

Modified table using GRADE pro software.

OC: open cholecystectomy;

SIC: small-incision cholecystectomy;

RR: relative risk

GRADE Working Group grades of evidence:

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

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.

The downgrading in the grades of evidence (decrease quality of evidence) is based on the assessment of five factors: limitations in design,

inconsistency in results, indirectness of evidence, imprecision of results, and publication bias. Upgrading of evidence (increase quality

of evidence) may occur based on the assessment of three factors: the magnitude of effect, influence of all residual confounding, and the

dose-response gradient.

Table 6. Summary of Findings table: OC vs LC

Quality assessment Summary of findings

Out-

comes

Limita-

tions

Incon-

sistency

Indi-

rectness

Impre-

cision

Other Risk OC

(control)

Risk LC

(com-

parator)

Rel-

ative ef-

fect - LC

vs OC

Abso-

lute ef-

fect - LC

vs OC

Quality

of the

evidence

(GRADE)

Mortal-

ity

All trials very seri-

ous

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 1 per 485

(0.2%)

0 per 502

(0%)

not es-

timable

2 fewer

per 1000

VERY

LOW

Intra-

opera-

tive

compli-

cations

All trials very seri-

ous

serious no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 1 per 939

(0.1%)

9 per 975

(0.9%)

9.0 8 more

per 1000

VERY

LOW
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Table 6. Summary of Findings table: OC vs LC (Continued)

Tri-

als with

low risk

of bias

serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 0 per 32

(0%)

0 per 31

(0%)

not es-

timable

0 more

per 1000

LOW

Minor

compli-

cations

All trials very seri-

ous

serious no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 35 per

939

(3.7%)

23 per

975

(2.4%)

0.65 13 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 1 per 32

(3.1%)

0 per 31

(0%)

not es-

timable

31 fewer

per 1000

LOW

Severe

compli-

cations

All trials very seri-

ous

serious no seri-

ous indi-

rectness

serious none 72 per

939

(7.7%)

25 per

975

(2.6%)

0.34 51 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 1 per 32

(3.1%)

0 per 31

(0%)

not es-

timable

31 fewer

per 1000

LOW

Bile duct

injuries

All trials very seri-

ous

serious no seri-

ous indi-

rectness

serious none 2 per 939

(0.2%)

2 per 975

(0.2%)

1.0 0 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

very seri-

ous

none 0 per 32

(0%)

0 per 31

(0%)

not es-

timable

0 fewer

per 1000

VERY

LOW

Total

compli-

cations

All trials very seri-

ous

serious no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 110 per

939

(11.7%)

59 per

975

(6.1%)

0.52 56 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 2 per 32

(6.3%)

0 per 31

(0%)

not es-

timable

63 fewer

per 1000

LOW

Modified table using GRADE pro software. OC: open cholecystectomy; LC: laparoscopic cholecystectomy; RR: relative risk

GRADE Working Group grades of evidence:

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

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.
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Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.

The downgrading in the grades of evidence (decrease quality of evidence) is based on the assessment of 5 factors: limitations in design,

inconsistency in results, indirectness of evidence, imprecision of results, and publication bias. Upgrading of evidence (increase quality

of evidence) may occur based on the assessment of 3 factors: the magnitude of effect, influence of all residual confounding, and the

dose-response gradient.

Table 7. Summary of Findings table: LC vs SIC

Quality assessment Summary of findings

Out-

comes

Limita-

tions

Incon-

sistency

Indi-

rectness

Impre-

cision

Other Risk SIC

(control)

Risk LC

(com-

parator)

Rel-

ative ef-

fect - LC

vs SIC

Abso-

lute ef-

fect - LC

vs SIC

Quality

of the

evidence

(GRADE)

Mortal-

ity

All trials serious no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 1 per 977

(0.1%)

1 per 975

(0.1%)

1.00 0 fewer

per 1000

LOW

Tri-

als with

low risk

of bias

no seri-

ous limi-

tations

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 0 per 599

(0%)

0 per 582

(0%)

not es-

timable

0 fewer

per 1000

MOD-

ERATE

Intra-

opera-

tive

compli-

cations

All trials very seri-

ous

very seri-

ous

no seri-

ous indi-

rectness

serious none 88 per

1151

(7.6%)

153 per

1164

(13.1%)

1.72 55 more

per 1000

VERY

LOW

Trials

with low

risk of

bias

no seri-

ous limi-

tations

serious no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 87 per

599

(14.5%)

153 per

582

(26.3%)

1.81 118

more per

1000

MOD-

ERATE

minor

compli-

cations

All trials serious serious no seri-

ous indi-

rectness

serious none 106 per

1151

(9.2%)

97 per

1164

(8.3%)

0.90 9 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

no seri-

ous limi-

tations

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 58 per

599

(9.7%)

57 per

582

(9.8%)

1.01 1 more

per 1000

HIGH

Severe

compli-

cations

All trials serious serious no seri-

ous indi-

rectness

no seri-

ous im-

preci-

none 48 per

1151

(4.2%)

46 per

1164

0.95 2 fewer

per 1000

LOW
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Table 7. Summary of Findings table: LC vs SIC (Continued)

sion (4.0%)

Tri-

als with

low risk

of bias

no seri-

ous limi-

tations

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 34 per

599

(5.7%)

27

per 582

(4.6%)

0.81 11 fewer

per 1000

HIGH

Bile duct

injuries

All trials serious serious no seri-

ous indi-

rectness

serious none 22 per

1151

(1.9%)

14 per

1164

(1.2%)

0.63 6 fewer

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

no seri-

ous limi-

tations

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

serious none 10 per

599

(1.7%)

8 per 582

(1.4%)

0.82 3 fewer

per 1000

MOD-

ERATE

Total

compli-

cations

All trials serious very seri-

ous

no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 264 per

1151

(22.9%)

310 per

1164

(26.6%)

1.16 37 more

per 1000

VERY

LOW

Tri-

als with

low risk

of bias

no seri-

ous limi-

tations

no se-

rious in-

consis-

tency

no seri-

ous indi-

rectness

no seri-

ous im-

preci-

sion

none 189 per

599

(31.6%)

245 per

582

(42.1%)

1.33 105

more per

1000

HIGH

Modified table using GRADE pro software.

LC: laparoscopic cholecystectomy;

SIC: small-incision cholecystectomy;

RR: relative risk

GRADE Working Group grades of evidence:

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

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change

the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: We are very uncertain about the estimate.

The downgrading in the grades of evidence (decrease quality of evidence) is based on the assessment of 5 factors: limitations in design,

inconsistency in results, indirectness of evidence, imprecision of results, and publication bias. Upgrading of evidence (increase quality

of evidence) may occur based on the assessment of 3 factors: the magnitude of effect, influence of all residual confounding, and the

dose-response gradient.
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