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Abstract  

Background:  Laparoscopic cholecystectomy has become  

the gold standard in the treatment of symptomatic gallstones.  

In spite of the advantages of a distinctly faster recovery and  

better cosmetic results, the laparoscopic approach bears a  

higher risk for iatrogenic bile duct injury and injury of the  

right hepatic artery. Bile leak after laparoscopic cholecystec-
tomy is uncommon but can occur in 0.3-2.7% of patients. A  

bile leak may result in a biliary fistula, a subhepatic/subphrenic  
collection and localised or generalised peritonitis. Despite  

the widespread notion that the risk of bile leak is higher after  

LC, there is a scarcity in the published literature that directly  
compared the risk of bile leak after LC versus open cholecys-
tectomy.  

Aim of Study:  To provide cumulative data about the  
outcome of biliary leakage after laparoscopic versus open  

cholecystectomy.  

Patients and Methods:  In the present study, we searched  

Medline via PubMed, SCOPUS, Web of Science, and Cochrane  
Central Register of Controlled Trials (CENTRAL) from their  
inception till December 2018. The search retrieved 12157  
unique records. We then retained 45 potentially eligible records  

for full-texts screening. Finally, 17 studies were included in  

the present systematic review and meta-analysis. Data Extrac-
tion: If the studies did not fulfill the inclusion criteria, they  

were excluded. Study quality assessment included whether  

ethical approval was gained, eligibility criteria specified,  
appropriate controls, and adequate information and defined  

assessment measures.  

Results:  In terms of the primary outcomes of the present  

study, the overall effect estimates showed that LC significantly  
increased the risk of bile leak compared to OC (OR 2.01, 95%  

CI [1.3-3.09]; p=0.002); the pooled studies showed no signif-
icant heterogeneity (p=0.74; I2=0%).  

Conclusion:  Surgeons experienced a very low rate of  

postoperative bile leak following laparoscopic or open chole-
cystectomy; however, the risk of bile leak appears to be higher  

with laparoscopic compared to open cholecystectomy. The  

present systematic review and meta-analysis showed that the  
laparoscopic cholecystectomy significantly increased the risk  
of bile leak compared to open cholecystectomy. These data  
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draw attention to the importance of early identification of  

patients, at high risk of bile leak, as it may allow specific  
measures or conversion to open cholecystectomy.  

Key Words:  Laparoscopic cholecystectomy – Open cholecys-
tectomy – Endoscopic retrograde cholangiopan-
creatography.  

Introduction  

CHOLECYSTECTOMY  is one of the most com-
monly performed surgical procedures worldwide,  

with over 750,000 operations performed annually  

in the United States alone [1] .  

First introduced in the 1980s, laparoscopic  

cholecystectomy has remained the gold standard  

for treatment of patients with GB stone disease for  

the past few decades. In fact, approximately 90%  

of cholecystectomies today are performed using a  
laparoscopic approach. 5% of these require con-
version to an open procedure, usually because of  

significant inflammation, adhesions, or difficulty  

defining the biliary anatomy, bleeding, bile leak  

[2] .  

A biliary leak can be defined as leakage of bile  

from any site in the biliary tree, including the liver,  
hepatic ducts, cystic duct, or common bile duct.  
In spite of the advantages of a distinctly faster  
recovery and better cosmetic results, the laparo-
scopic approach bears a higher risk for iatrogenic  

bile duct injury (IBDI) and injury of the right  

hepatic artery. IBDI is a complication associated  

with significant perioperative morbidity and mor-
tality, reduced long -term survival and quality of  
life, and high rates of subsequent legality [3] .  

Risk factors for biliary injury during cholecys-
tectomy fall into three categories: Patient factors,  

operative considerations, and surgeon effects.  

Patient factors that increase the risk of biliary  
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injury include male gender, increased age, and  
increased comorbidity. Operative considerations  

include the complexity of the operation, presence  

of hemorrhage, and aberrant anatomy. The most  
commonly indicted surgeon factors are inadequate  

equipment as well as limited surgical experience  
[4].  

IBDI can be a very serious complication that,  

if managed inadequately, can result in life-
threatening complications such as cholangitis,  
secondary biliary cirrhosis and portal hypertension.  
Even with successful management, quality of life  

may be diminished and survival may be impaired  
[5].  

ERCP can identify the site of the leak in >95%  

of patients and can provide therapy for retained  

biliary stones and strictures. Endoscopy with  

sphincterotomy and stenting is the first line of  

treatment with a success rate greater than 90% [6] .  

Aim of the work:  

The aim of this study is to provide cumulative  
data about the outcome of biliary leakage after  

laparoscopic versus open cholecystectomy.  

Patients and Methods  

We performed this systematic review and meta-
analysis in accordance to the recommendations of  
the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) and the Meta-
analyses of Observational Studies in Epidemiology  
(MOOSE) statements. PRISMA and MOOSE are  

reporting checklists for Authors, Editors, and Re-
viewers of Meta-analyses of interventional and  
observational studies. According to International  

committee of medical journal association (ICJME),  

reviewers must report their findings according to  

each of the items listed in those checklists [7,8] .  

Study selection and eligibility criteria:  

The present review included studies that fulfilled  

the following criteria:  

- Studies that included adults' patients who were  

subjected to either laparoscopic or open chole-
cystectomy.  

- Studies that assessed the efficacy and safety of  

the laparoscopic cholecystectomy.  

- Studies that compared the laparoscopic cholecys-
tectomy with open cholecystectomy.  

- Studies that reported any of the following out-
comes: Mortality rate, morbidity rate, presence  

of bile duct injury, or wound infection.  

- Studies that were randomized controlled trials  

(RCTs), prospective non-randomized studies, or  

retrospective studies.  

We excluded non-English studies, reviews,  
theses, dissertations and conference abstracts, and  

trials with unreliable date for extraction.  

Search strategy and screening:  

An electronic search was conducted from the  

inception till December 2018 in the following  
bibliographic databases: Medline via PubMed,  
SCOPUS, Cochrane Central Register of Controlled  

Trials (CENTRAL), and Web of knowledge to  

identify relevant articles. We used different com-
binations of the following queries: (“laparoscopic  
cholecystectomy" [Mesh] OR "cholecystectomy")  
AND "outcomes". The search have been done with  

no limit regarding the year publication.  

Screening:  
Retrieved citations were imported into End  

Note X7 for duplicates removal. Subsequently,  
unique citations were imported into an Excel sheet  
and screened for eligibility; the screening was  
conducted in two steps: Title and abstract screening,  

followed by a full-texts screening of potentially  

eligible records.  

Data extraction:  
Data entry and processing were carried out  

using a standardized Excel sheet and reviewers  

extracted the data from the included studies. The  
extracted data included the following domains: (1)  
Summary characteristics of the included studies;  
(2) Baseline characteristics of studied populations;  

and (3) Study outcomes. All reviewers' independ-
ently extracted data from the included articles and  

any discrepancies were solved by discussion.  

Dealing with missing data:  
Missing standard deviation (SD) of mean  

change from baseline was calculated from standard  

error or 95% confidence interval (CI) according  

to Altman [9] .  

Risk of bias assessment:  

The quality of the retrieved RCTs was assessed  

according to the Cochrane handbook of systematic  

reviews of interventions 5.1.0 (updated March  

2011). Risk of bias assessment included the fol-
lowing domains: Sequence generation (selection  

bias), allocation sequence concealment (selection  

bias), blinding of participants and personnel (per-
formance bias), blinding of outcome assessment  
(detection bias), incomplete outcome data (attrition  



PubMed  
=3937  

Scopus  
=10597  

Web of Science  
=3200  

Central  
=999  

17 of studies  
included in  

the present review  

12157 of records  
screened  

45 of full-text  
articles assessed  

for eligibility  

Emad Eldin F. Ibrahim, et al. 1495  

bias), selective outcome reporting (reporting bias)  

and other potential sources of bias. The authors'  
judgments are categorized as 'Low risk', 'High risk'  

or 'Unclear risk' of bias. We used the quality as-
sessment table provided in (part 2, Chapter 8.5) in  
the same book [10] .  

Data synthesis:  
Continuous outcomes were pooled as mean  

difference (MD) or standardized mean difference  

(SMD) using inverse variance method, and dichot-
omous outcomes will be pooled as relative risk  
(RR) using Mantel-Haenszel method. The random-
effects method was used under the assumption of  

existing significant clinical and methodological  
heterogeneity. We performed all statistical analyses  
using Review Manager (RevMan) 5.3 or Open  
Meta-analyst for windows.  

Assessment of heterogeneity:  

We assessed heterogeneity by visual inspection  

of the forest plots, chi-square, and I-square tests.  

According to the recommendations of Cochrane  

Handbook of Systematic Reviews and meta-
analysis, chi-square p-value less than 0.1 denote  
significant heterogeneity while I-square values  
show no important heterogeneity between 0% and  
40%, moderate heterogeneity from 30% to 60%,  

substantial heterogeneity from 50% to 100%. If  
any trials were judged to affect the homogeneity  

of the pooled estimates, we planned to perform a  
sensitivity analysis to assess outcomes with and  
without the trials that were affecting the homoge-
neity of the effect estimates.  

Assessment of publication biases:  

We intended to test for publication bias using  
funnel plots if any of the pooled analysis included  

more than 10 studies in the review [10] .  

Results  

In the present study, we searched Medline via  
PubMed, SCOPUS, Web of Science, and Cochrane  
Central Register of Controlled Trials (CENTRAL)  
from their inception till December 2018. The search  

retrieved 12157 unique records. We then retained  

45 potentially eligible records for full-texts screen-
ing. Finally, 17 studies were included in the present  
systematic review and meta-analysis (Fig. 1).  

Characteristics of the included studies:  
A total 17 studies were included in the present  

systematic review and meta-analysis, 12 of them  
included patients underwent LC only and five  

studies compared LC versus open cholecystectomy.  

Four studies were randomized controlled trials,  

five were prospective studies, and the rest of the  
studies were retrospective studies. All studies  
included patients with acute cholecystitis and the  

sample size ranged from 67 to 11,712 patients  

(Tables 1,2).  

12157 of records after  
duplicates removed  

12112 of  
records  

excluded  

28 of full-text  
articles  
excluded:  
- Reviews=3  
- Irrelevant  

=12  
- Unreliable  

data=13  

Fig. (1): PRISMA flow-chart.  

Table (1): Summary Characteristics of the included studies on only patients with LC.  

Study authors  Year  Study design  Study period  Population  Sample Size  

Viste et al.  2015  Prospective Study  1992-2013  Patients with acute cholecystitis  67  
Stanisic et al.  2014  Prospective Study  2005 to 2009  Patients with acute cholecystitis  369  
Zhao et al.  2016  Randomized Controlled Trail  2011 to 2012  Patients with acute cholecystitis  150  
Vuong et al.  2015  Retrospective Study  2007 to 2013  Patients with acute cholecystitis  56194  
Pekolj et al.  2013  Retrospective Study  1991 to 2010  Patients with acute cholecystitis  10123  
Worth et al.  2016  Retrospective Study  2001 to 2011  Patients with acute cholecystitis  352389  
Ruiz-Tovar et al.  2013  Randomized Controlled Trail  2010 to 2011.  Patients with acute cholecystitis  100  
Nielsen et al.  2014  Retrospective Study  2006 to 2010  Elderly patients with acute cholecystitis  4915  
Rothman et al.  2015  Prospective Study  2006 to 2011.  Patients with acute cholecystitis  100  
Van Dam et al.  2015  Prospective Study  2015  Patients with acute cholecystitis  30  
Lucarelli et al.  2015  Randomized Controlled Trail  2015  Patients with acute cholecystitis  30  
Parikh et al.  2015  Prospective Study  2015  Patients with acute cholecystitis  200  
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Table (2): Summary Characteristics of the included studies which compared LC and OC.  

Authors  Year  Study design  Study period  Population  Sample Size  LC  OC  

Gouma and Go  1994  Cross-sectional  1991  Patients with acute cholecystitis  11,712  2932  8,780  
Eldar et al.,  1997  Retrospective study  1992-1993  Patients with acute cholecystitis  243  146  97  
Glavic et al.,  2001  Retrospective study  1994-1998  Patients with acute cholecystitis  209  94  115  
Chau et al.,  2002  Retrospective study  1994-1999  Elderly patients with acute cholecystitis  73  31  42  
Catena et al.,  2012  Open-label RCT  2008-2010  Patients with acute cholecystitis  144  72  72  

RCT: Randomized controlled studies.  LC: Laparoscopic cholecystectomy.  OC: Open cholecystectomy.  

All included RCTs had low or unclear risk of  
bias in term of random sequence generation, allo- 

cation concealment, blinding, incomplete outcome  

data, and selective reporting (Fig. 2).  

Fig. (2): Risk of bias summary.  

In terms of quality of non-randomized studies,  

the quality score of included studies ranged from  

18-21 (accepted cut-off value is >18) (Table 3).  

In non-comparative studies, the incidence of  

BDI ranged from 0.02% to 3.3%. The definition  

of BDI varied across the studies as shown in Table  

(4).  

The goal of surgical repair is to restore biliary  

tract continuity in order to prevent short-term and  
long-term complications. In the literature, a good  
long-term result is most often based on correction  

of the anastomotic stricture that is responsible for  

symptoms and long-lasting hepatic dysfunction.  
Two authors have established classifications for  

long-term results (Table 5). Both classifications  
are similar and are widely used for studies evalu-
ating the results of repair of post-cholecystectomy  
BDI. In tertiary centers, the success rate of BDI  

repair from the most recent series ranges from 79  

to 93% (Table 6). Two-thirds of strictures develop  

within 2 or 3 years following repair, and the other  

third arise in the ten years following repair.  

Two studies report the long-term outcomes of  

surgical repair of BDI (Table 7). The most common  

complication was HJ stricture, followed by cholan-
gitis, and cirrhosis.  

a- Meta-analysis results:  

1- Bile leak following LC:  

Twelve studies reported the incidence of bile  
leak, the overall effect estimates showed that inci-
dence of bile leak was 0.1% (0.01%, 0.2%); the  

pooled studies showed no significant heterogeneity  
(p=0.74; I2=0%). Fig. (3) shows the forest plot of  

bile leak.  

2- Bile leak incidence in LC versus OC:  

Five studies compared the incidence of bile  

leak between LC and OC, the overall effect esti-
mates showed that LC significantly increased the  
risk of bile leak compared to OC (OR 2.01, 95%  

CI [ 1.3-3.09]; p=0.002); the pooled studies showed  
no significant heterogeneity (p=0.74; I2=0%). Fig.  
(4) shows the forest plot of bile leak.  
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Table (5): Classifications of outcome of bile duct injury (BDI) repair.  

Grade Result Description  

Terblanche clinical classification:  

I  

II  

III  

IV  

McDonald's classification:  

Grade A  

Grade B  

Grade C  

Grade D  

Excellent  

Good  

Fair  

Poor  

No biliary symptoms with normal liver function  

Transitory symptoms, currently no symptoms and normal liver function  

Clearly related symptoms requiring medical therapy and/or deteriorating  

liver function  

Recurrent stricture requiring correction, or related death  

Normal liver function tests, asymptomatic  

Mild liver function test derangement, asymptomatic  

Abnormal liver function tests, cholangitis, pain  

Endoscopic or surgical revision required  

Table (6): Results of bile duct injury (BDI) surgical repair in the main published series.  

Authors  
Number  

of patients  

Previous  
biliary  
repair  

Type of repair  
Duration  
follow-up  

Long-term  
outcome  

Development  
of SBC  

Viste et al.  

Zhao et al.  

Pekolj et al.  

1  

1  

19  

0%  

0%  

80%  

Roux-en-Y  

Roux-en-Y  

89.8% Roux-en-Y  
(87% Hepp-Couinaud)  

Others: Hepaticojejunostomy,  
repair over T-tube  

9.4 years  

61.9 months  

3.7 years ±  0,3  

Grades A  

Good outcome  

85% excellent outcome  
6% good results  
9%: Failure with reoperation  

for anastomotic stricture  

9.3%  

Stanisic et al.  2 50% 
 

Roux-en-Y 100% 28.5 months 50% excellent outcome  
[4-5] 50% good outcome  

Vuong et al. 11 20% 
 

Roux-en-Y 100% 108 months 83% good or excellent results 
 

3.5%  
[60-228]  

SBC: Secondary biliary cirrhosis.  HJ: Hepaticojejunostomy.  

Table (7): Overview of reports on long-term outcomes after surgical repair of BDI by HJ.  

Author Pekolj et al. Vuong et al.  

Number of HJs  

Overall morbidity, %  

HJ stricture, %  

Cholangitis, %  

Intrahepatic stones, %  

cirrhosis, %  

Incisional hernia, %  

Late BDI- related mortality, %  

Time to stricture formation  

Follow-up time  

19  

11.6  

14.2  

2.5  

6.7  

3.3  

11  

8  

54 months  
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Studies  Estimate (95% C.I.)  Ev/Trt  

Viste et al.  0.015 (0.000, 0.044)  1/67  
Stanisic et al.  0.003 (0.000, 0.008)  1/369  
Zhao et al.  0.007 (0.000, 0.020)  1/150  
Vuong et al.  0.000 (0.000, 0.000)  11/56194  
Pekolj et al.  0.002 (0.001, 0.003)  19/10123  
Worth et al.  0.001 (0.001, 0.001)  388/352389  
Ruiz-Tovar et al.  0.010 (0.000, 0.030)  1/100  
Nielsen et al.  0.001 (0.000, 0.002)  6/4915  
Rothman et al.  0.010 (0.000, 0.030)  1/100  
Van Dam et al.  0.033 (0.000, 0.098)  1/30  
Lucarelli et al.  0.033 (0.000, 0.098)  1/30  
Parikh et al.  0.020 (0.001, 0.039)  4/200  

Overall (lˆ2=92%, p<0.001)  0.001 (0.000, 0.002)  435/424667  

0 0.02 0.04 0.06 0.08  

Proportion  

Fig. (3): Forest Plot of bile leak.  

Study or  
LC  OC  Odds Ratio  

subgroup Events Total Events Total Weight  
M-H, fixed,  

95% CI  
Year  

Eldar et al.  2  146  0  97  2.2%  3.37 (0.16, 71.04)  

Chau et al.  1  31  2  42  6.2%  0.67 (0.06, 7.70)  

Glavic et al.  0  94  1  115  5.1%  0.40 (0.02, 10.03)  

Gouma and Go  32  2932  45  8780  84.6%  2.14 (1.36, 3.38)  1994  

Catena 2012  1  72  0  72  1.9%  3.04 (0.12, 75.92)  2012  

Total (95% CI)  36  3275  48  9106  100.0%  2.01 (1.30, 3.09)  

Total events  

Heterogeneity. Chi
2
=1.99, df=4 (p=0.74); l

2
=0%  

Test for overall effect: Z=3.16 (p=0.002)  

Odds Ratio  

M-H, fixed, 95% CI  

0.01 0.1 1 10 100  

Favours (LC) Favours (OC)  

Fig. (4): Forest Plot of bile leak incidence in LC versus OC.  

Discussion  

The incidence of gallstones is 10-15% and the  
lifetime recurrence rate of symptoms or complica-
tions in such patients is about 35%. Laparoscopic  

cholecystectomy has become the gold standard in  
the treatment of symptomatic gallstones. The major  

advantages of laparoscopic cholecystectomy (LC)  

include less postoperative pain, less time required  

for hospitalization and recovery, and better cosmetic  

results [11] .  

In spite of the advantages of a distinctly faster  

recovery and better cosmetic results, the laparo-
scopic approach bears a higher risk for iatrogenic  

bile duct injury and injury of the right hepatic  
artery. Bile leak after laparoscopic cholecystectomy  

is uncommon but can occur in 0.3-2.7% of patients.  

It is defined as the persistent leakage of bile from  

the biliary tree. This can arise from an injury to  
the common bile/hepatic duct but it is generally  

accepted that the vast majority arise from the cystic  

duct stump or a sub-vesical duct of Luschka [4] .  

A bile leak may result in a biliary fistula, a  

subhepatic/subphrenic collection and localised or  

generalised peritonitis. Clearly, this can be associ-
ated with significant morbidity and even mortality,  

particularly if it is not identified and treated at an  

early stage [3] .  

Despite the widespread notion that the risk of  

bile leak is higher after LC, there is a scarcity in  

the published literature that directly compared the  

risk of bile leak after LC versus open cholecystec-
tomy. Thus, we conducted the present systematic  
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review and meta-analysis in order to provide cu-
mulative data about the outcome of biliary leakage  

after laparoscopic versus open cholecystectomy.  

In the present study, we searched Medline via  
PubMed, SCOPUS, Web of Science, and Cochrane  
Central Register of Controlled Trials (CENTRAL)  
from their inception till December 2018. The search  

retrieved 12157 unique records. We then retained  

45 potentially eligible records for full-texts screen-
ing. Finally, 17 studies were included in the present  
systematic review and meta-analysis.  

Up to the age of 50 years, acute calculous  
cholecystitis is three times more common in wom-
en than in men and about 1.5 times more common  
in women than in men thereafter [12] . In the present  
systematic review and meta-analysis, most of the  
included studies showed a trend towards female  

predominance among patients with acute chole-
cystitis.  

Previous reports have shown that the rate of  

clinically relevant bile leaks after conventional  
open cholecystectomy ranges between 0.1 and  

0.5%. In contrast, biliary leakages have increased  

in the era of LC by up to 3% [13] . In the present  
systematic review and meta-analysis. The incidence  

of bile leak was 1.1% in the LC group and 0.53%  

in the conventional open cholecystectomy group.  

In line with our findings, Gouma and Go [14]  
performed a cross-sectional study in all surgical  
departments in The Netherlands to analyze the  

number of repair procedures for bile duct injury,  

the techniques and complications of this treatment.  

A total of 11,712 cholecystectomies were per-
formed, of which 2,932 were laparoscopic and  
8,780 were conventional. Thirty-two bile duct  
injuries resulted from laparoscopic cholecystectomy  
(1.1%) and 45 resulted from conventional chole-
cystectomy (0.5%).  

Similarly, Peters and colleagues [15]  assessed  
the safety, efficacy, and morbidity of LC. During  
the first 6 months of 1990, the authors performed  
100 consecutive laparoscopic cholecystectomies.  

There was one minor bile duct injury requiring  
laparotomy and t-tube insertion, two postoperative  
bile collections. The incidence of bile leak was  
2%.  

Additionally, Barkun and colleagues [16]  as-
sessed risk factors for postcholecystectomy biliary  

leaks and their clinical course and management.  

in the laparoscopic era were gathered prospectively  

and retrospectively from an ongoing surgical data-
base and following a review of hospital charts.  

Sixty-four patients were included over a 5-year  

study period. The incidence of leaks was 1.1%  

among patients entered in a laparoscopic cholecys-
tectomy database.  

Albasini and colleagues [17]  reported their  
experience of bile leakage following LC regard to  

both its incidence and management. From a con-
secutive series of 500 LC, in which both operative  

cholangiography and drainage of the gallbladder  

bed were routine, bile leakage was identified in  

ten patients (2%).  

In terms of the primary outcomes of the present  
study, the overall effect estimates showed that LC  

significantly increased the risk of bile leak com-
pared to OC (OR 2.01, 95% CI [1.3-3.09];  

p=0.002); the pooled studies showed no significant  

heterogeneity (p=0.74; I2=0%).  

In concordance with our findings, Al Mallohi  
and colleagues [18]  performed a meta-analysis to  
evaluate the effect of Laparoscopic versus open  

cholecystectomy. The authors conducted this meta-
analysis using a comprehensive search of Cochrane  

database of systematic reviews, PubMed, Medline,  

EMBASE, and Cochrane central register of con-
trolled trials till 15 March 2018. Eleven studies  

have been included with a total of 80691 patients:  

41485 in the laparoscopic and 39206 into the open  

cholecystectomy groups. The rate of bile leakage  

rate was not influenced by the technique.  

Similarly, Shawhan and colleagues [19]  sought  
to determine the incidence of bile leak at a teaching  

hospital and identify risk factors for predicting  

BLs. A retrospective review was performed ana-
lyzing all cholecystectomy with between September  

2004 and September 2011. A total of 1,799 chole-
cystectomies performed during the study period.  

Univariate analysis demonstrated that surgery type  

(laparoscopic versus open) increased the patient's  

risk of bile leak.  

In contrary, Keus and colleagues [20]  conducted  
a systematic review and meta-analysis studies to  

compare the beneficial and harmful effects of  

laparoscopic versus open cholecystectomy for  
patients with symptomatic cholecystolithiasis.  
Thirty-eight trials randomised 2338 patients. Most  

of the trials had high bias risk. The bile duct injury  
proportions were 0.2% in both groups. No signif-
icant differences were present and there were no  

discrepancies between the four quality components  
in the subgroups. As no heterogeneity was present  

(risk difference 0.00, 95% CI -0.01 to 0.01).  
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Similarly, Coccolini and colleagues [21]  per-
formed a systematic-review with meta-analysis  

and meta-regression of trials comparing open vs.  

laparoscopic cholecystectomy. Electronic searches  

were performed using Medline, Embase, PubMed,  

Cochrane Central Register of Controlled Trials  

(CCTR), Cochrane Database of Systematic Reviews  

(CDSR) and CINAHL. Ten trials have been includ-
ed with a total of 1248 patients: 677 in the LC and  

697 into the OC groups. There were no significant  

differences in the bile leakage rate.  

The exact causes of such heterogeneity between  
our findings and the abovementioned studies are  

unclear; however, it can be attributed to various  
methodological factors. For the example, the  

above two systematic reviews included only ran-
domized controlled trials; while our study included  
a wide range of study designs. Moreover, the  

sample size of the included studies was notably  
higher in our meta-analysis than the above-
mentioned two systematic reviews. The quality  

of the included studies may be another factors  
explaining this heterogeneity.  

Conclusion:  

Surgeons experienced a very low rate of post-
operative bile leak following laparoscopic or open  
cholecystectomy; however, the risk of bile leak  

appears to be higher with laparoscopic compared  

to open cholecystectomy. The present systematic  

review and meta-analysis showed that the laparo-
scopic cholecystectomy significantly increased the  

risk of bile leak compared to open cholecystectomy.  

These data draw attention to the importance of  

early identification of patients, at high risk of bile  
leak, as it may allow specific measures or conver-
sion to open cholecystectomy.  
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