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A B S T R A C T

Background

Between 10% to 18% of people undergoing cholecystectomy for gallstones have common bile duct stones. Treatment of the bile
duct stones can be conducted as open cholecystectomy plus open common bile duct exploration or laparoscopic cholecystectomy
plus laparoscopic common bile duct exploration (LC + LCBDE) versus pre- or post-cholecystectomy endoscopic retrograde
cholangiopancreatography (ERCP) in two stages, usually combined with either sphincterotomy (commonest) or sphincteroplasty (papillary
dilatation) for common bile duct clearance. The benefits and harms of the diKerent approaches are not known.

Objectives

We aimed to systematically review the benefits and harms of diKerent approaches to the management of common bile duct stones.

Search methods

We searched the Cochrane Hepato-Biliary Group Controlled Trials Register, Cochrane Central Register of Controlled Trials (CENTRAL, Issue
7 of 12, 2013) in The Cochrane Library, MEDLINE (1946 to August 2013), EMBASE (1974 to August 2013), and Science Citation Index Expanded
(1900 to August 2013).

Selection criteria

We included all randomised clinical trials which compared the results from open surgery versus endoscopic clearance and laparoscopic
surgery versus endoscopic clearance for common bile duct stones.

Data collection and analysis

Two review authors independently identified the trials for inclusion and independently extracted data. We calculated the odds ratio (OR)
or mean diKerence (MD) with 95% confidence interval (CI) using both fixed-eKect and random-eKects models meta-analyses, performed
with Review Manager 5.

Main results

Sixteen randomised clinical trials with a total of 1758 randomised participants fulfilled the inclusion criteria of this review. Eight trials
with 737 participants compared open surgical clearance with ERCP; five trials with 621 participants compared laparoscopic clearance with
pre-operative ERCP; and two trials with 166 participants compared laparoscopic clearance with postoperative ERCP. One trial with 234
participants compared LCBDE with intra-operative ERCP. There were no trials of open or LCBDE versus ERCP in people without an intact
gallbladder. All trials had a high risk of bias.
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There was no significant diKerence in the mortality between open surgery versus ERCP clearance (eight trials; 733 participants; 5/371 (1%)
versus 10/358 (3%) OR 0.51;95% CI 0.18 to 1.44). Neither was there a significant diKerence in the morbidity between open surgery versus
ERCP clearance (eight trials; 733 participants; 76/371 (20%) versus 67/358 (19%) OR 1.12; 95% CI 0.77 to 1.62). Participants in the open
surgery group had significantly fewer retained stones compared with the ERCP group (seven trials; 609 participants; 20/313 (6%) versus
47/296 (16%) OR 0.36; 95% CI 0.21 to 0.62), P = 0.0002.

There was no significant diKerence in the mortality between LC + LCBDE versus pre-operative ERCP +LC (five trials; 580 participants; 2/285
(0.7%) versus 3/295 (1%) OR 0.72; 95% CI 0.12 to 4.33). Neither was there was a significant diKerence in the morbidity between the two
groups (five trials; 580 participants; 44/285 (15%) versus 37/295 (13%) OR 1.28; 95% CI 0.80 to 2.05). There was no significant diKerence
between the two groups in the number of participants with retained stones (five trials; 580 participants; 24/285 (8%) versus 31/295 (11%)
OR 0.79; 95% CI 0.45 to 1.39).

There was only one trial assessing LC + LCBDE versus LC+intra-operative ERCP including 234 participants. There was no reported mortality
in either of the groups. There was no significant diKerence in the morbidity, retained stones, procedure failure rates between the two
intervention groups.

Two trials assessed LC + LCBDE versus LC+post-operative ERCP. There was no reported mortality in either of the groups. There was no
significant diKerence in the morbidity between laparoscopic surgery and postoperative ERCP groups (two trials; 166 participants; 13/81
(16%) versus 12/85 (14%) OR 1.16; 95% CI 0.50 to 2.72). There was a significant diKerence in the retained stones between laparoscopic
surgery and postoperative ERCP groups (two trials; 166 participants; 7/81 (9%) versus 21/85 (25%) OR 0.28; 95% CI 0.11 to 0.72; P = 0.008.

In total, seven trials including 746 participants compared single staged LC + LCBDE versus two-staged pre-operative ERCP + LC or LC
+ post-operative ERCP. There was no significant diKerence in the mortality between single and two-stage management (seven trials;
746 participants; 2/366 versus 3/380 OR 0.72; 95% CI 0.12 to 4.33). There was no a significant diKerence in the morbidity (seven trials;
746 participants; 57/366 (16%) versus 49/380 (13%) OR 1.25; 95% CI 0.83 to 1.89). There were significantly fewer retained stones in the
single-stage group (31/366 participants; 8%) compared with the two-stage group (52/380 participants; 14%), but the diKerence was not
statistically significantOR 0.59; 95% CI 0.37 to 0.94).

There was no significant diKerence in the conversion rates of LCBDE to open surgery when compared with pre-operative, intra-operative,
and postoperative ERCP groups. Meta-analysis of the outcomes duration of hospital stay, quality of life, and cost of the procedures could
not be performed due to lack of data.

Authors' conclusions

Open bile duct surgery seems superior to ERCP in achieving common bile duct stone clearance based on the evidence available from
the early endoscopy era. There is no significant diKerence in the mortality and morbidity between laparoscopic bile duct clearance
and the endoscopic options. There is no significant reduction in the number of retained stones and failure rates in the laparoscopy
groups compared with the pre-operative and intra-operative ERCP groups. There is no significant diKerence in the mortality, morbidity,
retained stones, and failure rates between the single-stage laparoscopic bile duct clearance and two-stage endoscopic management. More
randomised clinical trials without risks of systematic and random errors are necessary to confirm these findings.

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

Surgical versus endoscopic treatment of bile duct stones

Background
Gallstones are a common problem in the general population and commonly cause problems with pain (biliary colic) and gallbladder
infections (acute cholecystitis). Gallstones can sometimes migrate out of the gallbladder and become trapped in the tube between the
gallbladder and the small bowel (common bile duct). Here, they obstruct the flow of bile from the liver and gallbladder into the small bowel
and cause pain, jaundice (yellowish discolouration of the eyes, dark urine, and pale stools), and sometimes severe infections of the bile
(cholangitis). Between 10% and 18% of people undergoing cholecystectomy for gallstones have common bile duct stones.

Treatment involves removal of the gallbladder as well as the gallstones from this tube. There are several methods to achieve this. Surgery
is performed to remove the gallbladder. In the past, this was performed through a single large incision through the abdomen (open
cholecystectomy). Newer keyhole techniques (laparoscopic surgery) are now the most common methods of removal of the gallbladder.
Removal of the trapped gallstones in the common bile duct can be performed at the same time as the open or keyhole surgery. Alternatively,
an endoscope (a narrow flexible tube equipped with a camera) is inserted through the mouth and into the small bowel to allow removal
of the trapped gallstones from the common bile duct. This procedure can be performed before, during, and aEer the surgery to remove
the gallbladder. This systematic review attempts to answer the question of the safest and most eKective method to remove these trapped
gallstones (in terms of open surgery or laparoscopic surgery compared with endoscopic removal), whether removal of the common bile
duct stones should be performed during surgery to remove the gallbladder as a single-stage treatment or as a separate treatment before
or aEer surgery (two-stage treatment).

Review questions

Surgical versus endoscopic treatment of bile duct stones (Review)
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We analysed results from randomised clinical trials in the literature to assess the benefits and harms of these procedures

Quality of evidence
We identified a total of 16 trials including 1758 participants. All the trials were at high risk of bias (defects in study design which may
result in overestimation of benefits or underestimation of harms). Overall the quality of the evidence is moderate because of the risk of
systematic errors or bias (defects in study design) and random errors (insuKicient number of participants were included in the trials) which
can result in wrong conclusions.

Key results
Our analysis suggests open surgery to remove the gallbladder and trapped gallstones appears to be as safe as endoscopy and may even be
more successful than the endoscopic technique in clearing the duct stones. Keyhole (laparoscopic) surgery to remove the gallbladder and
trapped gallstones appears to be as safe as and as eKective as the endoscopic technique. More randomised clinical trials conducted with
low risks of systematic errors (trials) and low risks of random errors (play of chances) are required to confirm or refute the present findings.
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Summary of findings for the main comparison.   Open surgery compared to ERCP for bile duct stones

Open surgery compared to ERCP for bile duct stones

Patient or population: with common bile duct stones
Settings: secondary or tertiary hospital
Intervention: open surgery
Comparison: ERCP + LC

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

ERCP + LC Open surgery

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study population

3 per 100 1 per 100 
(0 to 4)

Moderate

Mortality

2 per 100 1 per 100 
(0 to 3)

0.51 
(0.18 to 1.44)

733
(8 studies)

⊕⊕⊕⊝

moderate 1,2

 

Study population

19 per 100 21 per 100 
(15 to 27)

Moderate

Total morbidi-
ty

17 per 100 19 per 100 
(14 to 25)

OR 1.12 
(0.77 to 1.62)

729
(8 studies)

⊕⊕⊕⊝

moderate 1
 

Study population

200 per 1000 74 per 1000 
(50 to 107)

Failure of pro-
cedure

Moderate

OR 0.32 
(0.21 to 0.48)

943
(7 studies)

⊕⊕⊕⊝

moderate 1,2
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188 per 1000 69 per 1000 
(46 to 100)

Study population

144 per 1000 57 per 1000 
(37 to 87)

Moderate

Retained
stones after
primary inter-
vention

165 per 1000 66 per 1000 
(43 to 101)

OR 0.36 
(0.23 to 0.57)

943
(7 studies)

⊕⊕⊕⊝

moderate 3
 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; OR: Odds ratio;

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.

1 High-risk surgical participants are included in one trial.
2 Bornman 1992 is not a published trial and therefore could not be included in all the outcome analysis.
3 Randomisation of the studies was performed on confirmation of ductal stones and on suspicion of ductal stones in these studies.
 
 

Summary of findings 2.   LC + LCBDE versus pre-operative ERCP + LC for common bile duct stones

LC + LCBDE versuspre-operative ERCP + LC for common bile duct stones

Patient or population: with common bile duct stones
Settings: secondary or tertiary hospital
Intervention: LC+ LCBDE

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control LC+ LCBDE

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments
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Study population

10 per 1000 7 per 1000 
(1 to 43)

Moderate

Mortality at 30
days

0 per 1000 0 per 1000 
(0 to 0)

OR 0.72 
(0.12 to 4.33)

580
(5 studies)

⊕⊕⊕⊝

moderate 1
 

Study population

125 per 1000 155 per 1000 
(103 to 227)

Moderate

Total morbidity

125 per 1000 155 per 1000 
(103 to 227)

OR 1.28 
(0.8 to 2.05)

580
(5 studies)

⊕⊕⊕⊝

moderate 1
 

Study population

166 per 1000 92 per 1000 
(31 to 241)

Moderate

Failure of proce-
dure

169 per 1000 94 per 1000 
(32 to 244)

OR 0.51 
(0.16 to 1.59)

580
(5 studies)

⊕⊕⊕⊕

moderate 1
Random-ef-
fects model

Study population

105 per 1000 85 per 1000 
(50 to 140)

Moderate

Retained stones
after primary in-
tervention

125 per 1000 101 per 1000 
(60 to 166)

OR 0.79 
(0.45 to 1.39)

580
(5 studies)

⊕⊕⊕⊕

moderate 1
 

Study populationConversion to
open surgery

58 per 1000 82 per 1000 

OR 1.46 
(0.76 to 2.81)

580
(5 studies)

⊕⊕⊕⊕

moderate 1
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(44 to 147)

Moderate

59 per 1000 84 per 1000 
(45 to 150)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; OR: Odds ratio;

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.

1 Included low-risk and high-risk groups of surgical participants
 
 

Summary of findings 3.   LC + LCBDE compared to LC + post-operative ERCP for common bile duct stones

LC + LCBDE compared withLC + post-operativeERCP for common bile duct stones

Patient or population: with common bile duct stones
Settings: secondary or tertiary hospital
Intervention: LC + LCBDE
Comparison: LC + postoperative ERCP

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

LC + post-operativeERCP LC + LCBDE

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study population

141 per 1000 160 per 1000 
(76 to 309)

Moderate

Total morbidity

142 per 1000 161 per 1000 

OR 1.16 
(0.5 to 2.72)

166
(2 studies)

⊕⊕⊕⊝

moderate 1,2
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(76 to 310)

Study population

247 per 1000 134 per 1000 
(64 to 258)

Moderate

Failure of proce-
dure

247 per 1000 134 per 1000 
(64 to 258)

OR 0.47 
(0.21 to 1.06)

166
(2 studies)

⊕⊕⊕⊝

moderate 2
 

Study population

247 per 1000 84 per 1000 
(35 to 191)

Moderate

Retained stones
after primary in-
tervention

247 per 1000 84 per 1000 
(35 to 191)

OR 0.28 
(0.11 to 0.72)

166
(2 studies)

⊕⊕⊕⊝

moderate 2
 

Study population

12 per 1000 21 per 1000 
(3 to 141)

Moderate

Conversion to
open surgery

11 per 1000 19 per 1000 
(3 to 133)

OR 1.77 
(0.23 to 13.81)

166
(2 studies)

⊕⊕⊕⊝

moderate 2
 

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; OR: Odds ratio;

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.

1 Rhodes 1998 is considered to be at unclear risk of bias at randomisation.
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2 Nathanson 2005 randomised participants with ductal stones at laparoscopic cholecystectomy aEer failed transcystic clearance to laparoscopic choledochotomy or
postoperative ERCP.
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B A C K G R O U N D

Description of the condition

Gallstones occur in approximately 15% of the general population
(Stinton 2012). In people who have cholecystectomy for gallbladder
stones, approximately 10% to 18% also have common bile duct
stones (Soltan 2000; Williams 2008). Common bile duct stones can
be suspected pre-operatively by symptoms or signs of jaundice,
pancreatitis, or cholangitis, or by derangement in liver function
tests, or on imaging showing duct dilation or actual ductal stones.
Chronic obstruction can result in hepatic abscess, secondary biliary
cirrhosis, and portal hypertension. In people without jaundice, with
normal duct size on trans-abdominal ultrasound, the prevalence of
common bile duct stones at the time of cholecystectomy is less than
5% (Collins 2004; Williams 2008). The natural history of common
bile duct stones is not known, though complications appear to
be more frequent and severe than in those with asymptomatic
gallstones (Ko 2002). Up to a third of people with stones identified
at intra-operative cholangiogram clear their ducts spontaneously
aEer surgery (Collins 2004).

Description of the intervention

Open surgery
Open surgical bile duct clearance is achieved by open
surgical exploration of the common bile duct that could
include flushing (with or without the aid of interventions like
glucagon or buscopan), balloon extraction, mechanical lithotripsy
or Dormia basket extraction or both (with or without the
use of choledochoscopy), and either antegrade or retrograde
sphincterotomy.

Laparoscopic surgery
Laparoscopic surgery involves laparoscopic cholecystectomy
combined with bile duct exploration (LCBDE) that is achieved either
by transcystic or by choledochotomy techniques including flushing,
balloon extraction, mechanical lithotripsy or Dormia basket
extraction or both (with or without the use of choledochoscopy),
with or without sphincterotomy.

Endoscopy
Endoscopic retrograde cholangiopancreatography (ERCP) involves
endoscopic intervention in the bile duct. A side-viewing
duodenoscope is used to identify the ampulla of Vater that is
cannulated, and stone extraction is performed by endoscopic
sphincterotomy or sphincteroplasty most commonly accompanied
by either balloon or basket extraction of the common bile duct
stones. Mechanical lithotripsy is used for larger stones.

Pre-operative ERCP
ERCP is performed prior to surgical intervention with the aim
of clearing the common bile duct. Patients, later, underwent
cholecystectomy (open or laparoscopic) as a separate procedure
(irrespective of the duration between the ERCP and laparoscopic
cholecystectomy).

Intra-operative ERCP
ERCP is performed at the time of surgical intervention to remove
the gallbladder either by passing the guidewire through the cystic
duct (rendezvous) or by the transampullary route.

Postoperative ERCP

Patients underwent laparoscopic cholecystectomy as the initial
procedure, and it was followed by ERCP if there were ductal stones
identified on intra-operative cholangiogram.

How the intervention might work

Common bile duct stones are oEen complicated by obstructive
jaundice with or without superadded infection (cholangitis) or
pancreatitis. Patients with asymptomatic bile duct stones are
at a risk of developing these serious complications and require
intervention (Tazuma 2006). Common bile duct exploration and
removal of the ductal stones clear the ductal obstruction, and the
patient can then proceed with laparoscopic cholecystectomy at the
same operation, or as two diKerent procedures.

Why it is important to do this review

The ideal treatment for common bile duct stones is still
controversial. The options are that of surgical treatment alone
(open or laparoscopic surgery) or a combination of endoscopy
with surgical treatment (pre-, intra- or post laparoscopic
cholecystectomy ERCP) to clear the common bile duct stones.

In the era of open cholecystectomy, most common bile duct
stones found at surgery were managed at the time, with only a
minority managed by the alternative, namely, ERCP with or without
endoscopic sphincterotomy (Fletcher 1994). Studies suggested that
surgical common bile duct stone extraction was the recommended
option for routine cases (Neoptolemos 1989). In the early days
of laparoscopic biliary surgery, operative clearance of common
bile duct stones along with laparoscopic cholecystectomy was not
considered technically possible. Either open surgical clearance or,
more commonly, ERCP/sphincterotomy became the techniques
used to clear common bile duct stones.

Endoscopic intervention helps removal of stones from the duct
so that surgical exploration of the bile duct can be avoided.
When the duct is cleared by ERCP, the patient can then
proceed to laparoscopic cholecystectomy. ERCP (either pre-
or postoperatively) remains the preferred approach at most
centres for managing patients with suspected common bile duct
stones. However, ERCP is associated with complications such
as pancreatitis, haemorrhage, cholangitis, duodenal perforation
(5% to 11%) and mortality of up to 1% (Coelho-Prabhu 2013).
Failure rates of 5% to 10% are reported with ERCP. Also, when
patients proceed to ERCP, a significant number of them may not
have stones (Rhodes 1998; Nathanson 2005), yet patients risk
these complications. The rate of negative ERCP (without stones),
determined on the basis of absence of common bile duct stones,
can vary from 15% to 25% (Collins 2004). A selective use of
magnetic resonance cholangiopancreatography (MRCP) in patients
with suspected choledocholithiasis is practised in the diagnosis of
common bile duct stones, prior to definitive endoscopic or surgical
intervention (Mercer 2007).

Laparoscopic exploration and clearance of common bile duct
stones has become technically feasible, and several studies have
shown that laparoscopic treatment of common bile duct stones
is possible and is potentially as eKective as ERCP (Lezoche 1996;
Cuschieri 1999). Transcystic or transcholedochal exploration of the
common bile duct could be performed at the time of laparoscopic
cholecystectomy (Martin 1998; Decker 2003; Rojas-Ortega 2003).
Clayton 2006 demonstrated that ERCP and LCBDE have similar rates

Surgical versus endoscopic treatment of bile duct stones (Review)
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of stone clearance, morbidity, and mortality. Advantages of surgical
common bile duct exploration are that the sphincter anatomy is
not distorted and that the cholecystectomy is performed during the
same procedure. However, surgical common bile duct exploration
can be associated with the risk of bile leak (Nathanson 2005)
and a possibility of long-term complications of common bile duct
stricture.

The current review is performed to compare the surgical and
endoscopic options of management of common bile duct stones.
This is an updated version of the Cochrane systematic review
published by Martin 2006.

O B J E C T I V E S

To assess the benefits and harms of removing common bile duct
stones using the following methods:

1. Open surgery versus ERCP.

2. Laparoscopic cholecystectomy + laparoscopic common bile
duct exploration (LCBDE) versus pre-operative ERCP +
laparoscopic cholecystectomy.

3. Laparoscopic cholecystectomy + LCBDE versus intra-operative
ERCP + laparoscopic cholecystectomy.

4. Laparoscopic cholecystectomy + LCBDE versus laparoscopic
cholecystectomy + postoperative ERCP.

5. Single-stage management (LCBDE + laparoscopic
cholecystectomy) versus two-stage management (pre-
operative/postoperative ERCP + laparoscopic cholecystectomy).
Earlier trials comparing the open surgical arm with endoscopic
arm were not considered for this analysis and only the
laparoscopic surgical studies were included. However, it does
not include LCBDE versus intra-operative ERCP as both the
intervention arms were single-stage procedures.

6. Open or laparoscopic common bile duct (CBD) exploration
versus ERCP in participants with previous cholecystectomy.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included only randomised clinical trials that compared surgical
(open or laparoscopic) treatment with ERCP for the management
of common bile duct stones.

Quasi-randomised clinical trials and observational studies were
excluded. Trials were considered from journal articles, abstracts,
and unpublished studies in any language, date of publication, and
irrespective of blinding.

Types of participants

Adults (over 18 years) with suspected or proven common bile duct
stones prior to open or laparoscopic cholecystectomy.

Types of interventions

1. Open surgery versus ERCP.

2. Laparoscopic cholecystectomy + laparoscopic common bile
duct exploration (LCBDE) versus pre-operative ERCP +
laparoscopic cholecystectomy.

3. Laparoscopic cholecystectomy + LCBDE versus intra-operative
ERCP + laparoscopic cholecystectomy.

4. Laparoscopic cholecystectomy + LCBDE versus laparoscopic
cholecystectomy + postoperative ERCP.

5. Single-stage management (LCBDE + laparoscopic
cholecystectomy) versus two-stage management (pre-
operative/postoperative ERCP + laparoscopic cholecystectomy).
Earlier trials comparing the open surgical arm with endoscopic
arm were not considered for this analysis and only the
laparoscopic surgical studies were included. However, it does
not include LCBDE versus intra-operative ERCP as both the
intervention arms were single-stage procedures.

6. Open or laparoscopic CBD exploration versus ERCP in
participants with previous cholecystectomy.

Types of outcome measures

Primary and secondary outcomes are listed below.

Primary outcomes

• Mortality at maximal follow-up.

• Morbidity: Complications from surgery and ERCP procedures,
such as bile duct injuries, pancreatitis, cholangitis, post-
ERCP haemorrhage, postoperative complications requiring
intervention and pulmonary/cardiac/renal complications.

• Retained stones: Inability to clear the ductal stones with the
planned technique (endoscopy or surgery) by the end of that
procedure.

Secondary outcomes

• Failure to complete the planned procedure: Inability to perform
the planned procedure due to technical reasons such as failed
cannulation or diKicult Calot's dissection, or due to impacted
stone.

• Conversion to open surgery: Participants requiring conversion
of laparoscopic surgery (LCBDE or LC) to open surgery
(open common bile duct exploration (CBDE) or open
cholecystectomy).

• Quality of life.

• Duration of procedure.

• Duration of hospital stay.

• Cost of the procedure.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Hepato-Biliary Group Controlled Trials
Register (Gluud 2013), the Cochrane Central Register of Controlled
Trials (CENTRAL, Issue 7 of 12, 2013) in The Cochrane Library,
MEDLINE (1946 to August 2013), EMBASE (1974 to August 2013),
and Science Citation Index Expanded (1900 to August 2013). Search
strategies are given in Appendix 1.

The search domains are:

1. Disease condition: common bile duct stone.
2. Intervention (and control): open common bile duct exploration,
laparoscopic cholecystectomy, endoscopic sphincterotomy, or
sphincteroplasty.
3. Study design: randomised controlled trial.

Surgical versus endoscopic treatment of bile duct stones (Review)
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Searching other resources

We scanned the reference lists of the included trials for additional
trials of interest.

Data collection and analysis

We collected data using a data collection form designed by the
review author, BD. We entered data were entered into Review
Manager 5 (RevMan 2012).

Selection of studies

Two review authors (BD and CJT) considered trials for inclusion.
We included all randomised clinical trials which compared surgical
(open or laparoscopic) versus ERCP treatment for common bile
duct stones.

Data extraction and management

DJM and colleagues performed data extraction for the previously
published version of the review. Two review authors (BD and CJT)
reviewed and extracted data from the included trials according to
the revised outcomes.

Extracted data (according to availability) included all relevant
information to assess the described treatment outcomes and risk of
bias. Additional data extracted included participant demographics,
period of follow-up, and inclusion and exclusion criteria. We
planned to contact the authors of individual trials for any unclear
or missing information. We resolved disagreements by discussion
and revisiting the defined outcomes.

Assessment of risk of bias in included studies

We followed the instructions given in the Cochrane Handbook
for Systematic Reviews of Intervention (Higgins 2011) and
the Cochrane Hepato-Biliary Group Module 2013 (Gluud 2013).
According to empirical evidence (Schulz 1995; Moher 1998;
Kjaergard 2001; Wood 2008; Lundh 2012; Savovic 2012a; Savovic
2012b) the risk of bias of the trials was assessed based on the
following domains: sequence generation, allocation concealment,
blinding of participants, personnel and outcome assessors,
incomplete outcome data, selective outcome reporting, for-profit
bias, and other bias. Risk of bias domains were classified as follows:

Allocation sequence generation
- Low risk of bias: sequence generation was achieved using
computer random number generation or a random number table.
Drawing lots, tossing a coin, shuKling cards, and throwing dice were
adequate if performed by an independent person not otherwise
involved in the trial.
- Uncertain risk of bias: the method of sequence generation was not
specified.
- High risk of bias: the sequence generation method was not
random.
Allocation concealment
- Low risk of bias: the participant allocations could not have
been foreseen in advance of, or during, enrolment. Allocation
was controlled by a central and independent randomisation unit.
The allocation sequence was unknown to the investigators (for
example, if the allocation sequence was hidden in sequentially
numbered, opaque, and sealed envelopes).

- Uncertain risk of bias: the method used to conceal the allocation
was not described so that intervention allocations may have been
foreseen in advance of, or during enrolment.
- High risk of bias: the allocation sequence was likely to be known
to the investigators who assigned the participants.

Blinding of participants, personnel, and outcome assessors
- Low risk of bias: blinding was performed adequately, or the
assessment of outcomes was not likely to be influenced by lack of
blinding.
- Uncertain risk of bias: there was insuKicient information to assess
whether blinding was likely to induce bias in the results.
- High risk of bias: no blinding or incomplete blinding, and the
assessment of outcomes was likely to be influenced by lack of
blinding.

Blinding of the participants and healthcare providers is not possible
in a study comparing the endoscopic or surgical procedures. Also,
it is not ethical to blind the surgeon when the patient might still
require bile duct exploration.

Incomplete outcome data
- Low risk of bias: missing data were unlikely to make treatment
eKects depart from plausible values. SuKicient methods, such as
multiple imputation, had been employed to handle missing data.
- Uncertain risk of bias: there was insuKicient information to assess
whether missing data in combination with the method used to
handle missing data were likely to induce bias in the results.
- High risk of bias: the results were likely to be biased due to missing
data.

Selective outcome reporting
- Low risk of bias: all outcomes were predefined and
reported, or all clinically relevant and reasonably expected
outcomes were reported. The trial was registered either on the
www.clinicaltrials.gov web site or a similar register, or there was a
published protocol.
- Uncertain risk of bias: it was unclear whether all predefined
and clinically relevant and reasonably expected outcomes were
reported.
- High risk of bias: one or more clinically relevant and reasonably
expected outcomes were not reported, and data on these outcomes
were likely to have been recorded.

For-profit bias
- Low risk of bias: the trial appeared to be free of industry
sponsorship or other kind of for-profit support that might have
manipulated the trial design, the conduct, or results of the trial.
- Uncertain risk of bias: the trial might or might not have been
free of for-profit bias as no information on clinical trial support or
sponsorship was provided.
- High risk of bias: the trial was sponsored by the industry or had
received other kind of for-profit support.

Other bias
- Low risk of bias: the trial appeared to be free of other components
(for example, academic bias) that could put it at risk of bias.
- Uncertain risk of bias: the trial might or might not have been free
of other components that could put it at risk of bias.
- High risk of bias: there were other factors in the trial that could
put it at risk of bias (for example, authors have conducted trials on
the same topic, etc).

Surgical versus endoscopic treatment of bile duct stones (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12

http://Higgins%202011
http://www.clinicaltrials.gov


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Trials assessed as being at 'low risk of bias' in all of the specified
domains were considered trials at 'low risk of bias'. Trials assessed
as being at 'uncertain risk of bias' or at 'high risk of bias' in one or

more of the specified domains were considered trials at 'high risk
of bias'.

See Figure 1 and Figure 2 as well as Characteristics of included
studies.

 

Figure 1.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Measures of treatment e>ect

For dichotomous variables, we calculated the odds ratio (OR) with
a 95% confidence interval (CI). For data with zero events, the odds
ratio cannot be calculated, and for analyses involving trials with
such data we also calculated risk diKerence (RD) in addition to
calculating the odds ratio.

For continuous data, authors generally present their results in
medians with ranges due to suspicion of skewed data. However, for
inclusion of such data in a meta-analysis, data had to be presented
in terms of the mean with its corresponding standard deviations
(SD), or published in enough detail to allow accurate calculation of
these factors, as needed or to calculate mean diKerences (MD) and
95% CIs (Hozo 2005).

Unit of analysis issues

The unit of analysis is the participant with confirmed or with
suspected common bile duct stones. We performed subgroup
analysis, where possible, for those only with suspected common
bile duct stones.

Dealing with missing data

When details such as power calculations were not presented in
the original publication, we listed it in the table Characteristics of
included studies. We planned to contact the original investigators
to request missing data.

The analyses were performed on an intention-to-treat basis (Newell
1992) whenever possible, in addition to per protocol analysis. We
imputed the data for the total drop-outs for the primary outcomes.
For the number of drop-outs post-randomisation, we performed
a 'good outcome' analysis (including all the drop-outs in the total
number of participants but not in the number of events), a 'poor
outcome' analysis (including all the drop-outs in the total number
of participants and in the number of events), 'best-case' for the
experimental intervention (including the drop-outs in the total
number of intervention group eg, LCBDE but not to their events
and including the drop-outs in the total number of control group

eg, ERCP in addition to the number of their events), 'worst-case'
for the control intervention (including all the drop-outs in the total
number of participants and for the events in the experimental
intervention group, and including all the drop-outs in the total
number of controls but not for their events).

Assessment of heterogeneity

We explored heterogeneity by the Chi2 test with significance set at
a P value of 0.10. A low P value provides evidence of heterogeneity
of intervention eKects. I2 is used to quantify inconsistency across
the studies as an indicator of the presence of heterogeneity.
Interpretaion of I2 is as follows: 0% to 40% may not be important;
30% to 60% may represent moderate heterogeneity; 50% to
90% may represent substantial heterogeneity, and 75% to 100%
may represent considerable heterogeneity. The importance of the
observed value of I2 depends on the magnitude and direction of
eKects as well as the strength of evidence for heterogeneity.

Assessment of reporting biases

We planned to construct funnel plots to explore reporting bias
whenever there were at least 10 trials in a comparison (Egger 1997;
Macaskill 2001).

Data synthesis

We calculated the odds ratio using both random-eKects and fixed-
eKect models meta-analyses. In the case of discrepancy in the
results between the two models (e.g., one giving a significant
intervention eKect, the other no significant intervention eKect), we
reported both results; otherwise we reported only the fixed-eKect
model in the cases where no significant statistical heterogeneity
existed, and the random-eKects model meta-analyses when
statistical heterogeneity was present. We planned to perform meta-
analysis of continuous data using standardised mean diKerence
where possible.

Trial sequential analysis

We used the trial sequential analysis to control for random errors
due to sparse data and repetitive testing of the accumulating

Surgical versus endoscopic treatment of bile duct stones (Review)
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data for the primary outcomes (CTU 2011; Thorlund 2011). We
added the trials according to the year of publication, and if more
than one trial was published in a year, we added the trials in
alphabetical order according to the last name of the first author. We
planned to construct the trial sequential monitoring boundaries on
the basis of the required diversity-adjusted information size (Brok
2008; Wetterslev 2008; Brok 2009; Thorlund 2009, Wetterslev 2009;
Thorlund 2010).

We applied trial sequential analysis (CTU 2011; Thorlund 2011)
using a required sample size calculated from an alpha error of
0.05, a beta error of 0.20, a control group proportion obtained
from the results of our meta-analysis, and a risk ratio reduction of
20% for the primary outcomes (mortality, morbidity and retained
stones aEer primary intervention) with two or more trials to
determine whether more trials are necessary on this topic. If the
trial sequential monitoring boundary and the required information
size is reached or the futility zone is crossed, then more trials may
not be necessary) (Brok 2008; Wetterslev 2008; Brok 2009; Thorlund
2009, Wetterslev 2009; Thorlund 2010).

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses, where
appropriate:
- Trials with low-risk surgical participants compared to the high-
risk surgical participants.
- Depending on when the randomisation was performed - at
the suspicion of CBD stones or confirmation of CBD stones.
Randomisation at the suspicion of stones would include those who
do not have the stones, resulting in a selection bias.

Sensitivity analysis

We performed a sensitivity analysis for reporting bias (drop-outs)
by imputing the outcomes for binary outcomes under diKerent
scenarios, namely 'good outcome' analysis, 'poor outcome'
analysis, 'best-case' analysis, and 'worst-case' analysis (Gurusamy
2009; Gluud 2013) for the primary outcomes.

'Summary of findings' tables

We designed 'Summary of findings' tables using GRADEpro
3.6 (http://ims.cochrane.org/revman/other-resources/gradepro)
for the mortality, morbidity, retained stones, failure to clear the
duct, and conversion of laparoscopic to open surgery.

R E S U L T S

Description of studies

We identified a total of 4221 references through electronic searches
of the Cochrane Hepato-Biliary Group Controlled Trials Register
(n = 317 hits), the Cochrane Central Register of Controlled Trials
(CENTRAL) in The Cochrane Library (n = 579), MEDLINE (n = 938),
EMBASE (n = 1272), and Science Citation Index Expanded (n =
1115). We excluded 1758 duplicates and 2235 clearly irrelevant
references through reading abstracts. Twenty-four publications
were scrutinised, of which, 16 trials fulfilled the inclusion criteria.

Participants
The number of participants in each trial ranged from 30 to 300.
The age of the participants in the included trials varied from 18
years to 80 years (Table 1). The proportion of women in the trials
was about 50% (Table 2, Characteristics of included studies). Only

five trials reported the duration of follow-up (Neoptolemos 1987;
Hammarstrom 1995; Targarona 1996; Sgourakis 2002; Noble 2009)
(Table 3).

All trials detailed age distributions except Hong 2006. Three trials
did not describe the sex distribution (Stiegmann 1992; Kapoor
1996; Hong 2006). Three trials specifically included participants
in the older age group (more than 70 years) (Hammarstrom
1995; Targarona 1996; Noble 2009). One trial assessed high-risk
surgical candidates in a comparison of ERCP plus selective open
cholecystectomy versus open cholecystectomy and exploration
of the common duct (Targarona 1996). Targarona 1996 defined
surgical high risk by at least one of the following: age over 70 years,
Goldman cardiac index > 13, chronic pulmonary disease, Child-
Pugh B or C liver disease, severely impaired mobility, severe obesity

(body mass index (BMI) > 30 kg/m2). Noble 2009 defined higher risk
participants as being over 70 years age, over 60 with comorbidity, or
those over 50 with a BMI greater than 40. We did not have to contact
any of the authors about missing data for the included outcomes.
None of the comparisons had more than 10 trials and we did not
construct funnel plots.

Interventions
In the open surgery comparison, four trials randomised
participants at the time when common bile duct stones were
diagnosed, which for the most part was during ERCP rather
than on suspicion from blood tests or non-invasive imaging or
both (that is, ultrasound sonography and more recently magnetic
resonance cholangiopancreatography (MRCP) (Neoptolemos 1987;
Stain 1991; Hammarstrom 1995; Kapoor 1996)). This selection may
give the ERCP group an advantage. In the laparoscopic surgery
comparison, Rhodes 1998 randomised participants to laparoscopic
exploration of the common duct versus postoperative ERCP
following the identification of common bile duct stones at intra-
operative cholangiography. Participants in whom laparoscopic
cholecystectomy or intra-operative cholangiography were not
technically feasible were excluded. Nathanson 2005 randomised
participants only aEer failed transcystic clearance, ie, only
more technically challenging participants, to either laparoscopic
choledochotomy or postoperative ERCP; diagnosed during
therapeutic manoeuvres at the operating table.

Three open-surgery trials (Hammarstrom 1995; Targarona 1996;
Suc 1998) proceeded to cholecystectomy on a selective basis in
the ERCP arm aEer endoscopic clearance, while the other four
proceeded routinely to cholecystectomy (Neoptolemos 1987; Stain
1991; Stiegmann 1992; Kapoor 1996).

Endoscopic stone extraction was either by basket (Stain 1991;
Bornman 1992; Hammarstrom 1995; Kapoor 1996; Suc 1998;
Sgourakis 2002), by balloon (Bornman 1992; Hammarstrom 1995;
Sgourakis 2002), by mechanical lithotripsy (Hammarstrom 1995),
by a combination (Nathanson 2005; Hong 2006; Noble 2009), or not
described (Neoptolemos 1987; Stiegmann 1992; Targarona 1996;
Rhodes 1998; Cuschieri 1999; Bansal 2010; Rogers 2010).

Reporting on the use of choledochoscopy for surgical stone
extraction was variable. Routine use was reported by Nathanson
2005; Hong 2006; Noble 2009; Bansal 2010, while Sgourakis 2002
attempted its routine use. A further two trials reported its use in
6 of the 17 included participants (Kapoor 1996) and 25 of the 41
included participants (Hammarstrom 1995).
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A distinction was not always made in the laparoscopic surgery
trials between transcystic stone extraction and laparoscopic
choledochotomy except for Nathanson 2005 (choledochotomy).
The use of biliary drainage at the end of the surgical procedure with
either T-tubes (Stain 1991; Stiegmann 1992; Hammarstrom 1995;
Rhodes 1998; Suc 1998; Sgourakis 2002; Nathanson 2005; Hong

2006; Noble 2009; Bansal 2010) or antegrade stents (Rhodes 1998;
Nathanson 2005) was variably employed among the trials.

Results of the search

Please see the Study flow diagram (Figure 3). Details of the trials are
shown in the table 'Characteristics of included studies'.

 

Figure 3.   Study flow diagram.

 
Included studies

There were 16 randomised clinical trials included in this systematic
review, covering 1758 participants.

Eight randomised trials (737 participants) compared open surgery
and CBD exploration versus ERCP (Neoptolemos 1987; Stain 1991;
Bornman 1992; Stiegmann 1992; Hammarstrom 1995; Kapoor 1996;
Targarona 1996; Suc 1998). These trials were performed mainly in
the era of open cholecystectomy.

Five randomised trials (621 participants) compared pre-
operative ERCP followed by laparoscopic cholecystectomy versus
laparoscopic cholecystectomy and CBD exploration to clear the bile
duct stones (Cuschieri 1999; Sgourakis 2002; Noble 2009; Rogers
2010; Bansal 2010). Of these, Noble 2009 included high anaesthetic
risk participants only.
One trial (234 participants) compared intra-operative ERCP versus
laparoscopic cholecystectomy and CBD exploration (Hong 2006).
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Two trials (166 participants) compared postoperative endoscopy
versus laparoscopic cholecystectomy and CBD exploration (Rhodes
1998; Nathanson 2005).

Excluded studies

We excluded trials that compared the role of pre-operative ERCP +
LC versus postoperative ERCP + LC (Lella 2006; Morino 2006; Rabago
2006; El Geidie 2011) as these trials do not compare the surgical and
endoscopic procedures as two diKerent arms.

Risk of bias in included studies

Risk of bias in the included studies is assessed based on
the following six domains and summarised in the tables of
'Characteristics of included studies'.

Allocation

Generation of the allocation sequence
The majority reported the use of computer-generated random
number sequences or random number tables and are at low risk
of selection bias (Neoptolemos 1987; Stain 1991; Bornman 1992;
Stiegmann 1992; Hammarstrom 1995; Kapoor 1996; Targarona
1996; Suc 1998; Cuschieri 1999; Nathanson 2005; Hong 2006; Noble
2009; Bansal 2010). In two trials, the methodology merely described
the process as being randomised, without further elaboration
(unclear risk of bias) (Rhodes 1998; Rogers 2010). Sgourakis 2002
was considered to be at high risk of bias as the methods of
randomisation were ambiguous.

Allocation concealment
In six trials, allocation concealment was considered to be at low
risk of bias with a phone-in to a third party in two trials (Nathanson
2005, Suc 1998) and by sealed envelopes in four trials (Targarona
1996; Kapoor 1996; Bansal 2010; Rogers 2010) . In the remaining
ten trials allocation concealment was not mentioned and the risk
of bias was considered unclear (Neoptolemos 1987; Stain 1991;
Bornman 1992; Stiegmann 1992; Hammarstrom 1995; Rhodes 1998;
Cuschieri 1999; Sgourakis 2002; Hong 2006; Noble 2009).

Blinding

There was no blinding in any of the included trials. Blinding of the
participant would have been beneficial, where possible, but none
of the trials measured outcomes in this way. Also, all trials could
have used blinded outcome assessors for the clinical outcomes.

Incomplete outcome data

Follow-up and description of withdrawals and drop-outs
In all but four trials, withdrawals and drop-outs were described
(Stain 1991; Stiegmann 1992; Sgourakis 2002; Bansal 2010). We
performed a sensitivity analysis of the primary outcomes to deal
with the possible attrition bias.

Follow-up duration
Only three trials detailed precise data (Hammarstrom 1995;
Targarona 1996; Sgourakis 2002) and a further trial described
follow-up 'for a minimum of six months' (Neoptolemos 1987). Most
of the remaining trials described 30-day mortality, so follow-up was
presumably of at least this duration, and certainly until discharge
from hospital. Late complications, important for morbidity and
procedural number analysis, occurring from 10 to 24 months aEer
initial treatment, was variably reported (Bornman 1992; Nathanson
2005; Noble 2009).

Selective reporting

All the included trials were considered to be at low risk of bias
except one (Bornman 1992), where the risk of bias was considered
unclear as the data were from a published abstract.

Other potential sources of bias

All the included trials were considered to be at low risk of bias
except one (Bornman 1992), where the risk of bias was considered
unclear as the data were from a published abstract.

E>ects of interventions

See: Summary of findings for the main comparison Open surgery
compared to ERCP for bile duct stones; Summary of findings 2
LC + LCBDE versus pre-operative ERCP + LC for common bile duct
stones; Summary of findings 3 LC + LCBDE compared to LC + post-
operative ERCP for common bile duct stones

Open surgical bile duct exploration versus ERCP

A total of 737 participants from eight trials were randomised to
this comparison (Neoptolemos 1987; Stain 1991; Bornman 1992;
Stiegmann 1992; Hammarstrom 1995; Kapoor 1996; Targarona
1996; Suc 1998). There were three post-randomisation drop-outs in
Hammarstrom 1995, four in Kapoor 1996, and one in Neoptolemos
1987.

Mortality

Mortality was reported in eight trials (Neoptolemos 1987; Stain
1991; Bornman 1992; Stiegmann 1992; Hammarstrom 1995; Kapoor
1996; Targarona 1996; Suc 1998). There were 5 deaths/371
participants reported in the surgical group and 10 deaths/358
participants were reported in the ERCP group. There was no
significant diKerence in the mortality between the two groups
(Mantel-Haenszel (M-H) fixed-eKect odds ratio (OR) 0.51; 95% CI
0.18 to1.44), P = 0.20 (Analysis 1.1). There was no statistical
heterogeneity (I2 = 0%). Trial sequential analysis revealed that the
proportion of information accrued was only 2.79% of the diversity-
adjusted required information size and so the trial sequential
monitoring boundaries were not drawn (Figure 4). The cumulative
Z-curve does not cross the conventional statistical boundaries.
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Figure 4.   Trial sequential analysis of mortality (open surgery versus endoscopic retrograde cholangio
pancreatography) 
The diversity-adjusted required information size (DARIS) was calculated to 24,498 patients, based on the proportion
of patients in the control group with the outcome of 2.79%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. To account for zero event groups, a continuity correction of 0.01 was used in the
calculation of the cumulative Z-curve (blue line). AEer accruing a total of 729 participants in eight trials, only 2.98%
of the DARIS has been reached. Accordingly, the trial sequential analysis does not show the required information
size and the trial sequential monitoring boundaries. As shown, the conventional statistical boundaries (dotted red
line) have also not been crossed by the cumulative Z-curve.

 
Sensitivity analysis

'Good outcome' analysis: (OR 0.50; 95% CI 0.18 to 1.42), P = 0.19, I2
= 0% (no significant diKerence) (Analysis 1.2.1).
'Poor outcome' analysis: (OR 1.00; 95% CI 0.43 to 2.32), P = 1.00, I2
= 0% (no significant diKerence) (Analysis 1.2.2)
'Best-case' for open surgery: (OR 0.46; 95% CI 0.17 to 1.25), P = 0.13,
I2 = 0% (no significant diKerence) (Analysis 1.2.3).
'Worst-case' for open surgery: (OR 1.10; 95% CI 0.47 to 2.55), P =
0.83, I2 = 0% (no significant diKerence) (Analysis 1.2.4).

Total morbidity

Morbidity was reported in eight trials (Neoptolemos 1987; Stain
1991; Bornman 1992; Stiegmann 1992; Hammarstrom 1995; Kapoor

1996; Targarona 1996; Suc 1998). There was no significant
diKerence in morbidity rates between open surgery versus
endoscopy groups (M-H fixed-eKect OR 1.12; 95% CI 0.77 to 1.62),
P = 0.55, I2 = 0% (Analysis 1.3). Trial sequential analysis revealed
that only 23.18% of the diversity-adjusted required information
size has been reached, so the futility area was not drawn. The
trial sequential analysis was consistent with absence of current
evidence of any significant diKerence between open surgery and
ERCP but significantly increased or decreased morbidity of open
surgery compared with ERCP could not be ruled out (Figure 5).
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Figure 5.   Trial sequential analysis of morbidity (open surgery versus endoscopic retrograde cholangio
pancreatography (ERCP)) 
The diversity-adjusted required information size (DARIS) was calculated to 3,145 patients, based on the proportion
of patients in the control group with the outcome of 18.72%, a relative risk reduction of 20%, an alpha of 5%, a
beta of 20%, and a diversity of 0%. AEer accruing a total of 729 participants in eight trials, only 23.18% of the DARIS
has been reached. So, the futility area was not drawn. The cumulative Z-curve (blue line) does not cross the trial
sequential monitoring boundaries (red line) or the conventional boundaries (etched red line). This is consistent with
absence of current evidence of any significant di>erence between open surgery and ERCP but significantly increased
or decreased morbidity of open surgery compared to ERCP cannot be ruled out.

 
Sensitivity analysis

'Good outcome' analysis: (OR 1.09; 95% CI 0.76 to 1.58), P = 0.64, I2
= 0% (no significant diKerence) (Analysis 1.4.1).
'Poor outcome' analysis: (OR 1.19; 95% CI 0.83 to 1.71), P = 0.35, I2
= 0% (no significant diKerence) (Analysis 1.4.2).
'Best-case' for open surgery: (OR 1.07; 95% CI 0.74 to 1.54), P = 0.71,
I2 = 0% (no significant diKerence) (Analysis 1.4.3).
'Worst-case' for open surgery: (OR 1.22; 95% CI 0.84 to 1.75), P =
0.29, I2 = 0% (no significant diKerence) (Analysis 1.4.4).

Retained stones a�er primary intervention

Seven trials reported on this outcome (Neoptolemos 1987;
Stain 1991; Stiegmann 1992; Hammarstrom 1995; Kapoor 1996;

Targarona 1996; Suc 1998). These data could not be accurately
analysed from Bornman 1992 where ERCP was repeated in up
to five attempts to obtain CBD stones clearance. Fewer retained
stones were encountered in the surgical group (M-H fixed-eKect
OR 0.36; 95% CI 0.21 to 0.62, P = 0.0002) (Analysis 1.5). Trial
sequential analysis revealed that only 16.01% of the diversity-
adjusted required information size has been reached, so the
futility area was not drawn. The trial sequential analysis suggested
that although there is a statistically significant reduction in the
proportion of people with retained stones in the open surgery
group compared to the ERCP group, there is a high risk of random
error and one cannot firmly conclude that open surgery has a
significantly lower proportion of retained stones compared to the
ERCP group (Figure 6).
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Figure 6.   Trial sequential analysis of retained stones (open surgery versus endoscopic retrograde cholangio
pancreatography (ERCP)) 
The diversity-adjusted required information size (DARIS) was calculated to 3,803 patients, based on the proportion
of patients in the control group with the outcome of 15.88%, a relative risk reduction of 20%, an alpha of 5%, a
beta of 20%, and a diversity of 0%. AEer accruing a total of 609 participants in seven trials, only 16.01% of the
DARIS has been reached. So, the futility area was not drawn. The cumulative Z-curve (blue line) does not cross the
trial sequential monitoring boundaries (red line) but crosses the conventional boundaries (etched red line). This
suggests that although there is a statistically significant reduction in the proportion of people with retained stones
in the open surgery group compared to the ERCP group, there is a high risk of random error and one cannot firmly
conclude that open surgery has significantly lower retained stones proportion compared to the ERCP group.

 
Sensitivity analysis

'Good outcome' analysis: (OR 0.35; 95% CI 0.20 to 0.60), P = 0.0002,
I2 = 0% (favours surgery) (Analysis 1.6.1).
'Poor outcome' analysis: (OR 0.46; 95% CI 0.28 to 0.76), P = 0.002, I2
= 0% (favours surgery) (Analysis 1.6.2).
'Best-case' for open surgery : (OR 0.34; 95% CI 0.20 to 0.58), P <
0.0001, I2 = 0% (favours surgery) (Analysis 1.6.3).
'Worst-case' for open surgery : (OR 0.36; 95% CI 0.21 to 0.62), P =
0.0002, I2 = 0% (favours surgery) (Analysis 1.6.4).

Failure of procedure

Meta-analysis of seven trials found a significantly lesser risk of
failure to complete the procedure in the open surgery group
compared with the ERCP group (M-H fixed-eKect OR 0.31; 95% CI
0.19 to 0.51), P = 0.00001, I2 = 0% (Analysis 1.7) (Neoptolemos 1987;

Stain 1991; Stiegmann 1992; Hammarstrom 1995; Kapoor 1996;
Targarona 1996; Suc 1998).

A sensitivity analysis excluding the trials with randomisation at
suspicion of stones (Stiegmann 1992; Targarona 1996; Suc 1998)
but including only those trials that performed randomisation
on confirmation of stones (Neoptolemos 1987; Stain 1991;
Hammarstrom 1995; Kapoor 1996) was also in favour of the surgery
group (M-H fixed-eKect OR 0.29; 95% CI 0.14 to 0.60), P = 0.0007, I2
= 0% (Analysis 1.7.1).

Quality of life

We found no data on quality of life.
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Duration of procedure

There were two trials with data (Stain 1991; Stiegmann 1992).
Because the data are non-parametric, they cannot be subjected
to meta-analysis. In one of these trials (Stain 1991), there was a
median operating time of 214 (range 115 to 420) minutes in the
surgery versus 151 (range 80 to 310) minutes in the endoscopy
group. It is, however, not apparent whether this refers to the
combined time of endoscopy and surgery, or of surgery alone. In
the other trial the data were reported as mean ± standard deviation
(SD), with the assumption that these were normally distributed.
The duration in the surgery group was 142 ± 72 minutes versus 114
± 78 minutes in the endoscopy group, with no significance detected
on parametric testing.

Hospital stay

All except one trial (Bornman 1992) had data concerning this
outcome. However, since these data are also non-parametric, they
cannot be subjected to meta-analysis. In five of the trials there
were no statistical diKerences between the treatment groups as
analysed by the individual trial authors. In one trial (Stain 1991)
there was no indication whether or not a statistical analysis had
been performed, with median (range) hospital stays of 5 (2 to 19)
days for endoscopy and 6 (4 to 22) days for surgery. In the remaining
trial (Neoptolemos 1987), there was a significant benefit favouring
endoscopy with median (range) hospital stays of 16 (9 to 59) days
for endoscopy and 21 (10 to 52) days for surgery (P = 0.0065). In the
former trial (Stain 1991), the authors measured hospital stay from
the day of first procedure, whereas in the latter it was measured
from admission. Even allowing for this, there is clearly marked
heterogeneity between the trials in this outcome variable (Analysis
1.8). Trial sequential analysis was not performed since the meta-
analysis was not performed.

Costs

Only two trials reported costs. Stiegmann 1992 reported a
significant diKerence favouring the endoscopy group (P < 0.007),
whereas Kapoor 1996 reported a non significant diKerence between
the surgical and endoscopy groups (mean of 4748 Rupees in
the endoscopy group versus 4305 Rupees in the surgical group)
(Analysis 1.9).

Subgroup analysis

We performed sensitivity analyses on the following subgroups as
required, based on our assessment of clinical variability.

- Randomisation once CBD stones proven (Neoptolemos 1987;
Hammarstrom 1995; Kapoor 1996).
- Randomisation on suspicion of CBD stones (Bornman 1992;
Stiegmann 1992; Suc 1998).
- High-risk participants only (randomisation on suspicion of CBD
stones) (Targarona 1996).

Timing of randomisation had no significant influence on the overall
mortality (Analysis 1.1), morbidity (Analysis 1.3), retained stones
(Analysis 1.5), and failure of procedure (Analysis 1.7) between the
open and endoscopy groups.

Reporting bias

We did not generate a funnel plot because there were only eight
trials for this comparison.

LC + LCBDE versus pre-operative ERCP + LC

Five randomised trials with a total of 621 participants were found
and included in the meta-analysis (Cuschieri 1999; Sgourakis 2002;
Noble 2009; Bansal 2010; Rogers 2010). One randomised trial
compared the two interventions in a higher-risk patient group and
a relevant sub-group analysis was performed (Noble 2009). There
were 10 post-randomisation drop-outs in Rogers 2010 and 31 post-
randomisation drop-outs in Cuschieri 1999.

Mortality

All the included trials reported mortality (Cuschieri 1999; Sgourakis
2002; Noble 2009; Bansal 2010; Rogers 2010); 2 deaths/241
participants in the LCBDE group and 3 deaths/248 participants in
the pre-operative ERCP group (Cuschieri 1999; Sgourakis 2002). No
deaths were reported in the high-risk group (Noble 2009). Meta-
analysis showed no significant diKerence between the two groups
with (M-H fixed-eKect OR 0.72; 95% CI 0.12 to 4.33), P = 0.72, I2 = 0%
(Analysis 2.1). Trial sequential analysis revealed that the proportion
of information accrued was only 0.81% of the diversity-adjusted
required information size and so the trial sequential monitoring
boundaries were not drawn (Figure 7). The cumulative Z-curve does
not cross the conventional statistical boundaries.
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Figure 7.   Trial sequential analysis of mortality (laparoscopic common bile duct exploration versus pre-operative
endoscopic retrograde cholangio pancreatography aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 71,546 patients, based on the proportion
of patients in the control group with the outcome of 1.02%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. To account for zero event groups, a continuity correction of 0.01 was used in the
calculation of the cumulative Z-curve (blue line). AEer accruing a total of 580 participants in five trials, only 0.81% of
the DARIS has been reached. Accordingly, the trial sequential analysis does not show the required information size
and the trial sequential monitoring boundaries. As shown, the conventional statistical boundaries (etched red line)
have also not been crossed by the cumulative Z-curve.

 
Sensitivity analysis

'Good outcome' analysis: (OR 0.71; 95% CI 0.12 to 4.27), P = 0.71, I2
= 0% (no significant diKerence) (Analysis 2.2.1).
'Poor outcome' analysis: (OR 1.01; 95% CI 0.55 to 1.85), P = 0.98, I2
= 0% (no significant diKerence) (Analysis 2.2.2).
'Best-case' for LCBDE: (OR 0.10; 95% CI 0.03 to 0.38), P = 0.0006, I2
= 39% (favours LCBDE) (Analysis 2.2.3).
'Worst-case' for LCBDE: (OR 7.46; 95% CI 2.39 to 23.27), P = 0.0005,
I2 = 0% (favours pre-operative ERCP) (Analysis 2.2.4).

Total morbidity

All five randomised clinical trials (RCTs) reported morbidity
(Cuschieri 1999; Sgourakis 2002; Noble 2009; Bansal 2010; Rogers
2010). Calculation of morbidity showed no significant diKerence
favouring either group, M-H fixed-eKect OR 1.28; 95% CI 0.80 to 2.05,
P = 0.31, I2 = 0% (Analysis 2.3). Trial sequential analysis revealed
that only 11.62% of the diversity-adjusted required information
size had been reached, so the futility area was not drawn. The
trial sequential analysis was consistent with absence of current
evidence of any significant diKerence between LBCDE and ERCP but
significantly increased or decreased morbidity of LBCDE compared
with ERCP could not be ruled out (Figure 8).
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Figure 8.   Trial sequential analysis of morbidity (laparoscopic common bile duct exploration (LCBDE) versus pre-
operative endoscopic retrograde cholangio pancreatography (ERCP) aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 4,990 patients, based on the proportion
of patients in the control group with the outcome of 12.54%, a relative risk reduction of 20%, an alpha of 5%, a
beta of 20%, and a diversity of 0%. AEer accruing a total of 580 participants in five trials, only 11.62% of the DARIS
has been reached. So, the futility area was not drawn. The cumulative Z-curve (blue line) does not cross the trial
sequential monitoring boundaries (red line) or the conventional boundaries (etched red line). This is consistent with
absence of current evidence of any significant di>erence between LCBDE and ERCP but significantly increased or
decreased morbidity of LCBDE compared to ERCP cannot be ruled out.

 
Sensitivity analysis

'Good outcome' analysis: (OR 1.27; 95% CI 0.79 to 2.03), P = 0.33, I2
= 0% (no significant diKerence) (Analysis 2.4.1).
'Poor outcome' analysis: (OR 1.21; 95% CI 0.81 to 1.80), P = 0.35, I2
= 0% (no significant diKerence) (Analysis 2.4.2).
'Best-case' for LCBDE: (OR 0.76; 95% CI 0.49 to 1.16), P = 0.20, I2 =
24% (no significant diKerence) (Analysis 2.4.3).
'Worst-case' for LCBDE: (OR 2.02; 95% CI 1.30 to 3.14), P = 0.002, I2
= 14% (favours pre-operative ERCP) (Analysis 2.4.4).

Retained stones a�er primary intervention

Based on the data from all five RCTs , the surgery group had
retained stones aEer primary intervention in 24/285 participants

versus 31/295 participants in the ERCP group (Cuschieri 1999;
Sgourakis 2002; Noble 2009; Bansal 2010; Rogers 2010). Overall,
there was no significant diKerence between the two groups with (M-
H fixed-eKect OR 0.79; 95% CI 0.45 to 1.39), P = 0.42. There was no
substantial heterogeneity between studies (I2 = 0%) (Analysis 2.5).
Trial sequential analysis revealed that only 9.51% of the diversity-
adjusted required information size has been reached, so the futility
area was not drawn. The trial sequential analysis was consistent
with absence of current evidence of any significant diKerence
between LBCDE and ERCP but significantly increased or decreased
morbidity of LBCDE compared with ERCP could not be ruled out
(Figure 9).
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Figure 9.   Trial sequential analysis of retained stones (laparoscopic common bile duct exploration versus pre-
operative endoscopic retrograde cholangio pancreatography aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 6,098 patients, based on the proportion
of patients in the control group with the outcome of 10.51%, a relative risk reduction of 20%, an alpha of 5%, a
beta of 20%, and a diversity of 0%. To account for zero event groups, a continuity correction of 0.01 was used in the
calculation of the cumulative Z-curve (blue line). AEer accruing a total of 580 participants in five trials, only 9.51%
of the DARIS has been reached. So, the futility area was not drawn. The cumulative Z-curve does not cross the trial
sequential monitoring boundaries (red line) or the conventional boundaries (etched red line). This is consistent with
absence of current evidence of any significant di>erence between LCBDE and ERCP but significantly increased or
decreased proportion of people with retained stones of LCBDE compared to ERCP cannot be ruled out.

 
Subgroup analysis

One randomised clinical trial with high-risk surgical participants
reported significantly higher duct clearance rates in the surgical
group with no participants having retained stones (0/44) compared
with the ERCP group (6/47), (P = 0.08) (Noble 2009) (Analysis 2.5).

Sensitivity analysis

'Good outcome' analysis: (OR 0.78; 95% CI 0.45 to 1.37), P = 0.39, I2
= 0% (no significant diKerence) (Analysis 2.6.1).
'Poor outcome' analysis: (OR 0.88; 95% CI 0.57 to 1.37), P = 0.57, I2
= 0% (no significant diKerence) (Analysis 2.6.2).
'Best-case' for LCBDE: (OR 0.44; 95% CI 0.26 to 0.73), P = 0.002, I2 =
0% (favours LCBDE) (Analysis 2.6.3).
'Worst-case' for LCBDE: (OR 1.57; 95% CI 0.96 to 2.55), P = 0.07, I2 =
55% (no significant diKerence) (Analysis 2.6.4).

Failure of procedure

Reduced number of failures were encountered in the LCBDE
(26/285) compared with the pre-operative ERCP group (49/295),
(M-H random-eKects OR 0.51; 95% CI 0.16 to 1.59), P = 0.25, I2 =
56% (Analysis 2.7). Using the fixed-eKect model this diKerence was
significant, (M-H OR 0.52; 0.31 to 0.85), P = 0.009.

Subgroup analysis

Data were significantly influenced by a single study (Noble 2009).
On excluding this study from the analysis, the heterogeneity was
reduced to 0% and there was no significant diKerence between the
two groups (P = 0.41) (Analysis 2.7).

Conversion to open surgery

Based on the data from all five trials (Cuschieri 1999; Sgourakis
2002; Noble 2009; Bansal 2010; Rogers 2010), 23/285 in the LCBDE
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arm were converted to open surgery whereas 17/295 participants
in the pre-operative ERCP group underwent conversion of
laparoscopic to open surgery with no statistically significant
diKerence between the two groups on random-eKects analysis (M-
H OR 1.20; 95% CI 0.40 to 3.60), P = 0.75, I2 = 41% (Analysis 2.8). On
fixed-eKect analysis, there was no significant diKerence between
the two groups (M-H OR 1.46; 95% CI 0.76 to 2.81), P = 0.25, I2 = 41%.

Quality of life

We found no data on quality of life apart from Rogers et al (Rogers
2010) who observed no significant diKerence.

Duration of procedure

Two randomised clinical trials reported the duration of procedure
(Sgourakis 2002; Rogers 2010). One trial reported a median
procedure time in the surgery group of 90 (70 to 310) minutes versus
105 (60 to 255) minutes in the ERCP group (Sgourakis 2002). The
other trial reported mean procedure time of 174 minutes (SD ± 67)
in the surgery group compared with 183 (SD ± 39) minutes in the
ERCP group (P = 0.44) (Rogers 2010).

Hospital stay

Cuschieri 1999 and Rogers 2010 reported a significant diKerence
in favour of the surgery-only arm with P < 0.05 and P < 0.001
respectively. Sgourakis 2002, Noble 2009, and Bansal 2010 reported
median total postoperative hospital stay but did not find a
significant diKerence between the two groups (Analysis 2.9). Trial
sequential analysis was not performed since no meta-analysis was
performed.

Costs

Only one randomised clinical trial compared the costs of the two
diKerent interventions (Rogers 2010).  There was no significant
diKerence in total charges between the two intervention groups.

Reporting bias

We did not generate a funnel plot because only five trials were
included in this comparison.

LC + LCBDE versus LC + intra-operative ERCP

There was only one randomised clinical trial included in this
comparison with a total of 234 participants (Hong 2006). There were
no drop-outs aEer randomisation. Trial sequential analysis was not
performed because of the presence of only one trial.

Mortality

No deaths were reported in either of the intervention arms in this
trial.

Total morbidity

There was no significant diKerence in the total morbidity. There
were 6/141 complications in LCBDE group compared with 8/93
complications in the intra-operative ERCP group (M-H fixed-eKect
OR 0.47, 95% CI 0.16 to 1.41), P = 0.18 (Analysis 3.1).

Retained stones

6/141 participants in the LCBDE group and 6/93 participants in the
intra-op ERCP group had retained stones. This diKerence was not
statistically significant (P = 0.46) (Analysis 3.2).

Failure of procedure

Data on the failure to perform the planned procedure did not show
a significant diKerence between to modalities of treatment (M-H
fixed-eKect OR 0.88; 95% CI 0.19 to 4.01), P = 0.10 (Analysis 3.3).

Conversion to open surgery

There was no significant diKerence in the number of participants
that required conversion to open procedure between the two
groups (15/141 in the LCBDE versus 8/93 in the intra-op ERCP group;
P = 0.61) (Analysis 3.4).

Quality of life

We found no data on quality of life.

Duration of procedure

The randomised clinical trial included reported no significant
diKerence in surgical times between the two intervention arms. The
mean procedural time in the surgical group was 133.83 (SD ± 58.24)
minutes versus the mean intra-operative ERCP procedural time of
140.32 (SD ± 56.55) minutes (Analysis 3.5).

Hospital stay

There was no significant diKerence in the length of postoperative
hospital stay between the two groups. The intra-operative ERCP
group reported a mean postoperative hospital stay of 4.25 (SD
± 3.46) days compared to the surgical group with a mean
postoperative hospital stay of 4.66 (SD ± 3.07) days (Analysis 3.6).

Costs

There was no significant diKerence found in the reported hospital
charges between the two intervention arms in this randomised
clinical trial (Analysis 3.7).

LC + LCBDE versus LC + postoperative ERCP

There were two trials included in this comparison (Rhodes 1998;
Nathanson 2005), randomising a total of 166 participants. In the first
trial (Rhodes 1998), 80 participants were randomised aEer intra-
operative cholangiogram to laparoscopic bile duct exploration
(transcystic or choledochotomy) or postoperative ERCP. In the
other trial (Nathanson 2005), 86 participants were randomised aEer
failed transcystic clearance to laparoscopic choledochotomy or
postoperative ERCP. There were no post-randomisation drop-outs.

Mortality

There were no deaths reported in either of these two trials. Trial
sequential analysis could not be performed using the control group
proportion because of the absence of mortality in the control
group. We therefore used a control group proportion of [1.02%]
which was the mortality observed in laparoscopic cholecystectomy
with pre-operative ERCP. Trial sequential analysis revealed that the
proportion of information accrued was only 0.24% of the diversity-
adjusted required information size and so the trial sequential
monitoring boundaries were not drawn (Figure 10). The cumulative
Z curve does not cross the conventional statistical boundaries.
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Figure 10.   Trial sequential analysis of mortality (laparoscopic common bile duct exploration versus post-operative
endoscopic retrograde cholangio pancreatography aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 71,546 patients, based on the proportion
of patients in the control group with the outcome of 1.02%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. To account for zero event groups, a continuity correction of 0.01 was used in the
calculation of the cumulative Z-curve (blue line). AEer accruing a total of 166 participants in two trials, only 0.24%
of the DARIS has been reached. Accordingly, the trial sequential analysis does not show the required information
size and the trial sequential monitoring boundaries. As shown, the conventional statistical boundaries (etched red
line) have also not been crossed by the cumulative Z-curve.

 
Total morbidity

Both the included trials reported morbidity (Rhodes 1998;
Nathanson 2005). There was no significant diKerence between the
two arms ((M-H fixed-eKect OR 1.16; 95% CI 0.50 to 2.72), P =
0.73. There was no significant heterogeneity (I2 = 0%) (Analysis

4.1). Trial sequential analysis revealed that the proportion of
information accrued was only 3.79% of the diversity-adjusted
required information size and so the trial sequential monitoring
boundaries were not drawn (Figure 11). The cumulative Z curve
does not cross the conventional statistical boundaries.
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Figure 11.   Trial sequential analysis of morbidity (laparoscopic common bile duct exploration versus post-operative
endoscopic retrograde cholangio pancreatography aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 4,381 patients, based on the proportion
of patients in the control group with the outcome of 14.12%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. AEer accruing a total of 166 participants in two trials, only 3.79% of the DARIS has
been reached. Accordingly, the trial sequential analysis does not show the required information size and the trial
sequential monitoring boundaries. As shown, the conventional statistical boundaries (etched red line) have also not
been crossed by the cumulative Z-curve (blue line).

 
Retained stones a�er primary intervention

Both the included trials reported data about retained stones
(Rhodes 1998; Nathanson 2005). There was a significant diKerence
(on fixed-eKect analysis) in the number of participants with
retained stones between the two arms: 7/81 in the laparoscopy arm
and 21/85 participants in the endoscopy arm had retained stones
(M-H fixed-eKect OR 0.28; 95% CI 0.11 to 0.72; P = 0.008). However,
on random-eKects analysis, this diKerence is not significant (M-
H OR 0.25; 95% CI 0.04 to 1.65), P = 0.15, I2 = 62% (Analysis

4.2). The trial sequential analysis revealed that only 2.17% of the
diversity-adjusted required information size has been reached.
So, trial sequential monitoring boundaries were not drawn. The
trial sequential analysis suggested that although there may be
a statistically significant reduction in the proportion of people
with retained stones in the LCBDE group compared with the ERCP
group, there is a high risk of random error and one cannot firmly
conclude that the LCBDE group had a significantly lower proportion
of retained stones than the ERCP group (Figure 12).
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Figure 12.   Trial sequential analysis of retained stones (laparoscopic common bile duct exploration (LCBDE) versus
post-operative endoscopic retrograde cholangio pancreatography (ERCP) aEer laparoscopic cholecystectomy) 
The diversity-adjusted required information size (DARIS) was calculated to 7,661 patients, based on the proportion
of patients in the control group with the outcome of 24.71%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. AEer accruing a total of 166 participants in two trials, only 2.17% of the DARIS has
been reached. Accordingly, the trial sequential analysis does not show the required information size and the trial
sequential monitoring boundaries. The cumulative Z-curve (blue line) crosses the conventional boundaries (etched
red line). This suggests that although there is statistically significant reduction in the proportion of people with
retained stones in the LCBDE group compared to the post-operative ERCP group, there is a high risk of random error
and one cannot firmly conclude that LCBDE has significantly lower retained stones proportion compared to the post-
operative ERCP group. The random-e>ects model also did not reveal significant di>erence between the groups.

 
Failure of procedure

Both trials reported the number of failed procedures (Rhodes 1998;
Nathanson 2005). In the laparoscopic choledochotomy trial there
was a significantly lower risk of failure of procedure in the surgical
groups compared with the endoscopic group(1/41 versus 11/45)
(M-H OR 0.08; 95% CI 0.01 to 0.63, P = 0.02) (Nathanson 2005).
Meta-analysis demonstrated marked heterogeneity (I2 = 80%) with
no significant diKerence between the two groups on fixed-eKect
analysis (OR 0.47; 95% CI 0.21 to 1.06) as well as on random-eKect
analysis (OR 0.33; 95% CI 0.02 to 4.31) (Analysis 4.3).

Conversion to open surgery

Both included trials reported the number of conversions to open
surgery (Rhodes 1998; Nathanson 2005). There was no significant
diKerence in the proportion of participants who underwent

conversion to open surgery between the two groups (M-H fixed-
eKect OR 1.77; 95% CI 0.23 to 13.81), P = 0.58 (Analysis 4.4).

Quality of life

We found no data on quality of life.

Duration of procedure

Both trials reported no significant diKerence between laparoscopy
and endoscopy arms (Rhodes 1998; Nathanson 2005). Meta-
analysis could not be performed due to the parametric data.
Rhodes 1998 reported median duration of procedure to be 90 (25
to 310) minutes for the surgical versus 105 (60 to 255) minutes
for endoscopy groups (P = 0.1). Nathanson 2005 reported 158.8
minutes for the surgical and 147.9 for the endoscopy group(P = 0.49)
(Analysis 4.5).
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Hospital stay

Both trials reported a shorter stay in the surgical arm (Rhodes 1998;
Nathanson 2005). Median hospital stay was shorter in the LCBDE
group compared with the ERCP group (1 day versus 3.5 days; P =
0.0001) (Rhodes 1998). Nathanson 2005 reported a small diKerence,
6.4 days versus 7.7 days, with no P value reference (Analysis 4.6).
Trial sequential analysis was not performed since a meta-analysis
was not performed.

Costs

Costs were not reported.

Reporting bias

We did not generate a funnel plot because only two trials were
included in this comparison.

Single-stage versus two-stage management of CBD stones

We have analysed the data from the studies comparing the single-
stage procedures (LC+LCBDE) with two-stage procedures (pre-

operative ERCP + LC or LC + postoperative ERCP). Seven studies
were included in this meta-analysis (Rhodes 1998; Cuschieri 1999;
Sgourakis 2002; Nathanson 2005; Noble 2009; Bansal 2010; Rogers
2010). Earlier trials comparing the open surgical arm with the
endoscopic arm were not considered for this analysis and only
the laparoscopic surgical studies were included. Furthermore, it
does not include LCBDE versus intra-operative ERCP as both the
intervention arms were single-stage procedures (Hong 2006).

Mortality

All seven trials reported mortality rates (Rhodes 1998; Cuschieri
1999; Sgourakis 2002; Nathanson 2005; Noble 2009; Bansal 2010;
Rogers 2010). Only two studies encountered mortality following
the interventions and there was no significant diKerence in the
proportion of participants who died (M-H fixed-eKect OR 0.72;
95% CI 0.12 to 4.33; P = 0.72) (Cuschieri 1999; Sgourakis 2002)
(Analysis 5.1). Trial sequential analysis revealed that the proportion
of information accrued was only 0.86% of the diversity-adjusted
required information size and so the trial sequential monitoring
boundaries were not drawn (Figure 13). The cumulative Z curve
does not cross the conventional statistical boundaries.
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Figure 13.   Trial sequential analysis of mortality (single-stage versus two-stage procedures) 
The diversity-adjusted required information size (DARIS) was calculated to 86,456 patients, based on the proportion
of patients in the control group with the outcome of 0.79%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. To account for zero event groups, a continuity correction of 0.01 was used in the
calculation of the cumulative Z-curve (blue line). AEer accruing a total of 746 participants in seven trials, only 0.86%
of the DARIS has been reached. Accordingly, the trial sequential analysis does not show the required information
size and the trial sequential monitoring boundaries. As shown, the conventional boundaries have also not been
crossed by the cumulative Z-curve.

 
Sensitivity analysis

'Good outcome' analysis: (OR 0.71; 95% CI 0.12 to 4.27), P = 0.71, I2
= 0% (no significant diKerence) (Analysis 5.2.1).
'Poor outcome' analysis: (OR 1.01; 95% CI 0.55 to 1.85), P = 0.98, I2
= 0% (no significant diKerence) (Analysis 5.2.2).
'Best-case' for single-stage: (OR 0.10; 95% CI 0.03 to 0.38), P =
0.0006, I2 = 39% (favours single-stage) (Analysis 5.2.3)
'Worst-case' for single-stage : (OR 7.46; 95% CI 2.39 to 23.27), P =
0.0005, I2 = 0% (favours two-stage).(Analysis 5.2.4)

Morbidity

All seven trials reported morbidity (Cuschieri 1999; Sgourakis 2002;
Nathanson 2005; Noble 2009; Rhodes 1998; Bansal 2010; Rogers

2010). There was no significant diKerence in the morbidity that was
encountered between the two groups: 57/366 participants in the
single-stage procedure and 49/380 participants in the two-stage
procedure (M-H fixed-eKect OR 1.25; 95% CI 0.83 to 1.89; P = 0.29)
(Analysis 5.3). Trial sequential analysis revealed that only 15.42% of
the diversity-adjusted required information size has been reached
so the futility area was not drawn. The trial sequential analysis
was consistent with absence of current evidence of any significant
diKerence between single-stage and two-stage procedures but
significantly increased or decreased morbidity of single-stage
compared to two-stage could not be ruled out (Figure 14).
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Figure 14.   Trial sequential analysis of morbidity (single-stage versus two-stage procedures) 
The diversity-adjusted required information size (DARIS) was calculated to 4,837 patients, based on the proportion
of patients in the control group with the outcome of 12.89%, a relative risk reduction of 20%, an alpha of 5%, a beta
of 20%, and a diversity of 0%. AEer accruing a total of 746 participants in seven trials, only 15.42% of the DARIS
has been reached. So, the futility area was not drawn. The cumulative Z-curve (blue line) does not cross the trial
sequential monitoring boundaries (red line) or the conventional boundaries (etched red line). This is consistent
with absence of current evidence of any significant di>erence between single-stage and two-stage procedures but
significantly increased or decreased morbidity of single-stage compared to two-stage procedures cannot be ruled
out.

 
Sensitivity analysis

'Good outcome' analysis: (OR 1.24; 95% CI 0.82 to 1.87), P = 0.31, I2
= 0% (no significant diKerence) (Analysis 5.4.1).
'Poor outcome' analysis: (OR 1.20; 95% CI 0.84 to 1.72), P = 0.32, I2
= 0% (no significant diKerence) (Analysis 5.4.2).
'Best-case' for single-stage: (OR 0.82; 95% CI 0.56 to 1.21), P = 0.32,
I2 = 3% (no significant diKerence) (Analysis 5.4.3).
'Worst-case' for single-stage : (OR 1.80; 95% CI 1.22 to 2.66), P =
0.003, I2 = 1% (favours two-stage) (Analysis 5.4.4).

Retained stones

All seven trials reported the incidence of retained stones (Rhodes
1998; Cuschieri 1999; Sgourakis 2002; Nathanson 2005; Noble
2009; Bansal 2010; Rogers 2010). There was a significantly lower

proportion of participants with retained stones in the single-stage
group (31/366 participants) compared with the two-stage group
(52/380 participants). This diKerence was not significant in random-
eKects model (OR 0.58; 95% CI 0.28 to 1.22, P = 0.15, I2 = 36%)
(Analysis 5.5) but was significant in a fixed-eKect model (OR 0.59;
95% CI 0.37 to 0.94, P = 0.03). Trial sequential analysis revealed
that only 8.29% of the diversity-adjusted required information size
has been reached. So, the futility area was not drawn. The trial
sequential analysis suggested that although there is a statistically
significant reduction in the proportion of people with retained
stones in the single-stage group compared with the two-stage
group, there is a high risk of random error and one cannot firmly
conclude that the single-stage group has a significantly lower
proportion of retained stones compared with the two-stage group
(Figure 15).
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Figure 15.   Trial sequential analysis of retained stones (single-stage versus two-stage procedures) 
The diversity-adjusted required information size (DARIS) was calculated to 9,003 patients, based on the proportion
of patients in the control group with the outcome of 13.68%, a relative risk reduction of 20%, an alpha of 5%, a
beta of 20%, and a diversity of 49.85%. To account for zero event groups, a continuity correction of 0.01 was used in
the calculation of the cumulative Z-curve (blue line). AEer accruing a total of 746 participants in seven trials, only
8.29% of the DARIS has been reached. So, the futility area was not drawn. The cumulative Z-curve does not cross
the trial sequential monitoring boundaries (red line) but crosses the conventional boundaries (etched red line). This
suggests that although there is statistically significant reduction in the proportion of people with retained stones in
the single-stage group compared to the two-stage group, there is a high risk of random error and one cannot firmly
conclude that single-stage group has significantly lower retained stones proportion compared to the two-stage
group.

 
Sensitivity analysis

'Good outcome' analysis: (OR 0.58; 95% CI 0.37 to 0.93), P = 0.02, I2
= 35% (favours single-stage) (Analysis 5.6.1).
'Poor outcome' analysis: (OR 0.70; 95% CI 0.47 to 1.03), P = 0.07, I2
= 40% (no significant diKerence) (Analysis 5.6.2).
'Best-case' for single-stage: (OR 0.39; 95% CI 0.25 to 0.62), P <
0.0001, I2 = 1% (favours single-stage) (Analysis 5.6.3).
'Worst-case' for single-stage: (OR 1.03; 95% CI 0.69 to 1.56), P = 0.88,
I2 = 70% (no significant diKerence) (Analysis 5.6.4).

Failure to complete the procedure

All seven trials reported the incidence of failed procedures (Rhodes
1998; Cuschieri 1999; Sgourakis 2002; Nathanson 2005; Noble 2009;
Bansal 2010; Rogers 2010). The planned procedure was completed
successfully in more participants in the single-stage procedure (37

failures in 366 participants) compared to the two-stage procedure
(70 failures in 380 participants). This diKerence is statistically
significant and favours the single-stage procedure with a fixed-
eKect model (M-H OR 0.50; 95% CI 0.33 to 0.77; P = 0.002, I2 = 58%)
but the diKerence was not significant with a random-eKects model
(OR 0.49; 95% CI 0.20 to 1.18; P = 0.11) (Analysis 5.7).

Conversion to open surgery

All seven trials reported the rates of conversion to open surgery
(Rhodes 1998; Cuschieri 1999; Sgourakis 2002; Nathanson 2005;
Noble 2009; Bansal 2010; Rogers 2010). There was no significant
diKerence between the two groups (OR 1.49; 95% CI 0.80 to 2.77; P
= 0.21) (Analysis 5.8).
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Reporting bias

We did not generate a funnel plot because only seven trials were
included in this comparison.

Open or laparoscopic CBDE versus ERCP in patients with
previous cholecystectomy

There were no trials applicable for comparison of these
interventions in participants with previous cholecystectomy.

Summary of Findings tables

The summary of findings are reported (Summary of findings for the
main comparison, Summary of findings 2, Summary of findings 3).

D I S C U S S I O N

Summary of main results

Overall, based on 16 randomised clinical trials, we still seem to
lack suKicient evidence to recommend or refute one approach
compared with another, regarding treatment of bile duct stones.
This is due to the facts that all included trials have a high risk of bias
and random errors.

Open surgery versus endoscopic retrograde
cholangiopancreatography (ERCP)

Open surgery resulted in a significantly reduced number of retained
stones, and lower rates of failure of planned treatment. There was
no significant diKerence in the mortality and morbidity between
the two groups. However, it is important to remember that these
comparative trials are from the early days of endoscopy (1987 to
1998) and might have been influenced by the early experience of
the endoscopist as well as the limited technological support.

Duration of surgery and the duration of hospital stay were
diKicult to assess from the trials included. Evaluation of these two
outcomes requires inclusion of the duration of each procedure
(endoscopic clearance and surgical removal of gallbladder). There
were insuKicient data to comment on the eKect of the size and
number of stones on the outcomes, costs involved, postoperative
quality of life and postoperative analgesic requirements.

The studies are, however, a little dated and interpretation in the
context of modern practice must be guarded. It is entirely possible
that the results might have been influenced by the early experience
of endoscopists in performing ERCP. It is unlikely that there will be
any future trials comparing open surgery with ERCP, and the data
from this review represent the best evidence comparing these two
interventions.

One relevant scenario for the surgeon may be in the planning or
performance of an open cholecystectomy (performed in preference
to, or converted from, a laparoscopic cholecystectomy for whatever
technical reason, eg, multiple previous laparotomies/adhesions)
in a person with unexpected or CBD stones that are considered
surgically removable. Open surgery and CBDE is one of the
treatment options for these specific groups of patients, where an
open cholecystectomy is considered as the follow-up gallbladder
surgery and not a laparoscopic surgery.

Laparoscopic cholecystectomy (LC) + LCBDE versus ERCP + LC
or versus ERCP and LC or versus LC + ERCP

Several randomised clinical trials comparing the laparoscopy and
endoscopic options were published since this review was first
published (Hong 2006; Noble 2009; Bansal 2010; Rogers 2010).
Pre-operative ERCP to deal with the CBD stones followed by
laparoscopic cholecystectomy is a popular option as the surgeon
is assured a clear duct with no distal obstruction, reducing
the risk of postoperative bile leak and the need for further
postoperative procedures. However, studies performing intra-
operative cholangiogram demonstrated the presence of silent
ductal stones in 5% to 10% that have eventually passed without
significant clinical symptoms, questioning the need for ERCP in
these people. Some authors therefore advocated postoperative
ERCP for those people who had ductal stones at intra-operative
cholangiogram. Besides, about 2% to 15% of people who
underwent pre-operative ERCP and sphincterotomy had residual
ductal stones at intra-operative cholangiogram. This provides an
argument to deal with the ductal stones by pre-operative, intra-
operative or postoperative ERCP. Laparoscopic common bile duct
exploration (LCBDE) oKers the advantage of dealing with bile
duct stones and gallbladder together, by a minimally invasive
surgical procedure, during a single episode of hospitalisation as
well as anaesthesia, and without the need for ERCP and endoscopic
sphincterotomy.

There was no significant diKerence in the mortality and overall
morbidity rates between LCBDE and the pre-, intra- and
postoperative ERCP groups. It was not possible to assess the
procedure-specific morbidity such as post-ERCP (+ endoscopic
sphincterotomy) pancreatitis, cholangitis and bleeding; post-
LCBDE bile leak and intra-abdominal abscesses, due to lack
of a standard reporting pattern for these complications (for
example, there was an overlap between post-interventional
hyperamylasaemia/pancreatitis; no grading of severity of abscess
or bile leak that required no or conservative or surgical treatment).

There was no significant diKerence in the retained stones between
the LCBDE and the pre-operative and intra-operative ERCP
groups. However, fewer retained stones were encountered in
the postoperative ERCP group. These results could have been
influenced by the fact that Nathanson 2005 and colleagues opted to
randomise the participants at failed transcystic clearance to ERCP
clearance or choledochotomy, adding to the heterogeneity of the
included trials.

There was no significant diKerence in the conversion rates of
LCBDE to open surgery when compared with pre-operative, intra-
operative, and postoperative ERCP groups.

Single-stage (LC + LCBDE) versus two-stage management (pre-
operative ERCP + LC or LC + postoperative ERCP)

We compared the single-stage laparoscopic surgical procedures
with two -stage endoscopic procedures. However, we did not
include the open surgical trials in the single-stage group for the
obvious reasons that the open and laparoscopic surgeries were
two diKerent techniques and their results could not be pooled.
Also, open trials were from the early endoscopy era. There was
no significant diKerence in the proportion of participants with
morbidity, mortality or conversion to open surgery between the
two groups. There were less number of patients with retained
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stones and failed procedures in the single-stage group but this
diKerence was not significant on the random-eKect meta-analysis.

It was not possible to assess some important outcomes in this
review. Rogers 2010 is the only trial that compared the quality
of life (SF-36) and the Karnofsky performance score between the
endoscopy and surgical groups, finding no significant diKerence
between the arms. None of the other trials reported patient
satisfaction or quality of life. Postoperative pain scores were
reported only by Bansal 2010 using visual analogue scales and
there was no significant diKerence between the LC + LCBDE versus
the pre-operative ERCP + LC groups. With participants in both
the arms subjected to laparoscopic or open cholecystectomy, the
pain scores might simply be a surrogate outcome, but it would be
interesting to know the influence of an additional procedure, ERCP,
on patient satisfaction scores in future trials.

Data about the duration of hospital stay were not included
in the meta-analysis as the data were either not described
(Bornman 1992; Targarona 1996), presented as parametric data
(Stiegmann 1992; Nathanson 2005), as a mixture of parametric
and non-parametric data (Cuschieri 1999; Kapoor 1996), or were
presented in non-parametric data format, that is, median and range
(Neoptolemos 1987; Stain 1991; Hammarstrom 1995; Rhodes 1998;
Suc 1998; Sgourakis 2002). Four trials measured treatment cost
(Stiegmann 1992; Kapoor 1996; Hong 2006; Rogers 2010) but it was
not possible to tease out the procedure-specific costs. Outcomes
such as postoperative pain scores, length of hospital stay, cost of
the procedure, quality of life and patient satisfaction need to be
assessed and reported in a more standard fashion and must be
included in future randomised clinical trials.

The number of stones and the size of stones were not included
in the updated review. Successful extraction of the duct stones
could be influenced by the technical expertise and preference of
the endoscopists (or laparoscopic surgeon performing LCBDE) and
the gadgets available in their unit. Moreover, none of the trials
have reported their outcomes based on the stone size and number
criteria. The influence of the technique of laparoscopic bile duct
clearance - transcystic or transcholedochal approach, impact of the
biliary drainage procedure (placement of a T-tube or an antegrade
biliary stent) on the outcomes of the LCBDE patients was not
planned to be assessed in this review.

Overall in this review the primary and the secondary outcomes
that were evaluated on an intention-to-treat basis have shown
no significant diKerence between the surgical and endoscopic
modalities of the management of bile duct stones - but, as stated,
data were too sparse.

Overall completeness and applicability of evidence

This review is applicable only to people fit to undergo endoscopic
or surgical (open or laparoscopic) intervention in the management
of common bile duct stones.

Quality of the evidence

This review includes a total of 1758 participants from 16
randomised trials with the primary outcomes addressed in all the
papers (except for the data on retained stones in Bornman 1992).
The risk of bias in the included trials was high and the quality of the
evidence was moderate. One of the major sources of heterogeneity
among the trials was the lack of uniform criteria among the

trials to confirm the presence of ductal stones at the time of
randomisation. Participants who were suspected of having CBD
stones, confirmed to have CBD stones by pre-operative imaging and
those with randomisation at intra-operative cholangiogram were
all included in the review. The expertise of the endoscopists and the
laparoscopic surgeons in the initial trials might have aKected their
outcomes. These issues should be addressed in future trials.

We included the Sgourakis 2002 trial as a randomised clinical trial
with high risk of bias as one of the five trials assessing LC + LCBDE
versus preoperative ERCP + LC. This decision was taken in spite of
the fact that we have suspicion that it may not be a randomised
clinical trial as we cannot exclude irregularities. On the other hand,
it did not contribute very much to our analyses and most findings
were neutral. Accordingly, excluding this trial would not lead to
noticeable changes in our findings.

Potential biases in the review process

We have followed the Cochrane Collaboration methodology for
performing the review. Most of the included studies were assessed
to be at high risk of bias in one of the six domains (blinding), and
at unclear risk of bias in another domain (allocation concealment)
(Figure 1; Figure 2). The high risk of bias was mainly attributable
to the lack of blinding in all the trials as well as unclear allocation
concealment. Blinding of the assessor might be feasible (in future
trials), if the postoperative outcomes were to be evaluated by an
independent assessor and not by the surgeon or endoscopist.

Agreements and disagreements with other studies or
reviews

The current updated review is in agreement with the conclusions
of the previously published version (Martin 2006) that open surgery
seems superior to ERCP in the management of bile duct stones.
There is no significant diKerence in the safety and eKicacy of
laparoscopic bile duct clearance and the endoscopic options. There
is no significant reduction in the number of retained stones and
failure rates in the laparoscopy arm compared to that of the pre-
operative or intra-operative endoscopy arms, although this was not
the case for the postoperative ERCP group.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Open bile duct surgery seems superior to open cholecystectomy
plus endoscopic retrograde cholangiopancreatography (ERCP) in
its ability to achieve bile duct stone clearance. It is important to
remember that these comparative trials are from the initial days
of endoscopy (1987 to 1998) and the success rates of endoscopic
procedures might have improved over the past decade. However,
the evidence would suggest that when a surgeon is required to
perform an open cholecystectomy in a person with common bile
duct (CBD) stones, then surgical duct clearance is a worthy option.

There seems to be no significant diKerences in the safety and
eKicacy of laparoscopic bile duct exploration versus the endoscopic
options. There was no significant diKerence in the proportion of
participants with retained stones between the laparoscopic and
the endoscopic arms (with the exception of the postoperative
ERCP group). Similarly, there was no significant diKerence in the
measured outcomes between the single-stage laparoscopic bile
duct clearance and the two-stage endoscopic management.
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Implications for research

While it appears that LCBDE is safe and eKective, larger good quality
randomised clinical trials have a role to validate the findings of
this review and also to explore the benefit of assessing evolving
practices in the surgical community that may occur not only with
increasing experience with laparoscopic techniques, but also with
improvements in both endoscopic and laparoscopic technology.

In terms of future trials and trial designs, the following suggestions
can be made to investigators:

• Based on the available evidence, there is a definite place
for open CBD exploration in people who are not suitable for
laparoscopic surgery. New multicentre randomised clinical trials
(to recruit enough participants) comparing the open CBDE and
endoscopy might be able to update the current evidence.

• The trial design should reflect realistic clinical situations.
Randomisation should occur on suspicion of CBD stones and
not at ERCP, since this latter situation exposes the surgery-
only group to the complications of ERCP without the potential
benefits.

• Further trials comparing the LCBDE and endoscopic procedures
are needed to address and evaluate the outcomes that were
discussed in the review, in addition to the other clinically
relevant outcomes such as: procedure-specific complications,
additional procedures required to deal with the complications,
hospital stay, total treatment cost and health economics, and,
importantly, quality of life and patient satisfaction.

• Follow-up was generally poorly reported in the trials included
in this review. It is particularly relevant for the accurate analysis
of morbidity and long-term outcomes. Long-term outcomes
might be helpful in making the clinical decision about the
management of young patients with CBD stones.

• With the current advances in laparoscopic surgical technology
and expertise, options of laparoscopic cholecystectomy (LC)
+ intra-operative ultrasound scan with or without LCBDE,
transcystic or transcholedochal exploration of the CBD, and the
role of biliary stents need evaluated in future trials.

• Future trial ought to be planned according to the SPIRIT
Statement (SPIRIT 2013).

• A plea must be made to remind all researchers to present data
in appropriate formats, to employ appropriate statistical tests,
and report the appropriate features of trial methodology. This is
best summarised in the CONSORT statement (Begg 1996) and its
associated online electronic checklist that serves not only as a
guide for trial publication but for pre-trial preparation. We would
also like to emphasise the publication of results in a manner
allowing for interpretation of individual patient outcomes, thus
allowing the inclusion of a wide range of data in meta-analysis.
Appropriate reporting of methodology will allow for the rapid
assessment of trial quality. Journal editors are increasingly
demanding that trial reporting adheres to the formats described
in the CONSORT Statement (www.consort-statement.org).
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Bansal 2010  (Continued)
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Drop-outs or protocol violations reported.

Time period: not stated.

Sample size calculation: no.

Participants Cape Town. South Africa.

110 pts randomised.
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300 pts randomised.
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Ductal stones proven or suspected on clinical (jaundice, recent pancreatitis), biochemical (raised
LFTs), or US findings.

Essential investigations:
LFTs, US.

Optional investigations: IVC, CT.

Interventions Group 1:
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Laparoscopic cholecystectomy.
IOC in all cases. Laparoscopic stone extraction attempted when stones found.

Outcomes Mortality, morbidity, hospital stay.

Notes 10% protocol violations.
Pts in Group 1 could have had more than one pre-operative attempt at ERCP.

In Group 2 conversions to open surgery treated as successful clearance.

Transcystic CBDE was performed for small non-occluding stones and transcholedochal CBDE was per-
formed for large or occluding stones.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was by a random number generator.

Allocation concealment
(selection bias)

Unclear risk Trial was described as randomised, but the method used to conceal the alloca-
tion was not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk All outcomes were clearly defined and reported.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Cuschieri 1999  (Continued)
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Methods Randomised clinical trial comparing ERCP/ES and stone removal versus open surgery alone for pts
found to have CBDS proven on ERCP, intravenous cholangiogram, or USS, with an intact gallbladder.
Drop-outs: 3 (all in surgery arm); 2 refused operation, 1 missing set of notes.

Follow-up: Median 92 (63 to 113) months Group 1, 82 (60 to 113) months Group 2.

Sample size calculations: no.

Participants Trial from Sweden.

Commenced Sept 1984, completed Jan 1989, but with 5-year follow-up data.

83 pts randomised.

Inclusion criteria:
CBDS found either on ERC, USS or IVC, intact gallbladder, age < 85 yrs (arbitrary), informed consent.

Exclusion criteria:
Previous B2 anastomosis, malignancy, perforated cholecystitis, unfit for surgery.

Interventions Group 1 (ERCP/ES):
Proceeded to ES and stone extraction by a variety of means (basket, balloon, mechanical lithotriptor).
Subsequent surgery only if ongoing biliary symptoms.

Group 2 (Surgery):
Open cholecystectomy and ECBD on next available list.
T-tube always used.
Choledochoscopy optional.

Outcomes Successful stone clearance, additional endoscopic procedures, median hospital stay, complications
- bile leak, gastric retention, duodenal injury after surgery, biliary colic (no surgery), pancreatitis (no
surgery), re-operation for bleeding, bile duct injuries, late complications: incisional hernia, retained
stone.

Notes Surgery arm all had ERCP to diagnose CBD stones.

Unclear if surgery for late symptoms was included in complication assessment.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk All outcomes were clearly defined and reported.

Incomplete outcome data Unclear risk No missing data.

Hammarstrom 1995 
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For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Hammarstrom 1995  (Continued)

 
 

Methods Randomised clinical trial.

LC + LCBDE vs LC + intra-operative ERCP.

Sample size estimation: No.

Follow-up: not mentioned.

Participants Medical College of Zhejiang University, People's Republic of China
January 2002 to December 2003.

LC+CBDE: 141 pts.

LC + intra-operative ERCP: 93 pts.

Confirmation: USS/MRCP/IOC.

Inclusion criteria: History, examination, USS, MRCP or cholangiogram. USS was positive in 174 pts, MR-
CP was positive in 3 and 57 had positive intra- operative cholangiogram.

Exclusion criteria: none mentioned.

Interventions Primary closure of CBD using 3'0 Vicryl in 45 cases and T-tube placement in 96 cases.

A second cholangiogram was performed to ensure an unobstructed CBD stone.

Outcomes Success rates, surgical time, postoperative hospital stay, hospital charges, complications.

Notes ERCP - small stones of 5 - 8mm size were cleared by saline irrigation, larger stones by basket/balloon
catheter. Sphincterotomy and lithotriptor were used only for stones larger than 15mm.

Transcystic extraction for smaller stones and transcholedochal extraction for larger stones were per-
formed.

T-tube was used in 96 cases and primary closure of CBD was performed in 46 pts.

Cholangioscope was used.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Randomised according to their identification numbers.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Hong 2006 
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Selective reporting (re-
porting bias)

Low risk All outcomes were clearly defined and reported.

Incomplete outcome data Low risk No missing data

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Hong 2006  (Continued)

 
 

Methods Randomised clinical trial of pts with CBD stones found at ERCP randomised to either ERCP/ES and
extraction followed by open cholecystectomy (ES + S group), or open cholecystectomy and CBDE
(Surgery group).
Single centre.
Drop-outs: ES + S group - 2 failures to complete treatment, 1 carcinoma of gallbladder; SA group 1 car-
cinoma of gallbladder.

Sample size calculations: no.

Exclusions: unfit (1), cholangitis (9), unable to perform ERCP (3), large stone (12), no stone (2).

Participants Lucknow, India.

Commenced July 1991 and completed October 1993.

33 pts randomised.

Inclusion criteria:
Pts proven to have CBD stones at ERCP, i.e, ERCP achieved. Fit for surgery.

Exclusion criteria:
Pregnancy, cholangitis/septicaemia, CBD cannulation failed at ERCP, stone larger than 15 mm.

Essential investigations:
USS, serum biochemistry.

420 pts seen with gallstones, 60 suspected of having BDS (bilirubin > 34.2 umol/l, ALP > 235 IU/l, CBD di-
ameter > 10 mm or BDS on USS), all underwent ERCP.

Interventions ES + S group:
CBD cleared at time of ERCP by basket or spontaneous passage.
Subsequent surgery scheduled within 6 weeks.

SA group:
Following ERCP, surgery undertaken on next available elective list.
Choledochoscopy optional.

Outcomes Mortality, morbidity, clearance rates, hospital stay.

Notes "good risk" pt not defined.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random assignments.

Kapoor 1996 
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Allocation concealment
(selection bias)

Low risk Sealed envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for--profit support.

Other bias Low risk None.

Kapoor 1996  (Continued)

 
 

Methods Randomised clinical trial.
Randomisation of pts with CBS at laparoscopic cholecystectomy after failed transcystic clearance to
laparoscopic choledochotomy or postoperative ERCP.

Follow-up: no drop-outs reported.

Time period not stated.

Trial closed prior to reaching original sample size calculations due to slow accrual.

Participants Brisbane. Australia.

Commenced June 1998 and completed October 2003.

86 pts randomised.
(286 pts had successful laparoscopic transcystic stone clearance from a total of 372 pts).
Exclusion criteria:
ERCP prior to referral for LC.
CBD diameter less than 7 mm at LC or if bilioenteric drainage required at same time.

Interventions 41 pts randomised to laparoscopic choledochotomy with or without biliary drainage with T-tube or
stent.

45 pts randomised to postoperative ERCP during same admission.

Outcomes Mortality, morbidity, bile leak, stone clearance rates, re-operation rate, hospital stay.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised.

Allocation concealment
(selection bias)

Low risk Phone call to the trial centre available 24 hours a day.

Nathanson 2005 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No significant missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Nathanson 2005  (Continued)

 
 

Methods Randomised trial of pts found at ERCP, USS, or PTC to have CBDS, with intact gallbladder and fit for
surgery; randomised to either ES and endoscopic extraction followed by OC or OC + CBDE.

Single centre.

Follow-up:
Drop-outs: 1 pt in Group 2 who had an MI after ERCP and deemed unfit for surgery; 5 pts in Group 1 re-
fused surgery after endoscopic CBDS extraction - these latter were included in results on intention-to-
treat analyses.

Sample size calculations: yes.
Based on reduction in morbidity from 40% in the surgical group (Group 2) to 20% in the endoscopic
group (Group 1), requiring 79 pts in each group (a = 0.05, b = 0.2).

Participants Leicester Royal Infirmary, UK

Commenced April 1981 and completed December 1985.

120 pts entered based on the finding of CBD stones at ERCP (113), USS (6), or PTC (1).

5 early withdrawals pre-treatment, not available for analysis.

Inclusion criteria:
CBDS found on ERCP, USS or PTC, intact gallbladder, fit for surgery, consent.

Exclusion criteria:
Pregnant.

NB: Cholangitis and jaundice not exclusions.

Interventions Group 1:
ES and clearance performed at same time as diagnostic ERCP (if performed), or else on next available
list.
OC performed on next available operating list.

Group 2:
OC performed on next available operating list.

Both ES and OC covered with prophylactic antibiotic cefazolin 1 g IV/IM unless cholangitic, in which
case penicillin/gentamycin/metronidazole given.

Outcomes Mortality, morbidity, endoscopic clearance rates, retained stones, median total hospital stay.

Neoptolemos 1987 

Surgical versus endoscopic treatment of bile duct stones (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

51



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes Study treated as pilot, with termination before calculated optimal numbers recruited, based on there
being no likelihood of reaching significance.
Note authors claim that endoscopic clearance was 91%, but should be 87%, since 2 pts developed in-
terval BDS.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random numbers.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None

Neoptolemos 1987  (Continued)

 
 

Methods ES followed by LC (Grp A) vs LCBDE during LC (Grp B).

Randomised clinical trial.

Sample size calculation: yes.

Median length of follow-up: 1.88 (IQR, 1.38 to 3.15) yrs.

Participants Single centre.

Southmead Hospital, Bristol, UK

Higher-risk pts: defined as being > 70 yrs age, > 60 with comorbidity, or > 50 with a BMI greater than 40.

Pts with proven CBD stones on imaging or those with strong evidence of CBD stones (15 pts).

Strong evidence of those with CBD stones was defined as those with a dilated CBD on transabdominal
USS (5 mm in a 50-yr old and 5+1 mm per decade) in addition to abnormal lLFTs.

2000 to 2006

Exclusion criteria:

Pts with previous sphincterotomy, previous Bilroth II gastrectomy, pts unfit for general anaesthesia.

Interventions Total of 91 pts.

Noble 2009 
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Group A - 47 pts and Group B - 44 pts.

Outcomes Morbidity, bile duct clearance, conversion to open surgery, median postoperative stay.

Notes If stones were confirmed on cholangiogram, sphincterotomy was performed and stones retrieved using
balloon, basket, mechanical lithotripsy.

During post-ERCP LC, lap USS or cholangiography was performed. If stones were present, proceeded to
LCBDE.

LCBDE group: Transcystic/transcholedochal approach was decided by intra-operative USS or cholan-
giogram.

Choledochoscope was used.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was by an independent computer-generated random number
system.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Noble 2009  (Continued)

 
 

Methods Randomised clinical trial comparing LC and lap stone extraction versus LC and postoperative ERCP/ES
and endoscopic stone extraction.

No protocol violations.

Pre-study power analysis apparently conducted, but details not listed.

Participants Norwich. UK

Study commenced August 1995 and completed August 1997.

80 pts found to have stones and randomised.

Inclusion criteria:
LC for treatment of symptomatic gallstones with CBDS demonstrated on cholangiogram.

Exclusion criteria:
Pre-operative ERCP/ES.

Rhodes 1998 
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No informed consent to proceed to randomisation.

Exclusions listed:
8 pre-operative ERCP/ES, 1 emergency OC and ECD 347 had no stones on IOC.

Essential investigations:
Pre-operative USS, IOC.

Interventions Laparoscopic group:
Trans-cystic stone extraction if CBD < 9 mm diameter.
If failed or CBD ≥ 9 mm, stone extraction performed via choledochotomy, followed by stent or T-tube
insertion.
Postoperative ERCP required for stent removal.
Post-operative ERCP or open conversion and duct exploration if laparoscopic extraction failed.

Endoscopic group:
ERCP and ES pre-operatively.
Repeated procedures until ducts clear.
Followed by laparoscopic cholecystectomy.

Outcomes Successful laparoscopic clearance, converted to open surgery, median (range) duration of all proce-
dures, median (range) hospital stay.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Unclear.

Allocation concealment
(selection bias)

Unclear risk Unclear.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Rhodes 1998  (Continued)

 
 

Methods LC+LCBDE vs ERCP/S+LC.

Randomised trial.

Follow-up: 10 protocol violators were excluded. Duration: 24 months.

Rogers 2010 
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Pre-study power analysis conducted, but not detailed.

Participants University of California, San Francisco.

1997 to 2003.

Inclusion criteria:

Age > 18 yrs, ability to consent, classic biliary pain, USS-cholecystolithiasis, platelet count/prothrombin
time - normal, ASA grade 1 or 2, 'Likely' choledocholithiasis suggested by one of the following: CBD ≥ 6
mm by USS or CT scan, intrahepatic duct dilation as determined by USS or CT scan, serum bilirubin ≥ 2
mg/dl, ALP and/or lipase levels ≥ 1.5 times upper limit of normal within 48 hrs of intended procedure.

Exclusion criteria:

History of bleeding disorders, uraemia, USS/CT evidence of cirrhosis, intrahepatic gallbladder, liver
mass or abscess or periampullary neoplasm, clinical or sonographic evidence of suppurative or necro-
tising cholecystitis, gallbladder empyema or perforation, IDDM, multiple prior laparotomies/morbid
obesity/portal vein thrombosis, pregnancy.

Interventions 122 pts.

LC+LCBDE: 61 pts = 57 pts

ERCP/S+LC: 61 pts = 55 pts

10 exclusions.

Outcomes CBD stones cleared, complications, procedure time.

Notes Sphincterotomy was performed after confirming the presence of stones.

Transcystic exploration was performed for LCBDE.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised according to serially numbered, sealed, opaque envelopes.

Allocation concealment
(selection bias)

Low risk Sealed, opaque envelopes.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Rogers 2010  (Continued)
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Methods Randomised clinical trial comparing laparoscopic surgery vs pre-operative ERCP and surgery.

Single centre.

Study commenced April 1997, completed August 2000.

Follow-up: drop-outs not reported.

Median postoperative 22.36 months (7 to 36).

Sample size calculations: no.

Participants Athens, Greece.

78 pts randomised (36 Group A, 42 Group B) with high risk for CDS on USS and/or biochemical criteria.

ASA I or II pts.
8 pts excluded because of 'poor performance' status. Further 6 refused consent.

Interventions Laparoscopic group - transcystic and choledochotomy approaches described in detail.
In ERCP group - surgery performed usually within 2 days.

Outcomes Primary clearance success, morbidity, mortality, median hospital stay.

Notes 8/36 of surgical arm (Group A) and 10/42 endoscopy arm (Group B) had no CBDS found at the time of
the procedure.

No explanation given for choice of transcystic or direct CBD approaches in Group A.

1 pt in each group with CBDS in situ at end of trial.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Methods of randomisation were ambiguous. The guidelines of a randomised
trial with the probability of samples method and stratified sampling were ap-
plied. A preliminary retrospective study was conducted. Authors also men-
tioned: "Patients were assigned in two groups (LCBDE vs ERCP). All patients
had an informed consent for their randomisation. We had to take into account
and the preference of the surgeon responsible for their treatment." The author
is not contactable at the provided email address.

Allocation concealment
(selection bias)

Unclear risk Unclear.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk Unclear.

Incomplete outcome data Low risk Unclear.

For-profit bias Low risk Unclear.

Other bias Low risk Unclear.

Sgourakis 2002 
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Methods Randomised clinical trial of pts found to have CBDS on ERCP and fit to undergo surgery, randomised to
either ERCP/ES + surgery or surgery "alone" .

Single centre.

All pts suspected of having CBDS (bilirubin > 2 mg/dl, raised amylase, USS evidence of CBDS) under-
went ERCP.

Follow-up: exclusions not listed.
Drop-outs not listed.

Sample size calculations: no.

No power analysis stated.

Participants Los Angeles. USA
52 pts completed the study.

Commencement and completion dates not stated.

Inclusion criteria:
Intact gallbladder, gallstones on USS, CBDS proven on ERC.

Exclusion criteria:
None stated.

Essential investigations: USS, serum biochemistry, ERC, IOC, T-tube cholangiogram in all having CBDE.

Interventions Group 1:
ERCP followed by ES and stone extraction by basket or spontaneous passage. Subsequent OC +/- CBDE
in all cases. Surgery scheduled electively.
CBDE performed on basis of ERCP findings and IOC.

Group 2:
ERCP followed by OC scheduled electively. CBDE performed as necessary.

Outcomes Mortality, morbidity, stone clearance rate, retained stones after surgery, operation time, hospital stay.

Notes Pts in both groups had ERC, therefore surgery arm had complications of ERC.
Low ERCP/ES stone clearance rate (65%).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence.

Allocation concealment
(selection bias)

Unclear risk Not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Stain 1991 
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Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Stain 1991  (Continued)

 
 

Methods Randomised clinical trial.
Open cholecystectomy, IOC +/- bile duct exploration vs pre-operative ERCP/ES followed by OC.

Single centre.

Commenced June 1986, completed March 1990.

Exclusions not listed.

No protocol violations listed.

Sample size calculations: no.

Participants Denver. USA.

34 pts randomised.

Inclusion criteria:
Pts for elective cholecystectomy, with suspected CBD stones.
Suspicion of CBDS based on having at least one of: serum bilirubin > 2 mg/dl (twice upper normal),
serum ALP > 235 U/l (twice upper normal), serum amylase > 240 U/l (twice upper normal), ultrasound
measured CD diameter > 8 mm, or USS visualisation of CBDS.

Exclusion criteria:
Asc cholangitis, op for acute cholecystitis, liver disease, bleeding disorders, previous gastric surgery
precluding ERCP, previous biliary tract surgery.

Exclusions listed:
1 pt with cholangiocarcinoma found at ERCP and one with cirrhosis found at surgery excluded from
further analysis.

Interventions Endoscopic/Operative group:
ERCP/ES followed by OC plus IOC (usually the following day).

Operative only group:
OC + IOC +/- CBDE

Essential investigations:
Serum bilirubin, ALP, amylase, USS.
IOC in all pts.
Choledochoscopy in some of the surgical group.
ERCP/ES in the endoscopic group.
T-tube cholangiography in the surgical group at 10 days postoperatively.
Costing retrieved from hospital finance office.

Outcomes Mortality, morbidity, stone clearance rates, hospital stay, procedure time, cost.

Notes  

Risk of bias

Stiegmann 1992 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised.

Allocation concealment
(selection bias)

Unclear risk Not clear.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Stiegmann 1992  (Continued)

 
 

Methods Randomised clinical trial.
Open cholecystectomy +/- ECD versus ERCP/ES. Cholecystectomy not necessarily performed in ERCP
group.

Multicentre.

Exclusions - none listed.
Protocol violations - 9, all withdrawn.
Other withdrawals - 9, due to incorrect diagnosis (malignant biliary obstruction).

Sample size calculations: yes.
Power analysis based on primary outcome variable of additional procedures required, with 95 pts per
group required with a power of 90% at the 0.05 level.

Participants France.

Commenced September 1989 and completed September 1994.

220 consecutive adult pts randomised.

Inclusion criteria:
Adult (> 18 yrs).
One of: jaundice, mild AP, mild cholangitis, biliary colic + raised ALP, CDS or dilated CD on USS.

Exclusion criteria:
Cholecystitis (thick gallbladder wall on USS).
No stones on USS and CBD < 1 cm.
Pts unable to have ERCP (previous total or B2 gastrectomy, or choledochoenterostomy).

Interventions All cholecystectomies by surgeons, all ERCPs by gastroenterologists.

Surgical group:
OC (if not performed previously - 3 pts).
CBDE +/- choledochoscopy.

Suc 1998 
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Duct closure either primary, +/- T-tube, or choledochoenterostomy.

Endoscopic group:
ERCP and cholangiogram.
Basket extraction of stones
OC subsequently only if cholecystitis or cholangitis developed.

Outcomes Retained stones, additional procedures, mortality, morbidity, total duration of hospital stay.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random number tables.

Allocation concealment
(selection bias)

Low risk Telephone call to co-ordinating centre.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Low risk No missing data.

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Suc 1998  (Continued)

 
 

Methods Randomised clinical trial of high-risk surgical pts suspected of having CBDS to either OC +/- CBDE alone
or ERCP/ES and stone extraction alone.

Single centre.
9 excluded pre-randomisation due to no consent (5), acute cholecystitis (1), severe cholangitis requir-
ing urgent surgery (2), severe pancreatitis requiring urgent ERCP/ES (1).

Sample size calculations: yes.
Power analysis based on reduced mortality of 14% with endoscopic treatment, requiring 48 pts per
group (a = 0.05, b = 0.1).
If BDS diagnosed at time of ERCP, randomisation occurred during this procedure prior to ES.

Participants Barcelona, Spain.

Commenced September 1991 and completed September 1994.

109 pts eligible: 9 exclusions pre-randomisation, 100 pts randomised, 2 early withdrawals post-ran-
domisation.
98 pts with analysable data.

Inclusion criteria:

Targarona 1996 
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Pts with any combination of: biliary colic and jaundice, pancreatitis, and cholangitis, suspected of hav-
ing BDS based on having:

cholestasis on LFTs, dilated BD > 8 mm on USS, CBDS on USS or ERCP, + deemed 'high surgical risk' on
the basis of at least 1 of: age > 70 yrs, Goldman cardiac risk index > 13, COPD with PPO-MSV < 10 l/min,
Child-Pugh class B or C, severely impaired mobility (neurological or locomotor), BMI > 30, informed
consent, intact gallbladder.

Exclusion criteria: previous ES, previous cholecystectomy.

Interventions If the allocated therapy could not be performed within 30 days post-randomisation, it was classed as a
primary failure of that therapy.

Group 1: (surgery)
OC performed post-randomisation.
IOC performed in all and CBDE as required.

Group 2: (endoscopy)
ERCP performed post-randomisation.
ES performed regardless of presence of stones on cholangiogram.

Outcomes Primary duct clearance rate, total morbidity, mortality, total hospital stay, recurrent biliary symptoms,
readmissions due to recurrent symptoms.

Notes ES performed in Group 2 even if no stones present - this does not reflect normal practice and may in-
crease risk in this group.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Random number table.

Allocation concealment
(selection bias)

Low risk Closed envelopes with group distribution.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Not possible.

Selective reporting (re-
porting bias)

Low risk None.

Incomplete outcome data Unclear risk Incomplete outcome data (hospital stay).

For-profit bias Low risk Appears free of for-profit support.

Other bias Low risk None.

Targarona 1996  (Continued)

AP = acute pancreatitis
AC = acute cholangitis
ALP = alkaline phosphatase
BMI = body mass index
CBDE = exploration of common duct
CBD = common bile duct
CBDS = common bile duct stones
CT = computed tomography
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ERCP = endoscopic retrograde cholangiopancreatogram
ES = endoscopic sphincterotomy
EUS = endoscopic ultrasonography
GRP = group
IDDM = insulin-dependent diabetes mellitusIQR - interquartile range
LC = laparoscopic cholecystectomy
LFT = liver function test
MRCP = magnetic resonance cholangiopancreatography
OC = open cholecystectomy
MI = myocardial infarction
PTC = percutaneous transhepatic cholangiography
pts = participants
US = ultrasound
USS = ultrasound scan (trans-abdominal unless otherwise stated)
VAS = visual analogue scale
yrs = years
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Airan 1992 Retrospective and prospective case series of LC +/- laparoscopic exploration of common bile duct.

Ammori 2000 Prospective study comparing pre-operative ERCP/ES + LC compared to LC + laparoscopic explo-
ration of common bile duct . Not randomised.

Andreasen 1998 Retrospective series of peri-operative ERCP + LC.

Berci 1994 Case series of laparoscopic exploration of common duct.

Bergamaschi 1999 Case series of pre-operative ERCP/ES + LC.

Boeckl 1988 Study comparing pre-operative ERCP/ES + OC versus OC +/- (open) exploration of common duct
(with a view to stone extraction).

Boerma 2002 A randomised trial comparing wait-and-see or laparoscopic cholecystectomy after endoscopic
sphincterotomy for bile-duct stones.

Bonatsos 1996 Case series of pre-operative ERCP/ES + LC.

Budzynski 1997 Case series of pre-operative ERCP/ES + LC.

Cemachovic 2000 Retrospective case series of LC + intra-operative ERCP/ES.

Chan 1996 Prospective case series of pre-operative ERCP/ES + LC.

Chang 2000 Randomised clinical trial comparing pre-operative versus postoperative ERCP and LC in mild to
moderate gallstone pancreatitis. 60 randomised pts with gallstone pancreatitis and suspicion of
common duct calculi on US and biochemistry. ERCP required in only 24% of postoperative group
based on IOC. Treatment failure 10% in both groups, but higher costs and longer hospital stay in
pre-operative group. Excluded as the pre - and postoperative ERP were the comparison groups.

Cisek 1994 Case series of pre-operative ERCP/ES + LC.

Conigliaro 1995 Non-randomised study for CBD stone treatment into 4 groups:
(1) ES and LC, (2) Pre-op ERCP and LC, (3) Open surgery, (4) Laparoscopic bile duct exploration.

Coppola 1996 Case series of pre-operative ERCP/ES + LC.
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Study Reason for exclusion

Daradkeh 2000 Prospective case series of pre-operative ERCP/ES + LC.

Davis 1997 Case series of peri-operative ERCP/ES + LC.

Decker 2003 Cohort of 100 laparoscopic choledochotomies with primary closure of the bile duct.

Dias 2002 Survey of surgeons in NSW Australia regarding management of CBD stones.

Drouard 1995 Case series of laparoscopic exploration of common duct (with a view to stone extraction).

Drouard 1997 Case series of laparoscopic exploration of common duct (with a view to stone extraction).

Ebner 2004 Cohort of 200 pts undergoing laparoscopic management of bile duct stones (115 transcystic, 85
choledochotomy). 91% clearance. 7% 'complication rate'. 0.5% mortality.

El Geidie 2011 Compares the timing of ERCP in relation to LC.

Fanning 1997 Retrospective study comparing pre-operative ERCP/ES + LC to LC +/- laparoscopic exploration of
common duct (with a view to stone extraction).

Frazee 1993 Case series of pre-operative ERCP/ES + LC.

Galloway 1994 Prospective non-randomised study of combined laparoscopic and endoscopic treatment of gall-
stones and bile duct stones:

Giurgiu 1999 Prospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion).

Gonzalez 1989 Prospective study comparing pre-operative ERCP/ES + open cholecystectomy versus open chole-
cystectomy + (open) exploration of common duct (with a view to stone extraction).

Hamy 2003 Case series of pre-operative ERCP prior to laparoscopic cholecystectomy.

Heili 1999 Retrospective study comparing pre-operative ERCP/ES + LC to LC +/- laparoscopic exploration of
common duct (with a view to stone extraction).

Heinerman 1989 Non-randomised comparison between surgical and endoscopic common bile duct stone extrac-
tion.

Hoyuela 1999 Case series of pre-operative ERCP/ES + LC.

Hui 2002 A randomised study of ERCP vs no ERCP in acute acalculous cholangitis.

Huynh 1996 Case series of pre-operative ERCP/ES + LC.

Kapoor 1994 Non-randomised comparison between open cholecystectomy +/- open exploration of common
duct (with a view to stone extraction) and ERCP/ES +/- open cholecystectomy.

Khuroo 1989 Randomisation to biliary drainage (ie, not stone removal) and surgery.

Kullman 1996 Prospective case series of pre-operative and postoperative ERCP/ES + LC. Not a RCT.

Lai 1992 Randomisation to biliary drainage (ie, not stone removal) and surgery.

Lella 2006 Compares the timing of ERCP in relation to LC.
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Study Reason for exclusion

Lezoche 1996 Prospective case series of LC +/- laparoscopic exploration of common duct (with a view to stone ex-
traction). Not a RCT.

Lezoche 2000 Case series of laparoscopic exploration of common duct (with a view to stone extraction). Not a
RCT.

Liberman 1996 Retrospective study comparing LC +/- postoperative ERCP/ES to LC +/- laparoscopic exploration of
common duct (with a view to stone extraction).

Liu 1996 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Magnanini 1994 Case series of pre-operative ERCP/ES + LC.

Martin 1998 Case series of 300 LC + laparoscopic exploration of common duct (with a view to stone extraction).

Martin 2002 Cohort series of 56 pts undergoing attempted laparoscopic transcystic bile duct stenting in the
management of common bile duct stones.

Masci 1999 Case series of pre-operative ERCP/ES + LC.

Materia 1996 Case series of pre-operative ERCP/ES + LC.

Meyer 1999 Study comparing peri-operative ERCP/ES + LC to LC +/- laparoscopic exploration of common duct
(with a view to stone extraction) to open cholecystectomy +/- open exploration of common duct
(with a view to stone extraction).

Meyer 2002 Cohort of common bile duct stone management in a single operation combining laparoscopic
cholecystectomy and pre-operative endoscopic sphincterotomy.

Michel 2000 Retrospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion).

Mijal 1997 Study comparing pre-operative ERCP/ES + LC to open cholecystectomy + open exploration of com-
mon duct (with a view to stone extraction). Not a RCT.

Millat 1995 Prospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion). Not a RCT.

Millat 1996 Prospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion). Not a RCT.

Millat 1997 Case series of laparoscopic exploration of common duct (with a view to stone extraction).

Miller 1988 Retrospective study comparing ERCP/ES to open cholecystectomy +/- open exploration of common
duct (with a view to stone extraction).

Mo 2002 Study of pre-operative endoscopic sphincterotomy in the treatment of pts with cholecystocholedo-
cholithiasis.

Moreaux 1995 Prospective case series of open cholecystectomy +/- open exploration of common duct (with a view
to stone extraction). Not a RCT.

Morino 2006 Compares the timing of ERCP in relation to LC.

Neoptolemos 89 Retrospective and prospective study comparing open cholecystectomy +/- open exploration of
common duct (with a view to stone extraction) to ERCP/ES +/- open cholecystectomy.
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Study Reason for exclusion

Neuhaus 1992 Prospective case series of pre-operative ERCP + LC. Not a RCT.

Niu 1995 Case series of laparoscopic exploration of common duct (with a view to stone extraction).

Paganini 1998 Prospective case series of LC +/- laparoscopic exploration of common duct (with a view to stone ex-
traction). Not a RCT.

Palacios-Macedo 1995 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Pedersen 1998 Retrospective case series of pre-operative ERCP/ES.

Pereira-Lima 2001 Cohort series of ERCP CDS clearence in the era of laparoscopic cholecystectomy: prospective
analysis of 386 pts.

Perniceni 2001 Case series of laparoscopic exploration of common duct (with a view to stone extraction).

Phillips 1995 Retrospective case series of LC +/- laparoscopic exploration of common duct (with a view to stone
extraction).

Quershi 1993 Case series of pre- and postoperative ERCP/ES.

Rabago 2006 Compares the timing of ERCP in relation to LC.

Rhodes 1995 Retrospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion).

Rieger 1994 Case series of pre-operative ERCP/ES + LC.

Rieger 1995 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Rijna 2000 Case series of pre-operative ERCP/ES + LC.

Robertson 1996 Case series of ERCP/ES followed by LC.

Robinson 1995 Case series of LC +/- laparoscopic exploration of common duct (with a view to stone extraction).

Roush 1995 Retrospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion).

Santucci 1996 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Sarli 1999 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Schwab 1992 Prospective study comparing OC+/- ECD to ERCP/ES. Not a RCT.

Seo 2000 Prospective case series of ERCP/ES. Not an RCT.

Stoker 1995 Prospective case series of LC +/- laparoscopic exploration of common duct (with a view to stone ex-
traction). Not a RCT.

Sugiyama 1999 Prospective case series of laparoscopic exploration of common duct (with a view to stone extrac-
tion).

Sungler 1993 Prospective case series of pre-operative ERCP/ES + LC.
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Study Reason for exclusion

Sungler 1997 Prospective case series of pre-operative ERCP/ES + LC.

Tham 1998 Case series of pre-operative ERCP/ES + LC.

Trias 1997 Prospective case series of pre-operative ERCP/ES + LC.

Trondsen 1995 Retrospective case series of pre-operative ERCP/ES + open cholecystectomy.

Turcu 1997 Prospective study comparing pre-operative ERCP/ES + open cholecystectomy to open cholecystec-
tomy + open exploration of common duct (with a view to stone extraction). Not a RCT.

Waage 2003 Cohort series of 175 attempted laparoscopic bile duct exploration (110 transcystic, 52 lap choledo-
chotomy and 13 open conversion). Morbidity 6.9%. Mortality 0%. Median follow-up 36 months with
1 recurrence of CBS and no strictures.

Welbourn 1995 Retrospective case series of pre-operative ERCP/ES + LC.

Wenner 2005 Cohort series of 23 pts undergoing laparoscopic bile duct exploration using a Multichannel Instru-
ment Guide. 95% stone clearance rate.

Widdison 1994 Prospective case series of pre-operative ERCP/ES + LC. Not a RCT.

Wilson 1993 Case series of peri-operative ERCP/ES + LC.

Worthley 1989 Prospective study comparing pre-operative ERCP/ES + open cholecystectomy to open cholecystec-
tomy + open exploration of common duct (with a view to stone extraction). Not a RCT.

Zargar 2002 Case series of ERCP in the treatment of common bile duct stones.

ERCP/ES = Endoscopic retrograde cholangio pancreatography with endoscopic sphincterotomy (usually with a view to endoscopic stone
extraction)
LC = Laparoscopic cholecystectomy
Pt = participant
RCT = Randomised clinical trial
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Open surgery versus ERCP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Mortality 8 729 Odds Ratio (M-H, Fixed, 95% CI) 0.51 [0.18, 1.44]

1.1 Randomisation once bile
duct stones proven

4 275 Odds Ratio (M-H, Fixed, 95% CI) 0.39 [0.06, 2.72]

1.2 Randomisation on suspi-
cion of bile duct stones

3 356 Odds Ratio (M-H, Fixed, 95% CI) 0.48 [0.09, 2.65]

1.3 High-risk participants on-
ly

1 98 Odds Ratio (M-H, Fixed, 95% CI) 0.68 [0.11, 4.27]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2 Mortality (Sensitivity analy-
sis)

8   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Good-outcome analysis 8 737 Odds Ratio (M-H, Fixed, 95% CI) 0.50 [0.18, 1.42]

2.2 Poor-outcome analysis 8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.00 [0.43, 2.32]

2.3 Best-case for open
surgery

8 737 Odds Ratio (M-H, Fixed, 95% CI) 0.46 [0.17, 1.25]

2.4 Worst-case for open
surgery

8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.10 [0.47, 2.55]

3 Total morbidity 8 729 Odds Ratio (M-H, Fixed, 95% CI) 1.12 [0.77, 1.62]

3.1 Randomisation once bile
duct stones proven

4 275 Odds Ratio (M-H, Fixed, 95% CI) 1.02 [0.59, 1.77]

3.2 Randomisation on suspi-
cion of bile duct stones

3 356 Odds Ratio (M-H, Fixed, 95% CI) 1.11 [0.63, 1.96]

3.3 High-risk participants on-
ly

1 98 Odds Ratio (M-H, Fixed, 95% CI) 1.56 [0.57, 4.30]

4 Morbidity (Sensitivity
analysis)

8   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

4.1 Good-outcome analysis 8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.09 [0.76, 1.58]

4.2 Poor-outcome analysis 8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.19 [0.83, 1.71]

4.3 Best-case for open
surgery

8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.07 [0.74, 1.54]

4.4 Worst-case for open
surgery

8 737 Odds Ratio (M-H, Fixed, 95% CI) 1.22 [0.84, 1.75]

5 Retained stones 7 609 Odds Ratio (M-H, Fixed, 95% CI) 0.36 [0.21, 0.62]

5.1 Randomisation once bile
duct stones proven

4 275 Odds Ratio (M-H, Fixed, 95% CI) 0.35 [0.17, 0.72]

5.2 Randomisation on suspi-
cion of bile duct stones

2 236 Odds Ratio (M-H, Fixed, 95% CI) 0.30 [0.12, 0.74]

5.3 High-risk participants on-
ly

1 98 Odds Ratio (M-H, Fixed, 95% CI) 3.19 [0.13, 80.23]

6 Retained stones (Sensitivity
analysis)

7   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

6.1 Good-outcome analysis 7 617 Odds Ratio (M-H, Fixed, 95% CI) 0.35 [0.20, 0.60]

6.2 Poor-outcome analysis 7 617 Odds Ratio (M-H, Fixed, 95% CI) 0.46 [0.28, 0.76]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

6.3 Best-case for open
surgery

7 617 Odds Ratio (M-H, Fixed, 95% CI) 0.34 [0.20, 0.58]

6.4 Worst-case for open
surgery

7 609 Odds Ratio (M-H, Fixed, 95% CI) 0.36 [0.21, 0.62]

7 Failure of procedure 7 609 Odds Ratio (M-H, Fixed, 95% CI) 0.31 [0.19, 0.51]

7.1 Randomisation once CBD
stones confirmed

4 275 Odds Ratio (M-H, Fixed, 95% CI) 0.29 [0.14, 0.60]

7.2 Randomisation on suspi-
cion of bile duct stones

2 236 Odds Ratio (M-H, Fixed, 95% CI) 0.29 [0.13, 0.66]

7.3 High-risk participants on-
ly

1 98 Odds Ratio (M-H, Fixed, 95% CI) 0.49 [0.12, 2.08]

8 Hospital stay     Other data No numeric data

8.1 Randomisation once CBD
stones were proven

    Other data No numeric data

8.2 Randomisation on suspi-
cion of CBD stones

    Other data No numeric data

8.3 High-risk participants on-
ly

    Other data No numeric data

9 Cost 1 34 Mean Difference (IV, Fixed, 95% CI) 1102.0 [299.54, 1904.46]

 
 

Analysis 1.1.   Comparison 1 Open surgery versus ERCP, Outcome 1 Mortality.

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 Randomisation once bile duct stones proven  

Hammarstrom 1995 0/41 1/39 14.59% 0.31[0.01,7.82]

Kapoor 1996 0/16 0/13   Not estimable

Neoptolemos 1987 1/59 2/55 19.55% 0.46[0.04,5.19]

Stain 1991 0/26 0/26   Not estimable

Subtotal (95% CI) 142 133 34.14% 0.39[0.06,2.72]

Total events: 1 (Open surgery), 3 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.04, df=1(P=0.85); I2=0%  

Test for overall effect: Z=0.94(P=0.35)  

   

1.1.2 Randomisation on suspicion of bile duct stones  

Bornman 1992 1/58 1/62 9.13% 1.07[0.07,17.51]

Stiegmann 1992 0/18 0/16   Not estimable

Suc 1998 1/105 3/97 29.68% 0.3[0.03,2.95]

Subtotal (95% CI) 181 175 38.8% 0.48[0.09,2.65]

Favours open surgery 1000.01 100.1 1 Favours ERCP
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 2 (Open surgery), 4 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.48, df=1(P=0.49); I2=0%  

Test for overall effect: Z=0.84(P=0.4)  

   

1.1.3 High-risk participants only  

Targarona 1996 2/48 3/50 27.06% 0.68[0.11,4.27]

Subtotal (95% CI) 48 50 27.06% 0.68[0.11,4.27]

Total events: 2 (Open surgery), 3 (ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.41(P=0.68)  

   

Total (95% CI) 371 358 100% 0.51[0.18,1.44]

Total events: 5 (Open surgery), 10 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.67, df=4(P=0.95); I2=0%  

Test for overall effect: Z=1.28(P=0.2)  

Test for subgroup differences: Chi2=0.17, df=1 (P=0.92), I2=0%  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.2.   Comparison 1 Open surgery versus ERCP, Outcome 2 Mortality (Sensitivity analysis).

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.2.1 Good-outcome analysis  

Bornman 1992 1/58 1/62 9.07% 1.07[0.07,17.51]

Hammarstrom 1995 0/44 1/39 14.99% 0.29[0.01,7.29]

Kapoor 1996 0/19 0/14   Not estimable

Neoptolemos 1987 1/60 2/55 19.59% 0.45[0.04,5.1]

Stain 1991 0/26 0/26   Not estimable

Stiegmann 1992 0/18 0/16   Not estimable

Suc 1998 1/105 3/97 29.48% 0.3[0.03,2.95]

Targarona 1996 2/48 3/50 26.88% 0.68[0.11,4.27]

Subtotal (95% CI) 378 359 100% 0.5[0.18,1.42]

Total events: 5 (Open surgery), 10 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.7, df=4(P=0.95); I2=0%  

Test for overall effect: Z=1.3(P=0.19)  

   

1.2.2 Poor-outcome analysis  

Bornman 1992 1/58 1/62 8.77% 1.07[0.07,17.51]

Hammarstrom 1995 3/44 1/39 9.12% 2.78[0.28,27.89]

Kapoor 1996 3/19 1/14 8.95% 2.44[0.23,26.3]

Neoptolemos 1987 2/60 2/55 18.63% 0.91[0.12,6.72]

Stain 1991 0/26 0/26   Not estimable

Stiegmann 1992 0/18 0/16   Not estimable

Suc 1998 1/105 3/97 28.52% 0.3[0.03,2.95]

Targarona 1996 2/48 3/50 26% 0.68[0.11,4.27]

Subtotal (95% CI) 378 359 100% 1[0.43,2.32]

Total events: 12 (Open surgery), 11 (ERCP)  

Heterogeneity: Tau2=0; Chi2=2.54, df=5(P=0.77); I2=0%  

Test for overall effect: Z=0(P=1)  

Favours open surgery 1000.01 100.1 1 Favours ERCP
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

1.2.3 Best-case for open surgery  

Bornman 1992 1/58 1/62 7.82% 1.07[0.07,17.51]

Hammarstrom 1995 0/44 1/39 12.93% 0.29[0.01,7.29]

Kapoor 1996 0/19 1/14 13.76% 0.23[0.01,6.1]

Neoptolemos 1987 1/60 2/55 16.89% 0.45[0.04,5.1]

Stain 1991 0/26 0/26   Not estimable

Stiegmann 1992 0/18 0/16   Not estimable

Suc 1998 1/105 3/97 25.43% 0.3[0.03,2.95]

Targarona 1996 2/48 3/50 23.18% 0.68[0.11,4.27]

Subtotal (95% CI) 378 359 100% 0.46[0.17,1.25]

Total events: 5 (Open surgery), 11 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.91, df=5(P=0.97); I2=0%  

Test for overall effect: Z=1.52(P=0.13)  

   

1.2.4 Worst-case for open surgery  

Bornman 1992 1/58 1/62 9.19% 1.07[0.07,17.51]

Hammarstrom 1995 3/44 1/39 9.56% 2.78[0.28,27.89]

Kapoor 1996 3/19 0/14 4.56% 6.15[0.29,129.38]

Neoptolemos 1987 2/60 2/55 19.53% 0.91[0.12,6.72]

Stain 1991 0/26 0/26   Not estimable

Stiegmann 1992 0/18 0/16   Not estimable

Suc 1998 1/105 3/97 29.9% 0.3[0.03,2.95]

Targarona 1996 2/48 3/50 27.26% 0.68[0.11,4.27]

Subtotal (95% CI) 378 359 100% 1.1[0.47,2.55]

Total events: 12 (Open surgery), 10 (ERCP)  

Heterogeneity: Tau2=0; Chi2=3.38, df=5(P=0.64); I2=0%  

Test for overall effect: Z=0.22(P=0.83)  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.3.   Comparison 1 Open surgery versus ERCP, Outcome 3 Total morbidity.

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.3.1 Randomisation once bile duct stones proven  

Hammarstrom 1995 10/41 5/39 7.21% 2.19[0.67,7.13]

Kapoor 1996 5/16 5/13 7.06% 0.73[0.16,3.39]

Neoptolemos 1987 13/59 18/55 27.04% 0.58[0.25,1.34]

Stain 1991 7/26 4/26 5.44% 2.03[0.51,8]

Subtotal (95% CI) 142 133 46.76% 1.02[0.59,1.77]

Total events: 35 (Open surgery), 32 (ERCP)  

Heterogeneity: Tau2=0; Chi2=4.52, df=3(P=0.21); I2=33.56%  

Test for overall effect: Z=0.07(P=0.94)  

   

1.3.2 Randomisation on suspicion of bile duct stones  

Bornman 1992 14/58 11/62 15.02% 1.48[0.61,3.58]

Stiegmann 1992 3/18 3/16 4.93% 0.87[0.15,5.06]

Suc 1998 13/105 13/97 22.05% 0.91[0.4,2.08]

Subtotal (95% CI) 181 175 41.99% 1.11[0.63,1.96]
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 30 (Open surgery), 27 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.69, df=2(P=0.71); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

1.3.3 High-risk participants only  

Targarona 1996 11/48 8/50 11.25% 1.56[0.57,4.3]

Subtotal (95% CI) 48 50 11.25% 1.56[0.57,4.3]

Total events: 11 (Open surgery), 8 (ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.86(P=0.39)  

   

Total (95% CI) 371 358 100% 1.12[0.77,1.62]

Total events: 76 (Open surgery), 67 (ERCP)  

Heterogeneity: Tau2=0; Chi2=5.75, df=7(P=0.57); I2=0%  

Test for overall effect: Z=0.59(P=0.55)  

Test for subgroup differences: Chi2=0.52, df=1 (P=0.77), I2=0%  

Favours open surgery 100.1 50.2 20.5 1 Favours ERCP

 
 

Analysis 1.4.   Comparison 1 Open surgery versus ERCP, Outcome 4 Morbidity (Sensitivity analysis).

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.4.1 Good-outcome analysis  

Bornman 1992 14/58 11/62 14.78% 1.48[0.61,3.58]

Hammarstrom 1995 10/44 5/39 7.51% 2[0.62,6.47]

Kapoor 1996 5/19 5/14 7.77% 0.64[0.14,2.87]

Neoptolemos 1987 13/60 18/55 26.96% 0.57[0.25,1.31]

Stain 1991 7/26 4/26 5.36% 2.03[0.51,8]

Stiegmann 1992 3/18 3/16 4.85% 0.87[0.15,5.06]

Suc 1998 13/105 13/97 21.7% 0.91[0.4,2.08]

Targarona 1996 11/48 8/50 11.07% 1.56[0.57,4.3]

Subtotal (95% CI) 378 359 100% 1.09[0.76,1.58]

Total events: 76 (Open surgery), 67 (ERCP)  

Heterogeneity: Tau2=0; Chi2=5.8, df=7(P=0.56); I2=0%  

Test for overall effect: Z=0.47(P=0.64)  

   

1.4.2 Poor-outcome analysis  

Bornman 1992 14/58 11/62 15.03% 1.48[0.61,3.58]

Hammarstrom 1995 13/44 5/39 6.96% 2.85[0.91,8.92]

Kapoor 1996 8/19 6/14 7.46% 0.97[0.24,3.92]

Neoptolemos 1987 14/60 18/55 26.84% 0.63[0.28,1.42]

Stain 1991 7/26 4/26 5.45% 2.03[0.51,8]

Stiegmann 1992 3/18 3/16 4.93% 0.87[0.15,5.06]

Suc 1998 13/105 13/97 22.07% 0.91[0.4,2.08]

Targarona 1996 11/48 8/50 11.26% 1.56[0.57,4.3]

Subtotal (95% CI) 378 359 100% 1.19[0.83,1.71]

Total events: 83 (Open surgery), 68 (ERCP)  

Heterogeneity: Tau2=0; Chi2=6.29, df=7(P=0.51); I2=0%  

Test for overall effect: Z=0.94(P=0.35)  
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

1.4.3 Best-case for open surgery  

Bornman 1992 14/58 11/62 14.56% 1.48[0.61,3.58]

Hammarstrom 1995 10/44 5/39 7.39% 2[0.62,6.47]

Kapoor 1996 5/19 6/14 9.19% 0.48[0.11,2.07]

Neoptolemos 1987 13/60 18/55 26.55% 0.57[0.25,1.31]

Stain 1991 7/26 4/26 5.27% 2.03[0.51,8]

Stiegmann 1992 3/18 3/16 4.78% 0.87[0.15,5.06]

Suc 1998 13/105 13/97 21.37% 0.91[0.4,2.08]

Targarona 1996 11/48 8/50 10.9% 1.56[0.57,4.3]

Subtotal (95% CI) 378 359 100% 1.07[0.74,1.54]

Total events: 76 (Open surgery), 68 (ERCP)  

Heterogeneity: Tau2=0; Chi2=6.53, df=7(P=0.48); I2=0%  

Test for overall effect: Z=0.37(P=0.71)  

   

1.4.4 Worst-case for open surgery  

Bornman 1992 14/58 11/62 15.22% 1.48[0.61,3.58]

Hammarstrom 1995 13/44 5/39 7.05% 2.85[0.91,8.92]

Kapoor 1996 8/19 5/14 6.29% 1.31[0.32,5.43]

Neoptolemos 1987 14/60 18/55 27.18% 0.63[0.28,1.42]

Stain 1991 7/26 4/26 5.52% 2.03[0.51,8]

Stiegmann 1992 3/18 3/16 5% 0.87[0.15,5.06]

Suc 1998 13/105 13/97 22.35% 0.91[0.4,2.08]

Targarona 1996 11/48 8/50 11.4% 1.56[0.57,4.3]

Subtotal (95% CI) 378 359 100% 1.22[0.84,1.75]

Total events: 83 (Open surgery), 67 (ERCP)  

Heterogeneity: Tau2=0; Chi2=6.22, df=7(P=0.51); I2=0%  

Test for overall effect: Z=1.05(P=0.29)  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.5.   Comparison 1 Open surgery versus ERCP, Outcome 5 Retained stones.

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.5.1 Randomisation once bile duct stones proven  

Hammarstrom 1995 4/41 9/39 18.32% 0.36[0.1,1.29]

Kapoor 1996 2/16 2/13 4.25% 0.79[0.09,6.5]

Neoptolemos 1987 4/59 8/55 16.99% 0.43[0.12,1.51]

Stain 1991 2/26 9/26 18.28% 0.16[0.03,0.82]

Subtotal (95% CI) 142 133 57.84% 0.35[0.17,0.72]

Total events: 12 (Open surgery), 28 (ERCP)  

Heterogeneity: Tau2=0; Chi2=1.56, df=3(P=0.67); I2=0%  

Test for overall effect: Z=2.86(P=0)  

   

1.5.2 Randomisation on suspicion of bile duct stones  

Stiegmann 1992 1/18 3/16 6.6% 0.25[0.02,2.74]

Suc 1998 6/105 16/97 34.51% 0.31[0.11,0.82]

Subtotal (95% CI) 123 113 41.12% 0.3[0.12,0.74]

Total events: 7 (Open surgery), 19 (ERCP)  
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.89); I2=0%  

Test for overall effect: Z=2.61(P=0.01)  

   

1.5.3 High-risk participants only  

Targarona 1996 1/48 0/50 1.05% 3.19[0.13,80.23]

Subtotal (95% CI) 48 50 1.05% 3.19[0.13,80.23]

Total events: 1 (Open surgery), 0 (ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.7(P=0.48)  

   

Total (95% CI) 313 296 100% 0.36[0.21,0.62]

Total events: 20 (Open surgery), 47 (ERCP)  

Heterogeneity: Tau2=0; Chi2=3.5, df=6(P=0.74); I2=0%  

Test for overall effect: Z=3.69(P=0)  

Test for subgroup differences: Chi2=1.92, df=1 (P=0.38), I2=0%  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.6.   Comparison 1 Open surgery versus ERCP, Outcome 6 Retained stones (Sensitivity analysis).

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.6.1 Good-outcome analysis  

Hammarstrom 1995 4/44 9/39 18.86% 0.33[0.09,1.19]

Kapoor 1996 2/19 2/14 4.48% 0.71[0.09,5.73]

Neoptolemos 1987 4/60 8/55 16.94% 0.42[0.12,1.48]

Stain 1991 2/26 9/26 18.06% 0.16[0.03,0.82]

Stiegmann 1992 1/18 3/16 6.52% 0.25[0.02,2.74]

Suc 1998 6/105 16/97 34.1% 0.31[0.11,0.82]

Targarona 1996 1/48 0/50 1.03% 3.19[0.13,80.23]

Subtotal (95% CI) 320 297 100% 0.35[0.2,0.6]

Total events: 20 (Open surgery), 47 (ERCP)  

Heterogeneity: Tau2=0; Chi2=3.35, df=6(P=0.76); I2=0%  

Test for overall effect: Z=3.78(P=0)  

   

1.6.2 Poor-outcome analysis  

Hammarstrom 1995 7/44 9/39 17.56% 0.63[0.21,1.89]

Kapoor 1996 5/19 3/14 5.57% 1.31[0.26,6.72]

Neoptolemos 1987 5/60 8/55 16.75% 0.53[0.16,1.74]

Stain 1991 2/26 9/26 18.18% 0.16[0.03,0.82]

Stiegmann 1992 1/18 3/16 6.57% 0.25[0.02,2.74]

Suc 1998 6/105 16/97 34.33% 0.31[0.11,0.82]

Targarona 1996 1/48 0/50 1.04% 3.19[0.13,80.23]

Subtotal (95% CI) 320 297 100% 0.46[0.28,0.76]

Total events: 27 (Open surgery), 48 (ERCP)  

Heterogeneity: Tau2=0; Chi2=5.84, df=6(P=0.44); I2=0%  

Test for overall effect: Z=3.03(P=0)  

   

1.6.3 Best-case for open surgery  

Hammarstrom 1995 4/44 9/39 18.45% 0.33[0.09,1.19]

Favours open surgery 1000.01 100.1 1 Favours ERCP
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kapoor 1996 2/19 3/14 6.57% 0.43[0.06,3.01]

Neoptolemos 1987 4/60 8/55 16.57% 0.42[0.12,1.48]

Stain 1991 2/26 9/26 17.67% 0.16[0.03,0.82]

Stiegmann 1992 1/18 3/16 6.38% 0.25[0.02,2.74]

Suc 1998 6/105 16/97 33.35% 0.31[0.11,0.82]

Targarona 1996 1/48 0/50 1.01% 3.19[0.13,80.23]

Subtotal (95% CI) 320 297 100% 0.34[0.2,0.58]

Total events: 20 (Open surgery), 48 (ERCP)  

Heterogeneity: Tau2=0; Chi2=2.95, df=6(P=0.82); I2=0%  

Test for overall effect: Z=3.89(P<0.0001)  

   

1.6.4 Worst-case for open surgery  

Hammarstrom 1995 4/41 9/39 18.32% 0.36[0.1,1.29]

Kapoor 1996 2/16 2/13 4.25% 0.79[0.09,6.5]

Neoptolemos 1987 4/59 8/55 16.99% 0.43[0.12,1.51]

Stain 1991 2/26 9/26 18.28% 0.16[0.03,0.82]

Stiegmann 1992 1/18 3/16 6.6% 0.25[0.02,2.74]

Suc 1998 6/105 16/97 34.51% 0.31[0.11,0.82]

Targarona 1996 1/48 0/50 1.05% 3.19[0.13,80.23]

Subtotal (95% CI) 313 296 100% 0.36[0.21,0.62]

Total events: 20 (Open surgery), 47 (ERCP)  

Heterogeneity: Tau2=0; Chi2=3.5, df=6(P=0.74); I2=0%  

Test for overall effect: Z=3.69(P=0)  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.7.   Comparison 1 Open surgery versus ERCP, Outcome 7 Failure of procedure.

Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.7.1 Randomisation once CBD stones confirmed  

Hammarstrom 1995 4/41 9/39 14.17% 0.36[0.1,1.29]

Kapoor 1996 2/16 2/13 3.29% 0.79[0.09,6.5]

Neoptolemos 1987 4/59 10/55 16.43% 0.33[0.1,1.11]

Stain 1991 2/26 11/26 17.29% 0.11[0.02,0.59]

Subtotal (95% CI) 142 133 51.18% 0.29[0.14,0.6]

Total events: 12 (Open surgery), 32 (ERCP)  

Heterogeneity: Tau2=0; Chi2=2.25, df=3(P=0.52); I2=0%  

Test for overall effect: Z=3.38(P=0)  

   

1.7.2 Randomisation on suspicion of bile duct stones  

Stiegmann 1992 1/18 3/16 5.11% 0.25[0.02,2.74]

Suc 1998 8/105 21/97 34.34% 0.3[0.13,0.71]

Subtotal (95% CI) 123 113 39.44% 0.29[0.13,0.66]

Total events: 9 (Open surgery), 24 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.9); I2=0%  

Test for overall effect: Z=2.95(P=0)  

   

1.7.3 High-risk participants only  

Targarona 1996 3/48 6/50 9.38% 0.49[0.12,2.08]
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Study or subgroup Open surgery ERCP Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Subtotal (95% CI) 48 50 9.38% 0.49[0.12,2.08]

Total events: 3 (Open surgery), 6 (ERCP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.97(P=0.33)  

   

Total (95% CI) 313 296 100% 0.31[0.19,0.51]

Total events: 24 (Open surgery), 62 (ERCP)  

Heterogeneity: Tau2=0; Chi2=2.66, df=6(P=0.85); I2=0%  

Test for overall effect: Z=4.55(P<0.0001)  

Test for subgroup differences: Chi2=0.42, df=1 (P=0.81), I2=0%  

Favours open surgery 1000.01 100.1 1 Favours ERCP

 
 

Analysis 1.8.   Comparison 1 Open surgery versus ERCP, Outcome 8 Hospital stay.

Hospital stay

Study Duration of hospital stay from
the day of intervention (surgery group)

Duration of hospital stay from
the day of intervention (endoscopy group)

Randomisation once CBD stones were proven

Hammarstrom 1995 Not reported 13

Kapoor 1996 11.3 (range 6 to 24) 10.6 (range 6 to 18)

Neoptolemos 1987 11 (range 6 to 27) 9 (range 4 to 57)

Stain 1991 7 ( range 4 to 22) 5 (range 2 to 12)

Randomisation on suspicion of CBD stones

Stiegmann 1992 9.2 +/- 0.6 days (mean +/- SD) 11.0 +/- 1.5 days (mean +/- SD)

Suc 1998 16 (range 6 to 60) 12 (range 2 to 68)

High-risk participants only

Targarona 1996 Not reported. Not reported.

 
 

Analysis 1.9.   Comparison 1 Open surgery versus ERCP, Outcome 9 Cost.

Study or subgroup Open surgery ERCP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Stiegmann 1992 18 9643 (1223) 16 8541 (1163) 100% 1102[299.54,1904.46]

   

Total *** 18   16   100% 1102[299.54,1904.46]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.69(P=0.01)  

Favours open surgery 1000500-1000 -500 0 Favours ERCP

 
 

Comparison 2.   LC + LCBDE versus pre-operative ERCP + LC

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Mortality 5 580 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.12, 4.33]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1.1 Low-risk group 4 489 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.12, 4.33]

1.2 High-risk group 1 91 Odds Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Mortality (Sensitivity analysis) 5   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Good-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.71 [0.12, 4.27]

2.2 Poor-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 1.01 [0.55, 1.85]

2.3 Best-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.10 [0.03, 0.38]

2.4 Worst-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 7.46 [2.39, 23.27]

3 Total morbidity 5 580 Odds Ratio (M-H, Fixed, 95% CI) 1.28 [0.80, 2.05]

3.1 Low-risk group 4 489 Odds Ratio (M-H, Fixed, 95% CI) 1.11 [0.66, 1.87]

3.2 High-risk group 1 91 Odds Ratio (M-H, Fixed, 95% CI) 2.47 [0.77, 7.92]

4 Morbidity (Sensitivity analysis) 5   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

4.1 Good-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 1.27 [0.79, 2.03]

4.2 Poor-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 1.21 [0.81, 1.80]

4.3 Best-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.76 [0.49, 1.16]

4.4 Worst-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 2.02 [1.30, 3.14]

5 Retained stones 5 580 Odds Ratio (M-H, Fixed, 95% CI) 0.79 [0.45, 1.39]

5.1 Low-risk group 4 489 Odds Ratio (M-H, Fixed, 95% CI) 1.00 [0.55, 1.82]

5.2 High-risk group 1 91 Odds Ratio (M-H, Fixed, 95% CI) 0.07 [0.00, 1.31]

6 Retained stones (Sensitivity analysis) 5   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

6.1 Good-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.78 [0.45, 1.37]

6.2 Poor-outcome analysis 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.88 [0.57, 1.37]

6.3 Best-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 0.44 [0.26, 0.73]

6.4 Worst-case for LCBDE 5 621 Odds Ratio (M-H, Fixed, 95% CI) 1.57 [0.96, 2.55]

7 Failure of procedure 5 580 Odds Ratio (M-H, Random, 95%
CI)

0.51 [0.16, 1.59]

7.1 Low-risk group 4 489 Odds Ratio (M-H, Random, 95%
CI)

0.81 [0.46, 1.41]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

7.2 High-risk group 1 91 Odds Ratio (M-H, Random, 95%
CI)

0.02 [0.00, 0.37]

8 Conversion to open surgery 5 580 Odds Ratio (M-H, Fixed, 95% CI) 1.46 [0.76, 2.81]

8.1 Low-risk group 4 489 Odds Ratio (M-H, Fixed, 95% CI) 1.36 [0.67, 2.75]

8.2 High-risk group 1 91 Odds Ratio (M-H, Fixed, 95% CI) 2.25 [0.39, 12.95]

9 Duration of hospital stay     Other data No numeric data

 
 

Analysis 2.1.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 1 Mortality.

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.1.1 Low-risk group  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/133 2/136 68.62% 0.51[0.05,5.67]

Rogers 2010 0/57 0/55   Not estimable

Sgourakis 2002 1/36 1/42 31.38% 1.17[0.07,19.42]

Subtotal (95% CI) 241 248 100% 0.72[0.12,4.33]

Total events: 2 (LC + LCBDE), 3 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=0.2, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

   

2.1.2 High-risk group  

Noble 2009 0/44 0/47   Not estimable

Subtotal (95% CI) 44 47 Not estimable

Total events: 0 (LC + LCBDE), 0 (Pre-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 285 295 100% 0.72[0.12,4.33]

Total events: 2 (LC + LCBDE), 3 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=0.2, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Test for subgroup differences: Not applicable  

Favours LC + LCBDE 500.02 100.1 1 Favours Pre-op ERCP + LC

 
 

Analysis 2.2.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 2 Mortality (Sensitivity analysis).

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.2.1 Good-outcome analysis  

Favours LC+LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC
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Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/150 2/150 68.88% 0.5[0.04,5.54]

Noble 2009 0/44 0/47   Not estimable

Rogers 2010 0/61 0/61   Not estimable

Sgourakis 2002 1/36 1/42 31.12% 1.17[0.07,19.42]

Subtotal (95% CI) 306 315 100% 0.71[0.12,4.27]

Total events: 2 (LC + LCBDE), 3 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%  

Test for overall effect: Z=0.38(P=0.71)  

   

2.2.2 Poor-outcome analysis  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 18/150 16/150 68.4% 1.14[0.56,2.33]

Noble 2009 0/44 0/47   Not estimable

Rogers 2010 4/61 6/61 27.24% 0.64[0.17,2.4]

Sgourakis 2002 1/36 1/42 4.36% 1.17[0.07,19.42]

Subtotal (95% CI) 306 315 100% 1.01[0.55,1.85]

Total events: 23 (LC + LCBDE), 23 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=0.02(P=0.98)  

   

2.2.3 Best-case for LCBDE  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/150 16/150 68.39% 0.06[0.01,0.43]

Noble 2009 0/44 0/47   Not estimable

Rogers 2010 0/61 6/61 27.75% 0.07[0,1.26]

Sgourakis 2002 1/36 1/42 3.86% 1.17[0.07,19.42]

Subtotal (95% CI) 306 315 100% 0.1[0.03,0.38]

Total events: 2 (LC + LCBDE), 23 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.29, df=2(P=0.19); I2=39.24%  

Test for overall effect: Z=3.43(P=0)  

   

2.2.4 Worst-case for LCBDE  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 18/150 2/150 56.39% 10.09[2.3,44.31]

Noble 2009 0/44 0/47   Not estimable

Rogers 2010 4/61 0/61 14.86% 9.63[0.51,182.78]

Sgourakis 2002 1/36 1/42 28.75% 1.17[0.07,19.42]

Subtotal (95% CI) 306 315 100% 7.46[2.39,23.27]

Total events: 23 (LC + LCBDE), 3 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=1.86, df=2(P=0.39); I2=0%  

Test for overall effect: Z=3.46(P=0)  

Favours LC+LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC
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Analysis 2.3.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 3 Total morbidity.

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.3.1 Low-risk group  

Bansal 2010 4/15 4/15 9.63% 1[0.2,5.04]

Cuschieri 1999 21/133 17/136 46.48% 1.31[0.66,2.62]

Rogers 2010 6/57 5/55 14.95% 1.18[0.34,4.1]

Sgourakis 2002 3/36 6/42 16.67% 0.55[0.13,2.36]

Subtotal (95% CI) 241 248 87.73% 1.11[0.66,1.87]

Total events: 34 (LC + LCBDE), 32 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=1.16, df=3(P=0.76); I2=0%  

Test for overall effect: Z=0.39(P=0.7)  

   

2.3.2 High-risk group  

Noble 2009 10/44 5/47 12.27% 2.47[0.77,7.92]

Subtotal (95% CI) 44 47 12.27% 2.47[0.77,7.92]

Total events: 10 (LC + LCBDE), 5 (Pre-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.52(P=0.13)  

   

Total (95% CI) 285 295 100% 1.28[0.8,2.05]

Total events: 44 (LC + LCBDE), 37 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=2.64, df=4(P=0.62); I2=0%  

Test for overall effect: Z=1.01(P=0.31)  

Test for subgroup differences: Chi2=1.51, df=1 (P=0.22), I2=33.83%  

Favours LC + LCBDE 500.02 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.4.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 4 Morbidity (Sensitivity analysis).

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.4.1 Good-outcome analysis  

Bansal 2010 4/15 4/15 9.5% 1[0.2,5.04]

Cuschieri 1999 21/150 17/150 47.35% 1.27[0.64,2.52]

Noble 2009 10/44 5/47 12.1% 2.47[0.77,7.92]

Rogers 2010 6/61 5/61 14.6% 1.22[0.35,4.24]

Sgourakis 2002 3/36 6/42 16.44% 0.55[0.13,2.36]

Subtotal (95% CI) 306 315 100% 1.27[0.79,2.03]

Total events: 44 (LC + LCBDE), 37 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=2.62, df=4(P=0.62); I2=0%  

Test for overall effect: Z=0.98(P=0.33)  

   

2.4.2 Poor-outcome analysis  

Bansal 2010 4/15 4/15 6.65% 1[0.2,5.04]

Cuschieri 1999 38/150 31/150 52.5% 1.3[0.76,2.23]

Noble 2009 10/44 5/47 8.47% 2.47[0.77,7.92]

Rogers 2010 10/61 11/61 20.86% 0.89[0.35,2.28]

Sgourakis 2002 3/36 6/42 11.51% 0.55[0.13,2.36]

Subtotal (95% CI) 306 315 100% 1.21[0.81,1.8]
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Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 65 (LC + LCBDE), 57 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.11, df=4(P=0.54); I2=0%  

Test for overall effect: Z=0.93(P=0.35)  

   

2.4.3 Best-case for LCBDE  

Bansal 2010 4/15 4/15 6.07% 1[0.2,5.04]

Cuschieri 1999 21/150 31/150 55.17% 0.62[0.34,1.15]

Noble 2009 10/44 5/47 7.73% 2.47[0.77,7.92]

Rogers 2010 6/61 11/61 20.52% 0.5[0.17,1.44]

Sgourakis 2002 3/36 6/42 10.51% 0.55[0.13,2.36]

Subtotal (95% CI) 306 315 100% 0.76[0.49,1.16]

Total events: 44 (LC + LCBDE), 57 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=5.25, df=4(P=0.26); I2=23.87%  

Test for overall effect: Z=1.28(P=0.2)  

   

2.4.4 Worst-case for LCBDE  

Bansal 2010 4/15 4/15 10.25% 1[0.2,5.04]

Cuschieri 1999 38/150 17/150 44.35% 2.65[1.42,4.96]

Noble 2009 10/44 5/47 13.05% 2.47[0.77,7.92]

Rogers 2010 10/61 5/61 14.61% 2.2[0.7,6.86]

Sgourakis 2002 3/36 6/42 17.74% 0.55[0.13,2.36]

Subtotal (95% CI) 306 315 100% 2.02[1.3,3.14]

Total events: 65 (LC + LCBDE), 37 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=4.67, df=4(P=0.32); I2=14.28%  

Test for overall effect: Z=3.13(P=0)  

Favours LC + LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.5.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 5 Retained stones.

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.5.1 Low-risk group  

Bansal 2010 1/15 2/15 6.71% 0.46[0.04,5.75]

Cuschieri 1999 17/133 17/136 52.68% 1.03[0.5,2.11]

Rogers 2010 2/57 1/55 3.53% 1.96[0.17,22.3]

Sgourakis 2002 4/36 5/42 14.74% 0.93[0.23,3.74]

Subtotal (95% CI) 241 248 77.65% 1[0.55,1.82]

Total events: 24 (LC + LCBDE), 25 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=0.67, df=3(P=0.88); I2=0%  

Test for overall effect: Z=0(P=1)  

   

2.5.2 High-risk group  

Noble 2009 0/44 6/47 22.35% 0.07[0,1.31]

Subtotal (95% CI) 44 47 22.35% 0.07[0,1.31]

Total events: 0 (LC + LCBDE), 6 (Pre-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.78(P=0.08)  
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Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 285 295 100% 0.79[0.45,1.39]

Total events: 24 (LC + LCBDE), 31 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.87, df=4(P=0.42); I2=0%  

Test for overall effect: Z=0.81(P=0.42)  

Test for subgroup differences: Chi2=3.03, df=1 (P=0.08), I2=66.99%  

Favours LC + LCBDE 10000.001 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.6.   Comparison 2 LC + LCBDE versus pre-operative
ERCP + LC, Outcome 6 Retained stones (Sensitivity analysis).

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.6.1 Good-outcome analysis  

Bansal 2010 1/15 2/15 6.61% 0.46[0.04,5.75]

Cuschieri 1999 17/150 17/150 53.39% 1[0.49,2.04]

Noble 2009 0/44 6/47 22.03% 0.07[0,1.31]

Rogers 2010 2/61 1/61 3.43% 2.03[0.18,23.04]

Sgourakis 2002 4/36 5/42 14.53% 0.93[0.23,3.74]

Subtotal (95% CI) 306 315 100% 0.78[0.45,1.37]

Total events: 24 (LC + LCBDE), 31 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.86, df=4(P=0.43); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

   

2.6.2 Poor-outcome analysis  

Bansal 2010 1/15 2/15 4.39% 0.46[0.04,5.75]

Cuschieri 1999 34/150 31/150 56.44% 1.13[0.65,1.95]

Noble 2009 0/44 6/47 14.65% 0.07[0,1.31]

Rogers 2010 6/61 7/61 14.86% 0.84[0.27,2.67]

Sgourakis 2002 4/36 5/42 9.66% 0.93[0.23,3.74]

Subtotal (95% CI) 306 315 100% 0.88[0.57,1.37]

Total events: 45 (LC + LCBDE), 51 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.88, df=4(P=0.42); I2=0%  

Test for overall effect: Z=0.57(P=0.57)  

   

2.6.3 Best-case for LCBDE  

Bansal 2010 1/15 2/15 4.02% 0.46[0.04,5.75]

Cuschieri 1999 17/150 31/150 59.18% 0.49[0.26,0.93]

Noble 2009 0/44 6/47 13.39% 0.07[0,1.31]

Rogers 2010 2/61 7/61 14.58% 0.26[0.05,1.31]

Sgourakis 2002 4/36 5/42 8.83% 0.93[0.23,3.74]

Subtotal (95% CI) 306 315 100% 0.44[0.26,0.73]

Total events: 24 (LC + LCBDE), 51 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=3.1, df=4(P=0.54); I2=0%  

Test for overall effect: Z=3.15(P=0)  

   

2.6.4 Worst-case for LCBDE  

Bansal 2010 1/15 2/15 7.11% 0.46[0.04,5.75]

Cuschieri 1999 34/150 17/150 50.11% 2.29[1.22,4.32]

Favours LC + LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC
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Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Noble 2009 0/44 6/47 23.71% 0.07[0,1.31]

Rogers 2010 6/61 1/61 3.44% 6.55[0.76,56.1]

Sgourakis 2002 4/36 5/42 15.64% 0.93[0.23,3.74]

Subtotal (95% CI) 306 315 100% 1.57[0.96,2.55]

Total events: 45 (LC + LCBDE), 31 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=8.85, df=4(P=0.06); I2=54.82%  

Test for overall effect: Z=1.82(P=0.07)  

Favours LC + LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.7.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 7 Failure of procedure.

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.7.1 Low-risk group  

Bansal 2010 1/15 4/15 14.88% 0.2[0.02,2.02]

Cuschieri 1999 19/133 23/136 34.9% 0.82[0.42,1.59]

Rogers 2010 2/57 1/55 14.1% 1.96[0.17,22.3]

Sgourakis 2002 4/36 5/42 24.77% 0.93[0.23,3.74]

Subtotal (95% CI) 241 248 88.65% 0.81[0.46,1.41]

Total events: 26 (LC + LCBDE), 33 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=1.97, df=3(P=0.58); I2=0%  

Test for overall effect: Z=0.75(P=0.45)  

   

2.7.2 High-risk group  

Noble 2009 0/44 16/47 11.35% 0.02[0,0.37]

Subtotal (95% CI) 44 47 11.35% 0.02[0,0.37]

Total events: 0 (LC + LCBDE), 16 (Pre-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.64(P=0.01)  

   

Total (95% CI) 285 295 100% 0.51[0.16,1.59]

Total events: 26 (LC + LCBDE), 49 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0.85; Chi2=9.15, df=4(P=0.06); I2=56.29%  

Test for overall effect: Z=1.16(P=0.25)  

Test for subgroup differences: Chi2=5.98, df=1 (P=0.01), I2=83.28%  

Favours LC + LCBDE 10000.001 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.8.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 8 Conversion to open surgery.

Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

2.8.1 Low-risk group  

Bansal 2010 1/15 2/15 12.43% 0.46[0.04,5.75]

Cuschieri 1999 17/133 8/136 45.96% 2.34[0.98,5.64]

Favours LC + LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC
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Study or subgroup LC + LCBDE Pre-op ER-
CP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Rogers 2010 0/57 0/55   Not estimable

Sgourakis 2002 1/36 5/42 29.89% 0.21[0.02,1.9]

Subtotal (95% CI) 241 248 88.29% 1.36[0.67,2.75]

Total events: 19 (LC + LCBDE), 15 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=4.94, df=2(P=0.08); I2=59.55%  

Test for overall effect: Z=0.85(P=0.4)  

   

2.8.2 High-risk group  

Noble 2009 4/44 2/47 11.71% 2.25[0.39,12.95]

Subtotal (95% CI) 44 47 11.71% 2.25[0.39,12.95]

Total events: 4 (LC + LCBDE), 2 (Pre-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.91(P=0.36)  

   

Total (95% CI) 285 295 100% 1.46[0.76,2.81]

Total events: 23 (LC + LCBDE), 17 (Pre-op ERCP + LC)  

Heterogeneity: Tau2=0; Chi2=5.12, df=3(P=0.16); I2=41.45%  

Test for overall effect: Z=1.14(P=0.25)  

Test for subgroup differences: Chi2=0.28, df=1 (P=0.6), I2=0%  

Favours LC + LCBDE 1000.01 100.1 1 Favours pre-op ERCP + LC

 
 

Analysis 2.9.   Comparison 2 LC + LCBDE versus pre-operative ERCP + LC, Outcome 9 Duration of hospital stay.

Duration of hospital stay

Study Pre-op ERCP + LC LC + LCBDE P - value

Bansal 2010 4 (range 2 to 11) days 4.2 (range 3 to 9) days  

Cuschieri 1999 9 (IQR, 6 to 14) days 6 (IQR, 4 to 12) days <0.05

Noble 2009 3 (IQR, 2 to 7) days 5 (IQR, 2 to 7) days 0.825

Rogers 2010 98hrs 55hrs <0.001

Sgourakis 2002 9 days 7.4 days  

 
 

Comparison 3.   LC + LCBDE versus LC + intra-operative ERCP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Morbidity 1   Odds Ratio (M-H, Fixed, 95% CI) Totals not selected

2 Retained stones 1 234 Odds Ratio (M-H, Fixed, 95% CI) 0.64 [0.20, 2.06]

3 Failure of procedure 1 234 Odds Ratio (M-H, Fixed, 95% CI) 0.88 [0.19, 4.01]

4 Conversion to open surgery 1 234 Odds Ratio (M-H, Fixed, 95% CI) 1.26 [0.51, 3.11]

5 Duration of procedure 1 234 Mean Difference (IV, Fixed, 95%
CI)

-6.49 [-21.47, 8.49]

6 Duration of hospital stay     Other data No numeric data
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

7 Cost     Other data No numeric data

 
 

Analysis 3.1.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 1 Morbidity.

Study or subgroup LC + LCBDE Intra-op ERCP + LC Odds Ratio Odds Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hong 2006 6/141 8/93 0.47[0.16,1.41]

Favours LC + LCBDE 200.05 50.2 1 Favours Intra-op ERCP +
LC

 
 

Analysis 3.2.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 2 Retained stones.

Study or subgroup LC + LCBDE Intra-op
ERCP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hong 2006 6/141 6/93 100% 0.64[0.2,2.06]

   

Total (95% CI) 141 93 100% 0.64[0.2,2.06]

Total events: 6 (LC + LCBDE), 6 (Intra-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.74(P=0.46)  

Favours LC + LCBDE 1000.01 100.1 1 Favours Intra-op ERCP + LC

 
 

Analysis 3.3.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 3 Failure of procedure.

Study or subgroup LC + LCBDE Intra-op
ERCP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hong 2006 4/141 3/93 100% 0.88[0.19,4.01]

   

Total (95% CI) 141 93 100% 0.88[0.19,4.01]

Total events: 4 (LC + LCBDE), 3 (Intra-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.17(P=0.86)  

Favours LC + LCBDE 1000.01 100.1 1 Favours Intra-op ERCP + LC

 
 

Analysis 3.4.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 4 Conversion to open surgery.

Study or subgroup LC + LCBDE Intra-op
ERCP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hong 2006 15/141 8/93 100% 1.26[0.51,3.11]

Favours LC + LCBDE 1000.01 100.1 1 Favours Intra-op ERCP + LC
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Study or subgroup LC + LCBDE Intra-op
ERCP + LC

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

Total (95% CI) 141 93 100% 1.26[0.51,3.11]

Total events: 15 (LC + LCBDE), 8 (Intra-op ERCP + LC)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.51(P=0.61)  

Favours LC + LCBDE 1000.01 100.1 1 Favours Intra-op ERCP + LC

 
 

Analysis 3.5.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 5 Duration of procedure.

Study or subgroup LC + LCBDE Intra-op ERCP + LC Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hong 2006 141 133.8 (58.2) 93 140.3 (56.6) 100% -6.49[-21.47,8.49]

   

Total *** 141   93   100% -6.49[-21.47,8.49]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.85(P=0.4)  

Favours LC + LCBDE 10050-100 -50 0 Favours Intra-op ERCP + LC

 
 

Analysis 3.6.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 6 Duration of hospital stay.

Duration of hospital stay

Study Intra-op ERCP + LC LC + LCBDE

Hong 2006 4.25 +/- 3.46 4.66 +/- 3.07

 
 

Analysis 3.7.   Comparison 3 LC + LCBDE versus LC + intra-operative ERCP, Outcome 7 Cost.

Cost

Study Intra-op ERCP + LC LC + LCBDE

Hong 2006 17279.96 + / - 4097.43 13559.20 +/- 3452.10

 
 

Comparison 4.   LC + LCBDE versus LC + postoperative ERCP

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Total morbidity 2 166 Odds Ratio (M-H, Fixed, 95% CI) 1.16 [0.50, 2.72]

1.1 LCBDE versus post-operative ERCP 1 80 Odds Ratio (M-H, Fixed, 95% CI) 1.0 [0.29, 3.41]

1.2 LCBDE versus post-operative ERCP
(intra-operative randomisation)

1 86 Odds Ratio (M-H, Fixed, 95% CI) 1.34 [0.41, 4.37]

2 Retained stones after primary inter-
vention

2 166 Odds Ratio (M-H, Fixed, 95% CI) 0.28 [0.11, 0.72]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.1 LCBDE versus post-operative ERCP 1 80 Odds Ratio (M-H, Fixed, 95% CI) 0.53 [0.17, 1.63]

2.2 LCBDE versus post-operative ERCP
(intra-operative randomisation)

1 86 Odds Ratio (M-H, Fixed, 95% CI) 0.08 [0.01, 0.63]

3 Failure of procedure 2 166 Odds Ratio (M-H, Fixed, 95% CI) 0.47 [0.21, 1.06]

3.1 LCBDE versus post-operative ERCP 1 80 Odds Ratio (M-H, Fixed, 95% CI) 1.0 [0.36, 2.75]

3.2 LCBDE versus post-operative ERCP
(intra-operative randomisation)

1 86 Odds Ratio (M-H, Fixed, 95% CI) 0.08 [0.01, 0.63]

4 Conversion to open surgery 2 166 Odds Ratio (M-H, Fixed, 95% CI) 1.77 [0.23, 13.81]

4.1 LCBDE versus post-operative ERCP 1 80 Odds Ratio (M-H, Fixed, 95% CI) 3.08 [0.12, 77.80]

4.2 LCBDE versus post-operative ERCP
(intra-operative randomisation)

1 86 Odds Ratio (M-H, Fixed, 95% CI) 1.1 [0.07, 18.17]

5 Duration of procedure     Other data No numeric data

6 Duration of hospital stay     Other data No numeric data

 
 

Analysis 4.1.   Comparison 4 LC + LCBDE versus LC + postoperative ERCP, Outcome 1 Total morbidity.

Study or subgroup LC + LCBDE LC + post-
op ERCP

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 LCBDE versus post-operative ERCP  

Rhodes 1998 6/40 6/40 51.81% 1[0.29,3.41]

Subtotal (95% CI) 40 40 51.81% 1[0.29,3.41]

Total events: 6 (LC + LCBDE), 6 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

4.1.2 LCBDE versus post-operative ERCP (intra-operative randomisa-
tion)

 

Nathanson 2005 7/41 6/45 48.19% 1.34[0.41,4.37]

Subtotal (95% CI) 41 45 48.19% 1.34[0.41,4.37]

Total events: 7 (LC + LCBDE), 6 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.48(P=0.63)  

   

Total (95% CI) 81 85 100% 1.16[0.5,2.72]

Total events: 13 (LC + LCBDE), 12 (LC + post-op ERCP)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=0.35(P=0.73)  

Test for subgroup differences: Chi2=0.11, df=1 (P=0.74), I2=0%  

Favours LC + LCBDE 50.2 20.5 1 Favours LC + post-op ERCP
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Analysis 4.2.   Comparison 4 LC + LCBDE versus LC + postoperative
ERCP, Outcome 2 Retained stones aEer primary intervention.

Study or subgroup LC + LCBDE LC + post-
op ERCP

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.2.1 LCBDE versus post-operative ERCP  

Rhodes 1998 6/40 10/40 45.38% 0.53[0.17,1.63]

Subtotal (95% CI) 40 40 45.38% 0.53[0.17,1.63]

Total events: 6 (LC + LCBDE), 10 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.11(P=0.27)  

   

4.2.2 LCBDE versus post-operative ERCP (intra-operative randomisa-
tion)

 

Nathanson 2005 1/41 11/45 54.62% 0.08[0.01,0.63]

Subtotal (95% CI) 41 45 54.62% 0.08[0.01,0.63]

Total events: 1 (LC + LCBDE), 11 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.39(P=0.02)  

   

Total (95% CI) 81 85 100% 0.28[0.11,0.72]

Total events: 7 (LC + LCBDE), 21 (LC + post-op ERCP)  

Heterogeneity: Tau2=0; Chi2=2.67, df=1(P=0.1); I2=62.48%  

Test for overall effect: Z=2.67(P=0.01)  

Test for subgroup differences: Chi2=2.51, df=1 (P=0.11), I2=60.18%  

Favours LC + LCBDE 1000.01 100.1 1 Favours LC + post-op ERCP

 
 

Analysis 4.3.   Comparison 4 LC + LCBDE versus LC + postoperative ERCP, Outcome 3 Failure of procedure.

Study or subgroup LC + LCBDE LC + post-
op ERCP

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.3.1 LCBDE versus post-operative ERCP  

Rhodes 1998 10/40 10/40 42.3% 1[0.36,2.75]

Subtotal (95% CI) 40 40 42.3% 1[0.36,2.75]

Total events: 10 (LC + LCBDE), 10 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

4.3.2 LCBDE versus post-operative ERCP (intra-operative randomisa-
tion)

 

Nathanson 2005 1/41 11/45 57.7% 0.08[0.01,0.63]

Subtotal (95% CI) 41 45 57.7% 0.08[0.01,0.63]

Total events: 1 (LC + LCBDE), 11 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.39(P=0.02)  

   

Total (95% CI) 81 85 100% 0.47[0.21,1.06]

Total events: 11 (LC + LCBDE), 21 (LC + post-op ERCP)  

Heterogeneity: Tau2=0; Chi2=5, df=1(P=0.03); I2=79.99%  

Favours LC + LCBDE 1000.01 100.1 1 Favours LC + post-op ERCP
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Study or subgroup LC + LCBDE LC + post-
op ERCP

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.83(P=0.07)  

Test for subgroup differences: Chi2=4.64, df=1 (P=0.03), I2=78.46%  

Favours LC + LCBDE 1000.01 100.1 1 Favours LC + post-op ERCP

 
 

Analysis 4.4.   Comparison 4 LC + LCBDE versus LC + postoperative ERCP, Outcome 4 Conversion to open surgery.

Study or subgroup LC + LCBDE LC + post-
op ERCP

Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.4.1 LCBDE versus post-operative ERCP  

Rhodes 1998 1/40 0/40 34.12% 3.08[0.12,77.8]

Subtotal (95% CI) 40 40 34.12% 3.08[0.12,77.8]

Total events: 1 (LC + LCBDE), 0 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

   

4.4.2 LCBDE versus post-operative ERCP (intra-operative randomisa-
tion)

 

Nathanson 2005 1/41 1/45 65.88% 1.1[0.07,18.17]

Subtotal (95% CI) 41 45 65.88% 1.1[0.07,18.17]

Total events: 1 (LC + LCBDE), 1 (LC + post-op ERCP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.07(P=0.95)  

   

Total (95% CI) 81 85 100% 1.77[0.23,13.81]

Total events: 2 (LC + LCBDE), 1 (LC + post-op ERCP)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=0.55(P=0.58)  

Test for subgroup differences: Chi2=0.22, df=1 (P=0.64), I2=0%  

Favours LC + LCBDE 1000.01 100.1 1 Favours LC + post-op ERCP

 
 

Analysis 4.5.   Comparison 4 LC + LCBDE versus LC + postoperative ERCP, Outcome 5 Duration of procedure.

Duration of procedure

Study Post-op ERCP + LC LC + LCBDE P

Nathanson 2005 147.9 min (both procedures together) 158.8 min (both procedures together) 0.49

Rhodes 1998 105 (60-255) min (both procedures to-
gether)

90 (25-310) min (both procedures to-
gether)

0.1

 
 

Analysis 4.6.   Comparison 4 LC + LCBDE versus LC + postoperative ERCP, Outcome 6 Duration of hospital stay.

Duration of hospital stay

Study LC + post-op ERCP LC + LCBDE P

Nathanson 2005 Mean: 7.7 days Mean: 6.4 days 0.57

Rhodes 1998 3.5 days (1-11 days) 1 day (1-26 days) 0.0001
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Comparison 5.   Single-stage versus two-stage management

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Mortality 7 746 Odds Ratio (M-H, Fixed, 95% CI) 0.72 [0.12, 4.33]

2 Mortality (Sensitivity analysis) 7   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

2.1 Good-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.71 [0.12, 4.27]

2.2 Poor-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 1.01 [0.55, 1.85]

2.3 Best-case for single stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.10 [0.03, 0.38]

2.4 Worst-case for single-stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 7.46 [2.39, 23.27]

3 Morbidity 7 746 Odds Ratio (M-H, Fixed, 95% CI) 1.25 [0.83, 1.89]

4 Morbidity (Sensitivity analysis) 7   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

4.1 Good-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 1.24 [0.82, 1.87]

4.2 Poor-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 1.20 [0.84, 1.72]

4.3 Best-case for single-stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.82 [0.56, 1.21]

4.4 Worst-case for single-stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 1.80 [1.22, 2.66]

5 Retained stones 7 746 Odds Ratio (M-H, Random, 95% CI) 0.58 [0.28, 1.22]

6 Retained stones (Sensitivity analy-
sis)

7   Odds Ratio (M-H, Fixed, 95% CI) Subtotals only

6.1 Good-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.58 [0.37, 0.93]

6.2 Poor-outcome analysis 7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.70 [0.47, 1.03]

6.3 Best-case for single-stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 0.39 [0.25, 0.62]

6.4 Worst-case for single-stage proce-
dure

7 787 Odds Ratio (M-H, Fixed, 95% CI) 1.03 [0.69, 1.56]

7 Failure to complete the procedure 7 746 Odds Ratio (M-H, Random, 95% CI) 0.49 [0.20, 1.18]

8 Conversion to open surgery 7 746 Odds Ratio (M-H, Fixed, 95% CI) 1.49 [0.80, 2.77]
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Analysis 5.1.   Comparison 5 Single-stage versus two-stage management, Outcome 1 Mortality.

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/133 2/136 68.62% 0.51[0.05,5.67]

Nathanson 2005 0/41 0/45   Not estimable

Noble 2009 0/44 0/47   Not estimable

Rhodes 1998 0/40 0/40   Not estimable

Rogers 2010 0/57 0/55   Not estimable

Sgourakis 2002 1/36 1/42 31.38% 1.17[0.07,19.42]

   

Total (95% CI) 366 380 100% 0.72[0.12,4.33]

Total events: 2 (Single-stage), 3 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=0.2, df=1(P=0.66); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Favours single-stage 1000.01 100.1 1 Favours two-stage

 
 

Analysis 5.2.   Comparison 5 Single-stage versus two-stage management, Outcome 2 Mortality (Sensitivity analysis).

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.2.1 Good-outcome analysis  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/150 2/150 68.88% 0.5[0.04,5.54]

Nathanson 2005 0/41 0/45   Not estimable

Noble 2009 0/44 0/47   Not estimable

Rhodes 1998 0/40 0/40   Not estimable

Rogers 2010 0/61 0/61   Not estimable

Sgourakis 2002 1/36 1/42 31.12% 1.17[0.07,19.42]

Subtotal (95% CI) 387 400 100% 0.71[0.12,4.27]

Total events: 2 (Single-stage), 3 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=0.21, df=1(P=0.65); I2=0%  

Test for overall effect: Z=0.38(P=0.71)  

   

5.2.2 Poor-outcome analysis  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 18/150 16/150 68.4% 1.14[0.56,2.33]

Nathanson 2005 0/41 0/45   Not estimable

Noble 2009 0/44 0/47   Not estimable

Rhodes 1998 0/40 0/40   Not estimable

Rogers 2010 4/61 6/61 27.24% 0.64[0.17,2.4]

Sgourakis 2002 1/36 1/42 4.36% 1.17[0.07,19.42]

Subtotal (95% CI) 387 400 100% 1.01[0.55,1.85]

Total events: 23 (Single-stage), 23 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=0.57, df=2(P=0.75); I2=0%  

Test for overall effect: Z=0.02(P=0.98)  

   

5.2.3 Best-case for single stage procedure  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 1/150 16/150 68.39% 0.06[0.01,0.43]

Nathanson 2005 0/41 0/45   Not estimable

Favours single-stage 1000.01 100.1 1 Favours two-stage
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Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Noble 2009 0/44 0/47   Not estimable

Rhodes 1998 0/40 0/40   Not estimable

Rogers 2010 0/61 6/61 27.75% 0.07[0,1.26]

Sgourakis 2002 1/36 1/42 3.86% 1.17[0.07,19.42]

Subtotal (95% CI) 387 400 100% 0.1[0.03,0.38]

Total events: 2 (Single-stage), 23 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=3.29, df=2(P=0.19); I2=39.24%  

Test for overall effect: Z=3.43(P=0)  

   

5.2.4 Worst-case for single-stage procedure  

Bansal 2010 0/15 0/15   Not estimable

Cuschieri 1999 18/150 2/150 56.39% 10.09[2.3,44.31]

Nathanson 2005 0/41 0/45   Not estimable

Noble 2009 0/44 0/47   Not estimable

Rhodes 1998 0/40 0/40   Not estimable

Rogers 2010 4/61 0/61 14.86% 9.63[0.51,182.78]

Sgourakis 2002 1/36 1/42 28.75% 1.17[0.07,19.42]

Subtotal (95% CI) 387 400 100% 7.46[2.39,23.27]

Total events: 23 (Single-stage), 3 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=1.86, df=2(P=0.39); I2=0%  

Test for overall effect: Z=3.46(P=0)  

Favours single-stage 1000.01 100.1 1 Favours two-stage

 
 

Analysis 5.3.   Comparison 5 Single-stage versus two-stage management, Outcome 3 Morbidity.

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bansal 2010 4/15 4/15 7.28% 1[0.2,5.04]

Cuschieri 1999 21/133 17/136 35.13% 1.31[0.66,2.62]

Nathanson 2005 7/41 6/45 11.77% 1.34[0.41,4.37]

Noble 2009 10/44 5/47 9.27% 2.47[0.77,7.92]

Rhodes 1998 6/40 6/40 12.65% 1[0.29,3.41]

Rogers 2010 6/57 5/55 11.3% 1.18[0.34,4.1]

Sgourakis 2002 3/36 6/42 12.6% 0.55[0.13,2.36]

   

Total (95% CI) 366 380 100% 1.25[0.83,1.89]

Total events: 57 (Single-stage), 49 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=2.79, df=6(P=0.84); I2=0%  

Test for overall effect: Z=1.05(P=0.29)  

Favours single-stage 200.05 50.2 1 Favours two-stage

 
 

Analysis 5.4.   Comparison 5 Single-stage versus two-stage management, Outcome 4 Morbidity (Sensitivity analysis).

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.4.1 Good-outcome analysis  

Bansal 2010 4/15 4/15 7.2% 1[0.2,5.04]

Favours single-stage 1000.01 100.1 1 Favours two-stage
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Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Cuschieri 1999 21/150 17/150 35.9% 1.27[0.64,2.52]

Nathanson 2005 7/41 6/45 11.65% 1.34[0.41,4.37]

Noble 2009 10/44 5/47 9.18% 2.47[0.77,7.92]

Rhodes 1998 6/40 6/40 12.52% 1[0.29,3.41]

Rogers 2010 6/61 5/61 11.07% 1.22[0.35,4.24]

Sgourakis 2002 3/36 6/42 12.47% 0.55[0.13,2.36]

Subtotal (95% CI) 387 400 100% 1.24[0.82,1.87]

Total events: 57 (Single-stage), 49 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=2.76, df=6(P=0.84); I2=0%  

Test for overall effect: Z=1.03(P=0.31)  

   

5.4.2 Poor-outcome analysis  

Bansal 2010 4/15 4/15 5.44% 1[0.2,5.04]

Cuschieri 1999 38/150 31/150 42.92% 1.3[0.76,2.23]

Nathanson 2005 7/41 6/45 8.8% 1.34[0.41,4.37]

Noble 2009 10/44 5/47 6.93% 2.47[0.77,7.92]

Rhodes 1998 6/40 6/40 9.46% 1[0.29,3.41]

Rogers 2010 10/61 11/61 17.05% 0.89[0.35,2.28]

Sgourakis 2002 3/36 6/42 9.41% 0.55[0.13,2.36]

Subtotal (95% CI) 387 400 100% 1.2[0.84,1.72]

Total events: 78 (Single-stage), 69 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=3.23, df=6(P=0.78); I2=0%  

Test for overall effect: Z=0.99(P=0.32)  

   

5.4.3 Best-case for single-stage procedure  

Bansal 2010 4/15 4/15 5.04% 1[0.2,5.04]

Cuschieri 1999 21/150 31/150 45.83% 0.62[0.34,1.15]

Nathanson 2005 7/41 6/45 8.16% 1.34[0.41,4.37]

Noble 2009 10/44 5/47 6.42% 2.47[0.77,7.92]

Rhodes 1998 6/40 6/40 8.77% 1[0.29,3.41]

Rogers 2010 6/61 11/61 17.05% 0.5[0.17,1.44]

Sgourakis 2002 3/36 6/42 8.73% 0.55[0.13,2.36]

Subtotal (95% CI) 387 400 100% 0.82[0.56,1.21]

Total events: 57 (Single-stage), 69 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=6.18, df=6(P=0.4); I2=2.95%  

Test for overall effect: Z=0.99(P=0.32)  

   

5.4.4 Worst-case for single-stage procedure  

Bansal 2010 4/15 4/15 7.63% 1[0.2,5.04]

Cuschieri 1999 38/150 17/150 33% 2.65[1.42,4.96]

Nathanson 2005 7/41 6/45 12.33% 1.34[0.41,4.37]

Noble 2009 10/44 5/47 9.71% 2.47[0.77,7.92]

Rhodes 1998 6/40 6/40 13.26% 1[0.29,3.41]

Rogers 2010 10/61 5/61 10.87% 2.2[0.7,6.86]

Sgourakis 2002 3/36 6/42 13.2% 0.55[0.13,2.36]

Subtotal (95% CI) 387 400 100% 1.8[1.22,2.66]

Total events: 78 (Single-stage), 49 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=6.07, df=6(P=0.42); I2=1.14%  

Test for overall effect: Z=2.96(P=0)  

Favours single-stage 1000.01 100.1 1 Favours two-stage
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Analysis 5.5.   Comparison 5 Single-stage versus two-stage management, Outcome 5 Retained stones.

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bansal 2010 1/15 2/15 7.19% 0.46[0.04,5.75]

Cuschieri 1999 17/133 17/136 31.06% 1.03[0.5,2.11]

Nathanson 2005 1/41 11/45 9.66% 0.08[0.01,0.63]

Noble 2009 0/44 6/47 5.62% 0.07[0,1.31]

Rhodes 1998 6/40 10/40 21.77% 0.53[0.17,1.63]

Rogers 2010 2/57 1/55 7.62% 1.96[0.17,22.3]

Sgourakis 2002 4/36 5/42 17.08% 0.93[0.23,3.74]

   

Total (95% CI) 366 380 100% 0.58[0.28,1.22]

Total events: 31 (Single-stage), 52 (Two-stage)  

Heterogeneity: Tau2=0.32; Chi2=9.33, df=6(P=0.16); I2=35.67%  

Test for overall effect: Z=1.44(P=0.15)  

Favours single-stage 10000.001 100.1 1 Favours two-stage

 
 

Analysis 5.6.   Comparison 5 Single-stage versus two-stage
management, Outcome 6 Retained stones (Sensitivity analysis).

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

5.6.1 Good-outcome analysis  

Bansal 2010 1/15 2/15 3.97% 0.46[0.04,5.75]

Cuschieri 1999 17/150 17/150 32.1% 1[0.49,2.04]

Nathanson 2005 1/41 11/45 21.79% 0.08[0.01,0.63]

Noble 2009 0/44 6/47 13.25% 0.07[0,1.31]

Rhodes 1998 6/40 10/40 18.1% 0.53[0.17,1.63]

Rogers 2010 2/61 1/61 2.06% 2.03[0.18,23.04]

Sgourakis 2002 4/36 5/42 8.74% 0.93[0.23,3.74]

Subtotal (95% CI) 387 400 100% 0.58[0.37,0.93]

Total events: 31 (Single-stage), 52 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=9.24, df=6(P=0.16); I2=35.07%  

Test for overall effect: Z=2.25(P=0.02)  

   

5.6.2 Poor-outcome analysis  

Bansal 2010 1/15 2/15 3.05% 0.46[0.04,5.75]

Cuschieri 1999 34/150 31/150 39.17% 1.13[0.65,1.95]

Nathanson 2005 1/41 11/45 16.72% 0.08[0.01,0.63]

Noble 2009 0/44 6/47 10.16% 0.07[0,1.31]

Rhodes 1998 6/40 10/40 13.89% 0.53[0.17,1.63]

Rogers 2010 6/61 7/61 10.31% 0.84[0.27,2.67]

Sgourakis 2002 4/36 5/42 6.7% 0.93[0.23,3.74]

Subtotal (95% CI) 387 400 100% 0.7[0.47,1.03]

Total events: 52 (Single-stage), 72 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=10.07, df=6(P=0.12); I2=40.44%  

Test for overall effect: Z=1.81(P=0.07)  

   

5.6.3 Best-case for single-stage procedure  

Bansal 2010 1/15 2/15 2.86% 0.46[0.04,5.75]

Cuschieri 1999 17/150 31/150 42.17% 0.49[0.26,0.93]

Favours single-stage 1000.01 100.1 1 Favours two-stage
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Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Nathanson 2005 1/41 11/45 15.7% 0.08[0.01,0.63]

Noble 2009 0/44 6/47 9.54% 0.07[0,1.31]

Rhodes 1998 6/40 10/40 13.04% 0.53[0.17,1.63]

Rogers 2010 2/61 7/61 10.39% 0.26[0.05,1.31]

Sgourakis 2002 4/36 5/42 6.29% 0.93[0.23,3.74]

Subtotal (95% CI) 387 400 100% 0.39[0.25,0.62]

Total events: 31 (Single-stage), 72 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=6.05, df=6(P=0.42); I2=0.85%  

Test for overall effect: Z=4.08(P<0.0001)  

   

5.6.4 Worst-case for single-stage procedure  

Bansal 2010 1/15 2/15 4.15% 0.46[0.04,5.75]

Cuschieri 1999 34/150 17/150 29.23% 2.29[1.22,4.32]

Nathanson 2005 1/41 11/45 22.75% 0.08[0.01,0.63]

Noble 2009 0/44 6/47 13.83% 0.07[0,1.31]

Rhodes 1998 6/40 10/40 18.9% 0.53[0.17,1.63]

Rogers 2010 6/61 1/61 2% 6.55[0.76,56.1]

Sgourakis 2002 4/36 5/42 9.12% 0.93[0.23,3.74]

Subtotal (95% CI) 387 400 100% 1.03[0.69,1.56]

Total events: 52 (Single-stage), 52 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=19.8, df=6(P=0); I2=69.7%  

Test for overall effect: Z=0.15(P=0.88)  

Favours single-stage 1000.01 100.1 1 Favours two-stage

 
 

Analysis 5.7.   Comparison 5 Single-stage versus two-stage
management, Outcome 7 Failure to complete the procedure.

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Bansal 2010 1/15 4/15 9.68% 0.2[0.02,2.02]

Cuschieri 1999 19/133 23/136 24.94% 0.82[0.42,1.59]

Nathanson 2005 1/41 11/45 11.07% 0.08[0.01,0.63]

Noble 2009 0/44 16/47 7.27% 0.02[0,0.37]

Rhodes 1998 10/40 10/40 21.04% 1[0.36,2.75]

Rogers 2010 2/57 1/55 9.14% 1.96[0.17,22.3]

Sgourakis 2002 4/36 5/42 16.86% 0.93[0.23,3.74]

   

Total (95% CI) 366 380 100% 0.49[0.2,1.18]

Total events: 37 (Single-stage), 70 (Two-stage)  

Heterogeneity: Tau2=0.71; Chi2=14.21, df=6(P=0.03); I2=57.78%  

Test for overall effect: Z=1.59(P=0.11)  

Favours single-stage 10000.001 100.1 1 Favours two-stage
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Analysis 5.8.   Comparison 5 Single-stage versus two-stage management, Outcome 8 Conversion to open surgery.

Study or subgroup Single-stage Two-stage Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Bansal 2010 1/15 2/15 11.37% 0.46[0.04,5.75]

Cuschieri 1999 17/133 8/136 42.01% 2.34[0.98,5.64]

Nathanson 2005 1/41 1/45 5.66% 1.1[0.07,18.17]

Noble 2009 4/44 2/47 10.71% 2.25[0.39,12.95]

Rhodes 1998 1/40 0/40 2.93% 3.08[0.12,77.8]

Rogers 2010 0/57 0/55   Not estimable

Sgourakis 2002 1/36 5/42 27.32% 0.21[0.02,1.9]

   

Total (95% CI) 366 380 100% 1.49[0.8,2.77]

Total events: 25 (Single-stage), 18 (Two-stage)  

Heterogeneity: Tau2=0; Chi2=5.34, df=5(P=0.38); I2=6.38%  

Test for overall effect: Z=1.25(P=0.21)  

Favours single-stage 1000.01 100.1 1 Favours two-stage

 

 

A D D I T I O N A L   T A B L E S
 

Study ID ERCP Surgery

Bansal 2010 Mean (range): 39.07 (23 to 64) Mean (range): 47.1 (34 to72)

Bornman 1992 Mean (SD): 54 (14) Mean (SD): 55 (15)

Cuschieri 1999 Range: 18 to 89 Range: 19 to 88

Hammarstrom 1995 Median (range): 75 (56 to 85) Median (range): 73.5 (56 to 85)

Hong 2006 Not stated. 15 to 82 years (mean, 48)

Kapoor 1996 Mean (range): 42 (20 to 60) Mean (range): 46 (24 to 75)

Nathanson 2005 Median (range): 59.6 (18 to 92) Median (range): 56.1 (17 to 91)

Neoptolemos 1987 Median (range): 61 (20 to 83) Median (range): 59 (20 to 82)

Noble 2009 74.3 (70.0 to 78.9) 75.9 (70 to 80.8)

Rhodes 1998 Mean (range): 68 (28 to 84) Mean (range): 62 (24 to 83)

Rogers 2010 Mean 44.6 Mean 39.9

Sgourakis 2002 Range: 46 to 89 Range: 43 to 88

Stain 1991 Mean (range): 48.4 (31 to 78) Mean (range): 42.4 (20 to 86)

Stiegmann 1992 Mean (SD): 46.3 (21.7) Mean (SD): 38.1 (14.8)

Suc 1998 Mean (SD): 66.8 (17.5) Mean (SD): 66.7 (18.1)

Table 1.   Participant age 
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Targarona 1996 Mean (SD): 79 (9) Mean (SD): 80 (7)

Table 1.   Participant age  (Continued)

 
 

Study ID ERCP Surgery

Bansal 2010 M:F 5:10 M:F 4:11

Bornman 1992 M:F 17:45 M:F 10:48

Cuschieri 1999 M:F 42:108 M:F 60:90

Hammarstrom 1995 M:F 12:27 ) M:F 16:25

Hong 2006 Not stated M:F (ratio) 28:65

Kapoor 1996 Not stated Not stated

Nathanson 2005 M:F 17:28 M:F 16:25

Neoptolemos 1987 M:F 29:26 M:F 24:35

Noble 2009 M:F 22:25 M:F 16:28

Rhodes 1998 M:F 14:26 M:F 12:28 )

Rogers 2010 M:F 16:39 M:F 17:40

Sgourakis 2002 M:F 17:25 M:F 15:21

Stain 1991 M:F 6:20 M:F 3:23

Stiegmann 1992 Not stated Not stated

Suc 1998 M:F 31:66 M:F 33:72

Targarona 1996 M:F 15:35 M:F 15:33

Table 2.   Participant sex distribution 

 
 

Study ID ERCP Surgery

Bansal 2010 not stated not stated

Bornman 1992 not stated not stated

Cuschieri 1999 not stated not stated

Hammarstrom 1995 median: 92 months median: 82 months

Hong 2006 not stated not stated

Table 3.   Follow-up duration 
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Kapoor 1996 not stated not stated

Nathanson 2005 not stated not stated

Neoptolemos 1987 minimum of 6 months minimum of 6 months

Noble 2009 at least 1 year at least 1 year

Rhodes 1998 not stated not stated

Rogers 2010 not stated not stated

Sgourakis 2002 median: 22.36 months median: 22.36 months

Stain 1991 not stated not stated

Stiegmann 1992 not stated not stated

Suc 1998 not stated not stated

Targarona 1996 mean (sd): 15 (11) months mean (sd): 18 (10) months

Table 3.   Follow-up duration  (Continued)

 

 

A P P E N D I C E S

Appendix 1. Search strategies

 

Database Time of search Search strategy

The Cochrane He-
pato-Biliary Group
Controlled Trials
Register

August 2013. (bile duct stone* or gall-stone* or gall stone* or cholelithiasis or choledolithiasis or com-
mon bile duct calculi) AND (cholecystectom* or endoscopic retrograde cholangiopancre-
atograph* or ERCP or endoscopic sphincterotom* or sphincteroplast*)

Cochrane Central
Register of Con-
trolled Trials in
The Cochrane Li-
brary

Issue 7 of 12, 2013. #1 MeSH descriptor: [Gallstones] explode all trees

#2 MeSH descriptor: [Cholelithiasis] explode all trees

#3 bile duct stone* or gall*stone* or chole*lithiasis or common bile duct calculi

#4 #1 or #2 or #3

#5 MeSH descriptor: [Cholecystectomy, Laparoscopic] explode all trees

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

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

#8 cholecystectom* or endoscopic retrograde cholangiopancreatograph* or ERCP or en-
doscopic sphincterotom* or sphincteroplast*

#9 #5 or #6 or #7 or #8

#10 #4 and #9
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MEDLINE (Ovid
SP)

1946 to August
2013.

1. exp Gallstones/

2. exp Cholelithiasis/

3. (bile duct stone* or gall*stone* or chole*lithiasis or common bile duct calculi).mp.
[mp=protocol supplementary concept, rare disease supplementary concept, title, original
title, abstract, name of substance word, subject heading word, unique identifier]

4. 1 or 2 or 3

5. exp Cholecystectomy, Laparoscopic/

6. exp Cholangiopancreatography, Endoscopic Retrograde/

7. exp Sphincterotomy, Endoscopic/

8. (cholecystectom* or endoscopic retrograde cholangiopancreatograph* or ERCP or en-
doscopic sphincterotom* or sphincteroplast*).mp. [mp=protocol supplementary con-
cept, rare disease supplementary concept, title, original title, abstract, name of sub-
stance word, subject heading word, unique identifier]

9. 5 or 6 or 7 or 8

10. 4 and 9

11. (random* or blind* or placebo* or meta-analysis).mp. [mp=protocol supplementary
concept, rare disease supplementary concept, title, original title, abstract, name of sub-
stance word, subject heading word, unique identifier]

12. 10 and 11

EMBASE (Ovid SP) 1974 to August
2013.

1. exp cholelithiasis/

2. (bile duct stone* or gall*stone* or chole*lithiasis or common bile duct calculi).mp.
[mp=title, abstract, subject headings, heading word, drug trade name, original title, de-
vice manufacturer, drug manufacturer, device trade name, keyword]

3. 1 or 2

4. exp cholecystectomy/

5. exp endoscopic retrograde cholangiopancreatography/

6. exp endoscopic sphincterotomy/

7. (cholecystectom* or endoscopic retrograde cholangiopancreatograph* or ERCP or en-
doscopic sphincterotom* or sphincteroplast*).mp. [mp=title, abstract, subject headings,
heading word, drug trade name, original title, device manufacturer, drug manufacturer,
device trade name, keyword]

8. 4 or 5 or 6 or 7

9. 3 and 8

10. (random* or blind* or placebo* or meta-analysis).mp. [mp=title, abstract, subject
headings, heading word, drug trade name, original title, device manufacturer, drug man-
ufacturer, device trade name, keyword]

11. 9 and 10

Science Citation
Index Expanded

1900 to August
2013.

#5 #4 AND #3

#4 TS=(random* or blind* or placebo* or meta-analys*)

#3 #2 AND #1

  (Continued)
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#2 TS=( cholecystectom* or endoscopic retrograde cholangiopancreatograph* or ERCP or
endoscopic sphincterotom* or sphincteroplast*)

#1 TS=(bile duct stone* or gall*stone* or chole*lithiasis or common bile duct calculi)

  (Continued)

 

W H A T ' S   N E W

 

Date Event Description

15 July 2013 New citation required and conclusions
have changed

Conclusions from previous review: In the laparoscopic era, da-
ta are close to excluding a significant difference between laparo-
scopic and ERCP clearance of common bile duct stones.

Conclusions from current review: Open bile duct surgery seems
superior to ERCP in achieving common bile duct stone clearance
based on the evidence available from the early endoscopy era.
There is no significant difference in the mortality and morbidity
between laparoscopic bile duct clearance and the endoscopic
options. There is no reduction of the number of retained stones
and failure rates in the laparoscopy group compared with that
of the endoscopy group. There is no significant difference in the
mortality, morbidity, and duct clearance rates between the sin-
gle-stage procedure (LCBDE) and two-stage procedures.

14 July 2013 Amended Updated objectives:

1. Open surgery versus ERCP.

2. Laparoscopic cholecystectomy + LCBDE versus pre-operative
ERCP + laparoscopic cholecystectomy.

3. Laparoscopic cholecystectomy + LCBDE versus intra-operative
ERCP + laparoscopic cholecystectomy.

4. Laparoscopic cholecystectomy + LCBDE versus post-operative
ERCP + laparoscopic cholecystectomy.

5. Single-stage management (laparoscopic cholecystectomy +
LCBDE) versus two-stage management (pre-operative/post-
operative ERCP + laparoscopic cholecystectomy) [This com-
parison does not include trials from objective 3 as both the
compared interventions, LCBDE and intra-operative ERCP, are
single-stage procedures].

6. Open or laparoscopic CBDE versus ERCP in patients with previ-
ous cholecystectomy.

8 July 2013 New search has been performed Review is an updated version of Martin 2006. There are 16 tri-
als included in the update. The objectives of the review, study
groups, and primary and secondary outcomes were redefined.

17 December 2012 New search has been performed The following outcomes were included in the protocol but are
not included in the review:

• Numbers and size of stones cleared by the procedures is not
included in the update. The included outcomes (failure rates,
complication rates) could be influenced by the size of the
stones but size is not an exclusive criterion.

• Duration of operation and/or procedure(s): Duration of ERCP
and laparoscopic cholecystectomy have to be included togeth-
er for each participant in order to obtain a comparative mean

Surgical versus endoscopic treatment of bile duct stones (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

99



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Date Event Description

against the mean duration of laparoscopic cholecystectomy +
LCBDE.

• Additional number of procedures to clear the common bile
duct: This is not included in the review as the data are already
represented in the included outcomes - rates of retained stones
and failure of procedure.

14 July 2012 Amended Updated outcomes:

Primary outcomes

• Mortality at 30 days or at maximal follow-up.

• Morbidity: Complications from surgery and procedures such as
bile duct injuries, pancreatitis, cholangitis, post-ERCP haemor-
rhage, postoperative complications requiring intervention and
pulmonary/cardiac/renal complications are included.

• Retained stones: Inability to clear the ductal stones with
planned technique (endoscopy or surgery) by the end of that
procedure.

Secondary outcomes

• Failure to complete the planned procedure: Inability to per-
form the planned procedure and clear the duct by the end of
the intervention (endoscopic or surgery). This can be due to
technical reasons such as failed cannulation or difficult Calot's
dissection, or due to impacted stone.

• Conversion to open surgery: Participants requiring conversion
of laparoscopic surgery to open surgery.

• Duration of hospital stay.

• Cost of the procedure.

• Quality of life.

 

C O N T R I B U T I O N S   O F   A U T H O R S

Conceiving the review: DJM (Martin J David).
Designing the review: BD (Bobby VM Dasari).
Co-ordinating the review: BD.
Data collection for the review: BD; CJT (Tan, Chuan Jin).
Designing search strategies: BD.
Screening search results: BD; CJT.
Organising retrieval of papers: BD; CJT.
Screening retrieved papers against inclusion criteria: BD; CJT.
Appraising quality of papers: BD.
Extracting data from papers: BD; CJT.
Data management for the review: BD; CJT.
Entering data into Review Manager 5: BD.
Analysis of data: BD; KG (Kurinchi Selvan Gurusamy).
Interpretation of data: BD; CJT; KG.
Providing a methodological perspective: BD; KG.
Providing a clinical perspective: BD; DM; LMcK (Lloyd McKie); GK (Gareth Kirk); MT (Mark A Taylor); TD (Tom Diamond).
Writing the review: BD; GK; LMcK; MT; TD; DM.

D E C L A R A T I O N S   O F   I N T E R E S T

None known.

Surgical versus endoscopic treatment of bile duct stones (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

100



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

S O U R C E S   O F   S U P P O R T

Internal sources
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• Copenhagen Hospital Corporation Research Grant on Getting Research into Practice (GRIP), Denmark.

• National Institute of Health Research, UK.

NIHR provided financial support to update this review

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

The following outcomes were redefined in the updated review:

• Retained stones: Inability to clear the ductal stones with planned technique (endoscopy or surgery) by the end of that procedure.

• Failure to complete the planned procedure: Inability to perform the planned procedure and clear the duct by the end of the intervention
(endoscopic or surgery). This can be due to technical reasons such as failed cannulation or diKicult Calot's dissection, or due to impacted
stone.There is a subtle but significant diKerence between these two comparisons. Retained stones indicate failure to clear the duct due
to technical diKiculty in getting the stone out, while failure to complete the planned procedure involves diKiculty in getting to the stone.
Inability to get the stone removed from the duct either due to less expertise or lack of gadgets (inability to get the guidewire into the
CBD at ERCP or dissect the Calots is diKerent from inability to remove the stone - in the former, one has not explored the CBD).

• Conversion to open surgery: Participants requiring conversion of laparoscopic surgery to open surgery.

The following outcomes were not included in the review:

• Numbers and size of stones cleared by the procedures is not included in the update. This is because the trials have assessed the
outcomes (failure rates, complication rates) that could have been influenced by the size of the stones. However, none of the trials have
reported the outcomes based on the stone configuration. We therefore have not included the stone configuration in the review.

• Number of procedures per participant was not analysed in the update of the review. The number of procedures appears to have been
influenced by the number of additional procedures required for duct clearance. We have therefore included rates of retained stones
and additional procedures required for duct clearance.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Cholangiopancreatography, Endoscopic Retrograde  [mortality];  *Laparoscopy  [mortality];  Cholecystectomy, Laparoscopic
 [mortality];  Choledocholithiasis  [diagnostic imaging]  [mortality]  [*surgery];  Common Bile Duct  [surgery];  Randomized Controlled
Trials as Topic;  Sphincterotomy, Endoscopic  [mortality]

MeSH check words

Humans
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