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Abstract

AIM: To evaluate the safety and effectiveness of two-
stage vs single-stage management for concomitant
gallstones and common bile duct stones.

METHODS: Four databases, including PubMed, Emba-
se, the Cochrane Central Register of Controlled Trials
and the Science Citation Index up to September 2011,
were searched to identify all randomized controlled tri-
als (RCTs). Data were extracted from the studies by
two independent reviewers. The primary outcomes
were stone clearance from the common bile duct, post-
operative morbidity and mortality. The secondary out-
comes were conversion to other procedures, number
of procedures per patient, length of hospital stay, total
operative time, hospitalization charges, patient accep-
tance and quality of life scores.

RESULTS: Seven eligible RCTs [five trials (7 = 621)
comparing preoperative endoscopic retrograde cholan-
giopancreatography (ERCP)/endoscopic sphincterotomy
(EST) + laparoscopic cholecystectomy (LC) with LC +
laparoscopic common bile duct exploration (LCBDE);
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two trials (7 = 166) comparing postoperative ERCP/EST
+ LC with LC + LCBDE], composed of 787 patients in
total, were included in the final analysis. The meta-
analysis detected no statistically significant difference
between the two groups in stone clearance from the
common bile duct [risk ratios (RR) = -0.10, 95% confi-
dence intervals (CI): -0.24 to 0.04, P = 0.17], postop-
erative morbidity (RR = 0.79, 95% CI: 0.58 to 1.10, P
= 0.16), mortality (RR = 2.19, 95% CI: 0.33 to 14.67,
P = 0.42), conversion to other procedures (RR = 1.21,
95% CI: 0.54 to 2.70, P = 0.39), length of hospital stay
(MD = 0.99, 95% CI: -1.59 to 3.57, P = 0.45), total op-
erative time (MD = 12.14, 95% CI: -1.83 to 26.10, P =
0.09). Two-stage (LC + ERCP/EST) management clearly
required more procedures per patient than single-stage
(LC + LCBDE) management.

CONCLUSION: Single-stage management is equiva-
lent to two-stage management but requires fewer pro-
cedures. However, patient’s condition, operator’s exper-
tise and local resources should be taken into account in
making treatment decisions.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Choledocholithiasis is concomitant with gallstones in
approximately 3%-10% of the patients'™. In the pre-en-
doscopy and pre-laparoscope era, the standard treatment
for patients suffering from gallstones accompanied with
common bile duct stones (CBDS) was open cholecystec-
tomy and common bile duct exploration”. With the ad-
vent of laparoscopic and endoscopic techniques, several
alternative treatments, such as laparoscopic cholecystecto-
my (LC), preoperative or postoperative endoscopic retro-
grade cholangiopancreatography and endoscopic sphinc-
terotomy (ERCP + EST) and laparoscopic common bile
duct exploration (LCBDE), have been developed to treat
cholelithiasis. In the past two decades, LC has become
gradually accepted as the first choice for the treatment of
cholecystolithiasis. Consequently, confirmed or suspected
cases of CBDS have been routinely removed zia a two-
stage management using preoperative ERCP/EST fol-
lowed by LC. However, even with the strictest selection
criteria, over 10% of the preoperative ERCP are not-
mal™’, and only 10%-60% of patients will have stones at
the time of ERCP*"". As a result, 2 number of unneces-
sary ERCP procedures have been performed. To avoid
these unnecessary procedures, laparoscopic intraoperative
cholangiography combined with selective postoperative
ERCP has been proposed'”. Nevertheless, preoperative
ERCP/EST and postoperative ERCP/EST can both re-
sult in unpredictable severe complications, even death.
Although ERCP/EST has been proven to be a safe and
effective option for extracting CBDS in most cases, it also
has some adverse effects. This procedure can not only
induce several postoperative complications, including
bleeding, perforation and pancreatitis[mﬂ, but also lead
to the disruption of the intact sphincter of Oddi"™",
Currently, as the laparoscopic technique matures, more
and more centers prefer conducting LCBDE through
cither the transcystic duct or 2z the choledochotomy to
remove CBDS, thus preventing unnecessary preoperative
ERCP™ ™. Above all, LCBDE has the advantage of re-
ducing the two-stage approach to a single-stage approach
by minimally invasive surgery. Previously published trials
are unclear as to whether two-stage (LC + ERCP/EST)
management is better or worse than single-stage (LC +
LCBDE) management for choledocholithiasis compli-
cated with cholecystolithiasis. Therefore, we conducted
a systematic review and meta-analysis of all randomized
controlled trials (RCTs) to evaluate the clinical safety and
effectiveness of the two-stage (LC + ERCP/EST) man-
agement s single-stage (LC + LCBDE) management in
patients with concomitant gallstones and CBDS.

MATERIALS AND METHODS

Searching strategy

We searched databases, including PubMed, Embase, the
Cochrane Central Register of Controlled Trials and the
Science Citation Index updated to September 2011, to
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identify all related published RCTs. The keywords used
in the search were as follows: .LC, LCBDE, ERCP, EST,
gallstones and CBDS. The language of all publications
was restricted to English only. The citations within the
reference lists of the articles were searched manually to

identify additional eligible studies.

Inclusion and exclusion criteria

All studies, published up to and including September
2011, that compared two-stage (LC + ERCP/EST) with
single-stage (LC + LCBDE) management in patients with
concomitant gallstones and CBDS were eligible for inclu-
sion. The inclusion criteria were: (1) study design, RCT;
(2) types of participants, those with proven or suspected
CBDS before L.C or those with gallstones that were found
to have CBDS at LC by intraoperative cholangiography;
(3) intervention, preoperative ERCP/EST + LC »s LC +
LCBDE or (4) postoperative ERCP/EST + LC »s L.C +
LCBDE. Non-randomized trials, retrospective analyses
and reviews were not included, and studies were excluded
if there were no postoperative major outcomes. In addi-
tion, those studies comparing intraoperative ERCP/EST
+ LC with LC + LCBDE were also excluded because
both managements were single-stage.

Data extraction and validity assessment

Two authors (Lu | and Cheng Y) independently extracted
the data, evaluated the study quality by applying a prede-
signed standardized form, and then cross-checked. Any
disagreement in the two reviewers’ data collection and
quality assessment was discussed until a consensus was
reached; otherwise, a third reviewer (Xiong XZ) would
take part in the discussion as the referee. The general
information extracted from the studies included the au-
thors, publication year, study period, country, characteris-
tics of patients, sample size, interventions and outcomes.
The risk of bias in the included studies was assessed
using the Cochrane collaboration’ tool. The assessment
contained six dimensions: (1) random sequence genera-
tion; (2) allocation concealment; (3) blinding; (4) incom-
plete outcome data addressed; (5) selective reporting; and
(6) other bias.

Outcomes of interest and definitions

The primary outcomes were stone clearance from the
common bile duct (CBD), postoperative morbidity and
mortality, while secondary outcomes wete conversion to
other procedures, length of hospital stay, number of pro-
cedures used per patient, total operative time, hospitaliza-
tion charges, patient acceptance and quality of life scores.
Stone clearance from the CBD was determined by ERCP
or intraoperative cholangiography, and it was defined as
successful stones extracted from the CBD #iz the planned
procedure only once. The overall postoperative morbidity
consisted of surgical and nonsurgical complications. The
surgical complications included hemorrhage, bile leak,
acute pancreatitis, cholangitis, perforation, wound infec-
tion, abdominal and wall hematoma that were directly
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Table 1 Characteristics of 7 included randomized controlled trials

Country Study  Sample
period size

Included studies

Comparison

Measured outcomes

Bansal et al®, India  2007-2008 30

Preoperative ERCP/EST + LC (n =15) Successful removal of gallbladder and CBD clearance,
2010 vs LC + LCBDE (n = 15)

complications

Rogers et al™, United 1997-2003 122  Preoperative ERCP/EST + LC (1 = 61) Stone clearance from CBD, length of hospital stay, cost of

2010 States vs LC + LCBDE (n = 61) index hospitalization, hospital charges, professional fees,
patient acceptance, morbidity, mortality, quality of life scores

Rhodes et al™, United 1995-1997 80  Postoperative ERCP/EST + LC (n = 40) Duct-clearance rates, morbidity, operating time and hospital

1998 Kingdom vs LC + LCBDE (n = 40) stay

Cuschieri et al®,  Scotland 1994-1997 300 Preoperative ERCP/EST + LC (n = 150) Hospital stay, success rates, conversion rates, morbidity and

1999 vs LC + LCBDE (n = 150) mortality

Nathanson et al””!, Australia 1998-2003 86  Postoperative ERCP/EST + LC (1 = 45) Operative time, morbidity, retained stone rate, reoperation

2005 vs LC + LCBDE (n = 41) rate and hospital stay

Sgourakis et al®  Greece  1997-2000 78 Preoperative ERCP/EST + LC (n =42) Stone clearance, morbidity, mortality, conversion, hospital

2002 vs LC + LCBDE (1 = 36) stay, complications

Noble et al™”, United 2000-2006 91  Preoperative ERCP/EST + LC (n =47) Duct clearance, complications, number of procedures per

2009 Kingdom vs LC + LCBDE (n = 44) patient, conversion and hospital stay

RCTs: Randomized controlled trial; CBD: Common bile duct; LC: Laparoscopic cholecystectomy; ERCP: Endoscopic retrograde cholangiopancreatography;

EST: Endoscopic sphincterotomy; LCBDE: Laparoscopic common bile duct exploration.

Seven hundred and ninty-two records identified
through database searching: the Cochrane Library
(n = 58), Pubmed (7 = 173), Science Citation
Index Expanded (7= 279), and Embase (7 = 282)

— | Ninty-three duplicateds excluded

‘ Six hundred and ninty-nine records screened ‘

Six hundred and sixty-seven
obviously irrelavant records excluded

‘Thirty—two full-text articles assessed for eligibility ‘

Twenty-five full-text articles excluded
-Non-randomized trials: n = 20
—> | -Intraoperative ERCP + LC vs LC +
LCBDE: n =2

-Duplicated tralis: 7 = 3

Seven articles included in meta-analysis

Figure 1 Flow diagram of literature screening. ERCP: Endoscopic retrograde
cholangiopancreatography; LC: Laparoscopic cholecystectomy; LCBDE: Laparo-
scopic common bile duct exploration.

related with the operation, and the nonsurgical complica-
tions included myocardial infarction and pulmonary em-
bolism, which had nothing to do with the operation. Mor-
tality was defined as postoperative death before discharge
or within 30 postoperative days. Conversion to other pro-
cedures was defined as any case in which stones from the
CBD were not successfully extracted or other scenatios,
such as dense gallbladder adhesions and fibrosis, which
resulted in converting the planned procedure into another
procedure.

Statistical analysis

All statistical analyses of the extracted data was perfor-
med with Review Manager (Review Manager version 5.1,
Copenhagen, the Nordic Cochrane Centre, the Cochrane
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Collaboration, 2008). The results of the meta-analysis
were expressed as the risk ratios (RRs) and mean differ-
ence (MD) for dichotomous data and continuous data,
respectively, with 95% confidence intervals (Cls) for both.
The Mantel-Haenzsel method was used for dichotomous
variables, while the inverse variance method was used for
continuous variables. P values were computed with the Z
test, and P < 0.05 was regarded as statistically significant.
The heterogeneity among the studies was evaluated using
the 12 test, with its significance set at P < 0.1, and the ex-
tent of inconsistency was assessed by the I’ statistic”™. If
significant heterogeneity existed, a random-effect model
was used to attempt to explain it. In the absence of sig-
nificant heterogeneity, a fixed-effect model was adopted.
Generally, the estimates of the mean and SD were re-
quired to calculate the Cls for continuous data. However,
a few published clinical trials reported a median and a
range instead of a mean and SD. To adjust for this differ-
ence, we assumed that the median was equal to the mean,
and we estimated the SD as a quarter of the reported
range. Potential publication bias was appraised visually by
funnel plots.

RESULTS

Literature search and selection

The literature search identified 792 potentially relevant
studies according to our predefined search strategy (Figure
1). Ninety-three studies were removed by the Endnote X4
software, and 667 studies were excluded through scanning
titles and abstracts. Full-text papers were retrieved for the
remaining 32 eligible studies. Of the remaining 32 stud-
ies, 20 studies were excluded because they were non-ran-
domized trials. Three studies wete excluded because they
were duplicated trials, and two were not included because
they compated intraoperative ERCP/EST + L.C with I.C
+ LCBDE. Eventually, seven RCTs"*** were considered
to be suitable for the final meta-analysis. There were five
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Table 2 Outcomes of 7 included randomized controlled trials (endoscopic retrograde cholangiopancreatography/endoscopic

sphincterotomy + laparoscopic cholecystectomy) vs (laparoscopic cholecystectomy + laparoscopic common bile duct exploration)

Included studies Stone clearance Postoperative Mortality Conversion to  Number of Length of Total operating Hospitalization

from the CBD  morbidity other procedures procedures per  hospital stay time (min) charges ($)

(%) (%) (%) (%) patient (d) (SD or range) (SD or range)
Bansal et al®, 86.7 v 93.3 Not 0vs0 15.4 vs 6.7 Not 4 (2-11) 153 (120-240) Not
2010 mentioned mentioned vs 4.2 (3-9) vs ? mentioned
Rogers et al™!, 96.8 vs 88.2 9.1vs10.5 0wvs0 1.8vs3.5 2.0vs1.0 4.1 (3.5) 183 (39) 30 617 (16 384)
2010 vs 2.3 (1.9) vs 174 (67) vs 27 675 (11 256)
Rhodes et al™, 75 vs 75 150vs17.5 Not 0vs 25 240513 3.5 (1-11) 105 (60-255) Not
1998 mentioned vs 1 (1-26) vs 90 (25-310) mentioned
Cuschieri et al®™,  83.7vs82.6  125v5158 1.50s50.8 14.7 vs 15 2.00vs1.2 9 (5.5-14) Not Not
1999 vs 6 (4.2-12) mentioned mentioned
Nathanson et al”, ~ 71.1vs 97.6 133vs17.1 0wvs0 6.7 vs 4.9 23vs1.2 7.7 147.9 Not
2005 vs 6.4 vs 158.8 mentioned
Sgourakis et al™!, 84305857  188vs179 3.1ws0 15.6 vs 14.3 21vs1.1 9 105 (60-255) Not
2002 vs 7.4 vs 90 (70-310) mentioned
Noble et al™, 55.60s100  29.8 vs43.2 Not 42.6v59.1 230v51.0 3 (2-7) Not Not
2009 mentioned vs 5 (2-7) mentioned mentioned
CBD: Common bile duct.
Subgroups trials™***" restricted the participants to the ASA risk grade

] Preoperative ERCP + LC vs LC + LCBDE

SE (RD) <> LC + postoperative ERCP vs LC + LCBDE
(- ;
0.05 |- io
o
o o
01 i
D
0.15
; RD
02 1 1 H| 1 1
2 -1 0 1 2

Figure 2 Funnel plot of trials of stone clearance from the common bile
duct. ERCP: Endoscopic retrograde cholangiopancreatography; LC: Laparo-
scopic cholecystectomy; LCBDE: Laparoscopic common bile duct exploration.
SE: Standard error; RD: Risk difference.

trials™******) (4 = 621) comparing preoperative ERCP/
EST + LC with L.C + LCBDE and two trials®*" (» =
166) comparing postoperative ERCP/EST + LC with L.C
+ LCBDE. The characteristics, outcomes and risk of bias
for the included studies are summarized in Tables 1-3. A
manual search and examination of the bibliographies in
these reference lists were also performed, and no addi-
tional eligible studies were found.

Description of various RCTs including inclusion and
exclusion criteria

All of the patients were proven or suspected of having
gallstones and CBDS on the basis of clinical presenta-
tion (jaundice, biliary pancreatitis and cholangitis) or liver
function tests or imaging (ultrasound, magnetic resonance
cholangiopancreatography (MRCP) and intraoperative
cholangiography) before being enrolled in the trial. Three
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at the level of T and II. In addition, one trial™ was spe-
cially designed to compare the two-stage (ERCP/EST +
LC) approach with the single-stage (LC + LCBDE) ap-
proach in higher risk patients, who were defined as those
over 60 years of age with comorbidity, those over 70 years
of age, or those over 50 years of age with a body mass
index exceeding 40. Three trials™****! did not mention
their exclusion criteria. Additionally, three studies”*”
excluded patients who had accepted previous ERCP/EST
prior to recruitment into the trials. Patients with severe
pancreatitis and cholangitis, which required emergency
ERCP/EST, wete also excluded from two trials”"*.

Publication bias

A funnel plot analysis was performed by adopting the oc-
currence of stone clearance from the CBD as the index,
and it appeared to be asymmetrical, which suggested the
presence of publication bias (Figure 2).

Meta-analysis results

Stone clearance from the CBD: Stone clearance from the
CBD was achieved in 78.8% (234 of 297) of patients in the
two-stage (ERCP/EST + LC) group and in 87.2% (251 of
288) of patients in the single-stage (LC + LCBDE) group.
The meta-analysis revealed that the difference between the
two groups was not statistically significant (RR = -0.10,
95% CI: -0.24 to 0.04, P = 0.17), and there was statistically
significant heterogeneity among the studies (7(2 =33.55P
< 0.00 001, I’ = 82%) (Figure 3A).

Postoperative morbidity: Postoperative morbidity was
reported in six trials”**. Overall, postoperative morbid-
ity occurred in 15.2% (54 of 355) of patients in the two-
stage (ERCP/EST + LC) group »s 19.0% (65 of 343) of
patients in the single-stage (LC + LCBDE) group. The
meta-analysis demonstrated that there was no statistically
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Table 3 Cochrane risk of bias summary

Included studies Random sequence  Allocation  Blinding of participants Blinding of outcome Incomplete Selective Other bias
generation concealment and personnel assessment outcome data reporting

Bansal et al®, 2010 Low risk Low risk High risk Unclear risk High risk Highrisk  Unclear risk
Rogers et al™!, 2010 Low risk Low risk High risk Unclear risk High risk Low risk Low risk
Rhodes et al™, 1998 Unclear risk Unclear risk High risk Unclear risk Low risk Highrisk  Unclear risk
Cuschieri et al™, 1999 Low risk Unclear risk High risk Unclear risk Low risk Highrisk  Unclear risk
Nathanson et al””, 2005 Low risk Low risk High risk Unclear risk Low risk Highrisk  Unclear risk
Sgourakis et al™, 2002 High risk Unclear risk High risk Unclear risk High risk High risk Low risk
Noble et al®, 2009 Low risk Unclear risk High risk Unclear risk Low risk High risk Low risk

significant difference between the two groups (RR = 0.79,
95% CI: 0.58 to 1.10, P = 0.16). As evidenced by the val-
ues of the y”and I indices (y° = 0.55, P = 0.99, I’ = 0%),
no significant heterogeneity was found from the trials (Fig-
ure 3B).

Mortality: Five trials™*** reported mortality; however,
only two of these trials***" reported postoperative deaths.
The results of the pooled analysis revealed no statistically
significant difference between the two groups (RR = 2.19,
95% CI: 0.33 to 14.67, P = 0.42); and there was no signifi-
cant heterogeneity between the trials (ZZ =0.02, P =0.88,
= 0%) (Figure 3C).

Conversion to other procedures: We identified all the
trials existing in the data, and the occurrence of conver-
sion was 13.9% (51 of 368) and 12.0% (43 of 358) in the
two-stage (ERCP/EST + LC) group and the single-stage
(LC + LCBDE) group, respectively. Significant heteroge-
neity was present in the trials (y° = 13.83, P = 0.03, I =
57%), and there was no statistically significant difference
between the two groups (RR = 1.21, 95% CI: 0.54 to 2.70,
P =0.39) (Figure 3D).

Length of hospital stay: The length of hospital stay was
evaluated in all the studies, but only one study®™ reported
this data in the form of the mean and the SD. There were
two studies”™ that provided the mean without the SD,
and the rest of studies®”***” provided the median and
the range. Consequently, according to our predefined plan,
we presumed that the median was equal to the mean, and
we equated the SD with a quarter of the reported range.
Significant heterogeneity was found among the trials (3
= 209.70, P < 0.001, I = 98%), and the meta-analysis
indicated no statistically significant difference between the
two groups (MD = 0.99, 95% CI: -1.59 to 3.57, P = 0.45)
(Figure 3E).

Total operative time: There were five trials™***"* that
included information about the total operative time; how-
ever, only one trial® reported the mean and the SD.
Two trials”* offered the median and the range instead
of the mean and the SD, while one trial®™” offered the
mean without the SD. Furthermore, there was one trial”
that reported the total operative time of the two-stage
(ERCP/EST + LC) group, but not the single-stage (LC +
LCBDE) group. There was no statistically significant dif-
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ference between the two groups (MD = 12.14, 95% CI:
-1.83 to 26.10, P = 0.09), and no significant heterogeneity
was found among the trials (> = 0.18, P = 0.92, I’ = 0%)
(Figure 3F).

Hospitalization charges: The hospitalization charges
were recorded in only one trial. Rogers ez a/”" stated that
there was no statistically significant difference in total
hospitalization charges between the two groups.

Patient acceptance and quality of life scores: Only one
trial* reported the patient acceptance and quality of life
scores. This article mentioned that the patient acceptance
and quality of life scores were the same in both groups
using standardized scoring system. However, the study
did not provide specific data.

Number of procedures used per patient: It was obvi-
ous that the two-stage (LC + ERCP/EST) approach re-
quired more procedures per patient than the single-stage

(LC + LCBDE) approach (Table 2).

Subgroup analysis: Because there were two options (pre-
operative ERCP/EST + LC and postoperative ERCP/EST
+ LC) for the two-stage (ERCP/EST + LC) manage-
ment technique, which may have influenced the eventual
conclusion, we performed a subgroup analysis for three
outcomes (stone clearance from the CBD, postopera-
tive morbidity and conversion to other procedures). In
the subgroup analysis, the outcomes were also equiva-
lent, and no statistically significant difference was found
among the subgroups.

DISCUSSION

In summary, our meta-analysis revealed that both single-
stage (LC + LCBDE) and two-stage (LC + ERCP/EST)
management achieved equivalent stone clearance from
the CBD, but the former procedure was associated with
fewer procedures per patient. In addition, there was no
statistically difference between the two approaches in
terms of postoperative morbidity, mortality, conversion
to other procedures, length of hospital stay, total opera-
tive time and hospitalization charges.

Currently, the optimal treatment for concomitant gall-
stones and CBDS s still in dispute™”!. In the laparo-
scopic era, the vast majority of patients who suffered
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A

Experimental Control Risk difference Risk difference
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI  Year M-H, random, 95% CI
1.1.1 Preoperative ERCP + LC vs LC + LCBDE
Cuschieri et a/* 82 98 90 109  16.3% 0.01[-0.09, 0.11] 1999
Sgourakis et a/* 27 32 24 28 13.8% -0.01 [-0.19, 0.17] 2002
Noble et a/*” 20 36 38 38 14.4% -0.44 [-0.61,-0.28] 2009 ——
Bansal et a/”! 13 15 14 15 12.7% 0.07 [-0.28, 0.15] 2010
Rogers et a/*" 30 31 15 17 14.3% 0.09 [-0.08, 0.25] 2010
Subtotal (95% CI) 212 207 71.4% -0.08 [-0.27, 0.10]
Total events 172 181
Heterogeneity: Tau? = 0.04, ° = 26.23, df = 4 (P < 0.0001); 7 = 85%
Test for overall effect: Z = 0.91 (P = 0.36)
1.1.2 LC + postperative ERCP vs LC + LCBDE
Rhodes et a/*” 30 40 30 40  13.5% 0.00 [-0.19, 0.19] 1998 a4
Nathanson et a/*” 32 45 40 41 15.1% -0.26 [-0.41, -0.12] 2005 -
Subtotal (95% CI) 85 81  28.6%  -0.14[-0.41,0.13] >
Total events 62 70
Heterogeneity: Tau® = 0.03, 7° = 5.16, df = 1 (P = 0.002); F* = 81%
Test for overall effect: Z = 1.02 (P = 0.31)
Total (95% CI) 297 288  100.0% -0.10 [-0.24, 0.04] L
Total events 234 251
Heterogeneity: Tau® = 0.03, ;° = 33.55, df = 6 (P < 0.00 001); F* = 82% ‘ ‘ ‘ ‘
Test for overall effect: Z = 1.39 (P = 0.17) -2 -1 0 1 2
Test for subgroup differences : 5° =0.11, df = 1 (P = 0.74); I’ = 0% Favours LC + ERCP/EST  Favours LC + LCBDE
B

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI  Year M-H, fixed, 95% CI
1.2.1 Preoperative ERCP/EST + LC vs LC + LCBDE AL
Cuschieri et a/*® 17 136 21 133 32.0% 0.79 [0.44, 1.43] 1999
Sgourakis et a/*® 6 32 5 28 8.0% 1.05 [0.36, 3.07] 2002 R
Noble et a/**) 14 47 19 4 29.6% 0.69 [0.40, 1.20] 2009 =
Rogers et a/*! 5 55 6 57 8.9% 0.86 [0.28, 2.67] 2010 —
Subtotal (95% CI) 270 262 78.4% 0.79 [0.55, 1.13] <
Total events 42 51
Heterogeneity: ;° = 0.52, df = 3 (P = 0.91); I’ = 0%
Test for overall effect: Z = 1.29 (P = 0.20)
1.1.2 LC + postperative ERCP/EST vs LC + LCBDE
Rhodes et a/*! 6 40 7 40  10.5% 0.86 [0.32, 2.33] 1998 ——
Nathanson et a/*”! 6 45 7 41 11.0% 0.78 [0.29, 2.13] 2005 —
Subtotal (95% CI) 85 81  21.6% 0.82 [0.40, 1.66] <o
Total events 12 14
Heterogeneity: ;° = 0.02, df = 1 (P = 0.90); * = 0%
Test for overall effect: Z = 0.56 (P = 0.58)
Total (95% CI) 355 343 100.0% 0.79 [0.58, 1.10] L
Total events 54 65
Heterogeneity: ;° = 0.55, df = 5 (P = 0.99); * = 0% ! . . !
Test for overall effect: Z = 1.40 (P = 0.16) 0.005 0.1 0 10 200

Test for subgroup differences : ° =0.01, df = 1 (P = 0.93); = 0%

Favours LC + ERCP/EST

Favours LC + LCBDE

C
Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI  Year M-H, fixed, 95% CI
Sgourakis et a/* 1 32 0 28 34.5% 2.64[0.11,62.23] 2002 =
Cuschieri et a/* 2 136 1 133 65.5% 1.96 [0.18, 21.31] 1999 —
Total (95% CI) 168 161 100.0% 2.19 [0.33, 14.67]
Total events 3 1
Heterogeneity: ;° = 0.02, df = 1 (P = 0.88); 7 = 0% ‘ ‘ ‘ ‘
0.001 0.1 0 10 1000

Test for overall effect: Z = 0.81 (P = 0.42)
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D

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI  Year M-H, random, 95% CI
1.4.1 Preoperative ERCP/EST + LC vs LC + LCBDE l
Cuschieri et a/* 20 136 20 133 25.9% 0.98 [0.55, 1.73] 1999
Sgourakis et a/* 5 32 4 28 17.7% 1.09 [0.33, 3.68] 2002 ——
Noble et a/*” 20 47 4 44 20.5% 4,68 [1.74,12.62] 2009 -
Bansal et a/”! 2 13 1 15 8.8% 2.31[0.24,22.62] 2010 ——
Rogers et a/*" 1 55 2 57 8.3% 0.52 [0.05, 5.55] 2010 —
Subtotal (95% CI) 283 277 81.1% 1.53 [0.70, 3.37] 2
Total events 48 31
Heterogeneity: Tau® = 0.38, ° = 8.35, df = 4 (P = 0.08); F = 52%
Test for overall effect: Z = 1.06 (P = 0.29)
1.4.2 LC + postperative ERCP/EST vs LC + LCBDE
Rhodes et a/*” 0 40 10 40 6.4% 0.05 [0.00, 0.79] 1998 —
Nathanson et a/*” 3 45 2 41 12.4% 1.37 [0.24, 7.77] 2005 —
Subtotal (95% CI) 85 81 18.9% 0.30 [0.01, 11.05] e
Total events 3 12
Heterogeneity: Tau® = 5.44, 7 =4.84,df =1 (P =0.003); F =7%%
Test for overall effect: Z = 0.66 (P = 0.51)

Total (95% CI) 368 358
Total events 51 43
Heterogeneity: Tau’ = 0.57, ° = 13.81, df = 6 (P = 0.03); * = 57%
Test for overall effect: Z = 0.46 (P = 0.65)

Test for subgroup differences : ° =0.75, df = 1 (P = 0.39); I* = 0%

100.0% 1.21 [0.54, 2.70]

!

0.001 0.1 1 10 1000
Favours LC + ERCP/EST  Favours LC + LCBDE

Mean difference
1V, random, 95% CI

Mean difference
IV, random, 95% CI  Year

Experimental Control

Study or subgroup Mean SD Total Mean SD Total Weight

Rhodes et /™ 3.5 2.5 40 1 6.25 40 18.4%  2.50[0.41,4.59] 1998 -

Cuschieri et a/* 9 2,125 150 6 1.95 150 20.8%  3.00[2.54,3.46] 1999 -

Noble et a/*” 3 1.25 47 5 1.25 44  20.8% -2.00[-2.51,-1.49] 2009 -

Rogers et a/*"! 41 35 55 23 19 57 20.2%  1.80[0.75,2.85] 2010 -

Bansal et a/”) 4 2.25 15 42 15 15 19.8%  -0.20 [-1.57,1.17] 2010

Total (95% CI) 307 306 100.0%  0.99 [-1.59, 3.57]

Heterogeneity: Tau? = 8.28; 7° = 209.31, df = 4 (P < 0.00 001); 7 = 98% ‘ ‘ ‘ ‘
-20 -10 0 10 20

Test for overall effect: Z = 0.75 (P = 0.45
( ) Favours LC + ERCP/EST  Favours LC + LCBDE

F

Experimental Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI  Year IV, random, 95% CI
Rhodes et a/*! 105 4875 40 90 7125 40 27.3% 15.00 [-11.75, 41.75] 1998 T
Sgourakis et a/*® 105 48.75 32 90 60 28  25.2% 15.00 [-12.91, 42.91] 2002 —
Rogers et a/*! 183 39 55 174 67 57  47.7%  9.00 [-11.22, 29.22] 2010 ——
Total (95% CI) 127 125 100.0% 12.14 [-1.83, 26.10] o

L | | J

Heterogeneity: ° = 0.18, df = 2 (P = 0.92); F = 0%

Test for overall effect: Z = 1.70 (P = 0.09) -100 -50 0 50 100

Favours LC + ERCP/EST  Favours LC + LCBDE

Figure 3 Forest plot of meta-analysis. A: Two-stage [endoscopic retrograde cholangiopancreatography (ERCP)/endoscopic sphincterotomy (EST) + laparoscopic
cholecystectomy (LC)] vs single-stage [LC + laparoscopic common bile duct exploration (LCBDE)] in stone clearance from the common bile duct; B: Two-stage (ERCP/
EST + LC) vs single-stage (LC + LCBDE) in postoperative morbidity; C: Two-stage (ERCP/EST + LC) vs single-stage (LC + LCBDE) in mortality; D: Two-stage (ERCP/
EST + LC) vs single-stage (LC + LCBDE) in conversion to other procedures; E: Two-stage (ERCP/EST + LC) vs single-stage (LC + LCBDE) in length of hospital stay; F:
Two-stage (ERCP/EST + LC) vs single-stage (LC + LCBDE) in total operating time. CI: Confidence interval.

from concomitant gallstones and CBDS were routinely
managed by ERCP/EST, either preoperatively or postop-
eratively, prior to L.CP, Although this approach is effec-
tive and safe for removing the CBDS, it also has several
drawbacks. First, it requires two periods of anesthesia
and occasionally two hospital admissions, which may
increase the length of hospital stay and hospitalization ex-
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penses. Furthermore, if patients still have CBDS detected
by intraoperative cholangiography in I.C after successful
ERCP/EST, surgeons will face the dilemma of depend-
ing on LCBDE, postoperative ERCP/EST or traditional
open choledochotomy. Most importantly, even in those
patients with clinical, biochemical and imaging risk factors
for CBDS, preoperative ERCP/EST can produce false-

June 28, 2012 | Volume 18 | Issue 24 |



Lu J et a/. Concomitant gallstones and common bile duct stones

negative results, leading to the possibility of morbidity
and mortality[%’szj. Despite postoperative ERCP/EST can
indeed avoid the risk inherent in preoperative ERCP/EST
to patients without CBDS, it necessitates another surgi-
cal procedure when it fails to remove the CBDS"". Both
preoperative and postoperative ERCP/EST ate likely to
lead to some short-term and long-term complications.
For instance, they may result in postoperative complica-
tions, including bleeding, perforation, pancreatitis and
even death"""”. Moreover, it is notable that the intact
sphincter of Oddi is destroyed after EST so that biliary
sphincter function is permanently lost, which damages
the barrier of the sphincter that prevents duodenobiliary
reflux™. Reflux from the duodenum into the bile duct
is responsible for the high rate of bacterobilia occurting
after ESTP", and chronic bacterobilia may even cause
neoplastic changes in the biliary epitheliumpsj. Therefore,
ERCP/EST should be adopted on a selective basis, i.e.,
in patients with acute obstructive suppurative cholangitis,
severe biliary pancreatitis, ampullary stone impaction or
severe comorbidity. If possible, MRCP should be used
for preoperative diagnosis. According to a meta-analysis,
MRCP achieved a high overall sensitivity of 95% and a
specificity of 97% for detecting CBDS™.

With the improvement in laparoscopic equipment and
skills, LCBDE has been increasingly used to remove the
CBDS. It is considered to be a safe, efficient and cost-
effective treatment for choledocholithiasis; it is associated
with a high stone clearance rate ranging from 84%-97%,
a postoperative morbidity rate of 4%-16%, and a mortal-
ity rate of approximately 0%-0.8%"*""". However, to
decompress the bile duct and decrease biliary complica-
tions, T-tube drainage has been routinely employed after
choledochotomy™**!!, which is inevitable with complica-
tions including bile leakage, bile infection and wound
infection™"!. Furthermore, the patients have to keep the
bile drainage tube in place for several weeks before remo-
val, causing great discomfort and delaying their return to
work!™.

Nevertheless, according to a recent rneta—analysis[“],
primary closure might be as effective as T-tube drainage
in the prevention of postoperative complications after
choledochotomy. Consequently, it seems that LCBDE is
a commendable alternative to the use of ERCP/EST.

Previously published trials have demonstrated that
single-stage (LC + LCBDE) and two-stage (L.C + ERCP/
EST) management are equivalent with respect to stone
clearance from the CBD, morbidity and mortality™***",
However, most of the trials were limited by their small
sample size. In 2006, Clayton ez al* reported a meta-
analysis concerning endoscopy and surgery »s surgery
alone for CBDS with the gallbladder 7z situ. In the sub-
group analysis, they concluded that the endoscopic and
laparoscopic surgery groups had similar outcomes; how-
ever, treatment should depend on local resources and
expertise. Furthermore, the number of patients included
was insufficient, and up-to-date trials were not included.
Unlike previous studies, this meta-analysis took patients’
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characteristics into consideration and gave suggestions
for the optimum management of different patients.

Concerning stone clearance from the CBD, this meta-
analysis demonstrated that single-stage (LC + LCBDE)
management was as effective as two-stage (LC + ERCP/
EST) management (P = 0.17), but one trial”” was more
strongly in favor of the single-stage (LC + LCBDE) man-
agement than any other included studies. One possible
reason was that they abandoned ERCP/EST at an catlier
stage when they detected multiple and large stones in the
CBD, and they favored a transductal approach if the bile
duct diameter was large or if the stones were large and
multiple. Another reason might be the use of intention-
to-treat analysis. Our meta-analysis showed that the dif-
ference in the length of hospital stay between the two
groups was not statistically significant (P = 0.45). Two
of the included trials reported that the length of hospital
stay was shorter for the single-stage (LC + LCBDE) ap-
proach with a statistically significant difference compared
with the two-stage (LC + ERCP/EST) managementm’%].
Other studies showed that there was no significant dif-
ference between the two groups, but a recent review sug-
gested that single-stage management had the potential
merit of a shorter hospital stay[45]. One probable reason
was that the definitions of hospital stay varied, which had
an impact on the validity of the data. Some trials defined
it as the duration from the last finished procedure to dis-
charge, while other trials defined it as the entire duration
from hospital admission to discharge. Another explana-
tion for the discrepancy in the studies might be the use
of data conversions to produce estimates. In our meta-
analysis, only one trial reported hospitalization charges,
and there was no significant difference in total hospital-
ization charges and hospital service charges between the
two groups. However, the charges for single-stage (LC
+ LCBDE) management were lower than those for two-
stage (LC + ERCP/EST) management”. Other stud-
ies"™" showed that single-stage management is a cost-
effective method compared to two-stage management.

The postoperative morbidity, mortality and total op-
erating time were similar between the two-stage (LC +
ERCP/EST) and single-stage (.LC + LCBDE) manage-
ment with no statistically significant difference in this
meta-analysis (P = 0.16, P = 0.42 and P = 0.09, respec-
tively). When considering preoperative ERCP/EST + LC
»s LC + LCBDE and postoperative ERCP/EST + LC
vs LC + LCBDE separately in the subgroup analysis, the
outcomes, as stated, remained consistent.

This meta-analysis was subject to some limitations.
First, the funnel plot analysis detected publication bias,
which results in over-representation of significant or pos-
itive studies. However, the random effects model was uti-
lized for this analysis, and this model is known to enlarge
the presence of publication bias by attributing heavier
weighting to smaller trials compared to the fixed effects
models. Second, the different methodological quality and
the heterogeneity of the effect after intervention could
also account for the asymmetry in the funnel plot. A
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second potential limitation was the presence of signifi-
cant heterogeneity for three outcomes, including stone
clearance from the CBD, conversion to other procedures
and length of hospital stay, which might influence the
reliability and validity of the conclusions to some extent.
Finally, the restriction of only including studies published
in English was another possible limitation.

For future research studies on this topic, the following
suggestions may be helpful (1) hospitalization expenses
data were available in only one included trial, which was
far from sufficient, and future studies should evaluate this
significant endpoint; (2) follow-up was pootly reported
in most of the included trials, and long-term outcomes,
which largely rely on the follow-up, are as yet unknown.
Future trials should strengthen the work of follow-up;
(3) future studies need to assess outcomes such as pain
scores, health economics, patients satisfaction and qual-
ity of life scores because it is more practical for patients
to choose their optimal treatment; (4) blinded outcome
assessment should be employed in future trials to better
reduce bias; and (5) as a result of the different data types
provided by the included trials, the outcomes, including
the length of hospital stay and total operative time were
weakened. Thus, future researchers should use unified
data types.

In conclusion, single-stage (LC + LCBDE) manage-
ment is not only as effective as two-stage (LC + ERCP/
EST) management and equivalent in terms of postop-
erative morbidity, mortality and conversion, but it also
reduces the number of procedures used per patient and
potentially shortens the length of hospital stay. In addi-
tion, single-stage (LC + LCBDE) management also elimi-
nates the underlying risk of ERCP/EST and keeps the
sphincter of Oddi intact. It is likely that as laparoscopic
expertise and operators’ experience improve, the need for
two-stage (LC + ERCP/EST) management will dectrease,
and single-stage (LC + LCBDE) management should be
ultimately available for most patients. However, the opti-
mal management of patients with CBDS should depend
on the condition of patients, the expertise of operators
and local resoutces.
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COMMENTS

Background

Patients with concomitant gallstones and common bile duct stones (CBDS)
are very common, but surgeons and patients are often faced with difficulties in
making treatment decisions when choosing the optimal treatment. Previously
published trials were inconclusive as to whether two-stage [laparoscopic chole-
cystectomy (LC) + preoperative endoscopic retrograde cholangiopancreatogra-
phy (ERCP)/endoscopic sphincterotomy (EST)] management is better or worse
than single-stage [LC + laparoscopic common bile duct exploration (LCBDE)]
management. The authors in this study conducted a systematic review and
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meta-analysis to provide the current best evidence for the management of pa-
tients with concomitant gallstones and CBDS.

Research frontiers

Both two-stage (LC + ERCP/EST) and single-stage (LC + LCBDE) management
are used for the patients with concomitant gallstones and CBDS. Two-stage (LC
+ ERCP/EST) management has become very popular in recent years, because it
is considered to be safe and effective that can reduce the number of procedures
used per patient.

Innovations and breakthroughs

This systematic review and meta-analysis summarized all available randomized
controlled trials (RCTs) comparing the two techniques. The authors found that
single-stage (LC + LCBDE) management was as effective as two-stage (LC +
ERCP/EST) management and required fewer procedures used per patient.

Applications

Single-stage (LC + LCBDE) management is proven to be a safe and effective
treatment compared with two-stage (LC + ERCP/EST) management, and it
should be recommended for patients with concomitant gallstones and CBDS.

Terminology

ERCP: a technique that combines the use of endoscopy and fluoroscopy to
diagnose and treat certain problems of the biliary or pancreatic ductal systems;
EST: a minimally invasive surgery that was developed on the basis of ERCP
to treat biliary or pancreatic ductal disease; LC: a technique that removes the
gallbladder through small punctures in the abdomen to permit the insertion of a
laparoscope and surgical instruments; LCBDE: a technique that combines the
use of laparoscopy and choledochoscopy to treat biliary tract disease, espe-
cially CBDS.

Peer review

This is a good descriptive study in which authors evaluate the safety and effec-
tiveness of two-stage vs single-stage management for concomitant gallstones
and CBDS. The results are interesting and suggest that two-stage (LC + ERCP/
EST) management clearly required more procedures per patient than single-
stage (LC + LCBDE) management.
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