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Abstract

Background The purpose of the study was to compare the safety and effectiveness of laparoscopic common bile duct explora-
tion plus laparoscopic cholecystectomy (LCBDE+LC) with preoperative endoscopic retrograde cholangiopancreatography
plus laparoscopic cholecystectomy (pre-ERCP+LC) for cholecystocholedocholithiasis.

Methods An electronic search was performed using the following databases: PubMed, Embase, Web of Science, the Cochrane
Central Register of Controlled Trials, and ClinicalTrials.gov until 1 July 2018. Randomized controlled trials (RCTs) compar-
ing LCBDE+LC versus pre-ERCP+LC were included. The common bile duct (CBD) stone clearance rate, postoperative bile
leakage, postoperative pancreatitis, morbidity, mortality, and overall hospital stay were analyzed.

Results Twelve RCTs involving 1545 patients were included in this meta-analysis. Of the 12 RCTs, seven confirmed and
five did not confirm CBD stones preoperatively. The meta-analysis showed a significantly higher CBD stone clearance rate
for pre-ERCP+LC than LCBDE+LC. A similar result was found in the subgroup analysis of patients with confirmed CBD
stones. A significantly lower postoperative bile leakage rate was found for pre-ERCP+LC than LCBDE+LC in all 12 RCTs
and in the subgroup of patients with confirmed CBD stones. However, a significantly higher rate of pancreatitis was found
in pre-ERCP+LC and in the subgroup of patients with confirmed CBD stones. LCBDE+LC was superior to pre-ERCP+LC
in terms of the overall hospital stay. No significant differences were found in morbidity or mortality.

Conclusions Pre-ERCP+LC is associated with a higher CBD stone clearance rate, lower postoperative bile leakage rate,
and higher rate of pancreatitis. LCBDE+LC might help to shorten the hospital stay. Further studies on this topic are
recommended.

Keywords Common bile duct stones - Laparoscopic common bile duct exploration - Laparoscopic cholecystectomy -
Endoscopic retrograde cholangiopancreatography - Meta-analysis - Systematic review

The presence of common bile duct (CBD) stones combined
with gallstones, also known as cholecystocholedocholithi-
asis (CCL), is one of the most common clinical diseases and
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accounts for 8-20% of patients with gallstones [1-4]. With
the development of laparoscopic and endoscopic techniques,
minimally invasive treatment has become a trend in the man-
agement of CBD stones combined with gallstones [4, 5].
At present, the minimally invasive treatment technique for
CCL is mainly laparoscopic CBD exploration (LCBDE) plus
laparoscopic cholecystectomy (LCBDE+LC) or endoscopic
retrograde cholangiopancreatography (ERCP) plus laparo-
scopic cholecystectomy (ERCP+LC) [6, 7]. The preferred
laparoendoscopic procedure is preoperative ERCP+LC
(pre-ERCP+LC), which is recommended by the European
Association for the Study of the Liver [3]; however, no
robust statements have been published regarding the best
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treatment for CCL. Notably, ERCP may cause destruction
of the sphincter of Oddi, potentially resulting in reflux of
duodenal juice, which may in turn lead to recurrence of
CBD stones, recurrent episodes of cholangitis, and even
biliary malignancies [8—10]. ERCP is also associated with
a series of complications such as pancreatitis, bleeding, and
perforation [11-14]. The other drawback of any two-stage
procedure is that the patient undergoes two different uncom-
fortable anesthesiologic sessions. As a one-stage treatment
for CCL, LCBDE+LC, with the advantage of preserving
the function of the sphincter of Oddi, can reduce the overall
hospital stay and cost [6, 15]. However, this highly techni-
cal procedure has a long learning curve, especially when
a T-tube is used, which increases patient discomfort [16].
The optimal strategies for the management of CCL remain
controversial. However, previous meta-analyses have com-
pared the two procedures [6, 17-19]. Because of various
limitations such as small sample sizes and bias, these stud-
ies have failed to demonstrate a reliable conclusion. Addi-
tionally, two randomized controlled trials (RCTs) have been
published recently [20, 21]. Therefore, we conducted the
present up-to-date meta-analysis to compare the efficacy and
safety between the two above-mentioned minimally invasive
procedures in the treatment of patients with CCL.

Methods
Search strategy

Two authors (Cheng YX and Ting L) independently con-
ducted a thorough electronic search of the PubMed, Embase,
Web of Science, Cochrane Central Register of Controlled
Trials (CENTRAL), and ClinicalTrials.gov databases
until 1 July 2018 to identify original studies comparing
LCBDE+LC and pre-ERCP+LC for treatment of CCL.
English search terms included but were not limited to the
following: “gallstones,” “cholecystolithiasis,” “choledocho-
lithiasis,” “laparoscopic common bile duct exploration,”
“endoscopic retrograde cholangiopancreatography,” and
“laparoscopic cholecystectomy.” The search was restricted
to human subjects and English-language articles. The refer-
ences of the articles identified after the initial search were
also manually reviewed. Institutional review board approval
of our hospital was obtained for this study.

99 ¢

Inclusion and exclusion criteria

The following two inclusion criteria were applied: the
RCT must compare LCBDE+LC versus pre-ERCP+LC
for patients with proven or suspected CBD stones, and the
original article must have been published in English with full
text. The exclusion criteria were non-RCTs, retrospective
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studies, review articles, case reports, abstracts, editorials,
and letters to the editor; repeated publication by the same
author or agency; and insufficient data on outcome measures.

Outcome measures

The primary outcome of this study was the CBD stone clear-
ance rate. The secondary outcomes were wound infection,
the overall hospital stay, postoperative bile leakage, postop-
erative pancreatitis, morbidity, and mortality.

Subgroup analysis

The included studies were divided into two subgroups: pre-
operative confirmation of CBD stones and lack of preopera-
tive confirmation of CBD stones.

Data extraction

The standardized selection form included the first author,
year of publication, type of study, country in which the study
took place, sample size, and CBD stone status. Conflicts in
data abstraction were resolved by consensus and by refer-
ring to the original article. EndNote version X8 (Thomson
Reuters, Toronto, Ontario, Canada) was used to remove
duplicate studies.

Risk of bias assessment

The quality of the literature was assessed in accordance
with the Cochrane Collaboration Handbook [22]. The scor-
ing system included the following criteria: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of the results assessment, incom-
plete results data, selective reporting, and other sources of
bias.

Statistical analysis

All statistical analyses were performed using Review Man-
ager (RevMan) version 5.3 software (Cochrane Informatics
and Knowledge Management Department, Nordic Cochrane
Centre, Copenhagen, Denmark). Odds ratios (ORs) with
95% confidence intervals (CIs) were used for dichotomous
outcomes. Publication bias was evaluated by the y” test and
funnel plots. Heterogeneity among studies was evaluated by
the 4 test. A two-tailed p value of <0.05 was considered
statistically significant. We also assessed the potential for
publication bias through a visual inspection of funnel plot
asymmetry. The meta-analysis was conducted according to
the PRISMA statement.
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Results
Study selection and trial characteristics

Following the search strategy, we identified 265 papers
from the online database; of these, 120 duplicate articles
were excluded. The remaining 145 studies were retrieved
based on their titles and abstracts. Additional 133 cita-
tions were excluded for various reasons. Finally, 12 RCTs
involving 1545 participants were included in the current
meta-analysis [20, 23-33]. A flowchart of the literature
search process is shown in Fig. 1.

The characteristics and quality evaluation of the
included citations are shown in Table 1. The LCBDE+LC
group comprised 771 patients, and the pre-ERCP+LC
group comprised 774 patients. The sample sizes among
the studies ranged from 53 to 296 patients, and the year of
publication ranged from 1999 to 2016. CBD stones were
confirmed preoperatively in seven studies [20, 24-26,
28-30] and unconfirmed in five studies [23, 27, 31].

Figure 2 shows an overview of the methodological qual-
ity of the studies included in the meta-analysis using the
Cochrane Collaboration tool for assessing the risk of bias.

223 of records 42 of additional
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database through other
searching sources

\_l_l

120 of records after
duplicates removed

l
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screened
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articles
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15 of full-text
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for eligibility

1

12 of studies
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qualitative
synthesis
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quantitative
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(meta-analysis)

Fig. 1 Flow diagram of the published articles evaluated for inclusion
in this meta-analysis

Outcome measures
CBD stone clearance rate

All 12 studies involving 1262 patients reported the CBD
stone clearance rate, which was considered a major parame-
ter of treatment efficacy for CCL. The pre-ERCP+LC group
had a higher CBD stone clearance rate than the LCBDE+LC
group (OR 1.63; 95% CI 1.16-2.28; p=0.005) (Fig. 3A).
The subgroup analysis of the patients with confirmed CBD
stones also showed that the pre-ERCP+LC group had a
higher CBD stone clearance rate than the LCBDE+LC
group (OR 1.92; 95% CI 122-3.14; p=0.005) (Fig. 3A).
There were no significant differences in the CBD stone-
unconfirmed subgroup (OR 1.32; 95% CI 0.81-2.16;
p=0.27) (Fig. 3B).

Postoperative bile leakage

Eleven trials reported the postoperative bile leakage rate.
The pre-ERCP+LC had a lower postoperative bile leak-
age rate than the LCBDE+LC group (OR 4.08; 95% CI
2.08-7.98; p<0.0001) (Fig. 4A). A similar result was
obtained in the subgroup analysis of the patients with con-
firmed CBD stones (OR 6.5; 95% CI 2.49-16.99; p=0.0001)
(Fig. 3B). In the CBD stone-unconfirmed subgroup, the dif-
ference was not significant (OR 2.19; 95% CI 0.82-5.87;
p=0.12) (Fig. 4B).

Postoperative pancreatitis

Ten trials reported the rate of postoperative pancreatitis.
There was a significant difference in the rate of postopera-
tive pancreatitis between the two groups (OR 0.23; 95% CI
0.11-0.50; p=0.0002) (Fig. 5SA). The subgroup analysis of
patients with confirmed CBD stones showed that the rate
of postoperative pancreatitis was significantly higher in the
pre-ERCP+LC than LCBDE+LC group (OR 0.18; 95% CI
0.06-0.50; p=0.001) (Fig. 5B). However, there were no sig-
nificant differences in the CBD stone-unconfirmed subgroup
(OR 0.34;95% C10.11-1.08; p=0.07) (Fig. 5B).

Overall morbidity

Twelve trials reported overall morbidity. There were no sig-
nificant differences between the two groups (OR 0.91; 95%
CI 0.66-1.24; p=0.54) (Fig. 6A). The subgroup analysis
also showed that overall morbidity was not significantly dif-
ferent between the CBD stone-confirmed and -unconfirmed
subgroups (p=0.10 and p=0.51, respectively) (Fig. 6B).
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Table 1 Characteristics of the 20 included studies

Study Country Study period Sample size Sex (F/M) Age (year) (L+L/ CBD stones  Jadad score
(L+L/E4+L) (L+L/ E+L)
E+L)
Nakeeb et al. 2016 Egypt April 2012-March 50 31/19 45(16-63) Confirmed 5
[20] 2014 50 32/18 42(23-73)
Bansal et al. 2010 India July 2007-April 2008 15 11/4 47.1(34-72) Confirmed 4
[24] 15 10/5 39.07(23-64)
Bansal et al. 2014 India February 2009—-Octo- 84 61/23 45.1+15.1 Confirmed 5
[25] ber 2012 84 50/34 43+13.7
Cuschieri et al. 1999 Scotland 1994-1997 149 90/59 19-88 Unconfirmed 5
[27] 147 108/39 18-89
Ding et al. 2014 [28]  China January 2002— 110 57/53 58.42+7.21 Confirmed 4
December 2005 111 58/23 57.53+6.31
Ferulano 2011 [23] Italy January 1996-June 45 NA NA Unconfirmed 4
2010 39
Gonzalez et al. 2016 Cuba November 2007— 100 NA 56.3 (22-87) Confirmed 5
[26] November 2011 101 57.7 (20-84)
Kocetal. 2013 [29]  Turkey January 2008-Sep- 54 37/20 51.5616.6 Confirmed 2
tember 2010 54 36/18 5496179
Lv et al. 2016 [30] China February 2014-April 29 9/15 63.5+12.4 Confirmed 4
2015 24 9/20 61.3+14.5
Nobel et al. 2009 [31] United Kingdom 2000-2006 44 28/16 75.9 (70.0-80.8) Unconfirmed 4
47 25/22 74.3 (70.0-78.9)
Rogers et al. 2010 United Kingdom September 1997-June 57 37/20 399+1.9 Unconfirmed 6
[32] 2003 55 36/18 446+19
Sgourakis et al. 2002  Greece April 1997-August 36 21/15 15(43-88) Unconfirmed 4
[33] 2000 42 25/17 17(46-89)

L+L laparoscopic bile duct exploration+laparoscopic cholecystectomy, E+L pre-endoscopic retrograde cholangiopancreatography+laparoscopic

cholecystectomy, NA not applicable
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Fig.2 Consensus risk of bias assessment of the included studies.
Green, low risk; yellow, unclear; red, high risk. (Color figure online)
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Overall mortality

The present analysis showed no significant difference in
overall mortality between the two groups (OR 0.36; 95%
CI 0.08-1.58; p=0.18) (Fig. 7A). The subgroup analysis
also indicated no significant differences between the CBD
stone-confirmed and -unconfirmed subgroups (p =0.19
and p =0.60, respectively) (Fig. 7B).

Overall hospital stay

Only four trials reported the overall hospital stay. The
overall hospital stay was significantly shorter in the
LCBDE+LC group (mean difference [MD], —2.46 days;
95% CI —3.67 to —1.24; p<0.0001) (Fig. 8A). A simi-
lar result was obtained in the subgroup of patients with
unconfirmed CBD stones (MD, —2.28 days; 95% CI,
—3.93 to —0.64; p<0.0001) (Fig. 8B). The subgroup
analysis showed that the differences were not significant
in the CBD stone-confirmed subgroup (MD, —2.28 days;
95% CI —3.93 to — 0.64; p=0.15) (Fig. 8B).
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A Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bansal 2010 14 15 13 15 1.6% 2.15[0.17, 26.67]
Bansal 2014 74 84 67 84 15.1% 1.88[0.80, 4.38] -
Cuschieri 1999 90 109 82 99 28.3% 0.98 [0.48, 2.02] —
Ding 2014 103 110 105 111 12.6% 0.84[0.27, 2.59] —
Ferulano 2011 42 45 37 39 5.0% 0.76 [0.12, 4.78]
Gonzalez 2016 42 43 42 45 1.8% 3.00 [0.30, 30.02]
Koc 2013 55 57 50 54 3.4% 2.20[0.39, 12.53] ——
Lv 2016 28 29 22 24 1.6% 2.55[0.22, 29.93]
Nakeeb 2016 38 50 26 50 11.8% 2.92 [1.24, 6.87] —_—
Nobel 2009 38 44 29 47 7.2% 3.93[1.39, 11.15] s —
Rogers 2010 15 17 30 31 4.7% 0.25 [0.02, 2.98]
Sgourakis 2002 24 28 27 32 6.8% 1.11[0.27, 4.62] —
Total (95% ClI) 631 631 100.0% 1.63 [1.16, 2.28] <o
Total events 563 530
Heterogeneity: Chi? = 11.58, df = 11 (P = 0.40); I = 5% =0 o1 0:1 1=0 100:
Test for overall effect: Z = 2.81 (P = 0.005) Favours [experimental] Favours [control]
B Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 unconfirmed
Cuschieri 1999 90 109 82 99 28.3% 0.98 [0.48, 2.02]
Ferulano 2011 42 45 37 39 5.0% 0.76 [0.12, 4.78]
Nobel 2009 38 44 29 47 7.2% 3.93[1.39,11.15] e —
Rogers 2010 15 17 30 31 4.7% 0.25[0.02, 2.98]
Sgourakis 2002 24 28 27 32 6.8% 1.11[0.27, 4.62] —
Subtotal (95% CI) 243 248 52.1% 1.32 [0.81, 2.16] ’
Total events 209 205
Heterogeneity: Chi? = 6.99, df = 4 (P = 0.14); I = 43%
Test for overall effect: Z = 1.10 (P = 0.27)
2.1.2 confirmed
Bansal 2010 14 15 13 15 1.6% 2.15[0.17, 26.67]
Bansal 2014 74 84 67 84 15.1% 1.88[0.80, 4.38] -
Ding 2014 103 110 105 111 12.6% 0.84[0.27, 2.59] —
Gonzalez 2016 42 43 42 45 1.8% 3.00[0.30, 30.02]
Koc 2013 55 57 50 54 3.4% 2.20[0.39, 12.53] ——
Lv 2016 28 29 22 24 1.6% 2.55[0.22, 29.93]
Nakeeb 2016 38 50 26 50 11.8% 2.92 [1.24, 6.87] —_—
Subtotal (95% CI) 388 383 47.9% 1.96 [1.22, 3.14] D
Total events 354 325
Heterogeneity: Chi? = 3.23, df = 6 (P = 0.78); I = 0%
Test for overall effect: Z = 2.80 (P = 0.005)
Total (95% ClI) 631 631 100.0% 1.63 [1.16, 2.28] <o
Total events 563 530
Heterogeneity: Chi? = 11.58, df = 11 (P = 0.40); I = 5% 50 o1 051 150 100’

Test for overall effect: Z = 2.81 (P = 0.005)
Test for subgroup differences: Chi? = 1.29, df = 1 (P = 0.26), 1> = 22.5%

Favours [experimental] Favours [control]

Fig.3 Forest plot of the meta-analysis comparing LCBDE+LC and pre-ERCP+LC regarding the CBD stone clearance rate (A) total studies (B)

subgroup analysis

Sensitivity analysis

The influence of a single study on the overall meta-anal-
ysis estimate was investigated by omitting one study at a
time. The omission of any study resulted in no significant

Publication bias

bias.

difference, indicating that our results were statistically

reliable.

Most graphical funnel plots of the parameters were sym-
metrical. Egger’s test revealed no significant publication

@ Springer
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A Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI

Bansal 2010 2 15 0 15 4.1% 5.741[0.25, 130.37] >
Bansal 2014 14 84 2 84 16.3% 8.20[1.80, 37.33] -
Cuschieri 1999 7 149 3 147 28.1% 2.37 [0.60, 9.33] N

Ding 2014 2 110 0 111 4.7% 5.14[0.24, 108.26] »
Ferulano 2011 1 45 0 39 5.1% 2.66[0.11, 67.26]

Gonzalez 2016 2 100 0 101 4.7% 5.15[0.24, 108.68] >
Koc 2013 4 57 0 54 4.6% 9.17[0.48, 174.47] >
Lv 2016 1 29 0 24 5.1% 2.58[0.10, 66.24]

Nakeeb 2016 2 50 0 50 4.6% 5.21[0.24, 111.24] >
Nobel 2009 3 44 2 47 17.6% 1.65[0.26, 10.35] =

Sgourakis 2002 1 42 0 36 5.1% 2.64[0.10, 66.79]

Total (95% Cl) 725 708 100.0% 4.08 [2.08, 7.98] >

Total events 39 7

Heterogeneity: Chi? = 2.97, df = 10 (P = 0.98); I> = 0% ‘0 01 051 150 100‘
Test for overall effect: Z = 4.10 (P < 0.0001) Favours [experimental] Favours [control]

B

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

2.3.1 unconfirmed

Cuschieri 1999 7 149 3 147 28.2%  2.37[0.60, 9.33] —1——

Ferulano 2011 1 45 0 39 5.1% 2.66[0.11, 67.26]

Nobel 2009 3 44 2 47 17.6% 1.65[0.26, 10.35] =

Sgourakis 2002 1 42 0 36 5.1% 2.64[0.10, 66.79]

Subtotal (95% Cl) 280 269 55.9% 2.19 [0.82, 5.87] >

Total events 12 5

Heterogeneity: Chi? = 0.13, df = 3 (P = 0.99); I* = 0%

Test for overall effect: Z = 1.56 (P = 0.12)

2.3.2 confirmed

Bansal 2010 2 15 0 15  4.1% 5.74[0.25,130.37] >
Bansal 2014 14 84 2 84 16.3% 8.20[1.80, 37.33] e —

Ding 2014 2 110 0 111  4.8% 5.14[0.24, 108.26] >
Gonzalez 2016 2 43 0 45 4.5% 5.48[0.26, 117.55] >
Koc 2013 4 57 0 54  4.6% 9.17[0.48, 174.47] >
Lv 2016 1 29 0 24 5.1% 2.58[0.10, 66.24]

Nakeeb 2016 2 50 0 50 4.7% 5.21[0.24, 111.24] >
Subtotal (95% CI) 388 383 44.1% 6.50 [2.49, 16.99] -

Total events 27 2

Heterogeneity: Chi? = 0.52, df = 6 (P = 1.00); I = 0%

Test for overall effect: Z = 3.82 (P = 0.0001)

Total (95% CI) 668 652 100.0% 4.09 [2.09, 8.01] P

Total events 39 7

Heterogeneity: Chi? = 2.99, df = 10 (P = 0.98); I = 0% 50 o1 0?1 150 100’

Test for overall effect: Z = 4.11 (P < 0.0001)

Test for subgroup differences: Chi? = 2.40, df = 1 (P = 0.12), 1> = 58.3%

Favours [experimental] Favours [control]

Fig.4 Forest plot of the meta-analysis comparing ELC and DLC regarding the postoperative bile leakage (A) total studies (B) subgroup analysis

Discussion

This current meta-analysis compared pre-ERCP+LC with
LCBDE+LC in terms of their safety and effectiveness for
patients with CCL. This study showed that pre-ERCP+LC
had a higher CBD stone clearance rate and lower postop-
erative bile leakage rate. However, pre-ERCP was asso-
ciated with more pancreatitis and longer hospital stays.
Pre-ERCP+LC and LCBDE+LC had similar morbidity
and mortality rates.

@ Springer

An important indicator in the treatment evaluation for
CBD stones combined with gallstones is the clearance rate
of CBD stones [34]. In the present study, the clearance rate
of CBD stones in the LCBDE+LC group and pre-ERCP+LC
group was 88.98% and 84.27%, respectively. This is con-
sistent with previous research reports [6, 7, 34]. To date,
little agreement has been reached on the rate of CBD stone
clearance. One meta-analysis of eight RCTs showed that
LCBDEA+LC was associated with a higher rate of CBD stone
clearance than pre-ERCP+LC (90.17% vs. 85.71%, respec-
tively; p=0.03) [6]. A similar result was shown in another



Surgical Endoscopy (2019) 33:3275-3286 3281
A
Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bansal 2010 0 15 0 15 Not estimable

Bansal 2014 0 84 3 84 10.4% 0.14 [0.01, 2.71] ¢ o

Cuschieri 1999 2 149 5 147 14.8% 0.39[0.07, 2.02] —_—
Ding 2014 0 110 3 111 10.4% 0.14 [0.01, 2.75] ¢ ™

Ferulano 2011 1 45 1 39 3.1% 0.86 [0.05, 14.28]

Gonzalez 2016 0 100 1 101 4.4% 0.33[0.01, 8.28]

Koc 2013 0 57 2 54 7.6% 0.18 [0.01, 3.89] ¢

Lv 2016 0 29 3 24 11.2% 0.10[0.01, 2.12] ¢

Nakeeb 2016 2 50 8 50 22.9% 0.22 [0.04, 1.09] —_—

Nobel 2009 0 44 2 47 7.1% 0.20[0.01, 4.38] ¢

Sgourakis 2002 0 42 2 36 7.9% 0.16 [0.01, 3.50] ¢

Total (95% ClI) 725 708 100.0% 0.23 [0.11, 0.50] e

Total events 5 30

Heterogeneity: Chi? = 1.84, df = 9 (P = 0.99); I = 0% 50 o1 0’1 150 100‘
Test for overall effect: Z = 3.76 (P = 0.0002) Favours [experimental] Favours [control]
B

Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.1 unconfirmed

Cuschieri 1999 2 149 5 147 14.8% 0.39[0.07, 2.02] —
Ferulano 2011 1 45 1 39 3.1% 0.86 [0.05, 14.28]

Nobel 2009 0 44 2 47 7.1% 0.20[0.01, 4.38] ¢

Sgourakis 2002 0 42 2 36 7.9% 0.16 [0.01, 3.50] ¢

Subtotal (95% Cl) 280 269 33.0% 0.34 [0.11, 1.08] el

Total events 3 10

Heterogeneity: Chi? = 0.78, df = 3 (P = 0.86); I = 0%

Test for overall effect: Z = 1.83 (P = 0.07)

2.4.2 confirmed

Bansal 2010 0 15 0 15 Not estimable

Bansal 2014 0 84 3 84 10.4% 0.14 [0.01, 2.71] ¢ =

Ding 2014 0 110 3 111 10.4% 0.14 [0.01, 2.75] ¢ ™

Gonzalez 2016 0 100 1 101 4.4% 0.33[0.01, 8.28]

Koc 2013 0 57 2 54 7.6% 0.18 [0.01, 3.89] ¢

Lv 2016 0 29 3 24 11.2% 0.10 [0.01, 2.12] ¢ o

Nakeeb 2016 2 50 8 50 22.9% 0.22 [0.04, 1.09] —_— &
Subtotal (95% CI) 445 439 67.0%  0.18 [0.06, 0.50] e

Total events 2 20

Heterogeneity: Chi? = 0.38, df = 5 (P = 1.00); I = 0%

Test for overall effect: Z = 3.28 (P = 0.001)

Total (95% Cl) 725 708 100.0% 0.23 [0.11, 0.50] e

Total events 5 30

Heterogeneity: Chi? = 1.84, df = 9 (P = 0.99); I = 0% ?0 o1 041 150 100‘
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Fig.5 Forest plot of the meta-analysis comparing ELC and DLC regarding the postoperative pancreatitis (A) total studies (B) subgroup analysis

recent meta-analysis [35]. However, a study conducted by
Elgeidie et al. showed that pre-ERCP+LC was associated
with a higher success rate of CBD stone clearance [36]. One
of the strengths of this study is that a subgroup analysis
was performed according to the preoperative status of CBD
stones. In the subgroup analysis of the group of patients
with confirmed CBD stones before surgery, we found that
the pre-ERCP group had a higher rate of CBD stones. How-
ever, there was no significant difference in the subgroup
of patients with unconfirmed CBD stones. We believe that
these differences may be related to the research period. The

studies in the subgroup of patients with unconfirmed chole-
docholithiasis were performed before 2011. Endoscopic
techniques have developed rapidly in recent years, poten-
tially resulting in an increased clearance rate of CBD stones.
Another strength of this study is the inclusion of several
recent RCTs. However, these two recent studies showed that
pre-ERCP+LC was associated with an equal clearance rate
[26, 30]. Additional studies with larger sample sizes and
high-quality evaluation methods are required.

There was no significant difference in overall mor-
bidity and mortality between the two groups. The main
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Fig. 6 Forest plot of the meta-analysis comparing ELC and DLC regarding the overall morbidity (A) total studies (B) subgroup analysis

complications of pre-ERCP+LC are postoperative pancre-
atitis, hemorrhage, and perforation. In the current study,
pre-ERCP+LC showed a higher rate of postoperative
pancreatitis. Notably, however, the diagnostic criteria and
severity of pancreatitis were not described in detail in the
included studies. The severity of postoperative pancreatitis
varied from mild to life-threatening [37]. In this study, the
incidence of postoperative bile leakage was lower in the
pre-ERCP+LC group. This is consistent with some previ-
ous studies [6, 20, 29]. Postoperative bile leakage can lead

@ Springer

to a prolonged hospital stay and patient dissatisfaction.
Although recent studies have shown that primary sutures
have the same safety and effectiveness as T-tube drainage
[38, 39], this is still controversial. The studies included in
the present meta-analysis included T-tube drainage and
primary suturing. The existence of this heterogeneity may
have had an impact on the outcome. More detailed and
higher-quality research on postoperative pancreatitis and
bile leakage is necessary in the future.
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Fig. 7 Forest plot of the meta-analysis comparing ELC and DLC regarding the overall mortality (A) total studies (B) subgroup analysis

Of the 12 studies included in this meta-analysis, only
four provided detailed data on the overall hospital stay. In
our meta-analysis of all studies, the LCBDE+LC group
had shorter hospital stays. However, this finding needs to
be interpreted with caution. Interestingly, there was no
significant difference in terms of the overall hospital stay
in the subgroup of patients with preoperatively confirmed
CBD stones. One explanation may be that LCBDE+LC,
performed as a single procedure, may prolong the hospital
stay because of postoperative bile leakage and the presence

of an indwelling T-tube. Conversely, the interval of time
between ERCP and LC differed among the included studies.
In a comparative study of postoperative hospital stays, Noble
et al. found no statistically significant difference between the
two groups [31]. Further research on the overall hospital stay
is necessary in the future.

Most studies, including the present study, focus on short-
term comparisons of the two treatment procedures. A very
important prognostic indicator for patients with CBD stones
is recurrence of stones. Among the literature included in this
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Fig. 8 Forest plot of the meta-analysis comparing ELC and DLC regarding the overall hospital stay (A) total studies (B) subgroup analysis

study, two RCTs provided data on postoperative calculi recur-
rence [23, 28]. In the study by Ding et al., the authors reported
that LCBDE+LC stones had a lower recurrence rate [28]. In
another retrospective study, the authors noted that the rate of
postoperative stone recurrence was lower in the LCBDE+LC
group [40]. This may be related to the reflux of duodenal juice
after incision of the sphincter of Oddi following ERCP. Reflux
of duodenal juice is closely associated with the formation of
stones. Future studies should focus on the difference in CBD
stone recurrence between the two procedures.

Although this study included the latest RCTs, it still had
some limitations. First, the quality of the included studies was
heterogeneous, and some studies did not clearly explain the
methods produced by randomized controls. Second, differ-
ences in the number and size of CBD stones, the size of the
CBD, and the interval between pre-ERCP and LC among the
included studies may have also affected the results. Third, there
is still a lack of adequate research on the long-term effects of
the two treatments. Therefore, large sample, long-term, high-
quality research is still necessary.

@ Springer

Conclusion

Pre-ERCP+LC had a higher CBD stone clearance rate,
lower postoperative bile leakage rate, and higher pancrea-
titis rate. ERCP+LC and LCBDE+LC had similar morbid-
ity, mortality, and overall hospital stays.
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