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Abstract
Background  The best approach for treating common bile duct stones remains a matter of debate. Traditional laparoscopic 
common bile duct exploration (LCBDE) can cause adverse events such as stenosis of the bile duct. Moreover, with advances 
in technology and surgical skills, the use of laparoscopic transcystic common bile duct exploration (LTCBDE) is gradually 
rising.
Objectives  To compare the safety, feasibility, and short-term clinical benefits of LTCBDE and LCBDE through matched 
cases.
Methods  Web of science, Cochrane, PubMed, and CNKI were searched systematically to identify studies published between 
January 2007 and December 2017 that compared LTCBDE and LCBDE without a restriction of languages. This meta-analysis 
was performed using Review Manager 5.3.
Results  Twenty-one studies matched the selection criteria, including 1561 cases of LTCBDE and 1500 cases of LCBDE. 
There was no obvious difference in stone clearance (OR 1.44, 95% CI 0.84–2.47; P = 0.18). However, LTCBDE had a shorter 
operative time (MD − 17.72, 95% CI − 19.42 to − 16.02; P < 0.00001) and shorter hospital stay (MD − 2.20, 95% CI − 2.32 
to − 2.08; P < 0.00001). Besides, the LTCBDE group showed significantly better results for blood loss (MD − 7.61, 95% 
CI − 8.85 to − 6.37; P < 0.00001) and postoperative complications (OR 0.28, 95% CI 0.19–0.41; P < 0.00001). In addition, 
LTCBDE was more cost efficient (MD − 2.51, 95% CI − 2.72 to − 2.30; P < 0.00001). Further, we calculated the absolute 
mean of operative time (LTCBDE:LCBDE = 97.56:117.81 min), hospital stay (LTCBDE:LCBDE = 5.22:8.91 days), hospital 
expenses (LTCBDE:LCBDE = 8646.121:11848.31 RMB), blood loss (LTCBDE:LCBDE = 29.3:52.0 ml), the rate of CBD 
stone clearance (LTCBDE:LCBDE = 92.8:95.0%), and postoperative complications (LTCBDE:LCBDE = 6.7:14.6%) in both 
groups to obtain more convincing results.
Conclusions  The stone clearance of LTCBDE was equal to that of LCBDE, and LTCBDE demonstrated a shorter operative 
time, lower blood loss, and other advantages. Thus, the surgical procedure of laparoscopic transcystic choledochotomy is 
feasible and safe.
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The incidence of choledocholithiasis in patients with 
cholelithiasis is approximately 10% [1, 2], 5% of which 
were found by unsuspected LC or examination such as CT. 

Common bile duct (CBD) stones can lead to serious com-
plications such as cholangitis and pancreatitis. Nevertheless, 
in the era of advancements in minimally invasive technol-
ogy, the treatment of CBD stones still remains controversial 
with respect to endoscopic retrograde cholangiopancreatog-
raphy (ERCP) or laparoscopic common bile duct exploration 
(LCBDE) or preoperative ERCP plus LC as the best treat-
ment option. In ERCP, there is a substantial risk of poten-
tially lethal complications in the form of pancreatitis, bleed-
ing, and perforation [3]. In LCBDE, the problems caused 
by the T tube: inconvenience to the patient, bile-induced 
peritonitis after removal of the T tube, accidental slipping 
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of the T tube from the CBD, and postoperative stenosis of 
bile duct gradually aroused the concerns of surgeons [4, 
5]. To address these problems, a few scholars [6–8] have 
performed a novel procedure: transcystic exploration of the 
CBD, which avoids choledochotomy and eliminates the sub-
sequent requirement of a T tube. However, the LTCBDE has 
not been universally accepted and no large multi-center stud-
ies have been conducted to investigate its safety and efficacy. 
Thus, we performed this meta-analysis to explore the safety 
and feasibility of LTCBDE.

Methods

This study was designed according to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. We searched medical databases for 
articles using the terms: LTCBDE versus LCBDE. This 
search strategy was designed and executed by an experi-
enced information specialist and reviewed by two writers 
(Liwei Pang and Jing Kong).

Inclusion criteria

1.	 Study design: randomized, controlled trials, Retrospec-
tive cohort studies, case-control studies were included.

2.	 Interventions: studies comparing LCBDE and LTCBDE.
3.	 Participants: cholelithiasis with suspected or confirmed 

CBD stones.
4.	 Language: without restriction to languages.
5.	 Type of article: only studies published as full-text arti-

cles.
6.	 Studies comparing LTCBDE with LCBDE reporting on 

at least ten patients among all age groups, with at least 
one of the meaningful conclusions.

Exclusion criteria

1.	 Non-comparable or non-human studies, review articles, 
editorials, letters and case reports.

2.	 Articles not reporting the outcomes of interest.

Literature strategy

A detailed literature search was performed using the fol-
lowing keywords: LCBDE, laparoscopic common bile 
duct exploration, LTCBDE, laparoscopic transcystic com-
mon bile duct exploration, common bile duct stones, CBD 
stones in the following online databases: Web of science 
(239), Cochrane (121), PubMed (183), and CNKI (169) 
(last search date: December 30, 2017), without restriction 
to regions, publication types, or languages. The search strat-
egy applied to PubMed is listed as below: ((“laparoscopic 

common bile duct exploration” [Supplementary Concept]) 
OR LCBDE) AND ((“laparoscopic transcystic common bile 
duct exploration” [Supplementary Concept]) OR LTCBDE) 
AND (“common bile duct stones” [Mesh] OR CBD stones). 
When similar reports describing the same population were 
published, the most recent or complete report was used. 
The research was conducted independently by Liwei Pang 
and Jing Kong, and subsequently all authors compared their 
results. References from the articles were investigated manu-
ally. Any differences were resolved by consensus. This meta-
analysis adhered to the guidelines outlined in the PRISMA 
statement.

Data extraction

The following data were extracted: name of authors, study 
design, number of patients treated using in the laparoscopic 
or hybrid approach, age, operative time, estimated blood 
loss, hospital stay, postoperative complications, stone clear-
ance, and hospital expenses.

Quality assessment and statistical analysis

Studies were rated for the level of evidence provided accord-
ing to criteria by the Centre for Evidence-Based Medicine 
in Oxford, UK. The methodological quality was assessed 
using the modified Newcastle–Ottawa scale (Table 1) [9], 
consisting of three factors: patient selection, comparability 
of the study groups, and assessment of outcomes. A score 
of 0–9 (allocated as stars) was allocated to each study, and 
observational studies achieving Z6 stars were considered to 
be of high quality.

We used Review Manager 5.3 (Cochrane collaboration, 
Oxford, England) for all statistical analyses. Considering 
that patients were selected by different surgical teams and 
operated at different centers, we chose the random effects 
model to assess this heterogeneity. I2 was used for heteroge-
neity assessment, and values of > 50% were considered sig-
nificant. Dichotomous variables were analyzed and assessed 
with an odds ratio (OR); a value of < 1 favored the laparo-
scopic cohort, while values of P < 0.05 and 95% confidence 
intervals (CIs) without the value of 1 supported the statisti-
cal significance of OR. Continuous variables were analyzed 
using the weighted mean difference. The Mantel–Haenszel 
method was used to combine the ORs for the outcomes of 
interest; Peto OR was used when necessary. This study was 
performed according to the Preferred Reporting Items for 
Systematic reviews (PRISMA) [10] guidelines.

Outcomes of interest

Data were collected on all outcomes in a pre-structured pro-
forma as follows.



4365Surgical Endoscopy (2018) 32:4363–4376	

1 3

Primary outcome

1.	 Surgical success: clearance of bile duct stones and 
removal of the gall bladder by the intended approach. 
Any conversion to open procedure or the LTCBDE con-
verted to LCBDE was considered as a failure.

Secondary outcomes

1.	 CBD stone clearance
2.	 Operative time
3.	 Hospital stay
4.	 Hospital expenses
5.	 Blood loss
6.	 Postoperative complications

Results

The literature search referred to 712 studies initially. No 
other eligible studies were found from other sources. At first 
time, 40 potential meaningful articles were included for a 
full-text browsing after reading their titles and abstracts. Of 

these, we excluded two articles after browsing the entire 
paper because they were from the same institution. Further, 
nine papers were excluded because the data were not impact-
ful and the authors could not provide information in detail. 
We also excluded another eight studies that lacked com-
parative analysis. Finally, a total of 21 studies (7 in Chinese 
and 14 in English) representing 1561 cases of laparoscopic 
transcystic common bile duct exploration and 1500 cases of 
traditional LCBDE were included in the meta-analysis. Fig-
ure 1 illustrates the PRISMA flow chart of literature search 
strategies, and Table 2 describes the included articles.

Meta‑analysis

Primary outcome

All 21 studies reported the success rates of two procedures, 
and an article [22] with an extremely high failure rate 
was excluded. A total of 1481 patients were treated with 
LTCBDE and 1497 with LCBDE. Overall, LTCBDE was 
successful in 95.1% of patients and LCBDE in 96.7%. There 
was no significant difference between the two groups which 
demonstrated that the surgical procedure of laparoscopic 

Table 1   Assessment of study quality based on the modified Newcastle–Ottawa scale

Author Is the case 
definition 
adequate?

Representa-
tiveness of the 
cases

Selec-
tion of 
controls

Definition 
of controls

Comparability 
of cases and 
controls on 
the basis of 
the design or 
analysis

Ascertain-
ment of 
exposure

Same method 
of ascertain-
ment for cases 
and controls

Non-
response 
rate

Total score

Panganii [11] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Topal [12] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Chen [13] ☆ ☆ ☆ ☆ ☆ ☆ ☆ 7
Jameel [14] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
ElGeidie [15] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Grubnik [16] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Chen [17] ☆ ☆ ☆ ☆ ☆ ☆ 6
Zhou [18] ☆ ☆ ☆ ☆ ☆ 5
Tao [19] ☆ ☆ ☆ ☆ ☆ 5
Wang [20] ☆ ☆ ☆ ☆ ☆ 5
Tu [21] ☆ ☆ ☆ ☆ 4
Poh [22] ☆ ☆ ☆ ☆ ☆ ☆ ☆ 7
Wu [23] ☆ ☆ ☆ ☆ ☆ ☆ 6
Zhang [24] ☆ ☆ ☆ ☆ ☆ ☆ ☆ 7
Huang [25] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Aawsaj [26] ☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ 8
Huang [27] ☆ ☆ ☆ ☆ ☆ ☆ 6
Li [28] ☆ ☆ ☆ ☆ 4
Han [29] ☆ ☆ ☆ ☆ ☆ 5
Liu [30] ☆ ☆ ☆ ☆ ☆ 5
Sun [31] ☆ ☆ ☆ ☆ ☆ ☆ 6
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transcystic choledochotomy was feasible and safe (Fig. 2). 
However, it is noteworthy that most articles in this meta-
analysis represented retrospective and case–control studies; 
so the success rate of these two procedures may have been 
overestimated.

Sensitivity analysis and subgroup analysis

We performed sensitivity and subgroup analysis for surgical 
success by evaluating differences in the outcome and sig-
nificance by using fixed and random effects models for the 
meta-analysis or after removing the studies with extremely 
high failure rate. Moreover, we divided the studies into two 
subgroups: prospective or non-prospective studies. We did 
not find a difference in the statistical significance of these 
subgroups, which suggests that the choice of patients in 
these studies might be successful cases, which lead to a 
relatively higher success rate.

Secondary outcomes

CBD stone clearance  Ten articles presented this outcome; 
total clearance was observed in 92.8% of patients (815 of 
878) in the LTCBDE group and 95.0% (497 of 523) in the 
LCBDE group. There was no significant difference between 
the two groups (OR 1.44, 95% CI 0.84–2.47; P = 0.18) 
(Fig. 3A).

Operative time  Seventeen trials included data on operative 
time. The LTCBDE had an obvious advantage of a shorter 
operative time (MD − 17.72, 95% CI − 19.42 to − 16.02; 

P < 0.00001). The absolute mean of operative time was 
LTCBDE:LCBDE = 97.56:117.81 min (Fig. 3B).

Hospital stay  We identified 19 trials with relevant data. The 
length of hospital stay in the LTCBDE group was 2.32 days 
shorter than that of the LCCBDE group (MD − 2.20, 95% 
CI − 2.32 to − 2.08; P < 0.00001). The absolute mean value 
of hospital stay was LTCBDE:LCBDE = 5.22:8.91  days 
(Fig. 3C).

Hospital expenses  The hospital charges were recorded in 
only seven trials (all in China). LTCBDE was more cost effi-
cient (MD − 2.51, 95% CI − 2.72 to − 2.30; P < 0.00001), 
and the absolute mean value of hospital expenses was LTC
BDE:LCBDE = 8646.121:11848.31 RMB (Fig. 4A).

Blood loss  Blood loss data were reported by even fewer, 
i.e., only 6 articles. LTCBDE could reduce intraoperative 
bleeding compared to LCBDE (MD − 7.61, 95% CI − 8.85 
to − 6.37; P < 0.00001). The absolute mean value of blood 
loss was LTCBDE:LCBDE = 29.3:52.0 ml (Fig. 4B).

Postoperative complications  The incidence of post-
operative complications was evaluated in 11 studies. 
LTCBDE had a lower probability of postoperative com-
plications (OR 0.28, 95% CI 0.19–0.41; P < 0.00001, 
LTCBDE:LCBDE = 6.7:14.6%) including bile leakage and 
fever which suggested LTCBDE was safer (Fig. 4C).

Publication bias  In this meta-analysis, the funnel plot 
shapes for CBD stone clearance, operative time, and post-
operative complications showed basic symmetry. No signifi-
cant publication bias was observed. The results were similar 
and the combined results were highly reliable (Fig. 5).

Sensitivity analysis and subgroup analysis

We performed sensitivity and subgroup analyses for opera-
tive time and hospital stay by evaluating the differences in 
outcomes and significance using fixed and random effects 
models in the meta-analysis or after removing studies with 
a large bias. Moreover, we divided the studies into the fol-
lowing subgroups: prospective or non-prospective; publica-
tion in China or not; NOS score > 6 or less; patient number 
in LTCBDE > 50 or less; patient number in LTCBDE > 80 
or less; ITT or PP; number of CBD stones > 5 or less; and 
diameter of CBD > 8 mm or less. However, we could find 
a significant source of heterogeneity in any parameter. The 
underlying reasons may be as follows: (1) most articles in 
this meta-analysis were retrospective or case–control stud-
ies; (2) differences in the surgical experience of different 
operators; (3) the learning curve of LTCBDE; (4) differ-
ences in indications and technical approaches of LTCBDE 

Fig. 1   PRISMA flow diagram
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by different operators; and (5) no consistent standard on the 
patient choice.

Discussion

Currently, there is no standard surgical treatment for chole-
docholithiasis. There are a few preferred approaches for 
treating CBD stones: traditional common bile duct explora-
tion (open or laparoscopic), ERCP, and preoperative ERCP 
plus LC [16, 32]. ERCP is associated with a high complica-
tion rate including pancreatitis, cholangitis, bleeding (19%), 
failure (10–15%), and mortality (3%) [5, 33], even though it 
is still a widely used first-line technique. Moreover, ERCP 
was reported as unfeasible in 3 to 10% of patients [12]. 
LCBDE and open CBD exploration have a proven efficacy 

and safety [34, 35]. However, it does have potential risks 
of bile duct injury and strictures, as well as defects in the 
T tube drainage leading to (1) prolonged hospitalization; 
(2) lower quality of life of the patients; (3) bile loss caused 
by body fluid imbalance; (4) increased infection rate of the 
biliary tract; and (5) complications caused by the loss of the 
T tube [25, 36].

Moreover, with rapid advances in technology and the 
growth of patient needs, biliary surgery could be safer, 
more efficient, and cost effective, and have lower recur-
rence rates. LTCBDE emerges according to the needs of 
current time. LTCBDE removes CBD stones through the 
cystic duct instead of a direct incision over the CBD, which 
greatly reduces the occurrence of complications, especially 
biliary stricture and bile leakage. The reported success 
rate of LTCBDE varies from 80 to 95% [6, 37, 38]. In this 

Fig. 2   Forest plots of the meta-analysis. Surgical success rate in studies on the two procedures, according to their prospective nature
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Fig. 3   Forest plots of meta-analysis. A CBD stone clearance; B operative time; C duration of hospital stays
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meta-analysis, total clearance was achieved in 92.3% of 
patients (815 of 878) in the LTCBDE group, which was not 
significantly different than that of LCBDE. An important 
advantage of the transcystic approach is that it leaves the 
CBD and sphincter of the duodenal papilla intact. The tran-
scystic duct approach using the lumen of cystic duct avoids 
the need to open the CBD; therefore, it may be preferred 
over a choledochotomy incision and would greatly reduce 
the occurrence of complications [39]. In this meta-analysis, 
the incidence of postoperative complications in LTCBDE 
was significantly lower than that in LCBDE. As it preserves 
the integrity of the CBD and does not need the T tube, the 
transcystic approach is quicker than laparoscopic CBD 

exploration [7]. Furthermore, in aspects such as hospital 
stay, and blood loss, LTCBDE has an obvious superior-
ity. Additionally, without the T tube, complications caused 
by T tube drainage, including water and electrolyte bal-
ance disorders, digestive dysfunction, retrograde infection, 
and prolapse displacement are prevented and patient does 
not repeatedly need choledochoscopic examination in the 
hospital. Although LTCBDE has many advantages, it also 
has some limitations. The most common major complica-
tion in the present series was retaining of stones [37, 40]. 
One important consideration is that the size of CBD stones 
should be less than or equal to the diameter of cystic duct 
[41]. Meanwhile, it is only suitable for fewer and proximal 

Fig. 4   Forest plots of meta-analysis. A Hospital expenses; B blood loss; C postoperative complications
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Fig. 5   Funnel plots of the meta-analysis. A 10 articles in the meta-analysis of stone clearance; B 11 articles in the meta-analysis of length of 
postoperative complications. C 19 articles in the meta-analysis of hospital stay; D 17 articles in the meta-analysis of operative time
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stones, but unsuitable for treating intrahepatic bile duct 
stones because of an angle between the cystic and CBDs 
[42]. As noted by some authors, complete stone clearance 
is impossible and the success rate of LTCBDE is about 85% 
among all patients [37, 40]. In retrospect of stone clearance 
and risk factors for failure in LTCBDE, a research pointed 
out that larger stone size is a strong risk factor for failure of 
stone clearance although, laparoscopic transcystic explora-
tion of the common bile duct is suitable in a majority of 
common bile duct stone patients [3]. Aimed at this problem, 
a few researchers [7, 17, 35] slit the cystic duct 3–5 mm 
at the supra and inferior margins, and used balloon dila-
tion or ultrathin choledochoscope, electrohydraulic and 
laser lithotripsy, or even blinded use of the reticular basket. 
These methods are worth trying when the choledochoscope 
is unable to enter the CBD. Another obvious limitation is 
the long-term learning curve. In the literature, we clearly 
found that the surgeon’s performance was not manifested by 
obviously shorter operating time and postoperative hospital 
stay in the early period. A learning curve [7] indicated that 
the maximum CUSUM duration of operation occurred at 
250 procedures.

Through the review of analyzed studies, we can con-
clusively describe the technical processes of LCBDE and 
LTCBDE. In LCBDE, the first step was to achieve good 
exposure of the porta hepatis, followed by creating a longi-
tudinal incision of about 1.0–2.0 cm using a Berci knife or 
micro-scissors at the anterior wall. Intraoperative cholangio-
graphy (IOC) was optional depending on the preoperative 
image findings using the choledochoscope. The CBD was 
closed primarily or over a T tube in some cases [14, 16, 24, 
26]. In LTCBDE, first LC was performed, and the residual 
cystic duct diameter was retained at 1–2.0 cm. Next, the 
cystic duct was cut longitudinally on its ventral side up to the 
confluence of the cystic duct and CBD or to retain the cystic 
duct at about 1 cm. Intraoperative cholangiography (IOC) 
was also optional depending on the preoperative image find-
ings. A choledochoscope (preferably 3 or 5 mm) was then 
inserted through the enlarged opening for exploration. The 
mucous layer was continuously sutured from the distal end 
of the combined incision to the cystic duct, or the retained 
cystic duct was controlled by clips [11, 16, 17, 28, 31] (the 
technical approaches of all studies are shown in Table 3).

It is also worth mentioning that there are no fixed stand-
ards for LTCBDE. The standards could be different for dif-
ferent teams, because they are affected by differences in the 
level of technology and the anatomical conditions. Based on 
our surgical experience and some studies [11, 15, 20, 24], 
the transcystic approach was favored as the first-line method 
if the following conditions were satisfied: number of stones 
< 10, stone located in the extrahepatic bile duct, diameter 
of the cystic duct > 4 mm, diameter of the stones < 10 mm, 
and no obvious abnormalities of the cystic duct. Otherwise, Ta
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a choledocotomy was performed if necessary rather than 
blindly pursuing the transcystic method. (The indications 
used in all studies are shown in Table 3). According to 
these operation indications, LTCBDE has the advantages 
of reduced trauma, fewer complications, low cost, and high 
quality of life after operation.

Limitations

The advantage of this review is that it provides a com-
prehensive comparison of LTCBDE and LCBDE. To our 
knowledge, this is one of the few meta-analyses to explore 
these two techniques. Of course, this meta-analysis has some 
limitations, which should be noted. First, publication and 
selection bias could be a substantial issue because of retro-
spective matching of cases such as, choice of patients, and 
the assessment of complications such as biliary fistula. Sec-
ond, the small number of patients and studies decreased the 
reliability, even though we searched through several data-
bases. The size of this study was not large enough, and the 
results need more effective evidence in further high-quality 
trials. Furthermore, we did not further analyze the surgical 
techniques such as types of choledochoscope, cut position 
of the cystic duct, different levels of technology, and ana-
tomical conditions, which may influence the complication 
rate. Finally, we did not discuss the prognosis and long-term 
complications of LTCBDE and LCBDE.

Conclusion

In conclusion, LTCBDE can avoid postoperative T tube 
drainage, decrease complications, shorten hospital stay, 
and increase the quality of life. The safety, feasibility, and 
short-term clinical benefits of LTCBDE deserve affirmation 
and praise. We believe that this approach deserves to be pro-
moted and be extended to several patients because of its high 
clinical efficacy.
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