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Abstract

Background With advances in laparoscopic instrumenta-
tion and acquisition of advanced laparoscopic skills,
laparoscopic common bile duct exploration (LCBDE) is
technically feasible and increasingly practiced by surgeons
worldwide. Traditional practice of suturing the dochotomy
with T-tube drainage may be associated with T-tube-
related complications. Primary duct closure (PDC) without
a T-tube has been proposed as an alternative to T-tube
placement (TTD) after LCBDE. The aim of this meta-
analysis was to evaluate the safety and effectiveness of

PDC when compared to TTD after LCBDE for
choledocholithiasis.
Methods A systematic literature search was performed

using PubMed, EMBASE, MEDLINE, Google Scholar,
and the Cochrane Central Register of Controlled Trials
databases for studies comparing primary duct closure and
T-tube drainage. Studies were reviewed for the primary
outcome measures: overall postoperative complications,
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postoperative biliary-specific complications, re-interven-
tions, and postoperative hospital stay. Secondary outcomes
assessed were: operating time, median hospital expenses,
and general complications.

Results  Sixteen studies comparing PDC and TTD quali-
fied for inclusion in our meta-analysis, with a total of 1770
patients. PDC showed significantly better results when
compared to TTD in terms of postoperative biliary peri-
tonitis (OR 0.22, 95 % CI 0.06-0.76, P = 0.02), operating
time (WMD, —-22.27, 95 % CI —-33.26 to —11.28,
P < 0.00001), postoperative hospital stay (WMD, —3.22;
95 % CI —4.52 to —1.92, P < 0.00001), and median hos-
pital expenses (SMD, —1.37, 95 % CI —1.96 to —0.77,
P < 0.00001). Postoperative hospital stay was significantly
decreased in the primary duct closure with internal biliary
drainage (PDC + BD) group when compared to TTD

group (WMD, —-2.68; 95% CI —-3.23 to -—2.13,
P < 0.00001).
Conclusions This comprehensive meta-analysis demon-

strates that PDC after LCBDE is feasible and associated
with fewer complications than TTD. Based on these
results, primary duct closure may be considered as the
optimal procedure for dochotomy closure after LCBDE.

Keywords Cholelithiasis - Choledochotomy - Common
bile duct exploration - Laparoscopy - Primary duct closure -
T-tube

Common bile duct stones are the second most frequent
complication of cholecystolithiasis, occurring in approxi-
mately 5 % of asymptomatic patients with a normal
diameter bile duct on trans-abdominal ultrasound scan at
the time of cholecystectomy, and in 10-20 % of patients
with symptomatic gallstones [1, 2]. Treatment is advisable
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to prevent further complications, such as obstructive
jaundice, acute cholangitis, and pancreatitis [3]. The opti-
mal treatment for common bile duct stones is still unclear,
and the options available include open common bile duct
exploration (CBDE), laparoscopic common bile duct
exploration (LCBDE), and pre-, intra- or postoperative
endoscopic retrograde cholangiopancreatography with
sphincterotomy (ERCP and ES) combined with laparo-
scopic cholecystectomy [2].

In the era of open cholecystectomy, CBDE was the
gold-standard procedure for CBD stones, but nowadays,
with advances in laparoscopic instrumentation and acqui-
sition of advanced laparoscopic skills, LCBDE for chole-
docholithiasis is increasing in popularity among surgeons
worldwide [4, 5]. There is evidence in the literature to
suggest that LCBDE for choledocholithiasis is of equal
efficacy, is associated with equal morbidity rate, and is
more cost-effective than ERCP followed by laparoscopic
cholecystectomy [6-8].

LCBDE may be performed trans-cystic or by direct
choledochotomy, and this is determined by stone size, load
and distribution, and also the diameter of the cystic duct [9,
10]. When there is an indication for direct bile duct doc-
hotomy to clear the stone burden, this is subsequently man-
aged by primary duct closure (PDC) or closure with T-tube
drainage (TTD). TTD was common practice in open CBD
exploration and has been common practice after LCBDE to
achieve postoperative decompression of the common bile
duct and visualization of the biliary system through cholan-
giography to check for residual stones [11, 12]. However, this
practice is associated with significant T-tube-related compli-
cations that include drain site pain, biliary leak, CBD
obstruction due to accidental tube dislodgement, persistent
biliary fistula, and biliary peritonitis due to tube dislodgement
or after T-tube removal. These complications are reported to
occur in approximately 15 % of patients with TTD [13, 14].
Furthermore, T-tube insertion after laparoscopic or open
CBDE is associated with prolonged hospital stay, longer
operating time, and higher hospital expenses [6, 15-19].

Consequently, some surgeons have recommended pri-
mary closure of the common bile duct immediately after
dochotomy to reduce the risk of T-tube-related complica-
tions, and also to facilitate early discharge, early return to
normal activity, and less hospital expenses [15, 20, 21].

Various internal and external biliary drainage methods
have been analyzed in the literature in order to decompress
the biliary tree after LCBDE and primary duct clo-
sure + biliary drain (PDC + BD), with ante-grade biliary
stents, modified biliary stents, modified intra-cystic biliary
catheters, and J-tubes which are all described [22-26].
These authors showed that internal biliary stenting fol-
lowing LCBDE is an effective and safe technique that
prevents T-tube-related morbidity and results in a shorter
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postoperative hospital stay and an earlier return to work,
when compared to TTD [27, 28].

To date four meta-analyses have been performed to
compare the results of PDC with those of TTD [21, 29-31].
The most complete pooled analysis, performed by Yin
et al. [31], enrolled twelve studies (three randomized
controlled trials and nine retrospective cohort studies)
comparing PDC, with or without BD insertion, and TTD.

This review has included two new randomized con-
trolled trials comparing PDC versus TTD, and PDC + BD
insertion versus TTD [18, 28]. Moreover, this review has
included five retrospective cohort studies in the pooled
analysis that have not been included previously [4, 17, 27,
32, 33]. Therefore, this meta-analysis reports on the largest
number of patients from all randomized controlled trials
and retrospective cohort studies in the literature to assess
and validate the safety, feasibility, and potential benefits or
limitations of PDC when compared to TTD after LCBDE.

Materials and methods
Search methods for identification of studies

A systematic literature search was performed using
PubMed, EMBASE, MEDLINE, Google Scholar, and the
Cochrane Central Register of Controlled Trials databases
for studies comparing PDC and TTD. We combined data-
base-specific search terms for primary closure (primary
duct closure or primary closure or primary suture or
PDC), T-tube (T-tube or T-tube drainage), and LCBDE
(laparoscopic common bile duct exploration, laparoscopic
choledochotomy). The search was then extended to related
articles suggested by the databases and supplemented with
manual searches for reference lists of all relevant articles.
When the results of a single study were reported in more
than one publication, only the most recent and complete
data were included in the meta-analysis. Literature search
was completed in September 2014.

Selection of studies

This systematic review and meta-analysis included ran-
domized controlled trials (RCTs) and retrospective cohort
studies (RCSs), in which different techniques of PDC and
TTD after LCBDE were compared, irrespective of lan-
guage, blinding, or publication status. To be included in the
analysis, studies had to meet the following inclusion criteria:

a. Patients did not have any contraindication for laparo-
scopic surgery.

b. Patients did not have acute biliary pancreatitis,
ampullary stenosis with multiple intrahepatic stones,
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severe acute cholangitis, suspected biliary neoplasia,
hemorrhagic tendency due to any reason, known
cirrhosis of the liver.

c. The included studies were required to report at least
one of the following outcomes measures of the
different techniques used for treatment: postoperative
overall morbidity, postoperative biliary-specific com-
plications, re-intervention rate, operating time, post-
operative hospital stay, or median hospital expenses.

The exclusion criteria were: articles not reporting data
on the outcomes of interest or articles in which the out-
comes of interest were impossible to calculate, non-human
studies, review articles, editorials, letters and case reports.

Types of outcome measures

Primary outcomes assessed were: overall postoperative
complications, postoperative biliary-specific complications
(biliary peritonitis, biliary leak, retained stones and post-
operative common bile duct obstruction), re-intervention
(radiology/endoscopy), re-intervention (surgery) and post-
operative hospital stay.

Secondary outcomes assessed were: operating time,
median hospital expenses, and other general complications
not directly related to the techniques of bile duct closure
(wound infection, pneumonia, deep vein thrombosis,
internal hemorrhage).

Data extraction and management and assessment
of risk of bias in included studies

Two reviewers (M.P and 1.S.T) independently considered
the eligibility of potential titles and extracted data. Dis-
crepancies were resolved by mutual discussion. Inclusion
and exclusion criteria, country and year of publication,
study type, number of patients operated on with each
technique, and the general characteristics of patients (age,
gender, perioperative outcome, postoperative results) were
extracted. The risk of bias for the trials enrolled in the
meta-analysis were evaluated according to the Cochrane
Handbook for Systematic Reviews of Interventions, while
the quality of non-randomized studies was assessed using
the criteria suggested by the Newcastle—Ottawa quality
assessment tool [34, 35]. According to this scale, the
maximum score could be nine points, representing the
highest methodological quality.

Data synthesis
Systematic review with meta-analysis was performed in

accordance with the recommendations from the preferred
items for systematic reviews and meta-analyses statement

(PRISMA) [36]. The effect sizes were calculated by odds ratio
(OR) for dichotomous variables and weighted mean differ-
ences (WMD) for continuous outcome measures with 95 %
confidence intervals (CIs). The point estimate of the OR value
was considered statistically significant at P level of less than
0.05 if the 95 % CI did not cross the value 1. The point esti-
mate of the WMD value was considered statistically signifi-
cantat P level of less than 0.05 if the 95 % CI did not cross the
value 0. Heterogeneity of the results across studies was
assessed using the Higgins’ I* and Chi-square tests.

A P value of Chi-square test less than 0.10 with an I*
value of greater than 50 % were considered as indicative of
substantial heterogeneity [34]. Fixed-effects model was
applied if statistically significant heterogeneity was absent;
otherwise, a random-effects model was used for meta-
analysis if statistically significant heterogeneity was found,
according to the method of DerSimonian and Laird [37].
Statistical analysis was performed using Review Manager
software [38].

Results
Description of studies

A total of 315 references were identified through electronic
database searches. 290 searches were excluded based on
titles and abstract reviews because they did not match the
inclusion criteria of the meta-analysis or they reported data
from open choledochotomy. The remaining 25 publications
underwent full article review. A further eight publications
were excluded because they did not focus on the subject. One
prospective randomized trial [39] was excluded because it
showed the preliminary data of another study [18]. A total of
sixteen studies comparing PDC and TTD qualified for
inclusion in this review and meta-analysis. Four were ran-
domized controlled trials [15, 18, 19, 28] and twelve were
retrospective cohort studies [4, 16, 17, 22-27, 32, 33, 40],
with a total of 1770 patients: 1012 in the subgroup analysis
PDC versus TTD and 758 patients in the subgroup analysis
PDC + BD insertion versus TTD (Fig. 1). The meta-anal-
ysis performed by Yin et al. [31] included 956 patients.
However, this pooled analysis contained the patients enrol-
led from the study by Fujimura et al. [41] which included
open procedures during his early experience. Therefore, this
study was excluded, and the patients analyzed by Martin
et al. [4] Morcillo et al. [33], Cai et al. [32], Zhang et al. [17]
and Martinez-Baena et al. [27] were included. Two new
randomized controlled trials which were not analyzed in
previous meta-analyses were: the RCT performed by Zhang
HW et al. which compared PDC and TTD and the RCT
published by Mangla et al. which reported a comparison
between PDC + BD insertion and TTD [17, 28].
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Fig. 1 The PRISMA flow chart
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Table 1 shows the characteristics of the included studies
and the demographic details regarding the enrolled
patients. The sixteen articles involved in the quantitative
synthesis were published between 1998 and 2014.

Table 2 lists the methods for PDC, PDC + BD, and
TTD. Suture techniques of primary closure included run-
ning absorbable sutures or interrupted absorbable sutures.
Studies also described the T-tube type. Normally, a latex
rubber T-tube (14-20 Fr) was used, and the choledo-
chotomy around the tube was closed both through running
and interrupted absorbable sutures. T-tube removal times
varied depending on the surgeons’ experience from 8 days
minimum [40] to 12 weeks maximum [32]. Various tech-
niques have been described for PDC + BD. Ante-grade
biliary stent insertions under direct vision of choledo-
choscopy are described in six studies [4, 23, 25, 27, 28, 33],
modified biliary stents were inserted in one study [22],
modified trans-cystic biliary catheter in one study [24],
J-tube drainage in one study [26], and preoperative per-
cutaneous transhepatic cholangiographic drainage (PTCD)
in another study [40]. All authors reported the use of
abdominal drain.

Risk of bias in included randomized controlled trials

The risk of bias in the four randomized controlled trials
[15, 18, 19, 28] was assessed through the Cochrane
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Collaboration Risk of Bias Tool. Results are shown in
Table 3. Allocation sequence generation was clearly
described by authors in two studies [15, 28], while con-
cealment and blinding of the patient, personnel, and
observer were clearly reported in the study by El-Geidie
[19]. Adequate assessment of each outcome and selective
outcome reporting were determined for all trials, but
authors did not report intention-to-treat analysis for out-
comes. Power analysis calculation for minimum sample
size has not been provided by any author and handling of
missing data remained unclear. For the 12 RCSs, risk of
bias was evaluated by the Newcastle-Ottawa scale. Two
studies achieved five stars, and seven studies achieved four
stars. Outcomes may have been influenced by allocation
bias in all RCSs for patients who underwent PDC or TTD.
Furthermore, the follow-up length was unclear in most of
the RCSs.

Effects of interventions
Primary outcome measures

All outcome measures have been evaluated in order to
assess the safety and feasibility of PDC, PDC + BD, and
TTD. For all the primary outcomes, the detailed results are
reported in Table 4 and Fig. 2.
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Table 1 Characteristics of the included studies and demographic characteristics of the patients (PDC vs. TTD and PDC 4 BD vs. TTD)

References Country Study type No. of patients Age Sex M/F

PDC TTD PDC TTD PDC TTD
Leida et al. [15] China RCT 40 40 52.0 &+ 14.0 (12-76) 45.0 £ 12.0 (14-73) 17/23 18/22
El-Geidie [19] Egypt RCT 61 61 43.0 (20-67) 39.0 (20-71) 22/39 16/45
Dong et al. [18] China RCT 101 93 57.6 £ 4.2 (23-76) 58.3 £ 4.4 (26-78) 43/58 40/53
Martin et al. [4] Australia RCS 41 61 52 (24-83) 56 (19-94) NA NA
Ha et al. [16] China RCS 12 26 58.0 £ 15.0 67.0 = 15.0 5/7 12/14
Cai et al. [32] China RCS 137 102 64.6 (23-78) 66.9 (26-83) 59/78 41/61
Morcillo et al. [33] Spain RCS 16 36 58 (31-91) 60.7 (24-80) 5/11 12/24
Zhang et al. [17] China RCS 93 92 55.40 £ 1048 53.08 £ 9.00 47/53 45/47
Total 501 511
References Country Study type  No. of patients Age Sex M/F

PDC+ TTD  PDC+ TTD PDC+ TTD

Mangla et al. [28] India RCT 31 29 46.80 £ 14.80 47.17 £ 12.30 9/22 5/24
Martin et al. [4] Australia RCS 14 61 52 (24.0-83.0) 56 (19.0-94.0) NA NA
Kim and Lee [22] S. Korea RCS 50 36 63.7 £ 11.6 61.0 £ 13.1 NA NA
Wei et al. [24] China RCS 30 52 28-77 26-82 12/18 17/35
Griniatsos et al. [23] United Kingdom  RCS 21 32 53 (45.0-64.0) 69.5 (51.0-75.2)  5/16 9123
Tang et al. [25] China RCS 35 28 60.2 £ 17.2 65.6 + 13.6 19/16 11/17
Kanamaru et al. [26] Japan RCS 30 15 NA NA NA NA
Huang et al. [40] China RCS 10 40 67.1 £ 40.8 66.0 £ 20.7 4/6 32/8
Martinez-Baena et al. [27]  Spain RCS 28 47 61.96 + 15.22 61.17 + 16.93 9/19 24/23
Morcillo et al. [33] Spain RCS 133 36 55.6 (13.0-87.0)  58.0 (31.0-91.0)  43/90 12/24
Total 382 376

PDC primary duct closure, BD biliary drainage, PDC+ primary duct closure + biliary drainage, 77D T-tube drainage, RCT randomized

controlled trial; RCS retrospective cohort study, NA not available

Postoperative overall morbidity

Complications were reported for 36 patients (7.4 %) in the
PDC group and for 55 patients (11.6 %) in the TTD group.
The overall morbidity rate was slightly lower in the PDC
group than in the TTD group, but this difference is not
statistically significant (OR 0.64, 95 % CI 0.41-1.00,
P = 0.05; no heterogeneity was found for =0 %,
P = 0.83).

In the subgroup analysis of PDC + BD versus TTD,
complications were reported for 33 patients (13.2 %) in the
PDC + BD group and for 55 patients in the TTD group
(16.2 %). The overall morbidity rate appeared slightly
lower in the PDC + BD group than in the TTD group, but
this was not a significant difference (OR 0.77, 95 % CI
0.47-1.25, P =0.29; no heterogeneity was found for
I* = 16 %; P = 0.30) (Table 4; Fig. 2).

Postoperative biliary-specific complications

In the overall meta-analysis of RCTs and RCSs comparing
all biliary-specific complications after PDC and TTD, there
was no significant difference in biliary-specific complica-
tions. Complications were reported in 28 patients (5.8 %)
in the PDC group and in 40 patients (8.4 %) in the TTD
group (OR 0.69, 95 % CI 0.42-1.16, P = 0.16; no
heterogeneity was found for I = 0 %; P = 0.86).

When comparing the PDC + BD group and the TTD
group, biliary-specific complications were again similar
(21 cases, 8.4 % versus 40 cases, 11.8 %. OR 0.69, 95 %
CI 0.39-1.24, P = 0.22; no heterogeneity was found for
P=0%P= 0.56) (Table 4; Fig. 2). However, when the
biliary-specific complications are analyzed individually,
differences are apparent between the different techniques
for dochotomy closure.

@ Springer
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Table 3 Risk of bias in the published randomized controlled trials (by the Cochrane Risk of Bias Tool) and in the retrospective cohort studies
(by the Newcastle-Ottawa quality assessment tool)

References Random Allocation Blinding of outcome Adequate Selective Other Handling  Final
sequence  concealment assessment assessment outcome potential bias  of judgment
generation - of each reporting missing

Patient Personnel Assessor ..o avoided data
Leida YES NO NO NO NO YES YES Not powered.  Unclear Unclear
et al. No risk
[15] intention-to-
treat analysis
El-Geidie = NO YES YES YES YES YES YES Not powered.  Unclear Unclear
[19] No risk
intention-to-
treat analysis
Mangla YES NO YES NO NO YES YES Not powered.  Unclear Unclear
et al. No risk
[28] intention-to-
treat analysis
Dongetal. NO NO YES NO NO YES YES Not powered.  Unclear Unclear
[18] No risk
intention-to-
treat analysis
Representative  Exposure Comparability of cohorts on Outcome Duration of  Selection bias  Handling of
cohort/control ~ Ascertainment the basis of design or analysis Assessment F-U and missing data
group methods
Martin Yes/same Surgical No restriction or matching Record Not adequate  Possible Unclear****
et al. [4] patient base records linkage allocation
bias in PDC
group and
TTD group
Kim and Unclear/same Unclear No restriction or matching Record Adequate, Possible Unclear***
Lee [22] patient base linkage but six allocation
patients bias in PDC
lost to FU group and
TTD group
Ha et al. Yes/same Surgical No restriction. Matching on Record Adequate Possible Unclear** %%
[16] patient base records diameters of the CBD and linkage allocation
CBD stones in order to bias in PDC
allocate patients in different group and
groups TTD group
Wei et al.  Yes/same Surgical Restriction to ASA I and II Record Adequate, Possible Unclear®#**
[24] patient base records patients linkage but unclear allocation
methods bias in PDC
group and
TTD group
Griniatsos ~ Unclear/same Unclear No restriction or matching Unclear Adequate Possible Unclear**
et al. patient base allocation
[23] bias in PDC
group and
TTD group
Tang et al. Yes/same Surgical No restriction or matching Record Adequate, Possible Unclear****
[25] patient base records linkage but unclear allocation
methods bias in PDC
group and
TTD group
Kanamaru  Yes/same Surgical Unclear, details not provided  Record Adequate, Possible Unclear***
et al. patient base records linkage but unclear allocation
[26] methods bias in PDC
group and
TTD group
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Table 3 continued

Representative ~ Exposure Comparability of cohorts on Outcome Duration of  Selection bias  Handling of
cohort/control ~ Ascertainment the basis of design or analysis Assessment F-U and missing data
group methods
Huang Yes/same Surgical Sources of patients/experience  Record Adequate, Protocol for Unclear*#%**
et al. patient base records of surgeons linkage but unclear PDC group
[40] methods
Cai et al. Yes/same Surgical No restriction or matching Record Adequate in  Possible Unclear®***%
[32] patient base records linkage times and allocation
methods bias in PDC
group and
TTD group
Martinez-  Yes/same Surgical No restriction or matching Record Unclear. No  Possible Unclear****
Baena patient base records linkage details in allocation
et al. time and bias in PDC
[27] methods group and
provided TTD group
Morcillo Yes/same Surgical No restriction. Matching on Record Unclear. No  Low risk of Unclear****
et al. patient base records diameters of the CBD and linkage details in allocation
[33] CBD stones in order to time and bias
allocate patients in different methods
groups provided
Zhang Yes/same Surgical No restriction or matching Record Adequate, Possible Unclear®#**
et al. patient base records linkage but unclear allocation
[17] methods bias in PDC
group and
TTD group

1. Biliary peritonitis

Eight studies comparing PDC with TTD provided data
on postoperative biliary peritonitis. No events were
reported in the PDC group, while 12 events (2.3 %) were
reported in the TTD group. So, primary closure showed a
lower rate of postoperative biliary peritonitis, with a sta-
tistically significant difference (OR 0.22, 95 % CI
0.06-0.76, P = 0.02; no heterogeneity was found for
P =0 %; P = 0.99). There was no statistically significant
difference between the PDC + BD group and the TTD
group for this outcome of interest. However, the result
tended to favor the PDC + BD group (0.3 vs. 3.8 %, OR
0.35, 95 % CI 0.12-1.06, P = 0.06; no heterogeneity was
found for I* = 0 %; P = 0.88) (Table 5; Fig. 3).

2. Biliary leak

No statistically significant difference was found
regarding postoperative biliary leak in the meta-analysis of
studies comparing PDC and TTD. Nineteen cases (3.9 %)
were reported in the PDC group, and 17 cases (3.6 %) were
reported in the TTD group (OR 1.13, 95 % CI 0.58 to 2.21,
P =0.71; no heterogeneity was found for I* =0 %;
P = 0.94).

When comparing PDC 4 BD and TTD, no statistically
significant difference for this outcome was found between
the techniques (17 cases, 6.8 % vs. 19 cases, 5.6 %. OR

1.05, 95 % CI 0.53-2.06, P = 0.89; no heterogeneity was
found for I = %; P = 0.43) (Table 5; Fig. 3).

3. Retained stones and postoperative common bile duct
obstruction

No significant difference was found in the meta-analysis
of studies comparing PDC and TTD for retained stones
(1.3 vs. 1.4 %, OR 0.95, 95 % CI 0.32-2.87, P = 0.93; no
heterogeneity was found for > =0 %; P =0.77) or
postoperative common bile duct obstruction (0.4 vs. 0.6 %,
OR 0.81, 95 % CI 0.16-4.12, P = 0.80; no heterogeneity
was found for > = 0 %;, P = 0.77).

The meta-analysis of the studies comparing PDC + BD
and TTD showed no significant difference for retained
stones (1.7 vs. 3.9 %, OR 0.53, 95 % CI 0.18-1.52,
P = 0.24; no heterogeneity was found for P =0 %;
P = 0.99). Two cases of postoperative CBD obstruction
were reported in each group (0.9 vs. 0.6 %, OR 2.81, 95 %
CI 0.58-13.65, P = 0.20; no heterogeneity was found for
PP =0 %; P = 0.35) (Table 5; Fig. 3).

Re-intervention: radiology/endoscopy and re-
intervention: surgery

The meta-analysis of the data regarding the radiolog-
ical and/or endoscopic re-interventions showed a
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Post-Operative overall morbidity

PDC TTD Odds Ratio ‘Odds Ratio PDC+ TTD Odds Ratio 0Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% CI _Year M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95%Cl Year M-H, Fixed, 95% C1
Martin 1) 1998 4 a1 10 61 15.2%  0.55(0.16, 1.89] 1998 — 1 Martin U 1998 1 14 10 61 9.4%  0.39(0.05 3.35] 1998 —
Ha JP 2004 112 4 26 48%  0.50(0.05,5.03) 2004 —_— wmg’;ggw ; ;g z :;’ ::'S: :g: gggi =
Leida Z 2008 6 40 11 40 19.5% 0.47 [0.15, 1.41] 2008 I - 9 -
El-Geidie 2010 1 61 s 61 103%  0.19(0.02,165] 2010 — Crintatsos ) 2005 o 2 g 32 a8 782008 = 2 =
Cai H 2011 6 137 6 102 13.8% 0.73 [0.23, 2.34) 2011 | — ana CN 2000, i 22 2 28 o el 2006 ———
»: namaru T 2007 4 30 2 15 6.3% 19] 2007
Dong 2T 2014 13101 15 93 285%  0.77[(034,1.71] 2014 — e 2030 CO < 49 2 271 016 PR T—
Zhang HW 2014 5 93 4 92  80% 1.25(0.32,4.81] 2014 — Mangia V 2012 2 3 5 20 131% 86] 2012 —_
Total (95% CI) 485 475 100.0% 0.64 [0.41, 1.00] | Mardnez-Baena 2013 © 8 1 47 amsx 761 2013
Total events. 3 S5 Total (95% €1 249 340 100.0%  0.77 [0.47, 1.25] -
Heterogeneity: Chi’ = 2.85, df = 6 (P = 0.83); I’ = 0% o1 o1 ) 100 Total events 33 L2
Test for overall effect: Z = 1.96 (P = 0.05) v T Heterogenelty: Chi? = 9.48, df = 8 “’ = ° 3°’ ¥ =16% 'oo1 0 10 100
Favours [POC] Favours (TTO) Test for overall effect: Z = 1.06 (P = Favours [POC+]  Favours [TTD]
Post-Operative biliary-specifi
PDC TTD Odds Ratlo Odds Ratio PDC+ TTD Odds Ratio 0dds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
Martin I 1998 a4 a1 8 61 16.2%  0.72(0.20,2.55] 1998 — Martin 1] 1998 1 14 61 9.8 —
Ha JP 2004 112 2 26 3.2% 1.09[0.09, 13.35] 2004 Kim £IC 2003 3 S0 4 36 15.5% —
Leida Z 2008 4 a0 8 40 20.1%  0.44(0.12,1.62] 2008 — ‘2’*_' Q‘Z"“j S5 g ;z f ;; :g»:; =
El-Geidie 2010 1 61 s 61 13.7%  0.19[0.02, 1.65] 2010 — i 9 B - —
Cai H 2011 6 137 5 102 153%  0.89[0.26,3.00] 2011 — ity 0 e 5 2 22 bom 20alnaninnl 200
Dong 2T 2014 10101 10 93 261%  0.91[0.36,2.30] 2014 — ke S 201 Y Ao 4 o mix iogledo ioon e =
Zhang HW 2014 2 93 2 92 55%  0.99(0.14,7.17) 2014 —_— Mangia v 2012 1 3 3 20 100 120 [0.03, 2.95] 2012 -
Total (95% CI 485 475 100.0% 0.69 0.42, 1.16] P Martinez-Baena D 2013 5 28 T 47 15.2% 1.24[0.35, 4.37) 2013 —_—
Total events 2 Total (95% CI) 249 340 100.0%  0.69 [0.39, 1.24] -
Heterogeneity: Chi? = 2.60, df = 6 (P = 0. as) ”?=0% b0t o1 o 700 Total events 21 40
Test for overall effect: Z = 1.41 (P = 0.16) Favours (PDC) Favours (TTD] Heterogeneity: Chi? = 6.80, df = 8 (P = 0.56); I = 0% TR 5 Tod
Test for overall effect: Z = 1.23 (P = 0.22) : Favours [PDC+]  Favours [TTD]
Re-Intervention : radiology | endoscopy
PDC TTD Odds Ratio Odds Ratio PDC+ TTD Odds Ratio 0dds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% C1
:41;""1‘123983 g o : :é :év‘:: ’:gg {g-‘;‘;- ‘;’;:} ;325 —_— Martin J 1998 0 14 2 6l 123% 0.82[0.04,18.04] 1998 —
eida ¥ 100(0.19, 5. —t | —
El-Geidie 2010 o 61 2 61  14.8% 0.19 (0.01, 4.12] 2010 — ‘gll Q 2004 9 20 2 52 236¢ 0:33.10. 713152004
vty o sy { de2 lo%. o25i00lsa0) zot = riniatsos J 2005 o 21 1 32 153% 0.49[0.02,12.56] 2005
Dong ZT 2014 6 101 6 93  35.0% 0.92 (0.28, 2.95] 2014 — Kanamaru T 2007 4 30 2 15 30.1% 1.00[0.16, 6.1 2007
Zhang HW 2014 2 e3 2 92 117%  099(0.14,7.17) 2014 — Martinez-8aena D 2013 128 2 47 187%  0.83(0.07,9.63] 2013 —
Total (95% CI) 473 449 100.0% 0.9 (0.33, 1.45] R Total (95% CI) 123 207 1000%  0.71[024,2.15] e
Total events 1 Total events 5
Heterogeneity: Chi’ = 1.92, df = 5 (P = 0. 86] 1t = 0% YT o' % 700 Heterogeneity: Chi? = 0.45, df = 4 (P = 0.98); I = 0%
Tastfor overal effect; 2:=0.98 (P-=.033) Favours [PDC] Favours [TTD] Test for overall effect: Z = 0.61 (P = 0.54) OOt L oure [PDC+] Favours anom 10
Re-Intervention : surgery
POC T 0dds Ratio 0dds Ratio PDC+ ™ 0dds Ratio 0dds Ratio
Study or Subgroup _Events Total Events Total Welght M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Martin 1) 1998 4 a1 3 61 21.5%  2.09(0.44,9.87) 1998 —f Martin | 1998 [T 3 61  9.5% 149(0.14,1547) 1998
Leida Z 2008 0 40 3 40 341%  0.13[0.01,2.65] 2008 @ Kim EK 2003 0 50 336 366%  0.09(0.00,1.89] 2003 +————@—————
El-Geidie 2010 0 61 3 61 343%  0.14(0.01,2.69) 2010 @4 Wei Q 2004 0 30 152 99% 056[0.0214.25] 2004 —————
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Total (95% CI) 243 255 100.0%  0.63 [0.23, 1.72] i
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Post-operative hospital stay
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Ha JP 2004 5 26 12 85 24 13.9% -3.50(-5.24,-1.76] 2004 g Kim EK 2003 48 15 S0 78 33 36 -1.84] 2003 B
Leida Z 2008 528 22 40 83 36 40 15.6% - -1.71] 2008 b Griniatsos J 2005 3 08 21 55 18 32
El-Ceidie 2010 22 1 61 55 18 61 180% -2.78] 2010 L Tang CN 2006 88 93 35 10 74 28
Cai H2011 31 24 137 57 43 102 169% -167] 2011 Huang SM 2010 7 3 10 10 3 40 g
Zhang HW 2014 695 0.73 93 1205 1.08 92 183% -5. -4.83] 2014 . Mangla v 2012 39 2 31 64 49 29 8. 1
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Test for overall effect: Z = 4.86 (P < 0.00001) Heterogeneity: Chi’ = 4.22, df = 5 (P = 0.52); I = 0% TR 5 5 o

Favours [PDC] Favours [TTD]

Fig. 2 Meta-analysis of primary outcomes of interest. Primary duct

closure + biliary drainage (PDC+-) versus T-tube drainage (TTD)

similar rate of re-operations in the PDC group and in
the TTD group (2.3 vs. 3.4 %, OR 0.69, 95 % CI
0.33-1.45, P = 0.33; no heterogeneity was found for
>=0%; P=0.86). PDC + BD showed a similar
rate of radiological and/or endoscopic re-intervention
when compared to TTD (5 cases, 2.3 vs. 9 cases,
2.9 %, OR 0.71, 95 % CI 0.24-2.15, P = 0.54; no
heterogeneity was found for I> =0 %; P = 0.98).
(Table 4; Fig. 2).

The surgical re-intervention rate was similar in the PDC

group and in the TTD group (1 vs. 2.1 %, OR 0.63, 95 %
CI 0.23-1.72, P = 0.37; no heterogeneity was found for
2 =32 %; P = 0.22). The meta-analysis of studies
comparing PDC 4+ BD and TTD showed a slightly lower
rate of surgical re-interventions in the PDC + BD group,
but this difference was not statistically significant (1 vs.
4.2 %, OR 0.39, 95 % CI 0.12-1.24, P =0.11; no
heterogeneity was found for > =0 %; P = 0.70)
(Table 4; Fig. 2).

Test for overall effect: Z = 9.59 (P < 0.00001) Favours [PDC+] Favours [TTD]

closure (PDC) versus T-tube drainage (TTD) and primary duct

Postoperative hospital stay (days)

PDC was associated with a shorter postoperative hospital
stay (WMD, —3.22; 95 % CI —4.52to —1.92, P < 0.00001;
heterogeneity was found for I* = 95 %; P < 0.00001).
Within the subgroup analysis of studies comparing
PDC + BD and TTD, the biliary drain insertion technique
showed a shorter postoperative hospital stay (WMD, —2.68;
95 % CI —3.23 to —2.13, P < 0.00001; no heterogeneity
was found for > = 0 %; P = 0.52) (Table 4; Fig. 2).

Secondary outcome measures

Other general complications (wound infection, pneumonia,
deep vein thrombosis, internal hemorrhage) No signifi-
cant difference was found for general complications when
comparing PDC and TTD (1 vs. 2.5 %, OR 0.52, 95 % CI
0.21-1.32, P =0.17; no heterogeneity was found for
20 %; P = 0.98). The meta-analysis of the studies
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Table 5 Biliary-specific complications (PDC vs. TTD and PDC + BD vs. TTD)

References Biliary peritonitis Biliary leak Retained stones Postoperative CBD
obstruction
PDC TTD PDC TTD PDC TTD PDC TTD
Leida et al. [15] 0 3% (7.5 %) 2(5 %) 2 (5 %) 0 0 0 1(2.5 %)
El-Geidie [19] 0 2 (3.3 %) 1 (1.6 %) 2 (3.3 %) 0 1 (1.6 %) 0 0
Dong et al. [18] 0 2% (2.1 %) 549 %) 4 (4.3 %) 4 (3.9 %) 332 %) 0 0
Martin et al. [4] 0 3% (4.9 %) 3 (7.3 %) 2 (3.3 %) NA NA 124 %) 1 (1.6 %)
Ha et al. [16] 0 0 0 2 (46.1 %) 0 0 0 0
Cai et al. [32] 0 1*# (0.9 %) 6 (4.4 %) 4 (3.9 %) 0 0 0 0
Morcillo et al. [33] 0 1* (2.7 %) NA NA NA NA NA NA
Zhang et al. [17] 0 0 2 (2.1 %) 1* (1.1 %) 2 (2.1 %) 222 %) 1 (1.1 %) 1 (1.1 %)
Total 0/ 12/511 19/485 17/475 6/444 6/414 2/485 3/475
501 (23 %) (3.9 %) (3.6 %) (1.3 %) (1.4 %) (0.4 %) (0.6 %)
References Biliary peritonitis Biliary leak Retained stones Postoperative CBD
obstruction
PDC+ TTD PDC+ TTD PDC+ TTD PDC+ TTD
Mangla et al. [28] 0 0 1 (3.2 %) 2 (6.9 %) 0 1 (3.4 %) 0 0
Martin et al. [4] 0 3% (4.9 %) 0 2 (3.3 %) 0 NA 1(7.1 %) 0
Kim and Lee [22] 0 3% (8.3 %) 2 4. %) 3 (8.3 %) 12 %) 1 (2.7 %) 0 0
Wei et al. [24] 0 1* (1.9 %) 0 3 (5.8 %) 1(3.3 %) 2 (3.8 %) 0 1 (1.9 %)
Griniatsos et al. [23] 0 1* (3.1 %) 0 3(9.4 %) 0 0 0 0
Tang et al. [25] NA NA 5 (143 %) 1 (3.6 %) 1(2.8 %) 1 (3.6 %) NA NA
Kanamaru et al. [26] 0 0 4 (13.3 %) 2 (13.3 %) 13.3 %) 1 (6.7 %) 0 0
Huang et al. [40] 0 1* (2.5 %) 1 (10 %) 1 (2.5 %) 0 2(5 %) 1 (10 %) 1 (2.5 %)
Martinez-Baena et al. 1 (3.6 %) 3* (6.4 %) 4 (14.3 %) 2 (4.2 %) 0 3 (6.4 %) 0 0
[27]
Morcillo et al. [33] 0 1* (2.8 %) NA NA NA NA NA NA
Total 1/347 13/348 17/249 19/340 4/235 11/279 2/214 2/312
(0.3 %) (3.8 %) (6.8 %) (5.6 %) (1.7 %) (3.9 %) (0.9 %) (0.6 %)

PDC primary duct closure, BD biliary drainage, PDC+ primary duct closure 4 biliary drainage, 77D T-tube drainage, NA not available

* Biliary peritonitis after T-tube removal

comparing PDC + BD and TTD showed no statistically
significant difference (3.7 vs. 3.3 %, OR 1.16, 95 % CI
0.44-3.10, P = 0.76; no heterogeneity was found for
PP =0 %; P=0.71) (Table 6; Fig. 4).

Operating time (minutes) Mean operative time was sig-
nificantly shorter in PDC group than in TTD group (WMD,
—2227, 95 % CI —-3326 to —11.28, P < 0.00001;
heterogeneity was found for I* = 95 %; P < 0.00001). On
the other hand, the pooled analysis of studies comparing
PDC + BD and TTD showed no statistically significant
difference for this outcome (WMD, —9.96, 95 % CI
—22.00 to 2.08, P = 0.10; heterogeneity was found for
> = 81 %; P = 0.0003) (Table 6; Fig. 4).

Median hospital expenses Only two randomized con-
trolled trials comparing PDC and TTD reported data on
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median hospital expenses that were noted to be less with
PDC. According to the Cochrane Consumers and Com-
munication Review Group indications, the pooled analysis
of data was feasible [42]. The difference was statistically
significant (SMD, —1.37, 95 % CI —1.96 to —0.77,
P < 0.00001; heterogeneity was found for P =177 %:
P = 0.04) (Table 6; Fig. 4).

Discussion

Management of choledocholithiasis has changed radically in
recent years following innovation and developments in
minimally invasive surgical techniques. Consensus on the
optimal therapy for the management of common bile duct
stones remains unclear. Preoperative endoscopic retrograde
cholangiopancreatography  (ERCP) and endoscopic
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Fig. 3 Meta-analysis of biliary-specific complications. Primary duct closure (PDC) versus T-tube drainage (TTD) and primary duct

closure + biliary drainage (PDC+) versus T-tube drainage (TTD)

sphincterotomy (ES) followed by laparoscopic cholecys-
tectomy is a popular option for the treatment of this disease.
Nevertheless, ERCP and ES are associated with biliary
complications in 8-10 % of patients [43, 53]. Long-term
complications of ES were reported in a study of 310 patients
with a median follow-up period of 74 months: 7.4 % of
patients had recurrent ductal stones, 1.6 % had cholangitis,
0.6 % had stenosis of the papilla, and 0.3 % had biliary
pancreatitis [54].

LCBDE for common bile duct stones is cost-effective
and has a similar rate of associated morbidity when com-
pared to the two-stage method of ERCP and ES followed
by laparoscopic cholecystectomy [44—46]. The large mul-
ticenter randomized controlled trial published by Cuschieri
et al. [6] indicated that in fit patients (ASA I and II), single-
stage laparoscopic treatment is the better option, whereas
acute cholangitis, severe biliary pancreatitis, ampullary
stone impaction or severe comorbid disease represented
relative contraindications for LCBDE and they should be
approached preoperatively through ERCP and ES.

LCBDE may be performed either through the cystic duct
or through a choledochotomy.

Whenever feasible, the trans-cystic duct approach is the
preferred technique, because it is less invasive and has
proved to be safe and efficient [47].

The indications for trans-cystic CBDE, however, are
limited to stones that are smaller than the size of the cystic
duct, to a number of stones, to stones located in the lower
CBD and not higher up in the common hepatic duct, and
when a favorable anatomy of the cystic duct-CBD junction
is present. On the other hand, a choledochotomy is better
indicated when the CBD diameter is larger than 8—10 mm
and when any of these conditions are detected at the
intraoperative cholangiogram: stones considerably larger
than the lumen of the cystic duct; more than five CBD
stones; low and medial cystic duct-CBD junction; common
hepatic duct stones [55].

Historically, exploration of the CBD with both open and
laparoscopic surgery was accompanied by the insertion of a
T-tube drain in order to minimize the risk of postoperative
complications, decompress the biliary tree, and provide
easy percutaneous access for cholangiogram and extraction
of retained stones. Moreover, T-tube drainage was con-
sidered to be necessary to allow the edema and swelling at
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Table 6 Secondary outcomes of interest (PDC vs. TTD and PDC + BD vs. TTD)

References Operating time (min) Median hospital expenses (RMB) Other complications
PDC TTD PDC TTD PDC TTD

Leida et al. [15] 116 + 54.6 133 £ 58.3 8.638 £ 2.946 12.531 £+ 4.352 2 2
RenMinBi

El-Geidie [19] 100.6 £ 7.5 125.1 £ 10.0 NA NA 1

Dong et al. [18] 102.6 + 15.2 128.6 &+ 20.4 11.2789 £ 4791 12.4367 & 8793 3 5
RenMinBi

Martin et al. [4] 125 (45-250) 130 (45-300) NA NA 0

Ha et al. [16] 90.0 &+ 37.0 120.0 & 35.2 NA NA 0 2

Cai et al. [32] 924 £ 152 125.7 £ 32.6 NA NA 0

Morcillo et al. [33] NA NA NA NA NA NA

Zhang et al. [17] 104.12 £ 10.71 108.92 + 12.14 NA NA 0 0

5/485 (1 %)

References Operating time (min) Median hospital expenses (BPS) Other complications
PDC+ TTD PDC+ TTD PDC TTD

Mangla et al. [28] 139.19 + 1826  161.10 £19.21 NA NA 1 0
Martin et al. [4] 125 (45-250) 130 (45-300) NA NA 0

Kim and Lee [22] 188.3 £ 529 166.7 &+ 46.2 NA NA 4 1
Wei et al. [24] 178 £ 34.0 173 £ 45.0 NA NA NA NA
Griniatsos et al. [23] 100 £ 7.5 115 £5.0 1620 (1370-2120) 2400 (1650-3650) 0O 0

British pound sterling

Tang et al. [25] 111.1 £ 339 141.4 £ 45.1 NA NA 0 1
Kanamaru et al. [26] NA NA NA NA NA NA
Huang et al. [40] 138.0 &+ 37.0 191.0 £ 75.0 NA NA 1

Martinez-Baena et al. [27] NA NA NA NA 1

Morcillo et al. [33] NA NA NA NA NA NA

12/475 (2.5 %)

7189 (3.7 %)  9/273 (3.3 %)

Other complications wound infection, pneumonia, deep vein thrombosis, internal hemorrhage

PDC primary duct closure, BD biliary drainage, PDC+ primary duct closure + biliary drainage 77D T-tube drainage, NA not available

the Ampulla of Vater time to recover after the trauma of
the surgery. However, complications of T-tube insertion
have been reported in the literature with a rate of about
10-15 % [13, 39]. Some of these complications, such as
biliary peritonitis after T-tube removal or biliary leak due
to tube dislodgement, are serious and can lead to a need for
further interventions. Furthermore, the presence of T-tube
in situ contributes to delayed return to normal activity and
work and may cause patients persistent pain and discomfort
[15]. Recent randomized controlled trials and retrospective
cohort studies with long follow-up periods have shown that
PDC with or without BD after LCBDE is a safe alternative
to the insertion of a T-tube [15-19].

The Cochrane intervention review published by Gur-
usamy et al. [21] in 2013 on data from three RCTs con-
cluded that TTD resulted in significantly longer operating
time and hospital stay as compared to PDC, without any
evidence of advantage. However, the number of patients
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included in this study was too small to make a firm practice
recommendation.

The overall complication rates between LCBDE with
choledochotomy and ERCP were comparable in the ran-
domized controlled trial published by Bansal et al. [46]
with the total amount of complications reported in the
LCBDE group classified as Clavien-Dindo I, and the
complications reported in the ERCP and ES group dis-
tributed among all classes.

In our systematic review and meta-analysis, the rate of
overall morbidity was found to be slightly lower in the
PDC (7.4 %) and PDC + BD (13.2 %) groups than in the
TTD group (11.6 and 16.2 %), but this difference was not
statistically significant.

On the other hand, our meta-analysis showed a signifi-
cantly (P = 0.02) lower rate of biliary peritonitis in the
PDC group when compared with the TTD group, with no
cases reported after PDC and 12 cases (2.3 %) after TTD.
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General complications
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Fig. 4 Meta-analysis of secondary outcomes of interest. Primary duct closure (PDC) versus T-tube drainage (TTD) and primary duct

closure + biliary drainage (PDC +) versus T-tube drainage (TTD)

Interestingly, 19/21 cases of biliary peritonitis occurred
after T-tube removal, probably due to the insufficient
adhesions for T-tube tract formation [18, 19, 22]. Yin et al.
in their meta-analysis compared the overall and biliary-
specific complications in the studies where T-tubes were
removed between 8 and 16 days with the studies where
T-tubes were removed after more than 21 days, showing a
higher rate of biliary-specific complications occurred when
the T-tube was removed earlier [31].

Together with the biliary fistula, CBD stricture is the
main complication of LCBDE. PDC of choledochotomy in
CBD with diameter <7 mm is related to postoperative
stricture and therefore is suggested to be safe only if
diameter is >7-9 mm [4, 52].

Decker et al. and Cai et al. reported no biliary strictures
in their records of, respectively, 100 and 137 choledo-
chotomies, performed through transverse incision and
longitudinal incision, respectively, [32, 50]. In our meta-
analysis, postoperative CBD obstruction due to postoper-
ative common bile duct strictures and T-tube twisting was
0.4 % (2 cases) for PDC and 0.6 % (3 cases) for TTD
group. Two cases for each group were reported when
comparing PDC + BD and TTD.

Although retained bile duct stone after LCBDE with
choledochotomy has been reported in up to 4 % of cases in
the large study by Khaled et al., this meta-analysis showed
high rates of CBD clearance, with no statistically signifi-
cant difference in the incidence of retained stones when
comparing the three techniques for dochotomy closure
[48].

In this meta-analysis, we have not found any significant
advantage when using biliary stent instead of T-tube

positioning, with exception of postoperative hospital stay.
The same results were reported in 2007 study by Tailor
et al. [49] who did not find any benefit or reduction in rates
of biliary leak with use of biliary stents after LCBDE.
Other authors recommend selective stent use only when
purulent material, sludge, or numerous stones have been
extracted from the biliary system.

Length of hospital stay may be influenced by factors that
are independent of the patient’s postoperative recovery,
such as socioeconomic status and local healthcare systems.
Nevertheless, patients who underwent PDC had a signifi-
cantly shorter postoperative hospital stay which is in con-
cordance with many other trials and comparative studies
[16, 22, 23, 28, 32, 40]. This meta-analysis also demon-
strated a significant reduction in operating time when
comparing PDC and TTD.

The longer operating time for the TTD group of patients
may have resulted from the complexity of T-tube insertion
and subsequent dochotomy closure techniques used. A
prolonged operating time and duration of anesthesia are
thought to be related to an increased risk of thromboem-
bolic, respiratory, and cardiac complications, as suggested
by Wu et al. [30] in their meta-analysis.

An important limitation of this review is the small
number of well-designed randomized controlled trails that
have reported on this subject to date. Consequently, strong
recommendations on the definitive closure technique of a
bile duct dochotomy cannot be overly dogmatic until the
associations that are described here in this report are vali-
dated by further well-constructed and appropriately pow-
ered RCTs. Furthermore, missing information regarding
randomization methods, allocation sequence generation,
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and blinding within the RCTs may lead to bias and can
possibly distort the conclusions [51]. In our meta-analysis,
allocation sequence generation was clearly described by the
authors in two studies, while concealment and blinding of the
patient, personnel, and observer were clearly reported by
only one author. Power analysis calculations for minimum
sample sizes were not performed in the study designs, and an
adequate assessment of each outcome was reported by the
authors in three trials only. In particular, universal definitions
of postoperative biliary leak and common bile duct
obstruction were not provided by all authors, and conse-
quently a degree of author subjectivity may be a potential
limitation in the assessment of complications. Moreover, no
studies reported their intention-to-treat analysis for the out-
comes. So while this systematic review and meta-analysis
presents evidence to suggest that PDC is the optimal tech-
nique for dochotomy closure after LCBDE, properly pow-
ered and well-constructed RCTs are required to validate the
preliminary results presented in this study.

In summary, this comprehensive meta-analysis suggests
that PDC after LCBDE is as safe as TTD. Furthermore,
PDC is associated with a lower rate of postoperative biliary
peritonitis when compared with TTD, and also shorter
operating times, postoperative hospital stay, and a reduc-
tion in median hospital expenses. These results suggest that
primary bile duct closure may be the optimal strategy for
dochotomy closure after LCBDE. However, large well-
designed and adequately powered RCTs that compare
primary duct closure and T-tube insertion, as well as pri-
mary duct closure with and without biliary stenting are still
required to validate these observations and also to give
further clarity on whether there should be selective internal
drainage of the biliary system in certain circumstances.
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