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ABSTRACT 
 

Introduction: Laparoscopic common bile duct exploration (LCBDE) for choledocholithiasis is a 
popular option in many surgical institutes. Decompression of biliary system via T-tube post supra-
duodenal choledochotomy has been the traditional surgical practice. Primary closure of common 
bile duct (CBD) has been shown to reduce hospital stay but bears a risk of bile leak. We conducted 
a prospective randomized trial to compare complications and length of stay in patients undergoing 
biliary stent insertion versus T-tube drainage following LCBDE via choledochotomy.  
Methods and Procedures: The study involves 52 patients with choledocholithiasis who underwent 
LCBDE and decompression of the biliary system by either antegrade biliary stent or T-tube 
insertion. A 7 French biliary stent (9 “10 cm long) have been placed in 27 patients (group I), T-tube 
insertion have been used for 25 patients (group II). The length of hospital stay and complications 
were recorded. All transcystic explorations were excluded.  
Results: There were no significant differences between groups with respect to age, sex, 
comorbidities, number and size of CBD stones. Postoperative complications have been observed 
in 4 patients (16%) in the T-tube group (one patient needed reoperation for dislocation of T-tube), 
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and in 1 patient (3.7%) in the biliary stent group (p < 0.05). The mean postoperative hospital stay 
was 3.2 Â± 1.2 days for group I, and 6.2 Â± 1.7 days for group II (p < 0.05).  
Conclusions: Our results showed a reduction of length of hospital stay and morbidity following 
stent insertion compared to T-tube drainage. Also, the use of biliary stent after LCBDE can reduce 
costs and increase patient satisfaction. 

 
 
Keywords: Choledocholithiasis; laparoscopic common bile duct exploration; T-tube drainage; biliary 

stenting. 

 
1. INTRODUCTION 
 

Laparoscopic common bile duct exploration 
(LCBDE) for choledocholithiasis is feasible and 
has become increasingly popular [1,2,3,4,5,6,7]. 
The LCBDE procedure can be performed 
transcystically or by choledochotomy. 
 
Transcystic approach is preferred whenever but 
may be limited by either number and size of 
gallstones, or small diameter of the cystic duct, 
or anatomical variation of bile ducts.  
 
In such cases laparoscopic choledochotomy is 
an alternative solution [8,3,4,7] but it may carry 
higher morbidity rates, prolong recovery and 
increase hospital stay [9,10,8,1,11,2,12].  
 
Disadvantages associated with the use of a T-
tube led some authors to attempt laparoscopic 
primary duct closure, which was demonstrated to 
be safe [13,12,4]. However, following primary 
closure bile leaks may be observed due to 
retained stones, stenosis of ampulla of Vater, 
oedema secondary to surgical manipulation 
[14,15,4]. To avoid such complications, some 
authors proposed ante-grade biliary stent 
insertion with laparoscopic primary closure of 
choledoch [16,17,18]. The advantages of biliary 
stent placement were recently demonstrated by 
Lyon et al. [19]. However, no prospective 
randomised cohort studies are comparing 
primary closure with ante-grade biliary stent 
insertion versus T-tube drainage of CBD 
following laparoscopic choledochotomy to date. 
 
We conducted a randomised study to compare 
the postoperative course and outcome of primary 
closure with ante-grade biliary stent insertion and 
T-tube drainage of the CBD after laparoscopic 
choledochotomy. 
 

2. MATERIALS AND METHODS 
 

Between January 2009 and January 2014, a total 
of 125 patients with CBD stones underwent 
elective and emergency laparoscopic common 

bile duct exploration (LCBDE). 122 cases were 
successful, remaining three cases required 
conversion to open surgery due to LCBDE 
failure. Of the 122 successfully treated patients, 
70 underwent laparoscopic transcystic stone 
extraction and 52 required laparoscopic 
choledochotomy. CBD stones were diagnosed 
on history, physical examination, biochemical 
tests and transabdominal ultrasound followed by 
MRCP/CT cholangiography.  Intraoperative 
cholangiography (IOC) was performed in all 
patients. 
 

On preoperative assessment the patients were 
classified according to the American society of 
Anesthesiologist (ASA) classification.   
 

Patients 18 years or older who had undergone a 
laparoscopic choledochotomy were included in 
the study. Exclusion criteria were acute 
suppurative cholangitis, severe acute biliary 
pancreatitis, ampullary stenosis, previous 
gastrectomy, gastric bypass or failure of 
endoscopic retrograde cholangiopancreato-
graphy (ERCP). Eight patients who had 
undergone laparoscopic choledochotomy were 
excluded due to ineligibility (one patient younger 
than 18 years, three with acute suppurative 
cholangitis, two with acute biliary pancreatitis, 
one with ampullary stenosis and one with ERCP 
failure). 

 
The 52 eligible patients were randomly assigned 
to two groups: the first group (27 patients) 
underwent antegrade biliary stent insertion for 
biliary tree drainage with primary closure of 
choledochus; the second group (25 patients) 
underwent LCBDE with T-tube insertion (Fig. 1). 
  
Informed consent for randomisation to primary 
closure with a biliary stent or T-tube drainage 
was obtained. Randomization was performed 
with the use of a computer-generated 
randomisation schedule.  
 
Demographic data (age and sex), number of 
stones, length of hospital stay and early 



 

 
complications were recorded on an excel spread 
sheet. Data on late complication was recorded at 
outpatient clinic visits (removal of stent), and 
unplanned hospital re-admissions. Patients who 
underwent trans-cystic CBD exploration and 
open CBD exploration were excluded
study. 
 

2.1 Operative Techniques  
 
All operations were performed by the same 
experienced laparoscopic surgeon under general 
anaesthesia. Patients were positioned supine. All 
patients received prophylactic intravenous 
antibiotic (cephalosporins, 2nd generation). The 
standard four port cholecystectomy technique 
was used in all operations. Transcystic IOC was 
performed by introducing a special instrument 
with cholangiocatheter through 5 mm port in the 
right upper quadrant. The catheter was then 
inserted into a small incision in the cystic duct 
and secured in place with a clamp. Contrast 
solution was injected under fluoroscopy for 
visualization of the biliary ducts. Biliary anatomy 
as well as the number, size and location of bile 
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Fig. 1. Study design 
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visualization of the biliary ducts. Biliary anatomy 
as well as the number, size and location of bile 

duct stones was considered in choosing 
transcystic approach or choledochotomy.
 
After imaging of CBD stones a vertical 
supraduodenal choledochotomy was performed 
with laparoscopic scissors to allow for 
choledochoscopy. CBD exploration and 
visualization was performed with a 5 m
choledochoscope (Olympus, Tokyo, Japan) with 
normal saline irrigation. Stones were extracted 
under vision using Dormia or Natanson baskets, 
or irrigating balloon catheter. Biliary
was used if necessary to fragment large stones 
or stones impacted at the ampulla. After removal 
of stones choledochoscope was used to visualize 
the CBD from ampulla of vater to the hepatic 
ducts to confirm clearance. A T-
stent was inserted then prior to closure. For the 
biliary stent group a 7 Fr straight (9
duodenal curve biliary stent (Balton, Poland) was 
placed through the choledochotomy into CBD 
and blindly directed across the ampulla of Vater. 
Choledochoscopy or fluoroscopy was performed 
to confirm position. The longitudinal choledocho
tomy was then closed with 4-0 vicryl. All patients 
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post LBCDE had a drainage placed in the 
subhepatic space. Biliary stents were removed 
endoscopically in 4-6 weeks after operation. T-
tubes were removed in clinic 5-8 weeks 
postoperatively after T-tube cholangiogram 
confirmed duct clearance. 
 
2.2 Statistical Analysis 
 
Student’s paired t-test was used to compare 
means between two groups. Nonparametric, 
Fisher’s and χ² tests for independent data were 
also used to analyze the clinical outcomes the 
two groups. The null hypothesis was declined for 
p>0.05. Beta-error was calculated to minimize 
false negative results. For all statistical 
procedures there were used the standard options 
of MS Excel tables. 
 
3. RESULTS 
 
The study included 52 patients with choledocho-
lithiasis who underwent LCBDE: 25 patients in 
the T-tube group and 27 patients in the biliary 
stent group. 
 
There were no significant differences in the 
demographic data (Table 1) and clinical 
presentation of CBD stones in the two groups. 
 
There was no postoperative mortality in either 
group. Postoperative complications (Table 2) 

were observed in 3 (11,4 %) patients in the T-
tube group, and only in 1 (3,7 %) patient in the 
biliary stent group (Grade II by Clavien-Dindo 
classification) (

2
=0,36 p>0,05).  

 
Two patients were re-operated for biliary 
peritonitis: one was due to accidental T-tube 
dislocation on the fifth postoperative day (Grade 
IIIa by Clavien-Dindo classification)  and another 
was re-operated after the planned removal of T-
tube drain five weeks after initial procedure 
(Grade IIIb by Clavien-Dindo classification), see 
Table 3.  
 
Bile leak around the T-tube drain was found in 
one patient, but it stopped spontaneously. This 
patient required percutaneous drain insertion for 
subhepatic bile collection. 
 
Transient acute pancreatitis developed in one 
patient in biliary stent group, and responded to 
conservative treatment. No bile leaks were 
detected in the biliary stent group. 
 
The mean postoperative hospital stay was 6,2 ± 
1,7 days in the T-tube group, and 3,2 ± 1,2 days 
in the biliary stent group (p<0,05). 
 
The total follow-up rate was 96,2% and the 
follow-up period was 6 to 50 months (average 24 
months). There were no bile duct stones or 
strictures in either group. 

 
Table 1. Characteristic of patients 

 

Patients characteristics T-tube group 
(n=25) 

Biliary stent 
group (n=27) 

p 

α β 

Age, years Mean ± SD 50,6 ±11,5 48,9±10  p>0,1 >0,1 
Range  (29-72) (27-69) 

Sex, (n %) Male 7 (28,0%) 8 (29,6%) p>0,1 >0,1 

female 18 (72,0%) 19 (70,4%) 
Jaundice, (n %) 10 (40,0%) 9 (33,3%) p>0,1 >0,1 
CBD diameters (cm) 

 

Mean ± SD 2,1 ± 0,4 1,9 ± 0,5 p>0,1 >0,1 

Range 1,3-2,9 1,0-3,0 
No of CBD stones Mean ± SD 2,5 ± 1,3 2 ± 1,0 p>0,05 >0,1 

Range 0-5 0-4 
 

Table 2. Patients outcomes 
 

Patients outcomes    T-tube group 
(n=25) 

Biliary stent 
group (n=27) 

p 
α β 

Operative time (minutes) 102 ± 18 114 ± 21 p>0,1 <0,0001 
Time to removal of drain (days) 4,0 ± 0,6  2,8 ± 0,8   p>0,05   >0,1 
Postoperative hospital stay (days) 6,2 ± 1,7 3,2 ± 1,2 p<0,05 >0,1 
Complications by Clavidien-Dindo 
classification (n, %) 

3 (11,4 %) 1 (3,7 %) p>0,05 >0,1 
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Table 3. Complications by Clavien-Dindo classification. 
 

Grade T-tube group (n=25) Biliary stent group 
(n=27) 

P, value 

α β 

Grade I 0 0 - - 

Grade II 0 1 p>0.05 >0,1 

Grade IIIa 1 0 p>0.05 >0,1 

Grade IIIb 2 0 p>0.05 >0,1 

Grade IVa 0 0 - - 

Grade IVb 0 0 -  

Grade V 0 0 -  
 
4. DISCUSSION 
 
T-tube drain has been used routinely for biliary 
drainage after open or laparoscopic 
choledochotomy. T-tube placement helps 
decompress the biliary system, minimize the risk 
of bile leaks and provide access for follow-up 
imaging of biliary tree and extraction of retained 
stones [20,21]. Despite these advantages, 
specific morbidity related to T-tube usage is 
reported to occur in up to 6,3% in series of open 
choledochotomy [22,23,24]. Accidental T-tube 
displacement leading to CBD obstruction [9,25], 
bile leakage around  T-tube [21], duodenal 
erosion [26], persistent biliary fistula [25,5], 
wound cellulitis around T-tube [5], excoriation of 
the skin, and cholangitis caused by bacteria 
entering through the T-tube [24] may retard 
recovery and prolong hospital stay. Indwelling T-
tubes are uncomfortable, require continuous 
management and restrict patient’s activity 
because of the risk of dislodgement [27]. Patients 
with an open T-tube are at risk of dehydration 
and saline depletion [28]. CBD stenosis has been 
reported as a long-term postoperative 
complication following T-tube removal [29,25]. 
 
LCBDE and cholecystectomy as a single-stage 
treatment of choledocholithiasis has been shown 
to be superior when compared to two-stage 
management [1,30]. The best result are achieved 
with trans-cystic clearance, however in many 
cases CBD exploration via choledochotomy is 
indicated [16,31,17,32]. Drainage of the biliary 
tree post CBD exploration is common in the 
laparoscopic era.  
 
Multiple articles report morbidity rates of between 
10 and 15 % when LCBDE is combined with T-
tube drainage [8,33,34,17]. A recent Cochrane 
review has discouraged the use of T-tube drains 
due to significantly longer operative times, 
prolonged hospital stays and increased 

complication rates when compared with primary 
closure for laparoscopic choledochotomy [18]. 
Due to this, some experts try to avoid T-tube use 
for decompression of the CBD after laparoscopic 
surgery [20]. 
 
Primary closure of choledochotomy after CBD 
exploration decreases operative time, 
significantly reduces hospital stay, postoperative 
complications and expenses when compared to 
T-tube decompression [35,34,18]. Decreased 
morbidity rates are believed to be due to avoiding 
complications directly related to the presence 
and removal of T-tubes [34,17,36]. Unfortunately, 
primary closure of choledochotomy does not 
provide biliary decompression which may be 
critical in patients with retained stones. Recent 
large series suggest that retained stone rates for 
single-stage surgical management of 
choledocholithiasis are between 3,3 and 11 % 
[33,37,4,18]. Associated morbidity has been 
documented in 6,1 %, with bile leaks occurring in 
5 % of patients post primary closure [33,38, 
17,18]. 
 
Ante-grade biliary stent insertion prior to 
choledochotomy closure combines the benefits 
of T-tube decompression with the reduced 
morbidity of primary CBD closure. Biliary stent 
placement is a relatively simple technique that 
helps decompress the biliary tree [39]. Published 
results demonstrate that this technique 
decreases surgical time, morbidity, hospital stay 
and increases patient comfort [11,16,40, 
41,3,42,32,36]. In patients with retained stones 
biliary stents prevent biliary leakage and biliary 
peritonitis. Stents facilitate CBD cannulation via 
ERCP improving the success rate of 
postoperative ERCP stone extraction from 82 % 
to almost 100 % [10,27,31]. 
 
Stent related complications documented in the 
literature include stent occlusion, early               
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migration and duodenal erosion. Stents in situ    
for longer than 30 days have been                
associated with ampullary stenosis and stent 
migration leading to intestinal perforation 
[43,16,44,45,32]. 
 
The present study is one of the first randomized 
cohort studies which compares outcomes and 
length of stay in patients undergoing ante-grade 
biliary stenting versus T-tube drainage after 
LCBDE via choledochotomy. The study was 
performed in a single centre by a group of 
surgeons experienced in laparoscopic biliary 
surgery. 

 
During the study period 125 patients with CBD 
stones underwent LCBDE. Of these patients only 
56 required laparoscopic choledochotomy. The 
52 eligible patients were randomly assigned to 
two groups: 27 patients underwent antegrade 
biliary stent insertion with primary closure of 
choledochus; 25 patients underwent LCBDE with 
T-tube insertion. 
 
Both groups were comparable with respect to 
age, sex, comorbidities, number and size of    
CBD stones. There was no significant differences 
in operative time in the two groups. 
Postoperative complications were observed in 
11,4% of patients in the T-tube group, and only in 
3,7% of patients in the biliary stent group 
(p<0,05). 

 
Complication rate in the T-tube group (11,4%) 
was in keeping with the current literature on T-
tube associated morbidity (10-15%). Complica-
tions encountered in this study were consistent 
with known complications associated with T-tube 
decompression. It is remarkable that at 5 weeks 
post LCBDE planned removal of T-tube caused 
biliary peritonitis. This may be due to the reduced 
number of adhesions after laparoscopic 
operations. 

 
There was only one complication in biliary stent 
group. One patient developed transient acute 
pancreatitis, which responded to conservative 
treatment. Importantly, there were no bile leaks 
in the biliary stent group. This is consist with 
Lyon et al. [19] who reported no complications in 
the ante-grade biliary stent drainage group. 
Potential complications described in the 
literature, such as erosion of adjacent organs, 
ampullary stenosis, intestinal perforation were 
not observed in our study. No complications 
occurred during endoscopic stent removal. In 9 
(33,3 %) patients stents spontaneously             

migrated to the duodenum at 2-3 weeks 
postoperatively. There was statistically   
significant difference in complication rates by 
Clavien-Dindo classifica-tion in the two groups, 
supporting ante-grade biliary stent insertion as 
the preferred method of biliary tree 
decompression, however we consider that this 
trend could be important and better expressed in 
bigger clinical groups. 
 
Primary closure of the CBD with acute-grade 
biliary stent insertion decreases hospital stay 
when compared to T-tube decompression 
[31,37].  
 
The present study identified a statistically 
significant difference in the length of hospital stay 
between the two groups: mean hospital stay in 
the biliary stent group was 3,2 ± 1,2 days 
compared to the T-tube group of 6,2 ± 1,7 days 
(p<0,05). Shorter hospital stay decreases costs 
and improves patient satisfaction. 

 
5. CONCLUSION 
 
This randomized study demonstrates that there 
is a statistically significant reduction of hospital 
stay and post-surgery complications in patients 
treated with antegrade biliary stent 
decompression of CBD post LCBDE via 
choledochotomy compared to patients treated 
with T-tube drainage.   
 
This study shows that ante-grade biliary stent 
insertion during LCBDE is one of the options for 
primary CBD closure, however, this problem 
requires more studies 
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