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Abstract
Several studies have shown the safety and feasibility of laparoscopic common bile duct exploration (LCBDE) as a minimally invasive
treatment options for choledocholithiasis. Use of T-tube or biliary stent drainage tube placement after laparoscopic choledochotomy
for common bile duct (CBD) stones is still under debate. This study tried to confirm the safety of spontaneously removable biliary stent
in the distal CBD after LCBDE to allow choledochus primary closure. A total of 47 patients with choledocholithiasis underwent LCBDE
with primary closure and internal drainage using a spontaneously removable biliary stent drainage tube (stent group, N=22) or T-tube
(T-tube group, N=25). Operative parameters and outcomes are compared. Surgical time, intraoperative blood loss, length of
hospital stay, drainage tube removal time, postoperative intestinal function recovery, and cost of treatment were all significantly lower
in the stent group as compared to that in the T-tube group (P<0.05 for all). Otherwise, Bile leakage between the two groups had no
significant difference (P>0.05). The biliary stent drainage tube was excreted spontaneously 4 to 14 days after surgery with the
exception of one case, where endoscopic removal of biliary tube was required due to failure of its spontaneous discharge. LCBDE
with primary closure and use of spontaneously removable biliary stent drainage showed advantage over the use of traditional T-tube
drainage in patients with choledocholithiasis.

Abbreviations: CBD = common bile duct, LCBDE = laparoscopic common bile duct exploration.
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1. Introduction

Laparoscopic bile duct exploration has been shown to be a safe
and feasible method for treatment of extra-hepatic bile duct
stones.[1,2] Traditionally, postoperative T-tube drainage after
common bile duct exploration is a standard practice to avoid bile
leakage from site of choledochotomy. In laparoscopic common
bile duct exploration (LCBDE), the available drainage options
include T-tube placement, common bile duct (CBD) primary
closure or primary closure plus placement of biliary stent. A
consensus on the best option is yet to be reached. Long-term
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retention of T-tube is associated with risk of track infection and
bile leakage besides being an uncomfortable accessory for the
patient.[3–5] Primary closure is associatedwith risk of stenosis and
recurrent cholangitis.[6] For this reason, a biliary stent that is
amenable to spontaneous removal in a reasonable time, without
the need for any further intervention, is an attractive option,
which may avoid the aforementioned complications. For this
reason we evaluated the use of spontaneously removed biliary
stent after LCBDE.
2. Materials and methods

2.1. Clinical information and materials

This study was conducted from September 2014 to September
2015 in the Second Affiliated Hospital of Dalian Medical
University. The study protocol was approved by the Institutional
Ethics Committee; written informed consent was obtained from
all patients before their enrolment. A total of 47 patients with
choledocholithiasis were randomly assigned to 1 of 2 groups
(stent drainage group and T-tube drainage group). All 47 patients
underwent preoperative abdominal magnetic resonance chol-
angiopancreatography, computed tomography, or ultrasound
to confirm cholelithiasis and choledocholithiasis. Both groups
underwent LCBDE. To minimize bias, all surgeries were
performed by the same surgeon. Biliary stent drainage was
achieved with a 15 to 20cm segment of paracentesis drainage
tube (Leadgem Medical Co., serial number FY0825) (Fig. 1). It
contains a curved tip and a series of holes on the sidewalls to
allow drainage. The size of stent used ranged between 8.5 and 10
French depending on the CBD diameter.
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Figure 1. Schematic view of biliary stent drainage tube.
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2.2. Surgical procedure

Surgery was performed in the standard way under general
anesthesia. Four trocars of 12mm (umbilical and subxiphoid
ones) and 5mm (subcostal and in right flank) were used. The
cystic artery and the cystic duct were dissected and ligated using
absorbable clips. Then, the artery was divided with scissors or
electrocautery, but the cystic duct was left intact to aid in
retraction (Fig. 2A). CBD was dissected along its anterior surface
for about 2.5cm and choledochotomy performed with a
longitudinal incision (8–10mm) with electrocautery (Fig. 2B).
Exploration of biliary tree including hepatic ducts, common
hepatic duct, and CBD was performed with a choledochoscope
Figure 2. (A) The cystic artery and cystic duct were dissected and ligated using ab
The anterior surface of the CBD was carefully dissected for about 2.5cm, and
electrocautery. (C) Choledochoscope was inserted in the CBD and the left and right
placed into the CBD through the choledochoscope and advanced across the papilla
of the spontaneously removable biliary stent drainage tube entered the duodenum a
was closed with 4–0 absorbable suture. (G) Bile duct suture was completed. (H)
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(Olympus, Tokyo, Japan) (Fig. 2C). CBD stones were removed
using a Dormia basket, (Cook Medical Co., Bloomington, IN).
After removal of stones, choledochoscope was used twice to
confirm the absence of stones from ampulla of Vater up to hepatic
ducts. Before choledochus closure, a T-tube or biliary stent
drainage tube was placed. In the stent drainage group, a guide
was inserted into CBD through choledochoscope and advanced
across the papilla into duodenum, after that the stent was
advanced into the duodenum and the guide removed (Fig. 2D and
E). Choledochoscope was used to confirm the correct positioning
of the stent; choledochotomy was closed with 4–0 absorbable
suture (Fig. 2F and G).
In the T-tube drainage group, the T-tube was placed in the

CBD. Then the cystic duct was divided in both cases and
cholecystectomy completed with ultrasonic harmonic scalpel
(Fig. 2H). A subhepatic drainage tube was placed for all patients,
which was removed after 2 to 4 days, if the drainage was less than
10mL/d. The T-tube was removed between days 14 and 21
postoperatively after confirming no remnant stones or stricture of
CBD with T-tube cholangiogram. The biliary stent drainage tube
gets expelled by defecation without any special intervention.
2.3. Clinical parameters

The following variables were compared between the 2 groups:
preoperative general information: gender, age, diameter of CBD,
and clinical symptoms; perioperative parameters: surgical time,
intraoperative blood loss, postoperative bowel function recovery
time, abdominal drainage time, length of hospital stay, total cost,
and postoperative complications (bile leak).
2.4. Statistical analysis

All statistical analyses were performed using SPSS 17.0 software
(SPSS, Inc., Chicago, IL). Data on normally distributed variables
are presented as frequencies; between-group differences were
assessed using chi-square test. Data on continuous variables are
presented as mean± standard deviation, and compared using
sorbable clips, but for retraction purposes; the cystic duct was not divided. (B)
the CBD was performed with a longitudinal incision (8–10mm) made with
hepatic ducts and the distal common bile duct explored. (D) The guidewire was
into the duodenum. (E) Then the guidewire was removed out until the distal end
nd the proximal end remained in the CBD. (F) The longitudinal choledochotomy
The cystic duct was divided. CBD=common bile duct.



Table 1

Baseline characteristics of patients by study group.

Patient
characteristics

Stent drainage
group (N=22)

T-tube drainage
group (N=25) P

Gender 0.447
Male 9 (40.9%) 14 (56.0%)
Female 13 (50.1%) 11 (44.0%)
Age, y 61.36±21.83 62.16±15.51 0.332
CBD diameter, mm 10.4 (6.30–22.00) 10.6 (5.50–25.50) 0.789

Values are presented as mean± standard deviation, frequencies (%) or median (range).
Result of student t test, the chi-square test or Mann–Whitney test.
CBD= common bile duct.

Table 2

Preoperative clinical characteristics by study group.

Associated
symptoms

Stent drainage
group (N=22)

T-tube drainage
group (N=25) P

Fever 6 (27.3%) 9 (36.0%) 0.522
Jaundice 3 (13.6%) 7 (28.0%) 0.230
Diabetes 1 (4.5%) 4 (16.0%) 0.204
Hypertension 3 (13.6%) 6 (24.0%) 0.100
Pancreatitis 1 (4.5%) 4 (16.0%) 0.204

Data presented as frequencies (%).
Result of chi-square test.
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Student t test. If not, we were measured by median and range
and compared with Mann–Whitney test. P value <0.05 was
considered statistically significant.
3. Results

Of a total of 47 patients, 22 patients were in the stent drainage
group and 25 patients in the T-tube drainage group. There was no
perioperative mortality. No significant between-group differ-
ences were observed with respect to gender, age, CBD diameter
(Table 1); clinical characteristics (fever, jaundice, hypertension,
coexisting diabetes, and history of pancreatitis) (Table 2). The
median operation time was 100 minutes (50–125minutes) in the
stent drainage group and 120 minutes (80–260minutes) in the T-
tube drainage group; the between-group difference was statisti-
cally significant (P<0.05) (Table 3).
Intraoperative blood loss was significantly lower in the stent

drainage group as compared to that in the T-tube drainage group
(P<0.05). Further, postoperative hospital stay, subhepatic
drainage extraction times (3 [2–4] days vs 4 [2–5] days),
postoperative bowel function recovery time, and total cost of
Table 3

Intraoperative findings and postoperative outcomes by study group.

Parameter Stent drainage group (N=

Operation time, min 100 (50–125)
Intraoperative blood loss, mL 20 (4–6)
Postoperative hospital stay, d 6 (4–20)
Abdomen drainage tube removal time, d 3 (2–4)
Intestinal function recovery time, d 2 (1–4)
Total cost (Yuan) 21112.04 (15499.50–26724
Bile leakage 0

Data presented as median (range) or frequencies (%).
Result of Mann–Whitney test or the chi-square test.

3

treatment was significantly lower in the stent drainage group as
compared to that in the T-tube drainage group (P<0.05 for all).
There was no significant difference in postoperative bile

leakage between the 2 groups. The average excretion time for the
biliary stent drainage tube was 6.6 days (range: 4–14). In one
patient, the biliary stent drainage tube was taken out by
duodenoscope after 1 month, due to failure of spontaneous
excretion. None of the patients in the biliary stent drainage group
developed postoperative pancreatitis, abdominal pain, intestinal
obstruction, cholangitis, or drainage tube blockage. A patient
with bile leakage in the T-tube drainage group recovered after
simple drainage without needing reoperation.
4. Discussion

Our study proved that the use of spontaneously removable biliary
stent drainage is relatively simple, is associated with shorter
operation time and lower intraoperative blood loss. The
spontaneous excretion of biliary stent decreased the time required
for postoperative recovery of bowel function and hospital stay, as
previous reported.[22] We think the only clinically relevant
difference is in operative time and postoperative hospital stay.
Differences in intraoperative blood loss and intestinal function
recovery time, even though statistically significant, are not of
much clinical significance.
We consider that the using of T-tube after LCBDE will lead to

loss of bile, affect the absorption function of bowel, and slow
down the intestinal peristalsis. However, with the spontaneously
removed biliary stent, the biliary pressure is reduced without loss
of bile, and this may help decrease postoperative complica-
tions.[23] In fact, in our study, none of the cases showed any
biliary leakage.
A key advantage with use of biliary stents is their spontaneous

removal without the need for a second procedure, which reduces
the risk of complications and treatment expenses.[24] The biliary
decompression surgery should not be ignored in consideration of
the potential for temporary obstruction at the lower end of the
CBD in the first few days after manipulations to extract duct
calculi or retained stones. In our study, the average retention time
of the biliary stent drainage tube was 6.6 days, which effectively
prevented this complication.
However, the possibility of retention of biliary stent is a

shortcoming that may necessitate endoscopic procedures with the
associated risk of biliary atresia and cholangitis caused by the
migration of stent, and remnant stones after surgery may not be
removed readily. In our study, the biliary stent was not removed
spontaneously in one case and an additional duodenum
endoscopic procedure was performed one month after surgery.
We consider that the time of spontaneous removal of stent is
22) T-tube drainage group (N=25) P

120 (80–260) <0.05
30 (5–200) <0.05
8 (5–15) <0.05
4 (2–5) <0.05
3 (2–5) <0.05

.73) 23021.08 (18775.30–31999.20) <0.05
1 (4.0%) >0.05
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associated with the postoperative mental state of patient, activity,
diet, and gastric motility. Moreover, previous studies have shown
that in patients with intestinal adhesion or intestinal diverticu-
lum, intestinal perforation occurs due to stent migration.[25]

Therefore, use of stent drainage for patients with intestinal
adhesion or intestinal diverticulum should be avoided.
Around 8% to 15% of patients with cholecystitis develop

choledocholithiasis with in the first year after surgery.[7] If
choledocholithiasis is not treated in time, it would progress to
obstructive jaundice, acute cholangitis, pancreatitis thus increasing
morbidity, and mortality.[8] Endoscopic and laparoscopic treat-
ments of CBD stones are the well-known minimally invasive
treatment options. However, endoscopic retrograde cholangio-
pancreatography is associated with serious complications such as
pancreatitis, hemorrhage, duodenal perforation (5%–11%), and
mortality of up to 1%.[9] LCBDE has the advantage of managing
CBD stones associated with gallbladder stones in a single-stage
procedure and avoids the need for endoscopic retrograde
cholangiopancreatography and all its attendant complications.[10]

LCBDE by choledochotomy provides unrestricted access to CBD
and common hepatic duct, thus enabling access to difficult
stones.[11] The LCBDE approach avoids Oddi sphincter manipu-
lation, which can be particularly important in young patients.[12]

At present, LCBDE has become one of the preferred treatment
options for patients with choledocholithiasis.[1,2,13]

Traditionally, T-tube insertion has been applied most widely
because of the advantage of decompressing the bile duct efficiently
as well as for assessing and removing remnant CBD stones.[14]

However, this method is not only more difficult, but also prone to
bile leakage, bleeding, and a series of complications.[14–16] T-tube
drainage could lead to excessive bile and electrolyte loss, affect the
patient’s recovery, prolong hospital stay, and increase treatment
costs.[17,18] The use of minimally invasive techniques could reduce
surgical trauma, hasten recovery, and reduce length of hospital
stay. Indeed, the traditional T-tube drainage seems to negate the
benefits of laparoscopic surgery at this time.
Primary closure of the CBD without biliary drainage has been

performed for several years.[3,11] Although primary closure may
avoid complications associated with T-tube placement, there is
no conclusive data favoring one technique over the other.[19,20]

Furthermore, secondary to instrumentation of the CBD and
maneuvers for stone extraction, papilla could develop edema and
increase biliary tree pressure, and the associated risk of bile
leakage.[21] Insertion of a spontaneously removable biliary stent
may be an alternative that can satisfy both conditions.
Despite the results and their statistical significance, the single-

center scope of this study is a limitation. Large-scale randomized
controlled trials are required to provide robust data on efficacy
and safety of use of bile stent drainage in the future.
5. Conclusion

Primary closure of CBD with spontaneously removable biliary
stent placement is safe and feasible after laparoscopic chol-
edochotomy in suitable patients, and which is consistent with the
aims of minimally invasive surgery. Our results show benefits of
this approach in terms of shorter surgical time and lower
associated costs. This innovation can improve the quality of life
and increase overall patient satisfaction, while minimizing the
risk of biliary complications. Therefore, we support the use of a
spontaneously removable biliary stent insertion after LCBDE.
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