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Abstract

Background Laparoscopic common bile duct exploration

(LCBDE) has become one of the main options for treating

choledocholithiasis associated with cholelithiasis. Our

objective was to assess the short-term outcomes of patients

undergoing laparoscopic primary closure of the common

bile duct (CBD) compared with laparoscopic choledo-

chotomy plus T-tube drainage.

Methods We retrospectively studied 137 patients under-

going primary closure following LCBDE (group A) com-

pared with 102 cases with laparoscopic choledochotomy

plus T-tube drainage (group B) between January 2007 and

January 2010. Intraoperative cholangiography (IOC) and

choledochoscopy were performed in all patients.

Results Three patients in group A (2.2%) were converted

to open surgery and two (2.0%) in group B because of

serious adherence. According to routine IOC, unexpected

CBD stones were found in 16 cases (6.8%). The duration of

the operation in group A was shorter than in group B

(92.4 ± 15.2 vs. 125.7± 32.6 min, P \ 0.05), as was

length of postoperative stay (3.1± 2.4 vs. 5.7± 4.3 days,

P \ 0.05). Postoperative bile leakage occurred in six

patients (4.5%) in group A and four cases (4.0%) in group

B; all of the patients recovered after simple drainage without

reoperation. Bile peritonitis was seen in one case after T-tube

removal. The median follow-up was 26 months. There were

no recurrences.

Conclusions Laparoscopic primary closure of the CBD is

safe and successful for the management of CBD stones.

Application of IOC and choledochoscopy to ensure clear-

ance of the CBD and careful suturing are essential for

primary closure.

Introduction

With the development of laparoscopic equipment and

technique, laparoscopic common bile duct exploration

(LCBDE) has become one of the main options for the

treatment of choledocholithiasis associated with choleli-

thiasis. In 2008, the UK guidelines recommended LCBDE

as the treatment of choice for patients with common bile

duct (CBD) stones undergoing laparoscopic cholecystec-

tomy [1]. This aim of this study was to assess the feasi-

bility, efficacy, safety, and patients’ short-term outcomes

after laparoscopic primary closure of the CBDC ompared

with T-tube drainage. In the most recent 3 years, 239

patients were selected to undergo LCBDE followed by

primary closure or T-tube drainage. The clinical outcomes

were collected and analyzed.
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Materials and methods

Patients and methods

This study was a retrospective analysis carried out between

January 2007 and January 2010. In this period, 223

patients were diagnosed choledocholithiasis by preopera-

tive B-type ultrasonography (US), magnetic resonance

cholangiopancreatography (MRCP), or endoscopic retro-

grade cholangiopancreatography (ERCP); the other 16 cases

were diagnosed by intraoperative cholangiography (IOC).

The patients suffered from intrahepatic bile duct stone were

excluded from the study. A total of 239 consecutive patients

underwent LCBDE followed by primary closure (group A,

n = 137) or T-tube drainage (group B, n = 102). All pro-

cedures were performed by the same consultant surgeon. The

clinical demographic details and the biochemical findings

are shown in Table 1 There were no significant differences

between the two groups.

Operative technique

Laparoscopic cholecystectomy was performed using a

standard four-port technique. We used a 30� video-laparo-

scope (Stryker, Kalamazoo, MI, USA) placed through a

10 mm umbilical port. A 12 mm port was placed in the

subxiphisternum and two 5 mm ports in the right abdomen.

In the case of gross distension of the gallbladder, its contents

were aspirated with a Veress needle. During LCBDE, the

12 mm port was used to accommodate the operating chole-

dochoscope (Olympus, Tokyo, Japan).

The operation was started with dissection of Calot’s

triangle, and the cystic artery was clipped and cut off. Sim-

ilarly, the distal cystic duct was clipped 1 cm away from

CBD (Fig. 1). A short incision was made in the lateral wall of

the cystic duct, and the catheter was passed into the CBD and

secured with a clip around the cystic duct. Routine transcy-

stic intraoperative cholangiography (IOC) was performed

with 30% diatrizoate meglumine, and the number of stones in

the CBD was confirmed (Fig. 2). The stump of the cystic

duct was clamped with an absorbable clip (Tyco Healthcare,

Norwalk, CT, USA). The gallbladder was left in situ and

used for retraction until LCBDE was completed. When

the CBD was approached directly, a longitudinal supraduo-

denal choledochotomy was undertaken using microscissors

(Fig. 3). In cases where the anatomy of the extrahepatic bile

ducts was not obvious, we used needle aspiration of bile to

identify the CBD. The CBD stones were entirely retrieved

using a wire basket in all patients, with the basket being

passed through the distal CBD into the duodenum to prevent

the retained stones from being incarcerated in the sphincter

of Oddi muscle. After all stones were retrieved and clearance

of the intrahepatic/extrahepatic bile duct was confirmed with

choledochoscopy (Fig. 4) the choledochotomy was closed

with interrupted 3.0 Vicryl sutures (Johnson & Johnson, New

Brunswick, NJ, USA) (Fig. 5). A nonsuction drain was

placed in the gallbladder bed near the CBD incision in all

patients. It was removed the next day or, in cases of bile leak,

when drainage ceased. For patients in whom we used T-tube

drainage, the T-tube was placed in the choledochotomy and

secured with the same sutures (Fig. 6). The T-tube was then

led outside the body from the right upper quadrant. In the

absence of pain and when the general condition permitted,

the patient was discharged with the T-tube in situ. It was

ligated 2 weeks after the operation and removed 12 weeks

later after the routine tubogram and choledochoscopy at the

outpatient department (OPD).

Table 1 Clinical and demographic details of patients in the two

groups

Parameter Group A Group B

(n = 137) (n = 102)

Age (years) 64.6 (23–78) 66.9 (26–83)

Sex (male/female) 59/78 41/61

Obstructive jaundice 50 (36.5%) 39 (38.2%)

Abnormal LFTs 74 (54.0%) 56 (54.9%)

Cholecystitis 92 (67.2%) 71 (69.6%)

Biliary colic 37 (27.0%) 26 (25.5%)

History of pancreatitis 24 (17.5%) 18 (17.6%)

Preoperative ERCP 42 (30.7%) 32 (31.4%)

ASA

I 26 (19.0%) 22 (21.6%)

II 83 (60.6%) 64 (62.7%)

III 28 (20.4%) 16 (15.7%)

IV 0 0

LFTs liver function tests, ERCP endoscopic retrograde cholangio-

pancreatography, ASA American Society of Anesthesiologists

There was no statistically significant difference (P = NS) for any of

the parameters measured

Fig. 1 Preparation for intraoperative cholangiography (IOC). A short

incision was made in the lateral wall of cystic duct 1 cm away from

the common bile duct, and the distal cystic duct was clipped
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Follow-up

All patients were routinely assessed for complications at

least 12 weeks after discharge or T-tube removal. B-Ultra-

sonography (US) examination and liver function tests

(LFTs) were performed in every patient. The median follow-

up was 26 months.

Statistical analysis

Statistical analysis was performed using SPSS 13.0 soft-

ware (SPSS, Chicago, IL, USA). Variables were consid-

ered statistically significant with P \ 0.05.

Results

Between January 2007 and January 2010 (36 months), we

performed 239 laparoscopic explorations of the CBD and

there were no perioperative deaths groups. Only three

patients (2.2%) in group A were converted to open surgery

and two patients (2.0%) in group B because of serious

adhesions, leading to difficult anatomy and dissection.

Transcystic IOC and choledochoscopy were routinely

performed in all patients. Despite only slightly abnormal

LFTs (e.g., alkaline phosphatase, glutamyl transpeptidase,

direct bilirubin), IOC revealed the presence of CBD stones

in 16 cases (6.8%), although preoperative US had shown

negative results in the CBD. False-negative IOC results

were found in three cases (1.3%) and a false-positive result

in one case (0.4%).

The mean operating time was 92.4 ± 15.2 min in group

A versus 125.7 ± 32.6 min in group B. The length of

postoperative hospital stay was shorter in group A

(3.1 ± 2.4 days) than in group B (5.7 ± 4.3 days). Post-

operative bile leakage occurred in six patients in group A

(4.5%) and four cases in group B (4.0%). All of the patients

were treated with drainage and recovered within 6 to

10 days without reoperation. No postoperative pancreatitis

or bile duct stricture occurred in the two groups.

In the group treated with T-tube biliary drainage, one

patient (1.0%) experienced postoperative intermittent

vomiting of unknown origin for 15 days, after which it

spontaneously and suddenly disappeared. Bile peritonitis

was seen in one patient (1.0%) after T-tube removal;

another tube was then placed in the sinus tract, and the

patient recovered with expectant treatment. The median

follow-up was 26 months, with no recurrence or bile duct

stricture occurring during that time. The postoperative

clinical variables of the patients are shown in Tables 2 and

3.

Discussion

During an era of laparoscopic cholecystectomy (LC), the

management of CBD stones remains controversial. For

patients suspected of having CBD stones, many surgeons

Fig. 2 Transcystic cholangiogram. a Through the short incision of

the cystic duct, a catheter was passed into the common bile duct

(CBD) and secured with a clip around the cystic duct to prevent

leakage of radiopaque materials. To avoid false-positive results, care

must be taken that an air bubble is not injected into the CBD.

b Routine transcystic IOC was performed with 30% diatrizoate

meglumine, and the number and locations of stones in the CBD were

determined

Fig. 3 Laparoscopic choledochotomy. A longitudinal supraduodenal

choledochotomy was made using microscissors. The length of

incision was based on the size of the stones
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favor preoperative ECRP with extractions of the stones

(ES). Another option is IOC with postoperative ERCP if

stones are found, but such a plan necessitates reexploration

if the sphincterotomy and the extraction fail. Others,

therefore, advocate conversion to an open procedure if

CBD stones are noted on the IOC. To increase the effi-

ciency of procedures, many surgeons recommend LCBDE

as the most efficient means to manage CBD stones.

Traditionally, exploring the CBD with open surgery or

laparoscopically was accompanied by placement of T-tube

drainage. The rationale for the use of a T-tube following

CBD exploration was based on three main factors: (1) the

potential for extracting retained stones; (2) as a method of

achieving a controlled biliary fistula; and (3) easy access

for radiologic visualization of the CBD. However, there are

Fig. 4 CBD stone was removed

by choledochoscopy, and the

intrahepatic and extrahepatic

bile duct was explored. a, b

Stones in the CBD were

completely removed by

choledochoscopy. c The basket

was passed through the distal

CBD into the duodenum to

prevent the retained stones

becoming incarcerated in

sphincter of Oddi muscle. d

Inflammation and edema are

observed in the wall of CBD

and/or sphincter of Oddi. It was

confirmed that no stones

remained in the intrahepatic or

extrahepatic bile duct

Fig. 5 Suturing the CBD. The CBD incision was sutured intermit-

tently with 3.0 Vicryl stitches

Fig. 6 T-tube drainage. a

T-tube was placed in the CBD,

and rest of the incision was

closed with interrupted sutures.

The T-tube was placed in the

choledochotomy and secured

with the same sutures. b

Nonsuction drainage was placed

near the CBD incision and the

gallbladder bed so it could drain

blood or bile directly
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numerous reports of diminished quality of life and com-

plications specifically associated with the use of a T-tube

for biliary drainage. In general, complications include fluid

and electrolyte disturbances, sepsis, premature dislodge-

ment, bile leak, localized pain, biliary peritonitis, pro-

longed biliary fistulas, and late biliary stricture. It is

important to note that the presence of a T-tube does not

prevent bile leaks as they occur when it is still in situ or

after its removal [2–5].

Previous studies comparing primary closure with T-tube

drainage during open techniques [6] showed a significant

reduction in hospital stay and duration of operation with

comparable complication rates. Subsequently, Wu and

Soper [7], in a prospective randomized experimental ani-

mal study of various laparoscopic techniques for exploring

and closing the CBD, showed similar reductions in the

operating time. They also reported that primary closure of

the CBD resulted in a significant increase in stenosis.

LCBDE was a natural step forward once laparoscopic

cholecystectomy became a standard technique for manag-

ing cholecystolithiasis. The rationale was the same as for

the open technique: a one-stage approach to CBD stones

and avoidance of the ERCP and its associated cost and

complications.

In 1994, Berci and Morgenstern, in the multiinstitutional

SAGES study, paved the way for laparoscopic extraction of

CBD stones [8]. However, in their study, 83% of LCBDEs

were done via the transcystic route; in the case of cho-

ledochotomy, primary closure was never attempted, and

95% of patients had a T-tube drain. In 1999, Cuschieri

et al. [9], in the EAES study, concluded that the laparo-

scopic single-stage approach for management of gallstone

disease and choledocholithiasis is a better option for

patients with American Society of Anesthesiologists (ASA)

grades 1 and 2.

Over the years, other researchers have compared

LCBDE with and without a T-tube drain. In a study of 38

patients, 12 with primary closure and 26 with Kehr’s tube,

Ha et al. [10] concluded that primary closure of the CBD

was feasible and safe. With increasing acceptance of the

technique and the growing experience of surgeons, LCBDE

without biliary drainage became more widely practiced

[11–18]. Especially, use of the choledochoscope enables

direct visualization of the CBD and ensures its complete

clearance as well as inspection of the distal CBD for other

possible causes of obstruction at the level of the sphincter

of Oddi.

In our study, a group of 239 patients who suffered from

choledocholithiasis associated with cholelithiasis were

separated into two groups, and the clinical data were ana-

lyzed retrospectively. We achieved statistically significant

shortening of the operating time and length of hospital stay

for patients with primary closure versus those seen with

T-tube drainage. No other significant differences were

found between the two groups, such as intraoperative blood

loss, postoperative bile leakage, the incidence of postop-

erative pancreatitis, stricture of bile duct, and recurrence.

In our opinion, the indications for laparoscopic primary

closure of the CBD are as follows: (1) presence of cho-

ledocholithiasis without evidence of intrahepatic bile duct

stones; (2) diameter of the CBD is C0.8 cm; (3) little

inflammation or edema in the wall of CBD or sphincter of

Table 2 Comparison of clinical outcomes between groups A and B

Outcome measures Group A Group B P
(n = 137) (n = 102)

Conversion to open surgery (%) 3 (2.2%) 2 (2.0%) NS

Operating time (min) 92.4 ± 15.2 125.7 ± 32.6 \0.05

Intraoperative blood loss (ml) 39.3 ± 12.4 42.8 ± 25.1 NS

Interval between surgery and getting out of bed (hr) 10.8 ± 5.6 11.6 ± 4.1 NS

Interval between surgery and recovery of GI function (hr) 18.5 ± 6.8 19.3 ± 10.2 NS

Postoperative hospital stay (days) 3.1 ± 2.4 5.7 ± 4.3 \0.05

GI gastrointestinal

Table 3 Complications of two groups

Complications Group A

(n = 134)

Group B

(n = 100)

Postoperative bleeding – –

Postoperative intermittent

vomiting

– 1 (1.0%)

Pancreatitis – –

Bile leakage 6 (4.5%) 4 (4.0%)

Retained stone in CBD – –

Pneumonia – –

Stricture of bile duct – –

Bile peritonitis after T-tube

removal

– 1 (1.0%)

Recurrence – –

CBD: common bile duct
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Oddi. The most important point for laparoscopic primary

closure is to ensure that all CBD stones are retrieved,

confirming their clearance by choledochoscopy.

For this reason, preoperative B-US, transcystic IOC, and

choledochoscopy are used to evaluate the number and size

of stones in the CBD and to make sure that no calculus is

retained before suture. Transcystic IOC seems especially

important to a certain extent. In our study, we found

unexpected CBD stones in 16 cases (6.8%) by IOC based

on slightly abnormal LFTs, although negative results in

CBD by preoperative B-US was negative for CBD stones.

False-negative IOC results were seen in three patients

(1.3%) and false-positive results in one case (0.4%). Jameel

et al. [19] found unexpected stones in the CBD in

approximately 23.9% of patients who underwent LCBDE,

which was more than in our study. This would represent a

high rate of unexpected CBD stones during laparoscopic

cholecystectomy, which proved the essentiality of IOC.

Moreover, we considered the use of a T-tube appropriate

only in patients who had retained impacted stones indi-

cating burdensome extraction, serious cholangitis with

frank pus in the CBD, gross inflammation, or a very thin

CBD [11, 20].

In addition, sophisticated skill with suturing is of great

importance to prevent postoperative bile leakage or ste-

nosis. Interrupted sutures are recommended with absorb-

able material, which may reduce the recurrence of stones

and stenosis of the CBD. There were 10 cases of bile

leakage in the two groups, the main reason for which might

be moderate edema of the wall of the CBD and the

sphincter of Oddi. Fortunately, the transudative bile was

completely drained by the nonsuction catheter without

localized or extensive peritonitis. All of these patients were

treated by drainage, and they recovered without reopera-

tion. If the volume of bile in the drain had increased and

patients started to develop signs of extensive biliary peri-

tonitis, they would undergo another laparoscopic operation.

Additional sutures would be needed if there is a leak from

the choledochotomy site [19].

Conclusions

Laparoscopic primary closure of the CBD is safe and

successful for the management of CBD stones. Primary

closure can increase the quality of life and avoid the

complications specifically associated with the use of a

T-tube for biliary drainage. It is a better option, however,

only if the indications are strictly followed. Because the

median follow-up in our study is only 26 months, the

patients’ long-term outcome needs further clinical obser-

vation. Routine IOC is applied to every patient, as far as

possible, if the LFTs (e.g., alkaline phosphatase, glutamyl

transpeptidase, direct bilirubin) are even slightly abnormal

as unexpected CBD stones may be found. It is also useful

for evaluating the number and size of stones. Choledo-

choscopy must be used to ensure clearance of the CBD, and

careful suturing must be done to prevent bile leakage or

stenosis.
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