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ABSTRACT

Background and Objectives: Laparoscopic cholecystec-
tomy with common bile duct exploration (LC with
LCBDE) remains the preferred technique for difficult
common bile duct stone (CBDS) removal. The chopstick
method uses commonly available instruments and may
be cost-saving compared to other techniques. We studied
the outcome of LCBDE using the chopstick technique to
determine if it could be considered a first-choice method.

Methods: Data from all patients that underwent LCBDE
from January 1, 2012 to April 30, 2019 were retrospectively
analyzed. A standard 4-port incision and CBDS permitted
extraction with two laparoscopic instruments by chopstick
technique via vertical choledochotomy. Demographic data,
stone clearance rate, surgical outcomes, complications, and
other associated factors were evaluated.

Results: Thirty-two patients underwent LCBDE. The
mean number of preoperative endoscopic retrograde
cholangiopancreatography (ERCP) sessions was 2.4. In
65.5% of cases, the CBDS was completely removed by
the chopstick technique, while 96.9% of stones were
removed after using additional tools. The need for addi-
tional instruments was associated with increased age,
increased numbers of stones, longer period from the
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latest ERCP session, and previous upper abdominal sur-
gery. The conversion rate to open surgery was 28.1% and
was significantly associated with a history of upper ab-
dominal surgery.

Conclusion: The chopstick technique is a good alterna-
tive and could be considered as a first-line technique in
LCBDE to remove the CBDS in cases with 1 to 2 large
suprapancreatic CBDS due to instrument availability,
cost-effectiveness, and comparable surgical outcomes.

Key Words: Choledocholithiasis, Common bile duct
stone, Laparoscopic common bile duct exploration,
Chopstick technique.

INTRODUCTION

Up to 19% of patients with gallstone (GS) may have con-
comitant choledocholithiasis (common bile duct stone
[CBDS) that may be asymptomatic or complicated by ob-
structive jaundice, cholangitis, and pancreatitis, which are
associated with increased morbidity and mortality.
Therefore, CBDS should be treated even if the patient is
asymptomatic.'

Treatment options of CBDS include: endoscopic retro-
grade cholangiopancreatography (ERCP) with stone
extraction followed by laparoscopic cholecystectomy
(LO); LC with intraoperative ERCP (Rendez-Vous tech-
nique); same-day approach of ERCP followed by LC, or
LC followed by postoperative ERCP; one-step laparo-
scopic cholecystectomy with common bile duct explora-
tion (LC with LCBDE); and one-step open surgery.**
Previous studies reported that one-step LC with LCBDE
was not inferior to preoperative ERCP followed by LC.%>°
Moreover, a recent meta-analysis showed higher CBDS
clearance rate in LCBDE compared with ERCP followed
by LC (94.1% vs. 90.1%; P = .012), retained stones rate
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(1.2% vs. 7.9%; P = .004), and stone recurrence rate (1.8%
vs. 5.6%; P=.005).”

LCBDE is becoming less common because international
guidelines recommend ERCP with stone extraction fol-
lowed by LC. Moreover, advanced techniques for stone
removal in ERCP such as mechanical lithotripsy, cholan-
gioscopy-assisted lithotripsy, electrohydraulic lithotripsy
(EHL), extracorporeal shock wave lithotripsy (ESWL), and
laser lithotripsy are increasingly common. However, sur-
gical treatment remains the treatment of choice in difficult
CBDS, especially in patients with large impacted CBDS or
altered upper gastrointestinal tract anatomy.>*?

The chopstick technique was first reported in the ophthal-
mology field for nucleus removal during phacoemulsifica-
tion in posterior capsule tear and impending dropped
nucleus.'” With the advent of minimally-invasive surgery,
several techniques in LCBDE procedure were developed.
Special instruments may be required for some techniques,
such as the Dormia basket, Fogarty catheter, and laser lith-
otripsy. We initially performed the LCBDE using the chop-
stick technique that requires only two basic laparoscopic
instruments, such as the blunt-tipped graspers and bowel
clamps. This technique may be particularly advantageous
in rural hospitals where few instruments are available and
budgets are restricted. Therefore, we studied the surgical
outcomes of the chopstick technique.

MATERIALS AND METHODS

This study was reviewed and approved by the
Institutional Review Board. We searched a database for all
patients that underwent LCBDE in our center between
January 1, 2012 to April 30, 2019. We excluded patients
with active cholangitis grade B and C, primary CBDS, and
patients with choledochal cyst or bile duct malignancy.
The primary outcome was the stone clearance rate by
chopstick technique. Patient demographic data, preopera-
tive data, operative technique, and operative results
including stone clearance rate, the conversion rate, the
operative time, blood loss, length of hospital stay, compli-
cation and other associated factors were collected. Data
analysis was performed using SPSS version 21.0.

OPERATIVE TECHNIQUES

Ports were placed in the reverse Trendelenburg right-side
up position (Figure 1). The peritoneum covering Calot’s
triangle was opened in infundibular approach. To charac-
terize the CBDS size and location, we controlled the cystic
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Figure 1. Positioning and port placement.

artery then routinely performed the transcystic intraopera-
tive cholangiography (IOC). In the CBD exploration
phase, the peritoneum and fat covering anterior side of
CBD was partially excised, aspirated by the 25G needle to
confirm bile, and vertical choledochotomy was performed
anteriorly with the incision size calibrated to the largest
stone diameter. To extract CBDS, we first attempted the
chopstick technique using two atraumatic blunt-tipped
instruments, such as the bowel clamp or grasper, to press
and milk the CBD stone in both distal and proximal sides
according to the IOC. The left-handed instrument, via the
port just lateral to midclavicular line, was placed on the
posterolateral side that the blunt-tipped instrument was
gently applied just across the CBDS, avoiding portal vein
injury. The other (right-handed), via epigastric port, was
placed on the anteromedial side of CBD to form a chop-
stick to extract CBDS via the choledochotomy (Figure 2).

If a retained stone was detected, other instruments for
stone extraction (e.g., Dormia basket, Fogarty catheter)
were requested and extraction was reattempted. After
stone removal, the completeness of CBDS clearance was
confirmed by intraoperative choledochoscopy with irriga-
tion in all cases. After CBDS complete clearance, the chol-
edochotomy was closed with interrupted intracorporeal

Lt-handed instrument
Rt-handed instrument

Choledochotomy

CBD stone

X‘
Duodenum ; |‘

Figure 2. Instrument position for chopstick technique.
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absorbable sutures via the previous 12-mm port. We gen-
erally required no T-Tube placement, except in cases
with incomplete ductal clearance or unhealthy tissue. A
closed-system drainage was then placed at the subhepatic
area.

RESULTS

A total of 32 cases were included consisting of 15 males
(46.9%) and 17 females (53.1%) with the mean age of 62.5
+/— 14.6 years. The average body mass index (BMI) was
24.3 +/— 4.0kg/m.”> Ten (31.3%) patients had diabetes,
17 (53.1%) had hypertension, 13 (40.6%) had dyslipide-
mia, 1 (3.1%) had chronic kidney disease, 5 (15.6%) had
underlying cardiac problems such as coronary artery dis-
ease or arrhythmia, and 2 (6.3%) had liver cirrhosis. Five
(15.6%) were American Society of Anesthesiologists (ASA)
class I, 22 (68.8%) were ASA class II, and 5 (15.6%) were
ASA class III. Previous cholangitis treated by antimicro-
bials with or without ERCP was found in 17 cases (53.1%),
previous upper abdominal surgery, such as gastrectomy,
gastrojejunostomy, cholecystectomy, in 5 cases (15.6%),
and previous lower abdominal surgery, such as appen-
dectomy or Caesarean delivery, in 4 cases (12.5%). The
average number of preoperative ERCP sessions were 2.41
+/— 1.2 times, ranging from 1 — 6 sessions, which 53.1%
of cases had undergone 2 sessions of ERCP. In average,
LCBDE was performed after the latest ERCP around 77.34
+/— 58.61 days. The most common indication for LCBDE
was a large impacted stone unable to be removed by
ERCP (22 cases, 68.8%). The other indications included
Mirizzi’s syndrome 4 cases (12.5%), altered anatomy 3
cases (9.4%), distal CBD stricture 2 cases (6.3%), and
recurrent stone 1 case (3.1%).

To identify the CBDS characteristics, ERCPs were used as
the latest preoperative imaging in 21 cases (65.62%), com-
puted topography (CT) of upper abdomen in eight cases
(25.0%), and magnetic resonance cholangiopancreatogra-
phy (MRCP) in three cases (9.38%). The preoperative
imaging showed that the mean of maximal CBDS diame-
ter was 16.25 +/— 7.6 mm, the average number of CBDS
was 1.66 +/— 1.3, and the mean CBD diameter was 15.22
+/—4.2mm.

All patients were managed with the previously described
LCBDE step. The average operative time was 195.1 +/—
50.0 minutes and estimated blood loss was 110.03 mL +/-
114.9mL. Complete CBDS clearance was demonstrated by
choledochoscopy in all cases where the chopstick technique
with normal saline solution flushing via choledochoscopy
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could achieve complete CBDS removal in 21 cases (65.5%).
In the remaining cases, other stone extraction devices were
used that the overall CBDS clearance rate observed by com-
plete choledochoscopy was 96.88%. The conversion to open
surgery was found in nine cases (28.13%). The causes of con-
version were tight intraabdominal adhesion in five cases
(15.6%), CBDS removal failure in two cases (6.3%), and
uncontrolled bleeding from liver base in two cases (6.3%).
One patient (3.1%) with failed CBDS removal, T tube was
placed then was managed by interventional radiologists and
endoscopists. In ductal closure, the CBD was primarily
sutured in 29 cases (90.6%) and T tube placement in three
cases (9.4%).

The average length of hospital stay was 7.7 +/— 4.5 days.
There was no major complication or 30-day mortality.
Minor complications consisted of superficial surgical site
infection in four cases (12.5%), bile leakage in four cases
(12.5%). Two cases (6.3%) needed an additional course of
antimicrobials while two cases (6.3%) needed further per-
cutaneous drainage. Liver failure occurred in one case
(3.1%), atelectasis in one case (3.1%), ileus in one case
(3.19%), and electrolyte imbalance in one case (3.1%). No
surgical intervention was requested to correct these
complications.

Increased age, increased stone number, longer period of
the latest ERCP session, and history of previous upper ab-
dominal surgery were significantly associated with the
need for additional extraction instruments (p-value 0.028,
0.024, 0.032, and 0.037 respectively), while BMI, maximal
stone and CBD size, the number of ERCP sessions, history
of cholangitis, and previous lower abdominal surgery
were not associated. Focusing on the operations that
needed additional tools, the mean patients’ age was
68.5 years, average stone number was 3.07, and the dura-
tion of latest ERCP was 100.67 days.

Previous upper abdominal surgery was significantly asso-
ciated with the conversion to open surgery (Relative risk
(RR) 4.32, p-value 0.015), while age, BMI, the number of
stone, maximal stone and CBD size, the number of ERCP
sessions, history of cholangitis, and previous lower ab-
dominal surgery were not associated.

DISCUSSION

Several approaches may be used to manage choledocholi-
thiasis. The two most common approaches are ERCP fol-
lowed by LC, the current standard, and the single-step
LCBDE. In meta-analysis from 1,757 patients, Pan L., et al.
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reported that the CBDS clearance rate in LCBDE was higher
than ERCP then LC (94.1% vs. 90.1%; P = .012), but less in
retained CBDS (1.2% vs. 7.9%; P = .004) and CBDS recur-
rence (1.8% vs. 5.6%; P = .005).” LCBDE can avoid ERCP-
related complications, such as pancreatitis, cholangitis,
bleeding, or perforation; and permanent injury to Oddi’s
sphincter that can cause papillary stenosis, and sine-materia
cholangitis (refluxing cholangitis). Furthermore, single-step
LCBDE decreased the number of hospital admissions, short-
ened the length of stay, and lowered hospital costs.%!!
Anyhow, preoperative ERCP may facilitate LCBDE in some
ways. Firstly, endoscopic stent may decrease the stone size,
soften stone, and reduce the cholangitis events.'? Secondly,
stent and endoscopic sphincterotomy (EST) released CBD
pressure resulting in decreased leakage rate."® Thirdly, if
EST size was sufficient, CBDS could be removed into duo-
denum by pushing technique in experienced surgeons.
Thereby, the difficult CBDS treatment needs the multidisci-
plinary team, consisted of endoscopists, surgeons, and inter-
ventional radiologists.

If evidence supporting LCBDE in CBDS treatment
becomes clearer, the single-step LCBDE may become the
first line treatment. Therefore, learning how to perform
the LCBDE by several techniques and intracorporeal
suturing are essential. The learning curve of surgeons to
perform LCBDE with primary closure, observed by reduc-
tion in operative time and complication rate, required
more than 54 cases.'

The chopstick method for LCBDE is effective and could be
considered a first-line technique in hospitals with experi-
enced surgeons. It is relatively simple and reduces costs
associated with more complex instruments. In our study,
this technique resulted in complete stone removal in 65.5%
of cases. Moreover, other CBDS extraction techniques are
associated with specific complications. For example,
Dormia basket can cause ductal mucosal injury during
extraction and EHL can cause cholangitis.'>'® Although the
limitation of chopstick technique was the CBDS in intra-
pancreatic, intraduodenal, and intrahepatic location, the
possible perfect candidates for this technique were 1 — 2
large CBDS superior to pancreatic border without previous
upper abdominal surgery. CBD diameter should be greater
than 6mm for transcholedochotomy removal.'” In intra-
pancreatic or intraduodenal CBDS, the additional surgical
extraction techniques or other advanced endoscopic treat-
ments may be beneficial. From our results, preparation of
additional extraction instruments, or referral to a tertiary
center with advanced skills in LCBDE, may be considered
in patients with advanced age, multiple CBDS, longer
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period of preoperative ERCP, and history of previous
upper abdominal surgery. The waiting period after ERCP
seemed to be long in our institute because we believed
that the decrease in inflammation degree over the time
may simplify the operation; however, the results revealed
that the longer waiting time was associated with failed
chopstick technique.

To confirm CBDS removal, IOC or choledochoscopy were
used. In a randomized trial, Vindal, et al. reported that chol-
edochoscopy was better than IOC for CBD stone clearance
confirmation after transcholedochal LCBDE because the
non-passage of contrast into the duodenum could be a
false-positive in TOC group due to Oddji’s sphincter transient
spasm. Moreover, IOC consumed more operative time than
cholangioscopy (170 vs. 140 minutes, P < .001)."*' In our
center, we prefer to use the choledochoscopy via the epi-
gastrium port to confirm the complete CBDS clearance via
the choledochotomy site. However, if instrument availability
was an issue, particularly in a rural or secondary hospital,
IOC can be used as the confirmation tool after laparoscopic
CBDS removal with additional glucagon administration for
sphincter relaxation.

The open conversion rate of LCBDE varies from 4.2 —
43.19%.2* Multivariable analysis indicated that the con-
version to open surgery was associated with the maximal
CBDS diameter (odds ratio, [OR] 2.23), edema of CBD
(OR 12.5), and the number of stones (OR 3.438).%!
Another report found that prior antibiotic use (OR 2.98),
previous ERCP (OR 4.99), and abnormal biliary anatomy
(OR 9.37) were predictors of failed LCBDE.* In our study,
the conversion to open surgery rate was 28.13% and was
significantly associated with a history of previous upper
abdominal surgery (RR 4.32) while age, BMI, stone size
and number, history of cholangitis, or history of ERCP
were not significant. The most common causes of conver-
sion in our study were tight intraabdominal adhesion,
Calot’s triangle distortion, and difficult CBD identification,
possibly related from previous upper abdominal surgery.
Patients with previous upper abdominal surgery may
have increased risk for open conversion and needed to be
informed preoperatively. However, they were not contra-
indicated for LCBDE and chopstick technique. Another
cause of conversion was the large impacted CBDS making
complete laparoscopic removal difficult. In these cases,
open surgery with additional instruments, such as stone
forceps or T tube placement were required. We mostly
avoided T tube placement owing to no difference in
recurrent CBDS or stricture, but increase in complications
(e.g., dislodgement, infection, fluid and electrolyte
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imbalance, bile peritonitis, unhealed fistula, delayed duc-
tal stricture, etc.).”>** Therefore, we placed T tube only in
selected cases, such as retained CBDS and massive adhe-
sion around CBD or unhealthy tissue that may result in is-
chemia. Our 7.7-day-hospital stay seemed to be long as a
result of open conversion rate and postoperative compli-
cations. However, all complications were minor, required
for radiologic intervention in 6.3% of cases, and no surgi-
cal intervention.

Even with the arrival of endoscopic technologies such as
mechanical lithotripsy, cholangioscopy-assisted  litho-
tripsy, EHL, laser lithotripsy, and ESWL,”*> surgeons must
try to improve the effectiveness of CBD clearance in lapa-
roscopic surgery that still fails in 10%—15% of cases.®!'' To
improve the operative technique for LCBDE in the tertiary
or referral center, there are many novel techniques for dif-
ficult CBDS management during surgery (e.g., intraopera-
tive EHL or ESWL), which performed under the direct
visualization to avoid the ductal mucosal injury, or laser
lithotripsy that can be used without visual control.""

Our study has limitations. We used a retrospective
approach with a small sample size that may limit the gen-
eralizability of our findings. To improve understanding of
the value of this operative technique, a prospective large-
scale randomized trial is needed.

CONCLUSION

LCBDE is the main technique for difficult CBDS where en-
doscopic treatment has failed and has the potential to
become a first-line treatment in the future. The chopstick
technique can be considered as first choice to remove
CBDS due to instrument availability and cost-effectiveness
with comparable surgical outcomes. The 1 — 2 large CBDS
superior to pancreas without previous upper abdominal
surgery were good candidates for the chopstick tech-
nique. Additional extraction instruments should be read-
ied during the LCBDE in patients with increased age,
multiple CBDS, longer period of preoperative ERCP, and
previous upper abdominal surgery.
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