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Abstract

Background Laparoscopic common bile duct exploration (LCBDE) is relatively a new approach for clearing choledocholithi-
asis. The aim of this study is to assess the safety of this approach to clearing common bile duct (CBD) stones on an index
admission including emergency setting.

Methods Retrospective data collection and analysis were carried out for 207 consecutive cases of LCBDE performed in
Royal Cornwall Hospital over 6 years (2015-2020). Patients were divided into two groups (Index admission vs elective)
then both groups compared.

Results A total of 207 cases of LCBDE were performed in our unit during the time period. One hundred twenty-two opera-
tions were performed on the index admission and 85 on a subsequent elective list. Mean operative time was 146 + 64 min in
the index admission group and 145+ 65 min in the elective group (p=0.913). Length of stay post-operatively was
3.3+ 6.3 days in the index admission cases and 3.5 +4.6 days after elective cases.

Successful clearance was achieved at the end of the operation in 116 patients in the index admission group, clearance failed
in one case and negative exploration in 5 patients. In the elective group 83 patients had a successful clearance at the end of
the operation, and 2 patients has had a negative exploration.

Twelve patients (index admission group) and 8 patients of the elective cases required post-operative Endoscopic Retrograde
Cholangiopancreatography (ERCP) to manage retained stones, recurrent stones and bile leak (p =0.921). Three patients
required re-operation for post-operative complications in each group.

Conclusion Common bile duct exploration in index admission is safe with high success rate if performed by well-trained
surgeons with advanced laparoscopic skills.

Keywords Choledocholithiasis - Emergency surgery - Laparoscopic CBD exploration

Introduction

Choledocholithiasis is a common problem and can be found
in around 20% of patients with symptomatic gallstones
[1]. Patients with choledocholithiasis may present acutely
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with cholangitis, pancreatitis, obstructive jaundice or it
can be an incidental finding in patients with cholecystitis
or biliary pain. Up to 50% of choledocholithiasis may not
demonstrate any clinical, chemical or radiological evidence
pre-operatively [2]. In the literature there is evidence that
up to 15% of patients who have pre-operative endoscopic
clearance may still have common bile duct (CBD) stones
at time of laparoscopic cholecystectomy (LC). Hence, it is
recommended to perform intra-operative imaging even if
ERCP was performed pre-operatively [3, 4].

Common bile duct stone management is a challenge and
usually requires multimodal treatment and a multidiscipli-
nary approach. It can include pre-operative, intra-operative
or post-operative ERCP or concomitant LC and LCBDE.
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The best approach in managing concomitant gallbladder and
CBD stones is still controversial especially in an emergency
presentation with moderate or severe cholangitis.

Most of the evidence in the published literature studied
heterogenous group of patients who had both elective and
emergency LCBDE with very few comparing or studying
the efficacy and safety of performing the procedure in the
index admission.

In the last 10 years there are some studies in the literature
comparing early vs late elective LCBDE for treating mild
and moderate cholangitis [5, 6]. These showed that it is safe
and efficient to perform the procedure in emergency settings;
however, these studies do not present a strong recommenda-
tion or high quality of evidence.

Complications of CBD stones usually carry a significant
morbidity and mortality if not treated promptly and in a
timely manner.

The aim of this study is to assess the feasibility, safety
and efficacy of performing LCBDE in the index admission
including cases with Tokyo 2018 graded mild and moderate
cholangitis (Tokyo guidelines 2018) [7].

Materials and methods

Data was collected retrospectively from all patients who
had LC + LCBDE between January 2015 and December
2020 in our hospital. Patients were excluded if they had
a previous cholecystectomy or their CBD was flushed
under ultrasound or fluoroscopic guidance without use
of a choledochoscope.

Pre-operative data including age, sex, American Soci-
ety Of Anesthesiologists (ASA), pre-operative investiga-
tions (biochemical and radiological), pre-operative CBD
diameter and indication for surgery were recorded. Intra-
operative data included the CBD approach for exploration
Trans-cystic (TC) vs Transductal (TD), duration of opera-
tion, conversion to open surgery, radiological modality
used for intra-operative confirmation of CBD stones—
Ultrasound (US) vs Intra-operative cholangiogram (I10C),
size and number of stones, use of drains and T-tubes.
The completeness of clearance at the end of the operation
was recorded, and any evidence of retained or recurrent
stones were documented, with post-operative length of
stay, complications requiring intervention, CBD strictures
and mortality.

The patients were allocated into two groups for analysis:
those who had the operation performed on the index admis-
sion, and those who had the operation performed on an elec-
tive list. No ethical approval of institutional human research
was required for this study.
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Definitions

Index admission group—Any patient who had
LC + LCBDE on the index admission regardless of the
presentation of the patient.

Elective group—AIll patients who had elective
LC+LCBDE or elective LC with incidental CBD stones
found intra-operatively.

The diagnosis of acute cholangitis or cholecystitis was
made according to Tokyo Guidelines 2018 [7]. Pancreatitis
was defined according to Atlanta criteria [8].

Any common bile duct stone discovered within the first
6 months post-operatively was considered a retained stone
and any stone discovered later than 6 months classified as
a recurrent CBD stone.

A drain was placed for all trans-ductal cases, with the
intention of removing the drain on the first post-operative
day if there were no bile in the drain. No drain was used
for the Trans-cystic cases.

Bile leaks were classified into either mild leak managed
conservatively and stopped without intervention where
the drain was present for more than 72 h post-operatively,
equivalent to International Study Group of Liver Surgery
(ISGLS) severity grade A [9], or significant leak requiring
endoscopic or surgical intervention.

Surgical procedure

A standard four port laparoscopic cholecystectomy technique
was used, with dissection of Calot’s triangle being performed
using critical view principals [10]. Following “milking back™
of stones from the cystic duct into the gallbladder, the cystic
duct was ligated with a surgical clip at the junction with
the gallbladder. Intraoperative assessment of the CBD was
performed using either a laparoscopic ultrasound technique
(IOUS) [11] or conventional fluoroscopic technique.

If choledochal stones were found, the diameter of the
common bile duct, the cystic duct and the largest stone
were measured to guide the approach for bile duct explora-
tion. For stones with a diameter less than the cystic duct, a
trans-cystic (TC) duct approach was attempted. For stones
exceeding the cystic duct diameter, a trans-ductal (TD)
approach via a CBD choledochotomy was used, if the CBD
diameter was 8 mm or more. However, surgeon preference
and experience also factored into choosing the approach
for the exploration.

For a TC approach, the cystic duct was opened with
scissors and gentle dilatation of the cystic duct was per-
formed with a Maryland dissector. A 3 mm choledocho-
scope (Karl Storz) was inserted into the cystic duct and
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advanced proximally with saline irrigation into the CBD.
Stones were extracted using a 1.9F or 2.4F Dormia basket
(Zero tip™ Nitinol basket, Boston Scientific). Following
successful extraction of stones, the CBD was examined
choledochoscopically and by IOUS to confirm complete
clearance.

For a TD approach, the anterior aspect of the CBD was
cleared by blunt dissection. Both sides of the CBD were
identified to ensure accurate positioning of a mid-ductal
vertical choledochotomy made using a laparoscopic chole-
dochotomy (Microfrance) knife. A 5 mm choledochoscope
(Karl Storz) was inserted into the CBD via the choledochot-
omy and the CBD examined with saline irrigation. Stones
were extracted using a combination of Dormia basket, for-
ceps and/or irrigation. Following successful extraction, the
extrahepatic biliary tree was examined choledochoscopically
to confirm complete duct clearance. The choledochotomy
was sutured closed using a continuous 4.0 Vicryl suture.

Following TD bile duct exploration, the cystic duct was
clip ligated and divided, and the gallbladder excised. A non-
suction 16F Robinson drain was placed sub-hepatically. The
drain was removed 24 h post-operatively if no bile drained.

Statistical analysis

Statistical analysis was performed using Sigma plot (Sys-
tat Software Inc). Quantitative variables were presented as
mean + standard deviation. Qualitative variables were pre-
sented as absolute value and percentage. p value < 0.05 was
considered statistically significant.

Results

Two hundred and seven patients had a LC + CBDE between
January 2015 and December 2020. These were carried out
electively in 85 patients (41%) and on the index admission
in 122 patients.

The mean age was 66 years in the elective group and
58 years in the index admission group (p <0.001), with
more female patients in both groups 62% in elective vs 66%
in index admission groups (p =0.003). There were simi-
lar proportions of ASA >2 and suspected CBD stones in
both groups. There were significantly more pre-operative
ERCPs in the elective group (41% vs 10%). There were no
significant differences in pre-operative imaging modalities,
or CBD diameter. Pre-operative LFTs were more abnormal
in the index admission group (Table 1).

The indication for LCBDE in the index admission group
was most commonly cholangitis, followed by jaundice and
cholecystitis (Table 2).

The vast majority of cases were finished laparoscopically,
with less than 6% converted to open in each group (Table 3).
Transcystic approach was utilized less often in both groups
(13% electively vs 23% index admission) and converted to
transductal in 7% electively vs 12% in the index admission
group, although these were not significantly different. The
number of stones were similar in both groups, though larger
in the elective group (9.4 mm vs 7.6 mm, p=0.002). There
was no difference in operative time between the groups.

There was a similar success rate both immediately and
6 months post-operatively (Table 4), with no difference

Table 1 Elective and index

admission groups

Elective (n =85) Index admission (n =122) p value

Age 66 (+14.3) years 58 (£17.8) years p<0.001
Sex, female 53 (62.4%) 81 (66.4%) p=0.003
ASA>2 25 (29.4%) 25 (20.5%) p=0.142
Suspected (vs Incidental) 71 (83.5%) 97 (79.5%) p=0.469
Pre-op ERCP 35 (41.2%) 13 (10.7%) p<0.001
Pre-op Imaging

MRCP 52 (60.5%) 66 (54.1%) p=0.350

[N 70 (81.4%) 111 (91.0%) p=0.066

CT 20 (23.3%) 28 (23.0%) p=0.924
CBD diameter (mm) 10.3 (2=4.7) 9.9 (+3.6) p=0.489
Pre-operative LFTS

Bilirubin (units/mL) 24.6 (£50.2) 53.7 (+64.0) p<0.001

ALP (units/L) 233.2 (£247.2) 279.0 (+200.3) p=0.143

ALT (units/L) 108.6 (+172.8) 256.0 (+243.9) p<0.001

Data expressed as mean (+ SD), absolute value and percentage or median (range)

ALT alanine transaminase, ALP alkaline phosphatase, ASA American Society of Anaesthesiologists, CBD
common bile duct, CT computerized tomography, ERCP endoscopic retrograde cholangiopancreatography,
LFTs liver function tests, MRCP magnetic resonance cholangiopancreatography, SD standard deviation, US

ultrasound
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Table 2 Indications for surgery in the Index Group

Indication for LCBDE in Index Total num- %

admission group ber=122

CBD stones + biliary pain 16 13.1

CBD stones +jaundice 26 21.3

CBD stones + cholangitis 37 30.3

Grade 1 Mild 22 59.5 of
cholangi-
tis cases

#Grade 2 Moderate 15 40.5

4Grade 3 Severe 0 0

CBD stones + pancreatitis 12 9.8

CBD stones + cholecystitis 21 17.2

Failed ERCP 10 8.2

Data expressed as mean (+ SD) or absolute value and percentage

CBD common bile duct, CT computerized tomography, ERCP endo-
scopic retrograde cholangiopancreatography

#Cholangitis grading according to Toyko Criteria [8]

Table 3 Intra-operative data

Elective (n =85) Index p value

admission

n=122)
Laparoscopic 80 (94.1%) 117 (959%) p=0.559
Conversion to open 5(5.9%) 54.1%) p=0.559
TC (vs TD) 11 (13.0%) 28 (23.0%) p=0.071
Converted TC to TD 6 (7.1%) 15(12.3%) p=0.222
10C 14 (16.5%) 11 (9.0%) p=0.107
10US 64 (75.3%) 103 (84.4%) p=0.103
Negative exploration 2 (2.4%) 5 (4.1%) p=0.498
Number of stones 2.6 (£3.9) 2.4 (£3.3) p=0.691
Size of largest stone 9.4 (+4.8) 7.6 (+3.4) p=0.002

(mm)

T-tube insertion 0 (0%) 3(2.5%) p=0.148
Operative time (min) 145 (£ 65) 146 (£ 64) p=0.913

Data expressed as mean (& SD) or absolute value and percentage

10C intra operative cholangiogram, /OUS intra operative ultrasound,
TC transcystic, TD transcholedochal

between post-operative length of stay. More patients who had
a LCBDE on their index admission were discharged before
the end of post-operative day 1 (56.6% vs 44.7%), though this
did not reach significance (p=0.08). There was no difference
in complication rate, be it re-operation rate for complications,
ERCEP rate for bile leak, retained or recurrent stones, or read-
mission or mortality rates.
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Discussion

Over the last 20 years the management of CBD stones
has significantly changed with the introduction of laparo-
scopic CBD exploration and the subsequent developments
and improvements in laparoscopic surgery and training.
The literature confirms the increasing number of LCBDE
cases performed per year [12, 13] with recent evidence
that LCBDE has become the method of choice to clear the
CBD in high volume centres [12].

ERCP and LCBDE are both recommended by the pub-
lished guidelines in the management of CBD stones and
have comparable efficacy and outcomes [14—16]. Evidence
suggests that the single stage LC + LCBDE usually results
in shorter hospital stay [17-19]. One metanalysis has dem-
onstrated that single stage LCBDE has higher success rate
than two-stage LC and post-operative ERCP approach
[20].

All the published guidelines on CBD stones manage-
ment including European Association of Endoscopic
Surgery (EAES), British Society of Gastroenterology
(BSG), The National Institute for Health and Care Excel-
lence (NICE), Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES), Tokyo Guidelines 2018
and the European Society of Gastrointestinal Endoscopy
(ESGE) do not yet give any high-level evidence on the best
approach to manage CBD stones in an emergency setting.

In our series we compared our index admission LCBDE
cases to those performed electively, and subsequently the
outcomes to the published literature. The index admission
group includes patients that presented with biliary colic,
cholecystitis, pancreatitis, cholangitis, jaundice and after
failed endoscopic procedure. Thirty-seven patients (30%)
had the operation to treat cholangitis, in which 15 had a
Tokyo grade II cholangitis (moderate).

In the literature, two studies have compared early and
elective laparoscopic choledocholithotomy for patients
with mild or moderate acute cholangitis associated with
choledocolithiasis. Early laparoscopic choledocholithot-
omy was safe, with no difference in the complication rate,
but both studies were carried out in the same institution,
had only a small number of cases with a high rate of exclu-
sions and did not demonstrate the safety of single-stage
laparoscopic choledocholithotomy in patients with moder-
ate acute cholangitis [5, 6].

Duct clearance rates at the end of the operation in
our series approached 100%; however, at 6 months this
dropped to 95.1% in the index admission group and 95.2%
in the elective group due to the discovery of retained
stones. This is consistent with the rate reported in the
literature ranging from 55 to 96.8% for ERCP and 75 to
100% for LCBDE [21, 22]. In comparison to our results in
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Table 4 Post-operative data

Elective (n =85) Index admission  p value
(n=122)
Clearance rate at the end of the operation 100% 99.2% p=0.409
Clearance rate after 6 months post op 95.3% 95.1% p=0.947
Post-op length of stay (days) 3.5(x4.6) 33(x6.3) p=0.803
Percentage discharged <1 Day 1 post-op 38 (44.7%) 69 (56.6%) p=0.08
Re-operation 3(3.5%) 3(2.5%) p=0.655
Bile leak 1 3 p=0.514
Bleeding 1 0 p=0.235
Visceral injury 1 0 p=0.235
Stricture 0 2 p=0.239
Post-op ERCP 8 9.4%) 12 (9.8%) p=0.921
Retained stones? 4 5 p=0.836
Recurrent stones” 4 4 p=0.604
Bile leak 0 2 p=0.239
Mild bile leak® 6 (7.1%) 9 (7.4%) p=0.933
TC 0 0
TD 6 9
Significant bile leak? 1(1.1%) 5 (4%) p=0.220
TC 1 0 p=0.235
TD 0 5 p=0.06
30-day readmission 7 (8.2%) 5 (4%) p=0.212
30-day mortality 1(1.1%) 0(0%) p=0.235

Data expressed as absolute value and percentage or mean (+ SD)

CBD common bile duct, CBDE common bile duct exploration, ERCP endoscopic retrograde cholangiopan-

creatography, SD standard deviation

“Retained stones were diagnosed unexpectedly post-operatively either on a follow up imaging or ongoing

LFTs abnormalities

PRecurrent stones were defined as a stone discovered more than 6 months from the date of the primary
operation; these were discovered more than 2 years post-operatively

“Mild bile leak defined as bile leak managed conservatively and stopped without intervention where the
drain was present for more than 72 h post-operatively. Equivalent to ISGLS Grade A

dSignificant bile leak requiring endoscopic or surgical intervention; equivalent to ISGLS grade B and C

the emergency group (Heterogenous group of TC and TD),
one study included homogenous 289 emergency Trans-
cystic LCBDE with 93.8% success rate [12], and another
published their lower success rate of 89% in emergency
LCBDE [1].

Retained stones and recurrence of stones in the common
bile duct are the most important indicator of the efficacy of
the procedure. In this series, 5 patients (4%) were found to
have retained stones within 6 months after index LCBDE
and 4 patients (4.7%) after elective surgery with no signifi-
cant statistical difference. This is comparable to previous
publications with rates ranging 1-5% [23-25].

In this series, almost all the cases in the index group
achieved successful clearance of the CBD at the end of the
operation except in one case. Intra operative confirmation of
clearance was achieved with choledochoscopy and or chol-
angiography or IOUS. Five patients were noted to have a
negative exploration in this index admission group.

There was no significant difference in the duration
of the operation between the two groups. In the index
admission cases it was 146 + 64 min, comparable to the
elective group. In a small case series published recently,
the duration of operation in the emergency LCBDE was
105 min [5] and 97 min in another publication [26], both
with mixed cases of both TC and TD approach. In a series
of emergency TC LCBDE duration of operation was
122 + 63 min [12]. In another series of 62 patients who
has had a TD emergency LCBDE, the mean operative time
was 135 min [1].

Planning the operative approach is crucial to avoid longer
operative time, reduce the conversion rate from TC to TD
approach and/or reduce the time spent in clearing larger
numbers of stones using the trans-cystic approach. There
is evidence in the literature to consider the presence of 10
stones or more as a contraindication for the TC approach
[27].
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In our study, the rate of conversion to open surgery in
the index admission and elective groups were 4% and 5.8%
respectively with no statistical significance. The conversion
rate in emergency group of LCBDE ranges from 0 to 4%
in the literature [1, 5]. All the converted cases were in the
first 3 years or the first half of the period this study covered.
This trend has been previously noticed in another series, and
it is usually an indicator of the importance of training and
improving laparoscopic skills [26, 28].

Bile leak rates vary significantly between previously pub-
lished papers due to variations in the definition of post-oper-
ative bile leak. In the index admission group in this study
there were 5 cases (4%) of bile leak that required interven-
tion; 2 were managed with post-operative ERCP and stenting
(ISGLS grade B), and 3 cases returned to theatre for surgical
washout (ISGLS grade C). Aawsaj et al. [1] reported a high
rate of 13% bile leak requiring surgical or endoscopic man-
agement in their emergency LCBDE cases. Notably, they
used a T-tube in 15% of their cases, with PDS sutures to
repair the CBD, both of which the authors considered pos-
sible factors in the higher rate of bile leak. In another group
of 81 patients undergoing emergency LCBDE but with pri-
mary closure of the choledochotomy the percentage of bile
leak was much lower at 3.7% [26] which is comparable to
our results. In another group the percentage was 6% without
a clear definition of the bile leak [29].

It is also important to consider the number of the TC
cases performed in any series as the rate of bile leak is much
less in this approach even in emergency settings. The rate
of bile leak was only 1% in a series of 289 emergency TC
LCBDE from Argentina [12].

In our series we sub classified bile leak into major leak
required intervention or minor leak recognized by delayed
removal of the drains more than 3 days post-operative. This
increases the total number of cases with any bile leak in the
index admission group to 14 cases (11.5%).

Mean length of stay post-operatively was 3.3+ 6.3 days in
the index admission group and 3.5 +4.6 days after elective
cases. More than half of the patients in the index admission
group was discharged on day one post-operatively. This is
similar to previously published literature in a heterogenous
group of both elective and emergency cases with a median
length of stay 3 days [30].

One patient in the index admission group developed stric-
ture after TD approach; however, this patient was diagnosed
with Mirrizi type 1 intra operatively and has since been lost
to follow-up. In the literature to date there is no significant
data on long-term complications and follow-up, and hence
this complication is possibly underestimated. The rate of stric-
ture after LCBDE is reported with a range of 0-0.8% [31-33].

Early in the twenty-first century there was strong evi-
dence against using T-tubes with 11-15% risk of morbidity
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[34-36], and so we do not routinely use a T-tube in our
practice, and we are very selective in the use of this
approach. In this series, it was used in only 3 patients in
the index admission group and none in the elective group.
Those patients had already failed ERCP pre-operatively.
One patient was found to have a stricture in addition to a
stone, one failed the clearance at the end of the operation
due to a large, impacted stone, and the third patient had
a Mirrizi syndrome. Few studies have demonstrated that
closure of the choledochotomy primarily in emergency set-
ting is as safe as in elective operations [37, 38].

Re-operation was required in 3 cases in the index admis-
sion group (2.5%), and that was surprisingly less than the
re-operation rate in the elective group (3.5%); however,
this was not statistically significant. One possible reason
for this is the complexity of some of the elective cases as
41.2% of them were performed after a failed ERCP.

This study has some limitations; first, it is a retrospec-
tive observational study. However, the data was collected
for consecutive cases of LCBDE to minimize the effect
of this and minimize the bias. The number of cases is not
large, with only 121 patient in the index admission group;
however, this number is similar or larger to previous publi-
cations comparing emergency and elective LCBDE. There
was no regular follow-up for all the patients, and this may
affect the results and the outcome. It represents a single
centre experience rather than multi-centre study. Despite
these limitations, this study presents a pragmatic assess-
ment of the techniques for both elective and index admis-
sion cases. Randomized control multicentre studies are
the way forward.

In conclusion, laparoscopic common bile duct explora-
tion is becoming more popular in the UK as an alterna-
tive option to the classical endoscopic approach for the
treatment of common bile duct stones. However, we still
emphasize that none of those techniques is a replacement,
but they complement each other. In our opinion, LCBDE
is safe and effective option in index admissions including
mild and moderate cholangitis given that the necessary
expertise and instrumentation are available.
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