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Abstract

Background and aim To audit short- and long-term out-
comes after laparoscopic common bile duct exploration
(LCBDE) and factors influencing the success of the lapa-
roscopic treatment.

Methods From January 1999 to December 2011, 288
patients (93 males) underwent a single-stage laparoscopic
cholecystectomy combined with LCBDE in two Finnish
Hospitals. Short-term outcome data were collected prospec-
tively. Long-term outcomes were examined retrospectively.
The main measures of outcome were the success of laparo-
scopic CBD stone clearance and recurrence of CBD stones in
the long-term, with 30-day mortality, morbidity, and the length
of postoperative hospital stay as secondary outcome measures.
Results CBD stones were successfully removed by one-
stage laparoscopic procedure in 232 of the 279 patients
(83.2 %) with verified CBD stones and after conversion to
open surgery in additional 28 patients (93.2 %). Nineteen
patients (6.8 %) having residual stones after surgery were
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successfully treated with postoperative ERCP. On multivari-
ate analysis, the independent factors associated with a failed
laparoscopic stone clearance were stone size over 7 mm [OR
3.51(95 % CI11.53-8.03), p = 0.003], difficult anatomy [OR
18.01 (5.03-64.49), p < 0.001] and transcholedochal
approach [OR 2.98 (1.37-4.47), p = 0.006]. Laparoscopic
stone clearance also failed in all 11 patients having impacted
stones at the ampulla of Vater. Cumulative long-term recur-
rence rate was 3.6 % at 5 years and 6.0 % at 10 years. Thirty-
day mortality was 0.3 % and morbidity 12.2 %. Postoperative
hospital stay was median 2 (IQR 1-3) days after transcystic
CBD removal and 4 (IQR 3-7) days after transcholedochal
CBD removal, p < 0.001.

Conclusion  Our results show that one-stage LC combined
with LCBDE stone clearance is safe and effective in most
patients thus reducing the number of additional, potentially
dangerous endoscopic procedures. Moreover, large or
impacted stones are a risk factor for failed stone clearance.

Keywords Laparoscopy - Bile duct stone -
Choledochoscopy

In the era of open cholecystectomy, open bile duct surgery was
superior to preoperative endoscopic retrograde cholangiog-
raphy (ERCP) in achieving common bile duct (CBD) stone
clearance [1-5]. The introduction of laparoscopic cholecys-
tectomy in the early 90’s was associated with increased use of
ERCP and endoscopic sphincterotomy (ES) to treat CBD
stones because operative clearance of CBD stones along with
laparoscopic cholecystectomy was not considered technically
possible [6]. Today, patients with CBD stones undergoing
laparoscopic cholecystectomy can be managed by laparo-
scopic CBD exploration and stone removal at the time of
surgery, or by pre-, intra or postoperative ERCP [7, 8].
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The goal of therapy in choledocholithiasis is to achieve
ductal clearance with the fewest number of interventions,
least morbidity and lowest costs. Current evidence suggests
that laparoscopic CBD stone clearance is as efficient as
pre- or postoperative ERCP/ES resulting in a reduced
number of total procedures, shorter hospital stay and sim-
ilar mortality and morbidity [9-15]. Despite good short-
term outcomes after laparoscopic CBD stone removal the
management of CBD stones in patients who need to
undergo cholecystectomy is still controversial and most
surgeons prefer two-stage treatment strategy.

Long-term complications after laparoscopic CBD stone
removal such as bile duct strictures and recurrent stones are
scantily reported in the literature [16—18]. We therefore
examined short and long-term results of one-stage laparo-
scopic cholecystectomy and CBD stone removal and fac-
tors influencing the success of the laparoscopic treatment.

Materials and methods

From January 1999 to December 2011, 288 patients with
gallbladder stones and suspected CBD stones underwent
laparoscopic cholecystectomy combined with laparoscopic
CBD exploration (LCBDE) at the Central Hospital of
Central Finland (N = 198) and at Hyvinkdd Hospital in
Hospital District of Helsinki and Uusimaa (N = 90).
Central Hospital of Central Finland is a university affiliated
to large teaching hospital. The technique of LCBDE was
first adopted by IK after an appropriate training course in
1995. The study patients were operated by four experi-
enced laparoscopic upper GIl-surgeons trained by IK and
having large experience in open and laparoscopic chole-
cystectomies. Included were patients undergoing elective
or emergency laparoscopic cholecystectomy with preop-
erative or intraoperative confirmation of choledocholithia-
sis, as well as patients with gallbladder in situ having
residual CBD stones after preoperative ERCP/ES. Exclu-
ded were patients with severe pancreatitis or cholangitis, as
well as patients with significant comorbidity in whom a
prolonged laparoscopic procedure would have been
potentially harmful. Common bile duct stones were sus-
pected on the basis of clinical, laboratory, ultrasonographic
and since 2002 preoperative magnetic resonance cho-
langiopancreaticography (MRCP) findings in 288 patients
and verified in 279 patients by intraoperative cholangiog-
raphy (IOC) and choledochoscopy. Before the MRCP era
ERCP was occasionally used to diagnose and treat CBD
stones.

Preoperative and short-term outcome data were collected
prospectively. Long-term outcome was investigated retro-
spectively using a mailed, self-completed questionnaire
about jaundice, diagnosis and treatment of recurrent CBD
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stones, as well as the date of diagnosis of recurrent stones.
Missing data were completed by phone calls. Hospital
records were also carefully reviewed. The causes of death
were obtained from the National Cause of Death Registry.
The study was approved by the hospital administration.

Surgical technique

A standard operative technique was used as described ear-
lier [19]. A 4-trocar technique was used for laparoscopic
cholecystectomy. After verification of CBD stones by
intraoperative cholangiography, a fifth 5 mm trocar was
introduced under the right costal margin in midclavicular
position for the choledochoscope. Transcystic (TC) CBD
exploration was preferred for stones less than 7-8 mm in
diameter, stone number <3, and if the cystic junction was
lateral. Choledochotomy was chosen for large stones
(>7-8 mm) causing ductal dilatation, multiple stones, if the
CBD stones were situated above the cystic duct junction or
the cystic junction was posterior, or if the TC approach
failed. Stones were removed using Dormia basket, Fogarty
balloon catheter or flushing and pushing techniques as
described in the literature [20]. The cystic duct was not
routinely dilated. Hyoscine butylbromide (Buscopan) was
used to relax the sphincter of Oddi. The clearance of CBD
was confirmed with choledochoscopy and/or cholangiog-
raphy. If residual stones were detected intraoperatively they
were removed by repeated choledochoscopy or conversion
to open procedure in order to achieve one-stage clearance of
the CBD stones. Choledochotomy was closed using 4-0 or
5-0 absorbable interrupted monofilament sutures. In the
beginning of our series, T-tube was inserted routinely after
choledochotomy. Later on T-tube was used selectively and
the decision to insert a T-tube or to do a primary choledo-
chotomy closure was left to the discretion of the operating
surgeon. The cystic duct was closed by clips or sutured.
Cholecystectomy was performed after laparoscopic CBD
clearance with a diathermy hook in a retrograde manner. An
abdominal drain was placed in the sub-hepatic space and
removed postoperatively if no bilious drainage was detec-
ted. T-tube was removed 8-10 days after surgery in the
outpatient department. The indications for postoperative
ERCP were uncertainty about complete CBD stone clear-
ance during the index operation, residual stones shown by
postoperative T-tube cholangiography, or postoperative bile
leakage or jaundice.

Definitions

Conversion to open surgery was defined as a necessity to
interrupt the laparoscopic procedure and to proceed with
open technique. Postoperative 30-day complications were
classified according to the Dindo-Clavien classification
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Table 1 Baseline characteristics

Table 2 Operative data in the 279 patients with verified CBD stones

N =279 N =279
Age, mean (SD) (years) 57.2 (19.3) Operation time, median (IQR) (min) 145.0 (114.0-180.0)
Male sex, n (%) 91 (32.6) Intraoperative diagnosis of CBD stones
BMI (kg/mz), mean (SD) 27.0 (4.8) Cholangiography, n (%) 259 (92.8)
ASA I-11, n (%) 186 (66.7) Choledochoscopy, n (%) 279 (100.0)
ASA 1II-1V, n (%) 93 (33.3) Conversion to open surgery, n (%) 37 (13.3)
Diagnostic workup, n (%) Reasons for conversion
Preoperative ERCP 27 (9.7) Difficult or unclear anatomy® 17
Preoperative MRCP 153 (54.8) Suspicion of CBD perforation® 2
Intraoperative cholangiography 259 (92.8) Failed clearance of impacted stone at 11
Choledochoscopy 279 (100.0) ampulla of Vater
Clinical symptoms® Failed clearance of large CBD stones 2
Acute cholecystitis, n (%) 37 (13.3) Mirizzi syndrome 1
Clinical jaundice, n (%) 61 (21.9) Obesity 1
Biliary pain, n (%) 228 (81.7) Technical problem 1
Previous biliary pancreatitis, 1 (%) 29 (10.4) Posterior insertion of cystic duct, narrow 1
Abnormal liver tests, n (%) 168 (60.2) CBD
. . . . Intraoperative bleeding 1
Histopathological diagnosis
Acute cholecystitis 37 (133 %) Successful .CBD stone clearance, n (%) 279 (100.0)
Chronic cholecystitis 219 (78.5 %) Laparoscopic .CBD stone clearance 232 (83.2)
Normal gallbladder 23 (8.2 %) After conversion to open surgery 28 (10.0)
After postoperative ERCP for retained stones 19 (6.8)
4 Figures in the column are not additive because many patients had Stone size, median (IQR) (mm) 6.0 (5-8)
more than one symptom . .
Transcystic removal 5.0 (4-7)
Transcholedochal removal 8.0 (5.7-11.3)
Stone number, median (IQR) 2 (1-3)
[21]. Primary treatment failure was defined as a failure of Transcystic removal 1 (1-3)
CBD stone clearance by laparoscopic means and necessity Transcholedochal removal 2 (14)

to do a conversion to open surgery or postoperative ERCP
in order to complete duct clearance. Retained CBD stones
were defined as stones detected within 1 year after the
index operation, and recurrent stones were defined as
stones found 1 year after the index operation. Difficult
anatomy was defined as an unclear anatomy in the hepa-
tocystic triangle due to severe adhesions, fibrotic scarring,
posterior insertion of the cystic duct to CBD or if the
patient had a Mirizzi syndrome.

Statistical analysis

The data are presented as means with standard deviations
(SD), medians with interquartile range (IQR) or counts
with percentages. The 95 % confidence intervals (95 % CI)
are given for the most important outcomes. The groups
were compared using the Mann—Whitney U-test or the y°-
test. Cumulative recurrence rate analysis was based on the
product limit estimate (Kaplan—-Meier) of the cumulative
“survival “function. Binary logistic regression analysis
was used to assess factors affecting the success of laparo-
scopic CBD clearance. Statistical analyses were performed
using SPSS statistical software.

# Adhesions, chronic inflammation, Mirizzi syndrome
° No perforation found at exploration

¢ Transcystic versus transcholedochal, p < 0.001

Results

Baseline characteristics of the 279 patients are shown in
Table 1. The diagnostic work-up included preoperative
MRCP in 153 (54.8 %), intraoperative cholangiography in
259 patients (92.8 %), and choledochoscopy in all patients.
In addition, preoperative ERCP with CBD stone removal
was done in 27 patients (9.7 %) still having CBD stones at
the time of LC. Biliary pain was the most common pre-
senting symptom (81.7 %) followed by jaundice (21.9 %),
signs of acute cholecystitis (13.3 %), and history of pre-
vious biliary pancreatitis (10.4 %). Histopathological
findings of the gallbladder are shown in Table 1.
Intraoperative data are shown in Table 2. Common bile
duct exploration was performed via the cystic duct in 177
of the 279 patients (63.4 %) and through a choledochotomy
in 102 patients (36.6 %). Conversion to open surgery was
necessary in 37 patients (13.3 %) because of failed
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Table 3 Short-term outcome (N = 279)

30-day mortality, n (%)* 1(0.3)
30-day overall morbidity, n (%) 34 (12.2)
General 16 (5.7)
Myocardial infarction 1(0.4)
Heart insufficiency 2 (0.7)
Asthma worsening 1(0.4)
Atelectasis 2 (0.7)
Renal insufficiency 1(0.4)
Urinary tract infection 3 (1.1
Postoperative dizziness 1(0.4)
Fever, unknown origin 5(1.8)
Surgical 18 (6.5)
Sepsis (Clostridium. perfringens) 1(0.4)
Bile leak” 7(2.5)
Hemorrhage 3(1.1)
Trocar site hernia 2 (0.7)
Abscess 2 (0.7)
Wound infection 3 (1.1
Dindo-Clavien severity grade IIIb-V, n (%) 12 (4.3)
Reoperations, n (%) 3(1.1)
Readmissions, n (%) 1(0.4)
Postoperative stay, median (IQR) d 3 (2-5)
Transcystic method® 2 (1-3)
Transcholedochal method 4 (3-7)
postoperative ERCP 28 (10.0)
Retained stones 19 (6.8)
Bile leak 4 (1.4)
Bile duct stricture 1 (0.36)
Suspicion of residual stones 4(1.43)

# Severe Clostridium Perfringens sepsis

° Bile leak: ERCP and stenting 4, reoperation and T-tube 2, pro-
longed T-tube drainage 1

¢ Transcystic versus transcholedochal p < 0.001

laparoscopic stone clearance in 13 patients (35.1 %) and
other causes (64.9 %) making the laparoscopic operation
difficult (Table 2). In the emergency operations, the con-
version rate to open surgery was significantly higher than
conversion in the elective operations: 29.7 % (11 of 37
patients) versus 10.7 % (26 of 242 patients), p = 0.005, the
main reason being difficult or unclear anatomy. Short-term
outcome is shown in Table 3.

Success of laparoscopic CBD stone removal

Successful laparoscopic CBD stone clearance was achieved
in 232 of the 279 (83.2 %) patients, and after conversion to
open surgery in additional 28 patients with an overall success
rate of 93.2 % for one-stage procedure. In elective opera-
tions, laparoscopic CBD stone clearance was successful in
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206 of the 242 patients (85.1 %) and in emergency opera-
tions in 26 of the 37 patients (70.3 %), p = 0.025, and after
conversion to open surgery in 93.8 versus 89.2 %,
p = 0.300. T-tube was inserted in 57 patients. Retained
stones after surgery were found in 19 of 279 patients (6.8 %)
either by postoperative T-tube cholangiography in 10
patients (3.6 %) or ERCP in 9 patients (3.2 %). On multi-
variate analysis, the independent factors associated with a
failed laparoscopic stone clearance were stone size over
7 mm [OR 3.51 (95 % CI 1.53-8.03), p = 0.003], difficult
anatomy [OR 18.01 (5.03-64.49), p < 0.001], and transc-
holededochal approach [OR 2.98 (1.37 to 4.47), p = 0.006].
Laparoscopic CBD stone removal also failed in all 11
patients having impacted stones at the ampulla of Vater. All
retained stones were removed by ERCP.

Postoperative ERCP was also performed in additional
nine patients to confirm the complete clearance of CBD
(four patients), and to treat bile leak (four patients) or to
dilate a CBD stricture (one patient).

Long-term outcome

Long-term outcome data were available in 259 of 279
patients (response rate 92.8 %) having a median follow-up
time 5.1 years (IQR 2.9-7.8 years). Of the 279 patients, 19
patients had died of the following reasons: coronary heart
disease (10), pneumonia (3), ovarian cancer (1), herpes
encephalitis (1), traffic accident (1), colon cancer (1),
sepsis of unknown origin (1), and gallbladder cancer (1) in
an 80-year-elderly patient having comorbid conditions and
a with an incidental finding of T2 gallbladder cancer in the
histopathological examination. One CBD stricture was
observed during the index operation and was successfully
treated with ERCP and balloon dilatation. The crude inci-
dence of recurrent stones was 3.5 % (9 of 259 patients: one
patient had cholangitis and 8 other had biliary pain with
elevated liver tests). Recurrent ductal stones were verified
with MRCP and successfully removed by ERCP. The
cumulative 5-year and 10-year recurrence rates of CBD
stones was 3.6 % (95 %CI 1.8-7.3 %) at 5 years and 6.0 %
(2.5-14.0 %) at 10 years (Fig. 1). Median time to recur-
rence was 1.4 years (IQR 1.0-4.2 years).

Secondary outcome measures

The 30-day morbidity was 12.2 %: surgical complications
occurred in 18 patients (6.5 %) and general complications
in 16 patients (5.7 %). There were no ERCP-related com-
plications. Reoperation was done in 3 (1.1 %) patients: 2
for bile leak and 1 for hemorrhage. Severe (Dindo-Clavien
IIIb-V) complications were observed in 12 patients
(4.3 %). Bile leaks were observed in 7 (2.5 %) patients.
One 73 -year-old female patient died of Clostridium
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Fig. 1 Cumulative long-term recurrence rate of CBD stones. (95 %
CI) 162 x 180 mm (72 x 72 DPI)

perfringens sepsis. Postoperative hospital stay was median
3 days (IQR 2-5): transcystic group 2 days (IQR 1-3) and
choledochotomy group 4 days (IQR 3-7). p < 0.001. One
patient was readmitted because of fever of unknown origin.

Discussion

The ideal treatment for CBD stones is still controversial
[8]. At present, CBD stones are commonly managed with
preoperative or postoperative ERCP although one-stage
laparoscopic cholecystectomy combined with laparoscopic
CBD stone clearance is increasingly reported in the liter-
ature. According to a recent meta-analysis and randomized
controlled trials successful laparoscopic CBD stone clear-
ance has been reported in 75-100 % of the patients with an
associated morbidity from 11 to 43 % [9-15, 22, 23]. In
line with that our success rate of CBD stone removal was
83.2 % after laparoscopy alone and 93.2 % after conver-
sion to open surgery. This was achieved with low 30-day
morbidity (12.2 %), reoperation (1.1 %) and readmission
(0.4 %) rates, short hospital stay (median 3 days), and a
low incidence of retained stones (6.8 %) which were
removed by postoperative ERCP. Independent determi-
nants for failed laparoscopic CBD stone removal were
stone size >7 mm, transductal approach and difficult
anatomy of the cystohepatic triangle due to adhesions,
scarring, and fibrosis. Moreover, the success rate of lapa-
roscopic CBD stone clearance was lower in the emergency
operations than in the elective operations.

It is well known that the success or failure of laparo-
scopic CBD stone clearance is related to patient selection,
surgeon’s experience, and quality of surgery. Our conver-
sion rate of 13.3 % is in agreement with previous studies
reporting conversion rates from 3.5 to 25 % [9-13]. Of
note, the main reasons for conversion in our study were
severe adhesions and chronic inflammation in the cys-
tohepatic triangle making laparoscopic surgery difficult.
The high rate of acute and chronic cholecystitis in this
study may explain the reason for conversion in the difficult
anatomy group. Only 13 of the 37 patients (35.1 %) were
converted because of an unsuccessful CBD removal.
Patients with impacted stones at ampulla of Vater were all
converted to open surgery because no mechanical, elec-
trohydraulic, or laser lithotripsy was available. An
improvement for CBD stone clearance has been reported
when using electrohydraulic lithotripsy [24]. Moreover, it
was our aim to do one-stage surgical procedure either
laparoscopically or after conversion to avoid postoperative
ERCPs, which also have a known morbidity and treatment
failure rate [23].

Long-term ductal stone recurrence rates after laparo-
scopic CBD stone clearance are scantily reported in the
literature [16, 17, 25, 26]. Our 5-year (3.6 %) and 10-year
(6.0 %) recurrence rates compare favorably to previous
long-term results reporting stone recurrence rates from 0 to
6.7 % [16, 17, 25, 26]. In comparison, long-term results
after ERCP and ES have shown recurrent choledocholi-
thiasis in 5.8—-11 % [27-30]. Whether CBD stones detected
after the index operation were retained or recurrent stones
are uncertain. In our study retained CBD stones were
diagnosed by a completion cholangiography and choledo-
choscopy during the index operation, and postoperative
T-tube cholangiography or occasionally postoperative
ERCP after surgery.

According to meta-analysis and randomized clinical
trials [9-15, 22], the advantages of one-stage laparoscopic
cholecystectomy and CBD stone clearance are a reduced
number of total procedures, lower costs, shorter hospital
stay, and similar morbidity and mortality when compared
with 2-stage endo-laparoscopic approach [7, 23, 31-33]. In
our series, the 30-day mortality and overall morbidity rates
were low in agreement with previous studies [9—12, 15].
The number of major postoperative bile leaks (2.2 %)
necessitating endoscopic (N = 4) or operative treatment
(N = 2), as well as reoperation and readmission rates was
very low. Similar outcomes and even greater bile leak rates
have been published [13, 17, 24]. Thus, laparoscopic
cholecystectomy combined with laparoscopic CBD stone
clearance can be done without major risks in daily clinical
practice. This finding is also supported by a large, Swedish
population-based study comparing different management
strategies for CBD stones during five decades [34].
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Potential disadvantages of ERCP/ES include the risk of
serious complications, costs, and the inconvenience of
undergoing a subsequent laparoscopic cholecystectomy for
gallbladder stones. Besides, about 2-15 % of patients who
undergo preoperative ERCP and sphincterotomy have
residual ductal stones at intraoperative cholangiogram as
shown also here. Post-procedural mortality is <1 % and
morbidity from 5 to 11 % including post-ERCP pancrea-
titis, duodenal perforation, sepsis, and bleeding [8].
Endoscopic sphincterotomy also causes bacterobilia in all
patients and predisposes the CBD to the increased risk of
recurrent bilirubinate stones in the long term. An advan-
tage of surgical CBD exploration is that the sphincter
anatomy is not distorted. Moreover, the incidence of
postoperative  pancreatitis after LCBDE is rare
(0.4-0.5 %) [16, 25] and was here 0 %. Postoperative
recovery after transcystic CBD stone clearance was sim-
ilar to that reported after laparoscopic cholecystectomy
alone [16, 35] and significantly shorter than after transc-
holedochal clearance.

A major challenge with this study and other similar
studies was the lack of randomization which may have
caused some selection bias. For logistic reasons, some
patients with CBD stones, as well as elderly high-risk
patients with comorbidities have been managed by 2-stage
endo-laparoscopic approach instead of one-stage laparo-
scopic approach or by ERCP alone leaving the gallbladder
in situ. The learning curve and evolving laparoscopic
technique may have played a role as well. On the other
hand, the long-term outcome was investigated in 259 of the
279 eligible patients. The compliance in this study com-
pares favorably with earlier studies with some 93 % of the
patients returning the questionnaire for long-term evalua-
tion. The economical impact of laparoscopic CBD stone
clearance compared to 2-stage endo-laparoscopic treatment
remains to be analyzed in the future.

Conclusion

Our results show that laparoscopic cholecystectomy com-
bined with laparoscopic CBD stone clearance is safe and
effective method of treating CBD stones in most patients
both in elective and emergency situations, thus reducing
the number of additional, potentially dangerous endoscopic
procedures. Moreover, large or impacted stones at the
ampulla of Vater are risk factors for failed stone clearance.

Disclosures A Mattila, J Luhtala, J Mrena, I Kellokumpu and H
Kautiainen have no conflicts of interest or financial ties to disclose.
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