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A b s t r a c t

Introduction: Choledocholithiasis is the most common cause of obstructive jaundice. Common bile duct stones are 
observed in 10–14% of patients diagnosed with gall bladder stones. In the case of gall bladder and common bile duct 
stones the procedure involves not only performing cholecystectomy but also removing the stones from bile ducts.
Aim: To compare the results of the treatment of patients with gallstone disease and ductal calculi by one-stage 
laparoscopic cholecystectomy and common bile duct exploration with two other methods: one-stage open chole-
cystectomy and common bile duct exploration, and a two-stage procedure involving endoscopic retrograde cholan-
giopancreatography (ERCP) followed by laparoscopic cholecystectomy.
Material and methods: Between 2004 and 2011 three groups of 100 patients were treated for obstructive jaundice 
caused by choledocholithiasis. The first group of 42 patients underwent ERCP followed by laparoscopic cholecystec-
tomy. The second group of 23 patients underwent open cholecystectomy and common bile duct exploration, whereas 
the third group of 35 patients underwent laparoscopic cholecystectomy with common bile duct exploration. The data 
were analysed prospectively. The methods were compared according to complete execution, bile duct clearance and 
complication rate. Complications were analysed according to Clavien’s Classification of Surgical Complications. The 
results were compared using the ANOVA statistical test and Student’s t-test in Statistica. Value of p was calculated 
statistically. A p-value less than 0.05 (p < 0.05) signified that groups differed statistically, whereas a p-value more 
than 0.05 (p > 0.05) suggested no statistically significant differences between the groups.
Results: The procedure could not be performed in 11.9% of patients in the first group and in 14.3% of patients in 
the third group. Residual stones were found in 13.5% of the patients in the first group, in 4.3% of the patients in the 
second group and in 6.7% of the patients in the third group. According to Clavien’s classification of complications 
grade II and III, we can assign the range in the first group at 21.6% for grade II and 0% for grade III, in the second 
group at 21.4% and 3.6% and in the third group at 6.7% and 3.3% respectively.
Conclusions: The use of all three methods of treatment gives similar results. One-stage laparoscopic cholecystecto-
my with common bile duct exploration is after all the least invasive, safer and more effective procedure.
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Introduction

About 10–14% of patients with cholelithiasis re-
quire an additional treatment due to choledocholithi-
asis. Since the 1990s laparoscopic cholecystectomy 
has been the most commonly performed procedure 
for the treatment of gallstone disease. Although the 
treatment of common bile duct stones has changed 
during the last decade it still seems to be controver-
sial. Currently there are three methods of treatment 
for choledocholithiasis. The first method is one-stage 
open cholecystectomy with common bile duct explo-
ration. The second one is a two-stage procedure of 
endoscopic retrograde cholangiopancreatography 
(ERCP) followed by laparoscopic cholecystectomy. 
The third way is one-stage laparoscopic cholecystec-
tomy with common bile duct exploration [1–23]. At 
the time of the dynamic development of minimally 
invasive techniques, open common bile duct explo-
ration is sidelined for cases where the other tech-
niques are ineffective or unavailable. The most com-
monly used procedure is the two-stage approach 
that includes ERCP and endoscopic sphincterotomy, 
before, during or after laparoscopic cholecystectomy. 
The two-stage approach is at risk of complications of 
both procedures – ERCP and laparoscopic cholecys-
tectomy [2, 4, 9]. The third type of procedure is used 
rarely due to technical difficulties facing the surgeon 
performing common bile duct (CBD) exploration and 
removing stones with a Dormia basket or choledo-
choscope.

Aim

The aim of this study is to compare the results of 
the treatment of patients with gallstone disease and 
ductal calculi by one-stage laparoscopic cholecystec-
tomy and common bile duct exploration with two 
other methods: one-stage open cholecystectomy and  
common bile duct exploration, and a two-stage pro-
cedure involving ERCP followed by laparoscopic cho-
lecystectomy.

Material and methods

This prospective study involved the analysis of 
treatment of 100 patients for gallstone disease and 
bile duct calculi in the years 2004–2011. The inclu-
sion criteria were: obstructive jaundice, ASA grade 
I–III and patient’s consent to undergo the proposed 
therapeutic procedure. Obstructive jaundice was diag-

nosed on basis of: symptoms (pain in the right up-
per part of the abdomen), physical examination 
(yellow skin and eyes, brown urine, pale stool), se-
rum liver biochemical tests (total bilirubin, alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), γ-glutamyl transpeptidase (GGTP), alkaline 
phosphatase (ALP)), and transabdominal ultrasound 
(US) (examination of the right upper quadrant: gall-
bladder, bile ducts). The increased level of serum 
liver biochemical tests, stones in gallbladder and 
dilatation of common bile duct greater than 6 mm 
were detected in all 100 patients. Moderate increase 
of total bilirubin level (1.3–1.79 mg/dl) was reported 
in 12 patients; these patients were included in the 
study due to US findings that confirmed the lack of 
CBD stones. Exclusion criteria were: acute pancreati-
tis, cholangitis, ASA grade IV–V. The study was divid-
ed into three periods (years 2004–2006, 2007–2008 
and 2009–2011). All patients underwent the same 
therapeutic procedure at the proper period of the 
study. The first group of patients underwent ERCP fol-
lowed by laparoscopic cholecystectomy in the years 
2007–2008. The second group of patients under-
went open cholecystectomy with common bile duct 
exploration in the years 2004–2006, and the third 
group underwent laparoscopic cholecystectomy with 
common bile duct exploration in 2009–2011. If a pa-
tient did not consent to the proposed treatment at 
the proper period of study, he was excluded from the 
study and underwent one of the other two methods 
of treatment.

Laparoscopy was performed using the 10 mm 0°  
angled laparoscope, the Olympus set. Intra-abdo-
minal pressure of carbon dioxide was maintained 
in the range of 12–15 mmHg. Cholangiography was  
performed using the C-arm fluoroscope MCA-C-6200, 
ERCP was performed using the Fujinon ED-250XT8/B 
duodenoscope, and choledochoscopy was perform-
ed using the Karl Storz 3.6-Fr choledochoscope.

The technique of endoscopic retrograde 
cholangiopancreatography and laparoscopic 
cholecystectomy

Patients were laid on the left side with a slightly 
raised upper half of the body. Light sedation and an-
algesia (midazolam, butylscopolamine, ketoprofen) 
were given. The duodenoscope was introduced into 
the descending duodenum. After visualisation of 
the papilla of Vater, a catheter was introduced into 
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the CBD and contrast was injected into the biliary 
ducts. If necessary, papillotomy (cutting the ampul-
la of Vater) or sphincterotomy was done. Bile duct  
stones were removed using a  Dormia basket or  
Fogarty catheter. If CBD clearance failed, a prosthe-
sis (rigid or Pig-tail, 4-9 Fr) was introduced into the 
CBD. A laparoscopic cholecystectomy was performed 
2–4 weeks after ERCP. The operation was performed 
under general anaesthesia in the reverse Trende-
lenburg position. Four-trocar (A, B, C, D) technique 
was used (the placement of trocars is described in 
laparoscopic CBD exploration technique). When the 
cystic duct was dissected, it was ligated with a clip 
near the gallbladder neck and incised below the clip 
transversely or longitudinally. Then a catheter (uret-
eral Couvelaire Balton or vascular Fogarty Hagmed, 
4–5 Fr) was introduced into the CBD and the distal 
part of the cystic duct was delicately ligated with  
a clip or closed using atraumatic forceps. About 20 ml  
of diluted contrast (10 ml of 350 Iomerson Bracco 
and 10 ml of 0.9% NaCl) was injected into the biliary 
tree and dynamic cholangiogram was performed us-
ing a C-arm. If the biliary ducts were clear, the cystic 
duct was ligated with clips below the incision and 
divided. The gall bladder artery was also ligated with 
clips and divided, and the gall bladder was excised 
and removed. A silicone drain (12–16 Fr) was placed 
into the operated area for 24 h.

The technique of open cholecystectomy 
with common bile duct exploration

Patients were operated on under general an-
aesthesia, in the back position with a  slight bend 
of the right costal margin. The incision was made 
below and parallel to the right costal margin (Koch-
er incision). When Calot’s triangle was dissected, 
the cystic artery was closed with absorbable su-
ture and divided, and the cystic duct was closed 
with absorbable suture below the gallbladder neck. 
Then the CBD was dissected, the Kocher manoeu-
vre was performed and two stay sutures (Vicryl 3-0) 
were placed near the planned incision of the CBD. 
The anterior surface of the CBD was incised for 5– 
7 mm at the midpoint of the CBD. The cholangio-
scope was introduced through the incision to visual-
ize the hepatic ducts and CBD. Calculi were removed 
using forceps, Dormia basket, Fogarty catheter, 
manually squeezing from the duct, flushing with sa-
line. If necessary, the incision was extended to 10– 

15 mm. A check choledoscopy was performed twice 
at the end of the procedure to ensure complete clear-
ance of the biliary system. Clearance of the distal 
CBD was considered complete only when the cho-
ledochoscope was negotiated into the duodenum 
through the ampulla of Vater. The CBD was closed 
over a T-tube (Medical latex drain, Ch 10-16) using 
interrupted absorbable sutures (Vicryl 3-0). The pos-
terior surface of a short arm of the T-tube was ex-
cised and a V-shape incision in the front of a  long 
arm was made before the T-tube was placed in the 
CBD. Then a control cholangiography was performed 
through the T-tube and the gallbladder was excised 
and removed. The operating area was drained grav-
itationally using a silicone drain, diameter 16–24 Fr.

The technique of laparoscopic  
cholecystectomy with common bile duct 
exploration

Patients were operated on under general anaes-
thesia in a reverse Trendelenburg position. The first 
10 mm trocar (A) was introduced by minilaparotomy 
below the umbilicus for insufflation of carbon diox-
ide and for a 0° angled laparoscope. Other trocars 
were placed under direct vision: the second 10 mm 
trocar (B) was introduced in the epigastric region, 
the third 5 mm trocar (C) in the right axillary line, 
3–4 cm above the anterior iliac spine, the fourth 
5 mm trocar (D) in the midclavicular line, 2–3  cm 
above the umbilicus, and the last fifth 5 mm trocar 
(E) below the costal margin, 1–3 cm medial to the 
midclavicular line. Trocar D was used for cholangios-
copy of hepatic ducts and trocar E for cholangios-
copy of CBD. In 2009–2010, all patients underwent 
transcholedochal exploration, and in 2011 we began 
to carry out transcystic exploration. The transcystic 
approach was used if the cystic duct was enlight-
ened and dilated (> 3 mm), the CBD was slightly di-
lated (7–9 mm), stones were smaller than the lumen 
of the cystic duct, not multiple (< 5) and located only 
in the CBD. If transcystic choledochoscopy of hepatic 
ducts failed, transcystic cholangiography was carried 
out to detect stones in hepatic ducts. If transcystic 
extraction of CBD stones failed or stones occurred 
in hepatic ducts, the transcholedochal approach was 
applied. The CBD exploration was performed with an 
incision of a distal part of the common hepatic duct 
just before the junction with the cystic duct. The lon-
gitudinal incision of total length 6–7 mm was start-
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ed on the anterior surface of the common hepatic 
duct (2–3 mm) towards the CBD (4–5 mm) using the 
laparoscopic L-shape hook. If necessary, the incision 
was extended to 10–15 mm. Choledochoscopy was 
performed using a flexible choledochoscope. Stones 
were extracted with a Dormia basket, Fogarty cath-
eter, atraumatic forceps, pushed into the duodenum, 
flushed with saline or milking technique was used. 
Single 2–8 mm stones were removed from the ab-
dominal cavity with forceps through trocar B. Large 
(> 8 mm) and multiple stones were placed in a bag 
made of latex glove and removed through trocar A. 
After all stones were extracted, a check cholangios-
copy of hepatic ducts and CBD was performed twice 
to ensure clearance of the biliary system. Clearance 
of the distal CBD was considered only when the cho-
ledochoscope was negotiated into the duodenum 
through the ampulla of Vater. After the transcystic 
exploration was performed, the cystic duct was ligat-
ed with clips or absorbable suture. There were two 
types of CBD closure after choledochotomy: pri-
mary closure or T-tube drainage. Primary closure 
with continuous absorbable suture (Vicryl 3-0) was 
used if stones were small (< 5 mm) and single (< 4–  
6 mm), and there was no inflammation or dam-
age in the CBD, especially in the papilla of Vater. In 
other cases, T-tube drainage was used. Then chole-
cystectomy was performed. The operated area was 
drained with a silicone 16–24 Fr drain for 24–48 h 
or until bile leak stopped. In case of T-tube drainage 
a check cholangiography was performed on postop-
erative day 4–7. If there was no evidence of residual 
stones, the T-tube was closed and the patient was 
discharged on the next day. The T-tube was removed 
after 2–3 weeks. In case of residual stones, the T-tube 
was left and patients underwent ERCP. Patients with 
primary closure or transcystic exploration of the CBD 
were discharged on postoperative day 3–4.

The incidence of postoperative complications 
were analysed, such as: wound infection, intra- and 
postoperative bleeding, bile leak (near the T-tube, 
within the drain or through the wound), residu-
al stones, acute pancreatitis, pneumonia, and other 
com plications (cardiac, nephrological, etc.). Compli-
cations were stratified using a  validation system 
developed by Clavien. This system stratifies com-
plications into five grades ranging from any devia-
tion from the normal postoperative course (Grade I),  
those requiring certain pharmacological interven-
tions, blood transfusions, parenteral nutrition, 

wound infection requiring antibiotics (Grade II), 
those requiring surgical, endoscopic or radiologic in-
tervention (Grade III), life-threatening complications 
(Grade IV), to death (Grade V) [13]. The duration of 
procedures and postoperative hospital stay were 
also analysed. Conversion to an open operation and 
failure of ERCP were considered as failure of the em-
ployed method of treatment. Residual stones were 
defined as failure to clear the bile duct of stones in 
the employed procedure requiring subsequent inter-
vention. Residual stones were detected as during, as 
after the procedure. If ERCP failed, a biliary prosthe-
sis was introduced to achieve bile duct clearance. In 
all cases of the first group in the time of laparoscopic 
cholecystectomy a transcystic cholangiography was 
performed to detect residual stones. If laparoscopic 
CBD exploration failed to achieve bile duct clearance 
the T-tube drainage was used followed postopera-
tive ERCP. A T-tube cholangiogram was performed on 
postoperative day 4–7 to check bile duct clearance 
in cases of T-tube drainage in the second group. In 
all other cases no additional examination was done. 
If clinical symptoms of residual stones appeared 
(pain, yellow skin, pale tool, dark urine, increased 
level of biochemical liver tests) then magnetic res-
onance cholangiography was performed. The exact 
characteristics of the patients from studied groups 
are presented in Table I.

The groups did not differ in mean age (p = 0.184), 
sex (p = 0.186), ASA (p = 0.707), CBD diameter  
(p = 0.299), total bilirubin level (p = 0.086), ALT  
(p = 0.839), AST (p = 0.292), GGTP (p = 0.336), or ALP 
(p = 0.401).

Results

Methods of common bile duct exploration are 
presented in Table II. In most cases, choledochotomy 
was performed for CBD exploration. In most cases 
T-tube drainage was used. Only Clavien grades I, II 
and III were observed (Table III).

In most cases, the postoperative course was 
normal (Clavien grade I). The most common Clavien 
grade II complication in the first group was pancre-
atitis (7 patients), and in one case pneumonia was 
diagnosed. In the second group the most common 
Clavien Grade II complication was an infection of 
the wound (5 patients); however, in one case car-
diac arrhythmia (atrial fibrillation) was diagnosed. 
There were two Clavien grade II complications in the 
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third group: controlled intra-abdominal bleeding re-
quiring transfusion of two units of blood; and the 
second complication – pulmonary embolus diag-
nosed in computed tomography (CT) scan and suc-
cessfully treated pharmacologically. There were no 
Clavien grade III complications in the first group. In 
the second group, there was one Clavien grade III 
complication (3.6%): bleeding duodenal ulcer was 

injected with adrenaline solution using endoscopy; 
two units of blood were transfused. There was one 
Clavien grade III complication (3.3%) in the third 
group, namely intra-abdominal bleeding requiring 
reoperation; the bleeding CBD vein was ligated and 
6 units of blood were transfused. There were no 
Clavien grade IV and V complications in any of the  
3 groups of patients. No statistically significant dif-

Table I. Characteristic of patients from studied groups

Parameter ERCP + laparoscopic 
cholecystectomy

Open CBD exploration Laparoscopic CBD 
exploration

Age, mean (range) 61.3 (27–93) 63.2 (31–88) 58.3 (23–81)

Sex, n (%) F – 24 (57.1)
M – 18 (42.9)

F – 15 (65.2)
M – 8 (34.8)

F – 27 (77.1)
M – 8 (22.9)

ASA, n (%) I – 7 (16.7)
II – 21 (50)

III – 14 (33.3) 

I – 4 (17.4)
II – 12 (52.2)
III – 7 (30.4)

I – 9 (25.7)
II – 15 (42.9)
III – 11 (31.4)

Diameter of CBD, mean (range) [cm] 10.6 (7–18) 11.8 (9–25) 11.1 (8–18)

Total bilirubin, mean (range) [mg/dl] 3.8 (1.3–9.13) 5.5 (1.98–15.26) 5.8 (1.49–22.23)

ALT, mean (range) [U/l] 300.0 (32–985) 315.0 (50–635) 269.7 (16–821)

AST, mean (range) [U/l] 170.8 (14–452) 201.1 (34–485) 219.3 (26–504)

GGTP, mean (range) [U/l] 529.5 (26–1655) 387.7 (111–1306) 366.1 (96–1681)

ALP, mean (range) [U/I] 207.0 (72–839) 248.2 (138–681) 247.4 (66–652)

Table II. Methods of common bile duct exploration

Method of CBD exploration Open CBD exploration, n (%) Laparoscopic CBD exploration, n (%)

Choledochotomy 23 (100%) 27 (90%)

Transcystic approach 3 (10%)

Primary closure of CBD 2 (8.7%) 4 (13.3%)

T-tube drainage 21 (91.3%) 26 (86.7%)

Table III. Clavien’s classification of complications

Clavien’s grade ERCP + laparoscopic 
cholecystectomy, n (%)

Open CBD exploration, n (%) Laparoscopic CBD 
exploration, n (%)

I 29 (78.4%) 21 (75%) 27 (90%)

II 8 (21.6%) 6 (21.4%) 2 (6.7%)

III – 1 (3.6%) 1 (3.3%)

IV – – –

V – – –
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ferences in complications were discovered in com-
pared groups of patients (p = 0.352). 

Table IV shows the incidence of various compli-
cations in each group of patients. High incidence of 
post-ERCP pancreatitis (24.1%) and wound infection 
after open CBD exploration (17.9%) were noted. 
These complications did not occur in patients un-
dergoing a laparoscopic procedure. Residual stones 
were managed with open (4) and laparoscopic (1) 
CBD exploration in the first group of patients. Pa-
tients with residual stones in the second and third 
groups underwent postoperative ERCP effectively. 
There was no need for surgical or endoscopic inter-
vention to treat postoperative bile leak in the second 
and third group of patients. Prolonged hospital stay 
for 13 days was observed in only one case of bile 
leak in the third group.

Efficiency of procedures

Endoscopic retrograde cholangiopancreatogra-
phy failed in 5 cases in the first group (11.9%). The 
reasons for failure were: a papilla of Vater located 
in the duodenal diverticulum (2), large impacted 
stone in the CBD (1), after gastric resections and 
gastro-jejunal anastomosis (2). Common bile duct 
exploration was performed successfully in all cas-
es in the second group. The reasons for conversion 
in the third group were: inflammation of the hepa-

to-duodenal ligament enabled dissection of the 
CBD (2), failed extraction of impacted CBD stone 
(2), uncertain closure of the cystic duct (failed li-
gating and suturing) because of gangrenous cho-
lecystitis (1).

The average duration of procedures is presented 
in Table V. The average duration of procedures dif-
fered statistically (p = 13 × 10–7, or p < 0.05). The in-
fluence of the learning curve is observed in the third 
group: average duration of the first ten operations 
was 180 min and the last one took about 140 min. In 
addition, the average duration of laparoscopic tran-
scystic CBD exploration was even shorter and came 
down to 120 min.

Postoperative stay in studied groups is presented 
in Table VI. Postoperative stay differed statistically 
(p = 3.2 × 10–12, or p < 0.05). The longest postopera-
tive stay was after open CBD exploration (10.6 days). 
However, there was no statistical difference in post-
operative stay between the first and the third group; 
ERCP followed laparoscopic cholecystectomy and 
laparoscopic CBD exploration (p = 0.592).

In addition, the effectiveness of procedures was 
analysed in regard to overall performance of the 
procedure and achieved clearance of CBD stones 
(Table VII). The effectiveness of procedures was not 
statistically different between the studied groups  
(p = 0.806).

Table IV. Incidence of complications in studied groups

Complications ERCP + laparoscopic 
cholecystectomy, n (%)

Open CBD exploration, n (%) Laparoscopic CBD 
exploration, n (%)

Residual stones 5 (13.5%) 1 (3.6%) 2 (6.7%)

Controlled bile leak 0 2 (8.7%) < 2 days 2 (6.7%) < 2 days

0 (0%) > 2 days 1 (3.3%) > 2 days

Pancreatitis 7 (24.1%) – –

Pneumonia 1 (2.7%) – –

Wound infection – 5 (17.9%) –

Arrhythmias – 1 (3.6%) –

Pulmonary embolism – – 1 (3.3%)

Controlled postoperative  
intra-abdominal bleeding

– – 1 (3.3%)

Postoperative intra-abdominal 
bleeding requiring reoperation

– – 1 (3.3%)

Bleeding duodenal ulcer – 1 (3.6%) –
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Discussion

One of the inclusion criteria in our study was ob-
structive jaundice diagnosed on the basis of in-
creased level of serum liver biochemical tests (ALT, 
AST, GGTP, total bilirubin) and transabdominal ultra-
sound of the bile ducts. Liver biochemical tests have 
the most utility in excluding the presence of CBD 
stones. The American Society for Gastrointestinal 
Endoscopy (ASGE) reported normal liver biochemical 
test results in more than 97% of 1000 patients un-
dergoing laparoscopic cholecystectomy [24]. The po-
sitive predictive value of any abnormal liver bio-
chemical test result by ASGE was 15%; according to 
other authors it was 25–50% [24–26]. Liver bio-
chemical tests increase progressively with the dura-
tion and severity of biliary obstruction. The mean 
total bilirubin level in a large group of patients with 
choledocholithiasis was reported at 1.5 mg/dl to  
1.9 mg/dl, and only one third of these patients had 
a bilirubin level of 4 mg/dl or higher [24, 27, 28]. Trans-
abdominal US has a  relatively poor sensitivity (22%  
to 55%) for detecting CBD stones in comparison  
with methods such as conventional CT with 65% to  
88% sensitivity, magnetic resonance cholangiogra-

phy (MRC) with sensitivity 85% to 92%, CT cholangi-
ography with sensitivity 85% to 92%, and endoscop-
ic ultrasound (EUS) with sensitivity 89% to 97% [24, 
29, 30]. The sensitivity of transabdominal US in-
creases significantly from 77% to 87% in detecting 
dilatation of CBD, and a finding is often associated 
with choledocholithiasis [24, 31–33]. The normal di-
ameter of CBD is 3 mm to 6 mm. Common bile duct 
dilatation greater than 8 mm in a patient with stones 
in the gallbladder usually indicates biliary obstruction 
[24, 32]. Evaluating the criteria for inclusion in our 
study retrospectively, we can conclude that they are 
close to the ASGE guidelines in 2010. According to the 
ASGE, the predictors of choledocholithiasis are: very 
strong (CBD stone on transabdominal US, clinical as-
cending cholangitis, total bilirubin level > 4 mg/dl), 
strong (dilated CBD on transabdominal US > 6 mm 
with cholecystolithiasis, total bilirubin level 1.8– 
4 mg/dl) and moderate (abnormal liver bioche mical 
test other than bilirubin, age greater than 55 years, 
clinical gallstone pancreatitis). Based on the mani-
festation of one or more predictors we can deter-
mine the probability of occurrence of choledocholi-
thiasis as: high (manifestation of any very strong  

Table V. Average duration of procedures (in minutes)

ERCP + laparoscopic cholecystectomy Open CBD exploration Laparoscopic CBD 
exploration

ERCP Laparoscopic cholecystectomy

77.6 (20–110) 66.9 (40–100)

144.5 (75–175) 124.8 (60–235) 163.8 (115–235)

Table VI. Postoperative stay in studied groups

Postoperative stay 
[days]

ERCP + laparoscopic 
cholecystectomy

Open CBD exploration Laparoscopic CBD 
exploration

3.2 (1–10) 2

ERCP LC

5.2 (3–12) 10.6 (7–15) 7.1 (4–16)

Table VII. Effectiveness of procedures

ERCP + laparoscopic 
cholecystectomy

Open CBD exploration Laparoscopic CBD 
exploration

Overall performance of the procedure 88.1% (37/42) 100% (23) 85.7% (30/35)

Achieved clearance of CBD stones 86.5% (32/37) 95.7% (22/23) 93.3% (28/30)

Effectiveness of procedures 76.2% (32/42) 95.7% (22/23) 80% (28/35)
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predictor or presence of two strong predictors), low 
(no predictors present) and intermediate (all other 
patients). The ASGE recommends biochemical liver 
tests and ultrasound examination to determine the 
likelihood of choledocholithiasis [24]. In our study 
only patients with a high likelihood of choledocholi-
thiasis according to guidelines established by the 
ASGE were included. Patients with a high risk of cho-
ledocholithiasis should undergo ERCP; laparoscopic 
CBD exploration may be performed, as an alterna-
tive to ERCP, which is recommended by ASGE. Mag-
netic resonance cholangiography and endoscopic 
ultrasound are recommended for diagnosis of resid-
ual stones [24]. In the studies of Tinoco et al. and 
Noble et al. the inclusion criteria for laparoscopic CBD 
exploration were the increased levels of total biliru-
bin, ALT, ALP and enlarged CBD diameter [1, 20]. In 
a multicentre randomized trial of the European Asso-
ciation for Endoscopic Surgery (EAES), patients were 
qualified for laparoscopic CBD revision or ERCP 
based on the results of biochemical liver tests and 
ultrasound of the gallbladder and bile ducts [2]. Cur-
rently, most patients with obstructive jaundice un-
dergo a  two-stage procedure: ERCP followed lapa-
roscopic cholecystectomy. In some cases, it is not 
possible to perform ERCP, because of having under-
gone Billroth II gastrectomy, abnormally positioned 
papilla of Vater or located in the duodenal diverticu-
lum and stenosis of the distal CBD. It was not possi-
ble to perform ERCP in 5 cases (11.9%) in our study. 
The combination of two methods is additionally at 
risk of complications from both the applied proce-
dures. However, only two types of post-ERCP compli-
cations were observed in the first group of patients 
– 7 patients experienced mild acute pancreatitis and 
1 patient experienced pneumonia. In our depart-
ment, there were more serious complications after 
ERCP: severe acute pancreatitis, bleeding after endo-
scopic sphincterotomy or duodenal perforation re-
quiring surgical intervention, post-ERCP cholecystitis 
or cholangitis. These patients were not included in 
this study because they did not meet the inclusion 
criteria. Andriulli et al. performed an analysis of pro-
spective studies on complications of ERCP in the 
years 1997–2006 (21 studies, 16 855 cases in Med-
line). According to their study the prevalence of 
overall complications of ERCP is 6.85%, of which 1/4 
are severe, acute pancreatitis rate is 3.47% (of which 
11.4% are severe), infection (cholecystitis or cholan-
gitis after ERCP) rate is 1.44%, bleeding rate is 

1.34%, perforation rate is 0.6% and mortality rate is 
0.33% [34]. According to other authors the preva-
lence of overall post-ERCP complications is 4–15.9%, 
whereas the acute pancreatitis rate is 1–7% [35]. Ac-
cording to the ASGE, the risk of acute pancreatitis 
after ERCP is 1.3–6.7%, risk of infection is 0.6–5.0%, 
bleeding risk is 0.3–2.0%, and the perforation risk is 
1–1.1% [24]. In our study we did not evaluate the 
long-term complications after ERCP and endoscopic 
sphincterotomy, which occur quite often and were 
described by other authors (stricture of papilla of 
Vater causing impeded flow of bile, narrowing or in-
crease light mouth of the bile duct to the duodenum, 
bile reflux and recurrent cholangitis) [3, 14]. Duode-
nal biliary reflux may be the cause of recurrent cho-
ledocholithiasis. Some authors have suggested an 
increased risk of carcinogenesis after endoscopic 
sphincterotomy and chronic cholangitis [14]. Howev-
er, these reports have not been well documented. 
Because of these complications with endoscopic 
sphincterotomy it is not recommended for young 
adults. Complications of laparoscopic cholecystecto-
my are quite rare. We did not study Clavien compli-
cations of grade II–V after laparoscopic cholecystec-
tomy in the groups. Nonetheless, there were several 
complications (Clavien grade II–V) at our depart-
ment, such as intra-abdominal bleeding, wound in-
fection, biliary fistula, and bile duct injury. The rate 
of these complications is quite low and comparable 
with data collected by other authors. For example, 
the rate of bile duct injury is about 1% at our depart-
ment, and according to other authors 0.5–3.5%. The 
conversion rate of laparoscopic cholecystectomy 
(planned as well as emergency) is about 7% at our 
department, though in comparison with the data by 
Kopeć and Marciniak the conversion rate is 5.85% 
[23]. In our study the average duration of laparo-
scopic CBD exploration was the longest in compari-
son with other methods. It should be emphasised 
that the duration of the last ten laparoscopic CBD 
explorations fell to 140 min (vs. 144.5 min ERCP + 
laparoscopic cholecystectomy) due to mastering the 
technique of intracorporeal suturing and knotting as 
well as choledochoscopy. The average postoperative 
stay was 5.2 days in the first group of patients  
(3.2 days after ERCP + 2 days after laparoscopic cho-
lecystectomy). Nonetheless, the postoperative stay 
is shorter in comparison with other groups (vs.  
10.6 days in open and 7.1 days in laparoscopic CBD 
exploration groups), whereas the combination of 
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both procedures prolongs the total hospital stay.  
The laparoscopic cholecystectomy was usually per-
formed 2–4 weeks after ERCP, so additional patient’s 
admittance procedures were required (documenta-
tion, laboratory findings, examination, premedica-
tion, etc.) and total hospital stay was therefore pro-
longed. Intraoperative cholangiography was always 
performed in all patients undergoing laparoscopic 
cholecystectomy and there were no residual stones 
in any case. Reinders et al. compared early (< 72 h) 
and delayed (after 6–8 weeks) laparoscopic chole-
cystectomy after ERCP and found that the two 
groups did not differ in the rate of complications or 
conversions while the delayed group had an in-
creased incidence of biliary colic, pancreatitis, and 
cholecystitis (36.2% vs. 0.5%) [36]. In cases where 
there were no complications in the third group (lap-
aroscopic CBD exploration) the postoperative period 
was 4–5 days. Some authors reported recurrent CBD 
stones after ERCP, and some of them are observed 
intraoperatively during laparoscopic cholecystecto-
my. It is important to time when the laparoscopic 
cholecystectomy is performed after ERCP for the rea-
son that the laparoscopic cholecystectomy is best 
performed 2–3 days after ERCP, if there were no 
complications. Bostanci et al. compared three groups 
of patients operated on at different times after ERCP 
(up to 2 days, 3–42 days and above 42 days) and 
found no difference between the groups in terms of 
conversion and complication [37]. The percentage of 
residual stones after ERCP ranges according to vari-
ous authors from 9% (Campagnacci et al.) to 43% 
(Akhbar et al.) [7]. In our study, residual stones were 
detected during ERCP in 13.5% of patients in the 
first group, whereas post-ERCP residual stones were 
not found. Laparoscopic CBD exploration is an even 
safer (90% no postoperative complications) and 
more effective (6.7% residual stones) procedure. 
Safety confirms the absence of grade IV–V Clavien 
complications. The effectiveness was analysed 
based on the conversion rate and residual CBD 
stones. Other authors have also analysed the con-
version rate and clearance of the common bile duct. 
Our data are similar to those of other authors. Noble 
et al. reported 84.5% Clavien grade I complications, 
15.5% Clavien grade II–IV complications, 0.23%  
(1 mortal) Clavien grade V complication; the conver-
sion rate was 8.3%, vs. 14.3% in our study, controlled 
bile leak was 15.6%, vs. 10% in our study, residual 
stones came to 1.8%, vs. 6.7% in our study. In the 

study of Noble et al. there was a  lower conversion 
rate and lower rate of residual stones in comparison 
with our study because of the greater number of pa-
tients (436), better technical equipment (laparo-
scopic ultrasound, electrohydraulic lithotripsy, two 
3–5 mm choledochoscopes were used) [20]. In our 
study, the reason for the first two conversions was 
residual CBD stones. Now in such cases we continue 
laparoscopy and use T-tube drainage of the CBD and 
then we perform postoperative ERCP. As the study of 
Campagnacci et al. showed, in 63 laparoscopic CBD 
explorations residual stones were found in 1.6% 
(electrohydraulic lithotripsy was used), and the con-
version rate was 1.6% [7]. By contrast, the study of 
Tinoco et al. found that in 481 laparoscopic CBD ex-
plorations residual stones were found in 1.5%, and 
the conversion rate was 1.45% (laparoscopic ultra-
sound and two 3–5  mm choledochoscopes were 
used) [1]. Choledochotomy was the preferred ap-
proach in most of our laparoscopic CBD explorations, 
while the transcystic approach was employed  
3 times. The transcystic CBD exploration is limited 
due to the small diameter of the cystic duct, large or 
multiple stones, or stones located in the hepatic 
ducts. The sharp angle of the cystic duct-CBD junc-
tion makes it difficult to examine the hepatic duct 
using a  choledochoscope. If choledochotomy was 
performed there were two methods of CBD closure: 
using T-tube drainage or primary closure. Primary 
closure was used if stones were small (< 5 mm) and 
single (< 4–6), there was no extensive manipulation 
inside the ducts and ampulla during extraction of 
stones, and the exploration was performed under 
the direct vision of a choledochoscope. We preferred 
using T-tube drainage in most procedures (86.7%) 
because of decompression of the biliary tree in case 
of residual stones or inflammation oedema. Another 
advantage of T-tube drainage was the possibility to 
perform postoperative cholangiography through the 
T-tube, and in the case of residual stones it was pos-
sible to extract them by the T-tube. In our study, one 
bile leakage after the primary CBD closure was ob-
served, in the amount of 50–150 ml/day, without 
cholestasis. Bile leakage was transient until the 
ninth postoperative day; no auxiliary treatment was 
required. Some authors have reported complications 
of T-tube drainage, such as dislocation of the T-tube 
that causes biliary obstruction or bile leak, ascend-
ing cholangitis due to prolonged T-tube drainage, or 
biliary peritonitis after removal of the T-tube [38]. In 
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our study, there were no such complications. Accord-
ing to the analysis of the Cochrane Database by Gu-
rusamy et al. in 2007, the superiority of the use of 
T-tube drainage instead of primary closure of the 
CBD, and vice versa, was not shown [39].

Conclusions

Laparoscopic CBD exploration is a  procedure 
with a  significant learning curve, reflecting the 
requirement of mastering intracorporeal suturing 
and knotting as well as choledochoscopy. The re-
sults of treatment in terms of CBD stone clearance 
by this method are comparable with the results of 
open CBD exploration, and with a  two-stage pro-
cedure of ERCP and laparoscopic cholecystectomy. 
Laparoscopic CBD exploration performed by an 
experienced surgeon is just as effective and safe 
in treatment of choledocholithiasis as the other  
2 methods are. Endoscopic retrograde cholan-
giopancreatography is indicated for high-risk pa-
tients (ASA IV, V). If ERCP fails, an operation can 
be performed. Laparoscopic approaches have ad-
vantages as minimally invasive and single-stage 
procedures. The use of choledochoscopy during 
a single-stage operation reduces the incidence of 
post-ERCP complications, such as acute pancre-
atitis, duodenal biliary reflux, and papilla trauma, 
which is especially important for young adults. De-
spite slightly longer operative time, the benefits of 
laparoscopic CBD exploration are the same as af-
ter laparoscopic cholecystectomy: shorter hospital 
stay, lower incidence of infection and faster return 
to physical fitness. 
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