
1009

O
rigin

al P
ap

er

A Novel Algorithm for the Minimal Invasive
Treatment of Choledocholithiasis

Zdravko Perko, Kanito Bilan, Zenon Pogorelić, Darko Sršen, Nikica Družijanić
Damir Kraljević, Joško Juričić, Željko Mimica, Tomislav Jurišić1, Miroslav Bekavac-Bešlin2

University Department of Surgery, Clinical Hospital and Medical School Split, Split; 1Department of Surgery
General Hospital Šibenik, Šibenik; 2University Department of Surgery

Clinical Hospital “Sestre milosrdnice’’ Zagreb, Croatia
Corresponding Author: Ass. Prof. Zdravko Perko, MD, PhD, University Department of Surgery

Clinical Hospital Split, Spinčićeva 1, 21 000 Split, Croatia
Tel: +38521556250, Fax: +38521556691, E-mail: zperko@kbsplit.hr

ABSTRACT
Background/Aims: Laparoscopic cholecystectomy
is the gold standard in choledocholithiasis treatment.
Currently there is no generally accepted algorithm
for choledocholithiasis treatment. A few years ago
suspected or diagnosed choledocholithiasis was indi-
cation for open operation if bilious stones could not
be removed with therapeutic endoscopic retrograde
cholangiopancreatography (ERCP). Today, advance-
ments in laparoscopic equipment and operation tech-
nique render the possibility for laparoscopic treat-
ment of choledocholithiasis. There are many differ-
ent ways in which to treat choledocholithiasis,
depending on the time of diagnosis. Due to the con-
siderable variability in choledocholithiasis treat-
ment, which depends in turn on many objective and
subjective factors, we propose a unique diagnostic
algorithm for the treatment of choledocholithiasis.
Methodology: From January 1st until December
31st 2005, at the University Department of Surgery
- Split, 131 laparoscopic cholecystectomies were per-
formed. Thirty-three patients with suspected chole-
docholithiasis were treated by laparoscopic intraop-
erative cholangiography. After positive cholangiogra-
phy, thirteen laparoscopic transcystic extractions 

were performed. The patients were treated in the
supine position. The surgeon was positioned between
the legs of the patient, the assistants on opposite
sides of the patient, and the scrub nurse on the right
side of the surgeon. Transcystic stone extraction was
performed using a flexible choledochoscope, which
was connected to the left laparoscopic monitor using
Picture-in-picture system and by Nitinol tipless
Dormia basket.
Results: The total number of operated patients
includes 18 women and 15 men. The mean age of
patients was 60.16±15.36. The mean length of oper-
ation was 86±21.79. Mean hospitalization length of
patients with laparoscopic cholecystectomy was
2.45±1.14 days; while mean hospitalization length of
patients with stone extraction was slightly longer
2.90±1.18, (p=0.564). 
Conclusions: Today several different possibilities
approaches exist for the treatment of choledo-
cholithiasis and it doesn’t have to be treated uncon-
ditionally using endoscopic retrograde cholangiopan-
creatography (ERCP) and sphincterotomy before,
during or after laparoscopic cholecystectomy, or by
the open operation. 
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INTRODUCTION
Laparoscopic cholecystectomy is the gold standard

for the treatment of cholelithiasis. Unfortunately,
today there are no standardized algorithms for chole-
docholithiasis treatment, despite the fact that 16% of
the patients submitted to cholecystectomy have con-
current choledocholithiasis (1). Patients at greater risk
for choledocholithiasis include those with elevated val-
ues of transaminases, bilirubin and alkaline phos-
phatase, with larger common bile duct diameter as
shown in abdominal ultrasonography, those with biliar
pancreatitis and obstructive icterus, or those with tiny
stones. Denominated risk factors at the same time are
indications for preoperative diagnostic arrangement
alignment or intraoperative examination of the bilious
tract (intraoperative cholangiography) (2-6).

A few years ago suspicion or diagnosis of choledo-
cholithiasis was an indication for an open operation if

stones were not removed via therapeutic endoscopic
retrograde cholangiopancreatography (ERCP) and
endoscopic papillotomy (EP). Today, advancements in
laparoscopic equipment and operative techniques ren-
der the possibility for laparoscopic treatment of chole-
docholithiasis.

Depending on the time of diagnosis, there are sev-
eral treatment options for choledocholithiasis 
(Figure 1):
1) Preoperative diagnosed choledocholithiasis (by

ERCP, contrast methods which are partly obsolete
- intravenous cholangiography - IVH, uncertain
ultrasonography diagnosis - US, computerized
tomography - CT (Figure 2).

a) Preoperative ERCP + EP and stone extraction fol-
lowed by laparoscopic cholecystectomy (LC).

b) Synchronous LC and ERCP during laparoscopic
operation.
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c) Laparoscopic extraction by transcystic (LxTC) or
common bile duct approach (usually after laparo-
scopic intraoperative cholangiography - LxIOCH),
with no preoperative ERCP or after ERCP treat-
ment failure.

d) Open operation (usually after open intraoperative
cholangiography - IOCH).

e) LC and postoperative ERCP treatment.
2) Preoperative undiagnosed choledocholithiasis -

choledocholithiasis diagnosed during LC -
LxIOCH (Figure 3).

a) Conversion to open operation and open stone
extraction.

b) Laparoscopic extraction by transcystic or common
bile duct approach (Figure 4).

c) Synchronous LC and ERCP during the same oper-
ation (randevuis technique).

d) LC and postoperative ERCP treatment.
Because of many different approaches in choledo-

cholithiasis treatment, which depend on many objec-
tive and subjective factors, we consider the necessity of
the unique diagnosis algorithms and choledocholithia-
sis treatment.

METHODOLOGY
Patients were treated in the supine position. The

surgeon was positioned between the legs of the patient,
the assistants on opposite sides of the patient, and the
scrub nurse on the right side of the surgeon. Those
positions should be advised (Figure 5). Two laparo-
scopic monitors were utilized, situated next to the
patient’s right and left shoulder. The C-arm fluoro-
scopic monitor device was placed by the right monitor
with the movable fluoroscopic device (Fluoroscopic C-
arm unit) by the left monitor. The trocars were usual-
ly positioned for the laparoscopic cholecystectomy: the
first 10-mm trocar for the laparoscope was placed
supraumbilically, the second 5-mm trocar for the
grasper was placed at the right mid-clavicular line, and
the third 10-mm working trocar was positioned in the
left mid-clavicular line. The fourth 5-mm trocar for
LxIOCH and choledochoscope was placed in the right
subcostal position (Figure 5).

Following dissection of the cystic duct and artery,
the cystic artery was clipped and cut. Another clip was
placed on the distal part of a cystic duct where a “T”-
shaped incision was performed (7). Through this inci-
sion a narrow silicon catheter was introduced and the
LxIOCH was performed using contrast (76% Urografin
7.4g/L, Schering A.G., Germany), with diascopy of the
fluoroscopic device (Siemens SIremobil Compact, Ger-
many). The fluoroscopic monitor was connected to the
laparoscopic camera processor, so that a cholangiogra-
phy picture could be obtained on the laparoscopic mon-
itor (Picture-in-picture technology) (Figure 4). In the
case of a positive LxIOCH, the transcystic extraction
was performed using a flexible choledochoscope (CHF
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FIGURE 1 Choledocholithiasis treatment. IOCH: intraoperative open cholangiography; LC:
laparoscopic cholecystectomy; LxIOCH: laparoscopic intraoperative cholangiography; 
LcExChole: laparoscopic choledochus exploration. 

FIGURE 2 
Choledocholithiasis diagnosed by
CT (stone marked with arrow).

FIGURE 3 
Choledocholithiasis diagnosed
with intraoperative cholangio-
graphy (IOCH; stone marked with
arrow).

FIGURE 4 Laparoscopic transcystic choledocholithotomy - a stone 
exposure before extraction (“picture in picture’’) - choledochoscope 
is in the Rigid Telescopic Introducer (18).



type CB30S Olympus, Tokyo, Japan) connected to the
left laparoscopic monitor using a Picture-in-picture
system. After stone exposure, the stones were removed
via a Nitinol tipless Dormia basket (N-Circle® Nitinol
Tipless Stone Extractor, Cook, Bloomington, USA).
After successful stone extraction, the cystic duct was
clipped, and the cholecystectomy terminated. The
operation field was drained with a 14-Ch silicone tube
pulled through the right 5-mm trocar. Postoperative
therapy was not different from that applied to simple
laparoscopic cholecystectomies; this consisted of par-
enteral rehydration on the first postoperative day (with
enteral liquid food in the evening on the day of the
operation), analgesics, H2 blockers and low molecular
weight heparin. Antibiotics were not routinely admin-
istered, however Cephalosporin antibiotics were intro-
duced during the operation in case of the cholecystitis
or common bile duct extraction in patients older than
70 years. 

RESULTS
From January 1st to December 31st 2005, at the

University Department of Surgery - Split, 131 laparo-
scopic cholecystectomies were performed by the
authors. Thirty three patients with suspected choledo-
cholithiasis were treated by LxIOCH and laparoscopic
transcystic choledochoscopy after a positive LxIOCH.
Thirteen laparoscopic transcyctic extractions were per-
formed. Only one patient underwent laparoscopic tran-
scystic stone extraction without previous IOCH due to
iodine contrast substance allergy. Two patients were
not able to undergo a laparoscopic operation due to the
inability to perform the Dormia basket stone extrac-
tion, due to a residual falling out of the control IOCH
after the extraction of stones. Two patients had a neg-
ative laparoscopic choledochoscopy (false positive
LxIOCH). Eight patients underwent laparoscopic
choledocholithotomy lending to a successful stone
extraction. 

The total number of operated patients included 94
women and 37 men. Thirty-three patients were treat-
ed by LxICOH. The medium age of the patients with
choledocholithiasis was 60.16 (range 22-82; SD 15.35)
years with a male to female ratio of 15:18. The mean
length of operation was 86±21.79. Mean hospitaliza-
tion length of patients with laparoscopic cholecystecto-
my was 2.45±1.14 days; while mean hospitalization
length of patients with stone extraction was slightly
longer 2.90±1.18 (p=0.564). From the total number of
131 operated patients, only 21 received postoperative
antibiotic therapy. There were no complications. Hos-
pital pending, recovery and working abilities were
equal to the common laparoscopic cholecystectomy. 

DISCUSSION
Laparoscopic cholecystectomy is the gold standard

for the treatment of the gallbladder stones, but when
considering the treatment of choledocholithiasis the
opinions are divided. Today, no standardized algorithm
for diagnostic and/or therapy procedures exists. The
diagnosis and treatment of choledocholithiasic patients

depends on technical possibilities, hospital equipment
(Radiology, Internal medicine, Surgery) and liability of
the internists and surgeons as well as the patient’s
desire.

Endoscopic retrograde cholangiopancreatography
(ERCP), considered a “non-surgical” procedure, is used
in the diagnosis and treatment of choledocholithiasis,
and can be performed either before, during or after the
operation. For routine, nonselective preoperative
choledocholithiasis, diagnostic ERCP is not recom-
mended because of its high cost and potential compli-
cations such as bleeding, pancreatitis, perforation and
cholangitis (8-10). A multicentric study in 1999 carried
out by the European Society for Endoscopic Surgery
conclude that ERCP is recommended for the patients
with cholangitis, or impacted stones in the ampulla of
common bile duct, serious biliar pancreatitis, difficult
comorbidity, or a suspected common bile duct tumor
(11). Conversely, ERCP is not recommended as a rou-
tine diagnostic tool in suspected choledocholithiasis
(because of the possible complications) or for the
younger patients. It is mentioned that the endoscopic
papillotomy may invoke duodenal reflux into the com-
mon bile duct and as a consequence the tumor of the
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FIGURE 5
Arrangement in
operation hall and
placement of 
trocars.
1: the first 10-mm
trocar; 2: the 
second 5-mm 
trocar; 3: the third
(working) 10-mm
trocar; 4: the fourth
5-mm trocar; 
S: surgeon; 
As1: the first 
assistant; 
As2: the second
assistant; 
N: scrub nurse; 
A: anesthesia; M:
monitor.

FIGURE 6 Proposal algorithm for choledocholithiasis therapy.
ERCP: endoscopic retrograde cholangiopancreatoduodenography; EP: endoscopic papillotomy;
LC: laparoscopic cholecystectomy; LxIOCH: laparoscopic intraoperative cholangiography; 
LxExChole: laparoscopic choledochus exploration.



common bile duct (10,11).
Laparoscopic intraoperative cholangiography is a

simple, safe and reliable diagnostic method with a sen-
sitivity of 83%, specificity of 95% and reliability of 94%
(12). The efficiency of LxIOCH is 96%, with an average
increase in interoperative time by 4.3 minutes (13).
There is still no undivided attitude regarding routine
or selectivity. Selective IOCH is performed based on
transaminase, bilirubin and alkaline phosphatase val-
ues and result of the common bile duct diameter ultra-
sound measurement (4). Based on our experience it is
advisable to perform LxIOCH, even after ERCP, on
which occasion was tried or done the stone extraction
(14). This method results in very few complications.

Laparoscopic choledochoscopy is both a diagnostic
and therapeutic procedure that can be performed tran-
scystically or through a common bile duct incision.
Transcystical stone extraction is preferred with small-
er numbers of stones (up to 5), smaller sizes of stones
(up to 9mm in diameters), and to the width of common
bile duct to a maximum of 15mm. In other cases,
laparoscopic choledochotomy is advised. Efficiency of
transcystic stone extraction is 85-95%. If the choledo-
choscopy is performed via a choledochotomy incision,
the efficiency increases up to 100% (15). The common
bile duct incision can be sutured with or without
drainage of the common bile duct. After laparoscopic
treatment of choledocholithiasis, morbidity is less then
5%. Common complications include: bleeding, biliary
leakage, bilomas or abscesses, of which the frequency is
less then 2% (16).

Despite our efforts to diagnose and cure choledo-
cholithiasis, 5% of patients remain asymptomatic with
unrecognized choledocholithiasis. These patients are
not usually submitted for preoperational or intraoper-
ative diagnostics, except for a routine LxIOCH. But
only about 15% of the patients can suffer later and
than ERCP is the method of choice (17).

Based on our group experience, the experience of
our hospital, and the literature data, we recommend
the follow algorithm for choledocholithiasis treatment
(Figure 6):
1) Unsuspected choledocholithiasis - laparoscopic

cholecystectomy
2) Suspected or verified cholelithiasis.
a) Older patients; large number of stones suspected;

common bile duct tumor suspected - ERCP + EP,
laparoscopic cholecystectomy with IOCH - in case
of positive finding: laparoscopic extraction (tran-
scystical or by choledochotomy); if the laparoscopic
operation is not possible - conversion to the open
procedure.

b) Younger patients: laparoscopic cholecystectomy
with IOCH - in case of positive find: laparoscopic
choledocholithotomy (transcystical or by choledo-
chotomy); if the laparoscopic operation is not possi-
ble - conversion to the open procedure.
To conclude, there are many possibilities for the

laparoscopic treatment of choledocholithiasis and the
use of both ERCP and sphincterotomy either before,
during or after laparoscopic cholecystectomy, or open
operation, need not be the only options. 
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