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ABSTRACT

Background and Objectives: Laparoscopic transcystic
common bile duct exploration (LTCBDE) is a complex
procedure requiring expertise in laparoscopic and chole-
dochoscopic skills. The purpose of this study was to
investigate the safety and feasibility of treating biliary
calculi through laparoscopic transcystic exploration of the
CBD via an ultrathin choledochoscope combined with
dual-frequency laser lithotripsy.

Methods: From August 2011 through September 2014, 89
patients at our hospital were treated for cholecystolithiasis
with biliary calculi. Patients underwent laparoscopic cho-
lecystectomy and exploration of the CBD via the cystic
duct and the choledochoscope instrument channel. A dual-
band, dual-pulse laser lithotripsy system was used to de-
stroy the calculi. Two intermittent laser emissions (inten-
sity, 0.12 J; pulse width 1.2 �s; and pulse frequency, 10
Hz) were applied during each contact with the calculi.
The stones were washed out by water injection or re-
moved by a stone-retrieval basket.

Results: Biliary calculi were removed in 1 treatment in all
89 patients. No biliary tract injury or bile leakage was
observed. Follow-up examination with type-B ultrasonog-
raphy or magnetic resonance cholangiopancreatography
3 months after surgery revealed no instances of retained-
calculi–related biliary tract stenosis.

Conclusion: The combined use of laparoscopic transcys-
tic CBD exploration by ultrathin choledochoscopy and

dual-frequency laser lithotripsy offers an accurate, conve-
nient, safe, effective method of treating biliary calculi.

Key Words: Biliary calculi, Dual-frequency laser, Laparo-
scope, Transcystic common bile duct exploration, Ultra-
thin choledochoscope.

INTRODUCTION

With the development of minimally invasive surgical tech-
nology, laparoscopic cholecystectomy (LC) plus laparo-
scopic transcystic common bile duct exploration
(LTCBDE) has become the first-choice treatment for cho-
lecystolithiasis combined with biliary calculi.1,2 However,
the LTCBDE operation is relatively complicated, requiring
that surgeons be proficient in laparoscopic and choledo-
choscopic skills. Moreover, there are specific anatomic
requirements of the cystic duct that must be met for the
operation to be successful. For example, it is easy to insert
an ultrathin (2.8- or 3.7-mm diameter) choledochoscope
into the cystic and then the CBD. However, calculi that are
large (�6 mm), hard, or incarcerated in the bile duct can
be difficult to extract because they cannot be encased in
the stone-retrieval basket. Even if they were to be en-
cased, these calculi would be difficult to extract via the
cystic duct, as extraction could cause the laceration of the
junction between the cystic duct and the CBD.

Our hospital has applied dual-frequency laser lithotripsy
in combination with ultrathin choledochoscope explora-
tion of biliary calculi. This article reports our findings from
using this technique.

MATERIALS AND METHODS

Study Design and Ethical Considerations

This study was designed as a retrospective cohort study of
patients who underwent dual-pulse laser lithotripsy com-
bined with ultrathin choledochoscopy of the CBD for
treatment of biliary calculi. Although the best approach for
treating cholecystocholedocholithiasis remains a matter of
debate, we favor LTCBDE for the treatment of biliary
calculi. LTCBDE with laser lithotripsy is better than some
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techniques, such as laparoscopic choledochendysis or en-
doscopic retrograde cholangiopancreatography and en-
doscopic sphincterotomy (ERCP�EST). Consecutive pa-
tients with cholecystolithiasis and biliary calculi who
underwent these interventions at our hospital from August
2011 through September 2014 were considered for inclu-
sion in the study. In total, 248 patients underwent
LC�LTCBDE. All patients underwent LC, 140 patients
were treated with traditional transcystic methods, and 89
patients underwent transcystic exploration by lithotripsy.
Furthermore, 12 patients underwent choledochotomy,
and 7 underwent a 2-stage procedure (ERCP�EST fol-
lowed by LC). In all patients, biliary calculi were removed
and cleaned through these methods of CBD exploration.
The experimental protocol was approved by the Institu-
tional Human Ethics Committee.

Patient Selection

Patients were included in this study if they had a diagnosis
of cholecystolithiasis; were in need of bile duct exploratory
lithotomy; were in good general condition [Karnofsky Per-
formance Score (KPS) � 70]; received LC�LTCBDE; and did
not have any contraindications for surgery. Patients were
excluded if a simple choledochoscopy was sufficient to re-
move the calculi from the bile duct completely; bile duct
exploration could not be completed via the cystic duct or
required laparoscopic incision of the CBD; or there was
conversion to laparotomy.

Surgical Method

A flexible 2.8- or 3.7-mm choledochoscope (CHF-CB30 or
CHF-XP20; Olympus, Tokyo, Japan) and a German WOM
U100 Plus (FREDDY; Trust Medical, Wuppertal, Germany)
dual-band, dual-pulse laser (420-�m optical fiber) were
used. The patient was placed supine with raised head and
lowered feet. After anesthesia, Veress needle puncture
was used to establish a CO2 pneumoperitoneum with a
gas pressure of 12 mm Hg.

The conventional four-hole method was used. The trocar
below the rib at the right midclavicular line was placed
closer to the costal margin than in simple LC surgery, to
facilitate choledochoscopic exploration.

The cystic artery was occluded and then cut. The cystic
duct was occluded near the gallbladder, which was
stretched flat. At a position 5 mm from the CBD, half the
circumference of the anterior wall of the cystic duct was
incised. Then, 2 to 3 mm of the long diameter was incised
along the cystic duct toward the side of the CBD, to create
a T-shaped cystic duct incision (Figure 1). A needle was

used to suture the anterior lower wall of the incised cystic
duct.

The trocar was inserted deep into the abdominal cavity
through a port in the right upper abdomen. The choledo-
choscope was inserted through this trocar to perform bile
duct exploration (Figures 2, 3). A laser fiber was inserted
into the instrument channel of the choledochoscope and
extended about 1 cm beyond the choledochoscope (Fig-
ure 4). Normal saline was provided continuously for
washing. Calculi were carefully moved against one side of
the bile duct wall or close to the papilla. The fiber was
targeted to the center of the calculus for firing. Two
intermittent laser emissions were given for each contact
with the calculi with the following settings: laser energy
intensity, 0.12 J; pulse width, 1.2 �s; and pulse frequency,
10 Hz. This process facilitated extraction of the calculi by
the stone basket.

We attempted to insert the choledochoscope into the
duodenum via the sphincter of Oddi. The duodenal pa-
pilla was dilated to facilitate intra–bile duct washing. Un-
der appropriate conditions, the choledochoscope can be

Figure 1. Incision of the cystic duct.

Figure 2. Placement of the choledochoscope in the CBD via a
transcystic approach.
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inverted to explore the common hepatic duct and intra-
hepatic bile duct. Finally, the choledochoscope was with-
drawn, the cystic duct was occluded by a Ham-lock clip,
and the gallbladder was removed. A drainage tube was

not placed. Postoperative treatment was similar to that of
simple LC treatment.

We did not perform intraoperative cholangiography rou-
tinely. We did not use balloon dilators on the cystic duct.

RESULTS

Patient Characteristics

The study cohort included 89 patients (48 men, 41 women;
age range: 29–75 years; mean age: 52.4 years). Among them,
41 patients (46.1%) did not experience symptoms of acute
cholecystitis or cholangitis and had not had any severe
clinical symptoms for the prior 6 months. They had expe-
rienced only intermittent, mild postprandial abdominal
distension and dull pain and discomfort, which would
resolve on its own without treatment. Another 39 patients
(43.8%) reported stomach ache, jaundice, and fever in the
2–3 months before undergoing surgery, which was
achieved by conservative treatment. In addition, 9 patients
(10.1%) had acute cholecystitis and cholangitis, and they
underwent surgery within 2–6 days of receiving pharma-
cotherapy. The remaining 5 patients (5.6%) underwent
immediate nasobiliary drainage.

Preoperative type-B ultrasonography and biliary tract
magnetic resonance cholangiopancreatography (MRCP)
detected calculi of the CBD in 72 patients (80.9%). Calculi
were found in the CBD and common hepatic duct in 3
patients (3.4%) and in the CBD and grade II hepatic duct
in 1 patient (1.1%). Preoperative B ultrasonography and
MRCP failed to identify any biliary abnormality in 3 pa-
tients (3.4%), who had histories of acute biliary pancreati-
tis (2 patients) or jaundice (1 patient). Ten patients
(11.2%) had metal implants and were thus unable to
undergo MRCP; therefore, only type-B ultrasonography
was used for these patients. Biliary calculi were not ob-
served in these 10 patients. Half of this group of patients
(5/10) exhibited widening of the CBD (diameter � 8 mm).
Meanwhile, 3 of the 10 patients had a history of acute
biliary pancreatitis, and 1 had a history of jaundice. One
patient had abnormal liver function.

Surgical Outcomes

Surgeries were successful in all 89 cases. No calculi were
detected in 13 patients during preoperative examination.
Calculi were found in the CBD alone in 84 patients
(94.4%), with a calculus diameter ranging from 0.2 to 1.3
cm. The number of calculi ranged from 1 calculus in 61
patients to 2–5 calculi in 23 patients. In those 84 patients,

Figure 3. Visualization of a stone in the CBD with a
choledochoscope.

Figure 4. Insertion of laser fiber into the CBD through the
choledochoscope working port.
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all calculi were located in the middle to lower segment of
the CBD. Four patients (4.5%) had calculi in both the
common hepatic duct and CBD. These patients had 2 to 4
calculi, with diameters ranging from 0.3 to 0.8 cm. One
patient (1.1%) had 3 calculi, located in the common bile
and left hepatic ducts. Calculus diameter in this patient
ranged from 0.3 to 0.7 cm (Table 1).

All calculi in the bile duct were extracted after lithotripsy.
In 77 cases, the choledochoscope could reach the duode-
num through the sphincter of Oddi or the duodenal pa-
pilla. In these cases, the stone fragments were easily
washed into the duodenum. In another 12 cases, the chole-
dochoscope could not enter the duodenum, but the retrieval
basket could be inserted in the duodenum. The duration of
surgery ranged from 69 to 140 min (mean, 115 min). The
blood volume lost ranged from 10 to 60 mL (mean, 17
mL). No complications, such as biliary tract injury, bile
leakage, or hemobilia, were observed.

Postoperative and Follow-up Outcomes

Seventy-nine patients were able to consume food and
were discharged on the first day after surgery without
additional therapy. On the first postoperative day, 4 pa-
tients had elevated liver transaminase levels (ALT: 66–124
U/L, AST: 71–125 U/L [ normal ALT and AST: 0–40 U/L])
and 2 patients had elevated bilirubin levels (direct biliru-
bin: 9.67–11.56 �mol/L [normal: 0–6.84 �mol/L], indirect
bilirubin: 23.6–29.5 �mol/L [normal: 0–12 �mol/L]).
These elevated levels returned to normal after 2 d of
therapy. The patients were discharged on postoperative
day 3. Four patients had significant increases in postop-
erative white blood cell levels (13.4 � 109/L–15.8 � 109/L)
plus fever (37.8–38.3°C), which were resolved by antibi-
otic treatment.

All patients were followed-up in the clinic 3 months after
surgery and had no clinical symptoms at that time. In
addition, neither type-B ultrasonography nor MRCP indi-

cated retained calculi in the biliary tract. At the patients’
1-year follow-up evaluations, no biliary calculi were ob-
served by type-B ultrasonography (67 patients) or MRCP
(22 patients).

Discussion

We combined the ultrathin choledochoscope with dual-
band, dual-pulse laser lithotripsy to treat relatively large
calculi by a transcystic approach. LC with LTCBDE was
successful in all 89 cases, with gallbladder and biliary
calculi being eliminated in a single treatment. Successful
calculus removal was achieved in all patients, with no
case of biliary tract injury or bile leakage. Three months
after the operations, there were no cases of retained cal-
culi in the biliary tract or biliary tract stenosis.

Since it was first reported in 1991,3 CBD exploration by a
laparoscopic transcystic approach has been widely ap-
plied. Patients undergoing this technique experience a
short hospitalization time and quick recovery after sur-
gery. Surgical trauma is minimal and similar to that gen-
erated by LC. There are many advantages to using the
cystic duct in bile duct exploration. Use of this duct avoids
the iatrogenic injuries induced by CBD incision and the
possible adverse results arising from T-tubule placement.
The cystic duct approach maintains the integrity and nor-
mal physiological function of the biliary tract, while avoid-
ing the trauma and pain induced by invasive treatments,
such as ERCP�EST, and maintaining the function of the
sphincter of Oddi.4

LC�LTCBDE is the first-choice treatment for cholecysto-
lithiasis plus calculus of the bile duct.1,2,5–8 Although it
boasts great advantages, its use is limited by its strict
anatomical requirements for the cystic duct. Some circum-
stances that make it difficult for a choledochoscope to
enter the cystic duct include an undersized lumen, distor-
tion or obstruction of the cystic duct, inflammation-in-

Table 1.
Calculi Characteristics

Parameter Stone Location

CBD Only CBD � CHD CBD � LHD

Patients, n 84 2 1

Stones per patient, n 1–5 2 and 4 3

Stone size, cm 0.2–1.3 0.3–0.8 0.3–0.7

CHD, common hepatic duct; LHD, left hepatic duct.
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duced wall thickening or luminal stenosis, alterations of
the Heister valve, as well as anatomic variations or serious
adhesions at the junction between the cystic duct and
CBD.

The reported success rate of LTCBDE is highly vari-
able.8–10 At our hospital, the success rate exceeds 90%.11

We have performed LTCBDE on nearly 1000 patients and
have accumulated abundant experience, especially in the
application of the ultrathin choledochoscope. The fine
caliber of this instrument facilitates insertion into and
penetration of the cystic duct, movement and torsion in
the cystic duct and CBD, and exploration of the common
hepatic duct and intrahepatic bile duct via instrument
inversion.

We found that the use of an ultrathin choledochoscope
can improve the success rate of cystic duct entry. How-
ever, calculi that are large, have a cast form, or are incar-
cerated in the duodenal papilla are difficult to retrieve
because of difficulty in opening the basket or extracting
calculi via the cystic duct. Forceful retrieval can rupture
the cystic duct and CBD, increasing the risk of injury and
making it difficult to occlude the cystic duct. Although it is
convenient to use a conventional, 4.9-mm diameter cho-
ledochoscope to extract calculi, this instrument sometimes
is difficult to insert into the CBD via the cystic duct. As a
result, a microincision is needed at the junction. The
incision is extended to the lateral wall of the CBD, which
increases the probability of bile duct injury and difficulty
in occlusion.

Use of laser devices for biliary lithotripsy have been re-
ported since the 1980s.12–14 Reports have described the
combined use of a choledochoscope with lithotripsy in
treating calculi of the bile duct.15,16 The dual-band, dual-
pulse laser lithotripsy developed in the 1990s has replaced
the holmium laser as the optimal laser lithotripsy method.
Moreover, this method is more suitable for use in treating
biliary calculi.17,18 The dual-band, dual-pulse laser litho-
tripsy system is a pulse Nd:YAG laser generator. In es-
sence, pulse laser plasma shockwave lithotripsy technol-
ogy uses mechanical energy, rather than thermal cracking.
A short-wavelength (532 nm, 20% energy) laser is used to
irradiate the calculi and form a plasma zone on the sur-
face. Then, a long-wavelength (1064 nm, 80% energy)
laser is used to irradiate the preformed plasma zone.
Infrared light energy is fully absorbed, and the ion and
electron volumes in this zone are rapidly expanded to
generate a mechanical shockwave to crush the calculi.
This technique is effective for most calculi in the human
body (with the exception of cystine calculi, eg, cholesterol

and calcium, uric acid, and bile pigment calculi) and is
applicable to biliary tract lithotripsy.

Although some normal soft tissues can absorb only a low
amount of dual-wavelength laser energy, the use of pulse-
wave laser emission rarely results in thermal injury to
surrounding tissues, which can occur with continuous
laser radiation lithotripsy. Continuous flushing with nor-
mal saline prevents injury to surrounding tissues, such as
the bile duct wall. When the laser fiber was aimed directly
at rabbit bladder mucosa, mild mucosal engorgement and
edema were observed, but no perforation or injury of the
muscle layers.19–21

The dual-frequency, 420-nm laser fiber is soft and pliable.
It can cooperate well enough with the choledochoscope
to pass the 1.2-mm operation hole of the choledocho-
scope. The hydrogalvanic microblasting guide wire that is
commonly used in lithotripsy cannot pass the operation
hole of the ultrathin choledochoscope. Holmium laser
fiber can enter and exit the choledochoscope without any
obstruction and generate good lithotripsy effects, but this
fiber causes injury, bleeding, and perforation of the bile
duct wall.

Some precautions must be taken when performing this
surgery in patients. First, the laser fiber should be about 1
cm beyond the choledochoscope to avoid damage to the
scope. Second, the calculi should be pushed to the lower
segment of the bile duct or fixed to the bile duct wall to
reduce drifting and movement. Reducing movement will
improve the lithotripsy effects by allowing the optical fiber
to focus persistently on the calculi. Third, under direct
vision, the optical fiber should be fired at the center of the
calculus. Calculi can be easily destroyed by continuous
impact targeted at one point. Firing at the side wall of the
calculi is less effective at destroying the calculi and in-
creases the probability of injury to the bile duct wall.
Fourth, calculi can be crushed into smaller masses of 4–5
mm in diameter for easy extraction. Crushing calculi into
smaller masses, however, makes basket retrieval of the
masses very difficult. Fifth, hepatic duct calculi should be
washed with normal saline or brought by the basket into
the CBD and then crushed and extracted. Finally, one
should attempt to pass the choledochoscope into the
duodenum via the duodenal papilla while dilating the
sphincter of Oddi, to facilitate washing of the bile duct
and discharge of fine calculus debris. If the duodenal
papilla does not markedly deviate and there is no inflam-
matory stenosis in the lower end of the bile duct or
sphincter of Oddi, then the choledochoscope should be
able to pass the papilla.

5October–December 2016 Volume 20 Issue 4 e2016.00068 JSLS www.SLS.org



Conclusion

Application of laparoscopy and the ultrathin choledocho-
scope in combination with dual-band, dual-pulse laser
lithotripsy via a transcystic approach is a safe, feasible,
and highly effective technique for treating gallbladder and
biliary tract calculi, especially those that are difficult to
extract. This approach is characterized by minimal trauma,
quick recovery, and very good clinical efficacy. It should
be considered for extensive use and as one of the best
choices to treat cholecystolithiasis and secondary bile duct
stones.

The authors thank Medjaden Bioscience Limited for scientific
editing of the manuscript.
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