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[ Abstract ]

biliary calculi include surgery and endoscopic intervention, but challenges still exist in the treatment of cer-

Biliary calculi is one of the common digestive disorders. The major therapeutic options of

tain difficult stones. With the advantages of safety and high efficiency, frequency-doubled double pulse laser
lithotripsy is considered an effective method to solve difficult stones. The frequency-doubled double pulse ne-
odymium-doped yttrium aluminum garnet laser has been approved by the State Drug Administration for litho-
tripsy of biliary stones. However, there is no consensus on ils indications, introduction methods and operat-
ing specifications yet. Therefore, on the basis of reference to literatures, the National Clinical Research Cen-
ter for Digestive Diseases ( Shanghai), Endoscopy Professional Committee of Chinese Endoscopist Associa-
tion and Chinese Society of Digestive Endoscopy organized domestic experts in relevant fields to formulate
this expert opinion after full discussion. This expert opinion may provide some guidance and references for
the standard conduction of laser lithotripsy for biliary stones in China.
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[ Summary] Biliary stones are common digestive disorders. Main treatment measures for biliary
stones include surgery and endoscopic intervention, but treatment of certain difficult stones are still faced
with challenges. Due to the safety and high efficiency, frequency-doubled double pulse laser lithotripsy is an
effective method to treat difficult stones. The frequency-doubled double pulse neodymium-doped Ytirium
Aluminum garnet laser has been approved by State Drug Administration for lithotripsy of biliary stones.
However, there is no consensus on its indications, introduction methods and operating specifications.
Therefore, on the basis of reference home and abroad, National Clinical Research Center for Digestive
Diseases ( Shanghai), Chinese Endoscopist Association and Chinese Society of Digestive Endoscopology
organized domestic experts in fields of digestion, endoscopy and surgery to formulate this expert suggestion
after full discussion, so as to provide guidance and reference for the standard conduction of laser lithotripsy
for biliary stones in China.
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Injury of Rabbit Bladder Epithelium Induced by U100 Laser

YU Zhao-cun TAN Wan-long® XIONG Lin Wu Yuan-dong PENG Hong-mei ZHENG Shao-bin
Department of Urosurgery Nanfang Hospital Southern Medical University Guangzhou Guangzhou 510515 China

ABSTRACT

Objective To study the effect of U100 laser on rabbit bladder epithelium with different frequency and output.

Methods U100 Laser with different frequency 3 Hz and 10 Hz and output 500 pulses and 1 000 pulses was acted on rabbit blad-
der epithelium. Morphological changes of target tissue were observed.

Results There was no perforation observed by eyes. By microscopy it could be observed that the epithelium desquamated with differ-
ent degree and hemorrhage under epithelium. There was no rupture of all the muscle cells. It showed that exterior epithelium desqua-
mated with 500 pulses and interior epithelium desquamated with 1 000 pulses.

Conclusions U100 Laser could not cause muscle cells rupture but it may cause injury such as epithelium desquamation and hemor-

rhage. The degree of the injury is related to the dose.
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Fig.1 Histology of rabbit normal HE x 100

1 itheli HE x 1
bladder epithelium x100 Fig. 3 Whole bladder epidermis desquamated hemorrhage
in lamina propria and thrombus is formed in small blood
vassels within laser exposure area HE x 100
2
HE x40

Fig. 2 Partial bladder epidermis desquamated

within laser exposure area HE x40
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HE x 200
Fig.4 Dropsy in smooth muscle rupture and

bleeding of small blood vessel
among bladder muscles HE x200
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Case report

Efficacy and safety of endoscopic biliary lithotripsy
using FREDDY laser with a radiopaque mark under
fluoroscopic guidance
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To date no clinic trials have reported on the safety
and effectiveness of the use of a frequency-dou-
bled double pulse neodymium YAG (FREDDY)
laser with a radiopaque mark under fluoroscopic
guidance to treat bile duct stones that are untrea-
table by conventional endoscopic therapy. We re-
port the cases of 30 patients with impacted or
large common bile duct (CBD) stones (>1.5cm)
treated by endoscopic lithotripsy using FREDDY
laser with a radiopaque mark under fluoroscopic

guidance. During the procedure, the tip of the
laser fiber was packaged with a radiopaque ring
mark that was detectable by fluoroscopy. In these
patients, complete bile duct clearance was
achieved in 27 of the 30 patients (90%). The ma-
jority of patients (18/30) were treated in a single
session; the mean number of sessions needed to
clear the bile ducts completely was 1.4+0.6.
Adverse events were noted in two patients, who
both developed acute mild pancreatitis.

Introduction
| |

Endoscopic sphincterotomy for the extraction of
stones from the bile duct system is one of the
most common endoscopic procedures. However,
the procedure fails in 5%—15% of patients with
stones in the common bile duct (CBD) because the
stones are too large to pass through the sphincter-
otomy site [1]. In such cases, the stones may be
crushed and fragmented by mechanical lithotrip-
sy prior to their removal. However, in some cases,
mechanical lithotripsy can be cumbersome, time-
consuming, complex or ineffective. When stones
grow in size, multiply, and completely obstruct
the bile duct, it may not be possible to open the
mechanical lithotripsy basket in order to capture
the stones. Another difficulty is the presence of
distal CBD stricture, which makes it impossible to
remove even shattered stones. Furthermore, jux-
tapapillary diverticula may explain the formation
of recurrent biliary stones, which affect bile duct
clearance [2]. When mechanical lithotripsy fails
to achieve fragmentation in patients with difficult
CBD stones, additional methods such as electro-
hydraulic lithotripsy (EHL), extracorporeal shock-
wave lithotripsy (ESWL), laser shockwave litho-
tripsy (LSWL), and palliative therapy (stenting)
are required [3—5]. However, these procedures re-
quire the use of either specialized and costly
equipment or high-pulse energy to disintegrate
the stones [1].
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The frequency-doubled double pulse neodymium
YAG (FREDDY) laser is a newly developed eco-
nomical, short-pulse, double frequency, solid-
state laser with wavelengths of 532nm and
1064 nm. This laser is capable of producing a
strong shock wave (the impulse peak power is
133KW) that fragments the stones in a short
time. This system promises to combine the advan-
tages of dye and solid-state lasers, such as reliabil-
ity, effectiveness, and low cost [6]. However, the
laser fiber tip in the bile duct cannot be visualized
fluoroscopically; thus, the accurate positioning of
the laser fiber on the stone may be inadequate be-
cause of the tortuous CBD in patients. Another
disadvantage is that the laser fiber is fragile and
may be inadvertently broken during the proce-
dures during insertion, because of acute angula-
tions of the CBD. Furthermore, the sharp laser
fiber tip may cause trauma of bile duct mucosa
and hemobilia.

In the present report, the laser fiber was inserted
within a balloon catheter with a radiopaque ring
mark on its tip to improve fluoroscopic targeting
and to prevent damage to the bile duct. The
FREDDY laser was first introduced for endoscopic
lithotripsy of urinary stones [7]. However, few
studies on fragmentation of difficult CBD stones
with the FREDDY laser have been reported [8,9].
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A total of 30 patients with stones in the CBD (mean age 62.2
years, range 28—87) underwent FREDDY laser lithotripsy be-
tween June 2006 and December 2009 at a tertiary referral center.
The inclusion criteria were the presence of impacted or large CBD
stones (>1.5cm) that could not be removed after endoscopic
sphincterotomy because the stones were not captured in the bas-
ket or lithoclast. In all, 18 patients had large stones that could not
be grasped, eight patients had impacted CBD stones that failed to
pass into the stone basket, and four patients had distal CBD stric-
turing. The properties of the CBD stones were as follows: one
stone (n=8), two stones (n=9), and more than two stones
(n=13); the mean diameter of the large stones was 2.0+0.7 cm
(range 1.2—3.6 cm). The study was approved by our Institutional
Review Board, and written informed consent for laser therapy
was obtained from each patient.

The FREDDY laser used in this study was the Laser U100 system
(World of Medicine, Berlin, Germany). In order to be detectable
by fluoroscopy, the tip of the laser fiber (core diameter 280 pm,
outer diameter 420 um, length 3.5 m) was packaged with a radio-
paque ring mark (the hydrophilic tip of a zebra guide wire) before
being inserted in a triple lumen extraction balloon catheter (Bos-
ton Scientific, Natick, Massachusetts, USA) (@ Fig. 1).

The balloon catheter with the fiber was then passed through the
papilla and into the bile duct via the working channel of a stand-
ard duodenoscope. Contrast media was infused into another
channel to confirm the location of the stones clearly, and then
the laser fiber was moved forward by 3—5mm. Under fluoro-
scopic guidance, the radiopaque tip of the fiber was pushed out
of the balloon catheter and positioned on the stone surface
(® Fig. 2).

Fragmentation of stones was observed simultaneously when the
laser emission was obtained. The treatment energy level was
120 mJ per pulse at a repetition rate of 10 Hz. During the laser
lithotripsy, the fragmentation effect was monitored by fluorosco-
py until the stones were crushed. The bile duct was continuously
irrigated with a mixture of contrast media and saline solution in
order to transport the laser energy and to monitor fragmenta-
tion. After stone disintegration, endoscopic extraction of frag-
mented stones was performed using a dormia basket or retrieval
balloon catheter. If, at that time, the ductal clearance was incom-
plete, then a nasobiliary catheter was inserted until the next ses-
sion.

During the procedure, the radiopaque tip of the fiber was visual-
ized clearly under fluoroscopic guidance. The laser lithotripsy
treatment failed in one patient who had a history of prior laparo-
scopic cholecystectomy because the tip of the fiber was unable to
be targeted appropriately onto the surface of the stone. The other
procedures were successful, and the total success rate was 96.7 %.
Complete bile duct clearance was achieved in 27 of the 30 pa-
tients (90%). A total of 18 patients were treated in a single session
(60.0%), and nine patients required two or three sessions. The
mean number of sessions per patient that was necessary to clear
the bile ducts completely was 1.4 +0.6. The median number of
laser pulses per procedure was 1050+980 (@ Table 1). After
FREDDY laser lithotripsy, four patients (13.3%) underwent
mechanical lithotripsy to achieve complete clearance of the bile
duct (@ Table 1).

The laser lithotripsy treatment failed in three of these patients: in
two patients the stones were only partially fragmented and one
of these patients did not want to undergo endoscopic retrograde

Case report

Fig.1 The tip of the
laser fiber was pack-
aged with a radiopaque
ring mark (black arrow).

Fig.2 The tip of the
laser fiber was clearly
visualized under fluoro-
scopic guidance (black
arrow) on the surface of
the impacted stone.

Table 1 Results of lithotripsy using the frequency-doubled double pulse Nd:
YAG (FREDDY) laser system.

Procedure Results
(N=30)

Accurate targeting of the laser on the surface 29(96.7)

of stones, n (%)

Complete clearance of bile duct, n (%) 27 (90.0)

Complete removal of stones in the first 18 (60.0)

endoscopic session, n (%)

Number of laser pulses per procedure, median + SD 1050 + 980

Number of endoscopic sessions, mean + SD 1.4+0.6

Combined mechanical lithotripsy required, n (%) 4(13.3)

cholangiopancreatography (ERCP) and instead underwent sur-
gery to clear the bile duct. Another patient, an 88-year-old man
with coronary artery disease who had three 2.5-cm CBD stones,
did not tolerate the procedure; in this case, the laser lithotripsy
procedure was concluded after a plastic stent was inserted into
the bile duct to prevent cholangitis. One patient in whom the tip
of the fiber was unable to be targeted properly onto the surface of
the stone underwent surgery also to clear the bile duct.

No hemobilia was observed. After the first session, two patients
suffered acute mild pancreatitis (6.7 %). However, the symptoms
were transient and subsided after conservative treatment. No
other complications related to the FREDDY laser lithotripsy, such
as hemobilia, perforation or bile duct injuries, were found. No
complications were observed after the second or third sessions.
No laser fiber was broken during the lithotripsy.
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Discussion
| |

ERCP and sphincterotomy are the standard treatments for CBD
stones. Endoscopic sphincterotomy for the extraction of stones
through dormia basket or balloon catheter is successful in more
than 80% of patients. When the stones are too large (> 1.5 cm) to
pass through the sphincterotomy site, mechanical lithotripsy is
required prior to the removal of the stones [1]. However, com-
plete bile duct clearance is less likely to be achieved in patients
with extremely large or impacted stones. In such patients, in-
stead of open surgical exploration of the duct, a variety of other
techniques may be employed, such as laser lithotripsy, EHL, and
ESWL. The EHL system usually requires direct visualization,
which is technically difficult. Transpapillary cholangioscopy
with a mother-baby endoscope requires two experienced endos-
copists, and ESWL is a time-consuming procedure and stone frag-
mentation requires a greater number of treatment sessions [10].
Since the first report of successful retrograde laser-induced
shockwave lithotripsy of bile duct stones in 1986, various solid-
state laser and pulsed-dye laser systems have been developed
and introduced for bile duct stone lithotripsy [11—13]. These sys-
tems require direct visualization of the stone to prevent bile duct
injury. The latest development is the introduction of the rhoda-
mine 6G-dye laser with a stone/tissue detection system, which
minimizes the risk of possible injury [14,15]. However, this sys-
tem is expensive, bulky, requires a high voltage supply, and has
a limited use in clinical practice [6]. Recently, a new solid-state
laser lithotripter, the frequency-doubled double-pulse Nd:YAG
(FREDDY) laser system has taken the place of the rhodamine 6G-
dye laser. The FREDDY laser produces two pulses, one at 532 nm
and another at 1064 nm, simultaneously. Laser light at 532 nm
(green spectrum) initiates plasma formation at the stone surface,
while the infrared laser energy boosts this plasma to form a
rapidly collapsing bubble, which produces a strong shockwave
that fragments the stones.

An initial clinical use of the FREDDY laser for difficult CBD stones
was reported by Maiss et al. A study of 22 patients who under-
went FREDDY laser lithotripsy showed that complete bile duct
clearance was achieved in 91% of the patients [16]. Kim et al.
reported the clinical data on laser lithotripsy of CBD stones with
the FREDDY system. Bile duct clearance was achieved in 15 of 17
patients (88.2%). The mean number of treatment sessions was
1.7 +0.6 [8]. Cho et al. reported that of 52 patients treated via
the transpapillary route, complete stone removal was achieved
in 48 patients (92.3%). The complete removal of stones required
a mean of 1.4 (range 1—-2) endoscopic sessions [9].

In the current series, complete bile duct clearance was achieved
in 27 of 30 patients (90%), with 18 patients being successfully
treated in a single session (60%) and nine patients requiring mul-
tiple sessions (range 1—3). The complete removal of the stones
required a mean of 1.4+ 0.6 endoscopic sessions. After FREDDY
laser lithotripsy, four patients (13.3%) underwent mechanical
lithotripsy to achieve complete clearance of the bile duct. In this
study, multiple sessions were required in some cases because of
tortuous CBD. When other techniques failed to achieve duct
clearance in these patients with difficult CBD stones, multiple
sessions of endoscopic lithotripsy were necessary.

The FREDDY laser lithotriptor with a piezo-acoustic stone/tissue
discrimination system may minimize the risk of bile duct injury.
When the laser was activated with the fiber in direct contact with
the tissues, the histopathological changes were minimal. Zorcher
et al. showed that a concentrated, selective laser beam applied to

the urothelium of the rabbit only caused light mucosal edemas
with hyperemia, as well as light-to-medium grade bleeding in
the area of the lamina propria and a punctiform coagulation
necrosis of the epithelial layer for all histological preparations,
even at maximum parameters of 90 mJ and 2000 pulses. Neither
lesions of the tunica muscularis nor perforations were found [17].
Moreover, in comparison with the holmium laser, the FREDDY
laser produces no thermal effects. This laser generates very short
impulses that are poorly absorbed by soft tissue, and so the tissue
sustains virtually no injury, even perforations. Owing to its gen-
eral safety, direct vision using a choledochoscope is unnecessary
when performing FREDDY lithotripsy via the transpapillary
route. Instead, the laser fiber was inserted within a balloon
catheter to maintain its position in the center of the duct [18].
Unfortunately, a major disadvantage of FREDDY lithotripsy is the
inability to fluoroscopically visualize the laser fiber tip in the bile
duct. Although the radiopaque tip of the balloon catheter is posi-
tioned near the stone, the tip of the fiber itself is not detectable
by fluoroscopy. Thus, positioning of the fiber may be unsatisfac-
tory in some cases. Furthermore, when being pushed out of the
balloon catheter, the laser fiber may be broken and its sharp tip
may cause bile duct wall injury and even hemobilia because of
the inability to obtain a visualization under fluoroscopic
guidance [19]. Kim et al. [8] and Cho et al. [9] reported that
hemobilia occurred in 2/17 and 8/52 patients, respectively. In
their studies, broken fibers were observed in some cases. To solve
these problems, the tip of the fiber was packaged with a radio-
paque ring mark (the hydrophilic tip of a zebra guide wire). As a
result, in the current series neither hemobilia nor broken laser
fiber were observed. Regarding complications, mild acute pan-
creatitis was noted in two patients (6.7%). They were treated by
conservative management, suggesting that FREDDY laser litho-
tripsy is safe. The results of these complications were consistent
with the report by Maiss et al. [16].

In our experience, when the tip of the laser fiber was packaged
with a radiopaque ring mark, the efficiency of successful stone
fragmentation appeared higher. In our study, the number of laser
pulses needed to disintegrate the stones was 1050 + 980, whereas
in the study by Cho et al. [9] the number was 3580 + 1450. We
assume that this difference was due to the increased accuracy of
position on the surface of stones using the laser fiber with a radio-
paque mark.

In conclusion, the laser system using FREDDY technology without
direct visual control was found to be a safe and very effective
method for the treatment of difficult stones in the CBD. The
radiopaque tip of the laser fiber enabled the visualization under
fluoroscopic guidance, thus ensuring correct positioning and
minimizing the risk of bile duct injury.
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Management hepatolithiasis with operative
choledochoscopic FREDDY laser lithotripsy
combined with or without hepatectomy

Zhi-Jun Jiang, Ying Chen, Wei-Lin Wang, Yan Shen, Min Zhang,

Hai-Yang Xie, Lin Zhou and Shu-Sen Zheng

Hangzhou, China

BACKGROUND: Hepatolithiasis is very common in East
Asia. It is benign in nature, but has a high recurrence rate. It
is likely to lead to biliary cirrhosis and increase the risk of
cholangiocarcinoma. Hence, the treatment of hepatolithiasis is
difficult but vital. In this report, we present a novel approach to
manage hepatolithiasis using the choledochoscopic Frequency-
Doubled Double pulse Nd:YAG (FREDDY) laser lithotripsy
combined with or without hepatectomy.

METHODS: Between July 2009 and October 2012, 45 patients
underwent choledochoscopic FREDDY laser lithotripsy combined
with or without hepatectomy (laser lithotripsy group). Forty-
eight patients underwent a traditional operation (traditional
method group) from January 2009 to June 2009. Comparative
analysis was made of demographic and clinical characteristics of
the two groups.

RESULTS: The final stone clearance rate of the laser lithotripsy
group was 93.3%, whereas that of the traditional method group
was 85.4% (P=0.22). In the laser lithotripsy group, 2 patients
experienced hemobilia and 3 patients had acute cholangitis. In
the traditional method group, 3 patients had intraoperative
hemorrhage, 1 patient had bile leakage, 6 patients had acute
cholangitis, and 1 patient died of liver failure. Moreover, the
operative time in the traditional method group was significantly
longer than that in the laser lithotripsy group (P=0.01). The
mean hospital stay of the patients in the traditional method
group was longer than that in the laser lithotripsy group (9.8 vs
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8.2 days, P=0.17). Recurrent intrahepatic bile duct stones were
not found during the follow-up period in the two groups.

CONCLUSION: Operative choledochoscopic FREDDY laser
lithotripsy combined with or without hepatectomy may be an
effective and safe treatment for hepatolithiasis.

(Hepatobiliary Pancreat Dis Int 2013;12:160-164)

KEY WORDS: hepatolithiasis;
lithotripsy;
frequency-doubled double pulse Nd:YAG laser;
hepatectomys;
choledochoscopy

Introduction

epatolithiasis, also known as "oriental cholangio-

hepatitis", is quite common in East Asia, with

an incidence of 38% in China, 17.0% in Korea,
and 2.1% in Japan." It is characterized by the recurrent
pyogenic cholangitis which leads to secondary biliary
cirrhosis and liver failure,”” and cholangiocarcinoma
represents a long-term unfavorable complication of
the disease.”’ The clinical progress of hepatolithiasis is
hard-bitten, demanding various surgical or nonsurgical
treatments because of a frequent stone recurrence.
The main purpose of treatment should be complete
removal of the stones, preventing from further attacks
of cholangitis and controlling disease progression
to biliary cirrhosis. Currently, various treatment
options have been available, including liver resection,
percutaneous approach, endoscopic approach and
laser lithotripsy."**! Usually, stones that are hard and
impact or can not be extracted by traditional methods
(basket catheters, forceps and irrigation) are considered
refractory bile duct stones. Some surveys'”” showed that
laser lithotripsy may offer a safe and efficacious option
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to manage refractory intrahepatic bile duct stones. In
this report, we describe the operative choledochoscopic
Frequency-Doubled Double pulse Nd:YAG (FREDDY)
laser lithotripsy combined with or without hepatectomy
for the management of intrahepatic bile duct stones.

Methods

This retrospective review included 45 patients (19 males
and 26 females), with a median age of 53 years (range
36-72), who had undergone choledochoscopic FREDDY
laser lithotripsy combined with or without hepatectomy
from July 2009 to October 2012 in our Hepatobiliary
and Pancreatic Surgery Center. A preoperative
assessment was performed for the 45 patients with
regard to clinical symptoms, physical examinations, a
comprehensive metabolic panel, a complete blood count
with differential carcinoembryonic antigen (CEA),
CA-199, and right upper quandrant ultrasound, upper
abdominal computed tomography (CT) and magnetic
resonance cholangiopancreatography (MRCP). Fifteen
patients (33.3%) experienced jaundice at the diagnosis
of bile duct obstruction. Before surgical intervention, 17
patients (37.8%) had previous hepatobiliary operation,
31 (68.9%) had fever, 30 (66.7%) had upper abdominal
pain, and 8 (17.8%) suffered from biliary cirrhosis.

We performed bile duct exploration, except for
refractory bile duct stones, for which choledochoscopic
FREDDY laser lithotripsy therapy (laser u100plus, world
of Medicine, Berlin, Germany) was feasible. In the
45 patients who received choledochoscopic FREDDY
laser lithotripsy therapy, 12 underwent hepatectomy.
Laser pulses of 1.2 ps were applied at a repetition rate
of 10-15 Hz. As intrahepatic stones were found by a
choledochoscope (CHF type P10; Olympus, Tokyo,
Japan), a 280 um flexible fiber was inserted into the
working channel of the choledochoscope. The energy
of the FREDDY laser system was transmitted by this
flexible fiber. Laser wavelengths of 532 nm and 1064 nm
as a double pulse was applied with pulse energy of 120
m]J. If bile duct stones fragmented too slowly or were
hard enough, the energy was increased to 160 mJ, and
there was no relationship between the size of stone and
pulse energy. After the disintegration of the stones, a
complete clearance of the biliary system was attempted
at the same time by irrigation and basket catheters.
Generally, hepatectomy is indicative if choledochoscopic
insertion in the severely narrowed intrahepatic bile
duct is not successful, or patients have atrophy of liver
lobe, or clinically suspected cholangiocarcinoma. After
bile duct exploration and choledochoscopic FREDDY
laser lithotripsy, all of our patients were routinely
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placed a T-tube in the common bile duct. The T-tube
was removed in two months later if the stones were not
found in the intrahepatic bile duct.

In order to illustrate the superiority of choledo-
choscopic FREDDY laser lithotripsy, we made a com-
parative analysis between the two groups. In our study,
this time period was chosen because the FREDDY laser
equipment was not available at our hospital before July
2009. The traditional methods included forceps and
irrigation lithotripsy, choledochoscopic basket catheter
lithotomy, and hepatectomy. The demographic and
clinical features of the patients in the laser lithotripsy
group and the traditional method group are shown in
Table 1.

All patients were followed up after treatment with
FREDDY laser lithotripsy and traditional method. The
follow-up examinations included T-tube cholangiography,
ultrasonography and laboratory tests (hemoglobin, white
blood cell count, bilirubin, alanine aminotransferase,
aspartate aminotransferase, creatinine, serum urea nitrogen,
CEA, CA-199), which were performed every three months.
Stones detected in the intrahepatic bile duct within
3 months after therapies were considered as residual
stones. The occurrence of any operative complication

Table 1. Demographic and clinical features of patients in laser
lithotripsy group and traditional method group

Laser Traditional
Characteristics lithotripsy method
group group
(n=45) (n=48)

Male/Female 19/26 23/25
Mean age (yr) 53 56
History of hepatobiliary surgery (n, %) 17 (37.8) 18 (37.5)

Hepatectomy 5(11.1) 4(8.3)

Bile duct exploration 12 (26.7) 13 (27.1)

Cholecystectomy 15 (33.3) 17 (35.4)
Symptoms (1, %)

Jaundice 15 (33.3) 17 (35.4)

Fever 31 (68.9) 33 (69.5)

Upper abdominal pain 30 (66.7) 35(72.9)
Biliary cirrhosis (1, %) 8(17.8) 9 (18.8)
Mean Child-Pugh score A A
Biliary strictures (1, %) 17 (37.8) 19 (39.6)
Number of stones (1, %)

1 0(0) 0(0)

>1 45 (100) 48 (100)
Location of stones (1, %)

Unilateral bile duct 11 (24.4) 13 (27.1)

Left intrahepatic bile ducts 7 (15.6) 9 (18.8)

Right intrahepatic bile ducts 4(8.8) 4(8.3)
Bilateral bile duct (1, %) 34 (75.6) 35 (72.9)




was assessed by patient visit or telephone interview.

Differences in the characteristics of the laser
lithotripsy group and the traditional method group
were analyzed by the Chi-square test and Student's £ test,
using SPSS software for Windows (Statistical Product
and Service Solutions, version 18.0, SPSS Inc., Chicago,
IL., USA). A P value of less than 0.05 was considered
statistically significant.

Results

Forty-two (93.3%) of the 45 patients in the laser
lithotripsy group achieved a complete stone
fragmentation and intrahepatic bile duct clearance
(Figs. 1 and 2), and 3 patients failed because stones
were impacted in the bilateral bile duct and associated
with bile duct stricture and biliary cirrhosis. Five of
the 45 patients underwent segmental hepatectomy
of the right liver, and 7 patients were subjected to
left lateral hepatectomy. One patient suffered from
cholangiocarcinoma with negative margins, and was still
alive 23 months later. In the traditional method group,
the final stones clearance rate was 85.4%. Six of 48
patients underwent segmental hepatectomy of the right
liver, and 12 patients received left lateral hepatectomy.

The degree of complication was mild in the laser
lithotripsy group. During the operation, hemobilia
occurred in two patients because of mucosal damage
induced by insertion of the laser fiber and was
successfully treated by bile duct irrigation of 100 mL
normal saline with 8 mg epinephrine. Three patients
with acute cholangitis were treated by administration
of antibiotics and T-tube irrigation. In the traditional
method group, 3 patients had intraoperative hemorrhage
because of forceps injury and were treated by bile duct
irrigation of 100 mL normal saline with 8 mg epinephrine,
1 patient with leakage was managed by intraperitoneal
drainage, 6 patients with acute cholangitis were treated by
administration of antibiotics and T-tube irrigation, and
1 patient died of liver failure because of liver cirrhosis
and intraoperative lithotomy for a long time on the
seventh day after surgery.

The operative time of the traditional method group
was significantly longer than that of the laser lithotripsy
group (P=0.01). The mean hospital stay of the patients
in the traditional method group was longer than that in
the laser lithotripsy group (9.8 vs 8.2 days, P=0.17). No
postoperative mortality (within 30 days) or recurrence
of stones (during follow-up period) was found in the
laser lithotripsy group, and the mean follow-up period
of the laser lithotripsy group and the traditional method
group was 19 and 43 months, respectively (Table 2).

Hepatobiliary & Pancreatic Diseases International

Fig. 1. A: Impacted intrahepatic bile duct stones; B: FREDDY laser
fragmenting the stones; C: cleared intrahepatic bile duct.

Fig. 2. A, B: abdominal CT showing a lot of stones located in
the bilateral intrahepatic bile duct before laser lithotripsy; C, D:
abdominal CT showing no intrahepatic bile duct stones after laser
lithotripsy.

Table 2. Comparison of the treatment results between the two groups

Laser lithotripsy Traditional method

group (n=45)  group (n=48) Prvalue
Clerance rate of stones 42 (93.3) 41 (85.4) 0.22
(1, %)
Mean operation time ~ 112+8.08 145+13.07 0.01
(range, min) (95-137) (106-185)
Complication 5(11.1) 11 (22.9) 0.13
Mean hospitalization  8.2+1.22 9.8+1.63 0.17
time (range, d) (7-12) (7-15)
Postoperative mortality 0 1(2.1)
(within 30 days) (1, %)
Mean follow-up 19 (1-40) 43 (41-46)

(range, mon)

Discussion

Hepatolithiasis is characterized by a high rate of
treatment failure and recurrence. Intrahepatic bile
duct stones can lead to biliary strictures, liver abscess,
secondary biliary cirrhosis, liver atrophy and even cho-
langiocarcinoma."’"” To reduce the risk of recurrence
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of intrahepatic bile duct stones,”” surgeons have to

remove the intrahepatic and extrahepatic stones as well
as bile duct stricture, to establish adequate drainage
of the intrahepatic biliary tree, and to resect the lesion
of liver lobe. Currently, surgical and nonsurgical
procedures are available for hepatolithiasis. The
nonsurgical procedures include percutaneous approach
and endoscopic approach. Percutaneous transhepatic
cholangioscopic lithotomy (PTCSL) is less invasive than
surgical approaches, and therefore can be conducted in
patients with poor general conditions, difficult anatomy,
and bile duct strictures."” "/ Nd:YAG laser lithotripsy is
often available for disintegrating stones that are too large
to be removed using ordinary percutaneous transhepatic
cholangioscopy.” ¥ However, the percutaneous approach
is difficult to resolve hepatolithiasis completely when
it occurs in both liver lobes. Moreover, PTCSL is more
time-consuming and frequently induces intra-abdominal
abscess, liver laceration, severe bleedings as well as bile
leakage.”* > ') However, these complications can be
avoided by operative laser therapy. Endoscopic retrograde
cholangiopancreatography, a routine endoscopic approach,
has been used to extract common bile duct stones.
However, it is not so efficient in managing hepatolithiasis
because of acute angulation of the bile duct, impacted
stone or intrahepatic bile duct stricture.”” And for
multiple stones, repeated extraction may increase
the risk of complications such as pancreatitis."”
Comparatively, hepatic resection is the most effective
approach for the treatment of hepatolithiasis by removal
of intrahepatic stones, stenotic bile duct, and destroyed
hepatic parenchyma."”’ This approach is generally
considered for patients with unilateral disease, not for
those with complicated diseases including stones in
both lobes and factors increasing the risk of surgery."”
Therefore, each patient should undergo preoperative
CT and MRCP to demonstrate the precise location of
stones, dilated segmental bile ducts, stricture of bile
ducts, atrophy of affected lobes, and even concurrent
cholangiocarcinoma. According to CT and MRCP, we
could judge whether liver resection should be made.
In addition to surgical and nonsurgical procedures
for intrahepatolithiasis, operative choledochoscopic
FREDDY laser lithotripsy combined with or without
hepatectomy is a novel approach.

The technological development of FREDDY laser
dates back to 1997 and has been developed for endoscopic
lithotripsy to disintegrate urinary stones.’**’ Recent
studies'® > have shown that FREDDY laser is efficacious
and safe for the billiary system. FREDDY laser initiates
plasma formation at the stone surface utilizing the
532 nm green fraction and heats the performed plasma
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with the infrared portion (1064 nm)."" The plasma
rapidly expands and finally collapses, causing a number
of physical phenomena which are responsible for the
mechanical fragmentation of the stone."®’ Like the
pulsed dye laser it works by generating shockwaves
that mechanically break stones without adverse themal
effects.” In vivo studies have clearly shown that direct
targeting of the tissue over a prolonged period does
not result in structural damage, making inadvertent
perforation virtually impossible."® > **/ Nevertheless,
the probe contacting with the bile duct wall may result
in perforation or bleeding.[lﬁ’ I For instance, two
patients experienced intraoperative biliary tract bleeding
in the laser lithotripsy group in our center. Hence we
were careful when the flexible fiber was inserted into
the intrahepatic bile duct. The FREDDY laser system
has the advantage of solid-state and pulse-dye lasers
such as lower cost, good reliability, time-saving and
excellent effectiveness."” We applied this laser on the
intrahepatic bile duct stone via the working channel of
a choledochoscope during the operation. Some patients
underwent liver resection when bile duct stones could
not be cleared only by the FREDDY laser approach or
the patients had atrophy of liver segment or lobe or
clinically suspected cholangiocarcinoma. In our study
the final stone clearance rate after choledochoscopic
FREDDY laser lithotripsy combined with or without
hepatectomy reached 93.3%, compared with that of
the traditional method (85.4%). However, there was
no significant difference in the final stone clearance
rate between the two groups, which may be due to the
small sample. The mean operation time and mean
hospital stay of the patients in the traditional method
group were longer than those in the laser lithotripsy
group. Moreover, FREDDY laser was shown to be highly
efficient in fragmentation of biliary stones (100%).
Operative choledochoscopic FREDDY laser lithotripsy
is a novel treatment of hepatolithiasis. If patients with
intrahepatic stones located in the unilateral bile duct and
without indications for hepatectomy, choledochoscopic
FREDDY laser lithotripsy is effective treatment of
choice. But how to manage intrahepatic stones which
are distributed bilaterally still needs investigation. In
patients with bilateral intrahepatic stones and absence
of associated intrahepatic bile duct stricture and
liver atrophy, only choledochoscopic FREDDY laser
lithotripsy could be used to clear the stones and avoid
liver resection. Moreover, choledochoscopic FREDDY
laser lithotripsy combined with hepatectomy may be
suitable for some patients who have bilateral multiple
stones associated with unilateral stenosis of the
intrahepatic duct and atrophy of the liver lobe. However,



operative choledochoscopic FREDDY laser lithotripsy
combined with hepatectomy is not indicated for patients
with biliary cirrhosis associated with bilateral multiple
stones and bilateral stenosis of the intrahepatic bile duct.
Since hepatectomy may increase the risk of liver failure
and a choledochoscope cannot be introduced through
the narrowed intrahepatic bile duct, FREDDY laser is
no longer used. For these patients, we recommend local
bile duct exploration through designated liver capsule or
liver transplantation.

In conclusion, given the complicated nature of
the disease and various conditions of the patient, a
multidisciplinary approach should be considered. The
present study suggests that operative choledochoscopic
FREDDY laser lithotripsy may be a safe and effective
treatment of choice for intrahepatic bile duct stones.
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VIDEO CASE REPORT

Endoscopic laser lithotripsy and lithotomy through the
lumen-apposing metal stent for a giant gallstone after Crosshiak

EUS gallbladder drainage

Wei Wang, MD, Xingang Shi, MD, Zhendong Jin, MD, Zhaoshen Li, MD

We present the case of a 65-year-old woman who had
recurrent cholecystitis for gallstones. However, surgical
cholecystectomy was not advisable because of her long his-
tory of heart disease. In addition, she refused surgical treat-
ment. She had experienced another severe recurrence of
acute cholecystitis after eating greasy food 2 months
earlier. CT and magnetic resonance imaging suggested a
giant gallstone and acute cholecystitis (Fig. 1). EUS
showed that the stone size was 2.6 x 1.9 cm (Fig. 2).
After 3 days of anti-infection therapy, no significant
improvement appeared. The patient agreed to undergo
EUS-guided gallbladder drainage with lumen-apposing
metal stents (LAMSs), and she hoped to extract the gall-
stone. All procedures were performed after she signed an
informed consent.

The patient was placed in a horizontal position under
single-lumen intubated anesthesia. A linear echoendo-
scope (GIF-UCT260; Olympus Medical, Tokyo, Japan) was
used. EUS-guided transduodenal puncture was performed
with a 19G needle (EchoTip Access Needle; Cook Medical,
Bloomington, Ind) with color Doppler followed by place-
ment of a 0.035-inch guidewire (Fig. 3). Sterile normal
saline solution was used for gallbladder aspiration and

Figure 1. CT image showing gallstone.

Written transcript of the video audio is available online at www.VideoGIE.org.

Figure 2. EUS image showing the size of gallstone (2.6 x 1.9 cm).

Figure 3. EUS-guided puncture and lavage of gallbladder.
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Figure 4. Fluid from 5 successive rounds of gallbladder lavage.

Figure 5. Fluoroscopic view showing lumen-apposing stent deployment.

lavage to avoid leakage of bile into the peritoneal cavity
(Fig. 4). Then the needle was removed, and a cystotome
(CST-10; Cook Medical) was applied to set up passage
into the gallbladder. The stent delivery system was
inserted over the guidewire and advanced into the
gallbladder. Deployment of the stent proceeded under
EUS and fluoroscopic guidance until the distal and
proximal flanges were both expanded and in good
position (Fig. 5). No adverse events occurred during the
operation.

Figure 6. The concentration of bile acid and bilirubin was decreased
significantly.

Figure 7. Giant stone broken into small fragments.

The patient fasted for 2 days after the procedure and
experienced relief of her symptoms such as fever and
abdominal pain. Endoscopic lithotomy was attempted 4
weeks later when the cholecystoduodenal tract was intact
and firm. A gastroscope with a 2.8-mm work channel
(GIF-H-260; Olympus) was used. Various endoscopic de-
vices were experimented with during stone removal,
including baskets (MSB-2X4, MB5-2X4-8; Cook Medical),
extraction balloon (TXR-8.5-12-15-A; Cook Medical), triel-
con (FG-45L-1, Olympus), foreign-body forceps (FG-9L-1,
FG-49L-1; Olympus), and disposable bag (AF-D2416GT,
Alton, Shanghai). However, none proved to be effective
because the stone was so big that none of the conventional

www.VideoGIE.org
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Figure 8. Removal of stent.

Figure 11. Fluoroscopic view showing no residual stones.

Figure 9. Basket extraction of residual stones.

Figure 12. Fistula was put aside.

devices could be used in the small space. Furthermore, the
stone was too smooth and hard to grasp.
Finally, U-100 frequency-doubled double-pulse laser
(FREDDY, W.O.M., Germany) was used to break down
the big stone (Fig. 6). Two hours were spent just for the
hard shell. However, the fragments still could not be
extracted through the 1.6-cm stent diameter. Therefore,
the following 3 remedies were undertaken: (1) changing
U100 laser to U100 plus laser, which is more powerful;
Figure 10. Complete extraction of all stones. (2) spending more time on further lithotripsy until all
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Figure 13. Fistula closed up 2 days after surgery.

pieces were smaller than 1 cm (Fig. 7); and (3) taking out
the metal stent to facilitate entry of the gastroscope and
manipulation (Fig. 8). Various devices were selected
according to the stone shape and size (Video 1, available
online at www.VideoGIE.org). The bigger pieces were
extracted by basket or trielcon, and the smaller pieces
were extracted by rat-tooth forceps (Fig. 9). Washing and
suction was effective for sand grains and for stones
falling into the cystic duct. In total, 4 hours passed

before all visible pieces were extracted, and no retained
stones were found by antegrade cholangiography
(Figs. 10 and 11). An artificial fistula between the
cholecyst and the duodenal bulb was put aside after the
operation and was closed up 2 days later (Figs. 12 and
13). No abnormality was found during the 1-month
follow-up.

In conclusion, this procedure shows that endoscopic
laser lithotripsy and lithotomy is safe and feasible for gall-
stones through the LAMS. This may be an effective alterna-
tive treatment for patients who are not suitable for open
surgery. However, further studies are needed to evaluate
the long-term results and effectiveness.
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Fluoroscopy guided laser lithotripsy for difficult bile duct stones WANG Yong-jun, JI Ming, YU li,
NIU Ying-lin, LI Peng, LU Fu-jing, LI Wei, ZHANG Shu-tian. Department of Gastroenterology , Beijing
Friendship Hospital Affiliated to Capital University of Medical Sciences Beijing ,10050 , China.
Corresponding author: Ji Ming, Email; zhangst@ bddc-bfh. com. cn

[ Abstract] Objective To evaluate the efficacy and safety of fluoroscopy guided laser lithotripsy for
removing difficult bile duct stones. Methods Patients with difficult bile duct stones in Beijing Friendship
Hospital Affiliated to Capital University of Medical Sciences from March 2008 to December 2009 were divided
into two groups; cholangioscopy guided group (n =21)and fluoroscopy guided group (n =19). The success
rate of complete stone removal and the complication rate related to the procedure were compared between the
two groups. Results The success rates of complete stone removal in the two groups were not different
( cholangioscopy guided group 19/21 ;fluoroscopy guided group 17/19;P >0. 05) ; The rates of complications
related to laser lithotripsy were not different either ( cholangioscopy guided group 4/21 ; fluoroscopic guided
group 3/19;P >0.05). Conclusion Frequency-doubled double-pulsed laser lithotripsy guided by cholan-
gioscopy or fluoroscopy seems safe and effective.

[ Key words] common bile duct stone; laser lithotripsy.
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Abstract

AIM: To study the efficacy and the safety of laser
lithotripsy without direct visual control by using a balloon
catheter in patients with bile duct stones that could not
be extracted by standard technique.

METHODS: The seventeen patients (7 male and 10
female; mean age 67.8 years) with difficult common bile
duct (CBD) stones were not amenable for conventional
endoscopic maneuvers such as sphincterotomy and
mechanical lithotripsy were included in this study. Laser
wavelengths of 532 nm and 1064 nm as a double pulse
were applied with pulse energy of 120 mJ. The laser fiber
was advanced under fluoroscopic control through the
ERCP balloon catheter. Laser lithotripsy was continued
until the fragment size seemed to be less than 10 mm.
Endoscopic extraction of the stones and fragments was
performed with the use of the Dormia basket and balloon
catheter.

RESULTS: Bile duct clearance was achieved in 15 of 17
patients (88%). The mean number of treatment sessions
was 1.7 £+ 0.6. Endoscopic stone removal could not be
achieved in 2 patients (7%). Adverse effects were noted
in three patients (hemobilia, pancreatitis, and cholangitis).

CONCLUSION: The Frequency Doubled Double Pulse
Nd:YAG (FREDDY) laser may be an effective and safe
technique in treatment of difficult bile duct stones.

© 2008 WJG. All rights reserved.
Key words: Bile duct stones; Frequency doubled double

pulse Nd:YAG laser; Transpapillary removal; Mechanical
lithotripsy; Balloon catheter
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INTRODUCTION

About 90% of all patients with common bile duct stones
are currently treated non-surgically using endoscopic
sphincterotomy and stone extraction. However, standard
endoscopic procedure and mechanical lithotripsy for
removal of stones from the bile duct fail in 5% to 10% of
patients, because the stones are too large or impactedm.
In such cases, additional methods such as extracorporeal
shockwave lithotripsy (ESWL), laser shockwave lithotripsy
(LSWL) or electrohydraulic lithotripsy (EHL) are rcquiredm.
EHL and LSWL need visual control »iz a mother-baby
endoscope system or cholangioscopy for safety because of
the potential for accidental damage to the bile duct wall.
Moreover, a peroral cholangioscope is expensive, fragile
and difficult to use. Laser lithotripsy is expensive due to the
cost of the cumbersome endoscopic equipment. Although
EHL is inexpensive, it uses high-pulse energy to disintegrate
stones””

The Frequency Doubled Double Pulse Nd:YAG
(FREDDY) laser (World of Medicine, Berlin, Germany)
is a newly developed economical, short-pulse, double
frequency, solid-state laser with wavelengths of 532 nm and
1064 nm that cause less tissue damage. It was specifically
designed to fragment urinary and biliary calculi”, We used
a balloon catheter for FREDDY laser lithotripsy (FREDDY
LL) in an effort to improve fluoroscopic targeting and to
prevent damage to the bile duct. The purpose of this study
was to investigate the safety and the effectiveness of using
a FREDDY laser to treat bile duct stones that were not
amendable to conventional endoscopic therapy.

MATERIALS AND METHODS

Patients
Seventeen patients (7 male and 10 female; mean age 67.8
years, range 55-82 years) with extra-hepatic bile duct
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stones were included in this study. The inclusion criterion
for this study was extrahepatic bile duct stones that were
not amenable to standard endoscopic procedure including
endoscopic sphincterotomy and mechanical lithotripsy.
Stone removal by using conventional methods failed
because the stones were not captured in the basket for
mechanical lithotripsy or endoscopic sphincterotomy
inadequately was done for large periampullary diverticulum
with large CBD stones (> 1.5 cm). The main reasons were
the following; large stone (# = 7), impacted stone (# = 3),
and large stones with periampullary diverticulum (» = 7).

All patients were diagnosed as having bile duct stones
by endoscopic retrograde cholangiography and/or MRCP
at our hospital. The data regarding stone size, number,
and location was based on the endoscopic retrograde
cholangiogram (by using the diameter of the distal end of
standard duodenosocpy as a reference). The properties
of the CBD stones were as follows: 1 stone (# = 5), 2
stones (7 = 7) and more than 2 stones (# = 5); diameter of
large stone (18.5 = 3.2 mm) with 10-20 mm (» = 8) and
with 21-30 mm (# = 9). Large stones with periampullary
diverticulum were found in 11 of 17 patients. The study
was approved by our institutional review board. Written
informed consent was obtained from each patient for laser
therapy.

Methods

we used the FREDDY laser (frequency doubled double
pulse Nd:YAG laser, Laser 100, Wotld of Medicine). Laser
wavelengths of 532 nm and 1064 nm as a double pulse were
applied with pulse energy of 120 mJ. The laser fiber with
a 250 nm core diameter was inserted in a 6.8 Fr standard
extraction balloon catheter (Wilson-Cook Medical Inc.,
Winston-Salem, N.C.) with an 18-mm-diameter balloon and
this was then passed through the papilla via the working
channel of a standard duodenoscope (JF-240; Olympus
Optical Co., Ltd. Tokyo, Japan).

As the fiber itself is not detectable by fluoroscopy, the
radio-opaque tip of the balloon catheter was positioned near
the stone, and the balloon was expanded to fix the position
of the catheter and the fiber. The tip of the fiber was
advanced a few millimeters beyond the radio-opaque tip of
the balloon catheter, under fluoroscopic guidance, to ensure
that the fiber was positioned on the stone surface. Only
one fluoroscopic plane was used to target the stone and
to observe fragmentation. The treatment energy level was
120 m] per pulse at a repetition rate of 8 to 10 Hz. During
the laser treatment, we tried to listen to the fragmentation
sound of stone by using stethoscope and the fragmentation
effect was monitored by fluoroscopy after instillation of
contrast media into the bile duct. During laser lithotripsy,
the bile duct was continuously irrigated with a mixture of
contrast media and saline solution because fluid is required
for the generation of shock waves.

After stone disintegration, endoscopic extraction of
stones and fragments was done with a dormia basket
and balloon catheter. Laser lithotripsy was limited to a
maximum duration of 60 min per session. If, at that time,
the ductal clearance was incomplete, then a nasobiliary
catheter was inserted. Failure of laser lithotripsy was
defined as the inability to achieve complete bile duct
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clearance after a maximum of three lithotripsy sessions.

All patients were followed for at least two days after
the FREDDY LL. Follow-up included simple radiographs
and laboratory tests (hemoglobin, white blood cell
count, bilirubin, alanine aminotransferase, aspartate
aminotransferase, creatinine, serum urea nitrogen, amylase
and lipase levels). The occurrence of any complication
within one month of the FREDDY LL procedure was
assessed by a patient visit or telephone interview.

RESULTS

Lithotripsy

Complete stone fragmentation using FREDDY LL
was achieved in 15 of 17 patients without direct visual
control (Figure 1). The number of endoscopic retrograde
cholangiography sessions per patient that was necessary to
totally clear the bile ducts was 1.7 = 0.6. After FREDDY
LL, 3 patients underwent mechanical lithotripsy to achieve
complete clearance of the bile duct.

The stone fragmentation failed in two patients, in
whom the positioning of the laser fiber on the stone was
inadequate due to a huge impacted stone in the tortuous
common bile duct and the biliary stricture. One patient
was sent to the surgical department to clear the bile duct
by laparoscopic surgery. The other patient was treated
by percutaneous cholangioscopy with electro-hydraulic

lithotripsy.

Complications

The side effects and complications of FREDDY LL were
mostly mild. Although acute pancreatitis occurred in
one patient, it was treated by conservative management,
and there was no pseudocyst. Transient hemobilia was
observed in two patients. However, the bleeding stopped
spontaneously without any change of the hemoglobin
level. The hemobilia may have been caused by mucosal
damage from insertion of the guiding catheter or the
balloon catheter. A patient with acute cholangitis was
treated by administration of antibiotics and nasobiliary
tube irrigation. This complication may have been caused
by transient obstruction of the nasobiliary tube.

DISCUSSION

Endoscopic retrograde cholangiopancreatography (ERCP)
and sphincterotomy have been the standard treatments
for choledocholithiasis, yet large stones present a major
challenge for the endoscopist. Extending a sphincterotomy
increases the risk of bleeding and perforation, and
mechanical lithotripters ate generally expensive, cumbersome
to use, and fragile, and they fail to grasp the stones in a
significant number of cases. For treating these patients, the
complementary techniques such as extracorporeal shock
wave, intracorporeal electrohydraulic, or laser induced
lithotripsy are required".

Electrohydraulic intracorporeal lithotripsy (EHL)
represents an effective treatment option for the endoscopic
treatment of difficult bile duct stones. However, EHL
requires continuous visual control of the fragmentation
procedure because of the high pulse energies that are used.
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Figure 1 Complete stone fragmentation using FREDDY without direct visual
control. A: Cholangiogram showing stone impacted in the common bile duct; B:
Cholangiogram made during FREDDY laser lithotripsy, showing multiple stone
fragments; C: Endoscopic findings showing the fragmented stones from the bile duct.

The probe contacting with the bile duct wall may result in
perforation or bleeding. Cholangioscopy with continuous
saline solution irrigation is routinely performed during
EHL. Transpapillary cholangioscopy with a mother-
baby endoscope requires two experienced endoscopists.
In addition, this type of endoscope is so fragile, and its
cost is high. Also, EHL is associated with a high level of
exposure to ionizing radiation for both the patient and the
endoscopist[4’5]. Data on laser lithotripsy for complicated
bile duct stones have been reported by several centers.
Stone fragmentation rates of about 80%-90% have been
reported for the coumarin green and Nd:YAG laser
under direct cholangioscopic control. When performing
laser lithotripsy under fluoroscopic guidance, the method
failed in up to 80% of patients, because positioning of
the glass fiber on the stone was difficult. But in 1993, a
flash-lamp pulsed laser with a tissue-stone recognition
system was introduced that could identify gallstones by
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analyzing the back-scattered light and the energy pulse was
interrupted in case of tissue contact. The visual control of
placing the tip of the probe to the surface of the stone is
facilitated by a helium-aiming beam. This system allows
the treatment to be performed under fluoroscopic control
with excellent safety and fragmentation success rates of up
to 90%. Fluoroscopic control using a thodamine 6G laser
was effective in clearing the bile ducts in about 80% of
patients[z’gl.

The FREDDY laser has been developed for endoscopic
lithotripsy to disintegrate urinary stones. We applied this
laser on the biliary stone that was not amenable to standard
endoscopic procedure including endoscopic sphincterotomy
and mechanical lithotripsy through the transpapillary route.
In our study, stone disintegration through the transpapillary
route was achieved in 15 of 17 patients (88%). The
FREDDY laser is a short pulsed Q-switched frequency-
doubled, double pulse Nd:YAG solid-state laser that
allows the emission of long pulses. This laser is capable of
producing very high pulse intensity because of the partial
frequency doubling of the infrared ray into the green range
that works synergistically. Laser light at 532 nm (the green
spectrum) initiates plasma formation at the stone surface,
while light at a wavelength of 1064 nm heats the preformed
plasma, to cause expansion and contraction, which
fragments calculi, and the pulse duration is 0.5-1.5 ps[()]. This
laser generates very short impulses that ate pootly absorbed
by soft tissue, and so the tissue is exposed to virtually no
thermal effect. In vitro experiments show that FREDDY
laser is very suitable for performing lithotripsy, and animal
model studies have shown little to no effect on normal
tissues' .

Also, in comparison with the holmium laser, the
FREDDY laser produces no thermal effect. This laser
showed a high degree of fragmentation efficiency (95%)
on the urinary stone, but yet any studies of its effect on
biliary stones are rare. There was an 88% fragmentation
rate in our study, although the number of patient
was small. The FREDDY laser system combines the
advantage of solid-state and pulse-dye lasers such as lower
cost, good reliability, and excellent effectiveness.

The number of ERCP sessions necessary for duct
clearance was higher in our study than reported for other
study groups. When laser therapy was done as the first
line method for difficult cases, additional ERCP sessions
were necessary to achieve complete bile duct clearance!”.
A disadvantage of the FREDDY laser system is the high
x-ray exposure to patients and the endoscopist. Also, it
is difficult and time consuming to target the stone by
fluoroscopy because of the positioning of the laser fiber
that is inserted through a balloon catheter!”. A certain
level of endoscopic technique is required to contact
the balloon catheter with laser fiber on the surface of a
stone. Positioning of the balloon may be unsatisfactory
in a tortuous angulated bile duct like our cases that laser
lithotripsy failed. To ensure that the fiber would target
the stone exactly and avoid contact with the bile duct, we
monitored stone movement in the bile duct, fragmentation
sound by applying stethoscope and hemobilia during this
laser treatment.
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In conclusion, our results suggest that laser lithotripsy
using FREDDY without direct visual control was an
effective and safe technique for patients with difficult
CBD stones that could not be removed by mechanical
lithotripsy. In the future, comparative studies with EHL,
ESWL, or other laser systems will be required to assess the
utility and efficacy of FREDDY laser.

COMMENTS

Background

Endoscopic papillotomy is successful in more than 90% of the cases of
choledocholithiasis. For patients with difficult bile duct stones not responding to
mechanical lithotripsy, different methods for stone fragmentation such as laser
lithotripsy or electrohydraulic lithotripsy (EHL) with direct visual control have
been developed. A major problem in using this device is the requirement of
cholangioscopic guidance or the “mother and baby” endoscope.

Research frontiers

Recently, a new laser, the Frequency Doubled Double Pulse Nd:YAG (FREDDY),
was developed for endoscopic lithotripsy for urinary stones, and has less tissue
damage. The efficacy and safety of laser lithotripsy without cholangioscopy by
using the balloon catheter were evaluated in patients with bile duct stones that
could not be extracted by standard technique.

Innovation and breakthroughs

The FREDDY laser is a newly developed economical, short-pulse, double
frequency, solid-state laser that results in less tissue damage. Fluoroscopically
guided laser lithotripsy with a balloon catheter through a peroral duodenoscope
appears to be effective treatment for bile duct stones that cannot be extracted by
using conventional techniques such as mechanical lithotripsy.

Applications

For the fragmentation of the biliary stone, cholangioscopy guidance is expensive
due to the cost of the cumbersome endoscopic equipment and the need for two
experienced endoscopists operating the “mother and baby” endoscope. When
direct visual control is not available or limited, laser lithotripsy with a balloon
catheter may be an alternative. To target the laser fiber accurately on the stone in
the bile duct, a new and easier method is required.

Peer review
It is a well-written and interesting paper. The FREDDY laser may be a useful
technique in treatment of difficult bile duct stones.
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Laparoscopic Transcystic Common Bile Duct Exploration:
T-Shaped Incision of Cystic Duct
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Abstract

Obijectives: Optimal laparoscopic techniques for management of gallstones concomitant with common bile duct
(CBD) stones remain under debate. The aim of this study was to evaluate a novel approach to managing
gallstones concomitant with large or impacted CBD stones through a modified laparoscopic transcystic CBD
exploration (LTCBDE) with frequency-doubled double-pulse neodymium:YAG (FREDDY) laser lithotripsy.
Materials and Methods: This retrospective review includes 32 consecutive patients with gallstones concomitant
with large or impacted CBD stones who were offered LTCBDE with FREDDY laser lithotripsy between
June 2012 and December 2014. Demographic, perioperative, and follow-up data were collected and analyzed
retrospectively.

Results: CBD stone clearance was achieved for all patients. There were 13 males and 19 females, among whom
there were three patients with a history of abdominal surgery. The diameter of the CBD ranged from 10 to 20
(mean 15.1) mm, and the number of CBD stones ranged from 1 to 5. CBD stones ranged in diameter from 9 to
18 (mean 11.7) mm and 9 patients had stones that were impacted in the CBD. The mean operative time was
123+ 18 minutes with a range of 72 to 155 minutes. The mean length of postoperative hospital stay was 5.3
(range 4-7) days. All patients recovered normally without morbidity or mortality.

Conclusions: The modified LTCBDE with a T-shaped incision of the cystic duct and FREDDY laser lithotripsy
is a safe and effective means of managing gallstones concomitant with large or impacted CBD stones.

Introduction ERCP include post-ERCP pancreatitis, sphincter of Oddi

dysfunction, and ERCP-related hemorrhage or perforation.®

C ommon bile duct (CBD) stones occur in up to 15% of
patients with symptomatic gallstones or acute chole-
cystitis.! Symptomatic CBD stones can lead to obstructive
jaundice, cholangitis, secondary biliary cirrhosis, or pan-
creatitis. With continual improvement in endoscopic and
laparoscopic techniques, endoscopic retrograde cholangio-
pancreatography (ERCP), along with laparoscopic chole-
cystectomy (LC), and laparoscopic CBD exploration
(LCBDE) with LC are preferred for the majority of patients
diagnosed as having concomitant gallstones and CBD
stones.>® Randomized clinical trials have concluded that
there is no statistically significant difference in the success
rate of CBD stone clearance, morbidity, or mortality be-
tween ERCP and LCBDE in selected patients.™ However,
the short-term and long-term adverse events pertaining to

Furthermore, unsuccessful ERCP may cause severe peri-
ampullary inflammation that obliterates the papillary orifice
or may precipitate iatrogenic complications that lead to
higher inpatient mortality.*®~** LCBDE is safe and effective
for the management of bile duct stones without the ERCP-
related complications. As a one-stage approach, LCBDE can
be performed either through the cystic duct or by chole-
dochotomy. Moreover, laparoscopic transcystic CBD ex-
ploration (LTCBDE) has the advantages of protecting the
integrity of the CBD, obviating suture repair after chole-
dochotomy, preserving the function of the sphincter of Oddi,
faster postoperative recovery, and shorter hospital stay.’
However, for clearing large or impacted CBD stones,
standard endoscopic or laparoscopic procedures are chal-
lenging or impossible. Although multiple studies of LTCBDE

Department of Hepatobiliary Surgery, Second Affiliated Hospital of Nanchang University, Nanchang, China.

*These authors contributed equally to this work.
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FIG. 1. Diagram of trocar position. LTCBDE was used
with a 4-trocar technique; the first (10-mm) trocar (A) was
placed below the umbilicus for insufflation of carbon dioxide
and laparoscope access, a 12-mm trocar (B) was placed in the
epigastric region, a 5-mm trocar (C) was placed in the mid-
clavicular line 1-2cm below the costal margin, and another
5-mm trocar (D) was placed in the right axillary line 4-5cm
below the costal margin. CBD, common bile duct; LTCBDE,
laparoscopic transcystic CBD exploration.

with technical modifications have been reported and applied,
the optimal technique has not been determined to date.>*>*3

The frequency-doubled double-pulse neodymium:YAG
(FREDDY) laser is a newly developed short-pulse, double
frequency, and economical laser with wavelengths of 532 nm
and 1064 nm. This laser was designed specifically for endo-
scopic or laparoscopic lithotripsy and has been used suc-
cessfully for the treatment of difficult bile duct stones in
ERCP or open surgery when the traditional methods
failed.>*® To date, FREDDY laser lithotripsy has yet to be
combined with LTCBDE. In this study, we aimed to evaluate
the safety and efficacy of a modified LTCBDE with FRED-
DY laser lithotripsy for management of gallstones concom-
itant with large or impacted CBD stones.

FIG. 2.
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Materials and Methods
Patients and clinical data

This retrospective review included 32 patients who consec-
utively underwent LTCBDE combined with FREDDY laser
lithotripsy between June 2012 and December 2014 in the Sec-
ond Affiliated Hospital of Nan Chang University. Patients with
gallstones and symptoms or laboratory abnormalities consistent
with CBD stones, including obstructive jaundice; raised levels
of alkaline phosphatase (ALP) and/or gamma-glutamyl trans-
ferase (GGT); CBD diameter of more than 8 mm; CBD stones
diagnosed by abdominal ultrasound, CT scan, or magnetic
resonance cholangiopancreatography; repeated biliary colic and
cholangitis; previous history of obstructive jaundice; and gall-
stone pancreatitis were included. Patients with hepatolithiasis,
Mirizzi syndrome, and suspected bile duct cancer were ex-
cluded. Clinical data regarding demographic characteristics and
perioperative and follow-up findings were collected and ana-
lyzed retrospectively.

Operative techniques

Patients were under general anesthesia in the supine po-
sition. Pneumoperitoneum was established. LTCBDE was
performed using a 4-trocar technique (Fig. 1). The first 10-
mm trocar (A) was introduced below the umbilicus for in-
sufflation of carbon dioxide at 12-14 mm Hg (1mm Hg=
0.133 kPa) and insertion of the 30° angled laparoscope (Karl
Storze, Tuttlingen, Germany). Three more trocars were
placed under direct vision: a 12-mm trocar (B) in the epi-
gastric region, a 5-mm trocar (C) in the midclavicular line
1-2 cm below the costal margin, and another 5-mm trocar (D)
in the right axillary line 4-5cm below the costal margin.

After careful dissection and clearance of the triangle of
Calot, the cystic artery was clipped and cut off in a standard
manner. The cystic duct was dissected close to the gall-
bladder and clipped to prevent stone or bile migration. After
further dissection and sufficient exposure of the cystic duct
toward the CBD, a transverse incision of the cystic duct was
performed (Fig. 2A). The bile duct anatomy was evaluated,
and to facilitate the introduction of the choledochoscope, the
cystic duct was dilated with a balloon catheter or occasionally
with laparoscopic separation forceps. If the 5-mm flexible
choledochoscope (Olympus, Tokyo, Japan) could not be in-
serted into the cystic duct or if the CBD stone was larger than
the diameter of the cystic duct, a T-shaped incision was made
3-5mm above the confluence of the cystic duct and the CBD
(Fig. 2B).

(A) Transverse incision of the cystic duct. (B) T-shaped incision of the cystic duct and its confluence with the

CBD. (C) Introduction of the choledochoscope through the cystic duct.
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Next, the choledochoscope was introduced through the
cystic duct to the CBD (Fig. 2C), and the CBD stones could
be visualized directly (Fig. 3A). Normally, the CBD stones
were retrieved individually by a wire basket, irrigation, or a
combination of both through the cystic duct. If large or
impacted CBD stones could not be extracted by these rou-
tine methods, a FREDDY laser fiber (U-100 system, World
of Medicine, Berlin Germany) was installed from the
working port of the choledochoscope and was used to break
the CBD stones into pieces at an energy setting of 120 mJ
per pulse and a repetition rate of 5Hz (Fig. 3B). The tip of
the FREDDY laser fiber is armed with a red aiming beam for
accurate positioning on the surface of the CBD stones and
reducing the risk of injuring the surrounding bile duct wall.
The adequately fragmented stones were retrieved through
the routine methods (Fig. 3C), and a final choledochoscopy
check was performed to confirm complete clearance of the
bile duct stone and absence of bile duct mucosal injury
(Fig. 3D). After complete clearance of the CBD stones, the
cystic duct was closed with clips or suture ligature (3-0
Vicryl). Next, the gallbladder was removed from the hepatic
attachments through a standard procedure. Routinely, an
abdominal drainage was placed in a subhepatic location. No
T-tube or biliary stents were used after successful stone
extraction. Patients were relocated to the general wards of
the department of hepatopancreatobiliary surgery in a quiet
and stable condition after the operation. Oral intake was
prohibited during the first 24 hours postoperatively. Post-
operative laboratory tests included a complete blood cell
count and liver function tests.

Follow-up

Patients were followed up in outpatient visits in the first
and third months after release; next, patients were contacted
by telephone every 3 months. Each individual patient was
followed up for more than 6 months. General conditions, diet,
operation-related discomfort, liver function, and radiology
examinations were performed to screen for adverse events
during follow-up.

Ethics statement

The ethics committee of the Second Affiliated Hospital of
Nan Chang University approved this study and the use of

FIG. 3.

clinical data. Informed consent was obtained from all of the
patients.

Results

Patient characteristics are summarized in Table 1. Thirteen
males and 19 females were recruited; the mean age in the
present study was 54.9 years. Three patients (patients 7, 9,
and 14) had a history of abdominal operations (Billroth-I
gastrectomy, Billroth-I1 gastrectomy, and splenectomy, re-
spectively). Preoperative liver function tests were obtained
the day before the operation. The alanine aminotransferase
(ALT) ranged from 9.62 to 306.9 (mean, 91.02) U/L; ALP
ranged from 78.1 to 800.1 (mean, 236.35) U/L; GGT ranged
from 10.9 to 1110.2 (mean, 331.29) U/L; and total bilirubin
(Thil) level ranged from 18.1 to 230.32 (mean, 79.81) IM. In
terms of bile duct disease characteristics, the diameter of the
CBD ranged from 10 to 20 (mean, 15.1) mm, and the number
of CBD stones ranged from 1 to 5. CBD stones ranged in
diameter from 9 to 18 (mean, 11.7) mm, and 9 patients had
stones impacted in the CBD that could not be extracted by a
wire basket, irrigation, or a combination of both methods.

Operative outcome is shown in Table 2. The CBD stones
were successfully cleared in all patients. The mean operative
time was 123 minutes with a range of 72 to 155 minutes.
Patient 7 had an impacted stone and abdominal history of
Billroth-1 gastrectomy and it is likely that these characteris-
tics affected the operative time, which was the longest in this
patient. The estimated blood loss during the operation ranged
from 10 to 80 mL, and no intraoperative blood transfusion
was needed. The mean length of the postoperative hospital
stay was 5.3 (range, 4-7) days. All patients recovered nor-
mally with no perioperative morbidity or mortality. The mean
follow-up duration was 8.5 (range, 6—15) months, and no bile
duct injury, stricture, retained or recurrent stones, or other
complications were observed during follow-up.

Discussion

LTCBDE is an effective technique and is the least invasive
method for managing concomitant gallstones and CBD stones.
The LTCBDE for CBD stone clearance has a high success rate,
ranging from 85% to 95% in selected patients.'® This tech-
nique has the advantage of protecting the integrity of the major
bile duct from choledochotomy and preserving the function of
the sphincter of Oddi. Furthermore, LTCBDE is associated

(A) Common bile duct stone visualized with a choledochoscope. (B) Common bile duct stone under FREDDY

laser lithotripsy. (C) Stone basket engagement after laser lithotripsy. (D) Postlithotripsy check with a choledochoscope

demonstrating a patent common bile duct.

73



LEI ET AL.

Table 1. Patient Characteristics

Diameter of Diameter Impacted No.of

Sex/Age ASA ALT ALP GGT Thil Abdominal largest CBD of CBD CBD CBD
Patient (years) class (U/L) (U/L) (U/L) (IM) operative history stone (mm)  (mm) stone  stones
1 F/60 | 22.86 133.1 280.7 56.55 — 11 15 No 2
2 M/59 Il 3228 86.4 1121 32.28 — 12 15 No 4
3 F/60 Il 155 1108 234 452 — 12 15 No 3
4 F/43 | 19.16 78.1 156 34.54 — 11 13 No 1
5 F/g1 1l 73.05 238.9 2458 69.95 — 16 18 No 3
6 M/75 1l 157.56 399.3 4955 83.07 — 12 16 No 2
7 F/57 Il 945 1206 331.2 184.14 Billroth-I gastrectomy 9 15 Yes 3
8 M/36 Il 19.67 100.1 221.7 52.31 — 15 20 No 1
9 F/41 I 10.67 82.7 10.9 35.77 Billroth-1l gastrectomy 18 20 No 3
10 M/66 Il 106.76 477.8 504.5 59.56 — 16 20 No 1
11 F/62 1 9.62 101.7 1079 31.85 — 11 12 Yes 3
12 F/79 11 129.95 353.8 327 103.6 — 10 16 No 3
13 F/62 Il 29.07 89.1 223 7324 — 14 20 No 2
14 M/40 Il 17254 187.4 387.6 86.07 Splenectomy 13 15 No 1
15 M/48 11 139.28 132.3 3431 36.71 — 10 15 No 2
16 F/64 I 89.3 800.1 1110.2 200.3 — 10 12 Yes 1
17 M/55 Il 256.42 255.8 5704 68.79 — 9 10 No 1
18 F/60 Il 119.75 375.1 329.8 143.19 — 10 14 Yes 2
19 F/26 Il 306.9 140.2 1729 105.15 — 9 13 Yes 1
20 F/38 | 11.48 1149 1308 18.1 — 12 13 No 2
21 F/68 1l 478 228 162 273 — 10 18 No 1
22 F/76 11l 40.73 4185 640.8 98.42 — 10 18 No 3
23 M/58 Il 22.17 290.4 524.1 147.09 — 17 20 Yes 2
24 M/40 I 2417 136.8 156.6 25.66 — 10 12 No 1
25 F/18 Il 220.25 291.1 5354 95.71 — 12 15 No 1
26 M/60 Il 64 224 1425 31.43 — 12 13 No 5
27 M/53 Il 11495 139.8 671  36.87 — 10 14 No 3
28 M/38 Il 179.42 2237 321  62.14 — 10 11 No 2
29 M/67 1l 3332 181.7 89.2 48.36 — 9 12 No 3
30 F/56 I 21417 192 422 157.18 — 10 12 Yes 3
31 F/72 1l 63.8 657.6 626.1 73.07 — 10 15 Yes 1
32 F/41 ] 71.72 201.3 567.2 230.32 — 14 16 Yes 1

F, female; M, male; ASA, American Society of Anesthesiologists; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT,
gamma-glutamyl transferase; Thil, total bilirubin; CBD, common bile duct.

with lower morbidity and a shorter hospital stay compared with
laparoscopic choledochotomy CBD exploration.**? However,
the reported indication for LTCBDE is limited to stones that are
smaller than the diameter of the cystic duct, a small number of
stones, stones located in the CBD, and a favorable anatomy of
the cystic duct-CBD junction.? For CBD stones larger than the
cystic duct in diameter, the technique of a T-shaped incision in
the cystic duct, 3-5 mm from its confluence with the CBD, can
be helpful. This method has advantages, including easy access
to and exploration of the CBD with a choledochoscope,
straightforward retrieval of larger CBD stones, and no re-
quirement for bile duct drainage. However, a T-shaped incision
of the bile duct is not effective for impacted or larger CBD
stones (more than 5 mm greater than the cystic duct diameter).
In this setting, lithotripsy may be employed before stone ex-
traction, including electrohydraulic lithotripsy (EHL) and laser
lithotripsy.

EHL is an inexpensive technique used primarily for the
fragmentation of difficult-to-remove CBD stones by endos-
copy.*® However, complications occurred in up to 18% of
cases: mostly recurrent jaundice, cholangitis, perforation, or
bleeding.?’ Recently, laser lithotripsy has been used, and this
technique is safer than EHL in general. The FREDDY laser
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and holmium laser are widely applied for fragmentation of
bile duct stones.

The FREDDY laser system is a short-pulse, double-
frequency solid-state laser with an 80% infrared component
with a wavelength of 1064 nm and a 20% green component with
a wavelength of 532nm.?! The absorption of the green light
causes the formation of a plasma bubble on the stone’s surface
that completely absorbs the simultaneously emitted infrared
light. This combined action is synergistic, raising the inten-
sity of the plasma and producing a more effective mechanical
shockwave. Stone fragmentation relies on the generation of a
plasma bubble with a final mechanical shockwave without
any thermal effect compared with the holmium laser.?* The
FREDDY laser system is safe and effective for the treatment
of duct stones. In vitro experiments have demonstrated the
application of FREDDY laser to lithotripsy, and animal
model tests exhibited little or no effect on normal tissues.?*?
One investigation of the effect of the FREDDY laser on the
human urothelium reported only minimal edema after 300
pulses of 120mJ each. In addition, 2000 pulses of the
FREDDY laser failed to perforate human ureteric tissues ex
vivo, while the holmium laser required, on average, only two
pulses.?*
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Table 2. Operative Outcome

Estimated Abdominal Postoperative
Technical Function  Operative blood drainage hospital Adverse Follow-up
Patient  success of SOD  time (min)  loss (mL) (days) stay (days) event duration (months)
1 Yes Normal 105 30 5 6 No 10
2 Yes Normal 140 50 4 5 No 10
3 Yes Normal 135 60 6 7 No 8
4 Yes Normal 120 50 4 5 No 7.5
5 Yes Normal 140 30 4 5 No 7.5
6 Yes Normal 125 20 4 5 No 7
7 Yes Normal 155 15 4 5 No 7.5
8 Yes Normal 145 30 5 6 No 8.5
9 Yes Normal 150 40 4 5 No 7
10 Yes Normal 115 40 5 6 No 13
11 Yes Normal 120 25 5 6 No 6
12 Yes Normal 115 35 5 6 No 7.5
13 Yes Normal 140 80 4 5 No 15
14 Yes Normal 135 80 5 6 No 8
15 Yes Normal 135 20 5 6 No 6.5
16 Yes Normal 110 50 4 5 No 11
17 Yes Normal 115 15 3 4 No 8.5
18 Yes Normal 130 50 3 5 No 15
19 Yes Normal 95 40 4 4 No 6.5
20 Yes Normal 100 25 5 7 No 9.5
21 Yes Normal 115 15 4 5 No 6
22 Yes Normal 125 30 5 5 No 8
23 Yes Normal 130 80 4 5 No 12.5
24 Yes Normal 72 10 3 4 No 7.5
25 Yes Normal 100 30 3 4 No 6
26 Yes Normal 132 40 6 7 No 7.5
27 Yes Normal 140 80 5 6 No 9.5
28 Yes Normal 140 30 5 6 No 8
29 Yes Normal 135 10 4 5 No 6
30 Yes Normal 130 25 5 6 No 8
31 Yes Normal 97 20 3 4 No 6.5
32 Yes Normal 108 20 4 5 No 8

SOD, Sphincter of Oddi.

The FREDDY laser also has demonstrated advantages for
treating bile duct stones in patients who could not be han-
dled with a standard endoscopic approach or open surgery.
The initial clinical use of the FREDDY laser for difficult
CBD stones was reported by Hochberger et al. This study of
19 patients who underwent FREDDY laser lithotripsy with
ERCP exhibited a successful bile duct clearance rate of
89%.* Kim et al.*® reported a bile duct clearance rate of 15/
17 (88%). These researchers used FREDDY laser lithotripsy
with an ERCP balloon catheter under fluoroscopic guidance
to fragment difficult CBD stones, which could not be ex-
tracted by a standard ERCP. In two patients, the impacted
stones failed to fragment because the tortuous CBD and the
biliary stricture caused inadequate positioning of the laser
fiber. Liu et al.'® and Cho et al.l” used FREDDY laser
lithotripsy through the transpapillary route, and the bile duct
clearance rates were 90% and 92.3%, respectively. Jiang
et al.*® reported FREDDY laser lithotripsy as an effective
treatment option for large and impacted intrahepatic stones
in open surgery with or without hepatectomy. The final
stone clearance rate was 93.3%, and FREDDY laser litho-
tripsy was shorter in both operative time and hospital stay
with a rate of complication no greater than the traditional
method.*®

To the best of our knowledge, this report presents the first
clinical description of the clearance of CBD stones with
combined LTCBDE and FREDDY laser lithotripsy. In this
study, we further validate the usefulness and efficiency of the
FREDDY laser system for large or impacted CBD stones.
Compared with the aforementioned reports, we achieved
100% bile duct stone clearance for all 32 patients, and no
complications occurred. Our patients with large or impacted
CBD stones benefited from the modified LTCBDE and
FREDDY laser lithotripsy in one operative setting with
minimized exposure to anesthesia and shorter hospital stay.
The most important point is that we gained access to the CBD
with laparoscopy in a transcystic approach and avoided
choledochotomy or sphincterotomy, thus freedom from
T-tube- or ERCP-related complications.
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Introduction

Symptomatic biliary stones can lead to biliary colic, obstructive
jaundice, cholangitis, pancreatitis, hepatic abscesses and secondary
biliary cirrhosis," which are common complex medical conditions
leading to surgical or endoscopic intervention.? Traditionally, the
preferred approach for patients with biliary stones includes endo-
cholangiopancreatography
sphincterotomy and balloon and basket extraction. However,
recently, accumulating data showed that laparoscopic common bile
duct exploration (LCBDE) is a safer and more effective method for
these patients with fewer ERCP-related short-term complications,
such as haemorrhage, perforation and pancreatitis, and long-term
adverse events caused by the permanent injury of Oddi sphincter,
such as papillary stenosis, sine materia cholangitis, recurrent biliary

scopic  retrograde
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Abstract

Background: The optimal methods for patients with difficult biliary stones remain under
debate. The aim of this study was to evaluate the role of frequency-doubled double-pulse
neodymium YAG (FREDDY) laser lithotripsy for removing difficult biliary stones during
laparoscopic common bile duct exploration (LCBDE).

Methods: Between March 2013 and January 2015, 42 consecutive patients with difficult
biliary stones who underwent LCBDE with FREDDY laser lithotripsy were included in this
study. The clinical data of all patients were retrospectively collected and analysed.

Results: Bile ducts were completely cleared in all patients. The complications related to laser
lithotripsy were not noted. A total of 38 patients (90.5%) underwent primary closure of com-
mon bile duct, and T-tube drainage was applied to four patients (9.5%). No bile duct injury,
bleeding and perforation were observed. There were no post-operative surgery-related deaths.
Bile leakage occurred in four patients (9.5%) with primary closure procedure, and all of them
were managed successfully with conservative therapy. The median follow-up period was
42.8 months, with no evidence of bile duct stricture and stone recurrence in all patients.
Conclusions: The LCBDE combined with FREDDY laser lithotripsy appear to be effective
and safe for the treatment of difficult biliary stones.

stones and even possible malignant degeneration.>~” Moreover, as a
one-stage method, LCBDE also has the advantages of faster post-
operative recovery, shorter hospital stays and lower costs.®®

Approximately 90% of biliary stones can be managed with con-
ventional techniques; however, stone removal still failed in 10-15%
of cases, mostly because of difficult biliary stones, which are com-
monly defined as large (>15 mm), multiple (>3), intrahepatic duct
(IHD), barrel-shaped or impacted stones. For these patients, several
methods are currently available to reduce the size of the stone before
removal, such as mechanical lithotripsy, electrohydraulic lithotripsy
(EHL), extracorporeal shock wave lithotripsy (ESWL), laser litho-
tripsy, etc. Of these, EHL and ESWL require direct visual control for
the risk of damage to the bile duct wall, while laser lithotripsy has
the advantage of relatively precise targeting of stones, which can
reduce the risk of injury to the surrounding tissue.

(ERCP)  with
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The frequency-doubled double-pulse neodymium YAG
(FREDDY) laser is a short-pulse, double-frequency, low-cost laser
with wavelengths of 532 and 1064 nm, which was designed specifi-
cally for endoscopic or laparoscopic lithotripsy without direct
visual control, and it had been used to manage difficult biliary
stones in ERCP or surgery where conventional techniques
failed.2=*3 In this study, we aimed to evaluate the clinical value of
FREDDY laser lithotripsy for the removal of difficult biliary stones
in LCBDE.

Methods

Patients selection and clinical data

From 1 September 2011 to 30 December 2016, 542 consecutive
LCBDE were performed for patients with biliary stones at the
Department of Hepatobiliary and Pancreatic Surgery, Cholelithiasis
Treatment Center, Shanghai Tenth People’s Hospital, Tongji Uni-
versity of Medicine. Of these, we selected and retrospectively stud-
ied 42 patients with complete follow-up data who underwent
LCBDE combined with FREDDY laser lithotripsy from March
2013 to January 2015. Patients with biliary stones preoperatively
diagnosed by abdominal ultrasound, computed tomography scan,
magnetic resonance cholangiopancreatography or ERCP and those
with intraoperatively difficult to be managed with conventional
stone extraction method were included.

Patients” clinical data regarding demographic characteristics,
such as age; gender; body mass index; clinical symptoms; number;
size and location of stones; number of impacted stones; American
Society of Anesthesiologists scores; and intraoperative and post-
operative records including operative time, estimated blood loss,
bile duct bleeding or perforation, post-operative hospital stay, post-
operative bile leakage, in-hospital morbidity and mortality, retained
biliary stones, readmissions and follow-up data including bile duct
stricture and stone recurrence, were reviewed and analysed retro-
spectively. The study was approved by the Institutional Review
Board of Shanghai Tenth People’s Hospital.

Operative procedures

The operation was performed under general anaesthesia with intra-
venous prophylactic antibiotic cover in the supine and left lateral
position. A 30° angle laparoscope (Karl Storz, Tuttlingen, Ger-
many) was introduced, and surgery was carried out with a standard
four-port approach. After successfully dissecting Calot’s triangle,
the cystic artery was clipped and cut off. The cystic duct was dis-
sected and clipped to avoid further passage of stones from the gall-
bladder into the common bile duct (CBD). Then, the CBD was
confirmed with the needle aspiration of bile, and an approximately
1.0-cm longitudinal supraduodenal choledochotomy was made
using hook scissors. The stones were extracted from the bile duct
using a 5-mm flexible choledochoscope (Olympus, Tokyo, Japan)
and an Anrei basket (AMH-RNBN2018; Anrui, Hangzhou, China).

If the biliary stones could not be extracted using conventional
techniques, a FREDDY laser lithotripsy (U-100 system; World of
Medicine, Berlin, Germany) was introduced to break the CBD
stones into pieces. The tip of the FREDDY laser fibre is armed with
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a red aiming beam for accurate positioning on the surface of the
stones and reducing the risk of the surrounding bile duct wall tissue
injury. Then, the fragmented stones were retrieved using a basket
or were irrigated with water, and a final choledochoscopy check
was performed to again confirm the complete clearance of proximal
and distal bile duct stones and the absence of bile duct mucosal
injury. After confirming clearance of the bile duct stones, the
choledochotomy were then closed with absorbable 4-0 PDS I
sutures (Ethicon Inc., Somerville, NJ, USA) in a continuous fashion
or using a T-tube drainage. At the end of the procedure, a silicone
Jackson-Pratt drainage was routinely placed in the subhepatic
space.

Follow-up and definitions

Post-operative mortality was defined as the number of deaths that
occurred within 30 days after surgery or in hospital regardless of
duration of hospital stay. The primary study outcome was the rate
of technical success or effectiveness of the technique, defined as
complete ductal clearance. Post-operative morbidity was defined as
the number of complications occurring within 30 days of surgery.
Complications were grouped according to the Clavien-Dindo clas-
sification.’* The length of hospital stay was defined as the interval
from the day of surgery to the day of discharge. Operative time was
defined as the interval (minutes) from the first incision to closure of
the last skin wound. Follow-up assessment using liver function tests
and ultrasound or magnetic resonance cholangiopancreatography
was performed at 2 weeks and 3 months after surgery.

Statistical analysis

Data were routinely recorded as mean 4+ SD. Comparisons between
the two groups were made by unpaired two-tailed Student’s t-tests
using SPSS software (SPSS, Chicago, IL, USA). A P-value of
<0.05 was regarded as significant.

Results

Patient characteristics

A total of 42 patients who underwent LCBDE with FREDDY laser
lithotripsy for bile duct stones were identified. The demographic
characteristics and clinical presentation of the patients are shown in
Table S1. The most frequent presenting symptoms were abdominal
pain (85.7%), jaundice (57.1%) and cholecystitis (76.2%). Other
symptoms included cholangitis (19.1%); pancreatitis (33.3%); and
ardent fever, nausea, vomiting, etc. A few patients had a prior cho-
lecystectomy (16.7%), and 9.5% of patients underwent a prior
ERCP attempt with failed ductal clearance. Most of the patients
had more than one reason to perform LCBDE with FREDDY laser
lithotripsy. These included large stones (>15 mm; 71.4%), multiple
stones (=3; 64.4%), impacted stones (28.6%), intrahepatic stones
(4.8%), common hepatic duct (CHD) stones (4.8%), Mirrizi syn-
drome (4.8%) and other causes, such as operator discretion.

© 2019 Royal Australasian College of Surgeons
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Perioperative outcome

The operative outcomes are summarized in Table S2. All patients
underwent choledochotomy; in all patients, complete ductal clear-
ance was achieved using FREDDY laser lithotripsy, and the com-
plications directly related to laser lithotripsy were not noted. The
choledochotomy was primarily closed in 38 patients (90.5%), and a
T-tube was inserted in the CBD incision of four patients (9.5%). Of
these, 40 patients (95.2%) underwent a laparoscopic method to
complete these procedures, and two patients (4.8%) underwent
open surgery. The median operation time was appropriately
125 min, and the blood loss was estimated to be 75 mL. The mean
post-operative hospital stay was 5.8 days, and mean time of drain-
age removal was 4.7 days. No cases of bile duct bleeding or perfo-
ration occurred, and no cases required further reoperation or
readmission with 30 days. For the cases with T-tube placement, the
tubes were removed after about 3-4 weeks. In addition, T-tube
angiography and/or cholangioscopy through T-tube sinus were rou-
tinely performed before tube removal to prevent CBD stone resid-
ual. Only one patient was found to have a retained stone and was
successfully removed through post-operative ERCP.

Post-operative complications and corresponding management are
listed in Tables S2 and S3. There was no post-operative surgery-
related death. Four patients (9.5%) experienced post-operative
minor bile leakage and were all treated by conservative manage-
ment, including drainage and intravenous antibiotics, with no fur-
ther ERCP and other procedures performed, and all patients
recovered and were finally discharged. One case of respiratory tract
infection occurred, and another patient experienced urinary tract
infection; both these patients were given antibiotics and
recovered soon.

The median follow-up duration is 42.8 months, and no case is
missing; the outcomes are shown in Table S4. No bile duct injury,
stricture and stone recurrence were observed in any cases during
the follow-up.

Discussion

Difficult biliary stones, including large, multiple and impacted
stones; surgically altered anatomy; and strictures, are not
unusual, and the clearance of difficult biliary stones is also chal-
lenging. In the past 20 years, ERCP has been widely used to
clear the biliary stones using a standard extraction balloon or
basket, the successful clearance rate of which has been reported
to be 86-95%.'° Recently, increasing studies have demonstrated
that there is no statistically significant difference in the success
clearance rate of biliary stone, morbidity and mortality between
ERCP and LCBDE in such patients.'®*® In addition, the
LCBDE procedure preserves the function of the sphincter of
Oddi, which reduces the risk of refluxing cholangitis, pancreati-
tis and stone recurrence.>'® A recent meta-analysis showed that
LCBDE had a higher stones clearance rate, lower retained stone
rate and lithiasis recurrence rate and lower hospital stays and
less total charges than the ERCP procedure. Thus, the LCBDE
should be considered the optimal treatment choice for the patient
with cholecysto-choledocholithiasis.®

© 2019 Royal Australasian College of Surgeons
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Currently, we can clear the biliary stones in LCBDE by using
several medical instruments, such as tissue-grasping forceps,
Dormia basket and water irrigation. As for the difficult biliary stone
cases, including large or impacted stones, it is important to be
aware of frequently used techniques, including cholangioscopically
directed EHL, laser lithotripsy, ESWL, etc.

Of these, basket retrieval systems may increase the risk of bile
duct mucosa injury.?> EHL is an inexpensive technique used
mainly for difficult biliary stones; however, there are many compli-
cations, such as recurrent jaundice, cholangitis, perforation and
bleeding.?? In a recent meta-analysis retrospective study on the clin-
ical role of EHL, laser lithotripsy and ESWL in patients with
retained biliary tract stones, the results showed that laser lithotripsy
appeared to be the most successful advanced endoscopy-assisted
lithotripsy technique for retained biliary tract stones. Moreover, a
significantly lower post-procedural complication rate was found for
laser lithotripsy and ESWL when compared with EHL.*

Several previous studies demonstrated that holmium laser litho-
tripsy was a safe and effective method to manage impacted biliary
stones; however, it required continuous visual control of the frag-
mentation procedure because of the high energies with long pulse
durations that are used; the probe contacting the bile duct wall may
result in perforation, bleeding, biliary leakage and other serious
complications.?** Moreover, because of the inability of the sur-
geon to visualize the area, holmium laser lithotripsy should be
ceased in severe intraoperative haemobilia, which is extremely hard
to manage.?® Furthermore, continuous saline perfusion was needed
to ensure that the bile duct is not damaged by heat and also to con-
tribute to the extraction of the gravel. In addition, holmium lasers
are invisible and pose a potential hazard to the eyes, and exposure
of unprotected skin also may lead to severe burns.>*

FREDDY is an economical, short-pulsed, double-frequency
solid-state laser with wavelengths of 532 and 1064 nm. Laser light
at 532 nm (green spectrum) initiates plasma formation at the stone
surface, while the infrared laser energy boosts this plasma to form a
rapidly collapsing bubble, which produces a strong shockwave that
fragments the stones. A recent published study on ERCP or percu-
taneous transhepatic cholangioscopy combined with FREDDY laser
for the patients with biliary stones showed a high success clearance
rate and low complication rate.'* Liu et al. also reported that endo-
scopic biliary lithotripsy using the FREDDY laser with a radi-
opaque mark under fluoroscopic guidance be a safe and effective
method for the treatment of difficult biliary stones.'® Moreover, the
method of FREDDY laser lithotripsy without direct visual control
and low energy could reduce the risk of bile duct mucosa and sur-
rounding tissue injury, which is safe, convenient and effective for
patients with difficult biliary stones that could not be removed.*

In this retrospective study, 42 patients with difficult biliary stones
underwent LCBDE with FREDDY laser lithotripsy; all patients
completed bile duct stone clearance, no bile duct mucosa bleeding
and perforation cases were observed during the operation, and no
post-operative death occurred. Compared with the results of previ-
ous meta-analyses,23 the ductal clearance rate of LCBDE with
FREDDY laser lithotripsy (100%) in our study is higher than in
those treated with EHL (88.4%) and ESWL (84.5%). However, the
complication rate for the cases treated with LCBDE with FREDDY



laser lithotripsy was lower than for the cases with EHL (13.8%)
and ESWL (8.4%). Moreover, during the long-term follow-up,
there were no cases with bile duct injury, stricture and stone recur-
rence in any patient.

Of these patients, 38 patients underwent primary closure, four
patients underwent T-tube drainage placement, four patients dem-
onstrated mild bile leakage in the group of primary closure (9.5%),
and all patients were given conservation treatment and recovered
soon. Bile leakage is a common complication in the LCBDE proce-
dure with primary closure. Previous studies demonstrated that the
bile leak rate was appropriately 2.5-6.8%.%2%%% To date, the risk
factors for bile leakage after primary closure following LCBDE
have not been fully discussed. Studies by Liu et al. showed that
slender CBD and inexperienced surgeons were the high risk factors
for bile leakage after primary closure following LCBDE.? Our pre-
vious retrospective study demonstrated that the diameter of CBD
affected the incidence of bile leakage after primary closure follow-
ing LCBDE.” In this study, we chose cases with difficult biliary sto-
nes that could cause bile duct wall oedema and increase the
incidence of bile leakage after primary closure following LCBDE.
However, all the cases with bile leakage could be managed with
conservation treatment, and no serious complications occurred.

A previous retrospective study demonstrated that operative cho-
ledochoscopic FREDDY laser lithotripsy combined with or without
hepatectomy is an effective and safe treatment for patients with
hepatolithiasis.*® In our study, two cases with CHD stones and two
cases with IHD stones were all successfully treated by FREDDY
laser lithotripsy, and no cases experienced intraoperative biliary
tract bleeding, perforation, hepatectomy or conversion to open sur-
gery. Thus, FREDDY laser lithotripsy was also a good option for
the patients with IHD and CHD stones.

Considered  together, LCBDE combined with  cho-
langioscopically directed FREDDY laser lithotripsy system is a safe
and effective technique for the treatment of patients with difficult
biliary stones.
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Abstract

Background Laparoscopic common bile duct exploration (LCBDE) has gained wide popularity for the treatment of choledo-
cholithiasis. However, it remains unclear whether LCBDE is a better alternative option for the patients with difficult biliary
stones. Thus, the aim of the present study was to explore the safety and efficacy of LCBDE for these patients by retrospec-
tively analyzing our data and combing with literature review.

Methods Between September 2011 and February 2019, 1064 consecutive patients who underwent LCBDE at Shanghai Tenth
People’s Hospital were reviewed. The clinical data of patients with difficult biliary stones were selected and retrospectively
analyzed.

Results Of these patients, 334 cases were confirmed with difficult biliary stones, and the overall complete stone clearance
rate was 98.8% (330/334). 34 cases (10.2%) were performed with laser lithotripsy. A total of 296 patients (88.6%) underwent
primary closure of common bile duct, and T-tube drainage was indwelled in 38 patients (11.4%). No bile duct injury, bleed-
ing, perforation and surgery-related deaths were observed. The overall morbidity rate was 6.6%. 16 cases (4.8%) occurred
in bile leakage with primary closure procedure, and all of them were managed successfully with conservative therapy. The
median follow-up period was 9 months with stone recurrence occurring in 9 patients (2.7%). There was no evidence of bile
duct stricture in all cases.

Conclusions The current study suggests that LCBED is a considerable safe and effective option for the patients with difficult
biliary stones. A randomized clinical trial is needed to further evaluate the benefit of LCBDE in this subgroup.

Keywords LCBDE - Choledocholithiasis - Difficult biliary stones

Choledocholithiasis is a very common disease in clinic, = method to treat choledocholithiasis and is widely favored
which accounts for significant morbidity and mortality by endoscopic expertise [3, 4]. However, in about 10-15% of
due to life-threating biliary pancreatitis, cholangitis, chol-  cases, biliary stones cannot be successfully removed by con-
ecystitis, and gallstone ileus [1]. Approximately 15% of  ventional ERCP, mostly because of difficult biliary stones,
symptomatic gallstones or acute cholecystitis occur with ~ which are commonly defined as large (> 15 mm), multiple
choledocholithiasis [2]. At present, endoscopic retrograde (> 3), intrahepatic duct (IHD), barrel-shaped or impacted
cholangiopancreatography (ERCP) is the mainstream  stones [5-7]. Moreover, notably, the sphincter of Oddi can
be injured permanently by ERCP, which could cause the
reflux of duodenal juice, resulting in recurrence of chole-
docholithiasis, recurrent episodes of cholangitis, and even
biliary malignancies [8§—10]. In addition, a series of compli-
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short-term and long-term complications [14—17]. In addi-
tion, as a one-stage method, LCBDE also has the advan-
tages of faster postoperative recovery, shorter hospital stays,
and lower costs [4]. However, it remains unclear whether
LCBDE is safe and effective for the patients with difficult
biliary stones, which is rarely reported in the literature.
Thus, in this study, we aimed to explore the efficacy and
safety of LCBDE for the patients with difficult biliary stones.

Materials and methods
Patients and data collection

The cohort of this retrospective study included 1064 patients
who underwent LCBDE at the Department of General Sur-
gery of Shanghai Tenth People’s Hospital from January 2011
to February 2019. LCBDE was performed for patients with
a diagnosis of choledocholithiasis confirmed by abdominal
ultrasonography, computed tomography, magnetic resonance
cholangiopancreatography, or ERCP, or intraoperatively by
cholangiography ultrasonography. Difficult biliary stones are
defined as large (> 15 mm), multiple (> 3), or impacted in
the biliary duct, as well as those with Mirizzi’s syndrome,
any common bile duct (CBD)-associated anatomical abnor-
mality, such as a stricture below the stone, or patients with
altered anatomy, such as periampullary diverticulum, Roux-
en-Y gastric bypass, Billroth-II anatomy, duodenal stricture,
or intrahepatic stones [5, 18-20]. The clinical data, including
demographic information, medical history (with particular
attention to any biliary pathology), symptoms, morbidity,
mortality, and follow-up information were collected and
reviewed. Data of patients with difficult biliary stones were
selected and retrospectively analyzed. The study protocol
was approved by the Institutional Review Board of Shang-
hai Tenth People’s Hospital. Informed consent was waived
due to the retrospective nature of this study, and data were
analyzed anonymously.

Surgical technique

The LCBDE procedure has been described in detail in our
previous articles [17, 21]. Briefly, the patient was placed in
the supine position, and the surgery was performed using
a “four-port and six-step” approach (Fig. 1A-F). After the
Calot’s triangle was dissected clearly, the cystic duct was
usually clamped. Then, the longitudinal supraduodenal
choledochotomy was conducted, a choledochoscope (CHF-
V; Olympus Corporation, Tokyo, Japan) was passed through
the CBD to detect stones. The stones were most commonly
extracted by using a Dormia basket (FG-24X-1; Olympus)
and water flushing or irrigation. Choledochoscopy was per-
formed repeatedly to confirm the complete clearance of the
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proximal and distal ducts. The incision of CBD was primar-
ily closed with absorbable 4-0 PDS® II (polydioxanone)
sutures (Ethicon Inc., Somerville, NJ, USA) in a continu-
ous over-and-over locking fashion. And then, the gallbladder
resected routinely. At last, an abdominal drainage was placed
in subhepatic location.

For the cases with large, multiple, or impacted stones,
which might be difficult to extracted with routine methods,
the FREDDY (World of Medicine GmbH, Berlin, Germany)
laser lithotripsy was usually applied to fragment the stones
and make it easier to extract (Fig. 1G-H). A T-tube drain-
age was selectively placed into the CBD for the cases with
severe cholangitis, severe edema of CBD wall, and suspi-
cious stones retain (Fig. 1I). Sometimes, conversion to open
surgery was also necessary when encountering severe dense
adhesions or an altered anatomy. Thus, in our center, we
could take different measures and provide individualized
treatment, which called “Tongji Tenth Hospital Solutions”
for the patients with choledocholithiasis (Fig. 2).

Outcome definitions and follow-up

The interval between the first incision and closure of the
last skin wound was defined as the surgical duration. Post-
operative mortality was defined as the ratio of the number
of deaths to the total population within 30 days after sur-
gery or during hospitalization. Postoperative morbidity was
defined as the ratio of the number of complications occurred
within 30 days of surgery to the total population. Complica-
tions were grouped and graded according to the Dindo—Cla-
vien classification [22, 23]. Postoperative bile leakage was
defined and graded according to the International Study
Group of Liver Surgery [24]. Every patient was followed
up for more than 6 months after surgery, with the first and
second follow-up examinations conducted at 2 weeks and
3 months in the outpatient clinic. Afterward, the patients
were contacted by telephone every 3 months. Interviews
inquiring about the patient’s general condition, diet, surgery-
related discomfort, and liver function, as well as radiological
examinations were conducted to screen for adverse events
and detect possible bile duct stricture or stone recurrence.

Statistical analysis

All data analyses were performed using IBM SPSS Statis-
tics for Windows, version 22.0. (IBM Corporation, Armonk,
NY, USA). All continuous values were presented as the
mean + standard deviation (SD). Statistical analysis was
carried out by using the independent sample t test for con-
tinuous data or the Pearson j? test for categorical data. A
probability (p) value of <0.05 was considered statistically
significant.
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Fig.1 A Dissected and separated the Calot’s triangle, the cystic duct
was clamped; B, C longitudinal supraduodenal choledochotomy was
conducted, and choledochoscope was passed through the CBD; D
the small incision to the CBD was primarily closed; E the gallblad-

Results

During the study period, a total of 1064 consecutive
patients underwent elective or emergency LCBDE for
choledocholithiasis. Difficult biliary stones were con-
firmed with 334 patients and defined as large (> 15 mm,
17.1%), multiple (>3, 71.3%), or impacted (22.1%), occur-
ring in the intrahepatic duct (5.1%), cystic duct (5.7%),
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der and the CBD stones were retrieved; F An abdominal drainage was
placed in a subhepatic location; G, H laser lithotripsy was applied
to clear difficult biliary stones; I A T-tube drainage was selectively
inserted into the CBD incision

or in more than one location (9.9%), or with Mirizzi
syndrome (3.3%). The demographic characteristics and
clinical presentations of the patients with difficult biliary
stones are presented in Table 1. The most frequent present-
ing symptoms were abdominal pain (90.7%), cholangitis
(37.7%), jaundice (34.4%), pancreatitis (3.9%), nausea,
vomiting, and abnormal liver function tests. About 3.9%
of the patients previously underwent cholecystectomy and



Surgical Endoscopy

Patients with difficult biliary stones

r

Severe acute pancreatitis or Severe acute cholangitis

No
LCBDE

l

Yes

5

— ERCP

Failed

Dormia basket

Laser lithotripsy >

Failed

Open conversion or ERCP

Successful

Severe inflammatory edema of the CBD

Yes

Inflammatory stricture of the sphincter of Oddi
Unremovable impacted stones

No

Primary closure

* T-tube drainage

Fig.2 Algorithm for the management of difficult biliary stones in our institution. LCBDE laparoscopic common bile duct exploration; ERCP

endoscopic retrograde cholangiopancreatography; CBD common bile duct

6.6% underwent a prior ERCP attempt, but removal of
biliary stones had failed.

The surgical outcomes are summarized in Table 2. In
330 (98.8%) cases, difficult biliary stones were successfully
extracted by LCBDE. The procedure was finished with pri-
mary closure and a T-tube drainage in 296 (88.6%) patients
and 38 (11.4%) patients, respectively. In total, 15 (4.5%)
patients were converted to open surgery because of dense
adhesions and unclear anatomy, large impacted stones,
Mirizzi syndrome, cholecystoduodenal fistula, injury to
the subvesical bile duct, or hypercapnia. The mean surgi-
cal duration was 150.2 (range, 43—466) min, and the mean
blood loss volume was 36.78 +33.89 mL. Perioperative
bleeding of the bile duct did not occur in any patient, and
perioperative bile duct perforation occurred in only one. The
overall morbidity rate was 6.6%, and the rate of bile leakage
was 4.8%. One patient died from severe infection caused
by bile leakage. The mean postoperative hospital stay was
7.668 +4.147 days, and the mean time to drain removal was
5.509 +3.15 days. Three patients were readmitted within
30 days after surgery and underwent a second operation.

LCBDE with laser lithotripsy was performed for all
34 patients with difficult biliary stones that could not be
extracted with the use of a Dormia basket and water flush-
ing or irrigation (Table 2). The successful stone clearance
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rate was 97.1%. The surgical duration, blood loss, post-
operative hospital stay, and time of drain removal were
significantly increased in the LCBDE with laser litho-
tripsy group. The rate of primary closure was significantly
decreased after laser lithotripsy, but there was no effect
on the morbidity rate, including the rate of bile leakage.
Furthermore, there were no significant differences in the
occurrences of perioperative bile duct bleeding, periop-
erative bile duct perforation, conversion to open surgery,
readmission within 30 days, mortality, and re-operation
between the two groups. Thus, LCBDE with the laser lith-
otripsy did not increase the morbidity and mortality rates.

As described in Table 3, postoperative complications
occurred in 22 patients (6.6%). The rate of bile leakage
was 4.8%. For 11 patients with bile leakage, no further
action was required, or intravenous and oral antibiotics
were administered, and the leakage site had closed sponta-
neously. Ultrasound-guided peritoneal puncture and drain-
age combined with administration of intravenous and oral
antibiotics were performed for three patients with bile
leakage. In these patients, the leakage site had spontane-
ously closed within 2 weeks. The two patients with severe
bile leakage were transferred to the intensive care unit for
management of severe infection. Of these two patients, one
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Table 1 Patient baseline characteristics

Patient details

Total (n=334)

Female Sex, n (%) 180 (53.9)
Age, mean (range) 63 (20-91)
BMI (kg/m?), mean + SD 23.57+2.957
Symptoms, n (%)
Abdominal pain 303 (90.7)
Jaundice 115 (34.4)
Cholecystitis 243 (72.8)
Cholangitis 126 (37.7)
Pancreatitis 13 (3.9)
ASA Scores, mean (range) 2 (1-3)
Upper abdominal operation history, n (%) 38 (11.4)
Post-cholecystectomy, n (%) 13 (3.9)
Failed to extract stone with ERCP/sphincterotomy, 22 (6.6)
n (%)
Biliary stone characteristics
Large stone (> 15 mm), n (%) 57 (17.1)
Stone number> 3, n (%) 238 (71.3)
Stone location, n (%)
CHD, n (%) 19 (5.7)
IHD, n (%) 17 (5.1)
More than 1 location, n (%) 33(9.9)
Stone impaction, n (%) 74 (22.1)
Altered anatomy 13 (3.9)
Roux-en-Y gastric bypass 6 (1.8)
Billroth-II anatomy 72.1)
Mirrizi syndrome, n (%) 11(3.3)
Stone size, mm (mean +SD) 10.44 +5.888
CBD diameter (mm) (mean + SD) 12.39+3.492

SD standard deviation; CHD common hepatic duct; /HD intrahepatic
duct; ERCP endoscopic retrograde cholangiopancreatography

was discharge after improvement, and the other one died

due to severe infection.

Follow-up outcomes are summarized in Table 4, and 334

(100%) patients were followed up. During the follow-up
period, the rate of bile duct stricture was 0, and 9 (2.7%)
patients had stone recurrence. Of these patients, stones were
successfully removed by ERCP in five and by re-operation
1n two.

Discussion

Approximately 5-15% of patients undergoing cholecystec-
tomy are diagnosed to have concurrent biliary stones [2,
25-27]. In the past 20 years, with the rapid advances of
endoscopic techniques, two-stage endoscopic retrograde
cholangiopancreatography (ERCP) stone extraction followed
by laparoscopic cholecystectomy has increasingly become
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the mainstream treatment model for these patients [3]. As
reported previously, ERCP is a highly effective method with
successful clearance rate of 86-95% for managing biliary
stones [19, 20]. However, a variety of reasons, which were
defined as difficult biliary stones, make the stone extrac-
tion challenging, including large size (> 1.5 cm), multiple
number (> 3), irregular shape, difficult location, and altered
anatomy [5-7, 19, 20, 28]. Although several additional tech-
niques, such as mechanical lithotripsy (ML), endoscopic
papillary large balloon dilation (EPLBD), cholangioscopy-
guided lithotripsy (CGL), electrohydraulic lithotripsy
(EHL), and laser lithotripsy (LL), have been developed to
assist with extraction, the clearance rate of ERCP procedure
for these patients was just range from 77 to 90% [19].

In recent years, accumulating data have demonstrated
that LCBDE have not only the same clearance rata to ERCP
for the patients with biliary stone, but it prevents the Oddi
sphincter from injury, which reduces the risk of short-
term complications, such as hemorrhage, perforation and
pancreatitis, and long-term adverse events, such as papil-
lary stenosis, refluxing cholangitis, stone recurrence, and
even possible malignant degeneration [29-31]. In addition,
LCBDE also has the advantages of shorter hospital stays and
less total costs than ERCP procedure [32-34]. Therefore,
the LCBDE has been considered as a safe, effective, and
optimal treatment choice for the patients with concomitant
gallbladder stones and common bile duct stones. However,
at present, it is rarely reported in the literatures on the safety
and efficacy of LCBDE for the patients with difficult bil-
iary stones, which are defined as large (> 15 mm), multi-
ple (> 3), or impacted biliary stones, as well as those with
Mirizzi’s syndrome, biliary stricture, and altered anatomy,
such as periampullary diverticulum, Roux-en-Y gastric
bypass reconstruction, Billroth-II reconstruction. Thus, we
reviewed the data of these patients from our center who
underwent LCBDE procedure and analyzed the periopera-
tive safety and the short-term and long-term clinical efficacy.
Our data showed that the total clearance rate of LCBDE for
the difficult biliary stone is 98.8% (330/334), and the overall
postoperative morbidity is 6.6% (22/334). No biliary injury,
bleeding, and perforation were observed, and there were
no postoperative surgery-related deaths occurred. Of these
patients, 296 cases (88.6%) underwent bile duct primary
closure procedure, 38 cases (10.4%) underwent indwell-
ing T-tube drainage, and bile leakage occurred in 16 cases
(4.8%). The median follow-up period was 8.9 months, with
no evidence of bile duct stricture in all patients, and only 9
cases (2.7%) recurred biliary stones.

At present, ERCP is highly effective for treating biliary
stones; however, for the cases with difficult stones, conven-
tional techniques such as endoscopic sphincterotomy (EST)
with balloon/basket assisted extraction may fail to retrieve
stones in 10% to 15% of cases [25]. Recently, overwhelming
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Table 2 Operative outcomes of laparoscopic bile duct exploration

Outcomes Total (n=334) Laser lithotripsy groups Routine methods” groups P
(n=34) (n=300)
Operation time, min (mean + SD) 150.2 (43-466) 221 (60-466) 142.2 (43-357) <0.0001
Perioperative bile duct bleeding 0 0 0 1
Perioperative bile duct perforation, n (%) 1(0.3) 0 1(0.3) 1
Choledochotomy and primary closure, n (%) 296 (88.6) 23 (67.6) 273 (91) <0.0001
Choledochotomy and T-tube drainage, n (%) 38 (11.4) 11 (32.4) 27 (9) <0.0001
Conversion to open surgery, n (%) 15 4.5) 1(3) 14 (4.7) 0.981
Estimated blood loss, ml (mean + SD) 36.78 +33.89 50+39.31 35.1+3291 0.0148
Complete bile duct clearance, n (%) 330 (98.8) 33 (97.1) 297 (99) 0.35
Morbidity, n (%) 22 (6.6) 3(8.8) 19 (6.3) 0.849
Postoperative bile leakage, n (%) 16 (4.8) 2(5.9) 14 (4.7) 1
Postoperative hospital stays, days 7.668 +4.147 9.059+4.141 7.512+4.132 0.0394
Time of drainage removal, days 5.509+3.15 6.529+2.873 5.393+3.163 0.0461
Retained CBD stone, n (%) 4(1.2) 13) 3 (1) 0.35
Readmission within 30 days, n (%) 3(0.9) 1(3) 2(0.7) 0.276
Re-operation, n (%) 3(0.9) 0 3(D) 1
Mortality, n (%) 1(0.3) 1(3) 0 0.102
*Laparoscopic common bile duct exploration with Dormia basket, water flushing or irrigation technique
Table 3 Pf)stoperati\{e . Dindo-Clavien® Number of Complication Management
complications and clinical classification patients
management
1 7 Bile leakage Conservative”
2 4 Bile leakage Intravenous and oral antibiotics
3 Respiratory tract infection Intravenous and oral antibiotics
2 Urinary tract infection Intravenous antibiotics
1 Wound infection Surgical dressing change
3a 3 Bile leakage Ultrasound-guided peritoneal puncture
and drainage + intravenous and oral
antibiotics
3b
4a 1 Bile leakage Intensive care unit management
4b 1 Bile leakage Intensive care unit management

Clavien classification: Grade I: any deviation from the normal postoperative course without the need for
pharmacological treatment or surgical, endoscopic, and radiological interventions. Grade II: requiring
pharmacological treatment with drugs other than such allowed for Grade I complications. Grade III: requir-
ing surgical, endoscopic, or radiological intervention: Illa, intervention not under general anesthesia; IIIb,
intervention under general anesthesia. Grade IV: life-threatening complications requiring intensive care
unit management. SSS7 skin and skin structure infection

*Conservative management: no antibiotics or further action were required and the leakage site had closed

spontaneously

results of studies have demonstrated that endoscopic pap-
illary large balloon dilation (EPLBD), which was first
described by Ersoz et al. in 2003, has been utilized to dilate
the papillary orifice following partial EST in order to facili-
tate large stone extraction, with a success rate of 90% in
retrieving large stones after one session [20, 35]. Although
EPLBD has an outstanding stone clearance rate for difficult
biliary stones, and the international consensus guideline has
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recommended it as a first-line therapy for large bile duct
stones, the complication rate is still high with 0-16% that
included pancreatitis, perforation, and bleeding [36-39].
Multivariate analysis in a cohort included 946 cases under-
went EPLBD revealed that cirrhosis, full-length EST, and
stone size greater than 16 mm were a risk factor for bleeding,
whereas common bile duct stricture was an independent pre-
dictor for perforation [40]. In our study, the clearance rate of
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Table 4 Long-term outcomes of following operation

Outcomes Total (n=334)
Number of patients followed up, n (%) 334 (100)
Median follow-up time, months, mean+ SD 8.919+10.13
Bile duct stricture, n (%) 0
Stone recurrence, 1 (%) 9Q2.7
Management of stone recurrence
ERCP extraction 5
Re-operation extraction 2

the patients with stone diameter large than 15 mm underwent
LCBDE in one session is 100%. 51 cases (51/57) underwent
primary closure procedure, and bile leakage occurred in 3
cases (5.3%), which suggesting that LCBDE is a more safe
and effective treatment for these patients (Table 5).

For those cases with large stones greater than 2 cm or
impacted stones, cholangioscopy-guided lithotripsy (CGL)
is an alternative technique to fragment and remove stones
[19]. Currently, a new single-operator catheter-based digi-
tal cholangioscope (SCBC) system that inserts through the
duodenoscope is widely used for intraductal visualization
[41]. Additionally, electrohydraulic lithotripsy (EHL) and
laser lithotripsy (LL) are also useful tools that can help
fragment large stones inside the biliary duct and facili-
tate their extraction. A large multicenter study involving
407 patients with difficult biliary stones using the digi-
tal cholangioscope system was recently reported, and the
data showed that the overall biliary clearance rate is 96.7%
in EHL and 99% in LL, and the overall adverse events
are 3.7% [5]. Although CGL has a high effect and more
efficient procedure for those patients with difficult biliary
stones, biliary complications, such as hemobilia, perfora-
tion, and cholangitis, remain a concern, especially if this
procedure is done with inexperienced operators [19]. In
addition, the possible limitation of CGL is the higher costs
of the device, particularly SCBC, compared with conven-
tional ERCP stone extraction techniques [42]. In our study
for these population, 74 cases (22.1%) have the impaction

stones. Of these, 34 cases utilized frequency-doubled dou-
ble-pulse neodymium YAG (FREDDY) laser, which is a
short-pulse, double-frequency, low-cost laser with wave-
lengths of 532 and 1064 nm, and is designed specifically
for endoscopic or laparoscopic lithotripsy without direct
visual control [43—45]. The overall clearance rate is 97.3%.
63 cases (85.1%) underwent primary closure procedure,
and bile leakage occurred in 3 cases (4.1%). Thus, the
LCBDE combined with FREDDY laser lithotripsy is an
effective and safe option for difficult biliary stones, espe-
cially large and impaction stones (Table 5).

Despite the increasing advance of endoscopic device
and techniques, it remains a challenging procedure for
ERCP in patients with altered anatomy, such as Roux-en-
Y gastric bypass and Billroth-II anatomy. Recently, a large
multicenter study included 579 patients with Roux-en-Y
gastric bypass underwent laparoscopy-assisted transgas-
tric ERCP (LA-ERCP) is reported, which showed that
although the total success rate was 98% for biliary inter-
vention, the adverse events rate was high of 18%, whereas
8% were severe events [46]. Another report involving 133
patients with Billroth-II anatomy demonstrated that the
successful stone extraction rate was 86% with a compli-
cation rate of pancreatitis and perforation of 8% and 2%,
respectively [47]. Therefore, for the patients with these
altered anatomy, especially with difficulty biliary stones,
ERCP remains to be considered as a considerable difficult
and challenging method. In our study, 40 cases underwent
upper abdominal operation with 6 cases of Roux-en-Y gas-
tric bypass and 7 cases of Billroth-II anatomy. Our data
showed that the overall clearance rate is 100%. 37 cases
(37/40) underwent primary closure procedure and bile
leakage occurred in 1 cases (2.5%). Thus, the LCBDE
with or without primary closure is also safe and effective
for the altered anatomy cases with difficult biliary stones
(Table 5).

Although the results of our study showed that, regard-
less of the clearance efficacy, complication rate, and even
cost effectiveness, LCBDE takes good advantages for these
patients with difficult biliary stones, we would recommend

Table 5 The clearance rate and adverse events in LCBDE from our study and ERCP-related technique reported in the literature

Clearance rate (%)

Adverse events (%)

LCBDE EPLBD CGL ERCP LCBDE EPLBD CGL ERCP
Stone diameter> 15 mm 100 88-100 [36—40] — - 5.3 0-16 [36—40] - -
Impacted stone 97.3 - 87-100 [48-50] — 4.1 - 0-18 [48-50] —
Altered anatomy 100 - - 2.5 - -
Roux-en-Y 100 - - 33-99 [51-53] O - - 0-7 [51-53]
Billroth-II 100 - - 86-90 [47,54] O - - 4.3-10 [47, 54]

LCBDE laparoscopic common bile duct exploration; CGL cholangioscopy-guided lithotripsy; EPLBD endoscopic papillary large balloon dila-

tion; ERCP endoscopic retrograde cholangiopancreatography
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that a high-quality, multicenter, randomized clinical trial
is developed specifically to further evaluate the safety and
effective in this enriched population.
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Abstract

Obijectives: Percutaneous treatment of symptomatic cholelithiasis with large
gallstones remains a challenge. We aimed to evaluate the efficacy and safety of a
new method for the removal of giant gallstones with percutaneous lithotripsy
using a frequency-doubled double-pulse neodymium: YAG (FREDDY) laser.
Materials and Methods: This study included 16 patients (7 males, 9 females;
mean age, 63.4+14.9 years) with giant gallstones who experienced the re-
currence of cholecystitis and were not eligible for operation. The percutaneous
transcystic approach was established using an 8-French sheath. A 6-French
steerable sheath were inserted through the sheath. FREDDY laser lithotripsy
was performed to break the stones into fragments. The stone fragments were
extracted through the 6-French sheath or pushed into the duodenum using a
balloon catheter. Cholecystography was performed before removing the ca-
theter. Follow-up ultrasound or computed tomography examination were
performed.

Results: Gallstone clearance was accomplished in 16 (100%) patients at the initial
assessment. Eleven patients underwent one session, and five patients underwent
two sessions. Residual stones were found in 3 (18.8%) patients during the follow-
up period. Peritonitis was found in two (12.5%) patients and hemocholecyst was
detected in one (6.3%) patient. No procedure-related deaths occurred.
Conclusion: Percutaneous lithotripsy using a FREDDY laser may be an effective
and safe alternative choice for treating giant gallstones, especially for patients
who are not eligible for cholecystectomy.
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of the gallbladder,”” and increased incidence of gas-
trointestinal tumors, such as liver cancer, pancreas

Gallstone disease is a prevalent, worldwide occurring
disease. The incidence of gallstones is 10%-20% in the
adult population, and adverse events including cho-
langitis and cholecystitis, arise in 5% of the people who
are diagnosed with cholelithiasis.” Cholecystectomy is
the first choice for the treatment of symptomatic gall-
bladder stones.” Approximately 700,000 laparoscopic
cholecystectomies (LC) are performed in the United
States every year, costing about $9.9 billion®; therefore,
it is a high financial burden for the national economy.
Additionally, several complications, including duode-
num gastric reflux, diarrhea, and choledocholithiasis,
may occur in the absence of the physiological function

carcinoma, and esophagus cancer have also reported.®™®
On the other hand, some patients with comorbidities
are not suitable for operations due to high risk. Re-
cently, percutaneous transhepatic balloon dilation and
percutaneous transcystic papilla balloon dilation were
developed as alternative techniques to manage gall-
stones and common bile duct (CBD) stones, and both
approaches are associated with high success rates and
rare complications.”*® However, the treatment of
symptomatic cholelithiasis with large gallstones (i.e.,
larger than 20 mm) using a minimally invasive method
while preserving the gallbladder function remains a
challenge.
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PERCUTANEOUS FREDDY LASER FOR GIANT GALLSTONE

Several lithotripsy techniques, including electro-
hydraulic lithotripsy (EHL), mechanical lithotripsy,
extracorporeal shock wave lithotripsy, have been used to
break the gallstones into fragments before percutaneous
cholecystolithotomy.**** EHL usually requires the aid of
an endoscopic system to protect the gallbladder wall
from injury. As with EHL, a large working passage of at
least 12F is also needed for mechanical lithotripsy to
grab and remove the stones.”* The newly designed
frequency doubled, double pulse Nd:YAG (FREDDY)
laser has the advantages of being cost effective and
causing minimal injury to normal tissue based on its
unique working principle.

Although previous studies have demonstrated that
this is an effective and safe method for difficult CBD
stones,"*** the FREDDY laser fiber cannot be visualized
under fluoroscope, and it is difficult to target the stones
in the gallbladder. Due to these limitations, we have
developed a new method able to circumvent these pro-
blems. In this study, we aimed to evaluate the efficacy
and safety of this new method for the removal of
giant gallstones with percutaneous lithotripsy using a
FREDDY laser.

MATERIALS AND METHODS
Patients

This retrospective study was approved by the ethics
committee of our hospital. Written informed consent was
obtained from all patients.

Sixteen consecutive cases (7 males, 9 females) of
fluoroscopic guided percutaneous cholecystolithotomy
were performed between June 2018 and September 2019
at our hospital using a FREDDY laser for giant
gallstones. The flow chart of the enrolled patients is
shown in Figure 1. The mean age of the participants was
63.4+14.9 years (range, 23-81 years). All of the 16
patients had symptomatic gallstones and were diagnosed
by ultrasound or/and computed tomography (CT) scans
(Figure 2). Three of the patients underwent this novel
procedure with the aim of preserving the cholecyst; the
remaining 13 patients were considered unsuitable for
surgery after a multidisciplinary consultation that was
conducted by a gastrointestinal surgeon, gastro-
enterologist, and anesthetist. Contraindications included
cardiac diseases in six patients, poor lung function in six
patients, and renal failure in one patient. Gallbladder
function was assessed before the procedure in 11 patients
with steady situation at the time of admission. Five pa-
tients who suffered from acute cholecystitis did not un-
dergo assessments of cholecyst function before the
procedure. Gallbladder function was defined as the ratio
of gallbladder shrinkage 1 h after eating two fried eggs as
measured by ultrasound.*® Baseline characteristics of the
16 patients are shown in Table 1.
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FIGURE 1 Flow chart of patients inclusion/exclusion.
CT, computed tomography; MDT, multidisciplinary therapy;
US, ultrasound

FIGURE 2 A 45-years female underwent fluoroscopy-guided
percutaneous lithotripsy using a FREDDY Laser. Computed
tomography scan of a giant gallstone within the gallbladder

FREDDY laser

The U100 PLUS Laser system (World of Medicine)
was used in this study. The laser fiber was 0.73 mm in
diameter. Two laser pulses were simultaneously emitted
during one excitation cycle. Each laser pulse contained a
532 nm visible green light and a 1064 nm invisible infra-
red light that accounted for 20% and 80% of the total
energy output of the laser, respectively. Plasma was
created on the stone surface when it absorbed the energy
of the visible green light. The plasma absorbed and
magnified the infrared laser energy. After the laser energy
was magnified, it produced a strong shock wave that
penetrated and shattered the targeted stone into pieces.
The energy output and pulse rate were set to 120 mJ/
pulse and 5 Hz, respectively.

Procedure

All procedures were performed by two interventional
radiologists with more than 10 years of experience.
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TABLE 1 Baseline characters of the patients and stones
Age Size CBD No. of Gallbladder function (%) Initial Follow-up

No Sex  (year) (mm) ASA  stones sessions Preoperative  Postoperative  Results ultrasound Complications
1 F 23 28 1 No 1 65 83 Clear Sludge None
2 F 53 22 1 Yes 1 54 61 Clear Normal None

F 45 24 3 No 1 53 56 Clear Normal None
4 M 70 28 3 Yes 2 61 65 Clear Normal None
5 M 59 25 1 No 1 N/A 65 Clear One 3-mm None

fragment

6 F 69 27 3 No 1 49 53 Clear Normal Peritonitis
7 F 74 30 3 Yes 1 N/A 52 Clear Normal None
8 M 56 31 4 No 2 59 58 Clear Normal Hamocholecyst
9 M 73 25 3 No 1 N/A 50 Clear Normal None
10 F 80 23 3 Yes 1 N/A 46 Clear Normal skin infection
11 M 58 24 3 No 1 65 63 Clear Sludge None
12 F 65 23 3 No 1 49 55 Clear Normal Peritonitis
13 F 73 27 3 Yes 2 51 54 Clear Normal None
14 M 59 25 3 No 2 59 60 Clear Normal None
15 M 77 22 3 No 1 46 51 Clear Normal None
16 F 81 28 4 No 2 N/A 47 Clear Normal None

Abbreviations: ASA, American Society of Anesthesiologists classification; CBD, common bile duct.

Emergent transhepatic percutaneous cholecys-
tostomy was performed under local anesthesia for pa-
tients with acute cholecystitis. Sensitive antibiotics were
selected for anti-infection treatment according to the
results of the culture. Percutaneous lithotripsy was per-
formed after the infection was subsided, which typically
took 6-7 days.

The procedure of percutaneous lithotripsy was per-
formed under intravenous anesthesia using dexmedeto-
midine. First, a core 18-Gauge needle was used to
puncture the gallbladder in a transhepatic way under
ultrasound guidance. Said transhepatic approach was
used for the patients with original cholecystostomy tube.
Cholecystography was performed under fluoroscopy
(Figure 3A). A 150-cm-long guidewire with a diameter of
0.035 inches (Radifocus Guidewire M; Terumo Medical
Corporation) was inserted into the gallbladder through
the needle.

Next, the needle was retreated and an 8-French in-
troducer sheath was inserted into the gallbladder cavity
along with the guidewire. A 5-French catheter was first
introduced through the sheath; then, it was introduced
through the cystic duct and CBD into the duodenum
using the 150-cm-long guidewire. The 150-cm-long
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guidewire was eventually replaced with a 260-cm-long
stiff guidewire with a 0.035-inch-diameter (Radifocus
Guidewire M, Terumo Medical Corporation) after this
step was completed in the 16 patients. This 260-cm-
long guidewire was kept in place as safety wire during
the procedure (Figure 3B). Percutaneous transcystic
balloon dilation of the ampulla and stone removal were
performed for patients with concomitant CBD stones
or gallstones that shifted to the CBD. Detailed
information about this step was described in our prior
study.’

Then, a 6-French, 55-cm-long steerable introducer
sheath (FuStar; Lifetech Scientific Inc.) was inserted
into the gallbladder cavity through the 8-French
introducer sheath. The tip of the steerable sheath
was easily angled with a range of 0°-180°. The sheath
tip was adjusted to the right angle to ensure that the
sheath tip was targeted onto the stones. The laser fiber
of the FREDDY laser system was assembled with a
4-French single-angle catheter, and the fiber tip was
exposed 1cm beyond the catheter tip. The combina-
tion of the laser fiber and 4-French catheter were in-
serted through the 6-French sheath. Laser lithotripsy
was performed to break the stones into fragments
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FIGURE 3

(A) Giant stone observed during cholecystography under fluoroscopy. (B) A 260-cm-long guidewire was inserted into the cystic duct

into the duodenum as a safety wire during the procedure. (C) The package of the laser fiber and 4-French catheter were inserted through the
6-French sheath. The sheath tip was adjusted to the right angle to ensure that the sheath tip targeted the stone. FREDDY laser lithotripsy was
performed to break the stones into fragments. (D) Final cholecystography. There were no filling defects in the gallbladder

FIGURE 4 Computed tomography scan of the gallbladder three
months after the procedure. The gallbladder was free of stones

(Figure 3C). The stone fragments were extracted
through the 6F sheath or pushed into the duodenum
through the cystic duct and CBD using a balloon
catheter if any of the stones shifted to the CBD during
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the procedure. The procedure ended when no filling
defects were detected in the gallbladder under
fluoroscopy (Figure 3D).

Next, a 8.5-French (Cook Medical) drainage catheter
was placed into the gallbladder cavity. The patients were
discharged 3-4 days later with the catheter in the gall-
bladder. The catheter remained in the gallbladder for one
month to avoid choleperitonitis after catheter removal.
Cholecystography was performed to ensure that there
were no filling defects in the gallbladder before the
catheter was removed. Follow-up ultrasound or CT
examinations were performed over an interval of
3 months after the drainage catheter was removed for
2 years (Figure 4), and gallbladder function was assessed
through sonography after fatty meals at the first interval.
Ursodeoxycholic acid capsules (Dr. Falk Pharma
GmbH) were administered to patients at a dose of 10 mg/
kg for 6 months after the procedure. Patients were en-
couraged to eat a low-fat diet that included vegetables
and fruits and walking 8000-10,000 steps per day.
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RESULTS

Results from the initial cholecystography before the
drainage catheter was removed revealed that the giant
gallstones and fragments were successfully removed from
all of the 16 patients (100%) (Table 1). We found
recurrent stones during the follow-up ultrasound
examination in three (18.8%) of these 16 patients. Stone
sludge was found in two patient at 9 and 12 months,
respectively, and small fragments were identified in an-
other patient at 15 months (Table 1). During the follow-
up period, 13 (81.3%) of the 16 patients had no stones
detected in their gallbladders upon ultrasound examina-
tion. Relief of symptoms was achieved in all of the 16
patients through the follow-up. The gallbladder function
was stable 3 months after the procedure according to
ultrasound results.

The procedure of stone fragmentation with FREDDY
laser and removal was achieved in 11 patients with one
session. The average time of the procedure was 145 min. A
second session was required for the other five patients to
complete the clearance of the gallstones. The median and
mean times of laser pulses needed to disintegrate the
stones into “dust” fragments were 2532 and 2471 +672
per patient, respectively. Shifted stones were not observed
during the procedures.

Hemocholecyst was detected in one (6.3%) patient
that manifested as bleeding fluid drainage from the ca-
theter after the procedure. Hemocoagulase was dispensed
and the bleeding stopped within 2 days. Peritonitis was
found in 2 (12.5%) patients, but it was quickly resolved
using antibiotics. Skin site infection occurred in one pa-
tient which was controlled easily with local disinfection.
The 81-year-old patient was transferred to intensive care
unit for one day after the procedure due to delayed re-
suscitation. Blood gas analysis revealed mild respiratory
acidosis, and the patient woke up within 6 h with in-
creased alveolar ventilation on a noninvasive ventilator.
These four patients recovered without further incidents.
No procedure-related deaths occurred.

DISCUSSION

To our best knowledge, the present study is the first
clinical study to evaluate the efficacy and safety of per-
cutaneous lithotripsy using FREEDY laser for giant
gallstones. Unlike previous studies that used percuta-
neous lithotripsy, we performed this procedure using an
8-French outer sheath tube, which is much smaller than
that used in other endoscopy-assisted lithotripsy stu-
dies.'” The success rate, measured as the cholecysto-
graphic findings showing no gallstones, was a 100%
(16/16). This method may be a new minimally invasive
method for the treatment of giant gallbladder stones.
Cholecystectomy has been traditionally used for the
treatment of symptomatic gallbladder stones. However,
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this procedure is not always suitable for elderly or high-
risk patients. Additionally, the criteria for selecting pa-
tients for cholecystectomy remains controversial,*® and
different indications are followed globally."

In addition, several prospective studies reported that
multiple symptoms, especially persistent postoperative
pain, occurred in up to 41% of patients who received
cholecystectomy.”’ The risk of malignant carcinoma also
increased after cholecystectomy.®® A recent multicenter
randomized parallel-arm study indicated that the current
treatment for symptomatic gallbladder stones was not
nearly optimal and the use of cholecystectomy should be
reconsidered and carefully advised for patients. Chole-
cystectomy might not be the solution for symptomatic
gallstones. Further investigation is needed regarding the
relationship of gallstone and functional gastrointestinal
problems.”*

Percutaneous cholecystolithotomy is an alternative
option for high-risk patients and patients who desire to
preserve gallbladder function. This technique was first
reported by Kerlan et al. in 1985.% This technique offers
a wide-range of applications in most patients. Many
studies have reported the safety and efficacy of this
method for treating gallstones with high success
rates.””** Several lithotripsy techniques, such as EHL,
mechanical lithotripsy, extracorporeal shock wave
lithotripsy, and laser lithotripsy were used to break the
stones into fragments. Laser lithotripsy is considered to
be an advanced lithotripsy technique as compared with
the other techniques.’

Various laser systems, such as pulsed Nd:YAG laser,
Q-switched Nd:YAG laser, and pulsed-dye laser, were
investigated and introduced for gallstones lithotripsy
after Orii et al. performed the first choledocholithotomy
using a YAG laser with a choledoscope in 1981.%’
Unlike these previous laser systems, no thermal effects
were generated by the FREDDY laser, and the laser
impulses were not easily absorbed by the mucosa of the
gallbladder and other soft tissue; therefore, tissue injury
caused by laser energy was avoided. This advantage
made it possible to safely perform laser lithotripsy under
fluoroscopy without direct visualization of the stones
using endoscopy. Thus, the requirement of a large sheath
(i.e., at least 18-French) and long tract maturation time
(i.e., about 10-14 days) for endoscopy was no longer
needed.”® In this study, we performed percutaneous
lithotripsy under fluoroscopy alone with an 8-French
sheath which reduced the hospital stay, tissue damage,
and pain of the patients compared with larger sheaths.
On the other hand, the emergence of new thin
endoscopes (i.e., 8.7F) has been applied, which over-
comes the necessity for large sheaths in recent years.””

Another advantage of the FREDDY laser its ability
to effectively and powerfully fragment stones. Two laser
pulses, which consisted of green light and infrared light
in each pulse, worked on the stones simultaneously. The
shock wave used to shatter the stones was very strong
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after energy magnification by the plasma. Marguet et al.
compared the fragmentation ability of FREDDY laser
with that of the holmium laser in vitro and found that the
two laser systems resulted in 86.8% and 4.1% weight loss,
respectively. The stone fragmentation ability of the
FREDDY laser was significantly greater than that of the
holmium laser.”® Additionally, Young et al.** used a
FREDDY laser on 52 patients with large CBD stones
under endoscopic guidance, and the success rate was
92.3%. We achieved a 100% success rate in the present
study owning to the high effectiveness of the FREDDY
laser. This outcome was better than one obtained in the
study performed by Young et al. who used a Wittich
nitinol stone basket and metallic cannula to fragment the
gallstones. In said study, a success rate of 94% was
achieved.” In another study, neodymium-yttrium alu-
minum garnet (Nd-YAG) laser was applied for biliary
calculi in 69 patients and the complete clearance of the
stones were accomplished in 67 patients (97.1%)* which
is comparable with the results in the present study.
However, a main limitation of the FREDDY laser sys-
tem is that the laser fiber is invisible under fluoroscopy.
To overcome this disadvantage, we assembled the laser
fiber with 4-French single-angle catheter with the fiber tip
exposed 1 cm beyond the catheter tip. The package of the
laser fiber and 4F catheter were inserted through a
6-French steerable introducer sheath to target the stones.
The steerable sheath acted like the endoscope when ad-
justing the direction of the tip. The mean times of laser
pulses needed to disintegrate the stones in this study
(2471 £ 672) were shorter than those in the study con-
ducted by Young et al. (3580 + 1450).** We attributed
this difference to the application of the steerable sheath
and package of laser fiber and catheter that increased the
position accuracy to target the stones. To our knowledge,
no previous studies have used a steerable introducer
sheath to treat gallbladder stones.

A high relapse incidence is the main concern of per-
cutaneous lithotripsy. A previous study that included
439 patients who received percutaneous lithotripsy re-
ported that the recurrence rate was 41.46% at the 10-year
follow-up,* and Donald et al.** reported that the cu-
mulative recurrence rate was 44% at the 4-year follow-
up. Gallstones were detected in 3 (18.8%) patients in this
study during the short-term follow up in the current
study. However, percutaneous lithotripsy still played an
important role in treating high-risk and elderly patients.
Moreover, no symptoms were caused by the recurrent
gallstones.®* We also encouraged the patients to adjust
their diet and increase aerobic exercise after the proce-
dure. We assumed that these measures would reduce the
recurrence rate of stones.

Hemocholecyst was detected in one (6.3%) patient in
this study. This may have been due to injury to the wall
of gallbladder by the sharp tip of the laser fiber. How-
ever, the injury was controlled by administering drugs.
Minor hemobilia was reported by Young et al.'* at a rate
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of 15.4% when FREDDY was used to treat CBD stones.
Routine blood tests showed no change in hemoglobin,
and the bleeding stopped automatically. Peritonitis due
to minor bile leak during the procedure was found in 2
(12.5%) patients who recovered quickly following treat-
ment with antibiotics, and no percutaneous drainage was
needed. However, Young et al.”* reported two patients
who underwent percutaneous drainage for bile peritonitis
due to tract loss during stone removal when using a
basket to perform cholecystolithotomy.

There were several limitations of this study. First, the
sample size was small and follow-up period was short;
therefore, the results should be interpreted with caution.
Second, it is possible that tiny fragments of stones were
neglected with the sole guidance of fluoroscopy due to a
two-dimensional fluoroscopy view as compared to en-
doscopy guided lithotripsia, which provides a real time
view of residual stones.

In conclusion, percutaneous lithotripsy using a
FREDDY laser may be an effective and safe alternative
for treating giant gallstones, especially for patients who
are not eligible for surgical cholecystectomy. The appli-
cation of the steerable sheath and package of laser fiber
and catheter increased the position accuracy to target the
stones.
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SpyGlass-Guided Laser Lithotripsy for the Treatment of Giant
Appendiceal Fecalith: First Human Case Report

Ling-Jian Kong, PhD?, Ji-Yu Zhang, MD?, Saif Ullah, MD?* and Bing-Rong Liu, MD, PhD*

Am ] Gastroenterol 2021;00:1-2. https://doi.org/10.14309/ajg.0000000000001409; published online August 17, 2021

SpyGlass-guided laser lithotripsy for the treatment of giant appendiceal fecalith

Kong et al. Am J Gastroenterol.2021. doi:10.14309/ajg.0000000000001409 A G TheMonaicas jesiinal ot
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Appendectomy remains the first selectivity for adult appendicitis with appendiceal fecalith. However, the risk of appendiceal fecaliths falling into the
peritoneal cavity resulting in serious postoperative complications remains high. In addition, the appendix, which believed to have significant immune
functions, is also removed. Here, we report our experience of the SpyGlass-guided laser lithotripsy for the treatment of a giant appendiceal fecalith.

A 40-year-old man was admitted to our hospital with intermittent right lower abdominal pain without fever for 15 days. The computed tomography scan
showed thickened wall of the appendix and a nondense fecal stone shadow in the appendiceal cavity (a). An endoscope with a transparent cap attached on
the tip was advanced into the cecum where edema of the opening of appendix was clearly seen. A guide wire was inserted into the appendix under
fluoroscopic guidance showing a huge oval 1.5 * 1.2-cm filling defect (b). A balloon dilation catheter with a diameter of 10 mm was used to expand the
appendiceal cavity, and Spyglass laser lithotripsy using U100 excitation was performed (c, d, €). A large amount of yellow and white hard fecal stones were
removed with a stone basket extractor and foreign body forceps (f). The appendix cavity was repeatedly washed with normal saline. A plastic stent (8.5 Fr, 6-
cm length, COOK) was then placed along the guide wire. The total procedure time was 53 min. Abdominal pain was relieved immediately after the
procedure. The stent was removed 1 month after the procedure. No recurrence or any other adverse event had been noted during the 3-month follow-up.
Spyglass-guided laser lithotripsy using endoscopic retrograde appendicitis therapy has the ability to solve the problem of huge hard stones within the
appendix. This technique provides a feasible new alternative treatment for patients who are unwilling or unable to undergo appendectomy. This minimally
invasive organ-sparing procedure both relieved the obstruction and preserved the physiological function of the appendix. (Watch the Video, Supplementary
Digital Content 1, http://links.lww.com/AJG/C148.) (Informed consent was obtained from the patient to publish these images.)

'Department of Gastroenterology and Hepatology, The First Affiliated Hospital of Zhengzhou University, Zhengzhou, P. R. China.
Correspondence: Bing-Rong Liu, MD, PhD. E-mail: fccliubr@zz.edu.cn.
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Laparoscopic Transcystic Common Bile Duct Exploration Combined with Superfine Choledochofiberscopy and Double—
frequency Laser Lithotripsy for Biliary Stones Liu Jun Jin Lan Han Wei et al. Department of General Surgery Beijing
Friendship Hospital Capital Medicine University Beijing 100050 China

[Abstract] Objective  To evaluate the safety and feasibility of laparoscopic transcystic common bile duct exploration
combined with superfine choledochofiberscopy and double-frequency laser cholelithotripsy for patients with complicated biliary calculus.
Methods A total of 63 patients with cholelithiasis received laparoscopic transcystic common bile duct exploration combined with
superfine choledochofiberscopy and doubledrequency laser cholelithotripsy from August 2011 to June 2013. The patients with both
hepatic duct and gall bladder stones received laparoscopic cholecystectomy followed by superfine choledochofiberscopy and double—
frequency laser cholelithotripsy. The stones were then removed by irrigation or a basket. Results All the stones in the total of 63
cases were removed completely in one operation without bile duct injury or biliary leakage. In the reexamination ( B-ultrasonography or
MRCP) of all the cases 3 months after the surgery no residual stones or bile duct stricture was observed. ~ Conclusion Laparoscopic
transcystic common bile duct exploration combined with superfine choledochofiberscopy and double-requency laser cholelithotripsy is a
safe effective and accurate approach for complicated cholelithiasis.

[Key Words] Laparoscopy;  Superfine choledochofiberscope; ~ Double-frequency laser;  Transcystic common bile duct

exploration;  Cholelithiasis
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Frequency—doubled double-pulse Neadymium YAG laser in the treatment of refractory gastric bezoar
Wu Cheng Fu Yonghe. Wang Zhigiang. Depariment of Geratic Digestive Endoscapy,Chinese PLA General
Hospital, Bejjing 100853, China
Corresponding auwthor: Wang Zhigiang, Email: wrg301@263.net

[Abstract] Ohjectlve We aimed 10 find a new way lo manage the gasiric bezoar which
polypectomy enare and ather management does not work. Methods U-~100 frequency —~doubled double -
pulse Neodymium: YAG (Ng: YAG) laser was vsed to disrupt the refractory pastric bezoar shell through the
upper gastrointeatinal endonacnpy. Resuls  All bezoar shell was disrupt by U-100 frequency —doubled
double—pulse Nd: YAG laser, Conclusion U-100 [requency-~doubled double—pulse Nd: YAG laser is a

R -

safe elficient and useful way to manage refraciory gastric bezoat.
[Key words] Lithoiripsy, Laser: Lasers, Solid-States
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VIDEO

Resolution of ampullary stone impaction with

duodenoscopy-guided direct frequency-doubled double-pulse

CrossMark

Nd:YAG laser lithotripsy after the failure of rescue lithotripsy

Figure 1. A, Cholangiographic view showing multiple large stones in the CBD. B, The stone was drawn into the basket but could not be extracted.
C, Application of Soehendra rescue lithotriptor to crush the stone. D, After failed lithotripsy, impaction of stone in the CBD, as seen from the opened
papilla. E, Direct laser lithotripsy under duodenoscopy. F, After laser lithotripsy, the stone was fractured. G, Successful extraction of stone by a balloon.

CBD, common bile duct.

An 84-year-old woman received a diagnosis of large
common bile duct (CBD) stones and experienced failed
endoscopic stone extraction half a year previously.
Two plastic stents were temporarily placed into the
CBD for biliary drainage. Currently, the patient was
admitted for endoscopic stone extraction. The cholangio-
gram demonstrated a maximal diameter of 1.5 cm of
the CBD, with multiple large stones. The largest stone
(1.4 x 2.5 cm) was impacted in the upper part of the
CBD (Fig. 1A).

After endoscopic sphincterotomy and papillary balloon
dilation to a 15-mm diameter, most stones, except the
largest one, were successfully extracted with a 3-cm diam-
eter lithotriptor basket. However, because of the large size
and limited space, the stone in the upper part of the CBD
could not be drawn into the basket. Therefore, a larger

Written transcript of the video audio is available online at www.VideoGIE.org.

extraction basket (3 x 6 cm) was used to grasp the stone
(Fig. 1B). Unfortunately, the stone and the basket were
impacted in the CBD, and a Soehendra rescue
lithotriptor (BML-110A-1, Olympus Optical Company,
Tokyo, Japan) was applied to crush it (Fig. 1C). Owing to
only a partial grasp, the lithotripsy failed, and the stone
was so tightly impacted in the ampulla that the basket
and guidewire could not enter the CBD.

The stone could be seen from the opened papilla under
duodenoscopy, which inspired a direct application of
frequency-doubled double-pulse Nd:YAG laser lithotripsy
(Fig. 1D). The optical fiber was guided through a
4.4F sphincterotome that touched the stone under
duodenoscopy with a 4.2-mm working channel (Fig. 1E).
The laser lithotripsy was carried out, and the stone was
fractured after about 10 minutes (Fig. 1F). A 15-mm

www.VideoGIE.org
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Video

diameter balloon catheter was then introduced into the
CBD, and the fractured stones were successfully
extracted (Fig. 1G) (Video 1, available online at www.
VideoGIE.org). This technique is simple and easily
performed without the assistance of cholangioscopy.
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[ Abstract ]

treatment of incarcerated stones of the lower common bile duct. Methods The clinical data of 54 patients with incarcerated stones of the lower

Objective To compare the clinical efficacy of laparoscopic choledochoscope combined with U100plus laser and ERCP in the

common bile duct admitted to our hospital from Jan. 2014 to Dec. 2017 were retrospectively analyzed. The patients were divided into laparoscopic
choledochoscope combined with U100plus laser lithotripsy group, ERCP group.Success rate of stone extraction, rate of complications and recurrence
rate of stone were compared among the 2 groups. Results The difference in the success rate of stone extraction and rate of complications between the
two groups was statistically significant ( P<0.05) .There was no significant difference in the recurrence rate of stone between the two groups ( P>0.05) .
Conclusion Laparoscopic choledochoscope combined with U100plus laser lithotripsy in the treatment of incarcerated stones of the lower common bile
duct is safe and effective. Laparoscopic choledochoscope combined with U100plus laser lithotripsy has higher success rate and fewer complications than
ERCP in the treatment of incarcerated stones of the lower common bile duct.

[Key words ]  Laparoscopy Choledochoscope  U100plus laser  ERCP  Choledocholithiasis
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Common bile duct stones treated by endoscopic laser lithotripsy
ZHOU Sheng-yorg® + XIAQ Peng-hao LI Xiao-jing LIU Zhi-gin .DONG Xin-feng

{Department of Gastroenterology,the First People’s Hospital of Jiayuguan, 735100 Jiayuguan,China)
& Carresponding author.E-mail; 2481878608 4. com

Abstract. [Objective ] To explore the effectiveness and safety of the direct biliary endoscopy in difficuit
stone lithotripsy. [Methods ] The 21 patients who had lost chisel by means of ERCP and net basket or me-
chanical gravel were named choledochalithiasis cases. The patients were treated with small incision of the
nipple and the expansion of 15 mm diameter balloon.insert person ultea fine endoscope( The out diameter of
%+6 dishes can be inserted through the nasal cavity nto the digestive tract for diagnosis and treatment, It
was also named transnasal)to bravery manager. Along the endoscopic hiopsy channel.we insert double-fre-
quency (Nd:YAG?laser probe-stone parts under the direct laser lithatripsy. Its insertion success rate and
the incidence of gravel success rate were investigated. [ Results [The 17 of 21 cases(80. 95% ) were reached
the hepatic portal and found stones, among which 5 cases (23. 81%0) were inserted directly and 5 cases
(42. 836 %% )were assisted by guide wire.3 cases(14. 29 % Ywere assisted by outer casing and 4 cases failed. 13
cases were sussessful{71., 43%),6 cases of biliary tract were remuved and 9 cases were replaced with duad-
enoscope. 4 cases(19, 05 %) failed and accepted surgery. There were 4 cases of hiliary tract infection.no seri-

ous complications such as bleeding.perforation, pancreatitis as well as surgical related death. [ Conclusion ]It

& {47 & . E-mail: 2481678606 qg. com

[14] SOTOUDEHMAMNESH ER.NEJATI N.FARSINEJAD cal practice; not as good as we once thoughe[[]. ] Am
M.er al, Efficacy of endoscopic ultrasonngraphy in e- Coll Surg.2015,221,215—219,
valuation of undetermined etiology of common bile duct [167 SONMNENBERG A, ENESTVEDT B K, BAKIS G,
dilatetion on abdominal ultresonography [[ . Middle Management of suspected choledocholithiasiz: A deci-
East 1 Dig Diz.2016,5: 267 —272. sion analysis for ¢hoosing the optimal imagimg modality
[1s] AYDELOTTE ) [, ALI J. HUYNH P T. et al. Use of [I]. Dig Dis Sci.2016.,61,603 — 609,
Magnetic resonance chelangiopancreatography in elini- (N BB, 2019-08-16; 4RI T #9.2010-11-26)
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is safe and effective {or the difficult caleulus lithoteipsy to be mediated by oral direct biliary endoscopy. But

the endoscopic insertion technology has certain difficulties. Further study is needed.

Key words: chaledocholithiasis; choledachoscope; viaoral direct biliary endoscopy; laser lithotripsy
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Comparison of therapeutic effects of endoscopic frequency-doubled double pulse
neodymium yttrium aluminium garnet laser and traditional mechanical lithotripsy in
patients with common bile duct stones

FAN Xiao, QI Xiaoliang, ZHU Yiming, HUANG Mingzhe, LOU Xiaolou, XIA Yan
Department of General Surgery, Shanghai Ninth People’s Hospital, Shanghai Jiaotong University School of Medicine, Shanghai 201999, P. R. China
Corresponding author: XIA Yan, Email: 13761388807@163.com

[ Abstract] Objective To compare difference of therapeutic effects between endoscopic frequency-doubled
double pulse neodymium yttrium aluminium garnet (FREDDY) laser and endoscopic traditional mechanical lithotripsy in
treatment of common bile duct stones (CBDs). Methods The clinical data of 207 patients with CBDs treated with
ERCP and lithotripsy in the Ninth People’s Hospital Affiliated to Shanghai Jiaotong University School of Medicine
from March 2009 to March 2019 were analyzed retrospectively, of which 71 cases treated by FREDDY (FREDDY
group) and 136 cases treated by mechanical lithotripsy (mechanical group). The success rate of stone removal,
operation time, postoperative hospitalization time, hospitalization cost, consumables cost, and complications were
compared between the two groups. Results There were no significant differences in the general condition and the
preoperative clinical data between the two groups (P>0.05). There was no perioperative death in the two groups. There
were no significant differences in terms of the postoperative routine laboratory biochemical indexes, consumables cost,
hospitalization cost, and rates of the bleeding, postoperative pancreatitis, perforation and biliary tract infection between
the two groups (P>0.05). Although the operation time of the FREDDY group was significantly longer than that of the
mechanical group (P<0.05), the success rate of stone removal was significantly higher, the postoperative hospitalization
time was shorter, the total complications rate and stone residual rate were significantly lower in the FREDDY group as
compared with the mechanical group (P<0.05). Conclusion Endoscopic FREDDY laser lithotripsy has a better curative

effect and less complications in treatment of large CBDs than mechanical lithotripsy, but operation time needs further to be improved.

[ Keywords] common bile duct stones; frequency-doubled double pulse neodymium yttrium aluminium garnet

laser lithotripsy; mechanical lithotripsy; therapeutic effect
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P 301 T AR LA At A R 4 | 4 0 ke Ko
B M TR ATREN:, P, IR R B2 AER
REPEHS AT EW TR o PRI EE LRGN
S5 R BRABASREREL N 3, TS TR AR A

B1 TFEHEATNMART RPRRERGEEZRESR

a-c: WOLZAARHNEH CT ## (a) . ERCP RHPEEA (b) . ERCP 5 F 14 (o) 5

d-f: HUMAARFIEH CT Ki& (d) . ERCP Ripigfg

(e) \ERCPHETHAR (05 g. h: HOGHA (g) JFBEMRAE CT sERES AP (h) J5 TR LAY CT SR 253

9

R2 2HBERRE 1 RXREEMERLEER (v )

20 51 n TBIL (umol/L) GGT (U/L) ALT (U/L) AMS (U/L) WBC (x10 /L) CRP (mg/L)
ot 71 25.34+9.14 280.90+83.32 89.23+67.62 149.13+33.23 7.41£1.43 13.60+2.48
HLZH 136 24.93+8.31 282.53493.14 90.33+54.63 260.92+32.79 7.82+1.68 17.1443.62
t1H 0.281 0.173 0.158 2433 0.319 0.743

P{E 0.304 0.472 0.517 0.552 0.219 0.146
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F3 2ABEFEWAMINE FAME REERME. EREAREMERLE

205 n A R LB (%) ] FARRE (x+s, min)  ARJFERERTE (s, &) ERESEH (x+s, 71o0)  FEMIH (v, J170)
Hotd 71 70 (98.6) 65.12425.76 2.30+0.76 2.28+0.13 0.67+0.13
HUbgZH 136 123 (90.4) 42.52421.77 4,50+1.58 2.45+0.24 0.72+0.21
y Bl 3.707 1.364 0.895 0.534 0.663
Pii 0.027 0.014 0.027 0.272 0.568

Fa 2HBERBHREBRILER [ (%)]
2 51) n RIFRAE A i AR BRI L JIEAE IR 5k
ot 71 4(5.6) 0(0) 2(2.8) 0(0) 1(1.4) 1(1.4)
P 136 29(21.3) 2(1.5) 8(5.9) 2(1.5) 4(29) 13(9.6)
x 18 7.501 0.078 0.403 0.078 0.042 3.707
P1E 0.004 0.305 0.271 0.305 0.440 0.027

S5 AR (B =10 mm) 76N ES T BUA %0k
PRIXE, WA B LSS e R sl M s R 7
WA WRIT, (IR T AR A0 K AEBER [ .
Bl G B AR & R, IR T BCA R &Rtk
HHEA 0 E 2B AN R E P
P AT IR S A E R T AR T

o EST 2 HATAIF A 4 A E B
—, [HA5A 5% ~ 15% [ 55 RIS N Z5 AR
MIEEE VI + e Flk, Wi EBERYT R
W o PRIUE, Y S 2 R B U R R A
AR, ABHUERE A v RRARIBRIDT, ZRmd. 9% 1. 42 H nl
AT, HFE RN — RSN AE K, wilH
SV NS [N, WA P Tk sk T ik B 45
AT R IR AR, oI bR
KEPRAEE A L, SRR A JC IO R
25 A I )5 2 2 SR T 3, T F A R
A ARG b SRR A RO e PR A B BB
(BAMRE ) .

XU XUBK #80 U100 plus & —F38 T & 1948
TR RO R A OGRS, WA AE 532 nm Al
1064 nm. 532 nm (LRG3 ) BBOGTESS A R 1H
S RSB FRIERL, ML sNEOGRE %% B A
B DUE P s B i 0, DT AR 5 20 Y s
W, MHEs A M, Btz RS S AN T
ERCP N F AR AL B RMERI LB S G
BT & FA9AG 5 ERCP 528 Hz 28 25 il H T e A
G54 WU K op OGRS S A R B
N, HEA RIIER R, JF R R AR, Liu
& WiRIA, ESOLEEL T NI A AN B ST
TEL P RO BUIBK oG P A R R A2 IR YT PR XE
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AIREAE 4540 1 —Fh 22 4z A0 D7 1% . kA, AT
LT 42 ] AR RE it (8 RUBUSUK OGR4 AR AT
DA/ FIEL A 08 MBS R ] L 2 245040 100 XU, )T 3 LA
T bR B MEIR VR AL 25 0 R Je e 4 | J7 AR 2L
M o Yang &% il R HIBUBRUIK MG e A AR
W R8T HAWRE AT BOARES T 8, IF HAERIYIRE
VIR ULt BUARAE ) | PR s A S A R DL o

ABIFSE i 3 HIRUBR K it U100 plus HOGHE
ABOR, U T B0 T UL AR P RICR o 1
HUBRIE T2 A A A T RS AL, AT BE S HLBRASE A7
BRSO JG TA e a NI FLL L S
T IFL AR AU 2 5 s HOR R IR R K B R
W TROCHEA AL, 350 R AR S 2 kA H
EEARABEA K W, d PR MR H Sk
IR, AR AR S AT I A T T2 T, Ay
A REE SO YIRS SIS PR FL AT RE, FLAE R R
AR AR v i R A R N BE R , 3 R S R
EIRRG MOAR S A AT fE s 53 8h, AR,
AR B T AN WA, R R T
FAR2E, AT S 8 I 5 2 W SR8 i A 2R e, L RESR
FHREEAE WA SR IR EE B Z . AR
JCHEAT A AT ISR, FEAE WS A48 £1 1E
JCTEEG AT, RINEROCCET KRR A B
ZARIC, T IO BRBETE X R LT [ A ELE
B, LR TESS A AT A, AT AU
AIRRATRICR , AR5 T A o b A BR e I
SENE A

B, TENBE R I BUBUNK rO G £ 8
GERIHUIREE A MRS IS 25 0 R 24 B
OF  ERCRAEE, (BT AR A] AT A 2828 12
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21(3): 203-208.

Williams EJ, Green J, Beckingham I, et al. Guidelines on the
management of common bile duct stones (CBDS). Gut, 2008,
57(7): 1004-1021.
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[ME] B HFOREGMNSERS V00 RERTELASRBRELEONEE. FE EHEEIHF014 59
A =200 50 H (| #3815 WS, -4 3 AH 0 A o 6 0 55 0 17 1 e 6 A8 28 BT B ( laparostopic chalecystectomy, LC) + R G EF &
{ laparoecopic common bile duct expleration, LCBDE) + ULOG #AEKOARE. SR FHHgED 208 . ER.EN.BR
FEEFRE ARA-ATHEEXRAER, @i LC+LCBDE +UIOO ARG ANITERSE T4 HEETRBE
MG ER L T AL,

[cMiN] EaEFRMER, WESE:; BHES; MEEL
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Laparoscopy and Choledochoscopy Combimed With UlO0 Laser Lithotripsy in the Trestment of Incarcerated Stones ai the
End of Common Bile Duct Azharijiang Ainfwasr® | Aésaiti Aimiwgerbeki, Yu Wenging® , e al. ™ Department of Minimally Invasive
Surgery, Xinjigng Uygur Autonsmous Region People' s Hospital, Vrumgi 530001, Chinag
Carresponding author: Kelimu Abudureyim, E-mail; Hm6075@ 163, com

[Abstract] Objecdve To investigate the clinical experience and value of laparoscopy and cheledochoacopy combined with
U1 lager lithoripey in the treatmem of incarcerated caleuli at the end of common bile duct. Methods From Septemher 2014 to
September 2019, 1! cases of gellbladder stomez with incarceraled calecli at Lhe snd of comtion bile duci were treated with LC
( laparcscopic cholecystectomy) + LCBDE (laparoscopic common hile duetr evploration) + U100 laser lithoiripsy.  Results Al the
operations were auccessful, und therw were no serious complications such as magsive hemorthage , biliary leakage, pancreatic leskags,
or intestinal leakage. No residusl caleuli were: detecied by T-tube angiogrephy at 4 — & weeka after the operation.  Conmclmsion LC +
LCEDE + UL0D laser lithotriptic 1echnique for the treatmenmi of cholecystolithiasie comhbined with common bile duel snd incarcerated
caleuli iz & direct, accurals, and effective surgery.

[ Key Words] Calculi ai the end of common bile duct; Laparcscope; Choledochoscope; Laser litheiripsy

BEEAF10% - 15 A HBLELERY .4 REHFRAHD. EAR BN BRSFEFRE.
AERIARME AT 0% ~ 20 FRRELAEFA.E GHELEFANEAERLUBEEMEL KORG.5
HREMBTZEAEDTREFEE". HAE HNFEGRNBRAS. BHARREE. 828
HOVHEBTHEEXERERATMSE T Oddi §§ 2001449 A - 2019 £9 A3 11 fERLE TRB®E
ML Oddi NS AERE BiESE=EH F {7 1 BE 85 A0 3 4 B ( laparoscopic cholecysteciomy,
FHEANTFOBE BESREERANA,EZBR  1C) + A 2 % £ & (laparoscopic common bile duct
B, HEHTRRERLEGERETEERPHEM  exploration, LCBDE) + U0 BB A, MR T,
BROSEME LBFY3EAREESHRS,  AdHTERESS, MEDT.
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1 BEEHSHE

— R
AN W, B 70, &4 M, FHE SO~ 61
(54.513.7)%, BAXRFEE NN, BH 10
i, 52 -9(5.52.3)d, BT BH.CTEH +
HWE MRCPHEADSH . RS s HALT
GET L FAMEES ~0(5.122.0)mm, ELEEHS ~
A1 1 2 1.9)mm FFAZMBEE BT #, BET
LB LERRE 0ddi HEANMNE R . S04
BTH,. EE 4@ BEAKXNMLI~6.0(3.9
1.78)mm, HEAL 6.6 ~126.4(76.6 +38.0)
pmol/L{IE#{H 0 ~ 8. 55 pmoi/L,1 #IE¥); BB
IH 86,7 ~185.6(117.7 £32.3) pmel/L{E &
fH <21 pmol/L, SFH B ) sy-HH BN 9.4 ~
248.7(110.5 +69. 8)U/L( E#{& 7 ~45 UsL.3 H
EEY ;R 136.2 -306.4(186.5 £52.1)
U/L{ERE 45 ~125 U/L, AR ) RITEEBE
EEIEEN 51.35 - 76.80(51.68 £22. 5)U/L{ F ¥ (&
B-4ULAAR:AEREERER 5.7 -
124.5(85.6 +21. 8 U/L( E ® {7 ~ 45 U/L,. 5 H
. AHaHEHMELKEIEREES ¥, BEE
BERETH, HEMERES M MEKRI A, BE0E
72l
RPEREGE-NEXRBLEFETFAPHEL
FEhRmEALMBRA FAXERE R A U100 #X
®Aa,
1.2

1.1

HEk

RATER 12 A0t , Bt 6 paf. R KM,
Epz. CO, “ @A 12 ~15 mm Hg, AL ZEFF LC,
EmPeE=A, 7 BLNRE TN X, HE
VN EETHHRES S, He St fn o s e
5 e N I L A W S B, T ER HE 3, AR 2k 45046
R, A+ B, R85 % (Fh
P BERAHER, THEEFWE#H0.5 ~
1.2 e FTH O W FFRE BRI S, YD BE L AR 8
ERXSOHEBREEA T . BRADM A
o+ BT, MERRESESE, AME
ME&MABEERAUZ TR T, EHAH I AEHH
ShRE . HeEn BREERERAHEH, w0
BEERE Oddi A WA AHE, ST
EMERAHEER T ER LT S REFEERE
AFHEN. GOABHREEH, B U0 BXRA
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(U100 AT Bk oF BOLHE A 4L FRDDY Nd: YAG),
AEHEEEANLHE.H V00 AG W HEGEKHNT
HEBELEABEERSSOX MBS HOXND I
B U100 #EM S8, MERMMEEK S ~ 10 Hs,
Rl 120 ml EMTHAFRREES PR, R
BB & BT L R A R A, A EY
Rk R NEES . kA EREaTPLFRE
BED EERK UBRTAHEAGRS. HEER
BiFERELEES LN REXHN BKesFh B
ETEOGHELPLAE AR . EHANES &
1~25 . 4HE 1.5 mm, i1 1.5 mm, Winslow §L §
BEVEREFIRE | #ABENEHRTHOSE,
TEHEAEETRMETOS K.

R

11 I FRBRD,EREFM., FAREMREI ~
186 min, 19 128 min, T H M, 0K . RE . Bi&.
R FAENEE EBEHIREB, AREEL B
AHEAT B XA TH.AG4-6 AERTR
HiEE EBNNIRE TRAEARAMEN,
WPz T, 11 #1556 MR, F¥2.54,
RAEEEFEE BEMTE XRLAFE.

ik

BAKESEEAEERANG TEET HH
BT A B2, B S JCRLRTH 4% ~ 15% B
BELGBESHEIAEHEL . EEBERTIS -
505 AR HEFBLHE", BEETR(ES
TR 5 ) &5 W3 R AR T e 2 8L, Wt 3T Charcot
SERE (R RN RE) SRR RR R AN
HREEMEIRE S St EERR S, NRRFER
WY, I BE B AT AR AHEH , FER A A 15% 1,

UL00 S e R DR XL rh il ot — R & B R
80% BYLL AP X (T 1K 1064 nm) 5 —H & BB & 20%
As i (B 532 om) S, MePPEIE) 1 -2 ps,
BAam, o H bRk, EH D EERE LS
RS TESE, 7R AT 7 6 A RE B E B
S, 33 3 2 A SO M B 2k AL by D o
BEH, ATHEEMNEEMENER, ERE
FufiE P RREE B B e S R e, M AR
AVERER,FE SRR, A48 1 HHELE
BRAENAEAIRG, LHEERE. HEEFRYS
SRXAW HE+ BB LFBELNA G
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RER TR dE NESTEETST R
EHFE—DXREF EUEEEE, ZHTRA
EHSET V100 XERARRE. BEAETESHY
PHEARGHEYE, Bet, A8 # U100 WARER,
F AT AR 186 min, W FE&IF S EEEEER
HEIER SR Oddi AN ANER, NRER L HBR
B, EHEA B S 0. B5 M U100 BhinEE,
FUEH—-HRSEET, BITAREEEUTHE:
AN BRRENT LB T.RTE 46
ICBDE( R E®HE R X/ REHE, A HE. B
BENNS) ONGRIBIENGER U0 #{EEE
EESTHEGER OUFBLEER /DA, Rl
JIBR 20 kHz 224 ; @UL00 ¥k Y64 4 45 R #8
EESEL ~1.5 cm, BRI T BN ; DT LR
BERERVDHEHES HRFARBEARL(RNE
3000 ml A= ERE AR EXEER L) LR3I REFH
HhOEAFEIRES  EEER X EB AR
BHALRES4,.Xhm, ERENGS B E
L AINREE # : DH 30 v B R W &5 T
- A
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Original Article

Comparative study of the effect of U100 laser and
pneumatic ballistic combined with percutaneous transhepatic
cholangioscopic lithotomy in the treatment of intra-and
extrahepatic bile duct stones and its effect on liver function
Zhongliang Yin', Bin Shen?

ABSTRACT

Objectives: To compare the efficiency of U100 laser and pneumatic ballistics combined with percutaneous
transhepatic cholangioscopic lithotripsy (PTCSL) in the treatment of intra-and extrahepatic bile duct stones
and their effects on liver function.

Methods: Medical records of 97 patients with intra-and extrahepatic bile duct stones treated in our
hospital from May 2020 to May 2021 were selected for retrospective analysis. Of them, forty-three patients
received pneumatic ballistic lithotripsy combined with PTCSL (Group-l), and 54 patients received U100
laser lithotripsy combined with PTCSL (Group-Il). The therapeutic effects of the treatment in two groups
and its effect on liver function were compared and analyzed.

Results: There was no significant difference in the operation time and intraoperative bleeding (P>0.05)
between the two groups. The postoperative pain duration and hospital stay of patients treated with U100
laser lithotripsy combined with PTCSL (Group-ll) were shorter than those treated with pneumatic ballistic
lithotripsy combined with PTCSL (Group-1), P<0.05. The biliary bleeding rate of patients in Group-Il was lower
(3.70%) than those in Group-1 (16.27%, P<0.05), and the stone residue rate of patients in Group-Il was also lower
(1.85%) than those in Group-1 (11.63%, P<0.05). The levels of total bilirubin (TBIL), alanine aminotransferase
(ALT) and albumin (ALB) in Group-Il patients were higher than in patients in Group-Il.(P<0.05).

Conclusion: Compared with pneumatic ballistics, U100 laser lithotripsy combined with PTCSL in the
treatment of intra and extrahepatic bile duct stones has the advantages of less postoperative pain, shorter
hospital stay, less biliary bleeding and stone residue, and less damage to liver function.

KEYWORDS: U100 laser lithotripsy; Percutaneous transhepatic cholangioscopic lithotripsy; Intra-and
extrahepatic bile duct stones; Operation; Liver function.
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Additionally, if biliary obstruction is not removed
in time, it can lead to the accumulation of a large
number of bacteria in the biliary tract, resulting in
the continuous increase of biliary pressure, which
promotes the diffusion of infectious substances in
the biliary tract. Bacteria and toxins can enter the
hepatic sinuses and arteries, leading to systemic
infection and further complications, such as
obstructive suppurative cholangitis and liver
abscess that may endanger the lives of patients.

The traditional and more conservative treatment
in cases of intrahepatic and extrahepatic bile duct
stones involves anti-inflammatory agents and liver
protection. However, these methods have limited
effectiveness, and can often result in surgery to treat
intra-and extrahepaticbile ductstones. Percutaneous
transhepatic cholangioscopic lithotripsy (PTCSL) is
a common surgical procedure which can effectively
remove these stones, relieve the obstruction, and
promote unobstructed drainage.®

There are many lithotripsy methods used for
the treatment of intra-and extrahepatic bile duct
stones. Pneumatic ballistic lithotripsy is the most
common and can effectively crush stone. However,
it is associated with stone residues and is not that
efficient in case of granulation tissue.® U100 laser
lithotripsy converts the laser power into shock
waves which can “disintegrate” the stone from the
center, causing less driving force. This reduces the
damage to the bile duct and liver tissue.” In recent
years, the combination of U100 laser lithotripsy
with percutaneous transhepatic cholangiolithotomy
has been used in our hospital to treat patients with
intra-and extrahepatic bile duct stones. The main
goal of this study is to compare the efficiency of
U100 laser and pneumatic ballistics combined
with percutaneous transhepatic cholangioscopic
lithotripsy in the treatment of intra-and extrahepatic
bile duct stones and their effects on liver function.

METHODS

The records of 97 patients (51 males and 46
females) with intra-and extrahepatic bile duct
stones, treated in our hospital from May 2020 to
May 2021, were analyzed retrospectively. Of them,
43 patients that were treated with pneumatic
ballistic lithotripsy combined with PTCSL
comprised Group-l, and 54 patients that were
treated with U100 laser lithotripsy combined with
PTCSL were defined as Group-II.

The inclusion criteria: Meets the diagnostic criteria
of intra-and extrahepatic bile duct stones based on
the results of the ultrasound, CT and other imaging

Pak J Med Sci
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examinations;® Intrahepatic bile duct dilatation
>4mm; No history of previous laparotomy or
biliary surgery; Aware of the study and cooperate
with informed consent.

Exclusion criteria: Severe basic diseases, organ dys-
function and malignant tumour; Contraindications
of PTCSL; Incomplete medical records. The medi-
cal ethics Association of our college approved the
study (No. JXFY-L20210311, Date: 2021-March-10).

Following  anesthesia, the percutaneous
transhepatic puncture path was determined
according to the preoperative examination. The
puncture point, was located in the abdominal wall
of the lower right edge of the xiphoid process or
between the right 8th~10th ribs. The percutaneous
transhepatic puncture was completed using
ultrasound real-time monitoring. After the puncture
needle entered the target bile duct, the inner core
was pulled out, and the bile was withdrawn. After
the successful puncture was confirmed, the guide
wire was injected into the puncture needle tube
and the fistula was dilated through the 8F fascia
expander in the direction of the guide wire.

After no bleeding was observed, the matching
sheath sleeve was sleeved on the 16F or 18F
expander and delivered to the target intrahepatic
bile duct. The expander was pulled out and the
sheath tube was left. One end of the sheath tube
was in the intrahepatic bile duct and the other end
was left in vitro to place the fistula between the
intrahepatic bile duct and the outer surface of the
body. The choledochoscope was placed into the
target bile duct through this channel. Saline was
flushed through, which allowed the small stones to
flow out of the body or be removed with a blue net.

Pneumatic ballistic lithotripsy was done using
pneumatic ballistic lithotripter (EMS SA CH21260
NYON, Switzerland). The air pressure was set to
2x100kPa, which broke up the stone using a contin-
uous pulse, followed by a wash with normal saline
to allow the broken stones to flow out of the body.

U100 laser lithotripsy was performed using the
U100Plus laser lithotripter (Germany). The optical
fiber of the laser was inserted into the bile duct
through the choledochoscope. The laser capacity
was set to 160mj and aligned with the center of the
stone. After the stone was broken up, there was a
rinse with saline to clear small stones, or they were
taken out with a blue net. After the stones were
removed, a drainage tube was inserted into the
fistula and the puncture point was treated.

Operation  Indexes: The operation time,
intraoperative  bleeding, postoperative pain
www.pjms.org.pk 1687
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Table-1. Comparison of patient characteristics between the two groups [n (%), X£S].

Stone location(n)

Gender Left Com- Left hepa- Right
Group n (male/ Age (year) . tef he- Right in- on tolithiasis ~ hepatolithi-  Intrahe-

Female) e trahepatic mon with com- asis with ~ patic bile

patic bile bile d bile bil J
duct ile duct duct mon bile common uct
duct bile duct

Group-I 43 22/21 59.35+7.20 10 13 7 6 3
Group-II 54 29/25 58.87+6.69 15 14 6 5
X/t - 0.062 0.338 1.278
p - 0.803 0.736 0.937

duration and hospital stay were recorded. Biliary
bleeding and residual stones in the two groups
were counted. The criteria for judging biliary
bleeding were the presence of bloody fluid,
detected by choledochoscopy, and the outflow of
bloody fluid from the drainage tube.’ The criteria
for residual stones were ultrasound and/or CT
examination seven days after the operation.”® To
assess liver function fasting venous blood samples
were collected from 41 patients before the operation
and seven days after the operation, basic patient
information was recorded. Total bilirubin (TBIL),
alanine aminotransferase (ALT) and albumin
(ALB) levels were detected by enzyme-linked
immunosorbent assay.

Statistical Analysis: SPSS 22.0 was used for
data processing, [n (%)] was used to represent

the counting data for y? test;(X+S) was used to
represent measurement data for t-test;(P<0.05) was
considered statistically significant.

RESULTS

A total of 97 patients met the inclusion criteria
of this retrospective study, including 51 males and
46 females. Their age ranged from 46 to 71 years,
with an average of 59.08+6.89 years. Patients that
were treated with pneumatic ballistic lithotripsy
combined with PTCSL comprised Group-I, and

54 patients that were treated with U100 laser
lithotripsy combined with PTCSL comprised
Group-II.

There was no significant difference in the
basic clinical data and in the operation time and
intraoperative bleeding between the two groups
(Table-1, P>0.05). The postoperative pain duration
and hospital stay of patients in Group-II were
shorter than those in Group-l (Table-II, P<0.05).
Patients in Group-II had lower biliary bleeding rate
(3.70% vs. 16.27 %, P<0.05) and lower stone residue
rate (1.85% vs. 11.63%, P<0.05) than patients in
Group-1 (Table-1II). Before the operation, there
was no significant difference in TBIL, ALT or
ALB concentrations between the two groups
(P>0.05). At 7 days post operation, both groups
showed lower TBIL, ALT and ALB concentrations
than what was observed before the operation.
However, patients in Group-II had significantly
higher levels of TBIL, ALT and ALB compared to
Group-I patients (Table-IV, P<0.05).

DISCUSSION

Our study demonstrated that U100 laser and
pneumatic trajectory combined with percutaneous
transhepatic cholangiolithotomy is associated
with shorter duration of pain and hospital stay
in patients with intra-and extrahepatic bile duct

Table-II: Comparison of surgical indicators between the two groups (X£S).

Operation time

Intraoperative blood

Duration of postoperative

Group(n) (min) loss(ml) pain(d) Hospital stays(d)
Group-I (n=43) 160.09+20.04 179.93+£18.35 4.28+1.12 10.74+2.05
Group-II (n=54) 162.48+21.40 182.42+16.90 2.30£0.72 7.17+£1.79
t 0.338 0.562 10.082 9.176
P 0.736 0.576 <0.001 <0.001
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Table-III: Comparison of biliary bleeding
and residual stones in the two groups [n (%)].

Group n Biliary bleeding ~ Stone residue
Group-I 43 7(16.27) 5(11.63)
Group-I 54 2(3.70) 1(1.85)

x? - 4.497 3.943

P 0.034 0.047

stones. The rate of bile duct bleeding and stone
residue in this group of patients was lower, which
is similar to results by Lamanna A et al.'! Chunlin
Y et al. explored the safety and effectiveness of
ureteroscopic holmium laser lithotripsy (UHLL)
and ureteroscopic pneumatic lithotripsy (UPL) in
the treatment of impacted ureteral calculi (IUC).
They showed that UHLL and UPL were safe and
effective, but UHLL has the advantages of shorter
operation time and high stone-free ratio.!? The
mechanism of U100 laser lithotripsy combined
with PTCSL uses a dual frequency and dual pulse
Nd doped yttrium aluminum garnet laser, which
can emit infrared light (wavelength 1064nm)
and green light (wavelength 532nm). During
lithotripsy, the stones absorb 20% green light to
form uniform plasma, and the plasma has the
ability to absorb 80% infrared light This promotes
the conversion of laser energy into a mechanical
flushing wave and disintegrates stones from the
center.”® For example: Garg s et al. compared the
efficacy, safety and complications of laser (Ho:
YAG) and pneumatic ballistic internal lithotripsy
in the treatment of ureteral calculi and showed
that the stone clearance rate of laser lithotripsy
was higher, it was safe and was not associated
with complications. The driving force of the
mechanical shock wave on the stones is lower than

that used in pneumatic ballistic lithotripsy, which
can reduce the damage to biliary tract, reduce
postoperative pain and the biliary bleeding rate.
During lithotripsy, the stones can be pushed,
which can damage the biliary wall, possibly causing
severe postoperative pain and increasing the risk
of biliary bleeding."” In terms of stone removal, the
ui000 light of U100 laser lithotripsy can be bent
arbitrarily to enter the bile duct which can break
and remove the more difficult stones, reducing
incidences of any residual stones. In comparison,
the pneumatic ballistic lithotripsy rod cannot be
bent, which may cause the stones to shift and drift
back, making it difficult to remove hidden or small
stones, increasing the possibility of stone residue.'
When patients with intra-and extrahepatic bile
duct stones are treated using surgery, the surgical
trauma may cause damage to the patient’s liver and
reduce their liver function.'” Therefore, in recent
years, the protection of liver function is considered
when designing and selecting the surgical
procedure used for intra-and extrahepatic bile
duct stone removal. In this study, TBIL, ALT and
ALB concentrations within the two groups were
significantly lower after the surgery. However,
patients in Group-lI, showed higher levels of
TBIL, ALT and ALB than those in Group-I, post-
operation. Muglia et al. compared and analyzed the
effects of pneumatic ballistic lithotripsy and U100
laser lithotripsy on patients’ liver function during
PTCSL." They found than patients treated with
U100 laser lithotripsy had less postoperative liver
function damage, consistent with the results of this
study. It is suggested that U100 laser lithotripsy
combined with PTCSL can reduce the negative
impact on liver function when treating intra-
and extrahepatic bile duct stones. The absorption
coefficients of infrared light and green laser emitted

Table-IV: Comparison of liver function indexes between the two

groups before operation and seven days after operation (X=S).

TBil(umol/L) t p ALT(U/L) t p ALB(g/L) t p
Group 7d 7d 7d
(n) Preop-  after Preop-  after Preop-  after
erative  opera- erative  opera- erative  opera-
tion tion tion
Group-I ~ 28.05+ 15.28+ < 7114+  42.30% < 36.30+ 28.30+ <
(n=43) 3.48 2.76 72717 0.001  4.49 4.07 262109 0.001  3.66 3.36 80.133 0.001
Group-II 2854+ 19.33% < 7250+ 53.48+ < 36.57+ 32.68+ <
(n=54) 3.61 2.84 58.534 0.001  5.39 4.84 142497 0.001  4.22 3.85 24.986 0.001
t 0.676  7.066 - - 1354  12.342 - - 0339  5.882 - -
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by U100 laser lithotripsy do not cause a thermal
effect during lithotripsy, and human tissues cannot
absorb these two lasers, which eliminates the
damage caused by the mechanical shock wave on
the bile duct and liver, thereby effectively reducing
the adverse impact on liver function.” On the other
hand, the process of pneumatic ballistic lithotripsy
effectively pushes the projectile using compressed
gas through lithotripsy probe rod, which can cause
significant mechanical damage to the function of
the biliary tract and liver.

Limitations:. The sample size was relatively small
with only 97 patients who qualified for this study
within our hospital. Additionally, patients were
only monitored for seven days post-operation,
which may make the conclusions one-sided and
limited.

CONCLUSION

U100 laser lithotripsy combined with PTCSL is
more effective in the treatment of intra-and extra-
hepatic bile duct stones as compared to pneumatic
ballistic combined with PTCSL. It is associated
with lower postoperative pain, reduced incidence
of biliary bleeding and stone residue, and signifi-
cantly lesser negative impact on liver function.
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A Retrospective Study of Minipercutaneous Laser Lithotripsy for
Treatment of Allograft Kidney Lithiasis Obstruction

Z.G. Ji, Y. Tian, Y.Q. Chen, Z. Liu, J. Lin, J.M. Wang, L.L. Ma, H.B. Guo, Y.W. Tang, Z.L. Xie, W. Sun,

and L. Zhang

ABSTRACT
Obijective.

To evaluate the safety and effectiveness of invasive percutaneous laser litho-

tripsy to manage allograft kidney lithiasis obstruction.

Methods.
percutaneous nephrolithotomy (mPCNL).

Results.

We treated 11 patients with kidney allograft lithiasis with minimally invasive

All patients treated by mPCNL showed no residual stones thereafter. All

subjects recovered successfully without major complications with improved renal function

and reduced serum creatinine values.
Conclusion.

mMPCNL was safe and effective to treat kidney allograft lithiasis obstruction.

We suggest that it may be considered to be a first-line option for this condition.

IDNEY ALLOGRAFT lithiasis obstruction is an

infrequent, difficult-to-manage complication of renal
transplantation. Its incidence has been reported to be 0.23%
to 0.97% of all renal transplant patients."” Between 2005
and 2012, 11 patients with kidney allograft lithiasis
obstruction were treated in our hospital. Herein, we retro-
spectively analyzed these cases, discussing the application of
minipercutaneous laser lithotripsy to treat this condition.

MATERIALS AND METHODS
Patients

Between January 2005 and December 2012, 11 patients including
7 men and 4 women of age range 34 to 63 years (mean-45) were
admitted to our hospital at 14 to 67 months (mean-37) after renal
transplantation. Upon admission, 3 patients displayed acute
oliguria/anuria with discomfort at the transplant site, but without
fever or acute hypertension. Three patients showed gross hematuria
with discomfort at the transplant site. One patient had fever and
a urinary tract infection. The other 4 patients had no symptoms but
were detected to have renal transplant insufficiency on examina-
tions with subsequent ultrasonography suggesting allograft lithiasis
and hydronephrosis (Fig 1). Urinary ultrasonography in all patients
revealed transplant lithiasis at the renal pelvis and upper ureter.
The stones ranged from 0.9 to 2.4 cm in diameter. No ureteral
dilation or stones were detected in the distal ureters of the trans-
planted kidneys; arterial and venous blood flows in all cases were
normal.

Six patients underwent kidneys, ureter, and bladder radiography
(KUB) and intravenous pyelograms (IVVP). All shape images of the
transplants were normal. KUB revealed radioopaque stones in
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4 patients. The other 2 patients had radiolucent stones discovered
on computed tomography (CT). IVP revealed the latter 2 patients
to display dilation and swelling of the renal pelvis and proximal
ureter of the transplanted kidney. Five patients underwent CT
(unenhanced, contrast-enhanced, and 3-dimensional reconstruc-
tion) of the allograft kidney, ureter, and bladder. CT scans indicated
that all of these patients had transplant lithiasis with renal pelvic
obstruction.

All patients were checked for blood biochemical indicators of
renal insufficiency including creatinine, uric acid, calcium, para-
thyroid hormone (Table 1). The mean serum creatinine concen-
tration was 197 mmol/L (range: 158e352, normal: 53e155); mean
uric acid concentration was 278 mmol/L (range: 181e506, normal:
178e416); mean calcium concentration was 2.2 mmol/L (range:
1.8e2.9, normal: 2e2.5); mean parathyroid hormone concentration
was 27.5 pg/mL (range: 12.3e45.8, normal: 11e62); mean hemo-
globin concentration was 118 g/L (range: 98e143, normal: 110e120).

Treatment

All patients underwent percutaneous laser lithotripsy in the supine
position under combined spinal-epidural anesthesia. The stones
were accessed via a middle calyx approach with ultrasound guid-
ance. A puncture needle (Cook Medical, Bloomington, Ind, USA)
was inserted percutaneously into the collecting system of the
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MINIPERCUTANEOUS LASER LITHOTRIPSY

Table 1. Serum Creatinine Levels Before and After Lithotripsy

Before lithotripsy 3 d after lithotripsy 1 mo after lithotripsy

(mmol/L) (mmol/L) (mmol/L)
178 76 68
158 106 77
352 224 168
164 119 86
220 121 101
201 126 99
195 118 91
181 129 110
174 121 90
181 134 93
166 109 84

Differences were statistically significant between the preoperative and post-
operative levels at both time points (both P < .05).

transplanted kidney. The needle was withdrawn and urine effusion
was confirmed, indicating correct entry into the collecting system. A
Zebra guide wire (Cook Medical) was advanced through the sheath
and an 8/18-French dilator/sheath set (Cook Medical) placed along
the guide wire. The stones were then disintegrated using a U100
laser (W.O.M., Germany).

One double-J stent and 1 nephrostomy tube were placed in each
patient. Patients with preoperative urinary tract infections were
prescribed empirical antibiotic therapy (Sulperazon, 6 g/d, Pfizer,
New York, NY, USA) for 3 days. If the urine effusion was purulent
after puncture, a nephrostomy tube was placed and the patient
underwent a subsequent (second-stage) percutaneous laser litho-
tripsy 1 week after the first operation.

Statistical Analysis

Data were analyzed using t tests (SPSS 13.0, SPSS, Chicago, I,
USA). A P value of less than .05 was considered to be statistically
significant.

RESULTS

All patients recovered successfully without major compli-
cations. In the 1 patient who had a preoperative urinary
infection, urine culture suggested Escherichia coli infection.
One week after the first operation, the drainage became
clear and the patient underwent a second percutaneous
laser lithotripsy.

After lithotripsy, KUB failed to detect residual stones in
any patient (Fig 2). One day after lithotripsy, the patients
passed 3000 to 5000 mL of urine. The nephrostomy tube
(if placed) and urethral catheter were removed at 24 to 48
hours and 48 to 72 hours after the procedure, respectively.
Moreover, 48 hours after operation, the mean hemoglobin
concentration was reduced by 5.9 g/L (range: 3.0e12.0; P >
.05) compared with the preoperative level.

After lithotripsy, all patients showed improved renal
function and reduced serum creatinine. At 3 days after
lithotripsy (Fig 2), the mean creatinine level was reduced to
126 mmol/L (range: 76e204). One month after lithotripsy,
the double-J stent was removed in all patients. The serum
creatinine level further decreased to 97 mmol/L (range:
68e168). Spectral analysis showed that the stones removed
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Fig 1. Radiograph prior to lithotripsy showing ureteral obstruc-
tion and hydronephrosis of the transplanted kidney.

=

from 5 patients were composed of calcium oxalate; those
from 3 patients, uric acid; from 2 patients, mixtures of
calcium oxalate and uric acid; and from the remaining
patient, ammonium magnesium phosphate. The patients
were followed for 14 to 62 months (mean: 39), during which
no stone recurrences were discovered by ultrasonography.
Six months after lithotripsy, the mean serum creatinine level
was 94 mmol/L (range: 62 to 157).

DISCUSSION

With improved renal transplantation techniques and
because of anatomical changes in the transplanted kidney
and ureter, transplant lithiasis occurs infrequently. The
mechanisms of renal transplant lithiasis are unclear. They
have been suggested to be related to metabolic abnormali-
ties, urinary obstruction, and urinary infection. Stones
identified within 6 weeks after transplantation are usually
native to the donor kidney.**® Stones are typically composed
of oxalate and urates.

Because the allografted kidney and associated ureter are
denervated, the patient experiences no obvious pain from
the lithiasis (eg, renal colic).® Consequently, it is usually
identified during examinations for other complications such
as fever, infection, hematuria, and renal dysfunction. The
patients in our study followed this pattern, primarily pre-
senting with hematuria, infection, or renal pelvic obstruc-
tion, although some did experience discomfort at the
transplant site as well. For patients with renal transplant
lithiasis who experience no obvious renal obstruction or
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Fig 2. Kidney-ureter-bladder radiograph taken 3 days after lith-
otripsy, showing no residual stones.

dysfunction, renal biopsy may be required to differentiate
lithiasis from transplant rejection.

Persistent transplant lithiasis and renal obstruction may
lead to damage and even loss of the transplant function.
Therefore, treatment should be considered immediately upon
diagnosis. However, open surgical treatments can be difficult
for several reasons. First, the transplanted kidney and ureter
may be severely adherent to adjacent tissues, which renders
surgery difficult and increases the risk of operative injuries.
Second, potential postoperative complications, such as infec-
tion, urinary extravasation, urinary fistula, are difficult to
overcome and may lead to transplant dysfunction. Moreover,
the operation involves significant cost, patient pain, and a slow
recovery. Therefore, open surgical treatments are not well
accepted as the treatment of choice.

Several studies have reported successful treatment of renal
transplant lithiasis with extracorporeal shock wave lithotripsy
(ESWL).*®" However, because the renal transplant is inside
the pelvic cavity, it is difficult to locate the stones for this
procedure and the shock wave is blocked by the pelvis.
Consequently, steinstrasse formation is a frequent compli-
cation of this treatment, which further aggravates the injuries
to the transplanted kidney. Given these disadvantages, we
suggest that ESWL for renal transplant lithiasis requires strict
patient selection. Subjects with successful ureteral drainage
and no urinary tract obstruction may undergo ESWL under
strict clinical monitoring. One study has suggested uretero-
scopic nephrolithotomy® as an alternative treatment.
However, in our experience, the site of ureteral-bladder
anastomosis is usually located at the bladder apex, making
urethral intubation and endoscopy entry difficult. Recently,
He et al’ performed ureteroscopic nephrolithotomy in 8
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patients with transplant ureteral lithiasis, with only 3
successful outcomes. Two patients developed high fevers
after the procedures and 1, a postoperative infection that was
controlled by percutaneous nephrostomy.

Percutaneous nephroscopic lithotomy for renal transplan-
tation was first introduced in 1982.'° Because of its advantages
of rapid obstruction relief and easy control of infection, it has
become the first choice in many hospitals for large stones
(>1.5 cm) or after failed ESWL.**** In our study, all patients
experienced clear improvement in renal function after the
procedure. One patient with a preoperative creatinine of
352 mmol/L decreased to 157 mmol/L after the procedure.

Earlier studies typically used standard percutaneous
nephrolithotomy procedures, which require a portal dilation
of 26 to 32 French. Recently, several studies in China”*®
have explored minipercutaneous nephrolithotomy for trans-
plant lithiasis, using a portal dilation of 14 to 18 French. A
smaller portal may reduce potential injuries to the interlobar
arteries of the transplanted kidney thus preventing massive
intraoperative hemorrhage. The modest decrease in mean
hemoglobin level and biochemical evidence of stable renal
function during follow-up suggests the safety of the treatment
presented herein.

Considering that the renal transplant is located in the iliac
fossa, a percutaneous calyceal fornix puncture is a simple
procedure with a short procedure time. With increasing
application of minipercutaneous procedures and improved
lithotripsy techniques, the risk of transplant injury is ex-
pected to steadily decrease. Our experience from these
cases suggested that percutaneous laser lithotripsy provided
a high stone resolution rate and a fast recovery with only
limited impact on transplant function. We suggest that,
under current technical conditions, miniepercutaneous laser
lithotripsy may be a preferred treatment for kidney allograft
lithiasis obstruction.
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5040, sTRBLAT I RS T AERRE AL R IR MATH EFEFRLT UL00 A B K R maF Rat | L RAEG R FE %
MR FERE FRIFAREL AR FHONERBLRMRE, SR MIREE R LRI F L FRES 90.00%.86.00%,
# T A L) 68.00% .60.00% (P<0.05) ; WL 28 5 K B 1] 4 (35.84%5.34)min, 48 T * B 21 49 (55.08+9.78 )min (P<0.05) ; $L 5 41
JF R g K A FE A 12.00% 4% T 3B 4849 30.00%(P<0.05); A E B A MM TR REAZA IR PE L LS ZE0m, AP Rk
LI, HIE WATET U0 SR e AA FRIFEE Ha Z2AIEETFRE, ZETHIKE LB BWA K
FH8®,
KER A RFHUI00 AR B R A EBRERL R A F LRE S
FES %S R693 XEEARIRAD . A DOI:10.3969/j.issn.1006—1959.2023.06.019
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Comparison of the Efficacy of Ureteroscopic U100 Laser Lithotripsy and Pneumatic Lithotripsy

in the Treatment of Upper Ureteral Calculi
QIN Qing—ping ,\WEN Bin2, WANG Wei?
(1.Department of Urinary Surgery,Liuzhou Traditional Chinese Medical Hospital,Liuzhou 545001,Guangxi,China;
2.Department of Urinary Surgery,the People’s Hospital of Liuzhou,Liuzhou 545006,Guangxi,China)

Abstract: Objective To compare the efficacy and safety of ureteroscopic U100 laser lithotripsy and pneumatic lithotripsy in the treatment of upper
ureteral calculi.Methods A total of 100 patients with upper ureteral calculi admitted to the People’s Hospital of Liuzhou from December 2013 to
September 2018 were selected as the research objects and divided into observation group and control group according to the random number table
method, with 50 cases in each group. The control group was treated with ureteroscopic pneumatic ballistic lithotripsy, and the observation group was
treated with ureteroscopic U100 laser lithotripsy. The operation time, single lithotripsy success rate, stone clearance rate and incidence of surgical
complications were compared between the two groups, and the causes of single lithotripsy failure were analyzed.Results The success rate of single
lithotripsy and stone clearance rate in the observation group were 90.00% and 86.00%, which were higher than 68.00% and 60.00% in the control
group (P<0.05). The operation time of the observation group was (35.84+5.34) min, which was shorter than (55.08+9.78) min of the control group (P<
0.05). The incidence of complications in the observation group was 12.00%, which was lower than 30.00% in the control group (P<0.05). The main
reason for the failure of crushed stone in the two groups was that the stones moved up to the kidney during the lithotripsy, and the stones were not
found during the operation.Conclusion The ureteroscopic U100 laser lithotripsy has the advantages of short operation time, high efficiency, safety and
few complications, which is an effective method for the treatment of upper ureteral calculi.

Key words: Ureteroscopy;U100 laser lithotripsy;Pneumatic ballistic lithotripsy;Upper ureteral calculi
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Frequency doubled-double pulse laser lithotripsy of ureteral calculi HUANG Xu-yuan, BO Jun-jie
CHEN Bin, et al. Department of Urology, Renji Hospital, Shanghai Second Medical University, Shang-
hai 200001, China

[ Abstract] Objective To study and evaluate frequency-doubled-double-pulse laser (FREDDY)
lithotripsy of ureteral calculi. ~ Methods The experience of 150 cases of ureteral calculi treated with
FREDDY from April to December in 2001 w as summarized. 94 are male patients and 56 female with an av-
erage age of 42. There were 48 cases of upper, 35 middle and 64 low er ureteral stone.  Results Of 150
cases 136(90. 6%)) were successful on the first lithotripsy. Of which in 131 cases (96. 8% ) the stone frag-
ment completely expelled in one week. The procedure failed in 9 cases of upper ureteral calculi. A mong
them, 5 cases was due to up drift of calculi or incomplete lithotripsy and was then shifted to ESWL therapy.
2 was due to angular twist of the ureter and changed to open operation and another 2 was due to perforation
of ureter during the procedure. Of the 5 failed cases with middle and lower ureteral calculi, 1 was due to in-
complete litho tiipsy, nonfragmentation in 1 case and failure of ureteroscopy in 3(changed to open opera-
tion). Different degree of hematuria was seen in every case after operation. High fever or pyonephrosis after
operation has not been observed. The average operation time was 32 minutes and the average time for laser
working was 3. 3 minutes. The average hospitalization after operation was 2. 5 days.  Conclusions
FREDDY is a kind of laser with the characteristics of single function, simple operation, safe, less damage to
the soft tissue and high efficiency of lithotripsy. The procedure is indicated if ESW L failed or not indicated.

[ Key words] Urinary calculi  Lasers
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Treatment of Urinary Calculi with the Frequency-Doubled Double-Pulse U-100 Neodymium of YAG Laser (A
Report of 101 cases) XU Xiao-wen, XU Yao-ting. HUANG Ru-giang, et al. (Department of Urology,
the Branch of the First Peoplé s Hospital of Shanghais Shanghai 200081, China)

Abstract  Objective To evaluate the effect and safety of the frequency-doubled double-pulse U-100
neodymium of YAG (Nd: YAG) laser lithotripsy of calculi in the urinary tract. ~Methods 101 cases of uri-
nary calculi treated by the frequency-doubled double-Pulse U-100 Nd of YAG laser under ureteroscope and cys-
toscope were review ed retwspectively, included 83 cases with ureterolith 15 with cystolith and 3 with posteri-
or urethral calculus. Results The successful rate of lithotripsy was 91. 6% (76/ 83) in ureterolith, 80%
(12/15) in cystolith and 100% (3/3) in posterior urethral calculus. The mean time of operation was 33 min-
utes and the laser worked 5.574-2. 8 minutesin average. The stonefreeing time was 7~ 28 days and the aver-
age time was 15 days. Concdusions The frequency-doubled double-pulse U-100 Nd of YAG laser can shat-
ter stones quickly and efficiently with no damage to the normal urinary organ.

Key words: neodymium; laser; lithotripsy; urinary caleuli
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BOtEOIRIT R B S 0 4T B, 5550 A7 BIA R B &2 oS T R ICR 58 B, 40 BI125 0l iy e BURE | 6 B4
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Percutaneous reno—ureteroscopy pneumatic lithotripsy and
Frequency—doubled—doubled—pulse laser lithotripsy in
the treatment of complicated renal stone

LI Gang, WEN Bin, WANG Wei, QING Qing—ping
(Department of Urology, the Fifth Affiliated Hospital of Guangxi Medical University,
Pepople's Hospital of Liuzhou City, Liuzhou, Guangxi 545001, P.R.China)

Abstract: Objective: To study and evaluate the minimally invasive therapy for complicated renal stone. Meth-
ods: 47 patients with complicate renal stone were treated by percutaneous reno—ureteroscopy pneumatic lithotripsy
and frequency—doubled—doubled—pulse laser lithotripsy. Results: Percutaneous renal stone fistulization in the 47
cases were successful. Renal stone was fragmented and taken cleanly in 40 cases, completely excreted by method of
operation combined with ESWL in 5 cases, and a less stones being survived in 2 cases, the total stone clearance rate
was 95.7%. There was no severe postoperative complication. Conclusions: Percutaneous reno—ureteroscopy pneumat-
ic lithotripsy and frequency—doubled—doubled—pulse laser lithotripsy for complicated renal stone have the adventages
of high effectiveness, safety and rapid recovery, less suffering. Both are good procedures in treatment of complicated
renal stone. But we think that the frequency-doubled—doubled—pulse laser lithotripsy method is much better than
that of the pneumatic lithotripsy.

Key words: Kidney calculi; ureteroscope; PCN; pneumatic lithotripsy and frequency—doubled—doubled —pulse
laser lithotripsy
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Comparative study of electronic lithotripsy and
frequency—doubled double pulse ND: AG laser
lithotripsy for pelvic and ureteral stone

NA Ning, GAO Xin, CAl Yu-bing, QIU Jian—-guang
(Department of Urology, the Third Affiliacted Hospital , Sun Yai—Sen University
of Medical Sciences, Guangzhou, Guangdong 510630, P.R.China)

Abstract: Objective: To compare the efficacy and safety of endoscopic electronic lithotripsy (EKL) and
endoscopic frequency—doubled double pulse laser lithoripsy (U10OL) for pelvic and ureteral stones. Methods:
From Jan. 2002 to Jun. 2003, 107 consecutive patients underwent endoscopic lithotripsy either with the Ger-
many electronic lithotripter (54 cases) or with the Germany frequency—doubled double pulse laser lithotripter
(53 cases) for the treatment of pelvic and ureteral stones. Results: The single session overall successful rate
of stone fragmentation of UIOOL was higher than that of EKL (90.6% vs .75.9%, P<0.01%), The average
stonefree time was shorter for UIOOL (19 days vs. 35 days, P<0.01), No major complication has been ob-
served in UIOOL whereas 3 perforations were encountered in EKL. Conclusions: U100L is effective and safe
treatment for pelvic and ureteral stones.

Key words: pelvicstone and ureteralstone; endoscopy; lithotripsy
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Compare the therapeatic effect of frequency-doubled-doubled-pulse

laser and pneumatic ballistic lithotripsy for the treatment of ureteral calculi
ZHUFanggiang' JIN Fengshuo' JIANGJun' WANG Luofu'

(' Department of Urology, Daping Hospital Third Military Medical University, Chongqing,

400042, China)

Abstract Objective: To investigate and compare the therapeutic effect of frequency-doubled-doubled-pulse la-
ser and pneumatic ballistic lithotripsy for the treatment of ureteral calculi. Methods: To comparatively study the
stone-free rate, cure rate and complication of the two methods for treatment of ureteral calculi. To summarize the
advantages and disadventages of the two treatment. Results; stones were thoroughly removed from the ureterin 178
patients in frequency-doubled-doubled-pulse laser group with low complication, the stone-free rate was 93. 8%
(167/178) in post-operative 2— 4 weeks. 314 patients in pneumatic ballistic lithotripsy group, of which 267 pa-
tients were successfully cured. The stone-free rate was 85.0% (267/314) in post-operative 2— 4 weeks, but with
high complication. Conclusions: The frequency-doubled-doubled-pulse laser for the treatment of ureteral calculi is

markedly surpassed the pneumatic ballistic lithotripsy, and is a safe, high-performance approach for treatment ure-

teral calculi.

Key words Ureteral calculus; Lithoclasty; Ureteroscope
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Frequency doubled-double pulse laser lithotripsy in the treatment of urinary
tract calculi

HUANG Xu-yuan BO Jun-jie CHEN Bin SUN Jie LENG Jing LI Dong WANG Yi-xing
Department of Urology Renji Hospital Shanghai Second Medical University Shanghai 200001 China

Abstract  Objective The efficiency of the frequency-doubled-double pulse Nd  YAG FREDDY laser a new
type of Neodymium YAG laser in the treatment of urinary tract calculi was studied. ~Methods 500 cases with u-
rinary tract calculi treated with FREDDY laser U100 litrotripsy were summarized. Results Among 470 cases of u-
reteral calculi 433 92.1% were successfully fragmented on their first laser lithotripsy. The successful rate for the
first lithotripsy of the upper ureteral calculi once successful was 85.1% 126/148  the mid/lower 311 and
multiple 11 ureteral calculi was 95.3% 307/322 . Among 22 upper ureteral calculi cases with unsuccessfully
fragmented calculi 11 cases were due to the up drifting of the calculi or the incomplete lithotripsy the size of the
calculi too big  then ESWL treatments were performed. The open surgeries were performed in 6 cases another 5 ca-
ses were because of perforation of ureter during the lithotripsy. Among 15 unsuccessfully fragmented cases with mid-
lower ureteral calculi the open surgeries were performed in 6 cases 9 cases were the incomplete lithotripsy. Among
30 post urethra/bladder calculi the calculi were successfully fragmented in 29 cases and open surgery was per-
formed in 1 case. Hematuria occurred in variant extent in every case after treatment. Neither fever nor pyonephrosis
occurred after laser lithotripsy. The average procedure time was 32 minutes the average laser working time was 3. 3
minutes and the average hospitalization days after the operation were 2.5 days.  Conclusion The FREDDY laser is
a kind of laser with single function easy manoeuvre slight safety damage to the soft tissue and high efficiency for the
lithotripsy. It can be the first choice in the treatment of urinary tract calculi.

Key words frequency-doubled-double pulse Nd: YAG laser  ureteroscope  urinary tract  calculi
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Treating ureteral calculi with U100 frequency-doubled

double pulse Nd : YAG laser (Report of 260 cases)
TAN Wanlong' ZHENG Shaobin’ QI Huan' CHEN Tong!
(! Department of Urology, Nanfang Hospital, the Medical Unviersity of South China, Guang-
zhou, 510515, China)

Abstiract  Objective: To evaluate the clinical effcct of Ul00 frequency-doubled double puise Nd: YAG laser
lithotripsy for ureteral calculi, Methods: Totally 260 cases with ureteral calculi treated via endoscope with FREDDY
was summarized. Results: The successful rate was 93, 1% (54/58) in the proximal ureteral ealenii, 97, 4% {153/
157) in the middle ureteral calculi, 87. 7% (14/15) in the distal ureteral caleuli and 96. 5% ¢251,/260) in ail. There
was no diffcrence among the 3 groups{ P >0, 05). The meantime of operation was 25 minutes{7~45 min} and the
laser worked (5. 51+ 3. ) minutes in average. The stone expectoration titne was 12(2~~21}days. The mean post-op-
eration hospitalization was 2, 5(1~#6)days. Different degrees of hematuria were seen in 43, 0%(112/260) cases af-
ter operation. No major complications such as high fever. perforation or pyonephrosis were observed. Conclusions.

FREDDY is a kind of laser with little damage to the soft tissue and high efficiency of lithotripsy. It is an eflective.

PENG Hongmei'

simple and reliable method for (he 1reatmem of ureteral calculi,

Key words Ureteral calculi; Lasers;Lithotripsy
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U100 laser lithotripsy for the treatment of ureteral stones

WEN Bin' LIGang' QINQingping' YANG fianwen' ZHOUY:' YAO Yuan'
(* Department of Urclogy,Liuzhou City People's Hospital, Guangxi, 545001,China)

Abstract  Objective, To evaluate the efficiency of ureteroscope U100 laser lithotripsy on the trcatment of ure-
teral stones. Methods: 382 cases of ureteral stones were treated with urcteroscope U100 laser lithotritor, The ex
port power of the laser was 120m], the frequency of the laser was 5Hz, The double—J catheter was inserted for
drainage after lithotripsy, and was pulled out 2— ¢4 weeks later. Results: Among 382 cases of ureteral stones, 356
cases were successfully fragmented on their [irst laser lithotripsy, The success rate of lithotripsy was 93. 2% in all
cases, The success rate for the first lithotripsy of the upper ureteral stones was 88. 1%(104/118) ; the mid-lower
ureteral stones was 85, 5% (252/264). The average time of operation was 36 minutes and the laser worked 4 mi-
nutes in average. The average stone free time was 15 days. All successful cases had no complications except haem-
aturia. Conclusions: U100 laser lithotripsy is a quick, effective, safe.less invasive performance, and it is easy to np-

erate, It is indicated as the first choice in the treatment of ureteral stones.
Key words U100 laser; Lithotripsy; Ureteral stones
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The role of ureteral stone preoperative evaluation

for the selection of lithotrity
ZHEN Guanzshong' WANG Yuantian® CAQ Zhibin'® ZHANG Shiyen'
YANG Weizhony' YUAN Zhenghao' HE Lifeng! HUANG Yiran®
(' Department of Urology. Central Hospital of Shanghai Jiading District, Shanghai. 201800.
China: “Department of Urology. Renji Hospital of Shanghai Jiaotong University}

Abstract  Objective: To dizcusse the role of ureteral stone preoperative evaluation for determining . guiding the
selection of lithotrity. and improving the elfiviency of lithoirity, Methods: 645 cases of ureteral ealculi{425 males
and 220 females: aged 19— 71 years ) were divided in1o 1wo groups: random group(n— 178) and multi-evaluation
Group{n=167). The factors be evaluated include the sione location {in the proximal part of the ureter. in the
tniddle part or in the distal part) . the diameter of the stones(=7 mta. §—10 mm. =10 mm), the density (high
density. middle density and low density)and the amount of stunes(one stone and more than one). The general rule
is the stone in the dixial part of \he ureter and <27 mm in the diameter underwent pneurnade lithotripsy; the more
than one stone in the middle parts middle densny end 8 — 10 mm in the diameter underwent [requeney-doubled
double-pulse lixer: the more than one stone in the proximal part. high denuty and =10 mm treated via uretero-
scape with He: YAG laser, Results: Random group: pneumatic livhotripsy 52 caxes. frequency-doubled double-
pulse lazer 85 caves. holmiom laser 41 cases; molti evaluation Geoup: pneumatic lithotripsy 107 cases. frequency
doubled double-pulze laser 118 cases. holmiom laxer 212 casex. The success rare ¢ stone {ragmentation rate) was
88.2% and 93 %. The stone -free tate was 84, 0% and 89. 3%. Hospital stay was 7 and 5 d. The average cost in
hospital for Muli-evaluarion Group is 5-8 percent down than Random group’x. Conelusions: Pre-operation mult-
factor evaluation can give a good guidance for the choice of lithorripay. and can raise up the success rate, and
sharien the hospital duy. It also can decrease the coxt in hospital.

Key words Ureteral calculiy Evaluation of multiple factors; Pneomatic lithotripsy; Frequency-doubled doub

le pulse [aser; Holmium lasec lithoiripsy
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[WE] B FHRREHEESKMER FREDDY AL NFRBHAFHFRAEL . FHERRATRART
RUENYMARRMERES, HFEk EESAEIEH2002FES A ~2007E5 A 13 HRRERHUKXETEAL, BSERKL
¥4 <20 om, 288 S EHEDFER . PREAWEA ITAGFTR, VANTEI BN RIGIFBREFER(KUB) + ¥
MREBGE(IVU), KR Terumo R4 5 W AR F,,, Wl @RABEHENBNEARE, MHARNLLHRRNRTRE
WA A Olympus P3 F BT RE&, ERATHGLEMASR MERERLEARNIN 2 G- HQRTRES
AR, #H/ WOM U-100 FREDDY ¥ o Lumenis Sk X# 4, REBANEF, RIK2R. RAR I XERIRE AE
EXADHG Tl ANEX2 X 2HEERRIE AMEEE KUB AR CTFH, RiEH4aERE, ABKN 24 0m
HEANAARE, MR —JOAERIIEOL 7% (310/338) K 28 AR MARF LR TR PEAWRTRENRI®.2
MG R B, 3290 WEWAR WG F RS T (329/338,97,3% ), Kb 306 MRS 4 (306/329,93.0% ), T REFHE
R 78.0% (32/41) BT P ERRENALNBE RIS, 1% (274/288) ( =13.601,P=0.000), 4 MG LBLHDP
ENHBT.6%(296/338) WH LRARRLAKAREREDP KL 90.1%(26429) W TREAREKEHDPED T1.1%
(32/45) W EZBHBFH(Y =12.929,2=0.000), XRFERFAMYEG . FHFAKER 35 min(12 ~55 min), REF
SEMOM, THHRERAHRDIBES, REABERR1~2XAHAL. Kt MBEEHELS S FREDDY M AERKMX
BAA <0 mn RAANELHRNFE, FELBRRENFARNTRARIZAR HORNER ALHRER.
—PRABRARAENEATERDIBEN | K2 BA-WURREXRBAR.

[RMA) SREHGHA; FREDDY M¥; HK¥kt: WHEA
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Flexibie Uretersscopy and Laser Lithotripsy for Renal Calculi; Report of 338 Cases Xue Wei, Pan fiohua, Chen Hoige, ot al.
Depariment of Urology, Renji Hospital, Shanghai Jiao Tong Universisy School of Medicine, Shanghai 200127, Ching

[ Abstract] Objective To evalusie ihe afficacy of the flexible ureteroscopy and Holmium and FREDDY laser Lithotripay for
renal caleuli at various localions. Methods From May 2002 to May 2007, 338 cases of renal calculi (wized lass than 20 mm in
diemeter) were treated by flexible ureteroacopy and laser lithotripsy in our hospital. The dats of the patients were analyzed
retrospoctively, Among the cases, the caleuli were located at the upper or middle calyx or the renal pelvis in 288 patieats, s the lower
calys ia 37, and in multiple calyxas in 13. All the patients received KUB and 1¥U before the procedures. With the Terumo™ settled in
place, & Fyy o Wolf rigid ureteroscope was inserted to observe and dilate the uretersl lumen. Then, an Olympus P3 6. 9F fexible
uretsroscope was used. When the insention of the rigid ureteroscope was difficult, a re-uretaroscopy would be tried 2 weeks later with a
pig-tail stent in place, The WOM 1J-100 FREDDY laser and the Lumenia Holminm laser wern used to perform the procedure and » pig-
tail stent would be set at the end of the procedure. The urethral catheter was removed in the first postoperative day and an intravenous
antibiotic prophylazis was administrated during the first 2 days postoparatively. A follow-up hy KUB or non-contrast CT scan waa done
4 weoke after the procedure to evaluate the result of the endoscopic nephrolithotripsy. Any residual cabeuli larger than 4 mm in diameter
was iaken significant.  Results In 28 patients the rigid ureteroscopa or the ureteral sheath couldnt be inseriod in the first time, and
the suocess rate of the uretsrascopic insertion was 91. 7% (310/338 ). The re-ureteroscopy was succeasful in the patients afier 2 weeka,
The caleuli were detocted in 97. 3% (329/338) of the patienta, and the procedures succeeded in 306 of them (306,329, 93.0% ).
The auccess rate of lnser nephrolithatoesy was 78.0% {32/41) for the Jower calyx ealculi, which was significantly fower than that for
the middle, npper calyxes or renal pelvic caleuli [95. 1% {274/288), ¥ =13.601, P=0.000]. After 4 weeks, the total evacustion
rate of the caleuli was 87.6% (296/333). For the calculi in the upper or middle pole of it the renal pelyis, the complete evacuation
rate was 90, 1% (264293 ), which was significantly higher than that for the lower pole [71,1% (32/45), ' =12.929, P =
0.000]. No patient had ureteric perforation or active bleeding sfier the surgery. The mean opetation time was 35 min (12 - 55 min),
After the operation, 11 cases developed nephritic colic, None of them hud septicemia or etute renal failure. Gross hemsturia
disappeared in 1 -2 days postperation.  Conclusions The flexible urotermecopy and Holmium and FREDDY leser lithotripay are safe
and effective for renal calculi sized less than 20 rom in diaweier, especially for those in the ypper, middle poles and renal pelvis, A re-
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ureleroscopy with the pig-tail sient in place iy suggested in iwo weeks after the failure of the fint procedure.

[Key Words] Flexible ureteroscopy; FREDDY laser;
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Smmultaneous endoscopic treatment of benign prostate hyperplasia and ureteral

calculi

WANG Luo—fu et d
Department of Urology Daping Hospital the Third Military Medical University

[ Abstract ]Objective To evaluate the feasibility and curative effect of simultaneous endoscopic treatment of benign prostate hyperplasia
and ureteral calculi. Methods Patients who underwent simultaneous transurethral resection of the prostate and ureteroscopic lithotripsy for
benign prostate hyperplasia and ureteral calculi from January 2000 to December 2008 in our hospital were analyzed retrospectively.
Results There were total 58 female patients who underwent TURP and URSL simultaneously. The degree of BPH was  in 12 patients

in 35 patients and  in 11 patients. The location of the calculi were in the distal ureter with 29 patients medal ureter in 10 patients
and proximal ureter in 19 patients. All patients underwent simultaneous TURP and ureteroscopic lithotripsy with Frequency Doubled
Double Pulse Nd YAG Laser. The calculi were broken and removed successfully in 48 patients. Three patients only undrwent double J
stents placement because the ureteroscope could not reach the proximal ureter where the calculi located. Retrograde stone displacement
occurred in another 3 patients. The ureteroscope failed to be placed into the ureters of two patients because the ureterostomas could not be
seeked. Another 2 patients were confirmed to be with calculous residual. TURP was performed successfully in all patients without serious
complications. Conclusion Patients with BPH and ureteral calculi can be treated with TURP and URSL simultaneously with good effect
and little serious complications.

[ Key words ] Benign prostate hyperplasia Ureteral calculus Transurethral resection of the prostate  Ureteroscopic lithotripsy
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Study on mammographic diagnosis of plasma cell mastitis

OU Yang—yu et al

Department of Radiology the First Affiliated Hospital Chongqing Medical University
[ Abstract JObjective To analyze the mammographic findings in plasma cell mastitis PCM and improve the diagnosis accuracy. Methods

Forty- seven cases of plasma cell mastitis having molybdenum mammography and confirmed by surgical pathology were observed and

analyzed. Results The mammographic findings included mass n=20 piece- like and agglomerate- like image n=20 nodule n=3

subareolar ductal ectasia

n=2 negative n=2 . Conclusion Although no specific radiologic signs were found in PCM the diagnosis

accuracy of PCM can be improved by analysis of the common mammographic findings of PCM in combination with clinical features.

[ Key words ] Mastitis Plasma cell Mammography
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Upper pole access for minipercutaneous nephrolithotomy under B -ultrasound guidance 76 cases report CAO Jian-wei, LANG
Geng—qiang, ZHANG Yi-feng, CHU Jian, ZHUANG Jian—qiu, ZHANG Jiong, CHU Chuan-ming, CHEN Jin, DENG Xiao—jun. Uro—
logical Center, 411th Hospital of PLA, Shang Hai 200081, China

[Abstract] Objective To investigate the efficacy and safety of upper pole access for minipercutaneous nephrolithotomy (MPC—
NL) under B—ultrasound guidance for upper urinary calculi treatment. Methods From March 2006 to March 2009, we treated 82 u-
nits 76 patients of upper urinary calculi by upper pole access for MPCNL under B-ultrasound guidance.The skin puncture point had
been located in this scope: the 10th or 11th intercostals, inner from postaxillary line and out of infrascapular line. The targeted punc—
ture access is superior posterior calyx under B—ultrasound guidance. The lithotripsy device which we employed was U-100 Frequen—
cy—Doubled Double-Pulse Nd YAG laser. Results 82 procedures were all successful. The average operation time is 45+10 min.
Stone—free rate is 81.7% 67/82 for single procedure, and 73.3% 11/15 for secondary stage. 1 case had blood transfusion and 2 cases
had hydrothorax. The patients had no important organ injury and no other severe complications. Conclusions The upper pole access for
MPCNL under B-ultrasound guidance is a high efficient, micro—invasive , safe technique with high performance.

[Key word] Mini—percutaneous nephrolithotomy; Upper pole access; Upper urinary calculi
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Effect of endourological operation in treating BPH and bladder calculus

WANG Zhen-long, WANG Zi-ming, GAN Wei-min, CHONG Tie, CHEN Hai-wen, LI He-cheng, ZHANG
Peng, LI Hong-liang

(Department of Urology. the Second Affliated Hospital, M edical School of Xi an Jiaotong University, Xi an
710004, China)

ABSTRACT: Objective To evaluate the clinical effect and safety of transurethral resection of prostate( TURP) and U100-
plus laser or punch lithotripsy for treatment of benign prostatic hyperplasial BPH) and bladder calculus. Then to compare the
therapeutic effects of the two methods. Methods A total of 79 cases of BPH with bladder calculus were reviewed, including
43 cases treated with TURP and punch, and 36 cases treated with TURP and U100 laser. Results IPSS and the maximum
flow rate (MRF) were significantly improved after both of the procedures (P<C 0. 05). The achievement ratio was 97. 2% for
U100 laser lithotripsy and 62. 8% for punch in the treatment of bladder calculus(P<< 0. 05). Conclusion The therapeutic
effects of the two lithotripsies is the same when the diameter of the bladder calculus is less than 1. 5 cm and safe when the
diameter is move than 2.5 cm, Ul00-plus laser lithotripsy is more effective than punch.

KEY WORDS: benign prostatic hyperplasia; bladder calculi; transurethral resection of prostate; Ul00-plus laser

BH (TURP) Punch U100 (BPH)
. . FIE 79 BPH , Punch
43 , U100 36 . %R 1 (IPSS) (MRF)
(P<0.05). U 100 (97. 2%) (62. 8%9) , (P<0.01).
2. 5cm , U100 s (P<0.05. 8 1.5 cm
, Punch U100 . 2. 5cm U100 . U100
TURP BPH
; ; ; U100
: R694. 4 : A
(benign prostatic hy- , 61~8 ,
perplasia, BPH) . (75.01%+6.12) . 16
2007 5 ~2009 5 3, 8 2 .

BPH 9 42 37 . B .KUB
(transurethral resection of prostate, TURP) . o
Punch U100-plus . . 1

, (international prostate
. symption score, IPSS). (maximum flow
; rate, M RF). (
1.1 2007 5 ~2009 5 79 )N . (
< 3mm ;

: 2009-09-28 : 2009-11-20 )R N
: , s . F-mial: ziming w @263. net
(1979-), ( )y , . :
. E-mial: zhenlongw 2001 @163. com 1.2

245



194 15
(TURP) BPH
. 1.4 SPSS11.0
TURP Punch ( . t v
,43 ), TURP U100 ( a=0.05.
U100 , 36 ). 5
1.3 79
s F26 2.1 79
Punch , U100 0.8 ~4.2 cm. 10 ~ 121 g,
F21 . U100 (28 47+1 84)g. 78. 48 %.
, , Elick 43 , U100 36
F26 , IPSS.
R (P>0.05 1).
, F22 2.2 U100
1~3d, 3~54d,
1 U100
M RF Cem) U (%))
" € ! (em) TPSSC ) (ml/s) <1.5 1.5~2.5 >2.5
43 75.23%6.11 1~5 3.7 28.44+4.22 6.92+2.60 9(20 93) 19(44 19) 15(34 88)
U100 36 74.75+6.21 1~8 4.6 27.2244.14  6.29+2.83 8(22 22) 12(33 33) 16(44 45)
P 0.878 0.201 0. 963 0.589
2 U100
1 1 1
D) (g) (%) IPSSC ) MRF(mL/s) 0
62. 8 29, 02+17.42g 4.7 7.9042.79  20.944.36 14.6 0
U-100 97.2 27.81+19.71 7.3343.44  21.33%4.67 1.1 0
P 0.000 0.771 0. 190 0.416 0.226 0. 646 /
2.3 U100 (P<0.05)C 3). 16
2.4~3.5cm, (2.91 =£0. 49) cm,
(P<0.05), U100 U100
(P>0.05).
3 U100
1.5 1.5~2.5em 2.5 em
(%) (min) % (min) ) (min)
100 7.5542.19 63.2 27.83+12. 18 33.3 58.60+27.01
U100 100 8.50+2.78 100 20. 17+8.47 93. 8 31.20+16.51
P / 0. 445 0.017 0.087 0.000 0.013
3
TURP BPH
BPH , BPH T URP.
. BPH ,
. 10% . ,
", BPH .

246



3 s s s 195
. . Punch (2017 +8 47)) min
U100 . Punch (27 83+12 18)Imin .
, , 2 5cm , U100
. N N . . , , U100
Punch 43 , 27 . 2 5cm
) 62. 8%. 1.5¢cm U100 . U100
(7.55+2.19)min, 100 %; 2.5cm . o
s (58. 60 +=27. 01) min, N ) .
33.3%. T URP BPH m,
(P<0.05. ) (29 0217 42)g (27 81
2.4~3.5cm, (2.91 £0. 49)cm, +19 7D)g, 1 IPSS MRF
. . N (P<<0. 05), .
. . . (P>0Q 05).
s . . ) TURP
U100 . BPH N .
Punch . ) U100 ,
1.5 cm , . Punch
, U100 ) .
(P>0.05). 2.5 . LS5 cem )
cm , ) Punch U100 .
) , 2 5cm U100 .
[2] , 2 ,
. 2.5cm
[1] . [ M. s
° 2004: 1144.
U 100 . [2 . , .
Q 73 mm R [J]. : , 2006, 26(1):105-107.
13 [ 3] EBENT A STANGLJ, KUEHN R, et al. The frequency-doub-
’ ° led double-pulse Neodym: Y AG laser lithotripter (FREEDY) in
N . U100 lithotripsy of urinary stones. First Clinical experience[J] . Uro-
14 , loge A, 2003, 42(6). 825-833.
[4 CHARLES G; MARGUETJ. SUNG W, et al. In vitro compar-
, . U100 : . .
ison of stone retropulsion and fragmentation of the frequency
98.28 %a doubled double pulse ND: Y AG laser and the Holmium: YAG la-
(P>0. 05), ser [ J]. Urol, 2005 173(5): 1797-1800.
1 5~2 5 UlOO [5] ’ ’ ’ . U100
S e [ » 2007, 16(2): 96-98.
(P<0.05). ) )
) 1.5~2 5em U 100

( 192 )

[ 8 BONIFACINO JS TRANB LM. Signals for sorting of trans-
membrane proteins to endsomes and lysosomes[ J] . Annu Rev
Biochem, 2003, 72(12). 395-447.

[ 99 PELLCENA P, DAVID S. Crystal structure of an oxygen-bind-
ing heme domain related to soluble guanylate cyclases J| . Proc
Natl AcadSci 2004, 101(35): 12854-12859.

[ 100 KAASIK K, LEE CC. Reciprocal regulation of haem biocsynthe-
sis and the circadian clock in mammals] J] . Nature 2004, 403

(6998); 467-471.

[ 11] HELENE D, BART S. Rev-erba, a heme sensor that coordinates
metabolic and circa -dian pathways[J]. Science, 2007, 318
(5857): 1786-1789.

[ 12] FALLER M, MATSUNAGA M, YINS, etal. Heme & involved
in microRNA processing[ J] . Nature Struct Mol Biol 2007, 14
(1): 23-29.

247



2011 2 5 1 Chin J Endourology (Electronic Edition), February 2011, Vol 5, No.1

[ ] PCNL o 2008 8 2009 6
C- X 14~18 F 20~24 F PCNL 67
31 36 39 o 28 31~67 46.3 40 27
KUB 2.0~6.8 cm 1.5~5.4 cm, N N
o ° 14~18 F 16~
8F 31 20~24 F 22~24F 36 . 67.7% 21/31 88.9%(32/36) P<0.05
93£17.5 min  82+12.1 min P<0.05 =38.5C 25.8% 8/31 5.6% 2/36 P<0.05
>800 ml 3.2% 1/31 2.8% 1/36  P>0.05 73+04d  7.120.6 d P>0.05,
8/9.8 F Wolf U-100 =2 cm

~ ~ ~

Evaluation of efficacy and safety of minimally invasive PCNL and standard tract PCNL for renal calculi CHEN Hong-yu*, HAN Yi,
KONG Chui-ze, GAO Dan, CHAO Chun-miao, ZHANG Yi, SONG Wen—jun, MU Gang, LIU Qing, HU Guo—dong. *Department of
Urology, Shenyang Red Cross Hospital, Shenyang 110013, China

[Abstract] Objective To compare the efficacy and safety between minimally invasive percutaneous nephrolithotomy (PCNL)
and standard PCNL. Methods Under X-ray guided, we performed 67 patients (39 males and 28 females, mean age, 46.3 years) of
PCNL with renal calculi, of which 31 cases used minimally invasive PCNL (14-18 F) and 36 cases used standard PCNL (20-24 F).
Stone size ranged from 2.0 to 6.8 cm in longitudinal diameters and 1.5-5.4 cm in transverse diameters. Results Respectively for the
minimally invasive PCNL and standard PCNL, the stone free rates were 67.7% (21/31) and 88.9% (32/36) (P<0.05), operation dura-
tions were 93+17.5 min and 82+12.1 min (P<0.05), postoperative fever rates (=38.5°C) were 25.8% (8/31) and 5.6% (2/36) (P<0.05),
intraoperative hemorrhage rates were 3.2% (1/31) and 2.8% (1/36) (P>0.05); length of stay were 7.3+0.4 days and 7.1+0.6 days (P>
0.05). Conclusions Using standard PCNL and Wolf 8/9.8 F ureteroscope with U-100 FREDDY laser for treatment of renal calculi
with diameter = 2 c¢m have the advantages of highly effective stone removal, shorter operation duration and reduction of postoperative
fever than those of using minimally invasive tract. The safety level for complications such as intra—operative hemorrhage is as the
same as that of minimally invasive PCNL.

[Key words] Minimally invasive; Standard; PCNL; Renal calculi
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Multi-tract Percutaneous Nephrolithotomy for Complex Renal Calculi Yu Weiwen Zhang Dahong He Xiang et al. Department
of Urology People’ s Hospital of Zhejiang Province Hangzhou 310014  China

[Abstract] Objective To discuss the clinical efficacy and safety of multi-tract percutaneous nephrolithotomy using minimally
invasive tract and standard tract for complex renal calculi.  Methods We retrospectively analyzed the clinical data of 121 patients
undergoing multi+ract percutaneous nephrolithotomy using minimally invasive tract and standard tract for complex renal calculi from
January 2008 to February 2013 including 73 cases of staghorn calculi 48 cases of multiple renal calculi. 31 cases combined with
pyonephrosis.  Results 281 percutaneous renal tunnels were successfully established in 121 cases of which single tunnel was used
in 36 cases 2 tunnels were used in 70 cases and 3 tunnels were used in 15 cases in one-stage. 56 cases had a two-stage PCNL
including 60 new tunnels in 49 cases. The average operation time was 72 min ( range 34 —127 min) and the overall stone clearance
rate was 90.9% ( 110/121). No severe postoperative complications occurred. Conclusions Multi-ract percutaneous
nephrolithotomy for complex renal calculi is effective and safe. It has the advantage of high stone clearance rate less complications and
shorter hospital stay.

[Key Words] Multi+tract; Nephrolithotomy; ~ Complex renal calculi
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Retrospective analysis of ureteral stricture after ureteroscopic

holmium: YAG laser lithotripsy
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Abstract Objective: To study the causes and prevention of the ureteral stricture after ursteroscopic holmium,

YAG laser lithottipsy. Method; From January 2009 to December 2012, 635 patients of ureteral stones underwent
ureteroscopic lithotripsy using holmium) YAG laser in our hospital. The clinical data were retrospectively ana-
lysed. Result; There were 26 cases (4. 092 ) who suffered from ureteral stricture alter holmium: YAG laser litho-
tripsy, including 11 cases (1. 73%4) of ureteral atresia. Conclusion: Holmium: YAG laser lithotripsy can do dam-
age to ureter and induce ureteral stricture. especially in those patients with tmpacted stone. Thus, surgical tech-

niques, postoperative prevention and follow-up plan should be paid attention to.

Key words  ureteroscopy; holmium laser; ureteral stricture; complication; ureteral stone
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Minimally invasive percutaneous nephrolithotomy with the frequency doubled-

double pulse laser in treatment of the upper urinary tract calculirt
The People s Hospital of Ningguo City, Ningguo 242300, Anhui
ZHANG Guo-hua, ZHANG Zhong, YANG Wang-lei, et al

Abstract:Objective: To evaluate the effect and safe of minimally invasive percutaneous nephrolithoiamy
(MPCNL) with the frequency douhled-dauble pulse laser in the treaiment of the upper urinary tract caleuli.
Methods: Thirty—eight cases with the upper urinary tract calculi were treated with MPCNL and frequency-
doubled-double pulse laser.Results: 108 cases(100%)were successful of total 38 patients, the operation time 60-
190 min. The stone clearance rate in upper ureterolithiasis was 100%, nephrolithiasis was 95% , partial siaghorn
nephrolithiasis was 71.4% {combined the ESWL), and there was no seriously complication after operated, for
instance pleural effusion, colon injury , ureter injury , massive haemorrhage ,septic shock , no death and renal failure
cases.Conclusions:Minimally invasive percutaneous nephrolithotomy with the frequency doubled-double pulse
laser in treatment of the upper urinary tract caleuli.including partial staghorn nephrolithiasis, can receive high
rate of stone clearance, high safety, and lower surgical seriously complication, Il is a safe and effective therapy for
upper urinary tract calculi.

Key Words:Upper urinary tract calculi; Minimatly invasive percutaneous nephrolithotomy; Frequency doubled-
double pulse Laser ;O F EER)
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- R S B U 100Pus IO L 18 T7
R R#E2 ~ 3 em&%5 A 19T RUWE R

A OERY BT R REMY BBEY SpmY Fa'

[HWZE] B8 FiTh THIRAS IS ULOOPlus OGRS FIREE 2 ~3 cm 4511 1y 4tk I
R, Ak BT N R 2GR A VN I e B ) I R R R 27 B e 25 5 e 2018 42 A
% 2018 4F 6 J 1 FH HL T4 FRAS S5 45 4 U100Plus 5 N IOGIE AT R GEIRTT 66 15 1 IR 2 ~3 cm 45
AIE AT R ICSRARST 14 H 85 AR WA F AR KB F AR & 4E ( Clavin-Dindo 434% )
Bl &R PO ER (23£03) cm, BRI 100%, FEIEEAE (56 +24 ) min,
AR EBERE (23£1.2) do RF 1NH A EBERRA 87.9%. FARIKAE L LR R 9.09%
(6% ), Hod 14k 4 5], 3 BIA E AR >38.5°C, 1 5 5 B 5R 7 E0 5 WA 2% 2 1), RS 1 4~ H B Wit

AW, FRFAREA it B TFHRE S UL00Plus SOCIAYT FIREE 2 ~3 em 4547, 1
Exﬁlif_m,ﬂ:kﬁﬁ/vnalﬁ%?mo

[ 4R ] RS UI00Plus OG;  4571; 45ATHR%R

Digital flexible ureteroscope combined with U100Plus laser in the treatment of 2-3 cm upper urinary
caleuli Xu Wei', Huang Chen™, Lai Dehui*’, Sheng Ming™’, Xu Guibin™, Yang Weiqing™’, Li Xiezhao™,
Li Xun"*’. 'Department of Urology, Jinshazhou Hospital, Guangzhou University of Chinese Medicine,
Guangzhou 510700, China; *Department of Urology, the Fifth Affiliated Hospital, Guangzhou Medical
University, Guangzhou 510700, China; *Department of Urology, Minimally Invasive Technology and
Product Translational Center, Guangzhou Medical University, Guangzhou 510700, China
Corresponding author:Lai Dehui, Email: dehuilai@hotmail.com

[Abstract] Objective To evaluate the efficacy and safety of digital flexible ureteroscope
combined with UI0OPlus laser in the treatment of 2-3 cm upper urinary calculi. Methods The
clinical data of 66 patients with 2-3 cm upper urinary tract calculi treated by digital flexible ureteroscope
combined with U100Plus laser lithotripsy from February to June 2018 in Jinshazhou Hospital of
Guangzhou University of Chinese Medicine and the Fifth Hospital of Guangzhou Medical University were
retrospectively analyzed. The stone free rate in one month after operation was calculated, and the outcome
of operation were observed, as well as complications (Clavin-Dindo classification). Results The mean
diameter of stones were (2.3+0.3) cm, and the success lithotripsy rate of single-stage was 100%. The
average time of lithotripsy was (56+24) min, and postoperative hospital stay was (2.3+1.2) days. The stone
free rate (SFR) was 87.9% after one month. The incidence of surgical complications was 9.09% (6 cases),
including Grade I in 4 cases, 3 cases had fever (>38.5°C), and one required analgesia for recurrent pain.
2 cases had ureteral steinstrasse (Grade II1A) were performed ureteroscopic procedure to remove the stone.
Conclusion Digital flexible ureteroscope combined with U100Plus laser in the treatment of 2-3 cm upper

urinary calculi has high lithotripsy efficiency, fewer complications and high stone clearance rate.

DOI: 10.3877/cma j.issn.1674-3253.2020.03.010
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WA RGUIARYT 66 Bl PRI 2 ~ 3 em &5 4 W IR
PORE X HLe Ve A R 43T o

ERNERFE
— IR B R
A 66 1, 51 42 ], Lotk 24 1], SF B4 1
(48 +12) %, IR EFE%L ( body mass index,
BMI )(24.5+2.5) kg/m’, ‘B RUKFREE 521 46 i,
R 20 . ASZH 34 Ry B A A, e 2E i A
28 i, A M4k 47 38 il A Aa v s B o 25 i, B I
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Calculi;

266

Stone free rate

FH 18 F EREEY SRR KA B 9 K5 B A 14/16 F
RS TAER . AR PRSP RER TS, 38
3k, BANE . WEA T H R UL00PLus 3#OG A
28 B RIE R 100 ~ 150 mJ, B ZREE N 3 ~ 5 Hz,
a5 A LT KU/, LA B EBGR A 45 A 114G
ARG HT. BHE 6 F W I —54.
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EH G RBRIRE . B54 38T Rk TR IRRES A 4%
TR R SR A DL R R A . R 1A
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XIS AT 45 A0 58 B A T B AT R A R R
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R, FARIFEAE M KA, I K 4iE 2R A Clavin-Dindo
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Comparisons of the curative effect of ureteroscopic cold laser lithotripsy and holmium laser
lithotripsy in the treatment of renal calculi Chen Haibing', Luo Lidan’, Wang Zhimou'. 'Department
of Surgery, Zhangzhou Hospital of Traditional Chinese Medicine, Fujian 363000, China; *Department of
Radiotherapy, 909th Hospital of PLA, Zhangzhou 363000, China
Corresponding author: Wang Zhimou, Email: 363672821@qq.com

[Abstract] Objective To compare the clinical efficacy of ureteroscopic cold laser lithotripsy and
holmium laser lithotripsy in the treatment of renal calculi. Methods Clinical data of 192 patients with
renal calculi from January 2015 to January 2018 in Zhangzhou Hospital of Traditional Chinese Medicine
were analyzed retrospectively. According to the surgical method they were divided into observation group
(n=98, cold laser lithotripsy with flexible ureteroscope) and control group(n=94, holmium laser lithotripsy
with flexible ureteroscope). The operation related indexes, curative effect and complications were compared
between the two groups. Results The operation time, intraoperative bleeding volume, complication rate
and stone clearance rate of the observation group were significantly better than those of the control group,
the difference was significant(P<0.05). Conclusion Ureteroscopy combined with cold laser lithotripsy is
safe and effective in the treatment of renal calculi. Compared with traditional methods, it has rationality and
superiority and is worthy of clinical recommendation.

[Key words]  Flexible ureteroscope; Cool laser; Lithotripsy; Renal calculi; Retrospective

study
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Case Report

Successful Management of Multiple Obstructing Renal Calculi
in a 30-Year-0ld Patient with Autosomal Dominant Polycystic
Kidney Disease using Frequency-Doubled Double-Pulse
Neodymium: Yttrium — Aluminium Garnet Laser Lithotripsy

Jacob Olugbenga Awobusuyi, Olufunmilade Akinfolarin Omisanjo', Oluwaseun Oluwole Akinola?, Emmanuel Iretola Awobusuyi®

Departments of Medicine and 'Surgery, Lagos State University College of Medicine, 2Department of Surgery, Lagos State University Teaching Hospital, lkeja,
3Dialyzer Medical Centre, Oshodi, Lagos, Nigeria

Autosomal dominant polycystic kidney disease (ADPKD) is the most prevalent genetic disorder that results in end-stage renal disease. Although
ADPKD patients experience long disease trajectories, factors such as hypertension, proteinuria and renal calculi have been observed to lead
to rapid renal function impairment in patients with ADPKD. Furthermore, due to the distorted anatomy that makes access to stone difficult,
the management of nephrolithiasis in ADPKD patients is one of the several special situations in which urinary lithiasis presents management
challenges. We report the case of a 30-year-old male with ADPKD and renal function impairment as a result of multiple obstructive calculi
who was treated in Dialyser Medical Centre, Oshodi, Lagos, with Frequency-Doubled Double-Pulse Neodymium: Yttrium — Aluminium
Garnet laser (FREDDY laser) lithotripsy, highlighting the possible advantage of FREDDY laser over other types of laser procedures given

the minimal tissue-damaging potential of the laser type.

Keywords: Autosomal dominant polycystic kidney disease, case report, Frequency-Doubled Double-Pulse Neodymium:

Yttrium — Aluminium Garnet laser, lithotripsy, nephrolithiasis

INTRODUCTION

The most common genetic disorder associated with
end-stage renal disease is autosomal dominant polycystic
kidney disease (ADPKD). The hallmark of the disease is
the progressive formation of multiple renal cysts, which
destroys the renal parenchyma. At a median age of 56 years,
approximately 70% of ADPKD patients will develop renal
failure.l!

ADPKD patients have long disease trajectories. However,
factors such as hypertension, proteinuria and renal calculi
have been observed to lead to rapid renal function impairment
in the course of the disease.”! Renal calculi are five to ten
times more common in patients with ADPKD than in the
general population. This is thought to be due to the combined
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effect of anatomical abnormalities and metabolic risk factors
hypocitraturia, hyperoxaluria, hyperuricosuria and low urine
pH in these patients.[*!

The management of nephrolithiasis in ADPKD patients is
one of the several special situations in which urinary lithiasis
presents management challenges. This is due to the distorted
anatomy that makes access to stone difficult and the high risk
of complications from the procedure.®* Hence, the need for
a careful selection of a therapeutic modality with minimal
tissue destruction.
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We report the case of a 30-year-old male with multiple
obstructive calculi and renal function impairment, who
presented at Dialyser Medical Centre, Oshodi, Lagos, in
January 2019 and was successfully managed with stone
fragmentation using Frequency-Doubled Double-Pulse
Neodymium: Yttrium — Aluminium Garnet (FREDDY) laser
lithotripsy with improvement in his renal function despite
3 years of symptomatic flank pain before presentation.

Case Report

The patient is a 30-year-old man who presented at Dialyser
Medical Centre, Oshodi, Lagos, on the 19" of January
2019, with a 3-year history of recurrent abdominal pain and
worsening renal function. His pain was most severe in the
right flank; he had no haematuria, fever, or lower urinary tract
symptoms. He was not uraemic at the presentation.

He was a known hypertensive, diagnosed 4 years before
presentation, on lisinopril 10 mg daily and amlodipine 10 mg
daily. The aetiology of his hypertension and renal function
impairment is ADPKD. Medication compliance was poor
initially, but he claimed an improvement in the preceding
weeks before his presentation. His mother had died 7 years
earlier of chronic kidney disease secondary to ADPKD.

Except for an elevated blood pressure of 140/100 mmHg at
presentation, the physical examination was unremarkable.

Laboratory results

Serum biochemistry of 19th January 2019 revealed; Urea:
55.2 mg/dl, Creatinine: 3.1 mg/dl, Na+: 136 mmol/L, K+: 3.6
mmol/L, Cl-: 104 mmol/L, HCO3-: 23 mmol/L, Ca2+: 2.24
mmol/L, Uric acid: 0.48 mmol/L, Albumin: 44 g/L, Epidermal
growth factor receptor (CKD-EPI): 29.62 ml/min/1.73 m2 and
packed cell volume: 37%. Electrocardiography showed Left
ventricular hypertrophy. Computed tomography scans are
shown in Figures 1 and 2.

A urology consult was scheduled, during which the decision
on intracorporeal ureteroscopic lithotripsy intervention was
taken. The patient had lithotripsy on the 2™ of February
2019. He was stone-free post-lithotripsy with no recurrence
2 years post-urological procedure [Figure 3]. In addition, his
renal function has continued to remain stable 2 years after
lithotripsy [Table 1].

Discussion

Nephrolithiasis is common in patients with ADPKD, with a
reported prevalence of approximately 3%—59%.5! Nephrolithiasis
exacerbates renal damage and accelerates renal function
deterioration. Computerised tomography is the preferred
radio-imaging modality for diagnosing lithiasis in patients with
ADPKD because renal ultrasound may not detect stones due to
difficulties imposed by parenchymal or cyst wall calcifications.!

The case presented had multiple obstructing calculi causing
moderate calyceal clubbing and ureteral dilatation. The

Figure 1: Abdominal computed tomography showing multiple renal
calculi (thick arrow) in the left kidney and hydronephrosis (thin arrow) in
the right kidney, which also has calculus in its inferior pole

Figure 2: Abdominal computed tomography showing an obstructing
ureteral calculus (thick arrow) in the right ureter

Figure 3: Abdominal scan (13/3/2020) of the right kidney showing
multiple cysts in the right kidney. There was no radiological evidence of
hydronephrosis and no renal calculus

patient’s chronic flank pain was probably caused by both
nephrolithiasis and ADPKD. The absence of ureteric colic

.Nigerian Postgraduate Medical Journal | Volume 29 | Issue 1 | Jangagy-March 2022
1%




197ZIMNZ[DBPXZOBBAROATIAEIDYIASALLIAIPOOAEIEAHION/AD AU

MY TXDIMADYOINXFZOHISABZIY T+ NIOITWNOTZTARYHIISHA QUG Aq wdu/woo mm| sfeulnoly/:dny woly papeojumoq

¥202¢/82/S0 uo

Awobusuyi, et al.: Managing obstructing renal calculi in ADPKD with FREDDY laser

Table 1: Serial serum urea and creatinine levels at follow-up visits

03 February 02 March 07 September 19 October 07 March 08 August 04 January
2019 2019 2019 2019 2020 2020 2021
Serum creatinine (mg/dl) 2.4 1.7 2 1.8 1.9 1.2 2
Serum urea (mg/dl) 56 40 35 48 41 20 24

in the patient made the determination of the duration of
hydronephrosis difficult. The aggressive disease presentation
in the patient (early occurrence of hypertension at the
age of 26 years and significant renal function impairment
at 30 years) makes ADPKD-1 the most likely genotype.
Therapeutic intervention was indicated in the patient to
relieve the multiple obstructions caused by the calculi and
stop the damage to the renal parenchymal by hydrocalycosis
and hydronephrosis.

Approaching nephrolithiasis in ADPKD patients presents many
management challenges resulting from the distorted anatomy,
making access to stones difficult. In addition, there is a high
risk of complications from the procedure.™ In the last three
decades, minimally invasive stone treatments have become
more widely available, replacing open surgical approaches
almost entirely. Currently, available treatment options for
nephrolithiasis include percutaneous nephrolithotomy,
extracorporeal shock-wave lithotripsy, laparoscopic
ureterolithotomy, lithotripsy and retrograde intrarenal surgery.
Opinion, however, varies concerning the efficacy and safety
of the various therapeutic modalities.l”’ Furthermore, there
are inconsistencies in current clinical guidelines regarding
the efficacy of these treatment options when compared to one
another. Consequently, there is a need for choosing a treatment
modality that is effective as well as safe.

The FREDDY and Holmium: YAG lasers are two laser
lithotripsy devices commonly used for endoscopic treatment
of renal and ureteral calculi. In comparison to older lithotrites,
both offer satisfactory stone-free rates and less ureteral
injury.®

The FREDDY laser was developed specifically for endoscopic
lithotripsy and is not suitable for any other urologic procedure.
It is a short-pulsed, double-frequency solid-state laser with
wavelengths of 532 nm (green light —20%) and 1064 nm (red
light —80%). The absorption of the green light results in
the formation of a plasma bubble at the stone surface that
completely absorbs the infrared component of the laser.
Infrared laser energy enhances this plasma to form a rapidly
collapsing bubble, which produces a strong shock wave that
fragments the stones without any thermal effects.®!

The potential benefit of the FREDDY laser is that the laser
wavelength is preferentially absorbed by stones, while the
surrounding tissue absorbs very little energy, limiting injury
to the ureteral wall or renal parenchyma.

Although FREDDY laser has been shown to have lower efficacy
with uric acid, cystine and calcium oxalate monohydrate stones

when compared with Holmium laser due to their absorption
characteristics at various wavelengths of energy. FREDDY
laser is, however, cost-efficient.””) It has high safety and rapid
fragmentation characteristics and potentially reduces the
treatment times required for complete stone removal, especially
for large stones.['”)

The patient had laser fragmentation of his multiple stones
with FREDDY laser. He experienced no complication during
the procedure; he was stone-free after the procedure and
remained clinically stable with stable renal function and no
stone recurrence 2 years after the procedure.

In conclusion, the cost-effectiveness, high safety and rapid
fragmentation characteristics of the FREDDY laser make it
an excellent therapeutic modality for consideration in the
management of nephrolithiasis in patients with ADPKD,
especially in resource-constrained climes such as ours, where
the management of complications from endoscopic procedures
could make treatment cost unacceptably high.

Declaration of patient consent

The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient (s) has/have
given his/her/their consent for his/her/their images and other
clinical information to be reported in the journal. The patients
understand that their names and initials will not be published
and due efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Shaw C, Simms RJ, Pitcher D, Sandford R. Epidemiology of
patients in England and Wales with autosomal dominant polycystic
kidney disease and end-stage renal failure. Nephrol Dial Transplant
2014;29:1910-8.

2. Ozkok A, Akpinar TS, Tufan F, Kanitez NA, Uysal M, Guzel M,
et al. Clinical characteristics and predictors of progression
of chronic kidney disease in autosomal dominant polycystic
kidney disease: A single-centre experience. Clin Exp Nephrol
2013;17:345-51.

3. Kalatharan V, Welk B, Nash DM, Dixon SN, Slater J, Pei Y, et al.
Risk of hospital encounters with kidney stones in autosomal dominant
polycystic kidney disease: A cohort study. Can J Kidney Health Dis. 2021
Mar 16;8:20543581211000227. doi: 10.1177/20543581211000227.
eCollection 2021.

4. Grampsas SA, Chandhoke PS, Fan J, Glass MA, Townsend R,
Johnson AM, et al. Anatomic and metabolic risk factors for
nephrolithiasis in patients with autosomal dominant polycystic kidney

Nigerian Postgraduate Medical Journal | Volume 29 | Issue 1 | January-March 2022 -
zZ1o




197ZIMNZ[DBPXZOBBAROATIAEIDYIASALLIAIPOOAEIEAHION/AD AU

MY TXDIMADYOINXFZOHISABZIY T+ NIOITWNOTZTARYHIISHA QUG Aq wdu/woo mm| sfeulnoly/:dny woly papeojumoq

¥202¢/82/S0 uo

6.

7.

Awobusuyi, et al.: Managing obstructing renal calculi in ADPKD with FREDDY laser

disease. Am J Kidney Dis 2000;36:53-7.

Idrizi A, Barbullushi M, Gjata M, Koroshi A, Roshi E, Backa T, et al.
Prevalence of nephrolithiasis in polycystic kidney disease. Cent Eur J
Med 2011;6:497-501.

Nishiura JL, Neves RF, Eloi SR, Cintra SM, Ajzen SA, Heilberg IP.
Evaluation of nephrolithiasis in autosomal dominant polycystic kidney
disease patients. Clin J Am Soc Nephrol 2009;4:838-44.

Miller NL, Lingeman JE. Management of kidney stones. BMJ

8.

2007;334:468-72.

Marks AJ, Teichman JM. Lasers in clinical urology: State of the art and
new horizons. World J Urol 2007;25:227-33.

Yates J, Zabbo A, Pareek G. A comparison of the FREDDY and
holmium lasers during ureteroscopic lithotripsy. Lasers Surg Med
2007;39:637-40.

. Fried NM, Irby PB. Advances in laser technology and fibre-optic

delivery systems in lithotripsy. Nat Rev Urol 2018;15:563-73.

.Nigerian Postgraduate Medical Journal | Volume 29 | Issue 1 | Jangayyw-March 2022
Z10



30 %W Gt Sl 1k 2o 5 W e R SR T XU
XU BK BB B A R A BOG A R 6 I7
2 K AYEREFHYE B 45 4

Jacob Olugbenga Awobusuyi, Olufunmilade Akinfolarin Omisanjo, Oluwaseun Oluwole Akinola,
Emmanuel Iretola Awobusuyi

EF&ilsb e, NS AFESR, MR, NS AFHFER, PR,
EraEEr L, BigE, E, EERAE

e

EaEERMEEER (A0PKD) ERENIFELE FHERFINEE4ER - 275 ADPKD
FEFEER, BENFISNE. ERRNESOFEFSFEEESNRNESL 1
7b, BTHEEE eSS oL R, Aorko BEFSEODTERBEEOEETE
ek e TR AR 2 — - RS —10 30 54 ADPkD BEEE L4 EEMEOFH
BRI E, SR B EREST P CEIN PSR an e fiRE (FREDDY
) FEEAET RISRML ERMANE T FREDDY BRI T Bz R R AR AT R
——E TR AT R rERN R E -

FitiE: BAEEEMEESR, BEES, s el a0, BaR, 5
&0
EI%‘

E RS RS AR AR ER e Rmt B EE SR (ADPKD). 13
ﬁrﬁ’]ﬁiﬁﬁﬁmlﬁﬁfifrifi%iﬂqlﬁ’]ﬁzﬁﬁ, LRSS0 . 7 56 TR
FET, 29 70%F ADPKD BESHIERIE -

ADPKD BERVEEEERC. 2, TERREREHER, 2t EARINEERE
EEREHMER <SR SIhEREEL. aopko BENSEORYRETEABAISE 10
& EAERTRIESEHEESRENEES (NEigEsR. S8R, SRR
{EFR pH {8 HEHERRIER -

T ADPKD BEESEOREGT, ERREOSEPEIEFFIGSERAMER 7 —-
i T EERANBS ST EEE oM ME . BFAS SRS . Elit, EEEER
ERTERAOMIT R AR A T .

RS — 7] 30 T EME L HEE SO E ENEnEE SR 1258 T 2019
iF 1 BT SRR ST Er LR BT RS e $2iR T8 (FREDDY)
AT EIREEE L EETT » SINEEERINE .. EFIENE, SEEMZEICES
3 FIFTEAER M MIREAESE -

277



278



279



280




 
 
    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    宽和高等比例缩放
     旋转：                顺时针方向
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     0
            
       D:20220107230416
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         120
         AllDoc
         125
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     5
     193
     192
     193
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     范围： 当前页
     胶带坐标： 相对水平位置：219.23，相对垂直位置：37.77，胶带宽：143.70，胶带高46.98（单位：points）
     来源： 底左
      

        
     1
     0
     BL
            
                
         Both
         目录2
         CurrentPage
         392
              

       CurrentAVDoc
          

     219.2302 37.769 143.6971 46.9779 
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     49
     193
     49
     1
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         166
         SubDoc
         168
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     165
     193
     167
     3
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         136
         SubDoc
         141
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     140
     193
     140
     6
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         136
         CurrentPage
         141
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     130
     193
     130
     1
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         119
         SubDoc
         124
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     123
     193
     123
     6
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         99
         SubDoc
         100
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     99
     193
     99
     2
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         35
         SubDoc
         38
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     37
     193
     37
     4
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         35
         SubDoc
         38
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     34
     193
     37
     4
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    不缩放(裁切或填补)
     旋转：                不变
     尺寸： 8.819 x 12.087 inches / 224.0 x 307.0 mm
      

        
     AllSame
     0
            
       D:20220111115716
       870.2362
       Blank
       634.9606
          

     Tall
     1
     0
     0
     535
     173
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     None
            
                
         11
         SubDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     10
     193
     15
     6
      

   1
  

    
   HistoryItem_V1
   PageSizes
        
     动作：   使所有页面大小相同
     缩放：    宽和高等比例缩放
     旋转：                顺时针方向
     尺寸： 8.268 x 11.693 inches / 210.0 x 297.0 mm
      

        
     AllSame
     0
            
       D:20220111115651
       841.8898
       a4
       Blank
       595.2756
          

     Tall
     1
     0
     0
     535
     173
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Uniform
            
                
         11
         AllDoc
         16
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

        
     0
     193
     192
     193
      

   1
  

 HistoryList_V1
 qi2base





