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Purpose: To investigate the clinical efficacy of nephroscopic laser lithotripsy with the aid of a patented
suctioning sheath in treating complicated whole-liver dispersed intrahepatic ductal stones.

Methods: From September 2013 to September 2017, 150 patients who were diagnosed with whole-liver
dispersed intrahepatic ductal stones were included in this study and were divided into two groups randomly.
The control group consists of 75 patients who were treated by traditional surgery combined with
choledochoscopic laser lithotripsy. The observation group consists of the other 75 patients who were treated
by traditional surgery combined with nephroscopic laser lithotripsy with the aid of the patented sheath.
Related treatment outcome parameters were compared.

Results: There were no significant differences in first surgery operative time, first surgery bleeding amount,

treatment efficacy complication and stone clearance rates (P>0.05). However, the second surgery operative time was
(63.58+9.84) min while the complication rate was 7.5% in the observation group, significantly less than that
of control group (P<0.05). There were significantly higher first-stage and second stage sinus ductal stone
clearance rates and final stone clearance rate in the observation group compared to that of control group
(P<0.05), while operative times, hospitalization duration and cost, and one year stone recurrent rate were
significantly lower (P<0.05).
Conclusion: The efficacy of using the patented stone-clearance sheath combined with nephroscopic
holmium laser lithotripsy was significant, warrants more extensive clinical adoption.

© 2021 Yuancai Xie. Hosting by Science Repository.

residual stone could be as high as 30.14% and the rate of reoperation
could be as high as 11% [2]. For whole liver hepatolithiasis, the rate of
postoperative residual stone would be even higher [3]. In this study, we
found that the treatment outcome using traditional surgery plus
nephroscopic lithotripsy with the aid of a patentedly designed suctioning
stone clearance sheath was good. We therefore report our study as below.

Introduction

Hepatolithiasis is a common disease in our country. It treatment
principles are to remove stone completely, relieve obstruction, drain
smoothly, and prevent recurrence [1]. Using traditional approach to
remove diseased side liver lobe plus T tube drainage can manage most
unilateral lobar hepatolithiasis. However, the rate of postoperative
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Data and Methods
| Study Object

150 patients who were diagnosed with total hepatolithiasis in our
hospital from September 2013 to September 2017 were selected for this
study. The diagnosis criteria included upper abdominal non-contrast CT,
contrast enhanced CT, or MRI verified total hepatolithiasis, which were
in accordance with Type Il hepatic and ductal stone criteria proposed by
Group of Bile duct surgery, Division of Surgery, Chinese Medicine
Association, with or without accompanied common bile ductal stones
[4]. Exclusion criteria included inoperable patients who are extremely
old aged, with uncorrectable generalized bleeding disorder, acute bile

Table 1: General Data Comparison between the Groups.

ductal infection, liver function Child-Pugh grade C, uncontrollable
hypertension or diabetes, serious cardiovascular disease, or pulmonary
insufficiency. The studied patients were randomly divided into two
groups, control group and observation group. The 75 patients in the
control group were treated by traditional surgery combined with
choledochoscopic holmium laser lithotripsy. The other 75 patients in the
observation group were treated with traditional surgery plus patentedly
designed percutaneous minimally invasive suctioning stone lithotripsy
and nephroscopic holmium laser lithotripsy with the aid of the patentedly
designed suctioning stone clearance. There were no significant
differences on general demographic data (P>0.05) and they were
statistically comparable (Table 1).

Group Case (n) M/F Age(year) Type la Type IIb Type llc
Observation 75 38/37 53.74+11.03 31 27 17
Control 75 39/36 54.12+10.58 30 29 16
Statistical value ¥2=2.14 t=1.241 T=1565.5

P value P=0.351 P=0.286 P=0.149

11 Surgical Methods

In the control group for patients with Type Ila and Type Ilb stones,
choledocholithotomy and severe side lateral hepatectomy were
performed, followed by traditional choledochoscopic laser lithotripsy
through common bile duct and cross-section hepatic ducts. At the end of
the surgery, a T-tube was indwelled, which was changed to a sinus
supporting tube (drainage tube) for patients underwent second stage
stone removal. For the patients with Type |llc stones,
choledocholithotomy was performed, followed by traditional
choledochoscopic laser lithotripsy. In the above-mentioned surgical
patients, if residual stones were present by reexamination after surgery,
traditional choledochoscopic laser lithotripsy will be used for sinus stone
extraction when the sinus tracts become sturdy after 6-8 weeks of
surgery. Should the outcome of stone clearance after the sinus tract
lithotripsy not yet be satisfactory after the second surgery, the patented
stone-clearance sheath assisted nephroscopic laser lithotripsy will be
used. These cases were still included in the control group as cases with
residual stones but were not included in the observation group for data
analysis. In the observation group, for patients with type lla and llc
stones, choledocholithotomy was performed, followed by patented
stone-clearance sheath assisted nephroscopic lithotripsy for stone
removal through the common bile duct.

At the end of the surgery, common bile duct indwelling T-tube over 20
gauges was placed following the principle of “coarse, short, and
straight”. The T tube came out through the abdominal wall being
connected for drainage. For type Ilb patients, choledocholithotomy and
severe side lateral hepatectomy were performed, followed by patented
stone-clearance assisted nephroscopic laser lithotripsy through common
bile duct and cross-section hepatic ducts. T-tubes and bile duct
supporting tubes (Drainage tube) were placed at the end of surgery. In
the above-mentioned surgical patients, if residual stones were present by
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reexamination after surgery, the patented stone-clearance sheath assisted
nephroscopic laser lithotripsy will be used for sinus stone extraction
when the sinus tracts become sturdy after 6-8 weeks of surgery. In most
cases 1-2 surgeries were needed to clear stones with satisfactory results.

111 Observation Indexes

Indexes including the first and second operation time, complication rate,
initial hemorrhage, postoperative hospitalization days, hospitalization
costs, number of operations, first-stage stone clearance rate, first-stage
sinus stone clearance rate, second stage sinus stone clearance rate, the
total stone clearance rate, and the recurrence rate at one year after the
operation were compared for the two groups of patients. The stone
removal effect standard, that is, complete removal: T-tube or bile duct
supporting tube cholangiography and CT showed no residual stones;
almost complete clearance: T-tube or biliary supporting tube
cholangiography and CT showed that the main bile duct stones have
been cleared, only a small amount of stones in the terminal bile duct
(grade 111 or more bile duct); partially removed: T-tube or biliary support
tube cholangiography and CT showed significant residual hepatic stones.
Complete removal and almost complete clearance were considered
complete removal of stones.

IV Statistics

SPSS22.0 statistical software was used for data analysis and processing.
The measurement data was represented by (£s), and the count data is
represented by the number of cases (percentage). For measurement data,
t test was used; for count data, chi-square test or rank sum test were used.
P <0.05 was defined as the difference was statistically significant.
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Results

The comparison of the basic indexes of the two groups is shown in
(Table 1). There was no significant differences between the initial
operation time and the initial blood loss of the observation group
compared with the control group (P>0.05), but the reoperation time, total
length of hospital stay and expenses were significantly less than the
control group (P<0.05). In the primary surgeries for the observation
group, there were 2 cases of postoperative bleeding, 2 cases of
postoperative cholangitis, and 3 cases of biliary fistula. In the control
group, there were 2 cases of hepatic hemorrhage, 2 cases of
postoperative cholangitis, and 4 cases of hepatic section edge biliary
fistula. All these complications were controlled after conservative
therapies. There were no significant differences in the complications of

Table 2: Stone Clearance Outcome Comparison.

the first surgery between the observation group and the control group
(P>0.05). However, in the reoperations, 9 cases of postoperative
cholangitis occurred in the control group, which was significantly higher
than that of 3 cases in the observation group (P<0.05).

Comparison of the outcomes of stone clearance in the two groups is
shown in (Table 2). The observation group was significantly lower than
the control group in the number of operations and the recurrence rate of
stone at one year (P<0.05). The rates of stone clearance in the first
operations were not significantly different between the two groups
(P>0.05), but the first stage sinus clearing rate, the second stage sinus
clearing rate and the total stone clearance rate were significantly higher
than in the control group (P<0.05).

Number of operation

First operation First-stage Sinus

Second-stage Sinus
Total stone Stone clearance

Group stone clearance ~ Tract Stone Tract Stone
n) clearance rate rate at 1 year
rate clearance rate Clearance Rate
Observation 1.24+0.32 35 (46.7) 24/40(60.0) 12/16(75.0) 71(94.7) 5/71(7.1)
Control 1.97+0.47 33 (44.0) 12/42(28.6) 13/30(43.3) 58(77.3) 12/58(20.7)
Statistical value  t=6.124 12=1.862 ¥2=12.537 12=14.763 12=7532 ¥2=8.694
P value P=0.035 P=0.283 P<0.001 P<0.001 P=0.021 P=0.016
Discussion

Epidemiology shows that the incidence of hepatobiliary stones in China
is as high as 20% [5]. It mainly occurs in the hepatobiliary ducts or
gallbladder. After the formation of stones, it can stimulate the body's
vascular cells to produce acute inflammation. Severe abdominal pain is
the main clinical symptom. The treatment generally requires a
comprehensive approach, and the main treatment is surgery [6]. At
present, most biliary surgeons widely believe that liver resection is the
most effective treatment for the treatment of hepatolithiasis. It can not
only remove stones, but also can remove atrophic liver parenchyma and
narrow bile ducts and reduce the recurrence of stones and the risk of bile
duct cell carcinoma [7]. However, liver resection has high requirements
for liver reserve function and general conditions of patients and has the
disadvantages of large surgical trauma and high technical requirements.
It is reported that the residual stone rate after operation is still 20 to 30%,
and the reoperation rate is as high as 37.1%, especially for patients with
whole liver stones and marked biliary cirrhosis it is almost impossible to
deplete [8].

Therefore, for total hepatic bile duct stones namely type Il patients, its
usage is quite limited. For the treatment of type Ila and Ilb stones,
multiple surgical procedures and adjuvant therapy are often required [9].
In recent years, the newly developed choledochoscopic lithotripsy as a
combined approach have greatly reduced the rate of postoperative
residual stones, which brings hope for patients with type Ila, especially
type llc. However, conventional choledochoscopes generally can only
enter Class Il bile ducts, and it is difficult to remove stones from small
bile ducts. Moreover, flexible choledochoscopes have the disadvantages
of difficult handling and lack of fulcrum when lithotripsy is performed.
Gravels are often retrieved by baskets or stone clamps. Stone removal is
therefore inefficient, time-consuming, and technically demanding [10].
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In this study, we used Holmium laser lithotripsy in treating complex
hepatic intrahepatic bile duct stones with the aid of a patent-designed
stone breaking and suctioning sheath combined with a rigid
nephroscope, which is normally used in percutaneous nephrolithotomy.
The holmium laser is currently the latest surgical laser. The principle is
that the energy generated by the helium laser vaporizes the water
between the optical fiber and the stone, and the generated bubbles
transmit energy to the stones and crush the stones [11]. Holmium laser
lithotripsy is gradually applied to the treatment of hepatolithiasis
lithotripsy. Compared with hydraulic lithotripsy and pneumatic biliary
lithotripsy, it has a good effect of cutting and smashing stones, and the
thermal injury and mechanical damage is minimal. Its other advantages
include lightness and flexibility with coagulation and hemostasis
function during surgery [12].

The patent stone sheath is supplemented with a negative pressure suction
system on the basis of minimally invasive surgery. It can actively attract
and clear stones during operation. Combined with holmium laser
nephroscopic lithotripsy, large stones can be rapidly broken into small
pieces of stones. Being able to perform lithotripsy and suctioning
clearance simultaneously using the patented sheath, gravels less than
2mm can be sucked directly through the scabbard cavity, 2-5mm stones
can be aspirated from the sheath funnel cavity by withdrawing the scope,
which can avoid the repeated stone removal using a stone basket and the
high pressure water flow, which can significantly shorten the operation
time and improve the surgical efficiency [13]. For intrahepatic bile duct
stones complicated by bacterial infections, routine use of
cholecystoscopy with high perfusion pressure can easily make bacteria
or toxins being absorbed into the blood to cause bacteremia or sepsis.
However, using the patented stone sheath the pressure inside the biliary
system can be adjusted to positive and negative according to the needs
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using the negative pressure switch, which improves the surgical safety
of patients with stones complicated by biliary tract infections [14].
Simultaneously, the patented stone clearance sheath can use the sheath's
hard front to perform touching, scraping, pressing and other
manipulations in the biliary tract under surveillance. The small stones in
the corners of the biliary tract can be carefully pulled out, and the
inflammatory necrotic tissue flocculated in the biliary wall can also be
scraped and sucked away. The negative pressure suctioning stone
removal has high efficiency, and it can remove the gravel in time with
the biliary clearing system. It needs almost no forceps or net basket for
stone removal, which greatly shortens the operation time and effectively
reduces the surgical trauma.

Although the initial operation time, blood loss, complications, and stone
clearance rate did not differ significantly, using the patented stone
clearance sheath combined with nephroscopic laser lithotripsy for
treatment of complex total hepatic intrahepatic bile duct stones achieved
less reoperation time, significantly reduced incidence of complications,
higher first-stage sinus stone clearance rate, higher second-stage sinus
stone clearance rate, and higher total stone clearance rate, compared to
the traditional surgery combined with cholangioscopic laser lithotripsy.
Other surgically related parameters were also superior to the traditional
surgical methods.

In summary, in this study used the patented technology of Urology in an
interdisciplinary way to treat complex whole liver intrahepatic bile duct
stones. The results showed the advantages of high efficiency, minimal
trauma, low residual stone rate, quick recovery, and is worthy of clinical
recommendation.

Acknowledgement

This study was supported by Jiangxi Provincial Science and Technology
supporting plan (20151BBG70090).

Author Contributions

Protocol/project development: Xie Y, Song Hu; Data collection or
management: Zhong Deng, Ye Xiao; Data analysis: Deng Zhong;
Manuscript writing/editing: Xie D.

Consent

Written informed consent was obtained from the patients for publication
of this report and any accompanying images.

Ethical Approval

Ethical and regulatory approvals were sought and obtained from the
Affiliated Ganzhou Hospital of Nanchang University

Conflicts of Interest

None.

Glob Surg Case Rep doi:10.31487/j.GSCR.2021.01.04

REFERENCES

10.

11

12.

13.

14.

Yeo D, Perini MV, Muralidharan V, Christophi C (2012) Focal
intrahepatic strictures: a review of diagnosis and management. HPB
(Oxford) 14: 425-434. [Crossref]

Oh CH, Dong SH (2015) Recent Advances in the Management of
Recurrent Bile Duct Stones. Korean J Gastroenterol 66: 251-254.
[Crossref]

Wen X D, Wang T, Huang Z, Zhang HJ, Zhang BY et al. (2017) Step-
by-step strategy in the management of residual hepatolithiasis using
post-operative cholangioscopy. Therap Adv Gastroenterol 10: 853-
864. [Crossref]

Chan SS (2010) How Should Biliary Stones be Managed? Gut Liver 4:
161-172. [Crossref]

Huang ZQ, Xu LN, Yang T, Zhang WZ, Huang XQ et al. (2009)
Hepatic resection: an analysis of the impact of operative and
perioperative factors on morbidity and mortality rates in 2008
consecutive hepatectomy cases. Chin Med J (Engl) 122: 2268-2277.
[Crossref]

Park HM, Hur YH, Cho CK, Koh YS, Kim HJ et al. (2016) Incidence
of underlying biliary neoplasm in patients after major hepatectomy for
preoperative benign hepatolithiasis. Ann Hepatobiliary Pancreat Surg
20: 173-179. [Crossref]

Vetrone G, Ercolani G, Grazi GL, Ramacciato G, Ravaioli M et al.
(2006) Surgical Therapy for Hepatolithiasis: A Western Experience. J
Am Coll Surg 202: 306-312. [Crossref]

Deng X, Song L, Xie D, Huang J, Zhu L et al. (2016) Predicting
Outcomes after Minimally Percutaneous Nephrolithotomy with the Aid
of a Patented System by Using the Guy's Stone Score. Urol Int 97: 67-
71 [Crossref]

Lee TY, Cheon YK, Choe WH, Shim CS et al. (2012) Direct
cholangioscopy-based holmium laser lithotripsy of difficult bile duct
stones by using an ultrathin upper endoscope without a separate biliary
irrigating catheter. Photomed Laser Surg 30: 31-36. [Crossref]

Day A, Sayegh ME, Kastner C, Liston T (2009) The use of holmium
laser technology for the treatment of refractory common bile duct
stones, with a short review of the relevant literature. Surg Innov 16:
169-172. [Crossref]

Pierre S, Preminger GM (2007) Holmium laser for stone management.
World J Urol 25: 235-239. [Crossref]

Song L, Chen Z, Liu T, Zhong J, Qin W et al. (2011) The application
of a patented system to minimally invasive percutaneous
nephrolithotomy. J Endourol 25: 1281-1286. [Crossref]

Yang Z, Song L, Xie D, Hu M, Peng Z et al. (2012) Comparative Study
of Outcome in Treating Upper Ureteral Impacted Stones Using
Minimally Invasive Percutaneous Nephrolithotomy With Aid of
Patented System or Transurethral Ureteroscopy. Urology 80: 1192-
1197. [Crossref]

Kodama T (1988) Experimental study on the development of
endotoxemia in biliary tract infection with special reference to
lymphatic pathway at controlled biliary duct pressure. Nihon Geka
Gakkai Zasshi 89: 1978-1989. [Crossref]

Volume 3(1): 4-4


https://pubmed.ncbi.nlm.nih.gov/22672543/
https://pubmed.ncbi.nlm.nih.gov/26586346/
https://pubmed.ncbi.nlm.nih.gov/29147136/
https://pubmed.ncbi.nlm.nih.gov/20559517/
https://pubmed.ncbi.nlm.nih.gov/20079125/
https://pubmed.ncbi.nlm.nih.gov/28261696/
https://pubmed.ncbi.nlm.nih.gov/16427557/
https://pubmed.ncbi.nlm.nih.gov/26836392/
https://pubmed.ncbi.nlm.nih.gov/22043820/
https://pubmed.ncbi.nlm.nih.gov/19546123/
https://pubmed.ncbi.nlm.nih.gov/17340157/
https://pubmed.ncbi.nlm.nih.gov/21745116/
https://pubmed.ncbi.nlm.nih.gov/23206762/
https://pubmed.ncbi.nlm.nih.gov/3231207/

