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Background: Intrahepatic bile duct stones, a prevalent condition within hepato-biliary diseases, present a considerable challenge due
to the high rates of recurrence, complications, and difficulty in treatment. Selecting an optimal surgical approach is vital for effective
stone clearance and minimizing patient morbidity. While laparoscopic hepatectomy and percutaneous transhepatic choledochoscopy are
established modalities, their comparative efficacy and safety profiles necessitate further investigation to inform clinical decision-making.
Objective: To explore the effectiveness and safety of different surgical methods for intrahepatic bile duct stones.
Methods: The clinical data of 65 patients with intrahepatic bile duct stones admitted to Nanchong Central Hospital, China, from January
2021 to January 2022 were retrospectively analyzed. According to the differences in surgical methods, patients undergoing laparoscopic
hepatectomy were included in the laparoscopic group (n = 33), and patients undergoing percutaneous transhepatic choledochoscopy were
included in the percutaneous transhepatic group (n = 32). The differences in perioperative indicators, inflammatory factors, postoperative
complications, and one-year follow-up recurrence rates between the two groups were compared.
Results: Compared with percutaneous transhepatic group, laparoscopic group had significantly shorter operation time and hospitalization
time (p < 0.05), and significantly higher blood loss (p < 0.05). After the operation, C-reactive protein (CRP), tumor necrosis factor-α
(TNF-α), and interleukin-6 (IL-6) in the laparoscopic and percutaneous transhepatic groups were significantly lower than those in the
same group before the operation (p < 0.05). CRP, TNF-α, and IL-6 in the laparoscopic group were significantly lower than in the
percutaneous transhepatic group (p< 0.05). There was no significant difference in the incidence of postoperative complications and the
recurrence rate of one-year follow-up between the laparoscopic group and the percutaneous transhepatic puncture group (p > 0.05).
Conclusion: Laparoscopic hepatectomy and percutaneous transhepatic choledochoscopy are both practical and safe, and the appropriate
surgical scheme should be selected according to the patient’s specific condition.
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Introduction

Stones in the intrahepatic bile duct may be found in ei-
ther individual or several hepatic lobes, characterized by
widespread lesions, intricate conditions, numerous compli-
cations, a substantial quantity of remaining stones, and a
high likelihood of recurrence [1–3]. The high recurrence
rate of intrahepatic bile duct stones may be closely related
to the stenosis and variation of hepatobiliary duct, recurrent
bile duct inflammation, and other factors, which negatively
impacts patients’ liver function [4–6]. In addition, intra-
hepatic bile duct stones can easily lead to recurrent cholan-
gitis due to stone obstruction and further develop into cir-
rhosis, threatening the life and health of patients [7–9]. Pri-
mary therapies for bile duct stones encompass open surgical
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procedures, endoscopic retrograde cholangiopancreatogra-
phy, percutaneous transhepatic choledochoscopy, and la-
paroscopy [10]. Open surgery is a traditional treatment
scheme, but some studies [11, 12] show that this method
is harmful to the body, and the probability of postoperative
complications is high, which is not conducive to the post-
operative recovery of patients. With the development of
preoperative three-dimensional reconstruction technology
and intraoperative lithotomy, laparoscopic regular hepate-
ctomy and percutaneous transhepatic choledochoscopy are
gradually applied to the clinical treatment of patients with
intrahepatic bile duct stones. Compared with open surgery,
both have obvious advantages, such as less trauma, wide en-
doscopic vision, and so on, and the curative effect is good.
However, Certain research indicates that percutaneous tran-
shepatic choledochoscopy is flawed due to prolonged treat-
ment durations, reduced efficiency in stone removal, and
significant financial strain on patients [13, 14]. However,
other studies also believe laparoscopic hepatectomy is risky
and difficult [15]. Laparoscopic surgery has made great
progress since its successful introduction in the 1990s, and
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has been gradually applied in liver surgery. However, due
to the diversity of technology and strategic development, it
is difficult to give a comprehensive overview of its current
situation and prospects [16, 17]. The best surgical scheme
for intrahepatic bile duct stones is controversial. This study
aims to explore the effectiveness and safety differences
between laparoscopic hepatectomy and percutaneous tran-
shepatic choledochoscopy in patients with intrahepatic bile
duct stones.

Data and Methods
General Information
The clinical data of 65 patients with intrahepatic bile duct
stones admitted to Nanchong Central Hospital, China, from
January 2021 to January 2022 were retrospectively ana-
lyzed. The inclusion criteria were: ¬ Meeting the diagnos-
tic criteria of intrahepatic bile duct stones [18]; ­ It is in ac-
cordance with the indications of operation;®There is no at-
rophy and ascites in the liver lobewhere the stone is located;
¯ No severe stricture of a bile duct; ° The clinical data are
complete. Exclusion criteria: ¬ Malignant tumor or severe
bleeding tendency or coagulation dysfunction; ­ The func-
tion of liver, kidney, and other organs is seriously incom-
plete; ® Cognitive impairment or mental illness, inability
to communicate normally; ¯ Combined with systemic in-
fection or immune system diseases; ° Previous history of
hepatobiliary surgery. The study obtained ethical approval
from the Nanchong Central Hospital review board (Ethics
Approval Number 2024001) and was conducted according
to the Helsinki Declaration, and the patients wrote informed
consent.
All the operations included in the study were performed by
two primary surgeons with similar professional qualifica-
tions and experience in similar operations. As for the group-
ing criteria, we designated the surgical methods for patients
according to the following considerations: First, accord-
ing to the patient’s liver function, the specific situation of
intrahepatic bile duct stones (size, location, number, and
whether there is stenosis) and the patient’s general condi-
tion (age, complications, expected tolerance, etc.), the sur-
gical plan was selected after full communication between
the surgery department, anesthesiology department and the
patient himself or his family. Specifically, percutaneous
liver puncture is preferred for patients with limited stone
range and good liver function preservation. For patients
who have extensive stones or deep stones and need simul-
taneous hepatectomy, laparoscopy should be considered.

Methods
All patients were examined by color Doppler ultrasound
and Computed Tomographic (CT) before the operation to
determine the size and location of stones, the location of
blood vessels in the liver, the existence of stricture of the
intrahepatic bile duct, and the dilatation of the bile duct.
The percutaneous transhepatic group received percutaneous

transhepatic choledochoscopy, which specifically included
[19, 20]: (1) Catheterization: For catheterization, the
method of puncture was chosen based on the precise posi-
tioning of bile duct stones before surgery. The approach
to the left hepatic duct is situated beneath the xiphoid
process and under the right costal arch of the abdominal
wall. The right intercostal space is where the right hepatic
duct leads. After local anesthesia, ultrasound-guided per-
cutaneous transhepatic colony drainage (PTCD) was per-
formed, and the 8-Fr catheter was directly placed in the in-
trahepatic bile duct to drain the bile. (2) Method of stone
extraction: The patient was placed with a PTC tube for
one week and transported to the surgery room to receive
general anesthesia while being monitored by Electrocardio-
gram (ECG). After the guide wire was inserted into the PTC
catheter, the PTC catheter was pulled out and directly ex-
panded with a 16-Fr fascia dilator. Then, use a 16-Fr fas-
cia dilator combined with a 16-Fr sheath to reach the bile
duct where the stone is located, and pull out the guide wire
to complete the bridge from the body surface to the intra-
hepatic bile duct stone. For patients with indwelling “T”
tubes in the past, a 16-Fr sheath can be inserted directly
through the “T” tube. After the sheath was inserted, a chole-
dochoscope reached the target bile duct through the sheath,
and normal saline was continuously infused into the target
bile duct with an adjustable pressure pump. After finding
the stone, break it with pliers and take it out or wash it
with water. (3) Addressing the issue: If the patient expe-
rience increased bleeding, halting the bleeding by pressing
the sheath and, concluding the surgery timely. (4) Postop-
erative examination: After stone removal, cholangiography
was performed through the inserted drainage tube to ensure
no residual stones and obstructions in the drainage tube.

Laparoscopic hepatectomy was performed in the laparo-
scopic group, which specifically included [21, 22]: (1)
Preparation and positioning: The patient was administered
general anesthesia and tracheal intubationwhile supinewith
the head elevated and feet lowered. A small arc incision
was made along the lower edge of the umbilical cord, CO2

was filled to establish pneumoperitoneum, and the pres-
sure was maintained at 12–15 mmHg. (2) The liver and
its surrounding environment were examined using trocar
and laparoscopy. A 2-cm surgical hole was then opened
at the lower edge of the left clavicle midline rib. (3) The
operation involved routine cholecystectomy, ultrasonic ex-
ploration of the scope of the stone focus, accurate posi-
tioning of the stones, and full exposure of the liver tissue.
The text describes the anatomical structure of the first hep-
atic portal and the routine placement of blocking bands to
block the blood flow of the diseased hepatic segment. The
text adheres to conventional structure and formatting fea-
tures, with consistent technical terms and citation style. No
changes in the content have been made. A marking line is
outlined about 1.5 cm away from the corresponding liga-
ment along the outer edge of the lesion. The language used
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Table 1. Comparison of general information between the two groups [n (%)], x̄ ± S].
Project Laparoscopic group (n = 33) Percutaneous transhepatic group (n = 32) t/χ2 p

Age (years) 60.09 ± 5.84 60.75 ± 5.91 0.453 0.652
Gender 0.130 0.718

Man 19 (57.58%) 17 (53.13%)
Woman 14 (42.42%) 15 (46.87%)

Stone position 0.927 0.628
Left liver 10 (30.30%) 9 (28.12%)
Right liver 14 (42.43%) 17 (53.13%)
Bilateral 9 (27.27%) 6 (18.75%)

Table 2. Comparison of perioperative indicators between the two groups (x̄ ± S).
Group n Operation time (min) Blood loss (mL) Length of stay (d)

Laparoscopic group 33 155.36 ± 19.08 86.24 ± 17.55 9.27 ± 1.23
Percutaneous transhepatic group 32 178.22 ± 22.74 43.06 ± 15.45 11.34 ± 1.79
t 4.395 10.516 5.448
p <0.005 <0.005 <0.005

is clear, concise, and objective, with a formal register and
precise word choice. The grammar, spelling, and punctu-
ation are correct. The diseased liver segment or lung lobe
is periodically removed along the marking line. Following
partial hepatectomy, hemostasis methods such as electro-
coagulation were employed to thermocoagulate and close
the bleeding point (4). Subsequently, laparoscopic common
bile duct exploration was performed to remove residual bile
duct stones after the removal of stones in the affected liver
segment. Drainage tubes were placed at the omental fora-
men and the cut surface of the liver before the end of the
operation to prevent fluid accumulation in the body. Rub-
ber tubes were also placed at the omental foramen and the
transverse section of the liver to relieve pneumoperitoneum
and suture the incision.

Observation Indicators
The differences in perioperative indexes between the two
groups were compared, including operation time, blood
loss, and hospitalization time. The changes in inflammatory
indexes, including C-reactive protein (CRP), tumor necro-
sis factor-α (TNF-α) and interleukin-6 (IL-6), were com-
pared between the two groups before and after the operation
(IL-6, CRP, and TNF-α kits were purchased from Wuhan
Yousheng Trading Co., Ltd., Wuhan, China). CRP levels
were detected by immunoturbidimetry, and TNF-α and IL-
6 levels were detected by enzyme-linked immunosorbent
assay. The incidence of postoperative complications, the
recurrence rate after one-year follow-up, and the situation
of cholecystectomy syndrome were compared between the
two groups.

Statistical Analysis
Data analysis was carried out using SPSS statistical soft-
ware version 23.0 (IBM Corp., Armonk, NY, USA). To
evaluate whether the continuous variables before and after

the operation (such as age, operation time, intraoperative
blood loss, hospital stay, CRP, TNF-α, IL-6) conform to the
normal distribution, we used the normal distribution test, in-
cluding the Shapiro-Wilk test andKolmogorov-Smirnov. In
the evaluation of the significant differences between the two
groups and before and after the operation, we used the t-test:
the independent sample t-test is used to compare the differ-
ences between two independent groups (such as different
surgical teams); Paired sample t-test is used to compare the
changes of the same patient before and after the operation.
When the data does not conform to the normal distribution,
we will use nonparametric alternative methods, such as the
Mann-Whitney U test or the Wilcoxon signed rank test, to
ensure the proper application of statistical methods. For the
classified variables (such as gender and complication rate),
we expressed them in percentages (n, %). We evaluated the
significant difference between the two groups by chi-square
test. When the chi-square test is not applicable (for exam-
ple, when the expected frequency is too small, less than 5),
we will use the Fisher exact test instead. p< 0.05 was con-
sidered as a statistically significant difference.

Results
Comparison of General Data
There was no significant difference in age, sex, or stone
location between the laparoscopic and percutaneous tran-
shepatic groups (p > 0.05). See Table 1.

Comparison of Perioperative Indicators
Compared with the percutaneous transhepatic group, the la-
paroscopic group’s operation time and hospitalization time
were significantly lower, and the blood loss was signifi-
cantly higher (p < 0.05). See Table 2.
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Table 3. Comparison of inflammatory factors between the two groups (x̄ ± S).
Project Laparoscopic group (n = 33) Percutaneous transhepatic group (n = 32) t p

CRP (mg/L)
Preoperative 7.36 ± 1.46 7.21 ± 1.06 0.472 0.638
Postoperative 3.49 ± 0.98a 5.25 ± 1.11ab 6.782 <0.005

TNF-α (ng/mL)
Preoperative 2.89 ± 0.66 2.92 ± 0.52 0.203 0.839
Postoperative 1.19 ± 0.42a 1.82 ± 0.38ab 6.335 <0.005

IL-6 (pg/mL)
Preoperative 205.62 ± 15.48 206.77 ± 16.15 0.293 0.770
Postoperative 95.85 ± 11.68a 134.06 ± 14.21ab 11.859 <0.005

CRP, C-reactive protein; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.
Note: Compared with preoperative, ap < 0.05. Compared with the Laparoscopic group, bp < 0.05.

Table 4. Comparison of postoperative complications between the two groups [n (%)].
Group n Seroperitoneum Bile leakage Biliary tract

infection
Cholecystectomy
syndrome

One-year follow-up
recurrence rate

Laparoscopic group 33 2 (6.06%) 1 (3.03%) 2 (6.25%) 1 (3.03%) 1 (3.03%)
Percutaneous transhepatic group 32 2 (6.25%) 1 (3.12%) 1 (3.03%) 0 (0.00%) 1 (3.12%)
χ2 0.001 0.001 0.318 0.000 0.001
p 0.974 0.982 0.572 0.987 0.982

Comparison of Inflammatory Factors

Before the operation, there was no significant difference in
CRP, TNF-α, and IL-6 between the laparoscopic and per-
cutaneous transhepatic groups (p > 0.05). After the opera-
tion, CRP, TNF-α, and IL-6 in the laparoscopic and percu-
taneous transhepatic groups were significantly lower than
those in the same group before the operation (p < 0.05).
CRP, TNF-α, and IL-6 in the laparoscopic group were sig-
nificantly lower than in the percutaneous transhepatic group
(p < 0.05). See Table 3.

Comparison of Postoperative Complications

There was no significant difference in the incidence of post-
operative complications and the recurrence rate of one-year
follow-up between the laparoscopic group and the percuta-
neous transhepatic puncture group (p > 0.05). See Table
4.

Discussion
Intrahepatic cholelithiasis, a prevalent biliary disorder, is
characterized by its frequent occurrence, elevated resid-
ual and recurrence rates, and challenging treatment. The
purpose of treating bile duct stones is to remove stones
and drainage obstructions. Laparoscopic hepatectomy and
percutaneous transhepatic choledochoscopy are commonly
used in clinical treatment for patients with hepatolithiasis.
Laparoscopic hepatectomy can obtain a broader and clearer
surgical field of vision. It can obtain an ideal stone removal
effect and cause less damage to the patient’s body, which
helps shorten the postoperative recovery time [23, 24]. The
results of this study show that the postoperative hospital-

ization time of the laparoscopic group is shorter than that
of the percutaneous liver group, which confirms this point.
Previous literature has reached a similar conclusion. For
example, a review of the application of laparoscopy in
liver stones summarizes the advantages of laparoscopy, and
holds that laparoscopy can cause less trauma, reduce blood
loss compared with open surgery, and recover quickly af-
ter surgery [25]. However, some think that laparoscopic
hepatectomy has high risk, high technical requirements for
doctors’ operations, and limitations [26, 27]. Percutaneous
transhepatic choledochoscopy is used to treat hepatolithi-
asis. The 16-Fr sheath was used to establish the external
channel. A choledochoscope was placed for observation,
and lithotripsy was carried out in the channel to avoid con-
tact between instruments and the channel wall, and effec-
tively reduce complications such as intraoperative bleeding,
postoperative infection, and bile leakage. With its thin and
straight mirror body and clear vision, the choledochoscope
can accurately reach the position of stones and determine
the size, nature, quantity, incarceration, and inflammation
of stones, providing a solid foundation for stone extraction
[28–30]. A study on percutaneous transhepatic choledo-
choscopy also shows that percutaneous transhepatic chole-
dochoscopy can effectively treat extrahepatic and intrahep-
atic bile duct stones with good curative effect, only three
patients among the 67 patients have slight complications
after the operation, with a low complication rate and high
safety [31]. However, percutaneous transhepatic choledo-
choscopy also has disadvantages; for example, it takesmore
time, which may prolong the recovery speed of patients af-
ter the operation.
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The levels of inflammatory factors in the two groups were
compared. The results showed that the levels of 3dCRP,
TNF-α and IL-6 in the treatment group were significantly
lower than in the routine group (p < 0.05). This suggests
that percutaneous transhepatic choledochoscope lithotripsy
can also inhibit the release of inflammatory factors. Still,
multiple lithotripsy may cause multiple irritations to the
body, cause more damage to the tissue, and quickly lead to
stress reactions, thus leading to an inflammatory response
[32, 33]. Laparoscopy can effectively remove stones, avoid
excessive tissue damage, reduce the risk of stress reaction,
and inhibit the release of inflammatory factors [34, 35]. A
study has demonstrated that the incorporation of minimally
invasive techniques for the management of both intrahep-
atic and extrahepatic bile duct stones, such as laparoscopic
hepatectomy and percutaneous choledochoscopy, signifi-
cantly enhances treatment outcomes. Additionally, when
these minimally invasive approaches are utilized in con-
junction with advanced surgical tools and techniques, they
not only improve the efficacy of the treatment but also sub-
stantially reduce the risk of postoperative complications and
mitigate potential intraoperative challenges associated with
bile duct stones [36]. An animal experiment on laparo-
scopic hepatectomy also reported this result. This studywas
conducted in miniature pigs, and the results showed that
the inflammatory reaction in the laparoscopic hepatectomy
(LH) group undergoing laparoscopic hepatectomy was sig-
nificantly reduced [37]. The results of this study are con-
sistent with previous studies.
This study still has some limitations, such as the small sam-
ple size and the possible deviation of the research results.
Future research needs to expand the sample size, improve
the research design, and further explore the research results.
In addition, although statistical analysis shows the differ-
ence between the two surgical methods, the direct appli-
cation in clinical practice needs more in-depth considera-
tion, such as the results affect for the treatment choice of
patients and the potential impact of these findings on im-
proving postoperative care and prognosis. Future research
will need to overcome the limitations pointed out in this
study and further confirm our findings.

Conclusion
To summarize, laparoscopic hepatectomy and percutaneous
transhepatic choledochoscopy have good curative effects
and are highly safe for patients with intrahepatic bile duct
stones. Both surgical procedures have higher requirements
for doctors’ operation skills. Compared with laparoscopic
hepatectomy, percutaneous transhepatic choledochoscopy
may have higher bodily stimulation. In the actual clinical
application, choosing a more suitable operation method ac-
cording to the patient’s specific condition is necessary.
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