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Abstract
BACKGROUND 
Bile duct stones (BDSs) may cause patients to develop liver cirrhosis or even liver 
cancer. Currently, the success rate of surgical treatment for intrahepatic and 
extrahepatic BDSs is not satisfactory, and there is a risk of postoperative complic-
ations.

AIM 
To compare the clinical effects of dual-modality endoscopy (duodenoscopy and 
laparoscopy) with those of traditional laparotomy in the treatment of intra- and 
extrahepatic BDSs.

METHODS 
Ninety-five patients with intra- and extrahepatic BDSs who sought medical 
services at Wuhan No.1 Hospital between August 2019 and May 2023 were 
selected; 45 patients in the control group were treated by traditional laparotomy, 
and 50 patients in the research group were treated by dual-modality endoscopy. 
The following factors were collected for analysis: curative effects, safety (incision 
infection, biliary fistula, lung infection, hemobilia), surgical factors [surgery time, 
intraoperative blood loss (IBL) volume, gastrointestinal function recovery time, 
and length of hospital stay], serum inflammatory markers [tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, and IL-8], and oxidative stress [glutathione peroxidase 
(GSH-Px), superoxide dismutase (SOD), malondialdehyde (MDA), and advanced 
protein oxidation products (AOPPs)].

RESULTS 
The analysis revealed markedly better efficacy (an obviously higher total effective 
rate) in the research group than in the control group. In addition, an evidently 
lower postoperative complication rate, shorter surgical duration, gastrointestinal 
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function recovery time and hospital stay, and lower IBL volume were observed in the research group. Furthermore, 
the posttreatment serum inflammatory marker (TNF-α, IL-6, and IL-8) levels were significantly lower in the 
research group than in the control group. Compared with those in the control group, the posttreatment GSH-Px, 
SOD, MDA and AOPPs in the research group were equivalent to the pretreatment levels; for example, the GSH-Px 
and SOD levels were significantly higher, while the MDA and AOPP levels were lower.

CONCLUSION 
Dual-modality endoscopy therapy (duodenoscopy and laparoscopy) is more effective than traditional laparotomy 
in the treatment of intra- and extrahepatic BDSs and has a lower risk of postoperative complications; significantly 
shortened surgical time; shorter gastrointestinal function recovery time; shorter hospital stay; and lower intraop-
erative bleeding volume, while having a significant inhibitory effect on excessive serum inflammation and causing 
little postoperative oxidative stress.
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Core Tip: This study compared the clinical effects of dual-modality endoscopy (duodenoscopy and laparoscopy) vs 
traditional laparotomy in the treatment of intra- and extra-hepatic bile duct stones, and confirmed that the dual-modality 
endoscopy has significantly superior clinical advantages over the other from the perspectives of efficacy, safety, surgical 
indicators, serum inflammation, oxidative stress, etc.
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INTRODUCTION
Bile duct stones (BDSs) are calculi that occur in the hepatobiliary system and are etiologically related to cholestasis, bile 
duct infection, stenosis or obstruction, and the presence of foreign bodies in the bile duct[1-3]. Occurring in the digestive 
system, BDSs often do not heal spontaneously; moreover, intrahepatic BDSs can easily migrate to the common bile duct 
and become extrahepatic BDSs, which may progress to cirrhosis and even liver cancer[4]. According to epidemiological 
data, patients with BDSs have a risk of gallstones of up to 15%, which poses considerable challenges to treatment[5]. In 
addition, the heterogeneity of BDSs (stone location, size and other factors) may lead to different clinical symptoms and 
affect the health of patients to varying degrees[6,7]. At present, intra- and extrahepatic BDSs are mainly treated surgically, 
but the success rate of surgery is not satisfactory, and there is a risk of postoperative complications[8]. Therefore, it is 
necessary to optimize the surgical treatment of intra- and extrahepatic BDSs, which is highly important for improving the 
treatment experience of such patients.

Traditional laparotomy involves incision, anterograde or retrograde cholecystectomy, choledochoscopic exploration, T-
tube drainage, etc.[9,10]. Despite its ability to allow stone removal, it is disadvantageous in that it causes large wounds, a 
large amount of intraoperative blood loss (IBL), and increases the risk of postoperative complications[11]. This procedure 
is particularly inappropriate for older adults with underlying medical conditions, which increase the risk of surgery and 
affect the treatment efficacy[12,13]. Dual-modality endoscopy therapy consisting of duodenoscopy and laparoscopy was 
discussed in this study; the former allows the removal of extrahepatic BDSs through endoscopic retrograde cholangiopan-
creatography (ERCP), while the latter allows the complete removal of intrahepatic BDSs via laparoscopic resection[14]. A 
single case study reported that this combination procedure is safe for patients with gallstones; these patients are unlikely 
to experience postoperative complications, such as bleeding, bile leakage, or pancreatitis and recover well three months 
after surgery[15]. In another study, compared with preoperative duodenoscopy, laparoscopy combined with intraop-
erative duodenoscopy for patients with cholecystolithiasis combined with choledocholithiasis had a higher success rate, 
caused less pain, and required a shorter hospital stay[16].

This study included 95 patients with intra- and intrahepatic BDSs and compared the clinical effects of combination 
therapy (duodenoscopy + laparoscopy) with those of traditional laparotomy, aiming to provide an optimized scheme for 
the surgical treatment of such patients.
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MATERIALS AND METHODS
General information
Ninety-five patients with intra- and extrahepatic BDSs treated between August 2019 and May 2023 at Wuhan No.1 
Hospital were included; 45 patients in the control group were treated by traditional laparotomy, and 50 patients in the 
research group were treated by dual-modality endoscopy. The research and control groups did not differ much in terms 
of the general data (P > 0.05), which were clinically comparable.

Eligibility and exclusion criteria

Eligibility criteria: All the patients correctly diagnosed with intra- and extrahepatic BDSs were free of serious infectious 
diseases, had intact medical records, could communicate normally and had normal cognitive ability, and had no surgical 
contraindications.

Exclusion criteria: Patients with hepatobiliary diseases or malignancies, autoimmune deficiency or coagulation 
dysfunction, poor compliance or cognitive dysfunction, or who were lactating or pregnant.

Treatment methods
The control group was treated by traditional laparotomy. After general anesthesia, a longitudinal incision was made in 
the patient’s right upper abdomen through the rectus abdominis, or a subcostal oblique incision was created through the 
costal margin. After laparotomy, the gallbladder was resected anterogradely or retrogradely, and T-tube drainage was 
performed following lithotomy and routine choledochoscopy to confirm the absence of BDSs.

The research group received dual-modality endoscopy therapy (duodenoscopy and laparoscopy): Patients were placed 
in the left lateral position during endoscopic sphincterotomy (EST), and ERCP was routinely performed under anesthesia 
to determine the location of the lesions. In the case of unsuccessful bile duct catheterization, a guide wire was placed in 
the common bile duct during cholangiography to guide the incision knife. Depending on the conditions of the nipple and 
the opening, different human papillotomes were selected and inserted to cut the major duodenal papilla. The incision 
length was determined based on the length of the eminentia medialis of the papillary orifice, which is generally 1-1.5 cm, 
through which smaller stones (< 1.0 cm) can be removed directly using the ‘basket-in-catheter’ technique; large stones 
(approximately 2.0 cm) were first crushed with a lithoclast and then removed with a basket catheter. Extraction balloons 
were used if there were several stones in the common bile duct, especially small stones. After the contrast media was 
injected to ensure that there was no residual stones, the bile duct was rinsed with normal saline several times, and the 
duodenoscope was removed. This was followed by 24 h of fasting from both food and water, as well as routine anti-
infection treatment. The patient subsequently underwent laparoscopic cholecystectomy under general anesthesia in the 
supine position and pneumoperitoneum was created by inserting a veress needle. Next, Calot’s triangle was dissected, 
and the neck of the gallbladder or Hartmann’s pouch was grasped with grasping forceps to pull it to the upper right side. 
Then, the cystic duct was pulled perpendicular to the common bile duct then bluntly separated from the gallbladder 
artery. Titanium clips were placed as close to the neck of the gallbladder as possible, after which the two titanium clips 
were cut with scissors. Finally, the gallbladder artery was found in the posterior inner region, the lower hole was placed 
to remove the stone, and the drainage tube was routinely placed in the right anterior axillary foramen to extract the stone.

Efficacy
The criteria for treatment efficacy evaluation were as follows: the stones were completely removed, and the clinical 
symptoms disappeared completely; the stones were not completely removed, and the clinical symptoms were alleviated; 
and the stones were not removed, and the clinical symptoms did not improve or even worsened. Total effective rate = 
(marked effectiveness cases and improvement cases)/total cases.

Safety
We observed and recorded the number of patients with incision infections, biliary fistulas, pulmonary infections, and 
hemobilia in the two groups and calculated the incidence.

Surgical indicators
The surgical duration, intraoperative blood loss (IBL) volume, gastrointestinal function recovery time and length of 
hospital stay were recorded.

Serum inflammatory markers
Five milliliters of venous blood were collected pre- and postoperatively on an empty stomach in the morning, and serum 
was obtained after centrifugation to determine tumor necrosis factor (TNF)-α, interleukin (IL)-6 and IL-8 Levels using an 
enzyme-linked immunosorbent assay (ELISA).

Oxidative stress
Serum levels of glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), malondialdehyde (MDA) and advanced 
protein oxidation products (AOPPs) were detected via immunofluorescence quantification.
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Statistical analyses
In this study, normally distributed data were analyzed (mean ± SD), and between-group and within-group comparisons 
were made by independent sample t tests and paired t tests, respectively. The intergroup differences in count data, 
described as n (%), were determined by χ2 tests. SPSS 21.0 software was used for statistical analysis, and a minimum 
significance level of P < 0.05 was used throughout.

RESULTS
Patient general information
Age, sex, disease duration, stone diameter, number of stones, total bilirubin concentration and other general data were 
similar between the research and control groups (P > 0.05; Table 1).

Efficacy in both groups
The evaluation of efficacy revealed a statistically significant difference in the total effective rate between the control and 
research groups (77.78% vs 94.00%, P < 0.05; Table 2).

Safety of the two groups
The total incidence rates of incision infection, biliary fistula, pulmonary infection and hemobilia also differed significantly 
between the control and experimental groups (20.00% vs 4.00%, P < 0.05; Table 3).

Surgical indices of both groups
Statistical analysis showed significant differences in surgical time, IBL volume, gastrointestinal function recovery time 
and length of hospital stay between the two groups, with better results being observed in the research group (P < 0.05; 
Figure 1).

Serum inflammatory marker levels in both groups
ELISA quantification of serum inflammatory markers such as TNF-α, IL-6 and IL-8 revealed no notable intergroup 
differences between these indicators pre or postoperatively (P > 0.05); all these indices decreased markedly and to 
different degrees in both groups after surgery, with even lower TNF-α, IL-6 and IL-8 Levels in the research group (P < 
0.05; Figure 2).

Oxidative stress indices of both groups
Oxidative stress indices such as GSH-Px, SOD, MDA, and AOPPs in the serum were detected by immunofluorescence 
quantification. No significant differences were identified in these oxidative stress indices between the two groups before 
treatment (P > 0.05). A significant reduction in GSH-Px and SOD and a marked increase in MDA and AOPPs were 
observed in the control group after treatment, with lower GSH-Px and SOD and higher MDA and AOPPs levels 
compared with the research group (P < 0.05; Figure 3).

DISCUSSION
BDSs are a kind of cholelithiasis, and some patients have subtle clinical symptoms such as dyspepsia and biliary colic
[17]. Cholelithiasis is known to affect approximately 15% of Americans, with most being women. Factors such as 
pregnancy and obesity during pregnancy further increase the risk of the disease in women[18]. To improve the clinical 
symptoms of patients with intra- and extrahepatic BDSs and restore their normal life and health, it is necessary to 
optimize and explore treatment strategies.

Many scholars have explored the pathological identification and surgical treatment of BDSs. For example, Shin et al[19] 
reported that the use of peroral cholangioscopy can help identify bile duct neoplastic lesions and guide surgery. In 
addition, Yang et al[20] noted in their study that laparoscopic hepatectomy combined with endoscopic papillary balloon 
dilation is safe and effective in treating complex BDSs and is beneficial due to rapid postoperative recovery and a low risk 
of complications. As reported by Lv et al[21], choledochoscopic-guided holmium laser lithotripsy can not only completely 
remove stones in patients with intractable extra and intrahepatic BDSs but can also prevent postoperative adverse 
reactions such as biliary tract injury. In this study, the clinical effects of dual-modality endoscopy (duodenoscopy + 
laparoscopy) and traditional laparotomy in patients with intrahepatic and extrahepatic BDSs were compared and 
analyzed. The efficacy evaluation showed an evidently higher total effective rate in the research group than in the control 
group (94.00% vs 77.78%), which suggested that duodenoscopy + laparoscopy has a better curative effect in patients with 
intra- and extrahepatic BDSs. According to the study by Qin et al[14], compared to traditional laparotomy, dual-modality 
endoscopy increases the surgical success rate, reduces the risk of trauma and shortens the hospital stay for patients 
undergoing treatment for extrahepatic BDSs, which is consistent with our findings. After assessing the safety of the 
procedures, the total incidences of incision infection, biliary fistula, pulmonary infection and hemobilia were markedly 
lower in the research group than in the control group (4.00% vs 20.00%), indicating that the combined intervention 
(duodenoscopy and laparoscopy) is safer than traditional laparotomy for patients with intra- and extrahepatic BDSs. 



Wang W et al. Bile duct stones

WJGS https://www.wjgnet.com 763 March 27, 2024 Volume 16 Issue 3

Table 1 Patient general information

Indicators Control group (n = 45) Research group (n = 50) χ2/t value P value

Age (yr) 56.51 ± 5.98 56.16 ± 6.54 0.271 0.787

Sex (male/female) 25/20 27/23 0.023 0.879

BMI (kg/m2) 22.67 ± 2.79 22.80 ± 2.63 0.234 0.816

Stone diameter (cm) 1.55 ± 0.42 1.49 ± 0.63 0.540 0.591

Number of stones (n) 2.24 ± 0.57 2.16 ± 0.68 0.618 0.538

Total bilirubin (μmol/L) 34.94 ± 16.11 32.14 ± 16.30 0.841 0.403

BMI: Body mass index.

Table 2 Efficacy of the two treatments, n (%)

Indicators Control group (n = 45) Research group (n = 50) χ2 value P value

Marked effectiveness 22 (48.89) 30 (60.00)

Improvement 13 (28.89) 17 (34.00)

Ineffectiveness 10 (22.22) 3 (6.00)

Total effective rate 35 (77.78) 47 (94.00) 5.277 0.022

Table 3 Safety of the two groups, n (%)

Indicators Control group (n = 45) Research group (n = 50) χ2 value P value

Incision infection 3 (6.67) 1 (2.00)

Biliary fistula 1 (2.22) 0 (0.00)

Lung infection 3 (6.67) 1 (2.00)

Hemobilia 2 (4.44) 0 (0.00)

Total 9 (20.00) 2 (4.00) 5.922 0.015

Subsequent evaluation of surgical indicators revealed that the surgical time, gastrointestinal function recovery time and 
length of hospital stay were shorter and the IBL volume was lower in the research group than in the control group. 
Duodenoscopy + laparoscopy is suggested to have a better surgical effect in the treatment of intra- and extrahepatic BDSs 
and to have significant clinical advantages in reducing surgical time, gastrointestinal function recovery time, hospital-
ization time and IBL volume. This could be attributed to the fact that surgical procedures such as EST, ERCP and laparo-
scopic cholecystectomy combined with dual-modality endoscopic therapy are minimally invasive and do not cause water 
or electrolyte imbalances or disordered physiological functions caused by bile outflow, thus avoiding the risk of 
postoperative complications and accelerating patient recovery[22,23]. In addition, the surgical operator has a larger and 
clearer surgical field of view under dual-modality endoscopy treatment, which is conducive to shortening the surgical 
process to some extent[24]. In the research by Zhao et al[25], duodenoscopy plus laparoscopy showed better performance 
than laparotomy in the treatment of gallstones and extrahepatic BDSs, which was mainly reflected by less IBL, fewer 
postoperative complications, shorter time to postoperative oral food intake, less fatigue, shorter time to ambulation, 
shorter postoperative hospitalization time, and faster postoperative recovery, which is similar to our research results. 
According to the serum inflammatory marker data, the TNF-α, IL-6 and IL-8 Levels in the research group were 
significantly lower than those in the pretreatment and control groups, suggesting the significant inhibitory effect of 
duodenoscopy plus laparoscopy on the serum inflammatory markers in patients with intra- and extrahepatic BDSs. 
Moreover, statistical analysis of the oxidative stress indices revealed no significant changes in GSH-Px, SOD, MDA or 
AOPPs in the research group after surgery, while the above indices in the control group were significantly different, with 
notably lower GSH-Px and SOD levels and higher MDA and AOPP levels than those in the research group. These 
findings show that duodenoscopy plus laparoscopy has little effect on oxidative stress in patients with intra- or 
extrahepatic BDSs.

Several limitations in this study need to be further considered. First, this was a single-center study with a small number 
of patients included, which may inevitably lead to information collection bias. In the future, the sample size should be 
increased, and multicenter data should be included in the analysis to improve the accuracy of the research results. 
Second, there was no analysis of patient prognosis, which should be supplemented later to better understand the impact 
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Figure 1 Surgical indices of the two groups. A: Comparison of surgical times; B: Comparison of intraoperative blood loss volumes; C: Comparison of 
gastrointestinal function recovery times; D: Comparison of lengths of hospital stay. aP < 0.05 and bP < 0.01 vs the control group.

Figure 2 Serum inflammatory marker levels in the two groups. A: Changes in tumor necrosis factor-α before and after treatment; B: Changes in 
interleukin (IL)-6 before and after treatment; C: Changes in IL-8 Levels before and after treatment in the two groups. aP < 0.05 and bP < 0.01 vs before treatment; dP < 
0.05 vs control group. TNF-α: Tumor necrosis factor-α, IL-6: Interleukin-6.

of these two treatments on patient prognosis. Finally, the factors that affect the treatment efficacy and safety have not 
been explored in depth. Supplementing the analysis in this aspect will help to further improve the management efficacy 
and facilitate the development of methods to improve the efficacy and safety of dual-modality endoscopy to some extent. 
In the future, the study will be gradually improved with respect to the above perspectives.
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Figure 3 Oxidative stress indices of the two groups. A: Changes in glutathione peroxidase in the two groups before and after treatment; B: Changes in 
superoxide dismutase activity in the two groups before and after treatment; C: Changes in malondialdehyde levels before and after treatment in the two groups; D: 
Changes in the advanced protein oxidation products concentration before and after treatment in the two groups. aP < 0.05 and bP < 0.01 vs before treatment; dP < 
0.05 vs control group. GSH-Px: Glutathione peroxidase; SOD: Superoxide dismutase; MDA: Malondialdehyde; AOPPs: Advanced protein oxidation products.

CONCLUSION
In conclusion, duodenoscopy + laparoscopy is better than traditional laparotomy for patients with intra- and extrahepatic 
BDSs in that it has significantly better clinical efficacy, reduces the risks of surgery and postoperative complications, 
promotes postoperative rehabilitation, and alleviates serum inflammatory markers while causing little oxidative stress, 
making it clinically valuable.

ARTICLE HIGHLIGHTS
Research background
Currently, surgery is still the main treatment for intrahepatic and extrahepatic bile duct stones (BDSs), but the success 
rate of surgery is unsatisfactory and there is a certain risk of postoperative complications.

Research motivation
It is necessary to optimize the surgical treatment of intrahepatic and extrahepatic BDSs, which is of great significance for 
improving the treatment experience of such patients.

Research objectives
This study was conducted to clarify the clinical advantages of dual-modality endoscopy (duodenoscopy and laparoscopy) 
over traditional laparotomy in the treatment of intrahepatic and extrahepatic BDSs.

Research methods
Ninety-five patients with intrahepatic and intrahepatic BDSs were included. The control group (n = 45) received 
traditional laparotomy and the research group (n = 50) received dual-modality endoscopy (duodenoscopy and 
laparoscopy). The efficacy, safety, surgical indexes, serum inflammatory indexes, oxidative stress indicators, etc. of the 
two groups were collected for comparative analysis.

Research results
Compared with the control group, the total effective rate was significantly higher in the research group and the 
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postoperative complication rate was statistically lower. In addition, shorter operation time, smaller intraoperative 
bleeding volume, faster gastrointestinal function recovery, and less hospitalization time were determined in the research 
group. Moreover, the research group showed more significant improvements in serum inflammation indexes and 
alleviation of oxidative stress.

Research conclusions
Compared with traditional laparotomy, dual-modality endoscopy is more effective in the treatment of intrahepatic and 
extrahepatic BDSs with a lower risk of postoperative complications, which can significantly reduce operation time, 
gastrointestinal function recovery time, hospital stay, and intraoperative blood loss, while effectively inhibiting serum 
hyperinflammation and causing less postoperative stress responses.

Research perspectives
Duodenoscopy combined with laparoscopy has higher efficacy and safety than traditional laparotomy in patients with 
extrahepatic and extrahepatic BDSs. However, this study has some limitations, such as limited cases included, being a 
single-center experience, and failure to include analysis related to factors affecting prognosis, efficacy and safety, which 
need to be gradually addressed in future studies.
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