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Abstract
BACKGROUND
The incidence of common bile duct (CBD) stones accounts for approximately 10%–15% of all CBD diseases. Approximately 8%–20% of these patients also have gallstones with heterogenous signs and symptoms.

AIM
To investigate the clinical effects of laparoscopic cholecystectomy (LC) combined with endoscopic retrograde cholangiopancreatography (ERCP) and LC with CBD excision and stone extraction in one-stage suture (LBEPS) for the treatment of gallbladder and CBD stones.

METHODS
Ninety-four patients with gallbladder and CBD stones were selected from our hospital from January 2018 to June 2021. They were randomly divided into study and control groups with 47 patients each. The study group underwent LC with ERCP, and the control group underwent LC with LBEPS. Surgery, recovery time of gastrointestinal function, complication rates, liver function indexes, and stress response indexes were measured pre- and postoperatively in both the groups.

RESULTS
The durations of treatment and hospital stay were shorter in the study group than in the control group. There was no significant difference between the one-time stone removal rate between the study and control groups. The time to anal evacuation, resumption of oral feeding, time to bowel sound recovery, and time to defecation were shorter in the study group than in the control group. The preoperative serum direct bilirubin (DBIL), total bilirubin (TBIL), and alanine aminotransferase (ALT) levels were insignificantly higher in the study group than that in the control group. A day after surgery, the postoperative serum DBIL, TBIL, and ALT levels were lower than their preoperative levels in both groups, and of the two groups, the levels were lower in the study group. Although the preoperative serum adrenocorticotrophic (ACTH), cortisol (COR), epinephrine (A), and norepinephrine (NE) levels were higher in the study group than that in the control group, these differences were not significant (P > 0.05). The serum ACTH, COR, A, and NE levels in both groups decreased one day after surgery compared to the preoperative levels, but the inter-group difference was statistically insignificant. Similarly, (91.79 ± 10.44) ng/mL, A, and NE levels were lower in the study group than in the control group. The incidence of complications was lower in the study group than in the control group.

CONCLUSION
LC combined with ERCP induces only a mild stress response; this procedure can decrease the risk of complications, improve liver function, and achieve and promote a faster recovery of gastrointestinal functions.
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Core Tip: Laparoscopic cholecystectomy (LC) combined with endoscopic retrograde cholangiopancreatography and LC combined with choledochotomy and lithotripsy are commonly used for the treatment of gallstones; in this study, we further investigated the efficacy and safety of these procedures.


INTRODUCTION
The incidence of common bile duct (CBD) stones is approximately 10%–15% of the total incidence of all CBD diseases. Approximately 8%–20% of these patients also have gallstones, presenting with complex and diverse clinical manifestations[1,2]. If patients of gallstones with coexisting CBD stones do not receive timely and effective intervention, biliary obstruction may lead to severe infections and complications like toxic shock as well as many other threats to patients’ life and health[3,4].
Traditionally, patients with gallbladder and CBD stones are treated by open surgery. This method can achieve good results but at the expense of being more traumatic, potentially more complicating, and with longer postoperative recovery times of bodily functions[5]. Laparoscopy is a modern and popular minimally invasive surgical technique. Laparoscopic cholecystectomy (LC) combined with endoscopic retrograde cholangiopancreatography (ERCP) and LC combined with choledochotomy and lithotomy (LBEPS) are very commonly used. Both procedures have their own unique characteristics and can achieve the treatment purpose[6-8].
To further explore the efficacy and safety of LC combined with ERCP and LC combined with LBEPS in gallbladder and CBD stones, 94 patients with this condition from our hospital were selected for this study, and the aforementioned contents were discussed in groups.

MATERIALS AND METHODS
General information
Ninety-four patients with gallbladder and CBD stones in our hospital from January 2018 to June 2021 were selected and randomly divided into a study group and a control group, with 47 cases in each. There were 26 men and 21 women in the study group; the age ranged from 46 to 76 years (average age: 55.97 ± 11.29 years). The number of CBD stones ranged from 1 to 4 (average: 2.41 ± 1.10), and the diameter of the CBD stones ranged from 3.1 to 8.6 mm (average: 5.89 ± 1.64 mm). There were 29 men and 18 women in the control group; the age ranged from 43 to 79 years (average: 60.44 ± 10.71 years); and the diameter of the CBD stones ranged from 3.1 to 8.6 mm (average: 5.89 ± 1.64 mm). The clinical data on sex, age, the diameter of the CBD stones, and the number of CBD stones were balanced and comparable between the two groups (P > 0.05). This study was approved by the ethics committee of our hospital.

Selection criteria
The inclusion criteria were: (1) Diagnosis confirmed by abdominal computed tomography or hepatobiliary ultrasound; (2) age less than 80 years; (3) knowledge of the study and provision of signed informed consent; and (4) good compliance and cooperation, with an ability to understand and communicate for smooth conduction of the study.

The exclusion criteria were: (1) Patients with coagulation and bleeding disorders; (2) patients unfit for carbon dioxide pneumoperitoneum and general anesthesia intubation; (3) patients with anomalous bile duct anatomy; (4) patients with severe acute pancreatitis and purulent obstructive cholangitis; and (5) patients with bile duct/gallbladder malignancy.

Study group
LC combined with ERCP was performed in this group. The patient was assisted to lie in a supine position under general anesthesia for 8 h. The patient’s abdomen was assessed via a three-/four-hole approach. The gallbladder triangle was explored and separated, its artery and the cystic duct were clamped, and the gallbladder was removed from the gallbladder bed. After ensuring hemostasis, a Wen drain was left in place and the wound was sutured. The patient was then turned to the left lateral position. A duodenoscope was introduced through the mouth and via the esophagus and the duodenal papilla was identified in the duodenum. Selective intubation of the CBD was performed with a guidewire, a contrast medium was injected, and ERCP was completed. Endoscopic duodenal papillary sphincterotomy was performed at the 11 o’clock position of the duodenal papilla by the retracting knife method. The stones were then extracted and retrieved orally. Papillary balloon dilation was performed in accordance with the number, size, location, and softness of the stones. After the stone extraction, a cholangiogram was performed to check for residual stones, which if found, were managed by repeat duodenoscopic removal. A nasobiliary drainage tube was routinely left for flushing the bile duct and for draining the bile. If no abnormality was observed 6 h postoperatively, the patient was orally allowed to consume clear liquids. The patient was permitted to consume normal food 24 h postoperatively in case serum amylase and lipase levels were found to be in the normal range. The nasobiliary drainage tube was withdrawn one to two days postoperatively only after a normal nasobiliary ductography.

Control group
For the control group, LC combined with LBEPS was performed; LC was completed in the manner similar to that of the study group. 
[bookmark: _GoBack]LBEPS was performed as follows: An incision was made, and the CBD was exposed; a 10-mm incision was made in the anterior wall of the CBD, and a fiberoptic choledochoscope was inserted in the subxiphoid process to investigate the upper and lower segments of the CBD; any bile duct stones detected were removed through a lithotripsy basket, while sediment-like stones and small stones that were difficult to remove by the basket were flushed out into the duodenum. The CBD incision was closed by a one-stage suture using 4-0 absorbable sutures (interrupted) after the following conditions were confirmed on examination: only a mild inflammation of the CBD; normally functioning sphincter of Oddi; and no residual stones in the CBD. A drain was placed in the gallbladder bed at the end of the surgery. The trocar subcutaneous tissues were sutured, the skin was glued with tissue glue, and the gastric tube was removed after surgery.

Observed indicators
Time durations of treatment, hospitalization, and primary stone extraction rate were documented to compare the two groups. The recovery times of gastrointestinal functions in both groups were documented, including the time to anal evacuation, resumption of oral feeding, time to recovery of bowel sounds, and the time to defecation. The levels of liver function indexes, including ALT, TBIL, and DBIL, were measured pre- and postoperatively in both groups; 4 mL of blood was drawn from the medial cubital vein, centrifuged, and the levels of the liver function indexes were measured by a Hitachi 7180 automatic biochemical analyzer. The levels of stress indicators, including ACTH, COR, A, and NE, were measured pre- and postoperatively in both groups by enzyme-linked immunosorbent assay of peripheral venous blood. Finally, the incidence of complications in both groups was counted.

Statistical analysis
Data were analyzed by SPSS 22.0, and the measured data (mean ± SD) were expressed by the t-test. The measured data n (%) were expressed by the χ2 test, and P < 0.05 indicated statistical significance.

RESULTS
Comparison of surgical conditions between the study and control groups
The treatment time was 97.64 ± 17.51 min and the duration of hospital stay was 7.08 ± 1.82 d in the study group, which was significantly longer in the control group [119.62 ± 24.37 min and 9.33 ± 2.29 d, respectively (P < 0.05)]. There was no significant difference between the one-time stone retrieval rate in the study group (97.87%) and the control group (95.74%) (P > 0.05) (Table 1).

Comparison of the recovery of gastrointestinal function between the two groups
In the study group, the time to anal evacuation was 25.02 ± 3.68 h, time to resume oral feeding was 7.82 ± 3.44 h, time to recovery of bowel sounds was 16.56 ± 3.58 h, and time to defecation was 33.35 ± 6.07 h. These values were significantly longer in the control group [28.29 ± 4.11 h, 9.62 ± 4.09 h, 18.94 ± 4.29 h, 36.96 ± 7.11 h, respectively (P < 0.05)] (Table 2).

Comparison of liver function index levels before and after surgery between the two groups
The preoperative serum levels of DBIL, TBIL, and ALT were 182.10 ± 82.33 umol/L, 258.62 ± 100.54 umol/L, and 38.56 ± 7.18 U/L, respectively, in the study group. These were not significantly different from those of the control group [178.89 ± 79.59 umol/L, 261.45 ± 96.77 umol/L, and 40.04 ± 6.69 U/L, respectively (P > 0.05)]. The serum DBIL, TBIL, and ALT levels were significantly lower in both groups a day after surgery as compared to the levels before treatment (P < 0.05). The serum levels of DBIL, TBIL, and ALT were 93.37 ± 40.02 umol/L, 156.98 ± 83.31 umol/L, and 26.83 ± 6.65 U/L, respectively, in the study group. These values were significantly longer in the control group [111.51 ± 36.33 umol/L, 191.03 ± 72.12 umol/L, and 30.13 ± 7.92 U/L respectively (P < 0.05)] (Table 3).

Comparison of stress index levels before and after surgery between the two groups
Preoperative serum levels of ACTH, COR, A, and NE were 14.78 ± 2.28 ng/mL, 126.67 ± 11.59 ng/mL, 1.39 ± 0.15 nmol/L, and 3.68 ± 0.65 nmol/L, respectively, in the study group. These were not significantly different from those of the control group [15.36 ± 2.35 ng/mL, 130.68 ± 12.01 ng/mL, 1.42 ± 0.12 nmol/L, 3.83 ± 0.72 nmol/L, respectively (P > 0.05)]. The serum ACTH, COR, A, and NE levels in both groups decreased significantly one day after surgery compared to the levels measured before surgery (P < 0.05). The levels of serum ACTH, COR, A, and NE one day after surgery were 6.19 ± 2.05 ng/mL, 91.79 ± 10.44 ng/mL, 0.71 ± 0.24 nmol/L, and 1.41 ± 0.51 nmol/L, respectively, in the study group. These were significantly lower than that in the control group [8.68 ± 3.88 ng/mL, 105.32 ± 11.65 ng/mL, 0.96 ± 0.37 nmol/L, 2.21 ± 0.73 nmol/L, respectively (P < 0.05)] (Table 4).

Comparison of complications between the two groups
The complication rate was significantly lower in the study group (6.38%) than in the control group (21.28%) (P < 0.05) (Table 5).

DISCUSSION
Gallbladder and CBD stones have a high prevalence rate, with a recent increase in incidence due to several factors such as poor lifestyle habits and changes in dietary structure[9,10]. Patients with gallbladder and CBD stones require timely and effective intervention to prevent the disease from worsening and are thus more difficult to treat. 
Open surgery, the traditional clinical treatment for gallbladder and CBD stones, though effective requires longer preoperative fasting and hospitalization. The T-tube-associated complications create both psychological and physical burdens for patients[11,12]. LC combined with either ERCP or LBEPS has changed the nature of treatment of gallbladder and bile duct stones because of their minimally invasive nature. LBEPS requires maximum placement of the choledochoscope into the gallbladder and CBD to assess the location, number, and volume of stones under direct vision. In a narrow biliary tract, it is difficult to maneuver the scope distally into the bile duct. This may be unfavorable for stone removal with LC[13,14]. Moreover, it has been reported that LBEPS requires T-tube drainage, which can cause serious invasive injury, including bile duct injury, which is not favorable for prognosis[15]. In contrast, ERCP provides information on the distribution, number, and morphology of stones even in a narrow bile duct. ERCP is simpler to perform, does not require a T-tube, and hence preserves the integrity and normal physiological function of the bile duct, which is more desirable and safe[16]. 
In this study, LC combined with ERCP and LC combined with LBEPS were used to treat patients with gallbladder and CBD stones in our hospital. The study results showed that the surgery and postoperative recovery of gastrointestinal functions in the study group were better than those of the control group. The complication rates were significantly lower in the study group (6.38%) than those in the control group (21.28% with P < 0.05), indicating that LC combined with ERCP was more effective than LC combined with LBEPS in reducing the number of gallstones and CBD stones. LC combined with ERCP was found to be more effective and safer as it reduced the likelihood of intraoperative injury, shortened postoperative gastrointestinal function recovery time, and reduced the risk of complications. The main reasons for this are as follows: (1) With dual-scope combined procedures, gallstones and CBD stones can be treated simultaneously. Cholecystectomy and LBEPS have similar operative duration; however, ERCP take significantly lesser time than choledochoscopy; (2) LC combined with LBEPS requires routine removal of the gallbladder, and parallel dissection of the CBD; and (3) LC combined with LBEPS requires routine removal of the gallbladder, separation, and dissection of the CBD and anterior choledochotomy. In contrast, choledochotomy requires a longer time to perform choledochoscopic stone extraction through the mouth, which can increase bleeding. Therefore, LC combined with ERCP overcomes these problems and ensures treatment safety[17,18].
Although LC combined with ERCP and LC combined with LBEPS are both minimally invasive procedures for gallbladder and CBD stones, they are nonetheless invasive, and can cause varying degrees of liver function derangements and trigger stress reactions. These factors negatively impact disease recovery and prognosis. In this study, serum DBIL, TBIL, and ALT levels were higher in the study group than in the control group. Conversely, serum ACTH, COR, A, and NE levels were lower in the study group than in the control group (P < 0.05), suggesting that LC combined with ERCP is more advantageous in reducing the stress response and liver function damage. This further supports the clinical efficacy of LC combined with ERCP therapy for the treatment of gallbladder and CBD stones from the perspective of serum markers. In addition, with dual-scope combination, after the resection of the gallbladder, the LC is immediately followed by ERCP. This shortens the duration of carbon dioxide pneumoperitoneum, thereby reducing the stress reaction in vivo. Liver function also improves due to smooth and rapid draining of bile, facilitated by placement of the biliary plastic stent or a nasobiliary tube. For LC combined with ERCP, if intraoperative CBD stones are difficult to remove, plastic biliary stents can be left in place to reduce the occurrence of vagal biliary fistula or obstructive purulent cholangitis. Furthermore, ERCP can be repeated safely in cases of residual removal or difficulty in stone removal and thus can prevent the trauma caused by reoperation[19,20]. 
Our study has some limitations. The sample size was not large enough; a larger multicenter study is needed to confirm these results. Moreover, long-term follow-up was not performed in this study.

CONCLUSION
In conclusion, the treatment of gallbladder and CBD stones by LC combined with ERCP is worth promoting because it can reduce trauma, decrease the risk of complications, reduce the impact on liver function, induce only a mild stress reaction, and promote a faster recovery of gastrointestinal function. A larger trial with longer follow-up is needed to confirm whether patients with gallbladder and CBD stones can benefit from LC combined with ERCP therapy in the long term.

ARTICLE HIGHLIGHTS
Research background
The incidence of common bile duct (CBD) stones is approximately 10%-15% of the total incidence of all CBD diseases.

Research motivation
If patients of gallstones with coexisting CBD stones do not receive timely and effective intervention, biliary obstruction may lead to severe infections and complications like toxic shock as well as many other threats to patients’ life and health.

Research objectives
This study aimed to explore the efficacy and safety of laparoscopic cholecystectomy (LC) combined with endoscopic retrograde cholangiopancreatography (ERCP) and LC combined with LC with CBD excision and stone extraction in one-stage suture in gallbladder and CBD stones.

Research methods
Total 94 patients with this condition from our hospital were selected for this study.

Research results
The incidence of complications was lower in the study group than in the control group.

Research conclusions
The treatment of gallbladder and CBD stones by LC combined with ERCP is worth promoting.

Research perspectives
The sample size was not large enough; a larger multicenter study is needed to confirm these results.
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Table 1 Comparison of surgical conditions between the two groups
	Groups
	Treatment time (min)
	Length of hospitalization (d)
	One-time stone retrieval rate, n (%)

	Research Group (n = 47)
	97.64 ± 17.51
	7.08 ± 1.82
	46 (97.87)

	Control group (n = 47)
	119.62 ± 24.37
	9.33 ± 2.29
	45 (95.74)

	χ2/t value
	5.022
	5.273
	0.344

	P value
	0.000
	0.000
	0.556




Table 2 Comparison of recovery of gastrointestinal function between the two groups (mean ± SD, h)
	Groups
	Anal venting time
	Time to start eating
	Recovery time of bowel sounds
	Defecation time

	Research Group (n = 47)
	25.02 ± 3.68
	7.82 ± 3.44
	16.56 ± 3.58
	33.35 ± 6.07

	Control group (n = 47)
	28.29 ± 4.11
	9.62 ± 4.09
	18.94 ± 4.29
	36.96 ± 7.11

	t value
	4.064
	2.309
	2.920
	2.647

	P value
	0.000
	0.023
	0.004
	0.010




Table 3 Comparison of liver function index levels before and after surgery between the two groups (mean ± SD)
	Groups
	DBIL (umol/L)
	TBIL (umol/L)
	ALT (U/L)

	Pre-operative

	Research Group (n = 47)
	182.10 ± 82.33
	258.62 ± 100.54
	38.56 ± 7.18

	Control group (n = 47)
	178.89 ± 79.59
	261.45 ± 96.77
	40.04 ± 6.69

	t value
	0.198
	0.139
	1.034

	P value
	0.844
	0.890
	0.304

	1 d after surgery

	Research Group (n = 47)
	93.37 ± 40.02a
	156.98 ± 83.31a
	26.83 ± 6.65a

	Control group (n = 47)
	111.51 ± 36.33a
	191.03 ± 72.12a
	30.13 ± 7.92a

	t value
	2.301
	2.118
	2.188

	P value
	0.024
	0.037
	0.031


aP < 0.05 vs this group preoperatively.
DBIL: serum direct bilirubin; TBIL: total bilirubin; ALT: alanine aminotransferase.


Table 4 Comparison of stress response index levels before and after surgery between the two groups (mean ± SD)
	Groups
	ACTH (ng/ml)
	COR (ng/ml)
	A (nmol/L)
	NE (nmol/L)

	Pre-operative

	Research Group (n = 47)
	14.78 ± 2.28
	126.67 ± 11.59
	1.39 ± 0.15
	3.68 ± 0.65

	Control group (n = 47)
	15.36 ± 2.35
	130.68 ± 12.01
	1.42 ± 0.12
	3.83 ± 0.72

	t value
	1.214
	1.647
	1.071
	1.060

	P value
	0.228
	0.103
	0.287
	0.292

	1 d after surgery

	Research Group (n = 47)
	6.19 ± 2.05a
	91.79 ± 10.44a
	0.71 ± 0.24a
	1.41 ± 0.51a

	Control group (n = 47)
	8.68 ± 3.88a
	105.32 ± 11.65a
	0.96 ± 0.37a
	2.21 ± 0.73a

	t value
	3.890
	5.929
	3.886
	6.159

	P value
	0.000
	0.000
	0.000
	0.000


aP < 0.05 vs this group preoperatively.
ACTH: Serum adrenocorticotrophic; COR: Cortisol; A: Epinephrine; NE: Norepinephrine.


Table 5 Comparison of complications between the two groups, n (%)
	Groups
	Hemorrhage
	Biliary tract infection
	Bile leak
	Pancreatitis
	Total incidence

	Research Group (n = 47)
	0 (0.00)
	1 (2.13)
	0 (0.00)
	2 (4.26)
	3 (6.38)

	Control group (n = 47)
	5 (10.64)
	3 (6.38)
	1 (2.13)
	1 (2.13)
	10 (21.28)

	χ2 value
	
	
	
	
	4.374

	P value
	
	
	
	
	0.036
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