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Objective: This study aimed to assess the efficacy of Endoscopic Retrograde Cholangiopancreatography (ERCP), common bile duct
exploration, and percutaneous transhepatic cholangiography combined with common bile duct exploration for treating choledocho-
lithiasis with acute cholangitis, to guide management strategies.

Methods: A retrospective evaluation was conducted on a cohort of 283 inpatients diagnosed with choledocholithiasis and acute
cholangitis at the affiliated hospital. Patients were categorized into three groups: Group A (ERCP group), Group B(common bile duct
exploration group), and Group C(PTCD combine common bile duct exploration group.) Parameters such as hepatic function recovery,
inflammation level control, blood loss, postoperative hospital duration, and postoperative complications were compared.

Results: All groups exhibited notable reductions in postoperative biochemical parameters including alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), total bilirubin (TBIL), and WBC (P < 0.05). Group A had the
least blood loss(P < 0.05), and shortest hospital stay(P < 0.05), but a higher incidence of pancreatitis(P < 0.05), with a total of 8 cases
occurred(7.3%). Group C had a shorter hospital stay compared to Group B(P < 0.05).

Conclusion: For patients with fewer and smaller common bile duct stones and milder symptoms, it is recommended to primarily
choose endoscopic retrograde cholangiopancreatography (ERCP), endoscopic sphincterotomy (EST), and endoscopic nasobiliary
drainage (ENBD), it procedures offer quicker recovery and cause minimal trauma. For patients with numerous, larger common bile
duct stones but stable conditions, bile duct exploration is recommended. For those with severe conditions and significant inflammation,
PTCD and common bile duct exploration are advised.
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Introduction
Choledocholithiasis, the most prevalent benign biliary obstruction disease in the biliary system, is particularly wide-
spread in Asian regions such as China, Japan, and Korea, China exhibits a notably high prevalence of this condition.
Although there is no precise incidence data available regarding gallbladder stones in China, the literature suggests
a prevalence of approximately 9.2% in males and 16.1% in females, with an increasing occurrence of about 30% in older
age groups. Among these patients, approximately 10-20% present with concurrent choledocholithiasis." Cholangitis
represents a common complications of choledocholithiasis, with acute cholangitis being the primary manifestation in the
majority of patients. Some individuals may initially present with acute obstructive purulent cholangitis at the time of
medical consultation. It is worth noting that acute cholangitis is a significant cause of mortality in benign biliary diseases
due to its propensity for infectious shock, rapid progression, and high mortality rate.”

Choledocholithiasis accompanied by acute cholangitis represents a common clinical emergency in hepatobiliary
surgery, typically necessitating surgical intervention,®* The primary objectives of surgical treatment are lesion removal,
alleviation of biliary obstruction, and establishment of effective drainage.” In the past, open common bile duct
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exploration combined with T-tube drainage was the prevailing surgical approach. It was widely employed in clinical
practice due to its relative simplicity and high success rates. However, this approach is associated with drawbacks such as
significant trauma, slow postoperative recovery, prolonged hospital stays, and a higher incidence of postoperative
complications. With the development of laparoscopic techniques, the treatment of choledocholithiasis with acute
cholangitis has been improved. Since the late 20th century, the rapid integration of laparoscopic technology into
hepatobiliary surgery has established laparoscopic common bile duct exploration with T-tube drainage as a novel surgical
modality. This offers advantages such as reduced trauma, smaller incision, less bleeding, less interference with organ
function, less patient suffering, less wound pain, faster return to normal activities, and fewer postoperative complications.
Nonetheless, patients still endure prolonged T-tubes placement, which adversely affects their quality of life. In cases of
combined acute cholangitis, laparoscopic surgery is relatively complex when employed as an emergency intervention,
leading to extended operative time and increased postoperative complications. Over the years, significant progress has
been made in the treatment of choledocholithiasis with acute cholangitis, thanks to the development and application of
endoscopic and interventional techniques. Since the first performance of endoscopic retrograde cholangiopancreatogra-
phy (ERCP) in 1968, followed by the introduction of endoscopic sphincterotomy (EST) in 1974 and endoscopic
nasobiliary drainage (ENBD) in 1979, ERCP has emerged as the most commonly employed endoscopic technique. In
addition to its diagnostic capabilities, ERCP can also facilitate biliary drainage and, in some cases, even achieve curative
outcomes in patients with choledocholithiasis.® However, it necessitates a high level of technical proficiency. The most
commonly used interventional technique in hepatobiliary surgery is percutaneous trans-hepatic cholangiography drainage
(PTCD), which has been increasingly used in hepatobiliary surgery since 1981 when PTCD was first reported in
Zhongshan Hospital in Shanghai. PTCD is considered safe, straightforward, and effective in drainage, particularly
suitable for middle-aged and elderly patients with multiple comorbidities who may not tolerate surgical
interventions.”® Nevertheless, PTCD only ensures patency and drainage without providing a curative effect. These
minimally invasive operations create the conditions for elective surgery in patients with acute cholangitis, especially in
critically ill individuals, allowing physicians and patients additional time to develop a more suitable treatment plan.

This study aimed to retrospectively gather clinical data from patients admitted to the Department of Hepatobiliary
Surgery of the Affiliated Hospital of Zunyi Medical University between January 2010 and December 2018. The objective
was to investigate the advantages, disadvantages, and applicability of three treatment modalities, namely endoscopic
retrograde cholangiopancreatography (ERCP) with endoscopic sphincterotomy (EST) and endoscopic nasobiliary drai-
nage (ENBD), common bile duct exploration, and percutaneous transhepatic cholangiography drainage (PTCD) com-
bined with common bile duct intervention. By comparing the therapeutic effects of these approaches on
choledocholithiasis with acute cholangitis, we aim to provide valuable insights for future clinical management of this
disease.

Materials and Methods

Inclusion Criteria

(1) All patients were >18 years old; (2) All patients had a preoperative diagnosis of choledocholithiasis by B ultrasound,
CT, or MRI; (3) Patients exhibited at least two symptoms from the Charcot triad, including abdominal pain, chills and
fever, and jaundice; (4) Complete clinical data were available for analysis.

Exclusion Criteria
(1) Patients with a previous history of upper abdominal surgery or disease that may cause severe abdominal adhesions;
(2) Patients who combined with intrahepatic bile duct stones; (3) Patients who combined with biliary tract tumors.

Study Objects and Grouping

For this retrospective study, we collected data from 342 patients diagnosed with choledocholithiasis and acute cholangitis
who were admitted to our hospital between January 2010 and December 2018. The study protocol was accepted by the
ethical committee of the Affiliated Hospital of Zunyi Medical University (approval number: KLL-2023-507), this study
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was done according to the principals of the Declaration of Helsinki, all patients submitted written informed consent prior
to the research. We declare that patient information will be kept confidential.283 patients were eligible according to the
inclusion and exclusion criteria and were divided into three groups according to the different treatment modalities after
admission: Group A was ERCP group (110 patients), of which 42 were male and 68 were female, with an average age of
(50.41%15.28) years and 41 with medical comorbidities; Group B was common bile duct exploration group (90 patients),
of which 40 were male and 50 were female, with an average age of (53.41£15.37) years, 36 combined with the medical
disease, 34 with open surgery and 56 with lumpectomy, 1 postoperative death; Group C was PTCD + common bile duct
exploration group (83 patients), of which 38 were male and 45 were female, with an average age of (52.87+13.96) years,
35 combined with medical diseases, 33 cases had open surgery and 50 cases had a lumpectomy.

Diagnostic Criteria for Postoperative Acute Pancreatitis

(1) Onset of new abdominal pain or exacerbation of pre-existing abdominal pain subsequent to endoscopic retrograde
cholangiopancreatography (ERCP); (2) Serum amylase exceeding 3 times the upper limit of normal within 24 hours after
surgery.

Surgical Methods

(1) Group A: All 110 patients underwent ERCP+EST+ENBD successfully in our endoscopy center. These patients were
positioned either in a prone or left lateral posture, and a meticulously maneuvered electronic duodenoscope (model: TJF-
260) was inserted via the oral cavity to reach the descending duodenum, where the papilla was identified in the middle
section. Subsequently, a contrast catheter was inserted into the papilla to guide the placement of a guidewire into the bile
duct, enabling the injection of contrast material through a contrast tube inserted into the common bile duct. This
facilitated the visualization and assessment of stone location, quantity, and dimensions. An endoscopic sphincterotomy
of the Oddi’s sphincter was then performed, employing a stone extraction basket and balloon to successfully remove and
expel the stones into the intestine. Following stone removal, imaging was conducted once more by smoothly advancing
a nasobiliary duct alongside the guidewire and securing it in place, allowing for observation of any signs of active
bleeding in the papilla.

(2) Group B: All 90 patients underwent successful common bile duct exploration + T-tube drainage in the Department
of Hepatobiliary Surgery of our hospital. These patients were positioned in a supine position and underwent standard
disinfection and toweling procedures following the administration of general anesthesia. Subsequently, the abdominal
cavity was accessed, and meticulous dissection was performed to separate the surrounding tissues from the gallbladder
adhesions. The triangular structure of the gallbladder was identified, along with the anatomical relationship between the
cystic duct, common hepatic duct, and common bile duct. A longitudinal incision was made in the anterior wall of the
common bile duct, allowing for the aspiration of bile. The palpable common bile duct stones were removed using stone
forceps, followed by the use of a choledochoscope to explore the bile ducts and identify the presence of stones within
them. Stone forceps or a mesh basket were utilized to remove the stones, ensuring that the bile ducts were free from any
obstruction. Additionally, a thorough examination of the bile ducts was conducted to identify bile duct strictures,
malignant tissue, and any abnormalities in the duodenal papillae. Subsequently, a re-examined of the bile duct was
performed to confirm the absence of remaining stones, and a T-tube was inserted based on the condition of the common
bile duct. The common bile duct was closed with interrupted sutures and secured with silk. The abdominal cavity was
rinsed and inspected for any signs of bleeding or bile leakage, and an abdominal drain was placed. Finally, the abdomen
was closed.

(3) Group C: Group C consisted of 83 patients who initially underwent successful percutaneous transhepatic
cholangiodrainage (PTCD) in our interventional department, followed by elective common bile duct exploration and
T-tube drainage in our hepatobiliary surgery department. During the procedure, the patient was lying on a DSA bed, with
the puncture site being located by ultrasound and fluoroscopy. After routine disinfection and the effective local anesthesia
of 2% lidocaine 5 mL, the biliary puncture kit was used to penetrate the intrahepatic bile ducts, followed by pushing the
contrast agent, exchanging the guidewire into a puncture sheath, and inserting the catheter for cholangiography to
observe whether the right and left intrahepatic bile ducts were connected and the degree of bile duct dilatation. Upon
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completion of the imaging, the catheter was replaced with a guidewire, and a specialized external drainage tube was
carefully guided along the guidewire to verify the patency of the drainage tube. Finally, a local bandage was applied and
the drainage tube was secured. Once the patient’s general condition improved, common bile duct exploration and T-tube
drainage were performed again.

Evaluation Indexes

1) Liver function: Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Glutamyl transpeptidase
(GGT), and Total bilirubin (TBIL) levels were statistically analyzed before and 3 days after surgery in the three
treatment groups;

2) White blood cell status: The statistical analysis involved the white blood cell (WBC) count and the percentage of
neutrophils (N%) before and 3 days after surgery in the three treatment groups;

3) Intraoperative bleeding: The statistical analysis focused on intraoperative bleeding within the three treatment
groups;

4) Complications: The statistical analysis examined postoperative complications, including bile leak, bile duct reflux,
biliary stricture, pancreatitis, as well as the healing process of the incision in the open surgical area, across the three
treatment groups;

5) Postoperative residual stones and recurrence of stones: The statistical analysis investigated the occurrence of
residual stones and the recurrence of stones within three years after surgery within the three treatment groups;

6) Duration of Postoperative hospitalization: The statistical analysis encompassed the number of days of postoperative
hospitalization within the three treatment groups;

Statistical Methods

SPSS 22.0 software was used for data analysis. Normality tests were conducted to analyze numerical variables, and mean
+SD were used to represent normally distributed numerical data. The ANOVA was used for comparison between groups,
and the g-test was used for further comparison between the two groups when differences were observed. Paired ¢-test was
utilized to compare preoperative and postoperative measurements within the same group. M (P25, P75) notation was
used for non-normally distributed data, and the rank sum test was employed for comparisons among multiple groups.
Categorical variables were expressed as frequencies, and statistical significance was determined using the chi-square test
or Fisher’s exact probability method, with a significance level set at P<0.05. For two comparisons following chi-square
splitting among three groups, a significance level of P<0.016 was considered statistically significant.

Results

Preoperative General Condition of Patients

A total of 283 patients diagnosed with choledocholithiasis and acute cholangitis were enrolled in this study. These
patients were divided into three groups: Group A (ERCP group) consisting of 110 patients, Group B (common bile duct
exploration group) consisting of 90 patients, and Group C (PTCD + common bile duct exploration group) consisting of
83 patients. Statistical analysis revealed no significant differences in terms of age, sex, common bile duct diameter,
presence of gallstone, presence of comorbidities (such as hypertension, coronary heart disease, diabetes mellitus,
hyperlipidemia), performance of open surgery, or emergency surgery (P > 0.05). However, there were significant
differences observed in the number of stones and stone diameter among the three groups (P = 0.032, P = 0.042) (refer
to Table 1). Moreover, there were no statistical differences in the preoperative levels of serum ALT, AST, GGT, TBIL,
WBC, and N% among t the three groups (P > 0.05) (refer to Tables 2—4).

Comeparison of the Liver Function Among the Three Kinds of Treatment

The preoperative levels of ALT, AST, GGT, and TBIL exhibited significant elevation across all three treatment groups.
However, there were no statistically significant differences observed in the preoperative ALT, AST, GGT, and TBIL
levels within each group (P > 0.05). The changes in ALT, AST, GGT, and TBIL values before and after surgery were
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Table | Comparison of General Information
Grouping ERCP Group | Common PTCD + ¥2/F P value
(n=110) Bile Duct Common
Exploration | Bile Duct
Group (N = | Exploration
90) Group (n=83)
Gender
Female 68(61.8%) 50(55.6%) 45(54.2%) 1.344 0.511
Male 42(38.2%) 40(44.4%) 38(45.8%)
Age 50.41+15.28 53.41+15.37 52.87+13.96 0.138 0.933
Combined medical diseases 41(37.3%) 36(40.0%) 35(42.2%) 0.484 0.785
Hypertension 21 (19.1%) 17 (18.9%) 17 (20.5%) 0.084 0.959
Coronary heart disease 10 (9.1%) 7 (7.8%) 6 (7.2%) 0.241 0.886
Diabetes mellitus 9 (8.2%) 6 (6.7%) 7 (8.4%) 0.23 0.891
Hyperlipidemia Il (10%) 9 (10%) 7 (8.4%) 0.127 0.938
Bile duct diameter 10.67+2.97 11.53+£2.78 11.54+3.30 2.766 0.065
Number of stones
<2 98 (89.1%) 79 (78.9%) 62 (74.7%) 6.909 0.032
=2 12 (10.9%) 19 (21.1%) 21 (25.3%)
Diameter of stone
<I5mm 91 (82.7%) 62 (68.9%) 58 (69.9%) 6.353 0.042
215mm 19 (17.3%) 28 (31.1%) 25 (30.1%)
Combined gallstone 108(98.2%) 88(97.8%) 83(100%) 1.674 0.560
Surgical approach
Open surgery - 34 (37.8%) 33 (39.8%) 0.071 0.789
Endoscopy - 56 (62.2%) 50 (60.2%)
Whether emergency surgery was performed
Emergency surgery 15 (13.6%) 18 (20.0%) 21 (25.3%) 4241 0.12
Elective surgery 95 (86.4%) 72 (80.0%) 62 (74.7%)
Note: P < 0.05 indicates statistical significance.
Table 2 Comparison of Live Function in the Three Groups
Grouping ERCP Group (n = 110) | Common Bile Duct PTCD + Common Bile Duct F P value
Exploration GROUP (n = 90) | Exploration Group (N=83)
Alanine aminotransferase
Before surgery (U/L) 189.50 (91.75, 261.00) 158.00 (97.00, 252.25) 154.00 (83.00, 324.00) 2916 0.056
3 days after surgery (U/L) 53.50 (23.75, 126.25)* 62.50 (38.75, 131.25)* 57.00 (38.00, 97.00)* 2418 0.086
Aspartate aminotransferase
Before surgery (U/L) 113.00 (56.75, 238.25) 92.50 (51.75, 207.75) 77.00 (46.00, 169.00) 2.276 0.505
3 days after surgery (UIL) 41.00 (26.00, 62.25)* 49.00 (30.00, 68.50)* 32.00 (26.00, 58.00)* 2.758 0.066
Gamma-glutamyl transferase
Before surgery (U/L) 340.50 (206.50, 517.0) 340.00 (204.00, 547.2) 309.00 (184.00, 527.0) 5.273 0.006
3 days after surgery (U/L) 151.50 (93.00, 218.50)* 193.50 (137.50, 309.00)* 181.00 (121.00, 287.00)** 6.147 0.003
Total bilirubin
Before surgery (U/L) 45.35(18.93, 91.85) 45.25 (23.15, 100.98) 36.90 (20.00, 91.40) 0.263 0.768
3 days after surgery (UIL) 22.45 (15.25, 36.73)* 25.80 (16.95, 44.10)* 20.90 (13.90, 35.50)* 6.887 0.154

Note: |. *P < 0.05 compared with preoperative levels; 2. *P < 0.05 compared with ERCP group.

utilized to assess the effectiveness of the three treatment approaches in liver function recovery and drainage reduction.
After a 3-day postoperative period, the levels of ALT, AST, GGT, and TBIL showed a statistically significantly decrease
in all three groups when compared to the preoperative values (P < 0.05). At the 3-day postoperative mark, no statistical
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Table 3 Comparison of White Blood Cell Count in the Three Groups

Grouping Before Surgery 3 Days After Surgery D-value

(x10°IL) (x10°/L) (x10°/L)
ERCP group 13.59+5.01 8.64+3.40* 4.95+6.00
Common bile duct exploration group 13.0245.27 9.23+£3.58* 3.79+5.39
PTCD + common bile duct exploration group | 12.53+6.48 8.34+2.60* 4.194£6.90

Note: *P < 0.05 compared with preoperative levels.

Table 4 Comparison of the Percentage of Neutrophils in the Three Groups

Grouping Before Surgery (%) | 3 Days After Surgery (%) | D-value (%)
ERCP group 82.83+8.33 73.75£10.46* 9.07£11.75
Common bile duct exploration group 82.16%8.61 73.99+£9.35 8.17+11.80
PTCD + common bile duct exploration group | 81.83+9.60 72.27%10.31 9.57£12.71

Note: *P < 0.05 compared with preoperative levels.

differences were found in the ALT, AST, and TBIL levels among the three groups (P > 0.05). However, there were
statistical differences in GGT levels among the three groups at this time point (P < 0.05). Further analysis revealed
a more significant decrease in group A (ERCP group) compared to groups B (common bile duct exploration group) and
C (PTCD + common bile duct exploration group), with statistical differences (P = 0.001, P = 0.017). There were no
statistical differences between group B (common bile duct exploration group) and group C (PTCD + common bile duct
exploration group) (P > 0.05). The difference (D-value) in ALT, AST, GGT, and TBIL before and after surgery did not
exhibit statistically significant differences among the three groups (P > 0.05) (refer to Table 2).

Comparison of Leukocyte Status Among the Three Surgical Approaches

The preoperative levels of WBC and N% were significantly higher in all three groups. However, there were no statistical
differences observed in the preoperative WBC and N% levels within each group (P > 0.05). The WBC and N% values at
3 days after surgery and the changes in these values before and after surgery were compared. The WBC values at 3 days
after surgery showed a significant decrease in all three groups compared to the preoperative values (P < 0.05).
Nevertheless, there were no statistical differences in WBC values at 3 days after surgery among the three groups (P >
0.05), and no statistical differences were found in the pre- and post-operative WBC values among the groups (P>0.05).
Regarding N%, statistical differences were observed in group A (ERCP group) at 3 days after surgery when compared to
the preoperative values(P < 0.05). However, there were no statistical differences between groups B (common bile duct
exploration group) and C (PTCD + common bile duct exploration group) (P > 0.05). Additionally, there were no
statistical differences in N% at 3 days after surgery among the three groups (P > 0.05), and no statistical differences were
found in the changes in N% before and after surgery between the groups (P > 0.05) (refer to Table 3 and Table 4).

Comparison of Intraoperative Bleeding and Postoperative Hospitalization Days
Among the Three Surgical Approaches

In terms of intraoperative bleeding, Group A (ERCP group) had the least intraoperative bleeding, while Group B (biliary
exploration group) exhibited the highest intraoperative bleeding volume. Group A (ERCP group) displayed a statistically
significant reduction in intraoperative bleeding compared to both Group B (common bile duct exploration group) and
Group C (PTCD + common bile duct exploration group), with statistical differences (P < 0.05). However, no statistical
differences were observed between Group B (common bile duct exploration group) and Group C (PTCD + common bile
duct exploration group) (P > 0.05). (refer to Table 5).

In terms of postoperative hospitalization days, Group A (ERCP group) had the shortest postoperative hospitaliza-
tion days and Group B (biliary probe group) had the longest. Group A (ERCP group) demonstrated significantly fewer
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postoperative hospitalization days compared to both Group B (common bile duct exploration group) and Group
C (PTCD + common bile duct exploration group), with statistical differences (P < 0.05). Furthermore, Group
C (PTCD + common bile duct exploration group) exhibited a shorter postoperative hospitalization duration than
Group B (common bile duct exploration group), with statistical differences (P < 0.05). (refer to Table 5).

Comparison of Postoperative Complications Among the Three Surgical Approaches
Regarding postoperative complications, in Group A (ERCP group), 13 patients experienced complications(11.8%).
Among them, 8 cases involved postoperative acute pancreatitis(7.3%), which improved with conservative treatment
including infection control, enzyme suppression, and acid control. Three cases experienced postoperative bile duct reflux
(2.7%), which also improved with conservative treatment. Two cases developed postoperative bile duct stricture(1.8%).
Seven patients in Group B (common bile duct exploration group) had complications(7.8%), including 2 cases of biliary
leakage(2.2%), of which 1 case died(1.1%) and 1 case improved after conservative treatment(1.1%), 1 case of post-
operative backflow of the bile duct(1.1%), which improved after conservative treatment, and 4 cases of bile duct stricture
(4.4%), 2 of which were treated with surgery(2.2%). Group C (PTCD + common bile duct exploration group) had 5
patients with complications(6.0%), including 1 case of postoperative acute pancreatitis(1.2%), which improved with
conservative treatment, 1 case of bile leakage(1.2%), which improved with symptomatic treatment involving prolonged
ducting time and anti-infection, and 3 cases of postoperative bile duct stricture(3.6%). There were no statistical
differences (P > 0.05) in the occurrence of bile leakage, backflow of the bile duct, and bile duct stricture after the
three surgical procedures. However, statistical differences (P = 0.005) were observed in the occurrence of postoperative
pancreatitis. Further analysis revealed statistical differences between Group A (ERCP group) and Group B (common bile
duct exploration group) (P < 0.016), while no statistical differences were observed between Group A (ERCP group) and
Group C (PTCD+ common bile duct exploration group), as well as between Group B (common bile duct exploration
group) and Group C (PTCD+ common bile duct exploration group) (P > 0.016) (refer to Tables 6). There were no
statistical differences in the healing of the incision after open surgery in the common bile duct exploration group and the
PTCD + common bile duct exploration group (P = 0.727) (refer toTable 7).

Table 5 Comparison of Intraoperative Bleeding and Postoperative Hospitalization Days in the Three Groups

Grouping Cases Intraoperative Postoperative

Bleeding (mL) Hospitalization Days (d)
ERCP group 110 5(5, 6) 3(2, 4.25)
Common bile duct exploration group 90 25(25, 35)* 11(7, 14)*
PTCD+common bile duct exploration group | 83 25(25, 35)* 6(5, 9)**

Notes: |.*P < 0.05 compared with ERCP group; 2.%P < 0.05 compared with common bile duct exploration group.

Table 6 Comparison of Postoperative Complications Among the Three Surgical Approaches

Grouping ERCP group | Common Bile Duct PTCD + Common Bile Duct | %2 P value
(n=110) Exploration Group (n = 90) | Exploration Group (n=83)

Bile leakage 0(0%) 2(2.2%) 1(1.2%) 2.305 0.285

Backflow of bile duct 3(2.7%) 1(1.1%) 0(0%) 2.098 0.391

Bile duct strictures 2(1.8%) 4(4.4%) 3(3.6%) 1.308 0.578

Postoperative pancreatitis 8(7.3%) 0%(0%) 1(1.2%) 8.754 0.005

Note: *P < 0.016 compared with the ERCP group.
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Table 7 Comparison of Incision Healing After Open Surgery in the Common Bile Duct Exploration Group and PTCD
+ Common Bile Duct Exploration Group

Grouping Grade A Grade B Grade C %2 P
Common bile duct exploration group 25(73.5%) 7(20.6%) 2(5.9%) 0.825 0.727
PTCD + common bile duct exploration group 27(81.8%) 5(15.2%) 1(3.0%)

Table 8 Comparison of the Incidence of Postoperative Residual Stones Among the Three Surgical Approaches

Grouping Residual Stones No Residual Stones %2 P
ERCP group 6(5.5%) 104(94.5) 0.390 0.937
Common bile duct exploration group 4(4.4%) 86(95.6%)

PTCD+common bile duct exploration group 3(3.6%) 80(96.4%)

Table 9 Comparison of the Incidence of Postoperative Stone Recurrence Among the Three Surgical Approaches

Grouping Stone Recurrence | No Stone Recurrence | %2 P
ERCP group 1(0.9%) 109(99.1%) 1.010 | 0.627
Common bile duct exploration group 2(2.2%) 88(97.8%)

PTCD + common bile duct exploration group | 2(2.4%) 81(97.6%)

Comparison of Postoperative Residual Stones and Stone Recurrence Within Three
Years Among the Three Surgical Approaches

In Group A (ERCP group), there were 6 cases of postoperative residual stones (5.5%). In Group B (common bile duct
exploration group), there were 4 cases of postoperative residual stones (4.4%), and in Group C (PTCD + common bile
duct exploration group), there were 3 cases of postoperative residual stones (3.6%). There were no statistical differences
(P = 0.937). For Group A (ERCP group), there was 1 case of stone recurrence after three years (0.9%). In Group
B (common bile duct exploration group), there were 2 cases of stone recurrence after three years (2.2%), and in Group
C (PTCD + common bile duct exploration group), there were 2 cases of stone recurrence after three years (2.4%). Again,
there were no statistical differences (P = 0.627) (refer to Table 8 and Table 9).

Discussion

Choledocholithiasis, a prevalent condition in China, is a common biliary system disorder.' Cholangitis, a frequent
complication of choledocholithiasis, typically manifests as acute cholangitis, with some patients presenting with acute
severe characterized by rapid progression and a high mortality rate associated with infectious shock. Promptly alleviating
the obstruction is crucial for the treatment of acute cholangitis. In the past, surgical intervention, particularly bile duct
exploration, was the primary approach for managing acute cholangitis.>* Sometimes, however, the patients often
recovered poorly and had a high mortality rate due to the age of some patients and the combination of various medical
diseases. Minimally invasive techniques, such as endoscopic retrograde cholangiopancreatography (ERCP) and percu-
taneous transhepatic cholangiodrainage (PTCD), have gained popularity as alternative treatment options. Each approach
offers distinct advantages. For example, ERCP is less invasive and simpler than surgery, allowing for stone removal,
obstruction relief, and improved drainage. Nevertheless, ERCP may be terminated in cases of poor patient cooperation or
failed intubation.”'' PTCD, on the other hand, provides effective jaundice reduction through simple drainage. It is a safe
and expedient procedure, particularly suitable for patients with compromised general health and multiple comorbidities.
However, PTCD does not address the underlying cause of obstruction, namely stone removal.'? The common bile duct
exploration is widely indicated and applied for a long time to remove the cause and usually drainage. Nonetheless, this
method is more complex than the previous two and entails a slower postoperative recovery process. Overall, the selection
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of the most appropriate treatment modality depends on individual patient characteristics, and each approach has its own
strengths and limitations.

In this study, we conducted a comprehensive analysis of clinical data from patients diagnosed with choledocholithia-
sis accompanied by cholangitis. We aimed to compare the treatment outcomes among three groups: the ERCP group, the
common bile duct exploration group, and the PTCD + common bile duct exploration group. The preoperative general
condition showed that the number of common bile duct stones and the diameter of the stones were statistically different
between the three groups, with most of the patients in the ERCP group having less than 2 stones and less than 15 nm in
diameter compared to the other two groups. Regarding the postoperative decrease in serum ALT, AST, GGT, and TBIL
levels, all three treatment methods exhibited effectiveness in improving liver function and reducing jaundice. No
statistically significant differences were observed between the three groups in the postoperative values of ALT and
TBIL. However, there were statistically significant differences in the postoperative GGT values among the three groups,
with the ERCP group showing superior performance compared to the other two groups. This difference can be attributed
to the T-tube drainage employed in the other two groups, which stimulated the bile ducts and resulted in a slower
decrease in GGT levels. In addition, we evaluated the impact of the three treatment methods on leukocyte count and
neutrophil percentage. The results suggested that all three treatment methods were effective in controlling infection. In
terms of leukocyte count, the differences between the three groups were not statistically significant. However, in terms of
neutrophil percentage, the ERCP group exhibited a statistically significant decrease after surgery compared to before
surgery. In contrast, no statistical differences were observed in the common bile duct exploration group and PTCD +
common bile duct exploration group. The slower recovery and greater trauma associated with the common bile duct
exploration group and PTCD + common bile duct exploration group likely contributed to the slower decrease in
neutrophil percentage. Notably, in the common bile duct exploration group, the neutrophil percentage of 12 patients
did not decrease at 3 days after surgery and was even higher than the preoperative levels.

The occurrence of common complications following ERCP include pancreatitis, bleeding, perforation, and infection.
Pancreatitis is the most prevalent complication with an incidence rate of approximately 9.7%."* In the ERCP group of this
study, postoperative pancreatitis occurred in 8 cases (7%), which is similar to the values reported in the literature.'*"’
Elevated amylase levels are commonly observed in patients post-surgery, and risk factors associated with pancreatitis
include repeated intubation procedures (>5 times), use of intra-pancreatic ductal contrast, papillotomy, papillary balloon
dilation, and suspected sphincter of Oddi dysfunction.'®?° Therefore, it is crucial to thoroughly evaluate the patient’s
medical history for risk factors of pancreatitis before surgery. During the procedure, efforts should be made to minimize
operative time, reduce the amount of contrast agent used, and limit the number of pancreatic duct insertions, while ensuring
satisfactory surgical outcomes. Routine monitoring of pancreatic enzyme changes is recommended post-surgery.

Bleeding is one of the most serious complications of ERCP, with an incidence of about 0.3%-2%.'%*! In this study, no
bleeding complications occurred. It can manifest as intraoperative or postoperative bleeding. Coagulation disorders, use
of anticoagulants before and within 3 days after ERCP and active cholangitis are considered risk factors for bleeding, and
intraoperative injury to blood vessels is also a common cause of bleeding.> % For patients with a high risk of bleeding, it
is advisable to avoid Oddi sphincterotomy whenever possible. In case of bleeding, priority is given to microscopic
hemostasis, which can be done with electrocoagulation, titanium clips, balloon compression, etc. If bleeding persists,
interventional or surgical treatment may be necessary. The incidence of perforation is approximately 0.08%-0.6%.%° In
this study, no complications of perforation occurred. And it is mainly due to improper operation, with abnormal local
anatomy, suspected sphincter of Oddi dysfunction, repeated intubation, prolonged operation, papillary sphincterotomy,
and balloon dilation being considered as risk factors for perforation.”’ >° Early detection of perforation followed by
conservative measures like fasting and anti-infection protocols can effectively manage most patients. However, severe
cases presenting with shock and diffuse peritonitis may require early surgical intervention. Infections are another
potential complication following ERCP, with acute biliary cholangitis being the most common, occurring at an incidence
of 0.5-3%.%'% In this study, acute biliary cholangitis pancreatitis occurred in 3 cases (2.7%), which is similar to the
values reported in the literature. Risk factors for infection include failure of bile duct drainage, residual postoperative
stones, and the use of contrast agents, which can contribute to cholangitis and duodenoscopy-related infections, although
such instances are infrequent. All patients exhibited improvement with conservative treatment. In this study, only one
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patient encountered a catheter insertion failure. Subsequently, the patient underwent laparoscopic common bile duct
exploration to remove the stone. The incidence of postoperative pancreatitis in the ERCP group in this study was
significantly higher than in the other two groups.

Complications commonly associated with PTCD include biliary tract infection, bleeding, bile leakage, and duct
obstruction. Biliary tract infection, as a common complication of PTCD, In this study, no complications of biliary tract
infection occurred, It can arise from biliary hypertension, lax aseptic practice, bile reflux, intestinal contents entering the
bile duct, and prolonged drainage.>> The duration of drainage is positively correlated with the likelihood of infection.*®
Preoperative antibiotics have been shown to reduce the incidence of infection.*” The incidence of biliary tract bleeding is
low, mostly due to injury to intrahepatic vessels during puncture and, in a few cases, due to abnormal coagulation, so it is
particularly important to choose a suitable puncture route. We believe that an ultrasound-guided puncture is significantly
safer than a blind puncture, avoiding large vessels and bleeding. Consequently, it is essential to evaluate the patient’s
coagulation function before surgery, exercise caution during the procedure, and closely monitor the patient postopera-
tively.Bile leakage is one of the complications of PTCD, one case of postoperative bile leakage (1.2%) occurred in the
PTCD + common bile duct exploration group, which are similar to the values reported in the literature.*® Bile leakage
often occurs due to catheter dislodgement or multiple punctures at the same site. In most cases, conservative treatment,
including fasting, anti-infection, nutrition enhancement, and symptomatic treatment.**** PTCD may also present with
pneumothorax and hemothorax, mostly due to poor selection of the puncture site. In this study, one case of postoperative
pancreatitis (1.2%). Notably, all patients experienced improvement following conservative treatment.

The common complications associated with common bile duct exploration + T-tube drainage include post-
operative infection, bleeding, and bile leakage.*' Common postoperative infections include cholangitis, incisional
infection, and pneumonia. In this study, 8 patients(8.8%) in the common bile duct exploration group and 6 patients
(7.2%) in the PTCD + common bile duct exploration group exhibited suboptimal incisional healing after surgery.
Among the common bile duct exploration group, one patient developed postoperative biliary leakage and infection,
leading to mortality due to severe infection causing multi-organ dysfunction 57 days after the procedure. However,
the remaining patients with postoperative infections showed improvement following conservative treatment. In our
study, of the 106 cases of laparoscopic Common Bile Duct exploration conducted in both the bile duct exploration
group and the PTCD + bile duct exploration group, 100 cases were successfully completed, yielding a success rate
of 94.3%. For patients in whom the procedure was unsuccessful, we conducted remedial open Common Bile Duct
exploration. And we conducted 67 cases of open Common Bile Duct exploration, of which 66 cases were
successfully completed, resulting in a success rate of 98.5%. Regarding the one unsuccessful case, we identified
bile duct injury during the surgery, and we underwent a bilioenterostomy.

Based on the findings of this study, we suggest that for patients with mild symptoms, good general condition, less
than 2 common bile duct stones, and stones less than 15 mm in diameter, ERCP can be preferred approach following
conservative treatment. This method is relatively less traumatic for patients, with faster postoperative recovery and
shorter hospitalization duration. However, it is worth noting that postoperative pancreatitis is more likely with this
approach. For patients who face challenges with ERCP but are in good general condition and can tolerate the surgery,
direct common bile duct exploration + T-tube drainage can be considered. In cases of acute onset, severe disease, poor
general condition, and multiple combined medical diseases, we recommend initiating PTCD for bile ducts drainage while
simultaneously administering conservative treatment. Subsequent surgery should be performed once the patient’s general
condition improves. This approach aims to enhance surgical success rates, minimize the need for secondary surgeries,
and reduce postoperative complications. Considering that most patients with PTCD have heavy inflammation and stones
which are not easily treated, ERCP is typically not selected following PTCD.

Conclusions

1. For patients with fewer and smaller common bile duct stones and milder symptoms, it is recommended to primarily
choose endoscopic retrograde cholangiopancreatography (ERCP), endoscopic sphincterotomy (EST), and endoscopic
nasobiliary drainage (ENBD), it procedures offer quicker recovery and cause minimal trauma.
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2. For patients with numerous, larger common bile duct stones but stable conditions, bile duct exploration is recom-

mended. Meanwhile, for patients with severe conditions and significant inflammation, PTCD and common bile duct

exploration are advised.
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