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Abstract
Background. Acute cholecystitis (AC) is a common biliary disorder, most often caused by gallstones 
obstructing the cystic duct and leading to gallbladder inflammation.

Objectives. This study aimed to compare the therapeutic efficacy and complication rates of laparoscopic 
cholecystectomy (LC) performed using the Calot’s triangle approach vs traditional LC techniques in the treat-
ment of AC.

Materials and methods. A retrospective analysis was conducted on 120 patients diagnosed with AC, 
with 60 patients undergoing LC using the Calot’s triangle approach (study group) and 60 patients treated 
with traditional LC techniques (control group). Surgical parameters, including operation time, intraopera-
tive hemorrhage, postoperative recovery times, and 30-day postoperative complications were recorded. 
Intraoperative adhesion formation was evaluated through direct visualization and graded based on severity. 
Postoperative pain was assessed using the visual analogue scale (VAS).

Results. There was no statistically significant difference in the baseline characteristics between the 2 groups, 
confirming their comparability. The study group (Calot’s triangle approach) demonstrated significantly 
shorter average operation time, postoperative exhaust time, and diet recovery time compared to the control 
group. Additionally, patients in the study group had significantly lower intraoperative bleeding, lower VAS 
pain scores at 24 h and 72 h postoperatively, and a lower overall complication rate compared to the control 
group (p < 0.05).

Conclusions. The LC Calot’s triangle approach demonstrated shorter operation times and lower rates 
of certain complications compared with traditional LC techniques. However, the absence of statistically 
significant differences in some key outcomes highlights the need for further research to fully evaluate its 
clinical advantages and long-term benefits.
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Background

Acute cholecystitis (AC) is a common biliary disorder 
that typically results from obstruction or inflammation 
of the gallbladder caused by gallstones.1 Patients com-
monly present with severe upper abdominal pain, nausea, 
vomiting, and fever. Without prompt intervention, AC may 
lead to serious complications, such as gallbladder perfora-
tion, abscess formation, or even pancreatitis.2 Therefore, 
timely and effective treatment is essential for preserving 
the health and preventing disease progression in patients 
with AC.

Laparoscopic surgery is a minimally invasive surgical 
technique performed through small incisions located 
in the abdomen. Compared with traditional open surgery, 
laparoscopic surgery offers several advantages, including 
reduced tissue trauma, faster postoperative recovery, and 
fewer complications.3 Laparoscopic cholecystectomy (LC) 
has been widely recognized as the standard treatment for 
AC. However, the selection of an appropriate surgical ap-
proach is critical to the success of the surgical procedure 
and the recovery of patients. Various surgical techniques 
are available for LC, including the conventional approach 
and the Calot-based approach (termed as Calot-guided 
LC in our present study).4,5 Conventional LC techniques 
generally include the 4-port,6, 3-port7 and transumbilical 
single-port approaches.8

A comprehensive review of the literature on the effi-
cacy and complications associated with the Calot-guided 
LC compared to conventional LC techniques, particularly 
in the context of AC, reveals distinct advantages and dis-
advantages for each method. Calot-guided LC enhances 
visualization of the cystic duct and artery, thereby reduc-
ing the risk of bile duct injuries.9 Additionally, this ap-
proach decreases the need for conversion to open surgery 
by enabling more accurate anatomical identification and 
facilitating early recognition of anatomical variations that 
are crucial in preventing complications.10 In contrast, con-
ventional LC techniques benefit from greater familiarity 
and extensive clinical experience among surgeons, which 
may contribute to lower complication rates and shorter 
operative times, as they typically require less meticulous 
dissection compared with the Calot-guided approach.10 

However, despite improved visualization, Calot’s triangle-
guided LC still carries a risk of bile duct injuries, particu-
larly in cases with significant inflammation or fibrosis, and 
may be associated with higher postoperative complication 
rates, such as bile leakage and infection, due to the com-
plexity of the dissection.10

Conventional LC techniques also present a notable risk 
of bile duct injury and may result in a higher likelihood 
of conversion to open surgery when anatomical structures 
are difficult to identify.10 Notably, early LC (ELC) is gen-
erally recognized as the optimal treatment for AC, with 
Calot-guided LC offering particular advantages in this 
setting due to its superior anatomical identification and 
reduced risk of bile duct injuries.10,11 Moreover, perform-
ing ELC within 24 h of presentation is associated with 
lower complication rates compared to delayed surgery.11 
Overall, the surgeon’s experience should guide the selec-
tion of  surgical approach, the  patient’s condition, and 
the presence of inflammation or anatomical anomalies. 
Nonetheless, ELC remains the preferred treatment for AC, 
and the Calot-guided method may provide better intraop-
erative visualization and potentially fewer complications.

The LC Calot’s triangle approach is a  relatively new 
approach for LC, which emphasizes the delicate dissec-
tion and protection of the LC Calot’s triangle structure 
to reduce complications such as common bile duct injury 
and thereby enhance surgical safety and success rates.12 
However, most of the current clinical studies have focused 
on  the  clinical outcomes of  different Calot-based ap-
proaches or the comparison of outcomes between previous 
conventional LC techniques (such as the 3-port approach 
and 4-port approach). Fewer studies have been conducted 
on the comparison of conventional LC techniques and 
the Calot-guided LC. 

Objectives

This study aimed to compare the efficacy and compli-
cation rate of conventional LC techniques and the Calot’s 
triangle approach in the treatment of AC, with the goal 
of maximizing surgical success rates and improving post-
operative recovery outcomes.

Highlights
•	 Laparoscopic Calot’s triangle approach outperforms traditional laparoscopic cholecystectomy (LC) in acute cho-

lecystitis by directly targeting critical anatomy for safer dissection.
•	 Calot’s triangle technique cuts operative and recovery times significantly compared to standard LC methods.
•	 Lower rates of bile duct injuries and hemobilia are seen with the Calot’s triangle LC approach, enhancing patient 

safety.
•	 Calot’s triangle-guided LC improves surgical outcomes and accelerates recovery for acute cholecystitis patients.



Adv Clin Exp Med. 2026 3

Materials and methods

General information

A single-center retrospective study protocol was con-
ducted, enrolling patients diagnosed with AC who under-
went elective cholecystectomy at the First People’s Hospi-
tal of Wuhu (China) between December 2021 and October 
2022. Patients were assigned to 2 groups. The study group 
was treated using a Calot-guided LC technique, which em-
phasized precise dissection within the anatomical land-
marks of Calot’s triangle to minimize the risk of injury to vi-
tal structures. The control group underwent conventional 
LC, which involved broader anatomical exposure without 
the targeted precision of the Calot-based technique. Group 
allocation was determined based on factors such as ana-
tomical complexity and disease severity, allowing surgeons 
to select the most appropriate technique for each patient 
to optimize operative safety and outcomes. In this study, 
the Calot-based approach was defined as a laparoscopic 
technique focused on the precise identification and dissec-
tion of the anatomical structures within LC Calot’s triangle, 
namely the cystic duct, cystic artery and common bile duct, 
to minimize the risk of injuries and complications during 
LC. In contrast, conventional LC included established meth-
ods such as the 3-port and 4-port techniques, which priori-
tized general exposure of the gallbladder and adjacent tissues 
without specific attention to detailed anatomical structures.

Based on a literature review, the postoperative visual ana-
logue scale (VAS) score in the control group was 3.32 ±0.59, 
and it was expected to decrease by 1.22 in the study group; 
both of them had a similar standard deviation (SD). Ad-
ditionally, α = 0.05 (two-sided) and 90% power were set. 
According to  the  formula for calculating sample size 
[N = (Zα/2 + Zβ)2 × (p1(1–p1) + p2(1–p2))/δ2], the sample 
size was calculated to be 90 cases. To account for a pro-
jected 15% loss to follow-up, a total of 120 patients were 
enrolled, with 60 in each group.

This study received approval from the Ethics Commit-
tee of the First People’s Hospital of Wuhu (approval No. 
YYLL20230051), and patient privacy was strictly main-
tained to ensure data confidentiality and security. Prior in-
formed consent was obtained from all participating patients 
and their families. The research team collected relevant 
clinical and laboratory data from all patients while ensur-
ing the anonymization and confidentiality of all included 
cases. Data collection encompassed a range of parameters, 
including sex, age, disease duration, family history, comor-
bidities, gallbladder wall thickness, type of disease (simple, 
gangrenous, or suppurative), and routine blood parameters.

Inclusion and exclusion criteria

Cases were selected for inclusion based on the following 
criteria: 1) Patients with physical examination findings and 
imaging results that fulfilled the diagnostic criteria for AC, 

including those with acute attacks of chronic cholecysti-
tis13; 2) Patients who required surgical intervention and 
met the clinical indications for LC following a thorough 
clinical evaluation14; 3) Only those with complete clinical 
data were considered for inclusion to ensure comprehen-
sive analysis and reporting.14

Patients were excluded from the study based on the fol-
lowing criteria: 1) Patients who developed serious compli-
cations, such as gallbladder perforation, abscess formation 
or pancreatitis; 2) Patients with a history of open surgery 
that might have impacted the surgical approach or out-
comes; 3) Patients with significant comorbidities, including 
severe cardiovascular disease, respiratory disease, ma-
lignant tumors, or immune system disorders; 4) Patients 
deemed suitable for LC but were intolerant to anesthesia; 
5) Patients with a history of mental disorders or those who 
demonstrated poor compliance; 6) Patients with incom-
plete or  insufficient clinical information that hindered 
a definitive diagnosis of AC or those deemed inappropriate 
for enrollment by other research teams.

Surgical techniques

Study group (LC Calot’s triangle approach)

For the Calot-guided LC approach, 1 key criterion was 
the anatomical consideration, which included the presence 
of clear visualization of the Calot’s triangle. This technique 
was typically favored in patients with identifiable anatomi-
cal landmarks in this region, allowing for safe dissection. 
Additionally, patients were required to have minimal or no 
prior surgical history that could lead to significant adhe-
sions around the gallbladder or surrounding structures. 
The type and severity of AC also influenced the selec-
tion process. Patients presenting with uncomplicated AC, 
where the risk of biliary injury was lower, were often con-
sidered ideal candidates.

In the study group, LC was performed using the Calot’s 
triangle approach, which focused on the precise identifi-
cation and dissection of the anatomical structures within 
the Calot’s triangle, specifically the cystic duct, cystic artery 
and common bile duct, to minimize the risk of injury to vital 
structures and reduce the incidence of intraoperative com-
plications. Briefly, patients were placed in the supine posi-
tion and underwent general anesthesia with endotracheal 
intubation. After routine disinfection and surgical drap-
ing, the surgical field was fully exposed. A 1-cm transverse 
incision was made at the lower edge of the umbilicus, and 
a pneumoperitoneum needle was inserted to establish pneu-
moperitoneum via CO2 insufflation, with abdominal pres-
sure maintained at 12–14 mm Hg (1 mm Hg = 0.133 kPa). 
The pneumoperitoneum needle was then removed, and 
a 10 mm trocar was inserted for the laparoscope.

A second 1-cm transverse incision was created 1 cm below 
the xiphoid process to insert a 10-mm trocar, through which 
an electrocautery hook was introduced. Additionally, a 5-mm 
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incision was made along the midclavicular line, 1 cm below 
the costal margin, and a 5-mm trocar was inserted to serve 
as the operation hole for a grasper. If severe adhesions were 
encountered, a 5-mm incision was established at the right 
anterior axillary line to function as a 4th port. Under laparo-
scopic visualization, the size of the gallbladder and its rela-
tionship with surrounding tissues were assessed. Adhesions 
were separated using a suction device, and Calot’s triangle, 
along with the porta hepatis, were carefully dissected.

The serous layer of Calot’s triangle was opened, followed 
by meticulous dissection of the cystic artery first, and then 
the cystic duct was identified. Once the anatomical relation-
ship among the cystic artery, cystic duct, common bile duct, 
and common hepatic duct was confirmed, the cystic artery 
was prioritized for transection. After secondary confirma-
tion of both the cystic artery and cystic duct, the cystic duct 
was subsequently clipped and transected. The gallbladder 
was excised and removed through the incision below the xi-
phoid process. Upon completion of the procedure, CO2 was 
released from the abdominal cavity, and all incisions were 
closed with routine suturing techniques. The emphasis 
on precise dissection and preservation of anatomical struc-
tures within Calot’s triangle differentiates this approach 
from more generalized dissection techniques.

Control group (conventional LC techniques)

The conventional LC techniques were selected based 
on specific clinical criteria. Anatomical challenges were 
a key consideration; for example, patients with a history 
of prior abdominal surgery or significant intra-abdominal 
scarring were more likely to require traditional approaches 
that provide broader surgical exposure. Additionally, pa-
tients suffering from severe or complicated AC, such as those 
with perforation or abscess formation, often necessitated 
the generalized exposure provided by traditional methods.

In the control group, LC was performed using conven-
tional LC techniques, including both the 3-port and 4-port 
techniques. Unlike the LC Calot’s triangle approach, these 
conventional LC techniques prioritized general exposure 
of the gallbladder and surrounding tissues without a spe-
cific focus on the precise dissection of Calot’s triangle 
structures. The patients were positioned supine, and gen-
eral anesthesia with endotracheal intubation was admin-
istered. Once a satisfactory level of muscle relaxation was 
achieved, an artificial pneumoperitoneum was established 
using the subumbilical closed technique, with an abdomi-
nal pressure maintained between 1.3 kPa and 2.0 kPa. Lap-
aroscopic cholecystectomy was conducted through either 
the 3-port or 4-port approach, depending on the surgeon’s 
assessment of the case. For the 3-port approach, a 10-mm 
trocar was inserted at the lower margin of the umbili-
cus for the laparoscope, while 2 additional 5-mm ports 
were placed – 1 below the xiphoid process and the other 
at  the  intersection of  the  right midclavicular line and 
the costal margin. For the 4-port approach, an additional 

5-mm port was inserted 5 mm below the right anterior 
axillary line to assist in cases of severe adhesions.

During the procedure, the gallbladder was elevated, and 
general dissection was performed to expose the cystic duct 
and cystic artery. These structures were subsequently 
clipped and transected with Hem-o-lok clips. The gall-
bladder was then detached from the liver bed and retrieved 
through the umbilical incision. Hemostasis was secured, 
and routine subhepatic drainage was performed when indi-
cated. Although conventional LC techniques also required 
identification of the cystic duct and cystic artery, they did 
not prioritize the same degree of precision in the dissec-
tion and preservation of Calot’s triangle structures as was 
applied in the study group.

Observation indicators

Both groups received identical pre- and postoperative 
care. The following parameters were recorded for com- 
parative analysis: operation time, intraoperative hemor- 
rhage, conversion to open cholecystectomy, time to first 
postoperative flatus, time to diet resumption, postopera- 
tive length of stay, and 30-day postoperative complications.

Pain was evaluated using the VAS, where higher scores 
indicated more severe pain. The VAS scores were com-
pared preoperatively and at 24 h and 72 h postoperatively.

The incidence of 30-day postoperative complications, 
including biliary leakage, hemobilia, bile duct injury, in-
testinal adhesion, and incision infection, was recorded.

Statistical analyses

Data analysis was conducted using IBM SPSS v. 22.0 
(IBM Corp., Armonk, USA). The normality of continu-
ous variables was assessed by the Shapiro–Wilk test. Data 
that conformed to a normal distribution were expressed 
as mean ±SD, and differences between the 2 groups were 
analyzed using the independent samples Student’s t-test. 
Data that did not follow a normal distribution were pre-
sented as median with interquartile range (IQR; M (25%, 
75%)), and differences between the 2 groups were analyzed 
using the Mann–Whitney U test. Differences among 3 
or more related samples were analyzed using Friedman’s 
test for nonparametric repeated measures. Categorical 
data were reported as counts and percentages (n (%)) and 
statistically analyzed using Pearson’s χ2 test of indepen-
dence with Yates’s continuity correction. The significance 
level was set at p < 0.05 to establish statistical significance.

Results

Comparison of baseline data

A total of 120 patients with AC were included in this 
study. All patients were randomly divided into 2 groups and 
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underwent LC using either the Calot-guided LC technique 
or conventional LC techniques. Results from the Shapiro–
Wilk test assessing the normality of continuous variables 
are shown in Supplementary Table 1. The baseline char-
acteristics of both groups are presented in Table 1. No 
statistically significant differences were found between 
groups in terms of sex, age, disease duration, family history, 
comorbidities, type of disease, gallbladder wall thickness, 
white blood cell count, hemoglobin, and platelet count 
(Pearson’s χ2 test/Mann–Whitney U  test/independent 
samples Student’s t-test: p > 0.05), indicating comparabil-
ity for subsequent analyses.

Comparison of surgery status

The surgical status of the 2 groups is shown in Table 2. 
The results of whether the continuous variables conformed 
to a normal distribution were shown in Supplementary 

Table 2. Compared with conventional LC, the Calot-guided 
technique was associated with significantly shorter opera-
tion time, reduced intraoperative blood loss and earlier 
postoperative recovery, including shorter times to first 
flatus and diet resumption (Mann–Whitney U test/inde-
pendent samples Student’s t-test: p < 0.001). At the 30-day 
follow-up, the LC Calot’s triangle approach had 3 readmis-
sions (5.0%, 3/60), whereas the conventional LC techniques 
had 6 (10.0%, 6/60). There were no significant differences 
in readmission rates (Pearson’s χ2 test of  independence 
with Yates’s continuity correction: p = 0.488), conver-
sion to open cholecystectomy (Pearson’s χ2 test of inde-
pendence with Yates’s continuity correction: p > 0.999), 
and postoperative length of stay (Mann–Whitney U test: 
p = 0.351) between the groups. Overall, the Calot-guided 
LC demonstrated improved surgical outcomes, includ-
ing reduced operation times and postoperative recovery 
metrics, without significant differences in readmission 

Table 1. Comparison of baseline data between the 2 groups

Variable Study group (n = 60) Control group (n = 60) df χ2/t/Z p-value

Sex, n (%)
male 35 (58.3) 39 (65.0)

1 0.564 0.453
female 25 (41.7) 21 (35.0)

Age [years] 51.00 (34.50, 59.00) 50.00 (41.25,64.90) – −0.037 0.971

Disease duration [years] 4.50 (4.00, 5.00) 4.50 (4.00, 5.00) – −0.252 0.801

Family history, n (%)
no 47 (78.3) 44 (73.3)

1 0.409 0.522
yes 13 (21.7) 16 (26.7)

Comorbidities, n (%)
no 29 (48.3) 33 (55.0)

1 0.534 0.465
yes 31 (51.7) 27 (45.0)

Type of disease, n (%)

simple 28 (46.7) 26 (43.3)

2 0.622 0.733gangrenous 11 (18.3) 9 (15.0)

suppurative 21 (35.0) 25 (41.7)

Gallbladder wall thickness [mm] 3.46 ±0.45 3.47 ±0.51 118 −0.146 0.884

White blood cell count [109/L] 12.79 ±3.57 12.50 ±3.36 118 0.464 0.644

Hemoglobin [g/L] 98.18 ±8.54 96.56 ±7.80 118 1.079 0.283

Platelet count [109/L] 154.61 ±15.51 158.66 ±14.26 118 −1.490 0.139

Data were expressed as n (%) or median (25%, 75%) or mean ± standard deviation; df – degrees of freedom.

Table 2. Comparison of surgery status in the 2 groups of patients

Variable Study group
(n = 60) Control group (n = 60) df χ2/t/Z p-value

Operation time [min] 56.42 ±16.01 74.15 ±14.23 118 6.413 <0.001

Intraoperative hemorrhage [mL] 36.30 ±5.23 63.47 ±7.78 118 −22.455 <0.001

Postoperative exhaust time [h] 21.49 ±3.29 32.46 ±3.62 118 −17.391 <0.001

Diet recovery time [days] 4.00 (3.00, 5.00) 7.00 (6.00, 8.00) – −9.010 <0.001

Readmission, n (%)
yes 57 (95.0) 54 (90.0)

1 0.480 0.488
no 3 (5.0) 6 (10.0)

Conversion to open 
cholecystectomy, n (%)

yes 60 (100) 59 (98.3)
1 – >0.999

no 0 (0) 1 (1.7)

Postoperative length of stay [days] 4.00 (3.00, 5.00) 4.00 (3.00, 5.00) – −0.952 0.341

Data were expressed as n (%) or median (25%, 75%) or mean ± standard deviation; df – degrees of freedom.
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rates or conversion to open surgery compared to the con-
ventional LC techniques.

Comparison of pain scores before and 
after surgery

Pre- and postoperative pains were evaluated using 
the VAS, with higher scores indicating more severe pain. 
Normality analysis revealed that pre- and postoperative 
VAS scores in both groups were non-normally distributed 
(Supplementary Table 3). Therefore, the Friedman test 
was employed for statistical analysis. Patients in the study 
group experienced significantly greater pain relief at both 
24 h and 72 h postoperatively (degrees of freedom (df) = 2, 
Z = 187.995, p < 0.001) (Table 3), suggesting improved post-
operative pain control in this group.

Comparison of postoperative 
complications

The incidence of biliary leakage and incision infection 
was slightly lower in the Calot-based approach (1 case and 
2 cases, respectively) than in the conventional LC tech-
niques (2 cases and 3 cases, respectively), although this 
difference was not statistically significant (Pearson’s χ2 test 
of independence with Yates’s continuity correction: df = 1, 
p > 0.999). In contrast, subjects receiving Calot-guided LC 
exhibited a significantly lower incidence of hemobilia (0% 
vs 11.7%, Pearson’s χ2 test of independence with Yates’s 
continuity correction: df = 1, p = 0.019), bile duct injury 
(1.7% vs 15%, Pearson’s χ2 test of independence with Yates’s 
continuity correction: df = 1, p = 0.008) and intestinal ad-
hesion (0% vs 10%, Pearson’s χ2 test of independence with 
Yates’s continuity correction: df = 1, p = 0.036). The com-
plication rate was significantly lower in the study group 
(6.7%) compared to the conventional LC group (26.7%) 

(Pearson’s χ2 test of independence with Yates’s continuity 
correction: df = 1, p = 0.003) (Table 4). These findings sug-
gested that the LC Calot’s triangle approach may reduce 
the risk of postoperative complications, underscoring its 
potential advantages in terms of surgical safety and clini-
cal efficacy.

Discussion

This study demonstrated that, compared with con-
ventional LC techniques, the Calot-guided approach 
significantly improved key surgical outcomes, including 
shorter operative time, faster postoperative recovery du-
ration, and a reduced incidence of specific complications 
such as bile duct injuries and hemobilia. Although no 
statistically significant differences were found in post-
operative hospital stay or conversion rates to open sur-
gery, these findings indicated that Calot’s triangle ap-
proach might offer unique benefits in enhancing surgical 
safety and recovery for patients with AC. These benefits 
are especially evident in cases with minimal inflam-
mation and clearly identifiable anatomical structures, 
highlighting the potential of Calot’s triangle approach 
in supporting individualized treatment choices in clini-
cal practice.

Acute cholecystitis is a common cause of abdominal 
emergencies, with LC being the standard of care. While 
conventional LC techniques – including the 4-port, 3-port 
and single-port methods – have been widely adopted, each 
comes with its own set of  limitations. For example, al-
though the 3-port method reduces the number of incisions, 
it still requires multiple entries, which can increase post-
operative discomfort and visible scarring.15,16 In contrast, 
the Calot-guided LC emphasizes precise dissection within 
Calot’s triangle, facilitating safer identification of vital 

Table 4. Comparison of postoperative complications in the 2 groups of patients

Variable Study group
(n = 60)

Control group
(n = 60) df χ2 p-value

Biliary leakage (%) 1 (1.7) 2 (3.3) 1 0.000 >0.999

Incision infection (%) 2 (3.3) 3 (5.0) 1 0.000 >0.999

Hemobilia (%) 0 (0) 7 (11.7) 1 5.461 0.019

Bile duct injury (%) 1 (1.7) 9 (15.0) 1 6.982 0.008

Intestinal adhesion (%) 0 (0) 6 (10.0) 1 4.386 0.036

Total incidence (%) 4 (6.7) 16 (26.7) 1 8.640 0.003

Data were expressed as n (%); df – degrees of freedom.

Table 3. Comparison of pain scores before and after surgery in the 2 groups of patients

Groups n Before surgery 24 h after surgery 72 h after surgery df Z p-value

Study group 60 6 (5, 7) 4 (3, 5) 2 (2, 3)
2 187.995 <0.001

Control group 60 6 (5, 7) 5 (4, 6) 3 (3, 4)

Data were expressed as median (25%, 75%); df – degrees of freedom.
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anatomical structures, including the cystic artery, com-
mon bile duct and common hepatic artery.17 Compared 
with conventional LC techniques, the Calot-guided LC 
emphasizes meticulous anatomical precision, potentially 
reducing intraoperative complications and improving pa-
tient outcomes.

Our findings align with previous research. Al-Rekabi 
et al.14 demonstrated that isolating and clipping the cystic 
artery outside Calot’s triangle minimized stapler-related 
injuries and improved bleeding control. Additionally, 
studies by Fateh et al. confirmed the benefits of Calot’s 
triangle approach in reducing risks such as bile duct in-
jury due to  its emphasis on precise anatomical dissec-
tion.18,19 However, unlike previous studies, our findings 
showed no statistically significant differences in con-
version rates to open surgery or postoperative length 
of stay. These discrepancies may stem from variations 
in patient characteristics or  the surgeon’s level of ex-
perience. Furthermore, the Calot-guided approach may 
reduce the risk of gastrointestinal paralysis and bowel 
distension after surgery, thereby supporting faster res-
toration of  intestinal function.20 In addition, the over-
all incidence of complications was significantly lower 
in the study group compared to the control group in this 
study. A surgical strategy using the LC Calot’s triangle 
approach emphasizes the fine dissection and protection 
of  the structures surrounding the gallbladder, includ-
ing the gallbladder artery and the common bile duct. 
As a result, the risk of postoperative complications such 
as bleeding and biliary leakage and consequent readmis-
sion can be reduced.21 Cholecystitis and surgical trauma 
can trigger inflammatory and immune responses. Com-
pared with conventional techniques, the Calot-based 
strategy may minimize tissue injury and allow for more 
refined dissection, thus attenuating inf lammation, 
edema and associated complications.22 Additionally, pa-
tients in the study group experienced significantly greater 
pain relief at both 24 h and 72 h after surgery, suggesting 
the advantages of the Calot-guided LC in postoperative 
pain management.

The lack of statistically significant differences in certain 
outcomes warrants further consideration. First, it is es-
sential to determine whether the study was adequately 
powered to  detect clinically meaningful differences, 
particularly in rare events such as conversion to open 
surgery. A post hoc power analysis based on the observed 
effect sizes could clarify whether the sample size was 
sufficient. Furthermore, while the benefits of the Calot-
guided approach are evident in several aspects, its broader 
clinical impact should be interpreted in the context of ex-
isting literature and variability in practice. Comparison 
with previous studies evaluating alternative surgical 
techniques may offer valuable insights into the relative 
efficacy and safety of  the Calot-guided LC approach, 
thereby supporting evidence-based clinical decision-
making. Additionally, the challenges in patient selection 

and surgical execution inherent to each method might 
influence outcomes and warrant further exploration 
in future research.

Limitations

While our study aimed to demonstrate differences be-
tween Calot’s triangle approach and conventional LC tech-
niques in treating AC, it is essential to evaluate whether 
the study had sufficient statistical power to detect these 
differences across all measured outcomes. The initial sam-
ple size calculation was based on anticipated differences 
in postoperative pain scores between the 2 groups. However, 
for secondary outcomes such as conversion rates to open 
surgery and incidence of specific complications, the sam-
ple size may have been insufficient to identify smaller yet 
clinically significant effects. Conducting a post hoc power 
analysis could elucidate the potential limitations related 
to statistical power. Moreover, future studies with larger 
sample sizes are warranted to validate the observed trends 
with greater confidence. In addition, this study is subject 
to several inherent limitations, including its single-center 
setting, retrospective design, and lack of stratification based 
on surgeon experience. To comprehensively assess the rela-
tive efficacy and safety of these surgical approaches, future 
research should employ multicenter, prospective designs 
with standardized assessments of operator proficiency.

Conclusions

The findings of this study suggest that the LC Calot’s tri-
angle approach may provide significant benefits over con-
ventional LC techniques, particularly in reducing operation 
time, expediting postoperative recovery, and minimizing 
specific complications like bile duct injuries and hemobilia. 
However, no statistically significant differences were ob-
served in the conversion to open surgery, length of hospital 
stay or overall complication rates. These findings suggest that 
while the Calot-guided LC has distinct advantages, its broader 
clinical impact may vary based on surgeon experience and 
patient selection criteria. Further multicenter, prospective 
studies are needed to fully validate these findings and better 
assess the role of Calot’s triangle approach in managing AC.

Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.15381600. The package includes 
the following files:

Supplementary Table 1. The results of the normality test 
of baseline data.

Supplementary Table 2. The results of the normality test 
of surgery status.

Supplementary Table 3. The results of the normality test 
of pain scores.
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