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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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Highlights

safety.

« 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

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

Background

Acute cholecystitis (AC) is a common biliary disorder
that typically results from obstruction or inflammation
of the gallbladder caused by gallstones.! 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.? 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.? 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).** Conventional LC techniques
generally include the 4-port,%, 3-port” and transumbilical
single-port approaches.®

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.” 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.!® 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.!®

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.?

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.'® 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.!®!! Moreover, perform-
ing ELC within 24 h of presentation is associated with
lower complication rates compared to delayed surgery.!!
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.!?
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.
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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, a = 0.05 (two-sided) and 90% power were set.
According to the formula for calculating sample size
[N = (Za/2 + ZB)* x (p1(1-pl) + p2(1-p2))/&?], 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-
tis'3; 2) Patients who required surgical intervention and
met the clinical indications for LC following a thorough
clinical evaluation'?; 3) Only those with complete clinical
data were considered for inclusion to ensure comprehen-
sive analysis and reporting.!*

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 CO, 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



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 4% 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, CO, 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
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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 x? 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 x* 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 1. Comparison of baseline data between the 2 groups

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 x? test of independence
with Yates’s continuity correction: p = 0.488), conver-
sion to open cholecystectomy (Pearson’s x* 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

Variable Study group (n = 60)
male 35(58.3)
Sex, n (%)
female 25(41.7)
Age [years] 51.00 (34.50, 59.00)
Disease duration [years] 4.50 (4.00, 5.00)
no 47 (78.3)
Family history, n (%)
yes 13(21.7)
no 29 (48.3)
Comorbidities, n (%)
yes 31(51.7)
simple 28 (46.7)
Type of disease, n (%) gangrenous 11(18.3)
suppurative 21(35.0)
Gallbladder wall thickness [mm] 346 £045
White blood cell count [10%/L] 12.79 +3.57
Hemoglobin [g/L] 08.18 +8.54
Platelet count [10%/L] 154.61 +15.51

Control group (n = 60) | X/t/Z
39 (65.0)
1 0.564 0453
21(35.0)
50.00 (41.25,64.90) - —0.037 0.971
4.50 (4.00, 5.00) - —0.252 0.801
44 (73.3)
1 0.409 0522
16 (26.7)
33 (55.0)
1 0.534 0.465
27 (45.0)
26 (43.3)
9(15.0) 2 0.622 0.733
25(41.7)
347 +0.51 118 —0.146 0.884
12.50 +3.36 118 0.464 0.644
96.56 £7.80 118 1.079 0.283
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

Study group

Variable (n = 60)

Control group (n = 60)

Operation time [min] 5642 £16.01
Intraoperative hemorrhage [mL] 36.30 +5.23
Postoperative exhaust time [h] 2149 +£3.29
Diet recovery time [days] 4,00 (3.00, 5.00)

yes 57 (95.0)
Readmission, n (%)

no 3(5.0)
Conversion to open yes 60 (100)
cholecystectomy, n (%) no 0(0)
Postoperative length of stay [days] 4,00 (3.00, 5.00)

74.15£14.23 118 6413 <0.001
6347 +7.78 118 —22.455 <0.001
3246 £3.62 118 —17.391 <0.001
7.00 (6.00, 8.00) - -9.010 <0.001

54 (90.0)
1 0.480 0.488

6(10.0)

59 (98.3)
1 - >0.999

101.7)

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.



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 x* 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 x? test of independence with Yates’s
continuity correction: df = 1, p = 0.019), bile duct injury
(1.7% vs 15%, Pearson’s x? test of independence with Yates’s
continuity correction: df = 1, p = 0.008) and intestinal ad-
hesion (0% vs 10%, Pearson’s X2 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%)
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(Pearson’s x? 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.!>!¢ In contrast,
the Calot-guided LC emphasizes precise dissection within
Calot’s triangle, facilitating safer identification of vital

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

Before surgery | 24 h after surgery 72 h after surgery | df |
Study group 60 6(5,7) 43,5) 2(2,3)
2 187.995 <0.001
Control group 60 6(57) 5(4,6) 33,4

Data were expressed as median (25%, 75%); df — degrees of freedom.

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

Control group

Variable Stlzgiggoo)up
Biliary leakage (%) 1(1.7)
Incision infection (%) 2(3.3)
Hemobilia (%) 0 (0)
Bile duct injury (%) 1(1.7)
Intestinal adhesion (%) 0 (0)
Total incidence (%) 4(6.7)

(n=60)
2(33) 1 0.000 >0.999
3(5.0) 1 0.000 >0.999
7(11.7) 1 5461 0.019
9(15.0) 1 6.982 0.008
6(10.0) 1 4.386 0.036
16 (26.7) 1 8.640 0.003

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



Adv Clin Exp Med. 2026

anatomical structures, including the cystic artery, com-
mon bile duct and common hepatic artery.l” 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.'* 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.!# 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.?’ 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.?! 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 inflammation,
edema and associated complications.?? 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.
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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.


https://doi.org/10.5281/zenodo.15381600
https://doi.org/10.5281/zenodo.15381600

Consent for publication

Not applicable.

Use of Al and Al-assisted technologies

Not applicable.

ORCID iDs

Qiang Wu
Yin Fang
Lei Wang
Hao Wu
Lai-zhi Yang

https://orcid.org/0000-0003-3856-7945
https://orcid.org/0009-0008-0774-5925
https://orcid.org/0009-0007-9558-5150
https://orcid.org/0009-0003-2078-9686
https://orcid.org/0009-0002-9558-7694

References

1.

Kurihara H, Binda C, Cimino MM, Manta R, Manfredi G, Anderloni A.
Acute cholecystitis: Which flow-chart for the most appropriate man-
agement? Digest Liver Dis. 2023;55(9):1169-1177. doi:10.1016/j.dId.
2023.02.005

Jacoby H, Rayman S, Oliphant U, et al. Current operative approach-
es to the diseased gallbladder: Diagnosis and management updates
for general surgeons. Am Surg. 2024;90(1):122-129. doi:10.1177/000
31348231198107

EISherbiney M, Khawaja A, Noureldin K, Issa M, Varma A. Single
incision laparoscopy versus conventional multiport laparosco-
py for colorectal surgery: A systematic review and meta-analysis.
Ann R Coll Surg Engl. 2023;105(8):709-720. doi:10.1308/rcsann.2022.0132
Timerbulatov MV, Grishina EE, Aitova LR, Aziev MM. Modern principles
of safety in laparoscopic cholecystectomy [in Russian]. Khirurgiia (Mosk).
2022;12:104. doi:10.17116/hirurgia2022121104

Vidrio Duarte R, Martinez Martinez AR, Ortega Le6n LH, et al. Trans-
illumination of Calot’s triangle on laparoscopic cholecystectomy:
Afeasible approach to achieve a critical view of safety. Cureus. 2020;
12(7):€9113. d0i:10.7759/cureus.9113

Kartal K, Uludag M. Can 4-port laparoscopic cholecystectomy remain
the gold standard for gallbladder surgery? Ann Ital Chir. 2016;87:13-17.
PMID:27026289

Hassan |, Hassan L, Alsalameh M, Abdelkarim H, Hassan W. Cost-effec-
tive scarless cholecystectomy using a modified endoscopic mini-
mally invasive reduced appliance technique (Emirate). Front Surg.
2023;10:1200973. d0i:10.3389/fsurg.2023.1200973

Yang N, Tao QY, Niu JY, et al. Effect of a local anesthetic injection kit
on pain relief and postoperative recovery after transumbilical single-
incision laparoscopic cholecystectomy.J Pain Res. 2023;16:2791-2801.
doi:10.2147/JPR.S422454

14.

20.

21.

22.

Q. Wu et al. Calot’s triangle vs traditional LCin AC

Ortenzi M, Corallino D, Botteri E, et al. Safety of laparoscopic chole-
cystectomy performed by trainee surgeons with different cholangio-
graphic techniques (SCOTCH): A prospective non-randomized trial
on the impact of fluorescent cholangiography during laparoscop-
ic cholecystectomy performed by trainees. Surg Endosc. 2024;38(2):
1045-1058. d0i:10.1007/s00464-023-10613-w

. SongJ,Chen J, ZhengS. Lateral dorsal infundibular approach: An alter-

native option for the safe completion of difficult laparoscopic chole-
cystectomy. BMC Surg. 2022;22(1):439. doi:10.1186/5s12893-022-01894-4

. Mencarini L, Vestito A, Zagari RM, Montagnani M. The diagnosis and

treatment of acute cholecystitis: A comprehensive narrative review
for a practical approach. J Clin Med. 2024;13(9):2695. doi:10.3390/
jcm13092695

. Shinde J, Pandit S. Innovative approach to a frozen Calot’s trian-

gle during laparoscopic cholecystectomy. Indian J Surg. 2015;77(6):
554-557. doi:10.1007/s12262-015-1354-0

. Hernandez M, Murphy B, Aho JM, et al. Validation of the AAST EGS

acute cholecystitis grade and comparison with the Tokyo guidelines.
Surgery. 2018;163(4):739-746. doi:10.1016/j.surg.2017.10.041
Al-Rekabi AM. Isolation & clipping of cystic artery outside ver-
sus inside Calot’s triangle minimizes the intraoperative complica-
tions in laparoscopic cholecystectomy. Syst Rev Pharm. 2020;11(10):
123-127. https://www.sysrevpharm.org/articles/isolation--clipping-
of-cystic-artery-outside-versus-inside-calots-triangle-minimizes-the-
intraoperative-complications-in.pdf

. Nip L, Tong KS, Borg CM. Three-port versus four-port technique for

laparoscopic cholecystectomy: Systematic review and meta-analysis.
BJS Open. 2022;6(2):zrac013. doi:10.1093/bjsopen/zrac013

. LinH,ZhangJ,LiX, LiY, Su S. Comparative outcomes of single-incision

laparoscopic, mini-laparoscopic, four-port laparoscopic, three-port
laparoscopic, and single-incision robotic cholecystectomy: A sys-
tematic review and network meta-analysis. Updates Surg. 2023;75(1):
41-51. d0i:10.1007/s13304-022-01387-2

Lin YR, Ding GF, Huo MX. The “Hand as Foot” teaching method in
the Calot’s triangle. Asian J Surg. 2022;45(11):2538-2539. d0i:10.1016
/j.asjsur.2022.05.142

. Fateh O, Wasi MSI, Bukhari SA. Anaotmical variability in the position

of cystic artery during laparoscopic visualization. BMC Surg. 2021;
21(1):263. doi:10.1186/512893-021-01270-8

. FuJN, Liu SC, Chen'Y, Zhao J, MaT. Analysis of risk factors for complica-

tions after laparoscopic cholecystectomy. Heliyon. 2023;9(8):e18883.
doi:10.1016/j.heliyon.2023.e18883

Gupta R, Kumar A, Hariprasad CP, Kumar M. Anatomical variations
of cystic artery, cystic duct, and gall bladder and their associated
intraoperative and postoperative complications: An observational
study. Ann Med Surg (Lond). 2023;85(8):3880-3886. d0i:10.1097/MS9.
0000000000001079

Fujinaga A, Endo Y, Etoh T, et al. Development of a cross-artificial
intelligence system for identifying intraoperative anatomical land-
marks and surgical phases during laparoscopic cholecystectomy.
Surg Endosc. 2023;37(8):6118-6128. doi:10.1007/s00464-023-10097-8
Sewefy AM, Elsageer EM, Kayed T, Mohammed MM, Taha Zaazou
MM, Hamza HM. Nasobiliary guided laparoscopic cholecystectomy
following endoscopic retrograde cholangiopancreatography, ran-
domized controlled trial. Surgeon. 2023;21(4):230-234. doi:10.1016/j.
surge.2022.06.003


https://www.doi.org/10.1016/j.dld.2023.02.005
https://www.doi.org/10.1016/j.dld.2023.02.005
https://www.doi.org/10.1177/00031348231198107
https://www.doi.org/10.1177/00031348231198107
https://www.doi.org/10.1308/rcsann.2022.0132
https://www.doi.org/10.17116/hirurgia2022121104
https://www.doi.org/10.7759/cureus.9113
https://pubmed.ncbi.nlm.nih.gov/27026289
https://www.doi.org/10.3389/fsurg.2023.1200973
https://www.doi.org/10.2147/JPR.S422454
https://www.doi.org/10.1007/s00464-023-10613-w
https://www.doi.org/10.1186/s12893-022-01894-4
https://www.doi.org/10.3390/jcm13092695
https://www.doi.org/10.3390/jcm13092695
https://www.doi.org/10.1007/s12262-015-1354-0
https://www.doi.org/10.1016/j.surg.2017.10.041
https://www.sysrevpharm.org/articles/isolation--clipping-of-cystic-artery-outside-versus-inside-calots-triangle-minimizes-the-intraoperative-complications-in.pdf
https://www.sysrevpharm.org/articles/isolation--clipping-of-cystic-artery-outside-versus-inside-calots-triangle-minimizes-the-intraoperative-complications-in.pdf
https://www.sysrevpharm.org/articles/isolation--clipping-of-cystic-artery-outside-versus-inside-calots-triangle-minimizes-the-intraoperative-complications-in.pdf
https://www.doi.org/10.1093/bjsopen/zrac013
https://www.doi.org/10.1007/s13304-022-01387-2
https://www.doi.org/10.1016/j.asjsur.2022.05.142
https://www.doi.org/10.1016/j.asjsur.2022.05.142
https://www.doi.org/10.1186/s12893-021-01270-8
https://www.doi.org/10.1016/j.heliyon.2023.e18883
https://www.doi.org/10.1097/MS9.0000000000001079
https://www.doi.org/10.1097/MS9.0000000000001079
https://www.doi.org/10.1007/s00464-023-10097-8
https://www.doi.org/10.1016/j.surge.2022.06.003
https://www.doi.org/10.1016/j.surge.2022.06.003

