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Annotation: Laparoscopic cholecystectomy (LC) is a surgical procedure frequently
performed in benign gallbladder diseases since its description nd has become the gold
standard surpassing open cholecystectomy due to its numerous advantages. Like any new
technique, adaptation problems were experienced in the early days of its application and
complication rates were relatively high. In subsequent years, the evolution of minimally
invasive surgery and the growing experience of surgeons have facilitated the application of
LC and led to various modifications. This article aims to explore the evolution of
cholecystectomy techniques, focusing on standard LC and over 50 modified techniques
documented in the medical literature.

Methods: We searched original papers, reviews and meta-analyses published about the
technical development of laparoscopic surgery in the management of benign gallbladder
diseases using PubMed. The study evaluates the impact of modifications on early-stage
complications, procedure duration, postoperative pain, and hospital stay, comparing
standard LC with various modified approaches.

Key Content and Findings: These modifications include reducing the number of ports,
changing port entry locations, and altering port sizes. The comparison includes four-port,
three-port, two-port, single- incision, needlescopic, robot-assisted, and natural orifice
transluminal endoscopic surgery (NOTES) cholecystectomy techniques. Early-stage
complication rates among different techniques were examined, and procedure time,
postoperative pain, and hospital stay were compared between standard and modified LC
methods.

Conclusions: The standard LC procedure, with its meticulous steps and adherence to the
“Critical View of Safety”, remains the cornerstone of gallbladder surgery. Although
modified LC techniques offer advantages in certain aspects, debates continue about the
superiority of modified techniques in obtaining better postoperative and cosmetic results. A
balanced approach is needed in LC, in which improved cosmetic results should be perfectly
harmonized with the most important principle of ensuring patient safety. However,
acknowledging the precedence of patient safety over cosmetic and others considerations, the
significance of experienced surgeons and meticulous patient selection becomes crucial when
opting for modified techniques.
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The surgical procedure known as cholecystectomy has consistently ranked among the most
frequently performed abdominal surgeries since its initial description in 1882. Introduced by
the esteemed German surgeon, Professor Miige, in 1985, laparoscopic cholecystectomy (LC)
swiftly gained worldwide prominence (1). Presently, LC stands as the definitive “gold
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standard” in the surgical management of gallstone disease. This procedure has universally
supplanted the traditional open cholecystectomy, primarily due to its confluence with the
advantages characteristic of laparoscopic surgical approaches. These advantages encompass
reduced postoperative pain, enhanced aesthetic outcomes, shorter hospitalization durations,
reduced work absenteeism, and the absence of necessity for specialized techniques or
exceedingly advanced instrumentation (2). To this end one of the most common
interventions performed worldwide in general surgery clinics. Even though the risk of
dangerous complications such as duct injury is slightly higher than with traditional
cholecystectomy (0.2—0.3% of cases) LC (0.4—1.5% of cases) remains the gold standard
for patients with gallstone disease (3). In current literature has reported all types of bile
duct injuries (BDIs) occurred in 0.4 and 0.8 percent of elective and emergency settings,
respectively (3). BDIs can cause serious morbidity, loss of quality of life, and mortality of
up to 3.5% for patients (3). In its nascent stages, LC involved the identification, ligation,
and transection of the cystic artery and duct, culminating in the separation of the
gallbladder from the liver bed—referred to as the infundibular technique. Simultaneously,
dissection until the choledocho-cystic junction was uncovered were employed or antegrade
dissection as alternative methodologies. However, due to initial inexperience in
implementing this novel technique and its insufficiency in ensuring the safety of LC, there
was a notable surge in the incidence of BDIs compared to open surgical interventions.
Strasberg et al. have demonstrated that approximately 80% of iatrogenic injuries in LC are
associated with the use of the infundibular technique (4). Furthermore, major vascular
injuries, which may necessitate liver transplantation, are more prevalent in cases involving
the antegrade technique (5). Consequently, the globally recognized concept of the “Critical
View of Safety” as articulated by Strasberg, has gained acceptance and serves as a
foundational framework, albeit with certain adaptations introduced and adopted by surgeons
(6,7). Following the widespread embrace of safe surgical principles in LC, surgeons
have endeavored to devise modifications aimed at enhancing postoperative outcomes and
aesthetic results. In pursuit of this objective, the LC technique has undergone a multitude of
refinements and variations over time, yielding a diverse array of more than 50 distinct LC
techniques documented in the medical literature (8). Most of these innovations are designed
to reduce the dimensions and quantity of ports employed in comparison to those
traditionally employed in the standard LC procedure.

Background. Standard LC. LC is typically performed under general anesthesia. The
patient is positioned in the supine orientation on the operating table. In the American
approach, the surgeon and camera operator position themselves to the patient’s left, while
the assistant stands to the right. Conversely, the French style entails the patient’s supine
placement with abducted legs, with the surgeon positioned between the legs, the camera
operator on the left, and the assistant on the right (Figure I[). After establishing
pneumoperitoneum and inserting trocars, the patient is repositioned into the reverse
Trendelenburg position, with the left side lowered (9). The first entry into the abdominal
cavity is typically made through the umbilical region using either an open (Hasson) or
closed (Veress needle) technique. Alternatively, a visual trocar may assist in the initial entry.
Literature debates the advantages and drawbacks of these methods, with individual surgeon
preference often dictating the choice. In the absence of specific indications, the umbilicus
the preferred entry points due to its relatively thin subcutaneous tissue, facilitating safe and
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straightforward access. Generally, a 10-mm telescope is introduced through the
umbilical trocar. Subsequently, the abdominal cavity is explored, assessing for any
anomalies such as masses, inflammation, or peritoneal adhesions. Additional entry
points are chosen with meticulous consideration to avoid any harm. The assistant’s 5-mm
trocar is typically positioned at the junction of the anterior axillary line and a line
extending toward the left lateral aspect of the umbilicus. Another trocar, measuring either
5 or 10 mm, is placed in the high epigastric/subxiphoid region to accommodate the surgeon’s
right-hand instruments, positioned just to the right of the falciform ligament. The size of
this trocar is contingent upon the clip applicator’s dimensions. Latest 5 mm trocar for the
surgeon’s left-hand instruments is placed along the right mid-clavicular line, approximately 2—
3 cm below the costal arch (Figure 2). Careful planning is essential to avoid potential
interference with the epigastric artery and vein, which may result in bleeding or hematoma
formation.

To facilitate visualization of the infundibulum and porta hepatis, the assistant employs a
toothed grasper to push the gallbladder’s fundus cranially and slightly laterally towards
above the liver at 10 o’clock. The surgeon utilizes forceps to grasp the infundibulum’s left
side, retracting it downward and to the side to create an optimal angle between the cystic
duct and the common duct. This instrument serves to provide varying angles of retraction,

enabling anterior and posterior views of  the anatomical triangle.
A B

AS
SN

Figure 1 Operation team position of American (A) and French (B) style laparoscopic
cholecystectomy. AS, assisting surgeon; S, operating surgeon; SN, scrub nurse.
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Figure 2 Standard four port laparoscopic cholecystectomy port placement.

The dissection of the gallbladder-cystic duct junction commences with gentle peritoneal
scraping, typically initiated above the gallbladder. A fundamental principle is to maintain
dissection along a known safe structure, typically the gallbladder, to enhance the visualization
of unfamiliar structures. The posterolateral aspect of the gallbladder is regarded as the safest
region for initial dissection and can be exposed by retracting the infundibulum superiorly and
medially. Unless the cystic duct is notably short, dissection down to the cystic duct- common
bile duct junction is unnecessary. Following anterior and posterior dissection, the lower one-
third of the gallbladder is separated from the liver, commencing from the infundibulum
towards the fundus. All the dissection during the LC must be done ventral and cephalad to
Rouviere’s sulcus (10). During this phase, the gallbladder should exhibit only two elements
leading to the purse—a criterion known as the “critical safety view”—which must be met
prior to any tubular structure division. Failure to achieve these goals warrants abstention from
clipping any structures, and total cholecystectomy is not attempted (8). Similarly, the cystic
artery is dissected. Calot’s lymph node is often adjacent to and anterior to the artery, serving as
a useful landmark for locating the cystic artery.

Methods. The objective of this review is to analyze the technical evolution of LC since its
inception, considering current literature. We searched original papers, reviews and meta-
analyses published up to September 2023, about the technical development of laparoscopic
surgery in the management of benign gallbladder diseases using PubMed. Relevant studies
were identified using different combinations of the following search terms: “Laparoscopic
cholecystectomy”, “Technical developments”, “Modified techniques”, “New technique”,
“Cholelithiasis”, “Cholecystitis”, “Single incision laparoscopic surgery”, “Single site
laparoscopic cholecystectomy”, “Mini-laparoscopic cholecystectomy”, “Robot-assisted
cholecystectomy”, and “NOTES”. Additional papers were identified by reviewing
reference lists of relevant publications. Publications with relatively low credibility and in
languages other than English were excluded. We systematically categorized the modified
methods based on the number of ports and subsequently examined each method individually.
Meta-analyses and systematic review articles were predominantly utilized to compare
outcomes across different methods, focusing on early-stage complication rates, procedure
duration, postoperative pain, and hospital stay.
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Three port modified LC techniques. The most common technique in this category
involves omitting the port inserted from the anterior axillary line and using cranial traction
on the gallbladder fundus (13). Surgeons typically use two 10-mm trocars and one 5-mm
trocar. It has been reported that trocar sizes may vary without changing, and some
surgeons even perform microlaparoscopic cholecystectomies using 3 mm trocars. The
most intriguing technique in this group involves placing a traction suture on the gallbladder,
pulling the fundus towards the lower right chest area, and performing cholecystectomy with
just three ports. To prevent minor bile leakage during surgery, it is recommended to place a
figure-eight suture in the fundus and apply gentle traction to prevent rupture of the
gallbladder wall (8).

Two port modified LC techniques. In this technique, surgeons often use two traction
sutures with two ports. One of these is placed in the fundus of the gallbladder, just like in the
three-port technique, and the other is in the Hartman region of the gallbladder (14). This
approach is frequently employed for suitable patients in our clinic and any two-port LC
surgery performed by us has been shared as a video demonstrative purposes for readers. Some
surgeons may insert traction sutures through the port instead of placing them percutaneously, or
may use special laparoscopic tools for traction. Cases have also been reported in which the
instrument with traction applied to the Hartman was sent through the camera port. Cases have
been reported in which the operation was performed through a total of two incisions, although
the umbilical port location was revised to a handmade single

Needlescopic cholecystectomy. Surgeons utilized 2 mm special instrument instead of 5- and
10-mm trocars in all port locations, with the exception of the umbilical port, in standard LC
and designated the technique as needlescopic cholecystectomy. This method involved the
use of specialized graspers, scissors, and laparoscopes designed to operate through a 2-mm
opening. During the clamping of the cystic artery and duct, a 2-mm laparoscope was
employed the lateral port to visualize, while the clip applicator was inserted through the
umbilical port (16). One drawback of this modification for surgeons aiming to minimize
incisions and tissue trauma at the other three port sites is the necessity to use specialized
equipment in this technique. Furthermore, there are authors who use needle graspers for
gallbladder fundus traction in combination with single incision LC (17).

Robot-assisted cholecystectomy. Robotic surgical systems are progressively transforming
the landscape of minimally invasive surgery, leading to the growing popularity of single-port
cholecystectomy. Among the most prominent advantages associated with the utilization of
robotic systems in various surgical procedures today are the provision of three-dimensional
(3D) visualization, mitigation of instrument tremors, and enhanced instrument
flexibility. Robot-assisted cholecystectomy can be executed through a single incision at
the umbilicus or through multiport (18). Recent studies in the medical literature have
undertaken a multitude of comparisons between conventional LC and robot-assisted
cholecystectomy. However, there are almost no studies in the literature comparing 3D
imaging LC with robot-assisted cholecystectomy. 3D imaging provides 3D visualization
and stereopsis similar to robot-assisted cholecystectomy (20). Its disadvantage lies in the lack
of instrument articulation, but this does not pose a significant drawback for experienced
surgeons performing cholecystectomy surgery. In the current literature to the best of our
knowledge, 3D imaging LC is often compared with traditional LC and not with robot-
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assisted cholecystectomy. Although the results vary, the general opinion is that it shortens
the operation time and reduces complication rates (21-23).

Natural orifice transluminal endoscopic surgery (NOTES) cholecystectomy. In this
group, hybrid transvaginal methods are mainly used. Surgeons usually perform the surgery by
inserting the first trocar from the umbilical region and inserting the other trocars transvaginally
from the posterior fornix (8,24,25). While transvaginal standard laparoscopic instruments can
be used in the surgery, there are also cases performed with an endoscope (8,24,25). Transgastric
and transcolonic techniques are not yet widely used due to the risk of peritonitis and fistula
development and the difficulties in closing the defect in the healthy organ. It is estimated that it
will be used frequently at the levels that endoscopic robotic surgery will reach in the future.

Discussion. Early-stage complications. The most common early complications following LC
include BDI, bile duct leak, wound infection, intra- abdominal infection, etc. The most
important of these complications is BDI. Although complication rates were higher than open
cholecystectomy when LC was first described, this rate has decreased as surgeons’
laparoscopic skills have increased. According to our current knowledge BDIs have an
estimated incidence of 0.4—1.5% (3). Many articles in the literature have compared methods
in early- stage complications. A recently published meta-analysis, examining 17 randomized
controlled trials, reported the lowest complication rate for three-port and standard LC
(26). In another large-scale meta-analysis, it was noted that there was no difference between
the methods regarding early postoperative complications, except for a lower rate of wound
infection in needlescopic cholecystectomy (27). A meta-analysis comparing robot-assisted
cholecystectomies with laparoscopic cholecystectomies found no difference in intraoperative
and postoperative complications related to the method (19).

Length of procedure. When the methods were compared in terms of surgery time, it was
seen that the shortest surgery time was in the three-port technique (26). However, there are also
articles reporting that there is no difference in processing time between three-port methods and
standard LC (28). In another study, it was published that the operating time in single-incision
LC and needlescopic cholecystectomy was shorter than standard LC (27). Han et al (19)
examined robot-assisted cholecystectomy in benign gallbladder diseases and found that the
surgery time was much longer than standard LC.

Postoperative pain. When standard LLC and other methods are compared in terms of
postoperative pain, the obvious superiority of the modified methods draws attention. In
a study, it was determined that single-incision robot-assisted cholecystectomy was the
method with the least postoperative pain, followed by other single-incision methods (26).
Another study found that needlescopic was associated with minimal postoperative pain (27).
Nevertheless, in a meta- analysis comparing randomized controlled trials comparing single-
incision LC with multiple-port, no difference in postoperative pain was observed (28).

Length of hospital stay. Although the main goal of modified LC surgery is to improve
cosmetic results, it is compared to standard LC in almost every respect. A recently published
meta-analysis examining 18 studies involving 2,085 patients reported shorter hospital stay with
three-port LC than with standard LC (29). In another meta-analysis including 17 randomized
controlled studies comparing modified methods among themselves, it was reported that hospital

575




ISSN NUMBER: 2692 - 5206 Volume 5,0ctober ,2025

stay times were shorter in single incision robot-assisted cholecystectomy and three-port LC
(26). Another more comprehensive meta-analysis found that needlescopic cholecystectomy
was associated with the shortest duration (27). According to the collective findings from these
literature sources, modified methods are deemed advantageous in terms of reducing the
length of hospital stays, even though this is not their primary goal. However, these studies
did not delve into the impact of emergency or elective surgeries on the length of hospital
stays. This was reported as a limitation since subgroup analysis could not be conducted. It is
foreseeable that patients undergoing emergency procedures for acute cholecystitis will have
longer hospital stays compared to elective cases, irrespective of the surgical method.

Conclusions. LC, following conventional cholecystectomy, has become a groundbreaking
surgical treatment for benign gallbladder diseases. However, a similar consensus does not
exist between standard LC and modified LC methods. Although some studies report advantages
in certain aspects, there is no unanimous opinion as of yet. Regardless of the purpose when
choosing the method, it is essential not to compromise on the principles of safe cholecystectomy
and not to insist on modified methods in challenging cases. It should not be forgotten that
switching to the open method after any iatrogenic biliary tract injury will increase the patient’s
hospital stay and the need for postoperative pain relief. While seeking improved cosmetic
results, one may have to make larger incisions.
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