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Laparoscopic appendectomy has emerged as the preferred surgical approach for treating acute appendicitis, one of the most common
abdominal emergencies. This review explores the key indications, technical benefits and ongoing controversies surrounding laparo-
scopic appendectomy. While diagnosing acute appendicitis is typically straightforward, atypical presentations due to variable appendix
locations can complicate management. Advances in imaging and scoring systems have improved diagnostic accuracy, yet timely sur-
gical intervention remains crucial. Compared to open appendectomy, laparoscopic appendectomy offers several advantages, including
reduced postoperative pain, a shorter hospital stay, quicker recovery and better cosmetic outcomes. However, concerns persist regarding
intra-abdominal abscess formation, operative time, and cost effectiveness, particularly in complicated or atypical cases. Additionally,
debates continue on whether to remove a macroscopically normal appendix and the appropriateness of laparoscopic appendectomy in
certain patient populations. This review synthesizes the current evidence to clarify the evolving role of laparoscopic appendectomy in
managing both routine and complex cases of acute appendicitis.

Keywords: acute appendicitis; appendectomy; laparoscopic appendectomy; single incision laparoscopic appendectomy; needlescopic
appendectomy

The appendix can be found in various anatomical locations.
The retrocecal position is the most prevalent (74%), fol-

Introduction

Acute appendicitis (AA) is among the most frequently en-
countered abdominal emergencies, accounting for approx-
imately 4%—8% of emergency department admissions and
necessitating surgical intervention [1]. It typically affects
individuals between 10 and 20 years of age with a male
predominance (male-to-female ratio of 1.4:1) [1]. Diag-
nosis of AA is generally straightforward and is based on
clinical signs, physical assessment, and imaging. Unusual
anatomical positions of the appendix, however, can com-
plicate detection and delay treatment, increasing the risk of
complications, such as abscesses, perforation, or peritoni-
tis.
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lowed by pelvic (21%), subcecal (1.5%), preileal (1%), and
postileal (0.5%) placements [2]. Less common appendix
positions include subhepatic [3], left-sided [4], within a her-
nia [5,6], lumbar, lateral pouch, and mesocolic areas [7].

Notably, in most cases (around 60%), AA presents initially
as vague discomfort in the epigastric or periumbilical re-
gion, often accompanied by nausea and vomiting. Pain
usually shifts to the right lower quadrant near McBurney’s
point within a few hours. Other symptoms of AA may in-
clude fever, rebound tenderness, Rovsing’s sign, psoas sign,
diarrhea, and loss of appetite. However, due to the vari-
ability in appendix location discussed, nearly one-third of
patients report pain in atypical areas. Beyond inflamma-
tion, symptoms of AA may sometimes be linked to rare
neoplasms of the appendix [8—10].

Several scoring systems have been developed to estimate
the likelihood of AA, including the Alvarado, Fenyo, Eske-
linen, Ohman, Tzankis, and RIPASA scores [11,12]. Al-
though laboratory tests are not definitive for diagnosing
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AA, elevated levels of C-reactive protein (CRP), white
blood cells (WBC), and neutrophils together strongly sug-
gest the condition. Conversely, when all three are within
their normal ranges, the likelihood of AA is significantly
reduced.

Imaging plays a crucial role in confirming AA. Abdominal
ultrasound (US) is commonly used as an initial diagnostic
tool, with an accuracy ranging between 71% and 97%, and
can help locate the inflamed appendix. If US results are
inconclusive, computed tomography (CT) is recommended
[13]. Contrast-enhanced CT (CECT) is especially effec-
tive, with diagnostic accuracy ranging between 90% and
98% [14]. Magnetic resonance imaging (MRI) offers sim-
ilar sensitivity and specificity but is not always readily ac-
cessible in emergency settings [15].

The differential diagnosis of AA encompasses a variety
of conditions, including (1) gastrointestinal causes, such
as gastroenteritis, a perforated peptic ulcer, inflammatory
bowel disease (e.g., Crohn’s disease), Meckel’s divertic-
ulitis, right-sided colitis, a bowel obstruction, cholecysti-
tis and biliary colic, epiploic appendagitis, and appendiceal
diverticulitis [16]; (2) gynecologic causes, such as ovar-
ian torsion, ectopic pregnancy, pelvic inflammatory dis-
ease, a ruptured ovarian cyst, a tubo-ovarian abscess, and
endometriosis; (3) urologic causes, such as ureteral or re-
nal colic, a urinary tract infection, and pyelonephritis; and
(4) other causes, including mesenteric adenitis and muscu-
loskeletal disorders.

Surgical removal of the appendix is the standard treatment
for AA, though antibiotics may be appropriate for certain
patients with uncomplicated cases. Open appendectomy,
first standardized by McBurney in 1894 [17], has long
been the traditional method. Laparoscopic appendectomy,
introduced in the late 20th century by de Kok [18] and
later by gynecologist Kurt Semm [19], has since become
widely adopted: In 1997, laparoscopic appendectomy was
performed in just 17.4% of cases, but its use has steadily
grown over the years, with some recent reports indicating
rates of up to 85% [20,21]. Complications from laparo-
scopic procedures may include intra-abdominal abscesses
(IAA), bleeding, and wound infections. With appendix re-
moval being a fairly common procedure, the rate of nega-
tive appendectomies (removal of a non-inflamed appendix)
varies but was recently estimated at 13% in a large meta-
analysis [22]. According to the World Society of Emer-
gency Surgery (WSES) guidelines (updated in 2020), even
a macroscopically normal appendix may be considered for
removal, with the surgeon deciding on a case-by-case basis
in the operating room, as this recommendation is based on
low-quality evidence [23].

Overall, AA remains a prevalent surgical emergency, gen-
erally associated with low morbidity and mortality when
treated promptly. However, delayed diagnosis and treat-
ment, often due to misdiagnosis, can increase the mortality
rate from under 1% in uncomplicated cases to as high as 5%
in perforated AA [24].
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Methods

We conducted a literature search across key databases, in-
cluding PubMed, Embase, and Scopus, using Medical Sub-
ject Headings (MeSH) terms to collect data relevant to la-
paroscopic appendectomy from January 1991 until October
2025 for all databases. The primary search terms included
“acute appendicitis”, “appendectomy”, “surgical appendec-
tomy”, and “laparoscopic appendectomy”. The literature
search was broadened with secondary search terms, which
included “technique” OR “videolaparoscopic” OR “video-
laparoscopy” AND “complications” OR “success rate” OR
“efficacy” OR “contraindications”. Although we did not
undertake a formal risk-of-bias assessment, we assigned
greater weight to higher levels of evidence, including in-
ternational guidelines, systematic reviews, meta-analyses,
and large cohort studies, when available, to enhance the
methodological transparency and scholarly rigor of the re-
view. Publications dealing solely with animal models and
non—English language articles were excluded. Using a nar-
rative review approach, we assessed the existing literature
to provide consistent, evidence-based insights into laparo-
scopic appendectomy.

Surgical Techniques

Conventional Three-Port Laparoscopic Appendectomy
Surgical Technique

Laparoscopic appendectomy is now widely regarded as
the standard surgical approach for treating both uncompli-
cated and complicated cases of AA. Within this approach,
after creating pneumoperitoneum and achieving an intra-
abdominal pressure of approximately 12—14 mmHg, three
trocars are inserted. A 10 mm trocar is placed at the um-
bilicus for the laparoscope, and two 5 mm trocars are po-
sitioned in the left lower quadrant and either the suprapu-
bic or right lower quadrant to accommodate operative in-
struments. A 10 mm 30-degree laparoscope is used to ex-
amine the abdominal cavity, confirming the diagnosis and
excluding other potential causes of abdominal pain. Next,
the mesoappendix is dissected with energy devices or sur-
gical clips to control the appendiceal vessels. The base of
the appendix is then secured at the cecum using endoloops,
clips, or a surgical stapler before transection. The excised
appendix is usually extracted via the umbilical port using an
endoscopic retrieval bag to prevent spillage and contamina-
tion. Additionally, a passive drain may be placed near the
cecum or in the pelvic region. Once the procedure is com-
plete, the pneumoperitoneum is deflated, and the trocars are
carefully removed under direct vision.

Reported conversion rates from laparoscopic to open
surgery range between 0% and 27% [25]. In comparison
with open appendectomy, the conventional three-port la-
paroscopic approach is associated with decreased postoper-
ative pain, a reduced incidence of wound infections, more
rapid postoperative recovery, improved cosmetic outcomes,
and enhanced diagnostic accuracy.
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Single-Incision Laparoscopic Appendectomy Surgical
Technique

Single-incision laparoscopic appendectomy (SILA) is a
minimally invasive technique in which the appendix is re-
moved through a single entry point, usually made at the um-
bilicus. To begin, a vertical or curved incision measuring
approximately 2-3 cm is made within the umbilical area. A
specialized single-port access device, such as a single inci-
sion laparoscopic surgery (SILS) port or glove port, is then
introduced into the peritoneal cavity. Alternatively, multi-
ple trocars (5 mm or 10 mm) may be inserted through the
same umbilical incision using a multi-channel port system.
Carbon dioxide is insufflated to create pneumoperitoneum,
usually to a pressure of 12—15 mmHg. A 30-degree laparo-
scopic camera is then inserted for intra-abdominal visual-
ization. Subsequently, the mesoappendix is carefully dis-
sected and divided using energy-based devices or with clips
or ligatures. The appendiceal base is secured using an en-
doloop, stapler, or clips, followed by transection. The spec-
imen is ultimately extracted through the umbilical port. In
cases of perforation or necrosis, the peritoneal cavity is ir-
rigated and aspirated as needed.

Critically, SILA should be limited to appropriately selected
patients (most commonly young, non-obese individuals
with uncomplicated AA) and undertaken by surgeons with
advanced laparoscopic expertise, given the technical com-
plexity arising from instrument crowding, diminished tri-
angulation, and ergonomic constraints. This approach has
been associated with improved cosmetic outcomes—skin
closure results in a nearly invisible scar concealed within
the umbilicus—and may offer reduced postoperative pain
when compared with conventional multi-port laparoscopic
techniques.

Needlescopic Appendectomy Surgical Technique

Needlescopic appendectomy is an advanced, minimally in-
vasive technique that involves removing the appendix us-
ing ultra-thin surgical instruments, typically 3 mm or less in
diameter, significantly smaller than those used in conven-
tional laparoscopic procedures (5—10 mm). These fine in-
struments, known as “needlescopes”, were first introduced
in 1998 and are designed to minimize surgical trauma, re-
duce postoperative discomfort, and enhance cosmetic re-
sults [26]. The initial port, either 5 mm or 10 mm in size,
is placed at the umbilicus using either the open (Hasson)
technique or a Veress needle, allowing for the establishment
of pneumoperitoneum with carbon dioxide. This port ac-
commodates the laparoscopic camera. Two additional ports
(each 2-3 mm in diameter) are then inserted, commonly
in the left lower quadrant and suprapubic region. In some
cases, a third instrument may be inserted percutaneously
without a trocar. The mesoappendix is then separated us-
ing methods such as electrocautery, clips, or energy-based
sealing devices. Blood vessels are carefully secured us-
ing ligatures, clips, or thermal energy devices. The base

of the appendix is closed using endoloops, clips, or a sta-
pler based on the surgeon’s preference and available tools.
After transection, the appendix is generally removed within
a retrieval bag through the umbilical port.

Compared with the conventional multi-port laparoscopic
approach, this technique is associated with reduced abdom-
inal wall trauma, improved cosmetic outcomes due to the
extremely small size of the needlescopic incisions often
making sutures unnecessary, and a lower risk of port-site
hernia. On the other hand, owing to the technical chal-
lenges related to the use of reduced-diameter instruments
and limited traction, needlescopic appendectomy should
only be performed by surgeons with advanced laparoscopic
expertise. Its application is primarily recommended for un-
complicated AA, with careful patient selection (particularly
young, non-obese individuals) being essential.

Indications/Limitations

Indications for and Advantages of Laparoscopic
Appendectomy Compared to Open Appendectomy

In recent years, multiple professional surgical organizations
have issued evidence-based guidelines for the manage-
ment of AA. Notably, the WSES, the Society of American
Gastrointestinal and Endoscopic Surgeons (SAGES). and
the European Association for Endoscopic Surgery (EAES)
have recommend laparoscopic appendectomy as the first-
line surgical approach over open appendectomy in both
adults and children, provided that the necessary equipment
and surgical expertise are available [23,27,28]. Extensive
systematic reviews and meta-analyses of randomized con-
trolled trials have supported this recommendation. These
studies have consistently shown that laparoscopic appen-
dectomy is associated with numerous benefits compared to
the open technique. These include reduced postoperative
pain, fewer instances of postoperative ileus, lower surgi-
cal site infection (SSI) rates, improved cosmetic outcomes,
shorter hospital stays, a faster return to daily activities, and
work, better overall quality of life [29-31]. These advan-
tages largely stem from the use of smaller incisions in la-
paroscopy, resulting in less tissue trauma, decreased blood
loss, and quicker healing with lower infection risk. Laparo-
scopic surgery also allows for enhanced visualization of
the abdominal cavity, which improves diagnostic accuracy,
particularly in cases where the clinical presentation is un-
clear. This, in turn, can aid in identifying alternative intra-
abdominal pathologies and tailoring the therapeutic strategy
accordingly.

According to the 2018 Cochrane review comparing laparo-
scopic and open appendectomy, laparoscopy outperformed
open surgery in terms of pain reduction on the first postop-
erative day and led to lower SSI rates, a shorter hospital-
ization, and a faster return to normal activity. However, it
did report a higher incidence of TAA following laparoscopic
surgery in adults [32].
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SSI remains the most frequently encountered complication
after appendectomy, whether performed laparoscopically
or via open surgery. These infections may be caused by
bacterial or fungal contamination of the surgical site, ei-
ther directly or hematogenously. A major benefit of the
laparoscopic approach is the lower risk of wound infec-
tion, largely attributable to the controlled extraction of the
inflamed appendix through a trocar or protective retrieval
bag, as well as the smaller incisions used in this minimally
invasive surgery [33].

Reported hospital length of stay (LOS), meanwhile, varies
across published studies. Generally, open appendectomy
is associated with stays of approximately 1.2 to 6.0 days,
whereas laparoscopic appendectomy typically results in a
slightly shorter LOS, ranging from about 1.1 to 5.0 days.
[33,34].

Laparoscopic appendectomy also offers significant advan-
tages for specific patient populations, including obese pa-
tients, elderly individuals, pregnant women, and those with
underlying medical conditions. In obese patients, open
surgery is technically more difficult due to increased ab-
dominal wall thickness, often requiring larger incisions,
which may then lead to greater postoperative pain and de-
layed wound healing. In pregnant patients requiring sur-
gical intervention for appendicitis, laparoscopic appendec-
tomy is also preferred, assuming proper laparoscopic exper-
tise is available, due to its minimally invasive nature and
lower complication rates [23,27,28].

A systematic review and meta-analysis comparing out-
comes in complicated appendicitis further demonstrated
that while laparoscopic appendectomy is associated with
longer operative times, it significantly reduces the risk of
SSI. Importantly, no significant differences were observed
between laparoscopic and open techniques in terms of JAA
rates, overall morbidity, or mortality [31-35].

Contraindications and Disadvantages of Laparoscopic
Appendectomy

Despite being a well-established technique, laparoscopic
appendectomy continues to face several practical chal-
lenges that can hinder its widespread adoption in all clini-
cal environments. These include concerns over IAA forma-
tion, longer operative times, and increased procedural costs.
The former concern is particularly noteworthy, as IAA rep-
resents a more severe and potentially life-threatening post-
operative complication, often manifesting with recurrent or
persistent abdominal pain, fever, leukocytosis, and changes
in bowel function.

One contributing factor to IAA formation is that, unlike in
open surgery, the laparoscopic method typically omits the
traditional practice of ligating and inverting the appendiceal
stump into the cecum, a maneuver that may influence post-
operative outcomes. The technique used to secure the ap-
pendiceal stump plays a critical role in patient recovery and
complication rates, making it essential to evaluate and com-
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pare different closure methods to determine the most effec-
tive and safest approach.

The likelihood and severity of IAA formation are shaped
by a range of factors, including the underlying infectious
process, such as the presence of a phlegmon, along with
carbon dioxide insufflation, which may promote anaerobic
bacterial proliferation and facilitate their spread within the
peritoneal cavity. A prolonged operative time—often as-
sociated with surgeon experience, vigorous handling of an
inflamed appendix, and extensive use of irrigation, which
may further disseminate contaminated fluid—has also been
implicated in increasing IAA risk [33,36,37]. Crucially,
though, as proficiency improves and standardized, well-
established laparoscopic techniques are adopted, the inci-
dence of postoperative [AA appears to decline.

Although several randomized controlled trials have histori-
cally suggested a marginally higher rate of IAA, longer op-
erative times, and increased costs with the laparoscopic ap-
proach, more recent evidence has altered this perspective.
A cumulative meta-analysis by Ukai et al. [38] showed
that early trials (published up to 2001) favored open ap-
pendectomy regarding IAA prevention; this trend dimin-
ished, however, in later studies, ultimately producing a non-
significant cumulative odds ratio of 1.32 (95% CI 0.84—
2.10) when comparing laparoscopic and open procedures.
Similarly, reports on operative duration remain inconsis-
tent. While a clinical study has noted longer operative
times with laparoscopic appendectomy, Horvath et al. [39]
found significantly shorter operative times in complicated
cases treated laparoscopically among 1762 patients. In con-
trast, Quezada ef al. [40], evaluating 227 patients, observed
shorter operative times with open surgery for similar cases.
Overall, the small differences reported across studies sug-
gest that surgeon expertise and technique exert a greater in-
fluence on operative time than the surgical approach itself.
Cost analyses show substantial variability as well. A re-
view of 4757 laparoscopic appendectomies across 20 hos-
pitals reported supply costs ranging from $650 to $1067
per case, with no marked difference in postoperative out-
comes between higher- and lower-cost centers. Single-use
energy devices and endoscopic staplers accounted for the
largest cost increases, raising the average case cost to $1181
when both were used, compared with $734 when only sta-
plers were used and $197 when neither device was em-
ployed. Avoiding energy devices could reduce expenses by
more than $417 per case, and selective stapler use could in-
crease savings to nearly $984 [41]. Despite these potential
efficiencies, laparoscopic appendectomy generally remains
more expensive, with a mean cost of $5510 compared with
$4472 for open appendectomy [42].

Additional potential complications of laparoscopic appen-
dectomy persist. The most significant of these complica-
tions include intraoperative bleeding and accidental injury
to adjacent organs, both of which underscore the impor-
tance of surgical experience and careful technique in mini-
mizing risks.
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Controversies
Debatable Aspects of Laparoscopic Appendectomy

In laparoscopic abdominal surgery, approximately half of
all injuries occur during the creation of pneumoperitoneum.
Several techniques are available for abdominal access, in-
cluding direct trocar insertion (using blunt or bladed tro-
cars before insufflation), Veress needle access (blind carbon
dioxide (CO:) insufflation), direct optical entry (visualiz-
ing each tissue layer during trocar insertion), and the Has-
son (open) technique (placing a trocar under direct vision
through a larger incision). A systematic review found no
statistically significant differences in perioperative compli-
cations among these techniques, though lower-quality evi-
dence has demonstrated a slight favorability toward direct
trocar entry. However, this method is rarely utilized in clin-
ical practice [43].

During appendectomy, division of the mesoappendix,
which houses the appendiceal artery, can be performed us-
ing various instruments, such as endoscopic staplers, ultra-
sonic devices (e.g., harmonic scalpel), tissue-sealing tools
(e.g., LigaSure), traditional ligatures, and clips (e.g., en-
doloops). Technique selection depends on several fac-
tors, including surgeon preference, inflammation severity,
cost, and safety considerations. Currently, there is insuffi-
cient evidence to definitively recommend one method over
another based on morbidity or mortality outcomes alone.
Therefore, factors like efficiency and cost-effectiveness are
also important in guiding surgical decisions.

One of the most crucial components of laparoscopic appen-
dectomy is the secure closure of the appendiceal stump,
as improper sealing can lead to complications, such as
stump leakage, abscess formation, or reoperation. Over
time, multiple techniques have been developed for stump
closure, including intracorporeal suturing, external knot-
pushing, endoloops, linear endostaplers [Endo GIA (En-
doscopic Gastrointestinal Anastomosis)], hem-o-lok poly-
meric clips, and metallic clips [43—47]. Absorbable su-
ture materials, like Vicryl and polydioxanone, have also
been shown to be effective. The endoloop, derived from
the Roeder loop, is a pre-tied ligature that can be tightened
around the base of the appendix [48]. Titanium endoclips,
first reported by Cristalli et al. [49], offer a safe and effi-
cient closure option and are thought to minimize inflamma-
tion due to their inert properties. However, clips can fail
in cases where the appendiceal base is inflamed or friable,
leading to potential leakage.

Similarly, foreign materials used in stump closure can pro-
voke significant intra-abdominal inflammation, increasing
the risk of adhesive small bowel obstruction. Specific draw-
backs include knot slippage with endoloops [50,51] and clip
dislodgement, particularly when clips are applied to bases
larger than 12 mm [52,53].

Different techniques have also shown different operative
times. In a prospective randomized study of 53 patients
comparing non-absorbable polymer clips with endoloop

ligatures for appendiceal stump closure during laparoscopic
appendectomy, the mean operative time was shorter in the
hem-o-lok group than in the endoloop group (64.7 £ 19.2
minutes vs. 75.4 £+ 23 minutes). However, this difference
did not reach statistical significance, and no meaningful dif-
ferences were observed between the groups in terms of ei-
ther surgical or non-surgical postoperative complications
[48].

Staplers like Endo GIA are costly and require a 12 mm port,
making them less accessible for routine use. A prospec-
tive randomized study involving 61 patients compared in-
tracorporeal knot-tying sutures with titanium endoclips for
appendiceal stump closure. Both methods were found to be
safe and effective, with the endoclip group demonstrating
a shorter mean operative time. No significant differences
were observed between the groups regarding hospital stay,
follow-up duration, or pre- and postoperative complications
(p > 0.05) [47].

In a separate retrospective review of 242 patients comparing
endoloop ligatures and endostaplers for appendiceal stump
closure, a higher incidence of IAA was noted in patients
treated with the endostapler. This finding may reflect a se-
lection bias, as endostaplers were more frequently used in
cases with severely inflamed appendiceal stumps, a limita-
tion acknowledged by the study authors [44].

Despite the variety of closure techniques, the literature to
date has not conclusively favored one method over another.
In 2017, for instance, Mannu ef al. [54] conducted a sys-
tematic review and pairwise meta-analysis to compare var-
ious techniques for appendiceal stump closure. The authors
concluded that the current evidence is insufficient to recom-
mend any mechanical device over the traditional ligature-
based method. Given that most studies in this area have
involved relatively small patient populations and have not
demonstrated a clear advantage of one technique over an-
other, the choice of stump closure method is generally left
to the surgeon, often guided by factors such as equipment
availability, cost, and personal experience.

Recently, the harmonic scalpel has gained attention as a su-
tureless method for both mesoappendix and stump division.
This tool allows for both steps to be completed with a single
instrument, reducing operative time by eliminating the need
for tool exchanges (e.g., needle holders, clip appliers, sta-
plers). Moreover, the harmonic scalpel can be used through
a standard 5 mm port, avoiding the need for larger ports and
minimizing foreign body exposure, which may decrease ad-
hesion formation. Several studies and meta-analyses have
shown that this method is comparable to conventional tech-
niques in terms of postoperative complications, wound in-
fection, ileus, and hospital stay, all while offering the added
benefit of a shorter operative time [55,56].

Across six randomized trials comparing stump closure
methods, none showed a significant difference in complica-
tion rates. Consequently, no single technique has emerged
as superior, and practical considerations, such as cost, avail-
ability, and surgeon experience, often guide the choice [43].
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Another point of surgical consideration is the optimal length
of the appendiceal stump post-resection. A length of 3—
5 mm is generally preferred to minimize risks: Too short
(<3 mm) may damage the cecum, while too long (>5-10
mm) may predispose the patient to stump appendicitis, a
rare but recognized complication. Although often underre-
ported, the recent literature has estimated an incidence of
0.06% to 0.15%, with the only curative treatment being re-
excision, which may be done laparoscopically or through
open surgery [57,58].

Appendix extraction technique is another debated topic.
Some retrospective studies have suggested that using a
specimen retrieval bag reduces the risk of SSI and TAA
compared to direct extraction [59,60]. Proper fascial clo-
sure, particularly at larger port sites (>10 mm), is critical
in preventing port-site hernias. Dilating trocars are thought
to reduce fascial trauma compared to cutting trocars. Fas-
cial closure can be performed using tools like the Carter—
Thomason suture passer, swedged needles, or a neoClose
device.

The use of peritoneal drainage after laparoscopic appen-
dectomy, especially in complicated cases, has long been
practiced. However, recent evidence challenges its utility,
showing that routine drainage does not reduce postoperative
complications and may in fact prolong surgery and hospital
stay and increase costs. Additionally, it may elevate the risk
of complications, such as fistulas, wound infections, [AA,
ileus, and adhesive bowel obstructions [61,62]. Indeed, a
recent meta-analysis found significantly worse outcomes in
patients who received peritoneal drainage, including higher
pain scores [visual analogue scale (VAS)], increased wound
infection rates, and delayed recovery. Consequently, the
authors advised against routine drainage in complicated AA
cases managed laparoscopically. However, more robust
randomized trials are needed to confirm these findings [63].
Currently, WSES guidelines do not recommend the use of
drains after appendectomy for complicated AA in adult pa-
tients [quality of evidence: moderate; strength of recom-
mendation: strong; 1B] [23].

Special Populations
Laparoscopic Appendectomy During Pregnancy

AA 1is the most frequent non-obstetric surgical emergency
encountered during pregnancy, with an estimated incidence
of approximately one in 500 pregnancies [64]. According
to the literature, AA tends to occur more commonly during
the second trimester compared to the first or third trimesters
and the postpartum period [65]. Since nonoperative man-
agement with antibiotics alone is generally discouraged, as
it carries a high risk of failure in both the short and long term
and there is limited evidence supporting its use in pregnant
patients, appendectomy remains the definitive treatment for
AA during pregnancy [66].

Notably, the incidence of appendiceal perforation is rela-
tively higher during pregnancy, with a study reporting rates

790 Ann. Ital. Chir., 97,5, 2026

as high as 43%, compared to approximately 19% in the gen-
eral population [67]. If perforation of the appendix leads to
peritonitis, the risk of obstetric complications, including fe-
tal loss, rises significantly; reports indicate fetal mortality
can be as high as 20% in perforated cases, while remaining
under 5% in uncomplicated appendicitis [68].

Relatedly, a systematic review and meta-analysis that in-
cluded 22 comparative cohort studies with a total of 4694
pregnant women found a higher reported rate of fetal loss
among those undergoing laparoscopic appendectomy com-
pared with open appendectomy. However, this finding was
largely influenced by a single study; excluding that study
eliminated the significant difference between the two ap-
proaches (odds ratio (OR): 1.163, 95% CI: 0.68-1.99; p =
0.581). The same analysis found no significant differences
between laparoscopic and open appendectomy regarding
preterm delivery, birth weight, operative time, or postoper-
ative intra-abdominal abscess formation. The review also
suggested that laparoscopic appendectomy may be associ-
ated with a lower risk of wound infection and a shorter hos-
pital length of stay [69].

A more recent systematic review of 15 comparative cohort
studies, which encompassed 2837 pregnant women (1103
laparoscopic, 1656 open), reached the opposite conclusion,
finding laparoscopic surgery to be slightly safer for the fe-
tus than open surgery. Specifically, the review reported fe-
tal demise rates of 2.44% for laparoscopic surgery versus
2.64% for the open surgery and preterm delivery rates of
9.79% versus 10.7%, respectively. These data indicate that
both laparoscopic and open appendectomy are generally
safe and effective for treating AA in pregnancy, with no sta-
tistically significant differences in fetal outcomes, although
laparoscopic appendectomy may offer slightly lower risks
of preterm delivery and fetal loss [70].

Given the variability in the literature regarding the optimal
surgical approach for AA in pregnant patients, specifically
concerning fetal outcomes, further large-scale studies are
warranted to establish a clear gold standard. Nonetheless,
the laparoscopic approach offers several clear advantages
over open surgery, including reduced wound complications
and shorter hospital stays. As a result, laparoscopic appen-
dectomy has become the preferred surgical method in preg-
nant women, and it is the approach endorsed by the SAGES
[27].

For optimal safety during pregnancy, the SAGES guide-
lines outline several important modifications to the standard
laparoscopic technique. These include using an open (Has-
son) entry technique to avoid inadvertent injury to mater-
nal organs or the uterus from blind Veress needle insertion.
Trocar placement must also be adjusted based on the gesta-
tional age to accommodate the enlarged uterus and ensure
safer access to the abdominal cavity. Patients should be
positioned in a left lateral tilt to reduce pressure on the in-
ferior vena cava, improving venous return and preventing
hypotension. Additionally, the guidelines recommend an
ultrasonic energy device over electrocautery to minimize
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potential risks of electrical current transmission to the fe-
tus. The primary port is usually placed at the umbilicus,
with secondary ports adjusted to the right upper and lower
abdominal quadrants, depending on uterine size and gesta-
tional age. To maintain maternal cardiopulmonary stabil-
ity, insufflation pressures should be kept between 10 and
15 mm Hg; pressures above this range may negatively im-
pact pulmonary function and venous return, particularly in
later stages of pregnancy. Carbon dioxide pneumoperi-
toneum can also contribute to venous stasis, potentially in-
creasing the risk of deep vein thrombosis. For example,
even at 12 mm Hg, intra-abdominal pressure may reduce
venous return significantly, and this effect is not fully re-
versed by using compression devices. So long as these
guidelines are followed, laparoscopic appendectomy is con-
sidered safe across all trimesters of pregnancy, and current
evidence supports its use as the standard of care in pregnant
individuals with suspected AA [64].

Laparoscopic Appendectomy in Elderly Patients

Although the incidence of AA declines after adolescence,
it remains relatively common in the elderly. Among pa-
tients over 50 presenting to the emergency department with
acute abdominal pain, approximately 15% are diagnosed
with AA, making it the second most frequent acute surgical
condition in this age group [71]. Elderly patients are also
more likely than younger individuals to present with com-
plicated appendicitis, including abscess or perforation. Re-
ported rates of complicated AA in older adults range from
18% to 70%, compared with 3% to 29% in patients un-
der 65 years of age [72]. The increased risk of perforation
in the elderly may be attributable to vascular sclerosis of
the appendix and fibrotic narrowing of the lumen. Addi-
tionally, fatty infiltration of the muscular layers and struc-
tural weakness of the appendiceal wall predispose patients
to early perforation. These anatomical changes, combined
with delays in diagnosis and treatment, likely contribute to
the more severe clinical course observed in this population.

In all adult patients, there are several well-known risk fac-
tors, such as increased age, open surgery, and complicated
AA, for postoperative complications [73]. In elderly pa-
tients in particular, several independent factors, including
anemia, a history of cardiac disease, chronic renal insuffi-
ciency, higher frailty scores, and the use of an open sur-
gical approach for appendectomy, have been associated
with an increased risk of postoperative complications [74].
Overall postoperative morbidity in this population ranges
from 19.3% to 46.2%, compared to just 5.06% to 9.3% in
younger patients [28,36]. Surgical site infections are the
most frequent complication, occurring in 9.0% to 15.4%
of cases, which is markedly higher than the 2.6% to 3.7%
observed in younger individuals [75]. When selecting the
optimal surgical method for AA in elderly patients, the
physiological effects of pneumoperitoneum must be consid-
ered, including reduced pulmonary compliance, decreased

urinary output, lower glomerular filtration rate, and renal
blood flow, as well as increases in heart rate, mean arterial
pressure, and cardiac output.

While the benefits of laparoscopic appendectomy over open
surgery have been well established in the general pop-
ulation, data specifically focused on the elderly remain
limited. A 2012 meta-analysis of patients older than 60
years reported lower postoperative mortality, complication
rates, and hospital LOS with laparoscopic appendectomy
compared with the open approach; however, this analysis
mainly included retrospective study, and the laparoscopic
groups had lower mean ages, introducing potential selec-
tion bias [76]. A more recent 2019 meta-analysis and sys-
tematic review confirmed these findings, also demonstrat-
ing reduced complication rates with laparoscopy in cases of
complicated appendicitis [77].

In light of the limited high-quality evidence dedicated to
elderly patients, international guidelines, including those
from the Italian Society of Surgical Pathophysiology (SIFI-
PAC), WSES, Italian Society of Geriatric Surgery (SICG),
and Italian Society of Emergency Medicine (SIMEU), rec-
ommend the following: (1) laparoscopic appendectomy
as the preferred approach due to reduced LOS, morbidity
and costs (conditional recommendation, moderate-quality
evidence); (2) a stump closure technique based on lo-
cal expertise and availability (conditional recommendation,
moderate-quality evidence); (3) the placement of abdomi-
nal drainage in cases of complicated appendicitis (condi-
tional recommendation, very low-quality evidence); and (4)
the prompt performance of appendectomy as soon as pos-
sible (conditional recommendation, very low-quality evi-
dence); critically, there is no consensus on the removal of
a normal appendix due to insufficient evidence [72]. Con-
version from laparoscopic to open appendectomy is more
frequent in elderly patients, with rates ranging from 3% to
17%, with the most common reasons for conversion being
periappendicular infiltration or the presence of an inflam-
matory mass [73].

Laparoscopic Appendectomy in Obese Patients

Laparoscopic appendectomy appears to be a safer and more
effective approach than open appendectomy in obese pa-
tients. A systematic review that included seven retrospec-
tive cohort studies and one randomized controlled trial
found that laparoscopic appendectomy in this population
was associated with significantly lower mortality (risk ratio
[RR]: 0.19, 95% CI: 0.12-0.30), reduced overall morbid-
ity (RR: 0.49, 95% CI: 0.47-0.51), decreased rates of su-
perficial wound infections (RR: 0.27, 95% CI: 0.21-0.35),
and shorter operative times and postoperative hospital stays
compared to open appendectomy [78]. Similarly, a retro-
spective study of 1231 patients undergoing either laparo-
scopic or open appendectomy for AA between 2017 and
2022 reported that the laparoscopic approach was associ-
ated with shorter operative times (p = 0.004), reduced hos-
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pital LOS (p = 0.009), and lower rates of SSI (5.6% vs.
13.5%, p < 0.001) [79]. Within this patient population, the
advantages of laparoscopy include improved access to the
appendix, enhanced visualization, and reduced wound com-
plications.

Due to these findings, current guidelines support the laparo-
scopic approach in obese patients. The WSES guidelines
recommend laparoscopic appendectomy with moderate-
quality evidence but a weak strength of recommendation
(2B) [23]. The SAGES guidelines similarly assert that la-
paroscopic appendectomy is safe and effective in obese pa-
tients (level II evidence, grade B) and may be preferred, al-
though the recommendation is weaker (level III evidence,
grade C) in certain contexts. Crucially, in morbidly obese
patients, longer trocars and instruments may be required to
facilitate the procedure [27].

Laparoscopic Appendectomy in Pediatric Patients

Over the past 25 years, laparoscopic appendectomy has be-
come widely accepted in pediatric surgery. Both SAGES
[27] and WSES [23] guidelines indicate that laparoscopic
appendectomy can be safely performed in children. Sup-
porting these guidelines, in the early 1990s, a French group
published a large series of pediatric laparoscopic appendec-
tomies, demonstrating that the procedure was a feasible and
effective alternative for treating AA in this population [80].
The reported benefits of laparoscopy in children are largely
similar to those observed in adults, including shorter hospi-
tal stays, lower rates of wound infection, a faster return to
normal activities, improved cosmetic outcomes, more ef-
fective peritoneal lavage, and better visualization of the ab-
dominal cavity [81].

Some studies, though, have raised concerns about a poten-
tially higher incidence of IAA following laparoscopic ap-
pendectomy [36,82]. A 2017 meta-analysis of nine stud-
ies examining perforated appendicitis in children found that
laparoscopic appendectomy was associated with reduced
rates of SSI and bowel obstruction but a slightly higher
incidence of IAA compared with open surgery [83]. An-
other meta-analysis, incorporating two randomized con-
trolled trials and 14 retrospective cohort studies, confirmed
that laparoscopic appendectomy for complicated appendici-
tis lowers the risk of SSI but found no increase in postop-
erative IAA [35]. Despite the conflicting data in the lit-
erature regarding the rate of postoperative IAA formation,
WSES guidelines [23] recommend that laparoscopic appen-
dectomy should be preferred over open appendectomy in
children where laparoscopic equipment and expertise are
available [Quality of evidence: Moderate; Strength of rec-
ommendation: Strong; 1B].

Quantitative Comparison of Different Laparoscopic
Approaches

While SILA is a viable and generally safe technique, the
conventional three-port version of laparoscopic appendec-
tomy remains the preferred method for completing the pro-

792  Ann. Ital. Chir., 97,5, 2026

cedure in its entirety. Although SILA is comparable in
safety and overall effectiveness to the traditional approach,
a meta-analysis of randomized control trials indicated that
SILA is associated with increased need for postoperative
analgesia, a slightly higher risk of surgical site infections,
a longer operative duration, greater technical complexity,
and higher hospitalization costs. However, these differ-
ences appear to be clinically minor. Conversely, SILA also
offers notable cosmetic benefits, such as a virtually scar-
less appearance, and may result in reduced postoperative
discomfort and quicker recovery times in well-selected pa-
tients [84]. Nevertheless, the technique poses technical
challenges due to instrument crowding and restricted tri-
angulation, which make it less suitable for patients with
complicated appendicitis, obesity, or limited abdominal
workspace. Because of these challenges, SILA requires
surgeon proficiency and access to specialized instruments.
Relatedly, when facing technically complex cases, such as
retrocecal appendices or significant inflammation, SILA
may become unwieldy and require the use of additional in-
struments. In these situations, the three-port laparoscopic
setup allows for faster and more efficient dissection and mo-
bilization, with less disruption to the operation.

Patient selection is also critical for SILA. The technique
is most feasible in uncomplicated appendicitis cases with
minimal inflammation and without features like phlegmon
or perforation. On the other hand, in patients with compli-
cated appendicitis, SILA has a lower feasibility and a higher
risk of conversion to open surgery and limits the ability to
place intra-abdominal drains, all of which reduce its overall
practicality [85].

Notably, the enlarged umbilical incision needed for this ap-
proach may increase the risk of postoperative incisional her-
nia. In fact, a recent systematic review and meta-analysis
reported that patients undergoing SILA had a threefold in-
creased risk of developing incisional hernias compared to
those treated with the three-port method [86], underscoring
the importance of preventative measures during closure.
Several studies have indicated that needlescopic appendec-
tomy is a safe and effective option for treating appendicitis,
primarily due to the smaller trocar incisions and reduced
tissue trauma associated with the procedure [87,88]. How-
ever, a randomized controlled trial comparing needlescopic
appendectomy with the standard three-port laparoscopic ap-
proach found that the needlescopic technique was associ-
ated with significantly longer operative times and a higher
rate of conversion to conventional surgery. The study at-
tributed this to the technical challenges posed by the long,
thin needlescopic instruments and the small jaws of the 3
mm dissecting forceps, which were insufficiently robust for
precise manipulation. Consequently, the authors advised
against the routine use of needlescopic appendectomy in
general practice [89].

As intimated by this finding, compared to the conventional
three-port laparoscopy, needlescopic instruments present
specific limitations. Beyond those mentioned above, these
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limitations include increased lens fogging, a smaller video
monitor image, and difficulty in centering the target area,
which requires more frequent adjustments to maintain op-
timal focus [90]. Additionally, handling a 3 mm forceps
with a slender shaft and small jaws demands greater surgi-
cal skill compared to standard instruments. A systematic re-
view also noted a higher conversion rate to open appendec-
tomy with the needlescopic approach, reflecting the initial
technical difficulties surgeons encounter when using these
finer instruments. These findings have led to the recom-
mendation that needlescopic appendectomy be reserved for
surgeons with significant experience in conventional three-
port laparoscopic appendectomy [47]. Nevertheless, the
extant evidence suggests that needlescopic appendectomy
may be an effective technique in selected cases, particularly
in younger patients with mild appendicitis [87]. Further re-
search, however, is needed to clarify the optimal indications
and timing for needlescopic versus conventional three-port
laparoscopic appendectomy in AA.

Ideal Time to Perform Laparoscopic Appendectomy

The ideal timing for laparoscopic appendectomy depends
largely on the clinical presentation and severity of AA.
It is widely accepted that the severity of AA tends to in-
crease over time, with a rising risk of perforation if surgi-
cal intervention is delayed. As a result, immediate surgery
has traditionally been considered the standard of care for
these patients. However, practical factors, such as limited
overnight resources and concerns about the safety of night-
time surgery, have led to an approach of delaying appendec-
tomy until the following morning for patients presenting at
night. When deciding on urgent surgery, the potential risks
associated with nighttime operating must be considered, as
fatigue and sleep deprivation have been linked to increased
technical errors [91].

Multiple large retrospective studies have documented vari-
ability in clinical practice regarding the timing of appendec-
tomy [92,93]. However, these retrospective studies have
had several notable limitations. In these studies, patient
identification relied on operative and postoperative cod-
ing rather than direct clinical assessment. Moreover, key
variables, such as body mass index and white blood cell
count, were often unavailable, and researchers were unable
to review abdominal CT scans, access pathology reports, or
obtain detailed information regarding patients’ presenting
symptoms, the timing of their emergency department visit,
or the reasons for any delays in reaching the operating room.

Relatedly, the current observational evidence remains in-
conclusive about the safety of delaying surgery. Some ret-
rospective studies have found a correlation between surgi-
cal delay and increased rates of perforation, which in turn
is associated with worse outcomes, including a more se-
vere pathology, [AA, longer antibiotic courses, higher post-
operative complication rates, extended hospital stays, and
increased costs [94,95]. Conversely, more recent studies

have questioned these findings and reported no significant
differences in outcomes when appendectomy is performed
within 12 to 24 hours after presentation or when delayed un-
til the next morning for nighttime admissions [93,96]. For
example, Patel ef al. [97] (delay study, randomized con-
trol trial with level 1 evidence) found increased postopera-
tive complications of laparoscopic appendectomy only af-
ter delays exceeding 24 hours from emergency department
triage to surgery. Indeed, delaying to avoid a nighttime
surgery may be more beneficial than immediate surgery,
as some research has suggested that nighttime surgery is
associated with higher complication rates, increased con-
version to open surgery, more frequent reoperations, and
longer hospital stays [98,99]. However, another study has
shown no increase in overall complications related to night-
time procedures [100]. A 2018 meta-analysis of 21 studies
(20 observational and one randomized controlled trial) pub-
lished between 1997 and 2018 and accounting for 54,435
patients found no significant differences in rates of com-
plicated appendicitis or SSI between surgeries performed
at various intervals, namely six hours, six to 12 hours, and
over 12 hours after presentation. Delays beyond 24 hours,
however, were associated with increased patient risks [101].

While studies on the optimal timing of laparoscopic ap-
pendectomy have produced conflicting results, mainly be-
cause many were retrospective and subject to confound-
ing biases, recent high-quality randomized controlled trials
have reached similar conclusions, indicating that delaying
surgery for up to 24 hours after symptom onset does not
adversely affect patient outcomes. For uncomplicated AA,
surgery is generally recommended within 12 to 24 hours of
diagnosis to reduce the risk of perforation and associated
complications. In contrast, for complicated AA, defined
by gangrenous or perforated appendicitis with or without
peritonitis, abscess, or phlegmon, immediate laparoscopic
appendectomy is advised, particularly if the patient is unsta-
ble or septic. The EAES guidelines recommend performing
appendectomy as promptly as possible, since it is difficult
to predict whether appendicitis will follow a mild or fulmi-
nant course. Delaying surgery increases the risk of perfo-
ration, which is associated with higher rates of both short-
and long-term morbidity [28]. WSES guidelines [23] rec-
ommend planning laparoscopic appendectomy for the next
available operating list within 24 hours in case of uncompli-
cated AA, minimizing the delay wherever possible (Qual-
ity of Evidence: Moderate; Strength of recommendation:
Strong; 1B).

Conclusions
Established Consensus

Guidelines from multiple scientific societies, drawing on
evidence from retrospective studies, cohort studies, ran-
domized controlled trials, systematic reviews, and meta-
analyses, indicate that laparoscopic appendectomy is the
preferred surgical approach for AA. This recommendation
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is based on the numerous advantages of laparoscopy over
open appendectomy. When laparoscopic equipment and
expertise are available, WSES recommends this technique
as the preferred approach over open appendectomy for both
uncomplicated and complicated AA [Quality of Evidence:
High; Strength of recommendation: Strong; 1A]. Further-
more, early diagnosis of AA, including the use of appropri-
ate scores for risk assessment of AA, appropriate surgical
management, and infection prevention strategies are impor-
tant to prevent complications.

Crucially, the evidence-based standardization and opti-
mization of operative steps offer a valuable opportunity
to enhance surgical outcomes for a large patient popula-
tion. As surgeons have gained greater experience with la-
paroscopic techniques, this minimally invasive approach
has been widely adopted to maximize patient benefits, in-
cluding reduced rates of wound infection and postopera-
tive ileus, faster recovery, and potentially fewer adhesional
complications in the long term. The enhanced visualization
of the abdominal cavity provided by laparoscopy also facil-
itates more accurate diagnoses and enhanced management
of other intra-abdominal pathologies.

Laparoscopic appendectomy may be undertaken using vari-
ous technical approaches, including the standard multi-port
technique (SILA) and needlescopic methods, provided that
appropriate patient selection and adequate surgeon exper-
tise are ensured. Indeed, rates of conversion and procedure-
related complications are closely linked to the level of la-
paroscopic experience. Although laparoscopic appendec-
tomy may involve higher initial costs and demands ad-
vanced surgical skills, its overall advantages establish it as
a safe, effective, and preferred technique in contemporary
surgical practice.

Persisting Controversies

Currently, the literature does not provide sufficient evi-
dence to establish definitive guidelines on the optimal tim-
ing of laparoscopic appendectomy without increasing pa-
tient risk, largely due to the limitations and confounding
biases inherent in retrospective studies. Similarly, uncer-
tainty persists regarding the optimal choice of laparoscopic
technique; this uncertainty extends to the clinical advan-
tages of single-incision and needlescopic approaches over
standard laparoscopic appendectomy, the most effective
method for appendiceal stump closure (endoloops, clips, or
stapling devices), and the cost—benefit balance of advanced
minimally invasive techniques and disposable instruments.

Directions for Future Research

Further high-quality research is required to address these
unresolved issues and to refine best practices in laparo-
scopic appendectomy. Well-designed randomized con-
trolled trials are needed to (1) compare different laparo-
scopic techniques, with a particular focus on clinically
meaningful outcomes, and (2) evaluate the role of artifi-
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cial intelligence and digital technologies in clinical decision
support and surgical education. In addition, long-term stud-
ies examining chronic postoperative pain, quality of life,
and cosmetic outcomes are warranted. Lastly, both pa-
tients and practitioners would benefit from the development
of patient selection algorithms based on clinical, radiologi-
cal, and demographic factors, along with cost-effectiveness
analyses to support the optimal allocation of health-care re-
sources.
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