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Abstract: The management of acute appendicitis involves performing an appendectomy, which can be done as an open
or laparoscopic method. Since its introduction, laparoscopic appendectomy has been performed for both uncomplicated
and complicated appendicitis. Laparoscopic appendectomy is minimally invasive and associated with reduced
postoperative complications, early ambulation, and faster recovery. Single incision laparoscopic appendectomy and
natural orifice transluminal appendectomy are newer variants of minimally invasive surgery that are being performed
for acute appendicitis. In this review, we will investigate the role of laparoscopic appendectomy, single incision
laparoscopic appendectomy, and natural orifice transluminal appendectomy in the management of acute appendicitis.
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INTRODUCTION

Acute appendicitis is one of the most common
general surgical emergencies that presents to the
emergency department, and it has an incidence of 90-100
cases per 100,000 population in most developed
countries. It is commonly seen in the second and third
decades of life, and it has a slight male predominance.
The etiology of this condition is unknown, and acute
appendicitis can be divided into uncomplicated and
complicated appendicitis (Bhangu et al., 2015). The
diagnosis of acute appendicitis involves clinical
examination and blood investigations, which may reveal
leukocytosis and elevated C-reactive protein (CRP).
Imaging modalities like ultrasound and computerized
tomography are reserved for cases where the diagnosis is
equivocal or if complications like perforation or mass
formation are suspected(Teng et al., 2021). The
management of acute appendicitis is by performing an
appendectomy, which can be performed by either an
open or laparoscopic method. Non-operative
management has now become an alternative option for
the management of acute, uncomplicated appendicitis.
For complicated appendicitis, laparoscopic
appendectomy is the preferred method, although non-
operative management is used for certain appendicular
masses and abscesses(Becker et al., 2018; Wray et al.,
2013).

The World Society of Emergency Surgeons
(WSES) in their 2020 guidelines for the management of
acute appendicitis, has recommended laparoscopic
appendectomy for the management of acute appendicitis,
and non-operative treatment is performed in selected
patients with the absence of appendicolith, advising of
the possibility of recurrence and the risk of complications
like perforation and abscess formation(Di Saverio et al.,
2020). The European Association of Emergency
Surgeons (EAES), in their consensus on the management
of acute appendicitis, has recommended appendectomy
for the management of acute appendicitis, with non-
operative treatment being selected for specific
patients(Gorter et al., 2016). The Society of American
Gastrointestinal Surgeons(SAGES), in their guidelines
for the diagnosis and management of acute appendicitis,
has recommended that appendectomy is the
recommended treatment of choice for both acute
uncomplicated and complicated appendicitis, and both
adult and pediatric patients will benefit from this method
of management(Kumar et al., 2024.).The Swedish
national guidelines for the management of acute
appendicitis in adults and children have recommended
laparoscopic appendectomy for the management of acute
uncomplicated appendicitis, and do not recommend non-
operative treatment(Sal6 et al., 2025).
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In this review, we will look at the role of
laparoscopic appendectomy, single incision laparoscopic
appendectomy, and natural orifice transluminal
appendectomy in the management of acute appendicitis.
We conducted a literature review using PUBMED, the
Cochrane database of systematic reviews, Google
Scholar, and Semantic Scholar, looking for randomized
controlled trials, non-randomized trials, observational
and cohort studies, clinical reviews, systematic reviews,
and meta-analyses from 1980 to 2025. The following
keywords  were used: “Acute  appendicitis”,
“Uncomplicated appendicitis”, “Complicated
appendicitis”, “NOTES*, “laparoscopic appendectomy”,
and “single incision laparoscopic appendectomy”. All
articles were in English, and all articles were assessed by
manual  cross-referencing  of  the literature.
Commentaries, case reports, and editorials were
excluded from this review. Only Adult and pediatric
patients with acute appendicitis were included in this
study.

DISCUSSION
Laparoscopic Appendectomy for Acute Appendicitis
Since its introduction in the 1990s, laparoscopic
appendectomy has now become the preferred method of
performing an appendectomy. The 3-port method
includes the placement of a 10mm sub-umbilical port,
followed by a suprapubic and a left lateral 5mm port. The
advantage of laparoscopic appendectomy is the
visualization of the peritoneal cavity and pelvic organs,
and it is associated with reduced postoperative pain,
early ambulation, and better wound healing(Korndorffer
etal., 2010). Laparoscopic appendectomy was, however,
associated with a higher incidence of intra-abdominal
abscess formation and a longer operative time when
compared with open appendectomy(Sohn et al., 2017).

Laparoscopic appendectomy was compared to
open appendectomy in a prospective study by Shaikh et
al., A total of 60 patients were included in this study,
with 30 undergoing laparoscopic appendectomy and 30
undergoing an open appendectomy. The operative was
slightly longer in the laparoscopic appendectomy group,
but the postoperative wound infection rate was 6.6% in
the laparoscopic appendectomy group and 13.3% in the
open appendectomy group(Shaikh et al., 2022). Bulut et
al., retrospectively assessed 627 patients with acute
appendicitis, of whom 298 underwent laparoscopic
appendectomy, and 329 underwent open appendectomy.
The length of hospital stays and postoperative infection
rates were lower in the laparoscopic appendectomy
group(Bulut & Ucar, 2025).A nationwide cohort study
by Klief et al., looked at the trend of both open and
laparoscopic appendectomy in the management of acute
appendicitis over the past 20 years, and the rate of
laparoscopic appendectomy has increased from 7.4% to
93%, and the 30-day mortality rate has remained at
0.93%(KlIeif et al., 2021).

A meta-analysis of randomized controlled trials
comparing laparoscopic versus open appendectomy in
acute appendicitis was conducted by Dai et al., A total of
33 studies with 3642 patients were included in this study,
of which 1810 underwent laparoscopic appendectomy,
and 1832 underwent open appendectomy. Laparoscopic
appendectomy  was  associated  with  reduced
postoperative morbidity and faster return to work. The
intra-abdominal abscess rate was similar between the
groups(Dai & Shuai, 2017). Another meta-analysis
comparing laparoscopic versus open appendectomy for
acute appendicitis was conducted by Temple et al., A
total of 8 studies with 1383 patients were included in this
study, of which 730 underwent laparoscopic
appendectomy, and 653 underwent open appendectomy.
Laparoscopic appendectomy was associated with
reduced wound infection and faster return to work. There
were no differences in the intra-abdominal abscess rate,
but the operative time was longer in the laparoscopic
appendectomy group(Temple et al., 1999).

A systematic review of meta-analyses of
randomized controlled trials comparing laparoscopic
versus open appendectomy was conducted by Jaschinski
et al., A total of 9 systematic reviews were included in
this study, and laparoscopic appendectomy was
associated with a longer operative time, but the
postoperative wound infection and the length of hospital
stay were shorter. The intra-abdominal abscess rate was,
however, higher in the laparoscopic appendectomy
group(Jaschinski et al., 2015).A meta-analysis
comparing laparoscopic versus open appendectomy for
acute appendicitis was conducted by Bennet et al., A
total of 34 studies with 4414 patients were included, of
which 2064 underwent laparoscopic appendectomy and
2350 underwent open appendectomy. Laparoscopic
appendectomy  was  associated  with  reduced
postoperative morbidity, but the operative time was
longer, and so was the intra-abdominal abscess
rate(Bennett et al., 2007).

Laparoscopic appendectomy was found to be
effective for the surgical management of complicated
appendicitis with its better access to the peritoneal
cavity, and the ability to perform aspiration of purulent
material and peritoneal toilet. Several retrospective
studies have shown that laparoscopic appendectomy is
just as effective in the management of complicated
appendicitis (Fukami et al., 2007; Khiria et al., 2011;
Kiriakopoulos et al., 2006; St6ltzing Thon & Hartmut
Stoltzing, 2000). A systematic review and meta-analysis
comparing laparoscopic versus open appendectomy for
complicated appendicitis was conducted by Athanasiou
et al., A total of 26 studies with 4439 patients, of which
2188 underwent laparoscopic appendectomy, and 2251
underwent  open  appendectomy.  Laparoscopic
appendectomy  was  associated  with  reduced
postoperative morbidity and length of hospital stay, but
the operative time was longer. The intra-abdominal
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abscess rate was similar between the groups(Athanasiou
etal., 2017).

Neogi et al., conducted a systematic review and
meta-analysis on  laparoscopic  versus  open
appendectomy for complicated appendicitis in children.
A total of 40 studies with 2846 patients underwent
laparoscopic appendectomy, and 3397 underwent open
appendectomy. The postoperative complication rates
were reduced in the laparoscopic appendectomy group,
and the intra-abdominal abscess rate was similar between
both groups. The procedure duration was longer in the
laparoscopic appendectomy group(Neogi et al., 2022). A
randomized controlled trial comparing the safety of
laparoscopic versus open appendectomy in complicated
appendicitis was conducted by Thomson et al., A total of
112 patients were randomized to 60 who underwent
laparoscopic appendectomy and 52 who underwent open
appendectomy. There were no differences in the
postoperative morbidity, length of hospital stays, and
intra-abdominal abscess rate between the two
procedures(Thomson et al., 2015).

The Risk Factors for Conversion from Laparoscopic
to Open Appendectomy

Ceylan et al., conducted a retrospective study to
look at the risk factors for conversion from laparoscopic
appendectomy to open appendectomy. A total of 445
patients were included in this study, and some of the
factors that were associated with conversion from
laparoscopic to open appendectomy include a high
American Society of Anesthesiologists (ASA) score,
elevated C-reactive protein (CRP), and complicated
appendicitis(Ceylan et al., 2025)Cherif et al., also
examined risk factors for conversion from laparoscopic

to open appendectomy. A retrospective study was
conducted on 725 patients, of whom 121 were converted
from laparoscopy to open appendectomy. The presence
of co-morbidities like diabetes mellitus and the presence
of perforation and abscess formation were associated
with a higher risk of conversion to open
appendectomy/(Cherif et al., 2023)Pusphanathan et al.,
conducted a retrospective study of risk factors for
conversion from laparoscopic to open appendectomy for
acute appendicitis. A total of 120 patients were included
in this study, and 33 patients underwent conversion.
Perforated appendicitis was the most common cause for
conversion, with a rate of 81.1%(Pushpanathan et al.,
2022).

Lezama et al., conducted a 15-year analysis of
2193  patients who  underwent laparoscopic
appendectomy, and 52 underwent conversion to open
appendectomy. The presence of obesity, the presence of
complicated appendicitis, and previous abdominal
surgery were all risk factors for conversion to open
appendectomy(Monrabal Lezama et al., 2022). Aragone
et al., also looked at the factors that are associated with
conversion from laparoscopic to open appendectomy in
their analysis of 3,411 patients who had undergone
laparoscopic appendectomy. Some of the factors that
were associated with conversion include increasing age,
a high American Society of Anesthesiology (ASA) score,
the presence of perforation of the appendix, and the
presence of peritonitis and adhesions(Aragone et al.,
2024).Some of the other risk factors for conversion
include a high total white cell count and C-reactive
protein(CRP), and these can be detected pre-operatively
to help the surgeon when performing a laparoscopic
appendectomy(Bancke Laverde et al., 2023).

Table |
Study Study type Year | N=numbers | Intra-abdominal abscess | Intra-abdominal
rate of laparoscopic abscess rate open
appendectomy (%) appendectomy (%)
Markar et al., Review article 2012 | 34,474 3.69 2.59
Dai et al., Meta-analysis 2016 | 3642 3.17 3.77
Basukala et al., | Retrospective study | 2023 | 450 1.3 1.3

Table shows the rate of intra-abdominal abscess
between laparoscopic and open appendectomy for acute
appendicitis.

Single Incision Laparoscopic Appendectomy

This minimally invasive method, which was
introduced in the 1990s, involves making a 2-3cm
incision in the sub-umbilical region and inserting a
10mm and multiple 5mm ports through the incision, to
facilitate the passage of the laparoscope and surgical
instruments. This method requires training as there may
be a collision of the instruments and difficulty in
maintaining triangulation. Its main advantage is the
better cosmetic outcome and a better surgical scar(Bhatia
etal., 2011; Switzer et al., 2012). Liang et al., conducted
a retrospective study comparing single-incision

laparoscopic  appendectomy  versus conventional
laparoscopic appendectomy. A total of 688 patients were
divided into 618 who underwent conventional
laparoscopic appendectomy and 70 who underwent
single incision laparoscopic appendectomy. Single
incision laparoscopic appendectomy was associated with
reduced postoperative morbidity and early ambulation,
but the length of hospital stay was longer than
conventional laparoscopic appendectomy(Liang et al.,
2014).

A systematic review and meta-analysis of
single-incision laparoscopic appendectomy versus
conventional laparoscopic appendectomy was conducted
by Markar et al., A total of 7 studies with 1108 patients
were included in this study, of which 555 underwent
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single-incision laparoscopic appendectomy and 553
underwent conventional laparoscopic appendectomy.
There were no differences in postoperative morbidity,
intra-abdominal abscess formation, and length of
hospital stay between the procedures, but single incision
laparoscopic appendectomy was associated with a longer
operative time(Markar et al., 2013). Another systematic
review and meta-analysis comparing single incision
laparoscopic ~ appendectomy  and  conventional
laparoscopic appendectomy was conducted by Cai et al.,
A total of 6 studies with 1068 patients were included in
this study, with 535 undergoing single incision
laparoscopic  appendectomy and 533 undergoing
conventional laparoscopic appendectomy. There were no
differences in the postoperative morbidity, but single
incision laparoscopic appendectomy was associated with
a longer operative time and a higher conversion rate(Cai
etal., 2013).

A systematic review and meta-analysis of
randomized controlled trials comparing single incision
laparoscopic  appendectomy  versus  laparoscopic
appendectomy in adults was conducted by Kossenas et
al., A total of 4 studies with 404 patients were included,
of which 202 underwent single incision laparoscopic
appendectomy, and 206 underwent conventional
laparoscopic appendectomy. There were no differences
in the postoperative morbidity, intra-abdominal abscess
formation, length of hospital stays, and duration of the
operation between the procedures(Kossenas et al.,
2025)A similar systematic review and meta-analyses
comparing single incision laparoscopic appendectomy
versus conventional laparoscopic appendectomy, which
was conducted by Xu et al., and Zhou et al., also
concluded the same(Xu et al., 2015; Zhou et al., 2014).
A meta-analysis of randomized controlled trials
comparing single incision laparoscopic appendectomy
versus conventional laparoscopic appendectomy was
conducted by Antoniou et al., A total of 5 studies with
746 patients were included in this study, and the
postoperative morbidity and intra-abdominal abscess
formation were similar between the groups, but single
incision laparoscopic appendectomy was associated with
a longer operative time(Antoniou et al., 2014).

A systematic review and meta-analysis
comparing single-incision laparoscopic appendectomy
versus conventional laparoscopic appendectomy in
children was conducted by Zhang et al., A total of 14
studies with 2249 patients, of which 744 underwent
single-incision laparoscopic appendectomy and 1505
under conventional laparoscopic appendectomy. There
were no differences in the postoperative complications,
intra-abdominal abscess rate, but single incision
laparoscopic appendectomy was associated with longer
operative time and higher wound infection rate(Zhang et
al., 2015).Another systematic review and meta-analysis
comparing single-incision laparoscopic appendectomy
versus laparoscopic appendectomy in children was
conducted by Zhao et al., and they concluded that both

procedures did not show any differences in
complications and duration of operation, and single-
incision laparoscopic appendectomy did not show any
advantage over conventional laparoscopic
appendectomy(Zhao et al., 2015).
Natural Orifice Transluminal
Appendectomy

Natural orifice transluminal endoscopic
appendectomy is performed via a trans gastric or a
transvaginal route, and it has the advantage of not
making a skin incision and gaining access to the
peritoneal cavity via these routes and then performing the
appendectomy. The advantages of this procedure include
reduced postoperative pain and wound infection, but the
procedure takes longer than a conventional laparoscopic
appendectomy, as the orientation and triangulation of
instruments make it difficult for the surgeon(Huang et
al., 2011; Moreira-Pinto et al., 2011). Some surgeons
have combined natural orifice transvaginal surgery with
laparoscopic surgery, and this is called a hybrid or
Natural orifice-assisted laparoscopic appendectomy,
where, after introduction of the endoscope into the
peritoneal cavity, a 5mm laparoscope is introduced to
assist in performing the appendectomy(Nezhat et al.,
2009).

Endoscopic

A systematic review was conducted by Slouha
et al on Transvaginal laparoscopic appendectomy, where
20 studies were included. Transvaginal laparoscopic
appendectomy  was  associated  with  reduced
postoperative complications, postoperative pain, and
minimal scarring. The recovery period was 2 to 3
weeks(Slouha et al., 2024).Yagci et al., conducted a
systematic review on Transvaginal appendectomy and
included 112 cases in this study. The complication rate
was 8.2% and the conversion rate was 3.6%. This study
concluded that transvaginal appendectomy should only
be performed for uncomplicated acute appendicitis in
non-obese patients(Yagci & Kayaalp, 2014).

CONCLUSION

Laparoscopic appendectomy is now considered
the gold standard for the management of acute
appendicitis, due to its reduced postoperative nausea and
vomiting, early ambulation, and faster return to work. As
more surgeons get trained in performing laparoscopic
appendectomy, open appendectomy will probably be
reserved for complications like a perforated appendix or
when the base is compromised. Complicated
appendicitis is considered a risk factor for conversion
from a laparoscopic to an open appendectomy. Single-
incision laparoscopic appendectomy is an attractive
alternative to laparoscopic appendectomy, but it requires
special equipment and training, which limits its use.
Natural orifice transluminal appendectomy is still in its
early stages, and it is not popular for the surgical
management of acute appendicitis.

Conflict of Interest: There is no conflict of interest.

© South Asian Research Publication, Bangladesh

76



Kumar H.R.; SAR J Med; Vol-6, Iss-5 (Nov-Dec, 2025): 73-79

REFERENCES

Antoniou, S. A., Koch, O. O., Antoniou, G. A,
Lasithiotakis, K., Chalkiadakis, G. E., Pointner, R.,
& Granderath, F. A. (2014). Meta-analysis of
randomized trials on single-incision laparoscopic
versus conventional laparoscopic appendectomy. In
American Journal of Surgery (Vol. 207, Issue 4, pp.
613-622). Elsevier Inc.
https://doi.org/10.1016/j.amjsurg.2013.07.045
Aragone, L., Arrechea, R., Toffolo, M., Nardi, W.,
& Pirchi, D. (2024). Conversion Rates, Causes, and
Preoperative  Associated Factors in 3,411
Laparoscopic  Appendectomies: Insights after
Nearly Three Decades of Laparoscopy and an
Analysis of the Learning Curve. European Surgical
Research, 65(1), 108-114.
https://doi.org/10.1159/000541183

Athanasiou, C., Lockwood, S., & Markides, G. A.
(2017). Systematic Review and Meta-Analysis of
Laparoscopic Versus Open Appendicectomy in
Adults with Complicated Appendicitis: an Update of
the Literature. World Journal of Surgery, 41(12),
3083-3099.  https://doi.org/10.1007/s00268-017-
4123-3

Bancke Laverde, B. L., Maak, M., Langheinrich, M.,
Kersting, S., Denz, A., Krautz, C., Weber, G. F.,
Gritzmann, R., & Brunner, M. (2023). Risk Factors
for Conversion from Laparoscopic to Open
Appendectomy. Journal of Clinical Medicine,
12(13). https://doi.org/10.3390/jcm12134299
Becker, P., Fichtner-Feigl, S., & Schilling, D.
(2018). Clinical management of appendicitis.
Visceral Medicine, 34(6), 453-458.
https://doi.org/10.1159/000494883

Bennett, J., Boddy, A., & Rhodes, M. (2007).
Choice of approach for appendicectomy: a meta-
analysis of  open versus laparoscopic
appendicectomy. Surgical laparoscopy, endoscopy
& percutaneous techniques, 17(4), 245-255.
https://doi.org/10.1097/SLE.0b013e318058a117
Bhangu, A., Sereide, K., Di Saverio, S., Assarsson,
J. H., & Drake, F. T. (2015). Acute appendicitis:
Modern understanding of pathogenesis, diagnosis,
and management. In The Lancet (Vol. 386, Issue
10000, pp. 1278-1287). Lancet Publishing Group.
https://doi.org/10.1016/S0140-6736(15)00275-5
Bhatia, P., Sabharwal, V., Kalhan, S., John, S.,
Deed, J.,, & Khetan, M. (2011). Single-incision
multi-port laparoscopic appendectomy: How i do it.
Journal of Minimal Access Surgery, 7(1), 28-32.
https://doi.org/10.4103/0972-9941.72372

Bulut, A., & Ucar, M. (2025). Laparoscopic
Appendectomy versus Open Surgery. Journal of the
Society of Laparoscopic and Robotic Surgeons,
29(1). https://doi.org/10.4293/JSLS.2024.00077
Cai, Y. L., Xiong, X. Z., Wu, S. J., Cheng, Y., Lu,
J.,, Zhang, J., Lin, Y. X., & Cheng, N. S. (2013).
Single-incision laparoscopic appendectomy vs
conventional laparoscopic appendectomy:

Systematic review and meta-analysis. World
Journal of Gastroenterology, 19(31), 5165-5173.
https://doi.org/10.3748/wjg.v19.i31.5165

Ceylan, C., Elbistan, 1., & Barut, B. (2025). Risk
factors for conversion from laparoscopic
appendectomy to open appendectomy: A
retrospective analysis of single-center experience.
Ulusal Travma ve Acil Cerrahi Dergisi, 31(4), 365—
370. https://doi.org/10.14744/tjtes.2025.36423
Cherif, M., Mesbahi, M., Zaafouri, H., Zebda, H.,
Khedhiri, N., Hadded, D., & Ben-Maamer, A.
(2023). LAPAROSCOPIC APPENDICECTOMY:
RISK FACTORS FOR CONVERSION TO
LAPAROTOMY. Arquivos Brasileiros de Cirurgia
Digestiva, 36. https://doi.org/10.1590/0102-
672020230019e1737

Dai, L., & Shuai, J. (2017). Laparoscopic versus
open appendectomy in adults and children: A meta-
analysis of randomized controlled trials. United
European Gastroenterology Journal, 5(4), 542—
553. https://doi.org/10.1177/2050640616661931

Di Saverio, S., Podda, M., De Simone, B., Ceresoli,
M., Augustin, G., Gori, A., Boermeester, M.,
Sartelli, M., Coccolini, F., Tarasconi, A., D¢’
Angelis, N., Weber, D. G., Tolonen, M., Birindelli,
A., Biffl, W., Moore, E. E., Kelly, M., Soreide, K.,
Kashuk, J., ... Catena, F. (2020). Diagnosis and
treatment of acute appendicitis: 2020 update of the
WSES Jerusalem guidelines. In World Journal of
Emergency Surgery (Vol. 15, Issue 1). BioMed
Central Ltd. https://doi.org/10.1186/s13017-020-
00306-3

Fukami, Y., Hasegawa, H., Sakamoto, E., Komatsu,
S., & Hiromatsu, T. (2007). Value of laparoscopic
appendectomy in perforated appendicitis. World
Journal of Surgery, 31(2), 93-97.
https://doi.org/10.1007/s00268-006-0065-x

Gorter, R. R., Eker, H. H., Gorter-Stam, M. A. W.,
Abis, G. S. A., Acharya, A., Ankersmit, M.,
Antoniou, S. A., Arolfo, S., Babic, B., Boni, L.,
Bruntink, M., van Dam, D. A., Defoort, B., Deijen,
C. L., DeLacy, F. B., Go, P. M., Harmsen, A. M. K.,
van den Helder, R. S., Tordache, F., ... Bonjer, J.
(2016). Diagnosis and management of acute
appendicitis. EAES consensus  development
conference 2015. Surgical Endoscopy, 30(11),
4668-4690.  https://doi.org/10.1007/s00464-016-
5245-7

Huang, C., Huang, R. X., & Qiu, Z. J. (2011).
Natural orifce transluminal endoscopic surgery:
New Minimally invasive surgery come of age. In
World Journal of Gastroenterology (Vol. 17, Issue
39, pp. 4382-4388). Baishideng Publishing Group
Co. https://doi.org/10.3748/wjg.v17.i39.4382
Jaschinski, T., Mosch, C., Eikermann, M., &
Neugebauer, E. A. M. (2015). Laparoscopic versus
open appendectomy in patients with suspected
appendicitis: A systematic review of meta-analyses
of  randomised  controlled trials. BMC

© South Asian Research Publication, Bangladesh

77



Kumar H.R.; SAR J Med; Vol-6, Iss-5 (Nov-Dec, 2025): 73-79

Gastroenterology, 15(2).
https://doi.org/10.1186/s12876-015-0277-3

Khiria, L. S., Ardhnari, R., Mohan, N., Kumar, P.,
&  Nambiar, R. (2011). Laparoscopic
appendicectomy for complicated appendicitis: is it
safe and justified? A retrospective analysis. Surgical
laparoscopy, endoscopy &  percutaneous
techniques, 21(3), 142-145.
https://doi.org/10.1097/SLE.0b013e31821ad770
Kiriakopoulos, A., Tsakayannis, D., & Linos, D.
(2006). Laparoscopic management of complicated
appendicitis. JSLS: Journal of the Society of
Laparoendoscopic Surgeons, 10(4), 453-456.

Kleif, J., Thygesen, L. C., & Gogenur, I. (2021).
Moving from an era of open appendectomy to an era
of laparoscopic appendectomy: A nationwide cohort
study of adult patients undergoing surgery for
appendicitis. Scandinavian Journal of Surgery,
110(4), 512-519.
https://doi.org/10.1177/1457496921992615
Korndorffer, J. R., Fellinger, E., & Reed, W. (2010).
SAGES guideline for laparoscopic appendectomy.
In Surgical Endoscopy (Vol. 24, Issue 4, pp. 757—
761). Springer New York.
https://doi.org/10.1007/s00464-009-0632-y
Kossenas, K., Kouzeiha, R., Moutzouri, O., &
Georgopoulos, F. (2025). Single-incision versus
conventional laparoscopic appendectomy in adults:
a systematic review and meta-analysis of
randomized controlled trials. In Updates in Surgery
(Vol. 77, Issue 2, pp. 287-296). Springer Science
and Business Media Deutschland GmbH.
https://doi.org/10.1007/s13304-025-02112-5
Kumar, S. S., Collings, A. T., Lamm, R., Haskins, I.
N., Scholz, S., Nepal, P., Train, A. T., Athanasiadis,
D. I, Pucher, P. H., Bradley, J. F., 3rd, Hanna, N.
M., Quinteros, F., Narula, N., & Slater, B. J. (2024).
SAGES guideline for the diagnosis and treatment of
appendicitis. Surgical endoscopy, 38(6), 2974-
2994, https://doi.org/10.1007/s00464-024-10813-y
Liang, H. H., Hung, C. S., Wang, W., Tam, K. W.,
Chang, C. C., Liu, H. H,, Yen, K. L., & Wei, P. L.
(2014).  Single-incision  versus  conventional
laparoscopic appendectomy in 688 patients: A
retrospective comparative analysis. Canadian
Journal of Surgery, 57(3).
https://doi.org/10.1503/cjs.023812

Markar, S. R., Karthikesalingam, A., Di Franco, F.,
& Harris, A. M. (2013). Systematic review and
meta-analysis of single-incision versus conventional
multiport appendicectomy. In British Journal of
Surgery (Vol. 100, Issue 13, pp. 1709-1718).
https://doi.org/10.1002/bjs.9296

Monrabal Lezama, M., Casas, M. A., Angeramo, C.
A., Bras Harriott, C., & Schlottmann, F. (2022).
Conversion  from  Laparoscopic to  Open
Appendectomy:  Trends, Risk Factors and
Outcomes. A 15-Year Single-Center Analysis of
2193 Adult Patients. World Journal of Surgery,

46(11), 2642-2647. https://doi.org/10.1007/s00268-
022-06670-2

Moreira-Pinto, J., Lima, E., Correia-Pinto, J., &
Rolanda, C. (2011). Natural orifice transluminal
endoscopy surgery: A review. In World Journal of
Gastroenterology (Vol. 17, Issue 33, pp. 3795-
3801). Baishideng Publishing Group Co.
https://doi.org/10.3748/wjg.v17.i33.3795

Neogi, S., Banerjee, A, Panda, S. S., Ratan, S. K,,
& Narang, R. (2022). Laparoscopic versus open
appendicectomy for complicated appendicitis in
children: A systematic review and meta-analysis. In
Journal of Pediatric Surgery (Vol. 57, Issue 3, pp.
394-405). W.B. Saunders.
https://doi.org/10.1016/j.jpedsurg.2021.07.005
Nezhat, C., Datta, M. S., Defazio, A., Nezhat, F., &
Nezhat, C. (2009). Natural orifice-assisted
laparoscopic appendectomy. JSLS: Journal of the
Society of Laparoendoscopic Surgeons, 13(1), 14—
18.

Pushpanathan, N. R., Md Hashim, M. N., Zahari, Z.,
Aziz, S. H. S. A, Wan Zain, W. Z., Ramely, R.,
Wong, M. P. K., Mohamad, I. S., Wan Mokhter, W.
M., Yahya, M. M., Merican, S. R. H. |., Zakaria, Z.,
& Zakaria, A. D. (2022). Conversion rate and risk
factors of conversion to open in laparoscopic
appendicectomy. Annals of Coloproctology, 38(6),
409-414.
https://doi.org/10.3393/ac.2020.00437.0062

Salé, M., Tiselius, C., Rosemar, A., Ost, E.
Sohlberg, S., & Andersson, R. E. (2025). Swedish
national guidelines for diagnosis and management
of acute appendicitis in adults and children. In BJS
Open (Vol. 9, Issue 2). Oxford University Press.
https://doi.org/10.1093/bjsopen/zrae165

Shaikh, A. H., Tandur, A. E., Sholapur, S., Vangal,
G., Bhandarwar, A. H., Ghosh, A., & Rathod, A.
(2022). Laparoscopic versus Open Appendectomy:
A Prospective Comparative Study and 4-Year
Experience in a Tertiary Care Hospital. The Surgery
Journal, 08(03), €208-e214.
https://doi.org/10.1055/s-0042-1751112

Slouha, E., Biput, S. J., Krumbach, B., Clunes, L.
A., & Kollias, T. F. (2024). Transvaginal
Laparoscopic ~ Appendectomy: A Systematic
Review. Cureus.
https://doi.org/10.7759/cureus.51962

Sohn, M., Agha, A., Bremer, S., Lehmann, K. S,
Bormann, M., & Hochrein, A. (2017). Surgical
management of acute appendicitis in adults: A
review of current techniques. In International
Journal of Surgery (Vol. 48, pp. 232-239). Elsevier
Ltd. https://doi.org/10.1016/j.ijsu.2017.11.028
Stéltzing Thon, H. K., & Hartmut Stéltzing, P.-D.
(2000). Perforated Appendicitis: Is Laparoscopic
Operation Advisable? In Dig Surg (Vol. 17).
www.karger.comwww.karger.com/journals/dsu
Switzer, N. J,, Gill, R. S., & Karmali, S. (2012). The
Evolution of the Appendectomy: From Open to

© South Asian Research Publication, Bangladesh

78



Kumar H.R.; SAR J Med; Vol-6, Iss-5 (Nov-Dec, 2025): 73-79

Laparoscopic to Single Incision. Scientifica, 2012,
1-5. https://doi.org/10.6064/2012/895469

Temple, L. K., Litwin, D. E.,, & McLeod, R. S.
(1999). A meta-analysis of laparoscopic versus open
appendectomy in patients suspected of having acute
appendicitis. Canadian journal of surgery. Journal
canadien de chirurgie, 42(5), 377-383.

Teng, T. Z. J.,, Thong, X. R., Lau, K. Y,
Balasubramaniam, S., & Shelat, V. G. (2021). Acute
appendicitis—advances and controversies. World
Journal of Gastrointestinal Surgery, 13(11), 1293—
1314. https://doi.org/10.4240/wjgs.v13.i11.1293
Thomson, J. E., Kruger, D., Jann-Kruger, C., Kiss,
A., Omoshoro-Jones, J. A. O., Luvhengo, T., &
Brand, M. (2015). Laparoscopic versus open surgery
for complicated appendicitis; a randomized
controlled trial to prove safety. Surgical Endoscopy,
29(7), 2027-2032. https://doi.org/10.1007/s00464-
014-3906-y

Wray, C. J., Kao, L. S., Millas, S. G., Tsao, K., &
Ko, T. C. (2013). Acute Appendicitis: Controversies
in Diagnosis and Management. Current Problems in
Surgery, 50(2), 54-86.
https://doi.org/10.1067/j.cpsurg.2012.10.001

Xu, A. M., Huang, L., & Li, T. J. (2015). Single-
incision versus three-port laparoscopic
appendectomy for acute appendicitis: systematic

review and meta-analysis of randomized controlled
trials. Surgical Endoscopy, 29(4), 822-843.
https://doi.org/10.1007/s00464-014-3735-z

Yagci, M. A., & Kayaalp, C. (2014). Transvaginal
appendectomy: a systematic review. Minimally
invasive surgery, 2014(1),
384706.https://doi.org/10.1155/2014/384706
Zhang, Z., Wang, Y., Liu, R., Zhao, L., Liu, H,,
Zhang, J., & Li, G. (2015). Systematic review and
meta-analysis of single-incision versus conventional
laparoscopic appendectomy in children. In Journal
of Pediatric Surgery (Vol. 50, Issue 9, pp. 1600-
1609). W.B. Saunders.
https://doi.org/10.1016/j.jpedsurg.2015.05.018
Zhao, L., Liao, Z., Feng, S., Wu, P., & Chen, G.
(2015).  Single-incision  versus conventional
laparoscopic  appendicectomy in children: a
systematic review and meta-analysis. Pediatric
Surgery International, 31(4), 347-353.
https://doi.org/10.1007/s00383-015-3680-5

Zhou, H., Jin, K., Zhang, J., Wang, W., Sun, Y.,
Ruan, C., & Hu, Z. (2014). Single incision versus
conventional multiport laparoscopic appendectomy:
A systematic review and meta-analysis of
randomized controlled trials. In Digestive Surgery
(Vol. 31, Issues 4-5, pp. 384-391). S. Karger AG.
https://doi.org/10.1159/000369217.

© South Asian Research Publication, Bangladesh

79



