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ABSTRACT

Background- In children, acute appendicitis is the leading cause of emergency surgery performed on the abdomen. Prompt surgical
treatment is the best way to prevent serious complications (perforation, peritonitis, and sepsis). The "traditional" surgical approach for
removing the appendix was through an "open" incision. However, there has been an increase in the use of the laparoscopic technique
(using very small incisions) in pediatric surgical practice. By using the laparoscopic technique, many potential advantages exist such
as: decreased pain after surgery; shorter time in the hospital; quicker recovery after surgery; reduced number of complications related
to the surgical wound; and improved cosmetic appearance of the surgical site. However, concerns about the time it takes to perform
the operation, formation of abscesses in the abdomen, and whether or not it is cost-effective remain. Therefore, a systematic
comparison of these two techniques in children is necessary for surgical decision-making based on the outcome of surgery performed
using both methods.

Objectives- The purpose of this study was to compare laparoscopic appendicectomy to open appendicectomy regarding operative
time, postoperative pain intensity, length of hospital stay, the length of time until resuming oral intake, postoperative complications
(i.e., wound infections, intra-abdominal abscesses), and return to normal daily activities for children diagnosed with acute appendicitis.
Methods- In a tertiary care hospital, a prospective comparative study was conducted as part of a research project over a period of 18
months. The sample consisted of 120 pediatric patients with a diagnosis of acute appendicitis between the ages of 5 to 15 years. All
patients were divided into two equal (60 each) treatment groups: Group L (laparoscopic group) and Group O (open group). All patients
received standardized perioperative treatments as part of the study protocols. Data gathered during intraoperative procedures included
the total time for the completed operation. The patients' pain level was determined by an age-appropriate visual analogue scale; other
data recorded after completion of surgery included, (1) Time until patients ate something by mouth for the first time postoperatively,
(2) Time until patients could move, (3) Length of time that patients were admitted to the hospital past the day of surgery and, (4)
Postoperative complication occurrence. Patients were followed up for wound healing and return to normal activities.

Results- When comparing laparoscopic and open appendectomies, laparoscopic appendectomy showed evidence of reduced pain
levels after surgery, earlier resumption of food intake, shorter hospital stays, and faster return to normal activities compared with open
appendectomy. The operative time in laparoscopic cases was slightly increased; however, there was no increase in associated
morbidity from an increase in operative time. The laparoscopic group had lower rates of wound infection compared with the open
appendectomy group and the incidence of intra-abdominal abscesses was similar in both groups. Patients who underwent laparoscopic
appendectomy had a quicker overall recovery and better cosmetic results following laparoscopic surgery compared with patients
undergoing open appendectomy.

Conclusion- The laparoscopic approach to appendectomy represents a viable and safe option for the treatment of acute appendicitis
in children versus the traditional open technique. The laparoscopic technique may require a slightly longer operating time, however it
provides the child with several distinct advantages after surgical intervention including decreased pain postoperatively; shorter hospital
stays; earlier return to life activities; and reduced rates of wound complications. Thus, the laparoscopic approach should be the
preferred method of surgical treatment of acute appendicitis in children provided that expertise is present and the necessary facilities
are available to perform such a procedure.
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INTRODUCTION

Acute appendicitis is a common cause of emergency surgery
in children. Children and adolescents represent a large
portion of hospital admissions related to acute abdominal
pain due to appendicitis [1]. Appendicitis has an expected
lifetime risk of approximately 10% and early diagnosis and
timely surgical treatment are critical to prevent further
complications, such as perforations, widespread peritonitis,
abscess development, and sepsis. In children, diagnosing
appendicitis is sometimes difficult because of atypical
presentations, inability to clearly communicate symptoms
and signs of abdominal pain, and overlapping presentations
with other causes of abdominal pain [2].

Appendectomy is the only definitive treatment for
appendicitis. Open appendectomy has been used for many
years and is still the procedure of choice for most surgeons.
The open appendectomy is well established and widely
performed, is a straightforward, technically uncomplicated
operation, and has reliable and predictable outcomes.
However, the operation requires an incision in the right lower
quadrant, which may lead to prolonged postoperative pain,
higher incidence of wound infections, prolonged recovery
periods, and cosmetic consequences from scarring [3].

With the advent of minimally invasive surgical techniques,
laparoscopic appendectomies emerged as a new and viable
alternative  method of performing appendectomy.
Laparoscopic  appendectomies have rapidly gained
acceptance by pediatric surgeons since first introduced [4].
Laparoscopic procedures offer some potential advantages to
the surgeon and to the patient, including smaller incisions,
improved visualisation of the abdominal cavity, less
postoperative pain, shorter duration of postoperative
hospitalisation, faster return to normal activities, and
improved cosmetic appearance. Laparoscopic techniques
allow for complete visualisation of the abdominal cavity and
may be particularly useful in patients with uncertain
diagnoses [5].

There are concerns regarding laparoscopic appendectomy in
children, such as the longer operating times associated with
the learning curve, the increased costs of laparoscopic
equipment, and the controversial association between
laparoscopic appendectomies for complicated appendicitis
and the increased risk of postoperative intra-abdominal
abscesses. Lastly, the availability of laparoscopic surgery
facilities and trained personnel may determine the choice of
surgical technique in many low-resource countries [6].
Several studies have compared the laparoscopic and open
appendectomy techniques in children, addressing parameters
including the times of the operative procedure, postoperative
pain, time to discharge, length of hospitalisation,
complication rates, and overall recovery. These studies have
produced inconsistent results due to differences in
experience, patient selection, and design of the studies
conducted at various institutions. As a result, continuing to
study the laparoscopic appendectomy technique for children
through structured comparative studies will allow healthcare
providers to develop evidence-based recommendations for
treating children with acute appendicitis [7,8].

The purpose of this prospective comparative study was to
evaluate and compare laparoscopic appendectomy and open
appendectomy techniques in children with acute appendicitis

over an I8-month period. The study will evaluate
intraoperative parameters associated with each type of
appendectomy procedure, postoperative recovery time, and
overall complication rates associated with each surgical
approach to determine their relative advantages and safety for
children.

Materials and Methods

Study design and setting

This is a prospectively conducted comparative study over an
18-month period conducted by the Department of Pediatric
Surgery within a Tertiary Care Teaching Hospital. The goal
of the study was to compare the results from the laparoscopic
method of removing the appendix (laparoscopic
appendicetomy) with the traditional method of removing the
appendix (open appendicetomy) that used on children that
have been diagnosed with acute appendicitis.

Sample size and study population
During the study, 120 pediatric patients diagnosed with acute
appendicitis were enrolled as the subjects of the research. For
the purposes of this research project, a sample size was
selected based on the projected number of cases that would
be treated over the 18 months of data collection, and also to
give sufficient statistical power for identifying clinically
important differences between the postoperative outcomes of
the two procedures being compared.
Patients were allocated into two groups of 60 each:
® Group L (n = 60): Laparoscopic appendectomy
® Group O (n = 60): Open appendectomy
Inclusion criteria
®  Children aged 5-15 years
® C(Clinical and radiological diagnosis of acute
appendicitis
® Patients undergoing emergency appendectomy
® Informed consent obtained from parents or
guardians
Exclusion criteria
® Appendicular mass managed conservatively
® Generalized peritonitis requiring  extensive
laparotomy
® Previous abdominal surgery
® Known bleeding disorders
® Significant systemic illness contraindicating
laparoscopy
® Refusal of consent

Preoperative assessment

Using a thorough history and physical examination, every
patient was clinically assessed and had additional laboratory
tests performed. Relevant laboratory tests included complete
blood counts and imaging tests of the abdominal area
performed via ultrasound. An individual was diagnosed with
acute appendicitis based on the clinical signs that were
confirmed by imaging studies.

Surgical technique

In this section, patients with appendicitis undergoing
laparoscopic appendectomy will be referred to as L and those
undergoing open appendectomy will be referred to as O.
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Laparoscopic Appendectomy Group L: All operations
were performed under general anesthesia. Three standard
ports were placed to establish pneumoperitoneum. Appendix
was located, the mesoappendix divided, and base of appendix
secured using either endoloops or clips. The appendectomy
specimen was removed through the port site using a
technique to protect the incision. Peritoneal Lavage was
performed when necessary, based on surgeon preference.

Open Appendectomy Group O: All surgeries were
conducted under general anesthesia using a right lower
quadrant incision (or "gridiron incision"). Appendix was
located, mesoappendix was ligated, and appendectomy was
performed in the standard fashion. Surgeon performed
peritoneal Lavage if necessary, based on the surgeon's
evaluation of contamination.

Outcome measures
Primary outcomes:
® Operative time (minutes)
® Postoperative pain score assessed using age-
appropriate visual analog scale (VAS)
® Duration of hospital stay (days)

Secondary outcomes:
® Time to first oral intake (hours)
Time to ambulation (hours)
Wound infection rate
Intra-abdominal abscess formation
Postoperative ileus
Time to return to normal daily activities (days)

Postoperative care and follow-up

Patients received standardized postoperative analgesic
protocols and antibiotic protocols. Pain scores were recorded
pre-specified intervals for the first 24 hours after surgery, and
patients were discharged once clinically stable, able to
tolerate oral intake, and afebrile. Follow-up assessments were
made to evaluate wound healing and any late complications.

Statistical analysis

The continuous variables were stated in mean + SD greater
than 0.05 were statistically insignificant. The categorical
variables were presented by number and percentage. For
comparisons between groups, the appropriate statistics were
used to compare the respective statistics between groups. A
p-value <0.05 was regarded as statistically significant.

Results

Over the 18-month duration of this study, 120 pediatric
patients who underwent an appendectomy for acute
appendicitis were enrolled in the study. Patients were divided
equally into two treatment groups: laparoscopic
appendectomies (L) and open appendectomies (O). Both
groups were similar in terms of patient demographics and
preoperative clinical characteristics (age, gender, and clinical
presentation). We found that while the span of time spent
performing an appendectomy through the laparoscopic
approach was greater than that required by an open approach,
the pain experienced by the patients after the laparoscopic
approach was significantly less over the first 24-hours post-

operative period. Patients in the laparoscopic group were able
to take an oral diet and begin ambulating earlier than the open
group. Length of stay in the hospital was also shorter for
those patients who had undergone laparoscopic surgery
versus the open surgery group. Patients required treatment for
wound infections in the open appendectomy group at a higher
rate than those in the laparoscopic group, however the overall
incidence of intra-abdominal abscesses was similar between
the two groups. In addition, children who underwent
laparoscopic appendectomies returned to normal daily
activities earlier than children who had an open
appendectomy. In summary, the laparoscopic technique
produced superior recovery outcomes for the patients
undergoing laparoscopic appendectomy and no increased
incidence of complications compared to the open technique.

Table 1: Age distribution of patients
Table 1 shows comparable age distribution between both
groups.

Age GroupL(n=| GroupO (n=
group 60) 60)

(years)

5-8 18 (30%) 20 (33.3%)
9-12 24 (40%) 22 (36.7%)
13-15 18 (30%) 18 (30%)

Table 2: Gender distribution
Table 2 shows similar male predominance in both groups.

Gender | GroupL (n=60) | Group O (n=60)

Male 36 (60%) 38 (63.3%)

Female | 24 (40%) 22 (36.7%)

Table 3: Type of appendicitis (Intraoperative findings)
Table 3 shows comparable distribution of uncomplicated and
complicated appendicitis.

Type Grou Group
pL(mn| O (=
=60) 60)
Uncomplicated 42 40
(70%) (66.7%)
Complicated 18 20
(perforated/gangrenous) | (30%) (33.3%)

Table 4: Operative time (minutes)
Table 4 shows operative duration in both groups.

Parameter Group L | Group O
(mean + | (mean +
SD) SD)
Operative 62+12 48+ 10
time

Table 5: Postoperative pain score (VAS) at 24 hours
Table 5 shows significantly lower pain scores in Group L.
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Parameter | Group L (mean | Group O (mean
+ SD) + SD)
VAS score 32+£1.1 56+£14

Table 6: Time to first oral intake (hours)

Table 6 shows earlier resumption of oral intake in Group L.

Parameter Group L (mean | Group O (mean
+ SD) + SD)
Time to oral 14+4 22+6

intake

Table 7: Time to ambulation (hours)

Table 7 shows earlier ambulation in laparoscopic group.

Parameter Group L (mean | Group O (mean
+ SD) + SD)

Time to 165 28+7

ambulation

Table 8: Duration of hospital stay (days)
Table 8 shows shorter hospitalization in Group L.

Parameter Group L (mean+ | Group O (mean +
SD) SD)

Hospital 3.1+£0.8 52+1.1

stay

Table 9: Postoperative complications
Table 9 shows complication profile in both groups.

Complication | Grou Group O (n = 60)
pL(n
=60)

Wound 3(5%) | 9(15%)

infection

Intra- 2 3 (5%)

abdominal (3.3%)

abscess

Postoperative 2 5 (8.3%)

ileus (3.3%)

Table 10: Time to return to normal activities (days)
Table 10 shows faster return to daily routine in Group L.

Parameter Group L | Group (0}
(mean = SD) (mean = SD)

Return to normal | 7.4+1.6 12.8+2.3

activities

Table 1 shows that children aged 9-12 years constituted the
largest proportion in both Group L (40%) and Group O
(36.7%), with comparable distribution across all age
categories, confirming demographic homogeneity. Table 2
demonstrates male predominance in both groups (60% in
Group L and 63.3% in Group O), indicating balanced gender
representation. Table 3 shows that uncomplicated
appendicitis accounted for 70% in Group L and 66.7% in
Group O, while complicated cases constituted 30% and
33.3% respectively, confirming similar disease severity
distribution. Table 4 indicates that the mean operative time
was longer in Group L (62 + 12 minutes) compared to Group
O (48 £ 10 minutes), reflecting the technical demands of
laparoscopy. Table S5 shows significantly lower
postoperative pain scores in Group L (3.2 + 1.1) compared to
Group O (5.6 £ 1.4), demonstrating better postoperative
comfort in laparoscopic surgery. Table 6 demonstrates
earlier resumption of oral intake in Group L (14 £ 4 hours)
compared to Group O (22 £+ 6 hours), indicating faster

gastrointestinal recovery. Table 7 shows earlier ambulation
in Group L (16 £ 5 hours) versus Group O (28 £ 7 hours),
reflecting improved postoperative mobility. Table 8
indicates a shorter hospital stay in Group L (3.1 + 0.8 days)
compared to Group O (5.2 = 1.1 days), highlighting faster
overall recovery. Table 9 shows wound infection occurred in
5% of Group L compared to 15% in Group O, while intra-
abdominal abscess rates were low and comparable (3.3% vs
5%), indicating similar safety profiles. Table 10
demonstrates that children undergoing laparoscopic
appendectomy returned to normal activities earlier (7.4 + 1.6
days) compared to those undergoing open surgery (12.8 2.3
days), reinforcing the functional advantage of laparoscopy.

Discussion

Laparoscopic vs Open Appendicectomy in Children. An 18-
month, prospective, controlled study was conducted on 120
kids with acute appendicitis to compare laproscopic
appendectomy to open appendectomy and results from this
study show laproscopic appendectomy will lead to
significantly less pain, shorter stay in hospital, quicker return
to normal activities and a similar safety profile to open
appendicectomy [9]. Age, gender ratio and severity of
appendicitis were compared between both groups. One can
conclude outcomes were primarily due to surgical technique
rather than demographic and disease differences. Most
patients in both groups had simple appendicitis and therefore,
were able to compare postoperative outcomes [10]. The
operative time for the laproscopic group was longer than the
open group. This is consistent with the fact that laparoscopic
procedures are technically more difficult than open
techniques, especially in the case of pediatric patients where
anatomical space is limited [11]. The longer operative time
did not lead to an increased incidence of post-op morbidity or
prolonged hospitalisation. Additionally, longer operative
times for laproscopic procedures may be representative of the
learning curve associated with this form of minimally
invasive surgery [12]. Children undergoing laproscopic
appendicectomy have significantly lower pain scores post-
operatively than their counterparts treated with open
appendicectomy. Less pain results from smaller incisions,
less tissue handling, and decreased parietal trauma due to the
laparoscopic method of surgery [13]. Lower pain levels aid
in earlier mobility, which decreases the need for analgesics,
and is a significant factor contributing to improved
recovery.In children, the laparoscopic approach allowed for
earlier oral intake and ambulation when compared to open
surgery [14]. It has been suggested that the enhanced
recovery of gastrointestinal function is a result of less bowel
manipulation and inflammatory response with laparoscopic
surgical methods. Early ambulation is also of significant
importance for paediatric patients, as it alleviates discomfort,
enhances respiratory status, and lowers the risk of developing
post-operative complications like ileus [15].

Additionally, the laparoscopic group had a significantly
shorter duration of hospital stay, which has clinical
significance, since it reflects a quicker recovery, less burden
on the healthcare system, and increased satisfaction among
patients and their families. The shorter hospital stays also
decrease the risk of nosocomial infections (hospital-acquired
infections) and provide overall cost savings (including
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indirect costs) [16].

In the open appendectomy sample group, more patients
experienced surgical site infections. The greater amount of
tissue exposure and larger incisions associated with open
surgery likely contributed to the increased rate of surgical site
infections [17]. However, with the laparoscopic approach, the
smaller port-site incisions and the use of specimen retrieval
techniques, wound contamination is decreased, and thus,
there is less incidence of surgical site infections. There was
no significant difference in the development of intra-
abdominal abscesses between the two surgical techniques,
indicating that laparoscopic appendectomy does not increase
the incidence of deep intra-abdominal infections in children
[18].

Children in the laparoscopic group returned to normal
activities significantly quicker than the children in the open
appendectomy group. This outcome is especially important
for school-aged children, as it decreases the disruption of
their education and overall lives. Furthermore, improved
cosmetic outcomes associated with smaller scars may
improve a child’s psychological status and enhance parental
satisfaction [19, 20].

The findings from this study are consistent with the growing
movement in paediatric surgical practice towards
laparoscopic appendectomy. The benefits of laparoscopy
with regard to recovery parameters outweigh the relatively
minor increase in operative time, especially when performed
by skilled surgeons with appropriate facilities. When
laparoscopic appendectomy is done by skilled surgeons with
appropriate resources, it appears to provide a better short-
term outcome without compromising safety.

While there are important clinical implications for
laparoscopic appendectomy, there are some limitations of
this study to note. This was a single-center study, so the
findings may not be generalizable. Additionally, an analysis
of costs was not formally performed, which may be of interest
in resource-constrained settings. Long-term outcomes, such
as adhesive bowel obstruction, were not studied, which may
limit the data's ability to provide adequate follow-up evidence
regarding postoperative outcomes for children. Multicenter
studies with larger sample sizes and longer-term follow-up
are necessary to provide further evidence of the long-term
efficacy of laparoscopic appendectomy as a safe and effective
alternative to open appendectomy for children with acute
appendicitis.

Conclusion

Laparoscopic appendectomies are more beneficial than open
appendectomies in terms of postoperative recovery time.
Although the laparoscopic group had slightly longer
operative times, there was significantly less pain, earlier time
to resume eating/drinking, quicker ambulation and shorter
hospital stays for the laparoscopic patients versus the open
appendectomy patients. The laparoscopic group also had
fewer cases of wound infection; the incidence of
intraabdominal abscesses and other complications was
similar in both groups. Therefore, it can be said that
laparoscopic appendectomies are a safer, effective option
compared to the open technique for pediatric patients and
may be considered the first option in facilities that have
laparoscopic surgical expertise available.
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