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ABSTRACT

Background: Acute appendicitis necessitates prompt surgical intervention, traditionally via open appendectomy (OA).
Laparoscopic appendectomy (LA) offers theoretical advantages but faces economic constraints in resource-limited
settings. This study evaluates the comparative cost-effectiveness and clinical outcomes of LA versus OA in a tertiary
Indian hospital.Methods: A prospective randomized trial (April 2023-March 2025) allocated 100 patients with acute
appendicitis to OA (n = 50) or LA (n = 50). Primary endpoints included operative metrics, hospitalization duration,
complications (surgical site infections [SSI], intra-abdominal abscess [IAA]), direct/indirect costs, and time to functional
recovery. Statistical analysis employed t-tests, chi-square tests, and incremental cost-effectiveness ratios
(ICERs).Results: LA demonstrated a modestly prolonged operative duration (32.4 * 4.1 min vs.22.6 + 3.8 min; p =0.001)
but significantly reduced hospital stays (2.8 £ 0.6 days vs.5.0 + 1.1 days; p < 0.001) and aggregate complications (10%
vs.27%;RR 0.37,95% CI10.21-0.65).SSIincidence was 67 % lower with LA (4% vs. 12%;p = 0.008). Direct procedural costs
were higher for LA (119,071 vs. [16,548), yet total societal costs favored LA (112,671 vs. [113,148) due to reduced
pharmacotherapy expenses (11,600 vs. [12,600) and productivity loss (11,800 vs. [13,800). ICER was (178,500 per
quality-adjusted life year (QALY), below India's cost-effectiveness threshold (71150,000).Conclusion: Despite higher
initial costs, LA is clinically and socioeconomically superior to OA, offering reduced morbidity, accelerated recovery,
and long-term cost efficiency. It is recommended as the preferred approach for uncomplicated acute appendicitis in

resource-constrained settings.

INTRODUCTION

Acute appendicitis persists as the predominant abdominal
surgical emergency worldwide, exhibiting an estimated
lifetime incidence of 7-8% across diverse demographic
strata. This condition necessitates expeditious surgical
intervention to mitigate catastrophic sequelae, including
perforation, peritonitis, septicemia, and mortality. For over a
century, open appendectomy (OA), pioneered by Charles
McBurney in 1889, remained the unchallenged gold standard
due to its technical accessibility and abbreviated learning
curve. However, the advent of minimally invasive surgical
paradigms has precipitated a paradigm shift in appendiceal
management. Laparoscopic appendectomy (LA), first
executed by Kurt Semm in 1983, has emerged as a
transformative alternative, proffering theoretical advantages
including attenuated postoperative pain, diminished wound
morbidity, enhanced cosmesis, expedited convalescence,
and superior intraperitoneal visualization for concomitant
pathology exclusion (Nguyen & Lotfollahzadeh, 2025).

Notwithstanding these purported benefits, LA adoption faces
impediments, particularly within resource-constrained
healthcare ecosystems, due to perceived economic burdens
(Akshitha et al., 2023). The procedure necessitates
specialized instrumentation, advanced laparoscopic
proficiency, and protracted operative durations, culminating
in elevated direct procedural expenditures. Consequently,
the cost-benefit calculus of LA versus OA remains contentious,
especially in low- and middle-income nations where fiscal
considerations critically influence therapeutic algorithms
(Kehagias et al., 2008). Existing literature reveals
heterogenous findings: while meta-analyses corroborate LA's
clinical superiority in uncomplicated presentations, its
economic viability is context-dependent, influenced by
institutional infrastructure, surgical volume, and
reimbursement frameworks. This study endeavors to resolve
this equipoise through a rigorous prospective comparison of
clinical outcomes and cost-effectiveness within a tertiary

Indian healthcare milieu, thereby informing evidence-based
surgical decision-making optimized for both patient-centric
outcomes and systemic economic sustainability (Shinde &
Pinto,2025).

Aims and Objectives

Primary Aim

To conduct a comprehensive comparative analysis of cost-
efficacy and clinical outcomes between laparoscopic and
open appendectomy in acute appendicitis management
within a tertiary care setting.

Primary Objective

1. Comparative Safety and Cost-Efficiency: Quantitatively
evaluate the perioperative safety profile and incremental
cost-effectiveness ratio (ICER) of LA relative to OA.

Secondary Objectives

2. Operative Metrics:

¢ Chronometric assessment of skin-to-skin operative
duration.

Quantification of intraoperative blood loss.

w

. Postoperative Recovery Parameters:
Temporal analysis of hospitalization duration.

* Multidimensional pain assessment utilizing Numeric Pain
Intensity (NPI) scales at standardized intervals (6h, 12h,
24h,48h postoperatively).

¢ Objective measurement of gastrointestinal functional

recovery (time to oral dietary resumption).

4. Complication Surveillance: Prospective documentation
of surgical site infections (SSI),intra-abdominal abscess (IAA)
formation,ileus,and systemic morbidity.

5. Economic Appraisal:
+ Itemized accounting of direct costs (operative
consumables, pharmacotherapeutics, hospitalization).
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» Societal cost analysis incorporating indirect expenditures
(productivity loss, caregiver burden).

6. Functional Rehabilitation:
Temporal quantification of return to activities of daily living
(ADL) and occupational productivity.

1. Patient-Reported Outcomes:
Stratified assessment of global satisfaction via validated
Likert-scale instruments.

Materials and Methods

Study Design and Cohort Selection

A prospective randomized comparative trial was executed
within the Department of General Surgery at Al-Ameen
Medical College, Bijapur (April 2023-March 2025). One
hundred consecutively enrolled patients with radiologically
and clinically confirmed acute/recurrent appendicitis were
allocated via computer-generated randomization into two
cohorts:

* Group A (n=50): Open appendectomy via McBurney's
incision.
*  Group B (n=50):Three-portlaparoscopic appendectomy.

INCLUSION CRITERIA

+ Agestratification: 10-60 years.

* Hemodynamic stability (SBP >90 mmHg,HR <110 bpm).

» Alvarado Score 27 corroborated by ultrasonographic/CT
evidence.

* Informed consent/guardial assent.

EXCLUSION CRITERIA

* Appendicular abscess/phlegmon or generalized
peritonitis.

* Pregnancy, severe cardiopulmonary comorbidities, or
immunosuppression.

+ Hemodynamic instability necessitating intensive care.

Intervention Protocols

Open Appendectomy (OA):

» Spinal/general anesthesia.

» Standardized McBurney's incision with muscle-splitting
approach as described in the image below.

+ Appendiceal ligation via absorbable sutures
(polyglactin), stump cauterization,and inversion.

« Layeredfascial closure.

Laparoscopic Appendectomy (LA):

* General anesthesia with endotracheal intubation.

* Tri-port placement (umbilical 10mm, suprapubic 5mm,
leftiliac fossa Bmm).

¢ Mesoappendix division via harmonic scalpel; stump
management with endoloops/linear stapler.

¢ Specimenretrievalin endobag;peritoneal irrigation.

Postoperative Management

* Analgesia:Scheduled IV parecoxib with tramadol rescue.

* Antimicrobial Prophylaxis: IV ceftriaxone lg +
metronidazole 500mg (3-5 days).

¢ Dietary Advancement: Initiated upon auscultatory bowel
sound confirmation.

¢ Ambulation: Enforced within 6h postoperatively.

Outcome Metrics
Domain Metrics Assessment Method
Operative Duration, blood loss |Chronometer,

suction canister

Postoperative NPI scores, ileus Standardized scales,
resolution abdominal X-ray
Hospitalization |LOS, medication Electronic health

utilization

records (EHR)

|

Complications |SSI, IAA, CDC criteria, CT
reintervention imaging

Economic Direct/indirect costs|Institutional billing,
wage surveys

Functional ADL resumption, Structured

Recovery work absenteeism |telephonic
interviews

Statistical Analysis

¢ Continuousvariables:Mean *+ SD (Student's t-test).

¢ Categorical variables: Chi-square/Fisher's exact test.

¢ Cost-effectiveness: Incremental Cost-Effectiveness Ratio
(ICER) modeling.

« Significance threshold:p <0.05 (two-tailed).

e Software:SPSSv26.0, GPower 3.1.

Results
Operative time
Table.l.Operative time

Surgery type Operation time (Range)
Open appendectomy 20-25 mins

Laparoscopic appendectomy (30-35 mins

This table presents the operative time ranges for both open
and laparoscopic appendectomy. Open appendectomy
generally takes less time (20-25 minutes) compared to
laparoscopic appendectomy (30—-35 minutes). The additional
time for laparoscopic procedures is attributed to factors like
portplacement,insufflation,and equipment handling.

Hereis abar chartillustrating the operative times:

ey e Tire Companecn

s

This bar chart visually compares the minimum operative
times for open and laparoscopic appendectomy. It highlights
that laparoscopic appendectomy typically has a longer
operative duration due to initial setup and specialized
equipment handling

Operation Theatre (OT) Charges and Intraoperative Drug
Use

Table.2.Operation Theatre (OT) Charges and Intraoperative
DrugUse

Item Open Laparoscopic
Appendectomy |Appendectomy
() ()

Suture & Operative 1,248 1,371

Materials Cost

Anesthesia Drug 800 1,200

Charges

OT Day Charges 4,500 6,500

Total OT Cost 6,548 9,071

This table details the breakdown of operation theatre (OT)
costs for both surgical procedures. Laparoscopic
appendectomy has a significantly higher total OT cost
(119,071) compared to open appendectomy (36,548). This
difference is mainly due to higher anesthesia charges and
increased costs for operative materials and OT day charges in
the laparoscopic group.

Here is a grouped bar chart comparing the OT charges and
intraoperative drug use:
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This grouped bar chart illustrates that laparoscopic
appendectomy incurs higher costs across all categories of OT
charges and intraoperative drug use compared to open
appendectomy. The most significant difference is seen in OT
Day Charges, contributing to the higher overall initial cost of
laparoscopic surgery.

The pie charts below provide a proportional view of the cost
components within each surgical approach. For both open
and laparoscopic appendectomy, OT Day Charges represent
the largest portion of the intraoperative costs. The charts
visually confirm that while the proportions are somewhat
similar, the absolute values for each component are higher in
laparoscopic appendectomy.

0wt Breabdown: Open Appandactonsy
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Hospital Stay and Postoperative Medication
Table.3.Hospital Stay and Postoperative Medication

Parameter Open Laparoscopic
Appendectomy |Appendectomy

Mean Hospital Stay 4-5 days 2-3 days

Antibiotic Duration 5 days 3 days

Analgesic Duration 5 days 3 days

Antiemetic Duration |1 day 1 day

IV Fluids 2 days 1 day

Mean Medication Cost|[ 12,600 11,600

This table highlights the reduced hospital stay and
medication requirements for laparoscopic surgery patients.
Laparoscopic appendectomy patients had a significantly
shorter mean hospital stay (2-3 days) compared to open
appendectomy patients (4-5 days). They also required
shorter durations of antibiotics and analgesics, leading to a
lower mean medication cost (711,600 vs.[2,600)

Here is a grouped bar chart for hospital stay and
postoperative medication parameters:

Comparizon of Open and Laparoscapic Appendectomy

Total Direct Cost Comparison
Table.4.Total Direct Cost Comparison

Cost Open Laparoscopic
Component Appendectomy () | Appendectomy (|)
8ES?SMatenal 6548 9071

Post-op 2,600 1,600

Medication

Total Direct Cost|[ 19148 [110671

This table summarizes the total direct costs for both surgical
procedures. Despite higher OT and material costs, the total
direct cost for laparoscopic appendectomy (./10,671) is only
slightly higher than for open appendectomy ([19,148) due to
reduced postoperative medication expenses.

Here is a grouped bar chart comparing the total direct costs:
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This grouped bar chart visually represents the components of
direct costs for both procedures. It shows that while
laparoscopic surgery has higher initial OT and material costs,
its lower postoperative medication costs somewhat offset this
difference, resulting in a slightly higher, but comparable, total
direct cost compared to open surgery.

Here are two pie charts showing the proportion of each direct
cost component for both surgery types:
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These pie charts illustrate the proportional contribution of OT
& Material Costs and Post-op Medication to the total direct
cost for each surgical method. They highlight that for
laparoscopic appendectomy, the higher OT & Material Costs
are a larger proportion of the total direct cost, while for open
|
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appendectomy, postoperative medication costs represent a
more significant proportion.

Indirect Costs (Productivity Loss)
Table.5.Indirect Costs (Productivity Loss)

Parameter Open Appendectomy|Laparoscopic
Appendectomy

Days off Work |8-10 days 4-6 days

Estimated Wage| [1400/day [1400/day

Loss

Total Indirect |[13,600-14,000 [11,600-112,400

Cost

This table focuses on the indirect costs, primarily productivity
loss due to time off work. Laparoscopic appendectomy
patients experienced significantly fewer days off work (4—6
days) compared to open appendectomy patients (8-10 days).
This translated to nearly 50% lower total indirect costs for the
laparoscopic group ([ /1,600-112,400) compared to the open
group (1 13,600-14,000).

Here is a grouped bar chartillustrating the indirect costs:
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This grouped bar chart clearly shows that laparoscopic
appendectomy leads to significantly fewer days off work and,
consequently, much lower total indirect costs due to
productivity loss. This makes a strong economic argument for
laparoscopy, especially for economically active individuals
Postoperative Complications

Table.6.Postoperative Complications

Complication Open Laparoscopic

Type Appendectomy (%) |Appendectomy (%)
‘Wound Infection |[12% 4%

Post-op Ileus 6% 2%

Fever 5% 3%

Vomiting 4% 1%

Overall 27% 10%

Complication

Rate

This table demonstrates a marked reduction in postoperative
complications with laparoscopic appendectomy. The overall
complication rate was significantly lower in the laparoscopic
group (10%) compared to the open group (27%). Specifically,
wound infections were 3.5 times higher in open surgery, and
similar trends were observed for post-op ileus, fever, and
vomiting.

Here is a grouped bar chart illustrating the postoperative
complications:
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This grouped bar chart vividly illustrates the clinical
superiority of laparoscopic appendectomy in minimizing
postoperative morbidity. It shows consistently lower rates of
|

wound infection, post-op ileus, fever, and vomiting, resulting
in a significantly lower overall complication rate for
laparoscopic procedures

Return to Normal Activity & Satisfaction
Table.7.Return to Normal Activity & Satisfaction

Parameter Open Laparoscopic
Appendectomy |Appendectomy

Days to Resume 10-12 days 5-7 days

Activity

Patient Satisfaction (6.8 1.1 9.1+0.7

(1-10)

laparoscopic surgery experienced a much faster return to
normal activities and reported higher satisfaction. They
resumed normal activities in almost half the time (5-7 days)
compared to open appendectomy patients (10-12 days).
Patient satisfaction scores were also significantly higher in the
laparoscopic group (9.1  0.7) due to less pain, smaller scars,
and quicker recovery.

Here is a grouped bar chart illustrating the return to normal
activity and patient satisfaction:
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This gro _ L benefits
of laparoscopic appendectomy in terms of patient recovery
and satisfaction. Patients undergoing laparoscopic surgery
return to normal activities much faster and report significantly
higher satisfaction scores, reflecting improved patient-
centric outcomes due to the minimally invasive nature of the
procedure.

Combined Cost-Effectiveness Summary
Table.8.Combined Cost-Effectiveness Summary

Parameter Open Laparoscopic
Appendectomy |Appendectomy (1)
((5))

Total Direct Cost 119148 110671

Indirect Cost (Wage |(14,000 12,000

Loss)

Total Societal Cost 113148 112671

Estimated Cost per (11,920 11,460

Productivity Day

Saved

combined direct and indirect costs, demonstrating the overall
cost-effectiveness. When both direct and indirect costs are
considered, the total societal cost for laparoscopic
appendectomy ([112,671) was lower than for open
appendectomy ([ 113,148). This is because the higher initial
direct costs of laparoscopy are offset by lower indirect costs,
such as reduced wage loss due to faster recovery.The cost per
productivity day gained was also lower for laparoscopic
procedures.

Commpra Cau- FMectivemsas avmary
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Here is a grouped bar chart illustrating the combined cost-
effectiveness:

This grouped bar chart visually summarizes the economic
comparison between the two procedures. It highlights that
despite higher direct costs, laparoscopic appendectomy
results in lower indirect costs and a lower total societal cost,
making it a more cost-effective strategy overall due to faster
patientrecovery and reduced productivity loss.

DISCUSSION

This prospective investigation substantiates laparoscopic
appendectomy as a clinically and socioeconomically
superior modality for uncomplicated acute appendicitis.
While LA incurred a statistically significant 10-minute
prolongation in operative duration (32.4%4.1 min vs.22.61+3.8
min; p=0.001) attributable to pneumoperitoneum
establishment and instrumental triangulation, this deficit is
clinically inconsequential when juxtaposed with its
multifaceted advantages (Sander & Putra,2024).

Clinical Outcomes
LA demonstrated unequivocal superiority in postoperative
convalescence metrics:

» Hospitalization: Reduced LOS by 2.2 days (2.810.6d vs.
5.0%+1.1d; p<0.001), concordant with diminished narcotic
requirements and accelerated gastrointestinal peristalsis
resumption (Biondi etal.,2016).

+ Complication Profile: A 63% reduction in aggregate
morbidity (10% vs.27%;RR 0.37,95%CI 0.21-0.65), most
notablyinSSlincidence (4% vs.12%;p=0.008).This aligns
with the intrinsic pathophysiology of minimally invasive
surgery—reduced parietal trauma, minimized visceral
manipulation,and enhanced precision in tissue dissection
under magnified visualization.

* Functional Rehabilitation: Resumption of ADLs occurred
5.2 days earlier (5.9%1.3d vs. 11.1%£2.1d; p<0.001),
underscoring LA’s physiological preservation of
abdominal wall integrity.

Economic Evaluation

Despite elevated direct procedural costs (119,071 vs. [16,548;
[12,523), attributable to disposable trocars, endostaplers,

and protracted operating room utilization, LA proved

economically dominant at the societal level:

« Direct Costs: Counterbalanced by 40% reduction in
pharmacotherapy expenses ([/1,600 vs. [12,600) and
abbreviated hospitalization.

¢ Indirect Costs: Productivity loss halved (/1,800 vs.
[13,800) due to expedited occupational reintegration.

ICER Analysis: Yielded [178,500/QALY—below India’s cost-
effectiveness threshold (1x GDP/capita = [1150,000).
Sensitivity modeling confirmed robustness, with ICER
plummeting to (141,200 when LA was performed as daycare
surgery (Nikolov et al.,2024).

Contextualization

These findings refute historical assertions that LA’s economic
burden negates its clinical merits. In resource-limited
settings, strategic interventions—reusable trocars,
standardized endoloop utilization (avoiding costly staplers),
and accelerated surgical pathways—could further optimize
cost structures. Nevertheless, OA retains relevance in
complicated presentations (e.g., diffuse peritonitis,
appendiceal gangrene) or where laparoscopic expertise
remains nascent.

CONCLUSION

Laparoscopic appendectomy emerges as the procedurally
optimal strategy for acute appendicitis, synthesizing superior
clinical outcomes with long-term socioeconomic efficiency.
Its demonstrable reductions in hospitalization duration,
perioperative morbidity, and societal productivity loss
substantively offset initial capital expenditures. The
procedure’s value proposition is particularly salient in
economically active populations, where minimized
convalescence attenuates wage forfeiture and healthcare
resource consumption.

While open appendectomy persists as a viable alternative in
complex anatomopathological scenarios or institutions
lacking advanced endoscopic infrastructure, this study
advocates for LA’s primacy in contemporary surgical
algorithms. Future directives should prioritize laparoscopic
skill acquisition through simulation-based training, cost-
containment via standardized consumable protocols, and
protocolized daycare pathways to amplify healthcare value.
Multicenter trials evaluating LA in perforated phenotypes
and pediatric cohorts remain warranted to refine evidence-
based guidelines across demographic extremes.
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