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Abstract

Background: Acute appendicitis is among the most common abdominal surgical emergencies worldwide (Ferris
etal., 2017; Yang et al., 2023). Although appendectomy has historically been considered the definitive treatment,
evidence from large randomized trials and long-term follow-up over the past decade has reframed antibiotic
therapy as a viable first-line alternative (Salminen et al., 2015; Flum et al., 2020).

Objective: This paper aims to critically analyze the most recent scientific evidence regarding the effectiveness,
safety, and long-term durability of the two therapeutic strategies, with particular attention to the patient profiles
that benefit from each approach.

Materials and methods: A structured narrative review of contemporary literature (2015-2026) was conducted,
including the randomized APPAC (Salminen et al., 2015), APPAC Il (Sippola et al., 2021), and CODA (Flum et
al., 2020) trials, along with their long-term follow-ups, recent meta-analyses (Herrod et al., 2022; Brucchi et al.,
2024), and international guidelines from the WSES (Di Saverio et al., 2020) and SAGES (Kumar et al., 2024).
Results: The 10-year APPAC follow-up shows that approximately 56% of patients initially treated with antibiotics
ultimately avoided appendectomy, with a recurrence rate of 37.8% and a markedly lower cumulative complication
rate (8.5% versus 27.4%; Salminen et al., 2026). The CODA trial confirmed non-inferiority for quality-of-life
outcomes but identified appendicolith as a predictor of early treatment failure (Davidson et al., 2021). Recent
meta-analyses report 1-year antibiotic success rates of 62.9-64.6% (Herrod et al., 2022; Brucchi et al., 2024).
Conclusion: Conservative antibiotic therapy is a safe and effective alternative for carefully selected patients with
CT-confirmed uncomplicated acute appendicitis, whereas laparoscopic appendectomy remains the standard
treatment for complicated appendicitis and for patients with high-risk appendicolith. Modern decision-making
should be individualized.

Keywords: acute appendicitis, laparoscopic appendectomy, antibiotic therapy, APPAC, CODA, appendicolith,
non-operative management.

Introduction

Acute appendicitis is among the most frequent conditions encountered in surgical emergency
departments. According to the Global Burden of Disease Study 2019, the age-standardized
incidence is approximately 230 cases per 100,000 population per year, with a lifetime risk of
6.7-8.6% (Ferris et al., 2017; Yang et al., 2023). Incidence has stabilized in high-income
Western countries, while a rising trend is observed in Central and East Asia, South America,
and sub-Saharan Africa (Wickramasinghe et al., 2021). Appendectomy remains the most
frequently performed urgent surgical intervention worldwide.

Since the first descriptions of appendectomy at the end of the 19th century, surgical
intervention has been considered nearly universally accepted, based on the premise that the
natural course of the disease is progression toward perforation, generalized peritonitis, and
sepsis (Bhangu et al., 2015). However, advances over the past two decades in diagnostic
imaging have allowed accurate differentiation between uncomplicated and complicated forms
of the disease. Computed tomography (CT) has demonstrated a pooled sensitivity of 97.2%
and specificity of 95.6%, while abdominal ultrasonography achieves a sensitivity of 82.1% and
specificity of 85.9% (Arruzza et al., 2022). Nonetheless, even imaging is imperfect in
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distinguishing complicated from uncomplicated cases, with CT reaching only about 78%
sensitivity for this distinction (Bolmers et al., 2021).

The traditional hypothesis that every case of acute appendicitis inevitably progresses to
perforation is not fully supported by contemporary epidemiological literature (Andersson,
2021; Bhangu et al., 2015). Rather, the disease appears as a heterogeneous pathological entity,
in which a substantial proportion of uncomplicated forms can resolve with antimicrobial
therapy alone.

Since 2009, a series of methodologically robust randomized trials—led by the APPAC trial in
Finland (Salminen et al., 2015) and the CODA trial in the United States (Flum et al., 2020)—
have generated high-quality evidence supporting antibiotic therapy. The most recent
publications, including the 10-year APPAC follow-up (Salminen et al., 2026), have reaffirmed
the long-term durability of this approach. Consequently, current guidelines from the World
Society of Emergency Surgery (Di Saverio et al., 2020), the Society of American
Gastrointestinal and Endoscopic Surgeons (Kumar et al., 2024), and the European Association
for Endoscopic Surgery (Gorter et al., 2016) have formalized antibiotic therapy as a viable, and
potentially primary, option.

Aim of the Paper

The principal aim of this paper is to provide a structured and critical comparison of the two
contemporary therapeutic strategies for acute appendicitis in adults: first-line surgical treatment
(laparoscopic appendectomy) and conservative treatment with antibiotics.

The specific objectives are:

To analyze the evidence from randomized trials and long-term follow-up studies, with a focus
on APPAC, APPAC II, and CODA (Salminen et al., 2015; Flum et al., 2020; Sippola et al.,
2021).

To compare clinical outcomes—therapeutic success, complications, length of stay, and
recurrence—based on recent meta-analyses (Herrod et al., 2022; Brucchi et al., 2024; Xu et al.,
2023).

To identify the clinical and imaging criteria that determine patient suitability for each strategy.
To present current management algorithms in line with the WSES (Di Saverio et al., 2020),
SAGES (Kumar et al., 2024), and EAES (Gorter et al., 2016) guidelines.

To discuss specific populations (the elderly, pregnant women, and children) and the ethical
implications of informed patient choice (Antoniou et al., 2021; Perez Otero et al., 2022).

Materials and Methods

3.1 Study design: This work is conceived as a structured narrative review and critical analysis
of the literature on the contemporary management of acute appendicitis in adults. Sources were
selected on the basis of clinical relevance, methodological rigor, and their influence on changes
in clinical practice over the past decade.

3.2 Search strategy: The literature search was conducted in PubMed, MEDLINE, Embase, the
Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov, for English-language
publications from 2010 through April 2026. Key search terms included: "acute appendicitis,"
"appendectomy,” "antibiotic therapy,” "non-operative management,” "uncomplicated
appendicitis,” "APPAC trial," "CODA trial," "appendicolith,” and "WSES guidelines."

3.3 Inclusion criteria: The following were included: randomized controlled trials with >100
patients; large prospective cohort studies; meta-analyses and systematic reviews published in
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high-impact journals; and evidence-based international guidelines issued by professional
societies (Di Saverio et al., 2020; Kumar et al., 2024; Gorter et al., 2016; Antoniou et al., 2021).

3.4 Principal sources analyzed: The central sources comprised: the APPAC trial (Salminen et
al., 2015) with its 5-year (Salminen et al., 2018) and 10-year (Salminen et al., 2026) follow-
ups; the APPAC Il trial (Sippola et al., 2021) and its 3-year secondary analysis (Sippola et al.,
2024); the CODA trial (Flum et al., 2020) and its longer-term follow-up (Davidson et al., 2021);
economic analyses (Haijanen et al., 2019); recent meta-analyses (Herrod et al., 2022; Brucchi
et al., 2024; Xu et al., 2023); authoritative narrative reviews (Bhangu et al., 2015; Andersson,
2021); studies addressing special populations (Perez Otero et al., 2022; Khan et al., 2021; Lee
et al., 2019); and global epidemiological analyses (Ferris et al., 2017; Yang et al., 2023;
Wickramasinghe et al., 2021).

3.5 Outcomes assessed: The following outcomes were analyzed: initial treatment success rate,
recurrence at 1, 5, and 10 years, cumulative need for appendectomy in the antibiotic group,
post-intervention complication rates, length of hospital stay, direct medical costs, and patient-
reported quality of life.

Results

4.1 Diagnosis and disease stratification: The diagnosis of acute appendicitis relies on a
combination of clinical assessment, laboratory parameters, and imaging. Clinical scores—
Alvarado and the Appendicitis Inflammatory Response (AIR)—aid in risk stratification.
Comparative studies show that the AIR score outperforms the Alvarado score, with a
specificity of 97% and a positive predictive value of 88% in the high-risk zone (Jose & Rajesh,
2021). A recent systematic review confirmed that the AIR score has greater discriminative
ability than Alvarado for the diagnosis of appendicitis (Andersson & Stark, 2025). Nonetheless,
neither score is sufficient to distinguish complicated from uncomplicated forms, and imaging
confirmation remains necessary.

CT remains the most accurate imaging modality. A systematic meta-analysis of 31 studies
reported a sensitivity of 97.2% and a specificity of 95.6% for the diagnosis of acute appendicitis
with CT, while ultrasonography achieved a sensitivity of 82.1% and a specificity of 85.9%
(Arruzzaetal., 2022). In children and pregnant women, MRI offers a radiation-free alternative,
with a sensitivity of 97.4% and a specificity of 97.1% (Eng et al., 2018). However,
distinguishing complicated from uncomplicated appendicitis remains challenging even with
CT, where the specific sensitivity for this distinction is approximately 78% (Bolmers et al.,
2021).

4.2 The APPAC trial and long-term follow-up: The APPAC trial was conducted in six Finnish
hospitals between November 2009 and June 2012 and enrolled 530 adult patients aged 18-60
years with CT-confirmed uncomplicated acute appendicitis (Salminen et al., 2015). Patients
were randomized to open appendectomy (n = 273) or to antibiotic therapy (n = 257), consisting
of intravenous ertapenem 1 g/day for 3 days, followed by oral levofloxacin 500 mg/day and
metronidazole 500 mg three times daily for 7 days.

At the 5-year follow-up, the cumulative appendectomy rate in the antibiotic group was 39.1%,
indicating that more than half of patients did not require surgery within 5 years (Salminen et
al., 2018). The 10-year follow-up published in January 2026 assessed 253 of 257 patients
(98.4%): the histopathologically confirmed recurrence rate was 37.8% (95% CI. 31.6-44.1)
and the cumulative 10-year appendectomy rate was 44.3% (95% CI: 38.2-50.4) (Salminen et
al., 2026). Importantly, 74.7% of recurrences and 77.7% of late appendectomies occurred
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within the first 2 years, suggesting that patients who pass this period without recurrence
experience a marked decline in long-term risk (Salminen et al., 2026).

Equally important, the cumulative complication rate at 10 years was 8.5% in the antibiotic
group versus 27.4% in the surgical group (Salminen et al., 2026). This long-term safety
advantage relates principally to operative morbidity—wound infections, adhesions, and
postoperative ileus (Bhangu et al., 2015; Jaschinski et al., 2015).

4.3 The APPAC Il trial and alternative regimens: APPAC Il compared oral monotherapy with
moxifloxacin (400 mg/day for 7 days) against the combined regimen of intravenous ertapenem
followed by oral levofloxacin/metronidazole, in 583 patients with uncomplicated appendicitis
(Sippola et al., 2021). The 1-year success rate was 70.2% in the oral group and 73.8% in the
combined group; both exceeded the predefined threshold of 65%, although oral monotherapy
did not meet the formal non-inferiority criterion with a 6-percentage-point margin. The 3-year
follow-up analysis confirmed the durability of these results, suggesting that an exclusively oral
strategy may be clinically reasonable for selected patients (Sippola et al., 2024).

4.4 The CODA trial: Published in the New England Journal of Medicine, CODA is the largest
randomized trial on this topic to date, enrolling 1,552 patients across 25 hospitals in the United
States (Flum et al., 2020). Unlike APPAC, CODA included patients with appendicolith,
making the population more diverse. The primary 30-day outcome showed that antibiotic
therapy was non-inferior to appendectomy with respect to quality of life as measured by the
EuroQol-5D index. Nevertheless, 29% of patients in the antibiotic group underwent
appendectomy within 90 days—41% with appendicolith versus 25% without.

The longer-term follow-up reported cumulative appendectomy rates of 40% at 1 year, 46% at
2 years, and 49% at 3 and 4 years (Davidson et al., 2021). The hazard ratio (HR) for
appendectomy in patients with appendicolith was 2.9 within the first 48 hours, 1.4 from 48
hours to 30 days, and 1.1 from 31 days to 2 years—indicating that the differential risk
associated with appendicolith is concentrated in the early phase and attenuates over time
(Davidson et al., 2021). The intraoperatively detected perforation rate in the CODA surgical
group was 16%, reflecting a more severe disease population than that of APPAC, where
perforation was less than 2%.

4.5 Synthesis from meta-analyses: The most recent meta-analysis published in the World
Journal of Emergency Surgery included 8 randomized trials with 3,213 patients and reported
that antibiotic therapy had reduced efficacy compared with appendectomy at 1 year (RR = 0.80;
95% CI 0.71-0.90), with a 1-year success rate of 64.6% (Brucchi et al., 2024). A parallel
analysis in BJS Open including the same number of trials reported a success rate of 62.9%
(Herrod et al., 2022). The meta-analysis by Xu et al. (2023) confirmed no significant difference
in overall complications (RR = 0.66; 95% CI 0.41-1.04), although antibiotic therapy was
associated with a sixfold higher rate of hospital readmissions within 1 year (Herrod et al.,
2022).

4.6 Economic considerations: The 5-year economic analysis of APPAC showed that total costs
for appendectomy were 1.4 times higher (€5,716; 95% CI: €5,510—€5,925) than for antibiotic
therapy (€4,171; 95% CI: €3,879—€4,463), with mean savings of €1,545 per patient (p < 0.001)
(Haijanen et al., 2019). Mean time off work was 11 days longer in the appendectomy group
(Salminen et al., 2018), with direct implications for societal productivity.

4.7 The role of appendicolith: Both major trials identify appendicolith as a significant predictor
of antibiotic failure. In APPAC it was an exclusion criterion (Salminen et al., 2015), whereas
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in CODA it was included and shown to substantially increase short-term risk (HR 2.9;
Davidson et al., 2021). Consequently, current guidelines recommend careful consideration of
this strategy in the presence of appendicolith (Di Saverio et al., 2020; Kumar et al., 2024).

4.8 Special populations: In children, the evidence is more limited. A US randomized trial of
39 children with uncomplicated appendicitis reported a 1-year success rate of 70% with
antibiotics, with an adjusted rate of 90% after exclusion of "pragmatic™” non-clinical failures,
and faster return to activity (2.0 vs. 12 days; p = 0.001) (Perez Otero et al., 2022). Other studies
confirm therapeutic success of 70-90% in pediatric populations with strict selection criteria
(Khan et al., 2021).

In pregnant women, appendectomy remains the standard treatment. However, the laparoscopic
approach has been associated with a higher risk of fetal loss (OR 1.72; 95% CI 1.22-2.42) than
the open approach, according to a meta-analysis of 22 studies including 4,694 pregnant women
(Lee et al., 2019). This raises important questions regarding the choice of surgical method in
this population.

In the elderly, the EAES has issued dedicated guidelines, emphasizing that appendicitis in this
age group is associated with a higher risk of perforation at the time of diagnosis and greater
operative morbidity (Antoniou et al., 2021). Therapeutic decisions require careful evaluation
of comorbidities and functional status.

4.9 Comparative summary:

Table 1. Comparison of therapeutic strategies — principal indicators

Parameter Surgical treatment Conservative treatment

Initial treatment success > 97% (Flum et al., 2020) 70-85% at 1 year (Salminen et
al., 2015; Sippola et al., 2021)

Recurrence at 5 years < 2% (Salminen et al., 2018) ~ 39% (Salminen et al., 2018)

Appendectomy at 10 years — 44.3% (Salminen et al., 2026)

Cumulative complications at 10 | 27.4% (Salminen et al., 2026) 8.5% (Salminen et al., 2026)
years

Total 5-year cost ~€5,716 (Haijanen et al., 2019) | =€4,171 (Haijanen et al., 2019)
Histopathological verification Complete Absent
Discussion

The evidence generated over the past decade has substantially transformed the
conceptualization of acute appendicitis from an obligatory surgical emergency to an entity that
can be managed through individualized strategies (Andersson, 2021; Bhangu et al., 2015).
Long-term follow-up data, particularly the 10-year APPAC results (Salminen et al., 2026),
have provided clarity regarding questions left open by earlier publications.

5.1 Long-term safety of antibiotic therapy: One of the most important findings of the 10-year
APPAC follow-up is that the cumulative complication rate remains lower in the antibiotic
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group than in the surgical group (8.5% vs. 27.4%; Salminen et al., 2026). This contradicts the
intuitive hypothesis that recurrences would lead to expanded long-term morbidity. On the
contrary, even patients who eventually undergo appendectomy after a second episode do not
show a higher complication risk than those operated on at the outset, supporting the safety of
an "antibiotics-first" approach (Salminen et al., 2026; Andersson, 2021).

5.2 The critical role of patient selection: Nevertheless, real-world clinical populations are more
heterogeneous than that of APPAC. CODA provides a more realistic picture by including
patients with appendicolith (Flum et al., 2020). The risk increases markedly in the early phase,
suggesting that the decision to start antibiotic therapy in such patients should be made
cautiously, with close follow-up during the first 30-90 days (Davidson et al., 2021). After this
critical phase, long-term risk between patients with and without appendicolith converges,
supporting the validity of the conservative strategy in a portion of this population as well.

5.3 Laparoscopic appendectomy: a robust standard: Laparoscopic appendectomy remains a
procedure with very high safety, short recovery time, minimal postoperative pain, and
favorable cosmetic outcomes (Jaschinski et al., 2015). Its principal comparative advantages
include: (i) definitive treatment with rare recurrence; (ii) the ability to obtain definitive
histopathological diagnosis—particularly important for rare appendiceal neoplasms that may
go undetected in the antibiotic group (Flum et al., 2020); and (iii) avoidance of broad-spectrum
antibiotic exposure, an increasingly important consideration in the context of antimicrobial
resistance.

5.4 The issue of appendiceal neoplasms: A concern raised by CODA is the lower detection rate
of appendiceal neoplasms in the antibiotic group, where the appendix is not surgically removed.
The trial reported nine neoplasms detected in appendectomy specimens, with higher
representation in patients over 40 years of age (Flum et al., 2020). This risk should be part of
informed discussion with the patient, particularly when the conservative strategy is chosen in
older age groups or when imaging signs are suggestive (Antoniou et al., 2021).

5.5 Economic and social implications: Economic data clearly suggest that, despite
reinterventions, antibiotic therapy is less costly in the medium and long term (Haijanen et al.,
2019). It also reduces work absence by an average of 11 days (Salminen et al., 2018), with
direct implications for societal productivity. In healthcare systems with limited admission
capacity, this strategy may contribute to resource optimization.

5.6 Shared decision-making with the patient: Modern algorithms emphasize the importance of
informed choice (Kumar et al., 2024; Di Saverio et al., 2020). The patient should be clearly
informed about: realistic chances of long-term avoidance of surgery (approximately 50-56%;
Salminen et al., 2026); the risk of recurrence; the advantages and limitations of each strategy;
and the influence of individual characteristics (appendicolith, age, comorbidities, occupation,
family planning).

5.7 Limitations of the evidence: Several limitations should be acknowledged: loss to follow-up
in the late phases of CODA (only 5% retention at year 4) (Davidson et al., 2021); APPAC used
open rather than laparoscopic appendectomy (Salminen et al., 2015); and the populations of
these trials did not include specific subgroups such as immunocompromised patients, for whom
evidence remains more limited and dedicated studies are required.
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Conclusion

The scientific evidence accumulated over the past decade, consolidated by large randomized
trials and follow-up extending to 10 years, supports a paradigm shift away from the "one-
treatment-fits-all" model toward individualized management of acute appendicitis. The
principal conclusions can be summarized as follows:

Conservative antibiotic therapy is a safe, effective, and cost-effective alternative for a
substantial proportion of patients with CT-confirmed uncomplicated acute appendicitis, where
approximately 50-56% ultimately avoid appendectomy over a 10-year horizon (Salminen et
al., 2026; Brucchi et al., 2024).

Laparoscopic appendectomy remains the standard treatment for complicated appendicitis, in
the presence of high-risk imaging features of appendicolith, and for patients who prefer
definitive treatment or who fall into age groups with elevated risk for neoplastic pathology
(Flum et al., 2020; Jaschinski et al., 2015).

Appendicolith is an important prognostic factor but no longer an absolute contraindication—it
primarily increases the risk of early failure and warrants careful follow-up (Davidson et al.,
2021).

Modern decision-making requires informed dialogue with the patient, in which clinical
characteristics, imaging findings, personal preference, and life context interweave to form an
individualized strategy (Kumar et al., 2024; Di Saverio et al., 2020).

The responsibility of the contemporary surgeon is no longer to make a unilateral decision about
whether to operate, but rather to provide accurate, evidence-verified information and to support
the patient through a shared decision-making process that respects autonomy and maximizes
long-term clinical outcomes.
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