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Abstract

Acute appendicitis is a common surgical emergency, with complicated cases carrying an increased risk of infections and
morbidity. Whilst preoperative antibiotics help reduce infections, the optimal postoperative regimen remains undefined.
Variability exists in antibiotic choice, route and duration. This review aimed to examine recent evidence on postoperative
antibiotic stewardship for complicated appendicitis to guide optimal treatment strategies. A systematic review was conducted
in accordance with PRISMA guidelines and registered in the PROSPERO registry. A search on PubMed and Cochrane library
databases identified studies on postoperative antibiotic use in appendicectomy. Two independent reviewers screened studies,
including RCTs, cohort studies and observational studies. Data extraction covered study characteristics, interventions and
outcomes. Risk of bias was assessed using RoB 2 and ROBINS-I, with GRADE used to evaluate evidence certainty. This
review included 11 studies with 8361 participants. Shorter intravenous antibiotic courses (2—-6 days) were found to be non-
inferior to longer regimens in preventing infections and reducing hospital stays. Risk factors for prolonged antibiotic use
included disease severity and surgical complexity. In selected patients, oral antibiotics were shown to be equally effective.
Shorter intravenous antibiotic courses and early transition to oral antibiotics effectively managed complicated appendicitis,
reducing hospital stays and healthcare costs without increasing complications. Individualised treatment decisions based on
patient risk factors and intraoperative findings are essential. Tailoring antibiotic regimens to individual patient characteristics
remains crucial. These findings support antibiotic stewardship efforts and highlight the need for further research, particularly
in high-risk populations

Keywords Complicated appendicitis - Postoperative antibiotics - Appendectomy - Appendicectomy - Surgical infections -
Acute appendicitis

Introduction

Acute appendicitis is the most common abdominal surgical
emergency worldwide, with an incidence ranging from 96.5
to 100 cases per 100,000 adults annually [1]. Appendicec-
tomy is widely regarded as the gold standard for treating
acute appendicitis [2]. Complications following appendi-
cectomy, such as intra-abdominal abscesses, are reported in
4%-28% of cases, whilst surgical-site infections (SSI) affect
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up to 11% of patients [3, 4]. Less common, including postop-
erative ileus and bowel obstruction, can result in unplanned
readmissions in approximately 10% of cases [5]. Compli-
cated appendicitis (CA) including perforated appendicitis,
gangrenous or appendicitis with abscess formation presents
a greater challenge in management, increased patients’ mor-
bidity and infectious complications [2, 6].

Preoperative administration of broad-spectrum antibiot-
ics has been shown to be effective in decreasing the risk of
wound infections and abscess formation [7]. The preopera-
tive antibiotics are universally administered to reduce the
risk of SSIs and intra-abdominal infections [8, 9]. In healthy
young adult patients, opportunities remain for improve-
ment in the choice of postoperative antibiotic stewardship
to timely discontinue prophylactic antibiotics and implement
enhanced recovery and ambulatory treatment pathways for
uncomplicated appendicitis [10]. However, there remains a

@ Springer


http://orcid.org/0000-0001-9542-695X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13304-025-02327-6&domain=pdf

Updates in Surgery

lack of consensus regarding the optimal postoperative anti-
biotic regimen for complicated appendicitis. There is con-
siderable variability in the route of administration, different
agents, dose and duration of antibiotics [11].

Given the global variation in recommended durations of
antibiotic therapy, the optimal postoperative management
of CA remains undefined. Therefore, this systematic review
aimed to study newer literature regarding the postoperative
antibiotics’ stewardship for complicated appendicitis. Con-
sequently, we posed the following research questions:

1. Is there evidence that a longer course of IV antibiot-
ics provides benefits compared to a shorter course after
complicated appendicitis in selected patients?

2. Does alonger course of IV antibiotics reduce the risk of
postoperative surgical infections (PSI) more than that of
a shorter course?

3. Is a longer postoperative antibiotic course in selected
patients associated with additional risk factors?

4. Is there a difference in outcomes between oral and IV
antibiotics in patients with complicated appendicitis?

Methodology

The review adhered to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guide-
lines and was registered in PROSPERO (CRD42024559392)
[12].

Search strategy and study selection

A comprehensive literature search was conducted using
PubMed and The Cochrane library for studies published
between August 31, 2019, and August 31, 2024. The search
strategy employed a combination of MeSH terms and key-
words, including “appendicitis,” OR “appendicectomy,”
OR “appendectomy,” OR “append*,” AND “antibiotic,”
OR “antibiotics,” OR “antibacterial,” OR “antimicrobial.”
The study selection process followed a structured
approach, with titles, abstracts and full-text articles screened
sequentially by two independent reviewers. Any disagree-
ments during the selection process were resolved through
discussion and consensus. To ensure relevance, the inclusion
criteria targeted studies involving adult patients undergoing
appendicectomy, either laparoscopic or open, that studied
the use of antibiotics with no antibiotics following surgery.
Studies were required to report at least one of the primary
outcomes: morbidity, complications or mortality. Eligi-
ble designs included randomised controlled trials (RCTs),
cohort studies and observational studies. Paediatric studies
and those not directly addressing antibiotic use post-appen-
dicectomy were excluded. Similarly, letters, commentaries,
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case reports, editorials, technical reports, conference
abstracts, reviews and articles in non-English language were
not considered for inclusion (Fig. 1).

Data extraction

Data extraction was performed using a pre-defined stand-
ardised form to ensure consistency and accuracy. Two
independent reviewers extracted key information, includ-
ing study characteristics (author, publication year, journal,
country), study design, sample size, demographic details,
type and route of antimicrobial therapy, comparator group
details, and primary outcomes (morbidity, complications,
mortality).

Data analysis

Extracted data were organised and analysed using Microsoft
Excel 2024. Studies were categorised based on their char-
acteristics, the nature of the intervention and reported out-
comes. Heterogeneity amongst studies was assessed qualita-
tively through a tabular comparison of key study attributes.
Results were presented through cohort diagrams, summary
tables and detailed narrative descriptions.

Quality strategy and study selection

The certainty of evidence for each outcome was assessed
using the GRADE (Grading of Recommendations, Assess-
ment, Development, and Evaluation) approach [13]. Evi-
dence from randomised controlled trials (RCTs) and
non-randomised studies (NRS) was evaluated separately,
following the GRADE framework.

Risk of bias assessment

RCTs were assessed using the RoB 2 tool, classifying studies
as having a low, some concerns or high risk of bias across
multiple domains.

NRS were assessed using the ROBINS-I tool, categoris-
ing studies into low, moderate, serious or critical risk of bias
across seven domains. Studies classified as having a critical
risk of bias using ROBINS-I were excluded from evidence
synthesis, in line with GRADE guidelines.

Classification of evidence by GRADE

For each outcome, the certainty of evidence was determined
using the following GRADE framework:

e High certainty: Further research is unlikely to change con-
fidence in the effect estimate. This level was assigned when
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evidence was based on at least two high-quality RCTs or a
systematic review/meta-analysis of high evidential value.

e Moderate certainty: Further research may impact confi-
dence in the estimate. This level included one high-quality
RCT plus additional moderate-quality studies or multiple
NRS with low risk of bias.

e Low certainty: Further research is likely to have a signifi-
cant impact on the effect estimate. This level included stud-
ies with moderate or serious risk of bias, including NRS.

e Very low certainty: Evidence was deemed unreliable due
to high risk of bias, serious inconsistency, or imprecision.

Results

All together 8361 participants were involved in the present
systematic review comprising 11 studies about postoperative
care of acute complicated appendicitis (CA) [14-24].

The authors’, year, and type of publication, as well as the
journals are presented in Table 1. Further, the definition of
complicated appendicitis in each study, guidelines/protocols,
aim, endpoints, and the main findings of each of the cita-
tions were simplified. Types of antibiotics, duration, route,
postoperative complications, length of hospital stay, follow-
up and readmission were studied and compared between
included studies, as shown in Table 2. Risk of bias assess-
ment was analysed amongst the included studies (Fig. 2).

Application of GRADE to included studies

The overall certainty of evidence was graded for each out-
come based on study design, risk of bias, inconsistency,
indirectness, imprecision and potential publication bias,
following GRADE recommendations. The distribution of
studies contributing to the evidence certainty for different
outcomes was as follows:
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D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
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. Low

D5: Bias in selection of the reported result.

Fig.2 Risk of bias across the included studies

his/her adjustment of the duration of antibiotic treatment
to optimise outcomes and minimise risks [19]. In these
selected patients, a short course of IV antibiotics does not
raise the risk of post-operative infections or unplanned
readmission within 30 days. In accordance, Bou Zein et al.
revealed that a shorter antibiotic duration was linked to a
shorter hospital stay in selected patients [16].

3. Is a longer postoperative antibiotic course in selected
patients associated with additional risk factors?

De Wijkerslooth et al. randomised the included patients
and compared those who got 2 days antibiotics with those
patients who got 5 days antibiotics post-surgery [20].
Although deviations in antibiotic administration were
allowed, the study found that 2 days of antibiotics was
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Table 3 Longer vs shorter IV antibiotic courses in complicated appendicitis

LOS (short vs long) Readmission rate Conclusion

Study Short duration Long duration Complication rate
Bou Zein et al. <24-hour IV >96-hour IV  Higher in long
(2020) course
Panshin et al. (2021) <3 days IV >6 days IV Lower in 5-6 day
group
Kroon et al. (2023) ~2.1daysIV ~ ~6.5daysIV  Similar
de Wijkerslooth 2 days IV 5 days IV Similar

et al. (2023)

Shorter duration
linked to fewer
abscesses and
shorter LOS.

3-6 day course may
be optimal; longer
duration showed no

1 day vs. 4 days 8% vs. 9% (not

significant)

1 day vs. 4.7 days 11.3% vs. 8%

added benefit.
2.1 days vs. 6.5 7% vs. 6% Short course was safe
days and reduced LOS
without increasing
complications.

3 days vs. 5 days 12% vs. 6% (1 in

2-day group)

2-day IV was non-
inferior to 5-day;
slightly higher read-
missions in 2-day
group.

LOS = length of stay, IV = intravenous,

non-inferior to 5 days, based on a non-inferiority margin of
7.5%. However, these findings are applicable primarily to
well-resourced healthcare settings, and may not generalise
to low-resource environments.

Kroon et al. confirmed that intraoperative findings of the
appendix constituted a prognostic factor for post-surgery
infections and ASA scores, as well as surgical approach rep-
resented the prognostic predictors of 30-day unplanned read-
mission [19]. Bou Zein Eddine et al. [16] found that patients
with CA who received >96 hours of antibiotics had signifi-
cantly higher rates of intra-abdominal abscesses. Panshin
et al. [17] reported that patients with complicated appendi-
citis required antibiotics for 8—10 days, and that higher surgi-
cal grades correlated with longer antibiotic durations[17]. In
summary, extended postoperative antibiotic courses are
typically prescribed for patients presenting with additional
risk factors, such as greater disease severity, intraoperative
complications, and higher ASA scores, all of which warrant
tailored management strategies.

4. Is there a difference in outcomes between oral and IV
antibiotics in patients with complicated appendicitis?

Lipping, et al. found that oral antibiotic administra-
tion resulted in non-inferior outcomes compared with the
24-hour IV antibiotics administration after laparoscopic
appendicectomy in complicated cases [23].

Kroon et al. found that postoperative IV antibiotics
can safely be switched to oral antibiotics (amoxicillin/cla-
vulanic acid 875/125 mg) when, after 48 hours, patients are
responding well to therapy, which is determined as being
afebrile and having a decreasing white cell count. Patients
can then be discharged home [19].

Laverde et al.’s cohort of 394 patients with CA were
treated post-surgery with the standard postoperative
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antibiotic regimen consisting of either cefotaxime (2 g,
t.i.d.) and metronidazole (500 mg, t.i.d.) or piperacillin/
tazobactam (4.5 g, t.i.d.) [24]. Oral antibiotic therapy was
continued after hospital discharge in 61 patients (15%). The
duration of antibiotic therapy was determined collabora-
tively by the surgeon and the attending physicians on the
ward, considering the results of the intraoperative swab and
the patient’s clinical condition. Oral antibiotic therapy was
considered to be equivalent to IV antibiotics in terms of
clinical outcomes in postoperative care.

Discussion

Antibiotic prescription plays a crucial role in the manage-
ment of acute complicated appendicitis, particularly in pre-
venting postoperative complications. Preoperative antibiotic
administration is strongly recommended once the diagnosis
of acute appendicitis is confirmed, as it helps reduce the risk
of infection during and after surgery. However, there has
been an ongoing debate regarding antibiotic stewardship in
the postoperative setting, particularly concerning the optimal
route and duration of antibiotic therapy. Whilst prolonged
courses of intravenous antibiotics were historically favoured,
newer evidence suggests that shorter durations, or even an
early switch to oral antibiotics, may be equally effective in
selected patients with complicated appendicitis. This shift in
approach aims to reduce unnecessary antibiotic prescription,
reduce healthcare costs and shorten hospital stays whilst
ensuring patient safety [25].

The optimal route of antibiotic prescription in acute com-
plicated appendicitis remains a subject of debate, balanc-
ing efficacy, patient outcomes and antibiotic stewardship.
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Traditionally, intravenous (IV) antibiotics have been the
standard approach postoperatively, given their reliable bio-
availability and effectiveness in severe infections. However,
emerging evidence suggests that early transition to oral anti-
biotics, or even exclusive oral regimens in selected patients,
may be equally effective whilst reducing hospital stays,
healthcare costs and the risks associated with prolonged IV
therapy. Studies have demonstrated non-inferior outcomes
with oral antibiotics compared to IV administration, par-
ticularly when patients are clinically stable, afebrile, and
showing signs of recovery within 24-48 hour post-surgery.
Despite these findings, concerns persist about ensuring ade-
quate absorption and compliance with oral therapy, particu-
larly in patients with severe intra-abdominal infections. As
a result, clinical decisions regarding antibiotic route should
be individualised, taking into account patient-specific fac-
tors, intraoperative findings and response to initial treatment
[26, 27].

The optimal duration of antibiotic therapy in complicated
acute appendicitis remains a topic of enduring discussion,
with current evidence favouring shorter courses in selected
patients. Traditionally, extended IV antibiotic regimens
were used postoperatively to prevent infectious complica-
tions. However, studies [17, 19, 20] have demonstrated that
limiting IV antibiotics to 3—6 days, or even as short as to
2 days, does not increase the risk of postoperative infec-
tions or mortality. Yet, Lipping et al. showed that a 24-hour
IV antibiotic course followed by oral antibiotics produced
comparable outcomes equated to prolonged IV therapy [23].
Shorter antibiotic regimens have also been linked to reduced
healthcare costs and shorter hospital stays without compro-
mising patient safety [15, 16]. However, patient selection is
crucial, as intraoperative findings, ASA scores, and surgical
approach influence the need for extended antibiotic therapy.
Therefore, whilst evidence supports a shift toward shorter
antibiotic courses, the duration should be tailored based on
individual patient risk factors and clinical response [25].

The length of hospital stay (LOS) after acute compli-
cated appendicitis is closely linked to postoperative com-
plications and the duration of antibiotic therapy. It has been
shown that shorter antibiotic courses can safely reduce LOS
without increasing the risk of complications [20]. Reduc-
ing postoperative IV antibiotics from 5 days to 2 days led
to shorter hospital stays and lower healthcare costs without
compromising infection rates or the need for reintervention.
Similarly, Kroon et al. and Bou Zein Eddine et al. found that
limiting antibiotic duration contributed to a reduced LOS
whilst maintaining patient safety [16, 19]. Zhang et al. found
that specific antibiotic regimens, such as cephalosporins plus
metronidazole, were associated with shorter hospital stays
when aligned with national healthcare policies [15]. How-
ever, postoperative complications remain a significant fac-
tor influencing LOS, as patients with higher ASA scores,

severe intraoperative findings or inadequate initial treat-
ment may require extended hospitalisation. Overall, whilst
a shorter LOS is desirable, it should not come at the expense
of patient safety, making individualised treatment decisions
essential [26].

One limitation of this study is the inclusion of some pae-
diatric patients amongst the participants in a few citations,
which may impact the generalisability of the findings to an
exclusively adult population. Paediatric patients often neces-
sitate different antibiotic regimens and treatment approaches
compared to adults due to variations in physiology, immune
response and risk factors for complications. Furthermore,
differences in antibiotic selection, dosing and duration
between paediatric and adult populations could introduce
heterogeneity in the results. Future studies should consider
stratifying outcomes by age group to provide more precise
recommendations tailored to distinct patient populations.

The clinical implications of this study emphasise the
potential for optimising antibiotic stewardship in the man-
agement of acute complicated appendicitis. The findings
support the accumulating evidence that shorter courses of
intravenous (IV) antibiotics or an early transition to oral
antibiotics can be equally effective in selected patients,
thereby reducing hospital stays, healthcare costs and the
risks associated with prolonged IV therapy. This under-
scores the importance of individualised treatment, where
the duration and route of antibiotic administration should
be guided by patient-specific factors such as intraoperative
findings, comorbidities and clinical response. Moreover,
the study highlights the necessity for future randomised tri-
als with careful patient selection, particularly in vulnerable
populations such as paediatric and elderly patients, who may
require different antibiotic regimens. Implementing these
findings in clinical practice could enhance patient outcomes,
minimise unnecessary antibiotic use and contribute to global
efforts in antimicrobial resistance prevention.

Conclusion

The findings of this study suggested that a longer course of
IV antibiotics offers no significant benefits over a shorter
course in selected patients with acute complicated appendi-
citis. Additionally, oral antibiotic therapy has demonstrated
non-inferior outcome compared to IV therapy when admin-
istered appropriately, further supporting the shift towards
more conservative antibiotic strategy. Postoperative antibi-
otic use should be individualised based on intra-operative
findings, patient risk factors, and clinical response.
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