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Abstract 

Background Postoperative antibiotic prophylaxis (PAP) involves using antibiotics after surgery to prevent surgical 
site infections (SSIs). However, studies have shown that PAP offers no additional benefits compared to discontinuation 
after surgical incision closure, prompting its de-implementation to prevent unnecessary antibiotic use that may con-
tribute to antibiotic resistance. We conducted this review to synthesize evidence for guiding the design and imple-
mentation of effective strategies for discontinuing PAP practice and optimizing antibiotic use in surgical settings.

Methods This umbrella review searched for articles from PubMed/MEDLINE and Scopus, focusing on reviews 
conducted on human subjects on PAP to prevent SSIs, published in English language from 2019 to 5th July 2024. 
This review followed guidelines from PRISMA-P and PRIOR. The risk of bias (methodological quality) was assessed 
using AMSTAR-2. The pooled risk ratio (RR) was estimated using a fixed-effects model (Mantel–Haenszel method), 
while I2 was used to assess the heterogeneity between reviews. This review was registered with PROSPERO 
(CRD42024566124).

Results In our umbrella review, we screened 1156 articles, with 28 review articles found eligible for final analysis, 
involving over 457 primary studies. About 80,483 patients were involved in 9 meta-analysis reviews, which were used 
to estimate the pooled RR. We found no significant benefits to patients from continuing PAP beyond 24-h post-
surgery compared to immediate discontinuation, RR: 1.07 (95% CI: 0.97–1.17, I2: 25%, p-value: 0.22). Strategies such 
as regularly assessing and refining guidelines to fit specific surgical settings and patients’ characteristics, multidisci-
plinary collaboration, availability of resources needed for best practices, education and training healthcare workers 
on SSI prevention and antibiotic stewardship, and patient education in SSI prevention and proper antibiotic use were 
recommended to improve best practices in surgical settings.
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Conclusions Prolonging antibiotic prophylaxis beyond 24-h post-surgery did not show significant protective ben-
efits against SSIs. Our findings support the 2018 WHO recommendation for the immediate discontinuation of PAP 
following surgical incision closure in clean and clean-contaminated procedures. Further de-implementation research 
studies are needed to guide the effective discontinuation of PAP practice.

Keywords Postoperative antibiotic prophylaxis, Surgical site infection, Best practice, Strategies

Background
Surgical site infection (SSI) is an infection occurring 
after surgery in the part of the body where the procedure 
was performed [1]. SSI rates can vary widely, affecting 
approximately 2 to 20% of surgical patients. The high-
est incidence rate is observed in hepatobiliary surgeries 
at 19% (95% CI: 15–23%), while the lowest rate is seen 
in gallbladder surgeries at 3% (95% CI: 2–4%) [2]. Given 
the millions of surgical procedures performed annually 
worldwide [3], the financial and social burden of SSIs 
is substantial, leading to prolonged hospital stays, addi-
tional surgical procedures, and increased healthcare 
costs [4]. Evidence-based interventions, such as antibi-
otic prophylaxis, are necessary to reduce the risk of SSIs 
and mitigate their impact on patients and healthcare sys-
tems [5]. Antibiotic prophylaxis can be administered in 
three stages: preoperatively, intraoperatively, and postop-
eratively [6].

Preoperatively, antibiotics are administered to achieve 
optimal tissue concentrations by the time of incision, 
effectively targeting potential pathogens and thereby 
minimizing the risk of SSIs [7]. Intraoperatively, antibiot-
ics are maintained to sustain therapeutic levels through-
out the procedure, bolstering infection control measures 
[8]. Postoperatively, antibiotics are administered to fur-
ther prophylactically reduce the incidence of SSIs fol-
lowing surgery [6]. However, evidence suggests that 
continuing postoperative antibiotic prophylaxis (PAP) 
after surgical incision closure confers no additional ben-
efits [9], potentially resulting in unnecessary antibiotic 
use [10]. This overuse can have profound consequences, 
including exacerbating antibiotic resistance, increased 
toxicity, bacterial superinfection, and imposing a finan-
cial burden on the patient and the health care system 
[11].

In response to the existing evidence, in 2018, the World 
Health Organization (WHO) [12] and other health 
organizations, such as the Centers for Disease Control 
and Prevention (CDC) [13], recommended best prac-
tices to ensure the appropriate use of antibiotic prophy-
laxis preoperatively, intraoperatively, and postoperatively. 
This includes the recommendation to discontinue antibi-
otic prophylaxis immediately after surgical incision clo-
sure, irrespective of the surgical site, for both clean and 
clean-contaminated surgeries [12, 13]. Despite guidelines 

recommending the cessation of PAP [12], the practice 
continues to persist [14–16]. Possible reasons for the 
continuation of this practice include surgeons’ fear of 
SSIs, leading them to opt for extended antibiotic use as 
a precautionary measure, local context, and strongly held 
traditional practice [17, 18]. Moreover, awareness gaps 
among healthcare providers regarding updated guide-
lines, coupled with patient expectations for antibiot-
ics [19, 20], and inadequate knowledge about antibiotic 
stewardship contribute to PAP practice [21].

Furthermore, some of the evidence suggests that the 
decision to extend antibiotic prophylaxis beyond the 
intraoperative period should consider patient-specific 
factors [22] (e.g., immunocompromised individuals such 
as those undergoing organ transplant surgery or receiv-
ing chemotherapy) and the specific surgical site (e.g., 
joint replacements or abdominal procedures involving 
the gastrointestinal tract). In the context of the ongoing 
discussion about PAP [22–24], discontinuation of PAP 
practices can be viewed as a de-implementation chal-
lenge [25]. This necessitates regular updates informed by 
emerging evidence [24] and the development of effective 
and implementable interventions [26]. These strategies 
need to be tailored to the specific surgical settings and 
patient characteristics to ensure their adoption and effec-
tiveness in preventing SSIs, thereby reducing reliance on 
PAP [27].

Given the current findings on PAP practice [22–24], 
there is a growing need for an umbrella review to com-
prehensively synthesize existing evidence [28], consoli-
dating and evaluating the collective findings, especially 
those that have emerged after the WHO guidelines of 
2018 [12]. Such an approach would help clarify the effec-
tiveness of PAP across different patient populations and 
surgical scenarios [29–32] and explore strategies [33], 
guiding more informed clinical practices, policies, or 
interventions. Therefore, we designed this review to syn-
thesize the current evidence following the WHO recom-
mendations of 2018 on PAP practice.

Methods
Study design and protocol registration
This was an umbrella review (systematic review of 
reviews) [34] aimed at synthesizing evidence that can 
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inform strategies for discontinuing PAP. Additionally, 
we pooled the effects from the meta-analysis reviews 
to compare the risk of acquiring SSIs between patients 
who continued PAP and those who discontinued it. The 
review protocol was prepared according to Preferred 
Reporting Items for Systematic review and Meta-Anal-
ysis Protocols (PRISMA-P) [35] and Preferred Report-
ing Items for Overviews of Reviews (PRIOR) [36]. This 
umbrella review was registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO: 
CRD42024566124).

Search strategy
Articles were searched from PubMed/MEDLINE and 
Scopus [37]. We included reviews conducted in human 
subjects on PAP and published in English language from 
inception to 05th July 2024. The search strategy was ini-
tially developed for PubMed following guidance from 
Peer Review of Electronic Search Strategies (PRESS) [38] 
and subsequently adapted for Scopus. MeSH (Medical 
Subject Headings) terms were used to construct the Pub-
Med search query, combining keywords with the Boolean 
operator “AND” to ensure inclusion of all specified cri-
teria, while “OR” was used to retrieve results containing 
at least one of the keywords (Supplementary file 1). The 
search included keywords such as “antibiotic prophy-
laxis,” “surgical infection,” and “best practices.”

Eligibility criteria

• Patient: Reviews involving human subjects who had 
undergone surgery and were considered for antibi-
otic prophylaxis to prevent SSI

• Intervention: Immediate discontinuation of PAP fol-
lowing surgical incision closure. Discontinuation of 
PAP was also assigned to patients who received anti-
biotics up to 24 h or less post-surgery.

• Comparator/control: The focus was on reviews that 
reported the continued use of PAP. Continuation of 
PAP was also assigned to patients who received pre-
operative antibiotics and continued on antibiotics for 
more than 24-h post-surgery.

• Outcome: Incidence of SSI [1] especially for meta-
analysis or strategy to prevent SSI or appropriate use 
of antibiotics in surgical settings for narrative synthe-
sis

• Study design: Systematic reviews, meta-analyses, 
scoping review, and literature reviews that reported 
the effect of both continuation and discontinuation 
of PAP in patients who underwent surgical proce-
dures. Given that the WHO’s 2018 guideline on the 
prevention of SSI is based on systematic reviews of 
the evidence, this umbrella focused on reviews pub-

lished after 2018 [12]. We also included reviews that 
reported strategies for best practices in preventing 
SSIs and the appropriate use of antibiotics in surgical 
settings [33].

Study screening and data extraction
Two reviewers (R. B. M. and G. M. B.) independently 
conducted the screening based on the eligibility criteria 
and performed data extraction. Covidence software (Ver-
itas Health Innovation, Melbourne, Australia) was used 
to manage the duplicates and perform title and abstract 
screening. Disagreements on screening and extraction 
were resolved by consulting the third author (M. V. M.). 
The selection procedures are outlined in Fig. 1. Full arti-
cle screening was performed to extract information such 
as the first author’s surname and year of publication, type 
of review, and key findings (Table 1). We also extracted 
data on strategies or interventions or recommendations 
to prevent SSIs as outlined in Table 2. Furthermore, we 
extracted data on the incidence of SSIs for both discon-
tinued and continued PAP to evaluate its effectiveness in 
preventing SSIs.

Assessment of publication bias and risk of bias
Publication bias
Publication bias in the reviews included in the meta-anal-
ysis was evaluated using a funnel plot [39]. In this plot, 
the treatment effect estimates from individual reviews 
(e.g., risk ratios) were plotted against their standard 
errors.

Risk of bias (methodological quality)
Two reviewers (G. G. N. and B. J. N.) independently 
assessed the methodological quality of the included 
reviews using the AMSTAR-2 (Assessment of Multiple 
Systematic Reviews) tool [40]. Any disagreements were 
resolved by consulting a third reviewer (G. M. B.). We 
evaluated 16 domains, which include 7 critical domains 
(questions 2, 4, 7, 9, 11, 13, and 15). Compliance with 
each domain was rated as “yes,” “partial yes,” or “no.” The 
overall quality of the reviews was categorized into four 
levels as high, moderate, low, and critically low based on 
compliance with critical and noncritical domains.

Narrative synthesis
For the narrative synthesis process, two independent 
reviewers (G. M. B. and G. G. N.) conducted a thor-
ough assessment of the included reviews to identify key 
themes and summarize findings. The reviewers indepen-
dently extracted data and grouped it into thematic areas 
that were relevant to the study objectives. If there were 
discrepancies in data coding or thematic classification, 
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a third reviewer was consulted to resolve conflicts and 
ensure consistency in the synthesis (M. V. M.). The nar-
rative synthesis was undertaken to explore strategies for 
preventing SSIs and optimizing antibiotic use in surgical 
settings. No a priori themes were established; instead, 
themes were developed iteratively based on the relevance 
of study findings to the research questions. This synthesis 
involved systematically extracting and analyzing qualita-
tive and quantitative data from the included reviews.

Statistical analysis
Risk ratio (RR) was used to estimate the effect of continu-
ing antibiotic prophylaxis versus its discontinuation on 
the occurrence of SSIs, with a fixed-effects model (Man-
tel–Haenszel method) applied to pool the data and a 95% 
confidence interval (95% CI). Risk ratios and 95% CIs 
were calculated based on the total number of events and 
patients across all studies in each review. I2 was used to 
estimate the heterogeneity of the pooled reviews. I2 value 

greater than 50% indicated high heterogeneity in the esti-
mates [41]. We used the fixed-effects model when there 
was low to moderate heterogeneity between reviews 
[42]. In this review, we defined the discontinuation of 
post-exposure prophylaxis (PAP) as the cessation of anti-
biotic prophylaxis immediately following the closure of 
the surgical incision or the use of antibiotics for no more 
than 24-h post-surgery [43]. We performed a subgroup 
analysis based on the surgical sites [44]. All quantitative 
statistics were performed using R software version 4.2.3. 
Significant results were considered when the 95% CI did 
not include one, or the p-value was less than 0.05.

Results
Study selection
In our umbrella review, we initially screened 1156 arti-
cles. After applying eligibility criteria, we identified 28 
review articles suitable for final analysis. These articles 
encompassed over 457 primary studies, involving a 

Fig. 1 PRISMA flow diagram illustrating the study screening process, adopted from Covidence 2024
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Table 1 Characteristics of the studies included in the umbrella review and summary of the key findings

Study name Type of review Surgical site Key findings aMethodological 
quality

Aldarragi 2023 [45] SR Breast The incidence of SSIs does not signifi-
cantly differ between the use of antibiotics 
for more than 24 h compared to their use 
for less than 24 h

Critically low

Białek (2023) [32] SR Urethra Postoperative prophylaxis does not effec-
tively prevent infections after hypospadias 
repair or urethroplasty in adults

Critically low

Blatt (2019) [46] SR Maxillofacial For maxillofacial surgery, antibiotic 
prophylaxis may reduce SSIs, but extended 
postoperative dosing shows no benefit. In 
clean-contaminated oncological surgeries, 
a 24-h antibiotic regimen can effectively 
reduce SSIs without additional benefit 
from prolonged use

Critically low

Cooper (2020) [17] Scoping review and MA Cesarean section The findings suggest no statistically 
significant difference in the risk of SSI 
between pre-incision and post-incision 
prophylaxis, nor between short- and long-
duration prophylaxis

Critically low

Chesdachai (2022) [47] SR and MA Heart PAP for more than 24 h following cardiovas-
cular implantable electronic devices (CIED) 
implantation showed no significant benefit

Low

Chua (2019) [48] SR and MA Penis The limited evidence available indicates 
that PAP has minimal effectiveness in pre-
venting infections following hypospadia 
repair

Low

de Jonge (2020) [9] SR and MA Any surgery There is no conclusive evidence that contin-
uing antibiotic prophylaxis postoperatively 
offers any advantage over discontinuation. 
Following best practice standards, continu-
ing antibiotics did not reduce the incidence 
of surgical site infections

Low

Klifto (2023) [49] SR Plastic and reconstructive Evidence indicates that antibiotic prophy-
laxis is effective in preventing SSIs for certain 
indications and prescribed durations. PAP 
use has not been shown to reduce SSIs, 
and improper use may enhance the bacterial 
diversity of infections

Critically low

Murtha-Lemekhova (2022) [29] SR and MA Liver PAP cannot be recommended after hepa-
tectomy as it does not lower the risk 
of postoperative infections or liver-specific 
complications and may contribute to bacte-
rial resistance

Low

Oppelaar (2019) [50] SR and MA Ear, nose, throat, and oral 
and maxillofacial

No significant difference was observed 
in postoperative infection rates 
between short-course (24 h and shorter) 
and extended-course antibiotic prophylaxis 
(72 h or longer) following ear, nose, throat, 
oral, and maxillofacial surgeries. Therefore, 
it is recommended to use a short course 
of antibiotic prophylaxis unless specific 
documented conditions necessitate 
an extended
course

Critically low

Orenday-Barraza (2022) [51] SR and MA Spine A meta-analysis and comprehensive litera-
ture review indicate that the routine use 
of postoperative antibiotics (more than 24 h) 
in spine surgery may not effectively prevent 
surgical site infections

Critically low
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total of 80,483 patients from 9 meta-analysis reviews, 
which were used for estimating the pooled effect 
measure (RR) (Fig. 1).

Study characteristics
Overall, 28 review articles qualified for final analy-
sis [9, 17, 26, 29–32, 45–65]. Out of 28 reviews, 14 
focused on comparing the effectiveness of discontin-
ued PAP versus its continuation in preventing SSIs 
(Table  1), while 13 articles synthesized evidence to 
improve best practices (strategies), particularly PAP in 
surgical settings (Table 2). One review by Cooper et al. 
(2020) [17] documented both the effectiveness of PAP 
and the strategies to reduce SSIs in surgical settings. 
As shown in Table 1, discontinuation and continuation 
of PAP, especially beyond 24 h, demonstrated compa-
rable outcomes in reducing the incidence of SSIs [9, 
17, 29–32, 45–53], irrespective of the surgical site or 
procedure. None of the reviews had a high or moder-
ate quality. The majority of reviews (16) were rated as 
having critically low quality, and 12 reviews were clas-
sified as low quality. The poor methodological quality 
was mainly due to the absence and justification of a list 
of potentially relevant studies that were excluded after 
full-text screening which is a critical domain (item 
number 7). Additionally, half of the reviews (14) did 
not register their protocol before conducting a review, 
and only one review addressed the funding sources for 
the studies included in the review (Supplementary file 
2).

Meta‑analysis
Nine meta-analyses compared the effectiveness of 
preventing SSIs between discontinuation of PAP ver-
sus its continuation beyond 24-h post-surgery. Since 
de Jonge (2020) [9] reported both best practices and 
non-best practices, meta-analysis was conducted for 
reviews that adhered to the best practices, while sensi-
tivity analysis was performed by including studies that 
did not follow the best practices. The results showed 
a risk ratio (RR) of 1.07 (95% CI: 0.97–1.17, I2: 25%, 
p-value: 0.22). The RR of 1.07 shows that the interven-
tion group (discontinuation of PAP within 24-h post-
surgery reduces) has a 7% higher risk of having SSIs 
compared to the control group (continuation of PAP). 
However, the 95% CI includes 1, indicating that the 
risk reduction is not statistically significant. The value 
of I2: 25% indicates low to moderate variability among 
reviews (Fig. 2). In this review, one review by Chesda-
chai (2022) [47] involving heart surgeries favored the 
continuation of PAP (RR: 1.38, 95% CI: 1.09–1.74). 
Moreover, when the review by de Jonge (2020) [9] was 
included, even with studies not adhering to best prac-
tices, the outcome favored the continuation of PAP 
(RR: 1.12, 95% CI: 1.03–1.21, p-value: 0.30) (Supple-
mentary file 3).

Funnel plot
Ideally, the plot resembled a symmetrical inverted funnel, 
with larger reviews with smaller standard errors cluster-
ing around the average treatment effect at the top and 

Key:
a Methodological quality was assessed using AMSTAR-2 (Assessment of Multiple Systematic Reviews) tool [40]

Table 1 (continued)

Study name Type of review Surgical site Key findings aMethodological 
quality

Phillips (2020) [30] SR and MA Spine Preoperative antibiotic prophylaxis seems 
to offer the same level of protection 
against SSIs as extended PAP

Critically low

Ryan (2019) [52] SR and MA Any orthopedic There is no difference in infection risk 
between a single dose of preoperative 
antibiotics and multiple doses of periopera-
tive antibiotics for orthopedic procedures 
with implants

Critically low

Siddiqi (2019) [53] SR and MA Joint The available evidence does not demon-
strate any additional benefit from continuing 
PAP or extending it beyond 24 h

Critically low

Xia (2024) [31] MA Spine There is no significant difference in SSI rates 
between patients receiving 24 h and those 
receiving ≥ 24 h of postoperative antibiotics. 
Similarly, patients with thoracolumbar drains 
show comparable outcomes with shorter 
antibiotic durations, suggesting potential 
cost savings and reduced hospital stays

Critically low
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smaller reviews with larger standard errors scattering 
more widely at the bottom. In contrast, asymmetry may 
suggest potential bias, such as the selective publication 

Fig. 2 Meta-analysis to estimate the risk ratio (RR) between discontinuation of postoperative antibiotic prophylaxis (PAP) within 24-h post-surgery 
and continuation of PAP for preventing surgical site infections (SSI)

Fig. 3 Funnel plot showing the publication bias for studies included in the meta-analysis
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of reviews where smaller or less favorable reviews might 
have been underrepresented (Fig. 3).

Leveraging strategies to prevent SSI and optimize 
antibiotic use in surgical settings
Reassessing and refining guidelines to meet the specific 
needs
This synthesis underscored a pressing requirement to 
update guidelines in accordance with current evidence 
and evolving clinical practices. Key findings empha-
sized considerable variability in guideline effectiveness 
across diverse healthcare settings, with persistent vari-
ations observed in regimens, doses, and durations [57, 
61], highlighting the important role of customized imple-
mentation strategies in bolstering adherence and over-
all efficacy [62]. Moreover, the review identified notable 
evidence gaps, indicating that randomized clinical trials 
(RCTs) are still needed to strengthen the evidence base 
and support decision-making [57, 63, 64], including stud-
ies that will help explore effective strategies for enabling 
de-implementation of PAP practice, particularly consid-
ering specific contextual and patient factors [17, 54, 56, 
58, 61, 62].

Multidisciplinary collaboration
Providing real-time multidisciplinary support to surgi-
cal teams can help to prevent SSIs [17, 55, 62, 64]. This 
approach ensures that specialists from various fields, 
such as infectious disease experts, pharmacists, and 
infection control nurses, are readily available to offer 
their expertise. Multidisciplinary collaboration allows for 
comprehensive assessments of infection risks tailored to 
individual patients and surgical contexts. Moreover, it 
facilitates immediate consultation on antibiotic steward-
ship and optimizing infection prevention efforts during 
surgeries.

Availability of resources needed for best practices
The availability of resources necessary for best practices 
in infection prevention is critical for mitigating SSIs [55, 
64, 65]. These resources include surgical rooms, sterile 
surgical equipment, effective antimicrobial agents, and 
comprehensive infection control protocols. Having these 
resources readily accessible ensures that surgical teams 
can adhere to stringent hygiene standards, optimize 
surgical techniques, and minimize contamination risks 
during procedures. Furthermore, access to up-to-date 
guidelines and educational materials supports ongoing 
training and awareness among healthcare providers.

Educating on SSI prevention and antibiotic stewardship
Education on SSI prevention and antibiotic steward-
ship ensures that surgical teams are equipped with the 

latest evidence-based guidelines and strategies to pre-
vent SSIs [17, 55, 64]. This includes proper antimicro-
bial use, adherence to sterile techniques, and awareness 
of risk factors contributing to infections. Moreover, 
education fosters a culture of continuous improvement, 
encouraging ongoing learning and adaptation to emerg-
ing best practices in infection prevention. It empowers 
healthcare professionals to implement proactive meas-
ures and respond effectively to challenges during surgical 
procedures.

Patient education
Engaging and educating patients in their care empower 
them to understand and adhere to infection prevention 
measures [17, 55, 65]. This includes educating patients 
about the importance of hand hygiene, wound care, 
and the proper use of antibiotics. Informed patients can 
actively participate in shared decision-making regard-
ing their treatment plans, ensuring better compliance 
with postoperative instructions that minimize infec-
tion risks. Furthermore, patient involvement promotes 
transparency and trust between healthcare providers and 
patients. By fostering open communication, healthcare 
teams can address patient concerns, manage expecta-
tions, and collaborate effectively to prevent SSIs.

Discussion
To the best of the authors’ knowledge, this is the first 
umbrella review to synthesize evidence on PAP practice 
following the WHO recommendations of 2018 [12]. In 
our umbrella review, we found that prolonging antibiotic 
prophylaxis beyond 24-h post-surgery did not demon-
strate any additional benefits in reducing the occurrence 
of SSIs (RR: 1.07, 95% CI: 0.97–1.17). The analysis encom-
passed 80,483 patients from 9 meta-analyses. These 
results indicate that the critical period for effective anti-
biotic prophylaxis is during the preoperative and intra-
operative periods, beyond which continued use does not 
significantly impact SSI rates. Our findings are consistent 
with existing guidelines from major health organizations 
such as the WHO and the CDC. Both organizations rec-
ommend limiting antibiotic prophylaxis to the periopera-
tive period [12, 13], typically immediately after surgical 
incision closure for clean and clean-contaminated sur-
geries, regardless of the type of procedure [12].

The pooled estimate (RR: 1.07) and the upper limit of 
the confidence interval (95% CI: 0.97–1.17) suggest that 
while there is no statistical significance at the population 
level, the evidence still favors the benefit of PAP practice 
at an individual level (personalized approach), supporting 
the proposal that extending PAP beyond 24-h post-sur-
gery should be guided by other evidence such as patient-
specific factors [22]. On the other hand, not extending 
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PAP offers several key benefits, primarily by reducing 
the risk of developing antibiotic-resistant bacteria [66], 
a major public health concern [67, 68]. Moreover, limit-
ing antibiotic use to the preoperative and intraoperative 
periods also decreases the likelihood of adverse drug 
reactions, enhancing patient safety [69]. Additionally, 
this approach results in significant cost savings for the 
patients and healthcare systems by reducing the expenses 
associated with unnecessary antibiotic use and its com-
plications [70]. More importantly, this practice aligns 
with evidence-based guidelines from major health organ-
izations, ensuring adherence to the best practices in sur-
gical care [12].

Despite the existing evidence supporting the discon-
tinuation of PAP in surgical settings [12], the practices 
that are not guided by evidence still persist, particularly 
in LMICs [14–16, 71]. There remains a critical need to 
implement effective interventions aimed at improving 
SSI prevention and optimizing antibiotic use in these set-
tings. Addressing these challenges requires tailored inter-
ventions that consider the unique socioeconomic and 
healthcare landscapes of LMICs [18]. This includes prior-
itizing capacity-building initiatives, enhancing healthcare 
infrastructure, and promoting sustainable practices that 
align with local contexts. In addressing these challenges, 
this review recommends several strategies to guide the 
design and implementation of effective interventions. 
Firstly, regularly assessing and refining guidelines tai-
lored to specific surgical contexts and patient character-
istics. This ensures that guidelines remain responsive to 
changing clinical needs and demographic factors, thereby 
enhancing their effectiveness in reducing SSIs [72]. Sec-
ondly, fostering multidisciplinary collaboration. By bring-
ing together surgical teams, infectious disease specialists, 
microbiologists, pharmacists, and nurses, comprehensive 
approaches to SSI prevention and antibiotic stewardship 
can be co-developed and implemented [73]. This col-
laborative effort promotes knowledge sharing, improves 
adherence to guidelines, and facilitates the implementa-
tion of evidence-based practices that ultimately enhance 
patient outcomes and reduce the incidence of SSIs in sur-
gical settings.

Effective implementation of guidelines for PAP 
discontinuation relies heavily on the availability of 
adequate resources, including staffing, technologi-
cal support, and antimicrobial stewardship programs 
[74]. Ensuring that surgical teams have access to 
the necessary resources can facilitate adherence to 
updated guidelines and enhance overall patient care. 
Additionally, continuous education and training pro-
grams should be implemented to keep surgical teams 
and other healthcare providers abreast of current evi-
dence and guidelines [18]. Educating patients about 

the rationale for discontinuing antibiotics and involv-
ing them in the decision-making process can improve 
adherence to postoperative care plans and reduce anxi-
ety or misconceptions about antibiotic use [10]. These 
strategies collectively support a holistic approach to 
improving care quality and patient safety across health-
care environments.

One limitation of the current review is the absence of 
an assessment comparing the impact of adherence to best 
practices on preventing SSIs. During our meta-analysis, 
we identified only one review by de Jonge et al. (2020) [9] 
that conducted a subgroup analysis comparing adher-
ence versus nonadherence to best practices about dis-
continued or continued use of PAP to prevent SSIs. In 
this study, being adherent (RR: 1.04, 95% CI: 0.85–1.27) 
showed no significant difference in benefits, while not 
being adherent (RR: 0.79, 95% CI: 0.67–0.94) to best prac-
tices favored the continuation of PAP. Furthermore, sen-
sitivity analysis, including studies that did not adhere to 
the best practices reported by de Jonge et al. (2020) [9], 
showed that the overall benefits favored the continuation 
of PAP practice (RR: 1.12, 95% CI: 1.03–1.21, p-value: 
0.30). Another limitation is that we did not exclude the 
possibility of one article contributing to multiple reviews 
[44]. Given the nature of umbrella reviews, a single origi-
nal article may be included in different reviews [34].

Conclusions
Our study found no significant benefits to patients from 
continuing PAP beyond 24  h compared to immediate 
discontinuation. This suggests that current practices of 
extending PAP may not provide additional protective 
effects against SSIs. Our study supports the WHO rec-
ommendations of 2018 advocating for the immediate dis-
continuation of PAP following surgical incision closure in 
clean and clean-contaminated surgeries. Future research 
should focus on longitudinal assessments to compare 
long-term outcomes, including antibiotic resistance pat-
terns, between immediate discontinuation and prolonged 
PAP across various surgical settings. Cost-effectiveness 
analyses are needed to evaluate economic impacts, while 
patient-centered studies should explore satisfaction and 
adherence to antibiotic stewardship. Additionally, more 
studies such as de-implementation research should be 
conducted to refine guidelines tailored to specific needs 
such as surgical contexts and patient characteristics to 
optimize SSI prevention and antibiotic use.
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