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ABSTRACT 
Introduction: Institutional surgical antibiotic prophylaxis (SAP) guidelines are in place at all public  
hospitals in Singapore, but variations exist and adherence to guidelines is not tracked consistently. A  
national point prevalence survey carried out in 2020 showed that about 60% of surgical prophylactic 
antibiotics were administered for more than 24 hours. This guideline aims to align best practices  
nationally and provides a framework for audit and surveillance.
Method: This guideline was developed by the National Antimicrobial Stewardship Expert Panel’s  
National Surgical Antibiotic Prophylaxis Guideline Development Workgroup Panel, which comprises 
infectious diseases physicians, pharmacists, surgeons and anaesthesiologists. The Workgroup adopted  
the ADAPTE methodology framework with modifications for the development of the guideline.  
The recommended duration of antibiotic prophylaxis was graded according to the strength of  
consolidated evidence based on the scoring system of the Singapore Ministry of Health Clinical  
Practice Guidelines.
Results: This National SAP Guideline provides evidence-based recommendations for the rational  
use of antibiotic prophylaxis. These include recommended agents, dose, timing and duration for  
patients undergoing common surgeries based on surgical disciplines. The Workgroup also provides  
antibiotic recommendations for special patient population groups (such as patients with β-lactam  
allergy and patients colonised with methicillin-resistant Staphylococcus aureus), as well as for  
monitoring and surveillance of SAP.
Conclusion: This evidence-based National SAP Guideline for hospitals in Singapore aims to align  
practices and optimise the use of antibiotics for surgical prophylaxis for the prevention of surgical site 
infections while reducing adverse events from prolonged durations of SAP.
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CLINICAL IMPACT

What is New

•	 This is the first surgical antibiotic prophylaxis 
(SAP) guideline in Singapore that provides 
evidence-based recommendations for the 
antibiotic choice, dose, timing and duration  
for adult patients undergoing elective clean or 
clean-contaminated surgeries. 

•	 It highlights the evidence that prolonged SAP 
duration has no benefit, and may be  
associated with harm. 

Clinical Implications

•	 This guideline aims to align practices and 
optimise the use of SAP for the prevention of 
surgical site infections, while also reducing 
adverse events from prolonged durations of SAP.

INTRODUCTION
Surgical antibiotic prophylaxis (SAP) refers to the 
administration of antibiotics prior to clean and clean-
contaminated surgeries to prevent postoperative  
surgical site infections (SSIs). An optimal SAP should  
be highly effective in preventing SSI. An ideal  
prophylactic antibiotic regimen is: (1) effective against 
pathogens—generally skin flora—most likely to 
contaminate the surgical site; (2)  appropriately dosed,  
and timed so that the highest tissue concentration is  
present upon skin incision; (3) safe; and (4)  
administered for the shortest effective period to  
minimise adverse effects, the development of  
antimicrobial resistance, and costs.1 Antibiotics should 
also be re-dosed if surgery is prolonged or there is 
significant blood loss, to ensure adequate serum and  
tissue concentrations throughout the entire procedure.

Institutional SAP guidelines are in place at all 
public hospitals in Singapore but variations exist, and  
adherence to these guidelines is not reported nationally. 
Point prevalence surveys on antimicrobial utilisation 
conducted by Singapore public hospitals in 2020  
showed that the prophylactic use of antibiotics for  
surgeries accounted for 10% of all antimicrobial 
agents prescribed, and about 60% of these prophylactic 
antibiotics were administered for more than 24 hours.2 
This is particularly concerning as various international 
guidelines state that SAP should be discontinued after 
skin closure following most procedures. These are  

strong recommendations based on moderate- to high-
quality clinical evidence.1,3,4 Current evidence shows  
that SAP has no benefit when given beyond 24 hours,  
and may be associated with harm such as an increased 
risk of acute kidney injury and Clostridioides difficile 
infections.5-7 Moreover, unnecessarily long durations of 
SAP do not prevent wound infections, but in fact, may 
increase the risk of infections with multidrug-resistant 
organisms due to antibiotic selection pressure.8 

Appropriate SAP should be regarded as one of the 
components of an effective policy for the control of 
healthcare-associated infection (HAI), and also an 
important aspect of quality, patient safety, and antibiotic 
stewardship in the hospital. Based on the first national 
point prevalence survey conducted in public hospitals 
in Singapore, SSI was the second most common HAI 
after pneumonia, accounting for 17.3% of HAI.9 The 
establishment of the National SAP Guideline for  
hospitals in Singapore may reduce the rate of SSI by 
improving the choice and timing of SAP, while also 
reducing adverse events from prolonged courses of  
SAP, thereby promoting patient safety and addressing  
the problem of antimicrobial resistance.8

Thus, the National SAP Guideline provides evidence-
based recommendations for the rational use of antibiotic 
prophylaxis. These include recommended agent(s),  
dose, timing and duration for patients undergoing more 
common surgical procedures. This guideline aims to  
align national best practices and provide a framework 
for audit and surveillance. The National Antimicrobial 
Stewardship Expert Panel (NASEP) envisions that this 
guideline would be an impetus for all institutions to 
improve the use of SAP for the benefit of patient care 
and quality. 

METHOD
This guideline was developed by the NASEP’s National 
Surgical Antibiotic Prophylaxis Guideline Development 
Workgroup Panel. The workgroup was led by 2 co-
chairs and comprised infectious diseases physicians, 
infectious diseases and/or antimicrobial stewardship-
trained pharmacists, surgeons and anaesthesiologists. 
The workgroup was divided into subgroups of 9 main 
surgical disciplines, and literature search was performed 
and presented by the individual subgroups. 

The Workgroup Panel adopted the ADAPTE  
methodology framework10 with modifications in 
the development of the guideline. Members of the  
Workgroup Panel aimed to ensure the validity,  
reliability and applicability of the guideline for the 
Singapore setting. The primary literature published  
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(Tables 1 and 2). For procedures in which antibiotic 
prophylaxis is not recommended, the strength of 
evidence represents the support against prophylaxis.  
The description of the evidence base can be found in  
the online Supplementary Appendix 1.

The draft documents for each surgical procedure 
were collated and edited by the co-chairpersons before 
being circulated and reviewed by the Workgroup. The 
completed guideline was formally submitted for review 
and endorsement by the MOH National Antimicrobial 
Resistance Control Committee (NARCC) and National 
Centre for Infectious Diseases (NCID), together with 
Chapter of Infectious Disease Physicians, College of 
Anaesthesiologists, and College of Surgeons of the 
Academy of Medicine, Singapore. Medical practitioners 
from the private hospitals were also formally engaged 
for comments. The Workgroup had 6 rounds of  

in the English language through December 2020 
was identified by searches of PubMed and the 
Cochrane Database of Systematic Reviews. Studies 
from the  literature  search, together with published  
international guidelines—such as the American Society 
of Health-System Pharmacists (ASHP), the Infectious 
Diseases Society of America (IDSA), the National 
Institute for Health and Care Excellence (NICE), and  
the US Centers for Disease Control and Prevention  
(CDC)—were reviewed in detail. Particular attention  
was paid to the study design, with the greatest credence 
given to systematic reviews, meta-analyses and  
randomised controlled double-blinded studies. 

The recommended duration of antibiotic prophylaxis  
was graded according to the strength of consolidated 
evidence-based on the scoring system of the Singapore 
Ministry of Health (MOH) Clinical Practice Guidelines 

Table 1. Levels of evidence

Level Type of evidence

1+ + High-quality meta-analyses, systematic reviews of randomised controlled trials (RCTs), or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of bias

1- Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias

2+ + High-quality systematic reviews of case control or cohort studies. High-quality case-control or cohort studies with a very low risk 
of confounding or bias and a high probability that the relationship is causal

2+ Well-conducted case control or cohort studies with a low risk of confounding or bias and a moderate probability that the  
relationship is causal

2- Case control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal

3 Non-analytic studies, e.g. case reports and case series

4 Expert opinion

Table 2. Grades of recommendation

Grade Recommendation

A At least one meta-analysis, systematic review of RCTs, or RCT rated as 1++ and directly applicable to the  
target population; or
A body of evidence consisting principally of studies rated as 1+, directly applicable to the target population, and 
demonstrating overall consistency of results

B A body of evidence including studies rated as 2++, directly applicable to the target population, and demonstrating overall 
consistency of results; or
Extrapolated evidence from studies rated as 1++ or 1+

C A body of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall 
consistency of results; or
Extrapolated evidence from studies rated as 2++

D Evidence level 3 or 4; or
Extrapolated evidence from studies rated as 2+

GPP (good practice points) Recommended best practice based on the clinical experience of the guideline development group
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virtual meetings from December 2020 to April 2022 to 
discuss the comments and make modifications to the 
guideline (Fig. 1).

The recommendations in this guideline apply to  
elective clean and clean-contaminated procedures in  
the adult population. Clean procedures involve an  
incision in which no inflammation is encountered, 
without a break in sterile technique, and during which 
the respiratory, alimentary or genitourinary tracts are 
not entered; clean-contaminated procedures involve 
an incision through which the respiratory, alimentary  
or genitourinary tract is entered under controlled  
conditions but with no contamination encountered.11 

This guideline does not cover the following: 
•	 Treatment of infection in patients undergoing 

emergency surgery for contaminated or dirty  
wounds.

•	 Antibiotic prophylaxis for prevention of infective 
endocarditis.

•	 Antibiotic prophylaxis in patients with prosthetic 
implants undergoing dental surgery or other surgery 
that may cause bacteraemia. 

•	 Use of antiseptic for prevention of wound infection 
after elective surgery.

•	 Administration of topical antibiotics in wounds. 
Individual healthcare institutions should consider 

resistance patterns of organisms and overall SSI rates at  

their respective sites when adopting these recommenda-
tions. The Workgroup Panel recognises the importance  
of other non-antimicrobial factors to reduce the risk of 
SSI, but the discussion of these factors lies outside the 
scope of this guideline.

This guideline will be of interest to surgeons, infectious 
diseases physicians, anaesthesiologists, pharmacists, 
microbiologists, infection control nurses, epidemiologists 
and public health professionals. 

The full guideline is available at https://www.ncid.sg/ 
Health-Professionals/Documents/NationalSAPGuideline 
Singapore.pdf as a reference to guide practice. 

RESULTS

Surgical antibiotic prophylaxis practice points 
SAP with the right antibiotic, dose and timing has  
been found to be of benefit for most clean-contaminated,  
as well as in certain clean procedures where there are  
severe consequences of infection (e.g. placement of 
prosthesis or implant).1 SAP may not be required in 
clean, uncomplicated procedures not involving the 
placement of prostheses or implants. For contaminated 
or infected wounds, antibiotic treatment is indicated  
and not considered as surgical prophylaxis.

Antibiotic choice
Most SSI are caused by skin flora or from flora that  
may be found at the site of the organ being operated 

Fig. 1. Timeline of guideline development process highlighting time points at which feedback was solicited and incorporated into guideline 
development and revision.
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on (e.g. Gram-negative and anaerobic bowel flora for  
surgeries traversing the colon). The antibiotic selected 
must cover the expected pathogen for the operative  
site and concentrate in high levels at the site prior 
to incision. Narrow-spectrum antibiotic agents are 
preferred. The association of some antibiotic agents (such 
as third-generation cephalosporins, fluoroquinolones 
and clindamycin) with the increased risk of C. difficile  
infections, and the development of multidrug-resistant 
colonisation or infections, should be taken into 
consideration.12,13 The choice of antibiotics should 
also take into account the resistance patterns at their  
respective sites. The recommended antibiotic prophylaxis 
for specific surgical procedures, along with alternatives  
for patients with severe penicillin allergy, is provided  
in Table 3.

Administration timing
The ideal antibiotic dose should be given in time to  
reach and maintain optimal levels in both blood and  
tissue from the time of incision until the closure of 
surgical wounds. Therefore, the dose and timing of 
antibiotic administration are important. The optimal 
time for administration of most preoperative doses is 30  
to 60 minutes before surgical incision. The antibiotic 
should be infused completely prior to the incision.  
Specific agents (fluoroquinolones and vancomycin)  
that require longer infusion time should be administered  
at least 1 hour before the incision.1,14,15 Prospective  
cohort studies specifically in cardiac surgeries have 
demonstrated that incomplete infusion of preoperative 
vancomycin was associated with a higher risk for  
SSI.16,17 For emergency procedures when vancomycin 
cannot be infused due to limited time, teicoplanin is 
an effective option. Teicoplanin may be administered  
over 3 to 5 minutes or as a 30-minute infusion.18,19

Methicillin-resistant Staphylococcus aureus (MRSA)  
risk and antimicrobial coverage
Screening and selective decolonisation of patients  
positive for MRSA have been shown to prevent SSI.20-25  
The Workgroup Panel recommends screening and 
decolonisation for patients who will be undergoing  
high-risk surgeries (cardiac, orthopaedic and  
neurosurgery with implant). Decolonisation without 
screening is not recommended as the widespread use of 
mupirocin has been shown to promote resistance.20

Vancomycin prophylaxis should be considered for 
patients with known MRSA colonisation or recent  
MRSA infection. This is recommended for (but not 
limited to) patients undergoing high-risk surgeries.1  

As vancomycin is less effective than cefazolin in  
preventing SSI caused by methicillin-susceptible 
Staphylococcus aureus, the addition of cefazolin to 
vancomycin should be considered for prophylaxis in  
MRSA colonised patients.1 This combination was shown  
to have lower SSI rates,26-29 although some studies  
showed a slightly higher risk of acute kidney injury.30  
The Workgroup Panel recommends the use of this 
combination in MRSA-colonised patients, who undergo 
cardiac or orthopaedic (involving implants) procedures. 

Antibiotic dosing and re-dosing intervals
The recommended re-dosing intervals for commonly  
used antibiotics are provided in Table 4. 

For aminoglycosides,  once-daily dosing is  
recommended. Gentamicin dosing regimens have been 
compared for prophylaxis in colorectal surgery. A 
single gentamicin dose of 5mg/kg was found to be more  
effective in SSI prevention than multiple doses of  
1.5mg/kg given 8-hourly.31 A large retrospective cohort 
study of surgical patients (n=1,590) showed that the  
use of once-daily gentamicin was safe, with similar 
nephrotoxicity risk between gentamicin versus control 
(2.5% vs 1.8%, P=0.17).32 

Intraoperative re-dosing is required when:1,15,33-36 
•	 the duration of the procedure exceeds 2 half-lives  

of the drug, or 
•	 there is excessive intra-operative blood loss (i.e.  

>1,500mL), or 
•	 there are extensive burns. 
Therapeutic drug monitoring for vancomycin and 

aminoglycosides is not required due to the short 
duration of prophylaxis. If these antibiotics are 
continued beyond the recommended duration for surgical 
prophylaxis, therapeutic drug monitoring should be initiated  
according to institutional guidelines. 

Dosing in obese patients
Obesity has been linked to an increased risk of  
SSI.37,38 These patients may require higher doses to  
ensure adequate tissue concentrations. 

These are the recommended dosing for obese  
patients: 

•	 For cefazolin, the recommended dose if weight is 
>120kg is 3g instead of the usual 2g.1

•	 For aminoglycoside use in obese patients (actual  
body weight is 20% above the ideal body weight), 
the dose is calculated based on the patient’s  
adjusted body weight:1,3,39 
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Adjusted body weight = Ideal body weight + 0.4 x  
(Total body weight - Ideal body weight)

where

Ideal body weight (male) is 50 + 2.3 × (height in  
inches - 60)

Ideal body weight (female) is 45.5 + 2.3 × (height in 
inches - 60)

(1 inch = 2.54cm) 

•	 For vancomycin, it should be dosed at 15–20mg/kg 
of actual body weight, with the first dose capped at 
3g per dose.1,3,40-43 

Patients with β-lactam allergy
β-lactams, including cephalosporins, are the mainstay  
of SAP and have the highest efficacy. Studies have  
shown that patients with reported β-lactam allergy 
have increased odds of SSI, attributed to the receipt of 
second-line antibiotics.44,45 Thus, patients with a history 
of β-lactam allergy should have a detailed antibiotic and 
allergy assessment to determine if a true allergy exists,  
and to exclude any non-immunological adverse reaction 
(for example diarrhoea, vomiting and non-specific  
rash). This can be done in advance for elective surgeries,  
so patients with no true allergy or a mild allergy to  
penicillin can be given the first-line SAP. 

Patients with severe penicillin allergy should not 
receive β-lactam for surgical prophylaxis. These  
include patients with severe immunoglobulin E  
(IgE)-mediated reactions (anaphylaxis, urticaria, 
bronchospasm and angioedema), or non-IgE-mediated 
reactions (Steven-Johnson syndrome, toxic epidermal 
necrolysis  and drug-induced hypersensit ivity  

syndrome). Alternatives to β-lactam antibiotics are 
provided in Table 3.

In patients with an uncomplicated non-IgE-mediated 
allergic reaction to penicillin (i.e. maculopapular 
rash), cephalosporins (i.e. cefazolin or 3rd generation 
cephalosporins) can be considered after discussion  
with the patient and the allergy team (if available). 
Cefazolin, in particular, has a unique R1 side chain that 
is distinct from other cephalosporins and β-lactams, 
and side chain cross-reactivity with penicillin and other  
beta-lactams is not expected.46,47

Patients receiving therapeutic antibiotics for an  
active infection before surgery
If the antibiotic used to treat the current infection is 
deemed appropriate for surgical prophylaxis, an extra 
dose should be administered within 60 minutes before  
the surgical incision. If the current antibiotic is  
insufficient for surgical prophylaxis, the recommended 
antibiotic prophylaxis for the procedure should be  
used. The need for re-dosing should be individualised  
and evaluated on a case-by-case basis. 

Patients with prior colonisation or infection with 
multidrug-resistant pathogens
The causative link between the carriage of multidrug-
resistant organisms and the resultant SSI caused by  
these pathogens has not been established. Whether 
prophylaxis should be expanded to cover these  
pathogens depends on many factors, including the  
host, the pathogen and its antimicrobial susceptibility 
profile, the procedure, and the proximity of the reservoir  
of the pathogen to the operative site.1 These patients  
should be evaluated on a case-by-case basis.

Table 4. Recommended doses and re-dosing interval

Antibiotic Adult dose Re-dosing interval

IV cefazolin 2g (3g if >120kg) Every 4 hoursa

IV ceftriaxone 2g Every 12 hours

IV metronidazole 500mg Every 8–12 hours

IV clindamycin 600–900mg Every 4–6 hours

IV vancomycin 15–20mg/kg Every 8–12 hoursa

IV/IM gentamicin 3–5mg/kg NA

IV amoxicillin-clavulanic acid 1.2g Every 4 hoursa

IV/PO ciprofloxacin 400mg (IV), 500mg (PO) Every 8–12 hoursa

IV aztreonam 2g Every 4 hoursa

IM: intramuscular; IV: intravenous; NA: not applicable; PO: per oral (oral administration)
a Recommended doses and re-dosing intervals are based on normal renal function. Renal dose adjustment may be required.
Source: Bratzler DW, Dellinger EP, Olsen KM, et al. Clinical practice guidelines for antimicrobial prophylaxis in surgery. Am J Health Syst Pharm 
2013;70:195-283. 
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Consideration for formal infectious diseases  
consultation
Formal infectious diseases consultation should be 
considered for the following patients: 

•	 Patients who have contraindications to both 
the first- and second-line antibiotic prophylaxis  
regimen (including complex allergy history and 
impaired renal function).

•	 Patients with a recent history of colonisation and/
or infection with multidrug-resistant organisms and 
who are undergoing high-risk procedures.

Duration of surgical antibiotic prophylaxis 
In clean and clean-contaminated procedures, 
additional prophylactic antibiotic agents should not be  
administered after the surgical incision is closed, even 
in the presence of a drain. This recommendation also 
applies to patients on systemic corticosteroids or other 
immunosuppressive therapy.1,3 At most, the duration of 
antibiotic prophylaxis should not exceed 24 hours for  
most procedures. A recent systematic review of 83 
randomised controlled trials across various surgical 
subspecialties found no additional benefit from  
extending the duration of prophylaxis as compared to 
immediate discontinuation. A prespecified subgroup 
analysis in this study also showed that when best 
practice standards (defined as the first dose within 
an hour of incision and appropriate re-dosing) were  
applied, prolonged antibiotic prophylaxis had no effect 
on the risk of SSI.48 Prolonged SAP beyond 24 hours  
has been shown to be associated with acute kidney  
injury and C. difficile infections.7 This practice may also 
increase selective pressure favouring the emergence 
of multidrug-resistant organisms.8 The recommended 
duration of antibiotic prophylaxis for various surgical 
procedures is provided in Table 3. 

Recommendations for monitoring and surveillance 
The Workgroup Panel recommends the following  
indicators for monitoring and audit: 

•	 The choice, dosage, and route of administration of 
antimicrobial agents are consistent with the national 
guideline.

•	 The first dose of prophylaxis is given at the right  
time in relation to the incision time.

•	 Re-dosing of antimicrobial agents is consistent with 
the national guideline.

•	 The duration of prophylaxis is consistent with the 
national guideline. 

Data on the choice and duration of SAP in public  
hospitals in Singapore are collected annually through 

the Antimicrobial Utilisation-Point Prevalence Survey 
(AMU-PPS). The above additional process measures 
may be incorporated into the AMU-PPS to provide 
useful information to improve antimicrobial stewardship 
initiatives.

Limitations
Immunocompromised patients and patients colonised  
with multidrug-resistant organisms may be under-
represented in a majority of the studies. Some of  
these patients who are undergoing high-risk surgeries  
are recommended for a formal infectious disease  
consultation prior to surgery. Additional limitations 
pertaining to the studies in certain surgical specialties 
were stated in the respective sections under the online 
Appendix 1. The cost-effectiveness of the recommended 
antibiotic regimen was also not discussed in this  
guideline. The majority of the antimicrobial agents 
recommended are generic formulations and of relatively 
low price. 

CONCLUSION
This is the first national surgical antibiotic prophylaxis 
guideline in Singapore. It provides evidence-based 
recommendations for the rational use of antibiotic 
prophylaxis—including the recommended agent(s),  
dose, timing and duration for adult patients undergoing 
elective clean or clean-contaminated surgeries. This 
guide aims to align best practices nationally and provide 
a framework for audit and surveillance. Current evidence 
indicates that SAP has no benefit when given beyond  
24 hours, and may be associated with harm. The 
establishment of the national SAP guideline for  
hospitals in Singapore may lower the rate of SSI, while  
also reducing adverse events from the prolonged  
duration of SAP.  
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