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Abstract 

Background  Surgical antimicrobial prophylaxis (SAP) is an effective infection prevention strategy used to reduce 
postoperative surgical site infection. Inappropriate use of SAP is a concern in low-middle-income countries (LMICs) 
due to increased mortality risks, adverse reactions, re-admission rates and length of hospital stay. Antimicrobial 
Stewardship Programs (ASP) have been shown to be effective in improving the appropriate use of antibiotics includ-
ing the use of SAP. The aim of this review was to evaluate the impact of ASP on the appropriate use of SAP and its 
implication on patient outcomes in LMICs.

Method  The protocol for this review was registered in PROSPERO. Studies published between 1st January 2010 
and 31st December 2023 were searched electronically from Medline, Central Cochrane Library, web of science, 
CINAHL and APA PsychInfo databases. Studies were included if they assessed the impact of ASP interventions on SAP 
use in low- and middle-income countries (LMICs). Studies were evaluated using the Risk of Bias in Non-Randomized 
Studies–of Interventions (ROBINS-I) tool for non-randomized and before and after studies as well as the Cochrane Risk 
of Bias 2 (ROB 2) tool for randomized studies. Findings were summarized in tables.

Results  Twenty studies comprising of seventeen before-after studies, two interrupted time series, and one rand-
omized controlled trial were included. Penicillins and cephalosporins were the most commonly used antibiotics 
for SAP. Most (50%) of the studies were conducted in Asia followed by Africa (45%). While 80% of the studies showed 
the impact of ASP on compliance to SAP guidelines, only 45% showed an impact on antibiotic utilization. Again, 50% 
and 60% showed an impact on reducing antibiotic costs and patient length of stay at hospitals respectively. Patient 
outcomes including rates of surgical site infections and mortality showed no significant change. The studies showed 
a high risk of bias mainly due to the choice of study designs.

Conclusion  ASP interventions in LMICs are effective in improving SAP guideline adherence, antibiotic utilization 
and their cost. Deliberate effort must be made to improve on the quality of future interventional studies in these 
settings to guide practice and encourage other LMICs to conduct such studies to assess the influence of different 
geographical contexts on SAP use.
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Introduction
Antimicrobial resistance (AMR) is a global public health 
problem with an appreciable burden in terms of both 
morbidity and mortality currently seen in sub-Saharan 
Africa [1–3]. The World Health Organization (WHO) 
has responded to this threat through the development of 
a Global Action Plan to combat AMR in 2015 which has 
propelled member states to develop their own AMR pol-
icy and action plans [4, 5]. It has been estimated that the 
burden of deaths from AMR could rise to 10 million each 
year by 2050, along with cost implications, if swift action 
is not taken to slow or combat AMR [6, 7]. Irrational 
and excessive use of antimicrobials are known to be key 
drivers of increasing AMR especially in low- and middle-
income countries (LMICs), where poor health outcomes 
are exacerbated by several factors including poor hygiene, 
malnutrition and lack of adequate infrastructures [8]. 
LMICs are countries with income groupings belonging to 
either low, lower middle or upper middle based on their 
gross national income (GNI) per capita ranging between 
1145 or less and 14,005 as defined by the World Bank [9, 
10]. LMICs are known to have higher rates of antibiotic 
consumption and AMR rates due to the relatively easy 
access to antibiotics by the public as well as higher rates 
of utilization of antibiotics in the ‘Watch’ group; which 
have greater resistance potential [11, 12]. The global con-
sumption of antibiotics increased by 65% between 2000 
and 2015, and this has been said to be principally driven 
by their increased usage in LMICs [13–15]. Therefore a 
study that assesses the impact of interventions on anti-
microbial use in these low healthcare resource settings 
will provide valuable lessons to guide future policies and 
practices on the use of cost-effective interventions to 
reduce AMR rates [16].

One of the major contributors to the inappropriate 
use of antimicrobials in hospitals is their overuse and 
misuse as prophylaxis in surgery, which is a problem, 
especially in LMICs [17–19]. Surgical antimicrobial 
prophylaxis (SAP) is part of the many effective infec-
tion prevention strategies used to reduce postopera-
tive infection at a surgical site [20]. This is performed 
by administrating the appropriate antibiotic at the cor-
rect frequency and duration, usually as a single dose 
for clean, clean-contaminated, and contaminated sur-
gical procedures before incision [21–23]. The efficacy 
of SAP depends on the choice, dose, timing and dura-
tion of administration [23–27]. The inappropriate use 
of SAP increases mortality risks arising from surgical 

site infections (SSIs) as well as increasing adverse reac-
tions, re-admission rates, length of hospital stay, poten-
tial colonization and infection with C. difficile. It is also 
associated with increasing costs as well as increasing 
AMR through increased selective pressure on micro-
organisms due to misuse and overuse of SAP [28–31]. 
Several audits and point prevalence surveys in LMIC 
have also confirmed the inappropriate use of SAP espe-
cially due to multiple administrations beyond 24 h fol-
lowing surgery, which can drive increasing AMR rates 
[21, 28, 32–36]. Studies in LMIC have estimated a high 
cumulative incidence of SSI arising from all types of 
surgeries [32, 37–40]. SSIs have also been identified as 
one of the three most common causes of healthcare-
associated infections (HAIs), affecting approximately 
one-third of patients who have gone through surgery, 
especially in LMICs. It is said to account for up to 60% 
of HAIs leading to increased morbidity, mortality and 
costs globally [41, 42]. There is data to suggest that 60% 
of SSIs can be prevented by strict adherence to clinical 
guidelines including their optimal use of SAP [31].

Antimicrobial Stewardship Programs (ASPs) have 
been identified by the WHO and others as one of the 
three pillars of an integrated approach to health sys-
tems strengthening to reduce inappropriate antibiotic 
prescribing and associated AMR [43, 44]. The need to 
optimize antimicrobial use through effective imple-
mentation of ASPs in all health facilities is an integral 
component of one of the five strategic objectives of the 
Global Action Plan and the National Action Plans of 
member countries including LMICs [45–49].

ASP interventions such as education/training, pro-
spective audit of antibiotic prescriptions, develop-
ment of guidelines, computerized decision support, 
and formulary restriction of last resort antibiotics 
have shown to be effective in improving the appropri-
ate use of antibiotics including the use of SAP [21, 31, 
50, 51]. These interventions have a positive impact on 
clinical outcomes, economic outcomes and microbio-
logical outcomes [15, 51]. These have been backed by 
several systematic reviews that have shown the impact 
of these interventions on antibiotic use though with 
varying challenges [15, 50–55]. This includes the sys-
tematic review by Martinez-Sobalvarro et  al. (2022) 
which suggests that 60% of SSIs can be prevented by 
strict adherence to clinical guidelines including their 
optimal use of SAP [31]. Some of these interventions 
which are persuasive in nature include education of all 
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key stakeholders, audit with feedback and ward rounds 
that offer real-time feedback, whereas others that are 
restrictive in their implementation include formulary 
restrictions, automatic stop orders and pre-authoriza-
tion measures for restricted antibiotics [15, 51].

While a considerable number of interventional studies 
in LMICs have analyzed the impact of ASP interventions 
on SAP [56–62], the available literature shows that most 
systematic reviews conducted in this research area are 
skewed towards reviewing the impact of ASPs on either 
general patient care and healthcare outcomes or certain 
specific specialties including critical care and long-term 
care [10, 15, 44, 51, 52, 63–66]. Though one systematic 
review has reported on the impact of ASP interventions 
on SAP use globally [31], there is no identified system-
atic review that has assessed this in LMICs. Variations in 
healthcare resources and structure as well as differences 
in the awareness of ASP among healthcare professionals 
(HCPs) reflecting their differences in knowledge, attitude 
and practice, which have been observed in different geo-
graphical regions, could lead to varying impacts of ASP 
interventions on antimicrobial use including SAP [53–55, 
67]. Consequently, this systematic review was designed to 
address this information gap by identifying and assessing 
the impact of ASP interventions on SAP guideline com-
pliance, clinical, economic and the volume of consump-
tion of antibiotics among surgical patients in LMICs. 
This will provide robust guidance to LMICs where there 
are ongoing issues with inappropriate use of SAP driving 
up AMR.

Method
The review was reported according to the Preferred 
Reporting Items for Systematic Reviews and Meta-anal-
ysis (PRISMA) statement [68], and the review protocol 
((https://​www.​crd.​york.​ac.​uk/​prosp​ero/​displ​ay_​record.​
php?​Recor​dID=​515926) was registered on the Interna-
tional Prospective Register of Systematic Reviews (PROS-
PERO) (CRD42024515926).

Eligibility criteria
Types of participants
The participants included were HCPs who prescribe 
SAP and surgical inpatients to  whom SAP had been 
prescribed to. The review excluded ASP interventions 
among surgical patients managed as outpatients.

Types of interventions
We included ASP interventions defined in the Effective 
Practice and Organization of Care Group (EPOC) under 
these three categories [51]:

1.	 Persuasive interventions: audit and feedback, educa-
tion through dissemination of educational materials 
or meetings, educational outreach through academic 
detailing or review of patients, provision of remind-
ers either verbally, on paper, electronically or via 
posters.

2.	 Restrictive interventions: completion of compulsory 
order forms for restricted antibiotics by prescrib-
ers, prior authorization or approval by expert, selec-
tive reporting of laboratory susceptibilities, formu-
lary restriction, therapeutic substitution, automatic 
orders

3.	 Structural interventions: new technology affecting 
laboratory testing or its turnaround time, a change 
from paper-based to electronic-based prescribing.

Types of outcomes
The outcome measures for assessing the impact of the 
ASP interventions were categorized into the following 
categories adapted from previous studies [31, 51, 52]:

1.	 SAP protocol compliance outcomes: healthcare pro-
fessionals’ compliance to SAP guidelines/ policies in 
terms of documentation of indication, the choice, 
timing and duration of SAP treatment

2.	 Clinical outcomes: mortality and SSI rates, length of 
stay

3.	 Economic outcomes: the cost of antibiotic treatment
4.	 Antibiotic utilization: the volume of antibiotic con-

sumption measured as days of therapy (DOT) or 
daily defined dose (DDD)

Types of studies
The included studies were all randomized (RCT) and 
non-randomized controlled trials (NRCT), controlled 
and uncontrolled before and after studies and interrupted 
time series studies. 

Inclusion and exclusion criteria
All primary studies, including randomized clinical trials, 
non-randomized clinical trials, controlled and uncon-
trolled before and after studies, reporting on the impact 
of the different types of ASP interventions on the use of 
SAP among hospitalized patients undergoing surgery 
were included. In addition, only studies published in Eng-
lish language were included.

Studies that were qualitative or descriptive in design, 
conference abstracts or review papers were excluded. 
Studies that were conducted outside LMICs, that had no 
ASP intervention nor defined outcomes, and those that 
were conducted among either non-hospitalized patients 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=515926
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=515926
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or those who had not gone through surgical procedures 
were also excluded.

Search strategy and databases
We searched for studies published between 1st January 
2010 and 31st December 2023 with search terms com-
posed for Medline, Central Cochrane Library, web of 
science, CINAHL and APA PsychInfo databases. The 
decision to start the search on 1st January 2010 was based 
on the review of included studies from similar reviews 
and our elaborate literature review that guided us to limit 
the inclusion of studies that may not be useful based on 
when such ASP interventional studies became popular. 
All keywords were mapped to index terms (e.g. using 
their medical subject headings (MeSH) for Medline) and 
connected by Boolean operators and truncation, where 
appropriate, as shown in Table 1. Any useful studies that 
were omitted due to limitations of our search term were 
compensated for by the search of the reference lists of 
included studies and similar reviews to identify all addi-
tional relevant studies. Titles and abstracts of published 
studies were screened independently by two researchers 
(IAS and PY). Duplicates were removed. Studies that did 
not meet the eligibility criteria were excluded. Full texts 
of eligible studies were retrieved and assessed for eligibil-
ity by two independent reviewers, and any encountered 
disagreement was resolved by consensus. Detailed search 
strategy used for all for the various search engines have 
been compiled in Supplementary Table 1.

Quality and risk of bias assessment
Bias in each of the included studies were independently 
and critically assessed by two investigators (IAS and 

PY) using the Risk of Bias in Non-Randomized Stud-
ies–of Interventions (ROBINS-I) assessment tool for 
non-randomized and before and after studies as well 
as the Cochrane Risk of Bias 2 (ROB 2) tool for ran-
domized studies [69, 70]. The assessment was based 
solely on the primary outcome of each of the included 
studies. The seven domains of biases that are likely to 
be associated with non-randomized studies assessed in 
this study using the the ROBINS-I tool included those 
that were likely to be due to confounding, selection of 
participants into the study, classification of interven-
tions, deviation from intended interventions, missing 
data and measurement of outcome and selection of the 
reported outcome. The risk of bias for each of the non-
randomized studies was determined and documented 
as either low, moderate and serious for all seven 
domains, and an overall risk of bias (low, moderate or 
serious) was assigned to each study. The five domains 
used for the assessment of the primary outcome of each 
of the randomized studies included biases arising from 
the randomization process, deviation from intended 
interventions, missing outcome data, measurement of 
the outcome and from the selection of the reported pri-
mary result. A risk-of-bias judgment is then assigned 
as either low risk, some concerns or high risk based on 
responses to the signaling questions for each domain. 
The RoB 2 tool for assessment of the risk of bias associ-
ated with the primary outcome of a randomized study 
was based on five domains including biases arising from 
the randomization process, deviations from intended 
interventions, missing outcome data, measurement of 
the outcome and lastly due to selection of the reported 
result.

Table 1  Keywords and index terms used in the search strategy

SN refers to serial numbers employed

‘OR’ and ‘AND’, Boolean operators
a End-truncations applied to some terms

SN Search Terms connected by Boolean Operators and truncation

S1 Impact OR Effect OR Implementation OR Implication OR Evaluation

S2 Antimicrobial stewardship intervention OR Antimicrobial stewardship OR Antibiotic stewardship intervention OR Antimicrobial stewardship 
programa OR Antibiotic stewardship programa

S3 Guideline adherence OR Protocol adherence OR Protocol Compliance OR Guideline Compliance OR Institutional Adherence OR Institutional 
Compliance

S4 Surgical site infection OR Length of hospital stay OR Mortality OR Comorbidities

S5 Antimicrobial resistance rate OR incidence of ‘hospital-acquired infection’ OR ‘clostridium difficile colonization’ OR Antibiotic resistance

S6 Cost of antibiotic treatment OR Cost of antibiotic therapy OR Cost of chemotherapy OR Healthcare cost OR Pharmacy cost OR Hospital cost

S7 Antibiotic utilization OR Antibiotic consumption OR Antimicrobial consumption OR Antimicrobial utilization

S8 Surgical antibiotic prophylaxis OR Surgical antimicrobial prophylaxis OR Perioperativea antimicrobial prophylaxis OR Perioperativea antibiotic 
prophylaxis

S9 S3 OR S4 OR S5 OR S6 OR S7 OR S8

S10 S1 AND S2 AND S9
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Data extraction and management
A standard data collection tool was designed with the fol-
lowing information: author, year of publication, country 
and region, study design, study setting, study population, 
study duration, type of intervention and outcome meas-
ures based on the format of other similar reviews [31, 
52]. Two independent reviewers (IAS and PY) conducted 
the data extraction from the eligible studies into the pre-
tested data collection form.

Data synthesis
The characteristics of the included studies were compiled 
in a summary table (Table 2). General characteristics of 
the studies included study design and setting, type and 
function of intervention, study duration, size and subject. 
Table 3 presents the impact of the ASP interventions on 
outcome indicators. These included guideline compli-
ance, cost of antibiotics, volume of antibiotics utilized, 
duration of hospitalization, SSI rate and mortality rate. 
We reported mainly on the outcome of the impact of the 
interventions that were statistical to simplify the reading 
of the results while providing the detailed results in sup-
plementary tables for easy reference.

A quantitative synthesis was not employed in this study 
for three principle reasons. These included the overall 
perceived high risk of bias assessed from the included 
studies, the predominant use of descriptive statistics 
(frequency and percentages) by most of the uncontrolled 
before-after studies. Lastly, there is evidence that pre-
post effect sizes should be avoided in meta-analyses as 
they result in biased outcomes due to natural processes 
and characteristics of the patients and study settings [84].

Results
Results of the search
The search from the databases and references retrieved 
5341 studies. The details of screening and review of full 
articles for inclusion based on the eligibility criteria are 
described in the study flow diagram (Fig. 1).

Included studies (size, duration, design, outcome 
measured and year of publication)
A total of 20 studies [21, 56–61, 71–81, 83] out of 86 full-
text articles were included in the review. The remain-
ing 66 studies were excluded for a variety of reasons 
(Table 5). Nineteen (90%) [21, 56, 57, 59–61, 71–81, 83] 
employed uncontrolled before-after study design with 
two being an ITS design [71, 82] and single open-labelled 
RCT [58] (Supplementary Table  1S). The total study 
population among the 20 included studies was 40,589 
patients, with the lowest and highest in each study for 
both the pre-intervention and post-intervention phases 
being 108 to 24,206 respectively. The duration of the 

studies lasted between 6 months to 5 years plus 5 months 
(Table 1). The years of publication for the 20 studies were 
between 2013 and 2023 (Table 2). Sixteen (80%) [21, 56, 
57, 59–61, 71–73, 75–79, 81, 83] of the studies measured 
guideline compliance, while 45% (n = 9) [21, 56, 58, 61, 
71, 72, 79, 82, 83] measured the volume of antibiotic con-
sumption either measured in daily defined doses (DDD) 
or days of therapy (DOT). Other outcome indicators 
measured included the cost of antibiotics prescribed and/ 
or hospitalization [21, 56–58, 71, 73, 74, 77–81], SSI rate 
[21, 56–60, 71, 74], mortality rate [58, 74] and length of 
hospital stay [21, 57, 58, 61, 72, 74, 76, 77, 79–81, 83].

Excluded studies
Out of a total of 5334 studies retrieved, 86 full-text stud-
ies were assessed for their eligibility. Sixty-six studies 
(Fig.  1—Supplementary Table  S2) were subsequently 
excluded due to reasons such as no intervention (n = 21), 
the study being conducted outside LMICs (n = 35), the 
studies not related to surgical prophylaxis (n = 6), the 
study used an outcome indicator outside the review 
objectives (n = 1), a review paper (n = 1) or a study pro-
tocol (n = 1).

Geographical location of study
Ten (50%) [56–58, 77–83] of the included studies were 
conducted in Asia, nine (45%) [21, 59–61, 71–75] in 
Africa and one (5%) [76] in Europe. Three (n = 3/9) [72, 
74, 75] of the studies conducted in Africa were performed 
in Egypt, two (n = 2/9) [59, 61] were undertaken in South 
Africa and one each in Nigeria [21], Uganda [60], Kenya 
[71] and Sudan [73]. Six (n = 6/10) [56–58, 77–83] of the 
studies in Asia were conducted in China, and one each in 
India [82], Malaysia [56], Vietnam [81] and Pakistan [83]. 
The only study conducted in Europe [76] was in Turkey.

Type of antibiotics
Seven (35%) [21, 56, 60, 61, 71, 81, 83] of the included 
studies used the penicillin class of antibiotics either alone 
or in combination with other antibiotics such as metro-
nidazole as the choice of SAP. The penicillins included 
ampicillin with/ without cloxacillin, co-amoxiclav and 
piperacillin with tazobactam. The other common class of 
antibiotic used as SAP were the cephalosporins [56, 57, 
59, 60, 73, 77–81, 83] which included cefazolin, ceftriax-
one and cefuroxime. Other SAP antibiotics included cip-
rofloxacin, levofloxacin, moxifloxacin, vancomycin and 
clindamycin (Table 2).

Intervention type and function
All of the 20 studies adopted persuasive or enabling 
interventions for their ASP intervention with no study 
using a restrictive intervention (Table 1). Eighteen (90%) 
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[21, 56–61, 71–75, 77–81, 83] of the studies had a com-
bination of two or more interventions tested. Seventeen 
(85%) [21, 56–60, 71, 72, 74–79, 81–83] of the studies 
used the audit and feedback intervention; twelve studies 
(60%) [21, 56, 57, 59, 60, 71, 72, 76, 77, 80, 81, 83] tested 
an education and training intervention; and seven (35%) 
[21, 56, 71, 73, 75, 76, 79] studies tested the development 
and/or update of a SAP guideline intervention. Other 
interventions included pharmacist-led ward rounds and 
the use of reminders in the workplace (Table 2).

Number of hospitals and type of wards
A total of seventeen studies (90%) [56–58, 60, 61, 71, 
73–83] out of the twenty were conducted in one hospital, 

with a study (one each) conducted in two hospitals [21], 
five [72] and 34 [59] hospitals. The majority (n = 13/20) of 
the studies were conducted in a tertiary/ teaching hospi-
tal [21, 57, 58, 60, 61, 72, 75–80, 82, 83]. Most of the stud-
ies (n = 6/20) [21, 60, 71, 73, 77, 83] were conducted in 
an obstetrics and gynaecology ward followed by those in 
a general surgical ward (n = 4/20) [59, 71, 72, 76]. Other 
specialized study sites included orthopaedic, trauma, 
cardiovascular, urological and gastrointestinal wards 
(Table 2).

Type of surgeries and wounds
Elective and emergency caesarean sections were the 
commonest (n = 6/20) [21, 60, 71, 73, 77, 83] surgical 

Fig. 1  Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flow diagram
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procedures performed across the studies. All of the 
20 studies involved SAP use in clean wounds, sixteen 
(80%) studies [21, 56–59, 61, 71, 72, 74–76, 78, 79, 
81–83] involved clean-contaminated wounds, while 
contaminated wounds were observed in only two (10%) 
studies [21, 71].

Impact of stewardship interventions on SAP guidelines 
compliance
Sixteen (80%) [21, 56, 57, 59–61, 71–73, 75–79, 81, 
83] of the 20 studies reported on the impact of ASP on 
compliance to SAP guidelines. All twelve studies com-
pared pre-intervention compliance with post-interven-
tion compliance (Table 3). Eleven [21, 56, 57, 59, 60, 72, 
76–79, 81] out of the twelve studies assessed the impact 
of intervention on the timing of administration of SAP, 
and four [21, 57, 59, 60] of them reported statistically 
significant improvement of this outcome indicator. 
Ten [56, 57, 59, 73, 76–79, 81, 83] of the twelve stud-
ies reported on the compliance to SAP guideline based 
on the choice, of which five [57, 59, 78, 81, 83] of them 
showed statistically significant improvement. Nine [21, 
47, 57, 59, 61, 72, 76–79, 81, 83] of the twelve studies 
reported on compliance to guidelines due to the dura-
tion of SAP used in practice, and six [21, 57, 59, 72, 78, 
81] of them showed statistically significant increase in 
compliance after the ASP intervention. Five [59, 61, 77, 
81, 83] of the studies reported on overall compliance to 
SAP guidelines based on choice, timing, duration and/ 
or dose of which three [59, 81, 83] showed a statistically 
significant improvement (Table 3).

Impact of stewardship interventions on antibiotic 
utilization
Nine [21, 47, 58, 61, 71, 72, 79, 82, 83] studies reported 
the impact of ASP intervention on antibiotic utilization 
out of which four studies [21, 61, 71, 83] showed a sta-
tistically significant reduction after the intervention. Of 
the nine [21, 56, 58, 61, 71, 79, 82] studies that reported 
on antibiotic utilization, seven [21, 56, 58, 61, 71, 79, 
82] reported utilization using DDDs, one [72] reported 
as DOT and one [83] as the number of antibiotics used. 
Of the four studies that showed a significant reduction, 
all were measured in DDDs, and the ASP interventions 
employed were all persuasive. While two [21, 71] out of 
the four studies employed a combination of three inter-
ventions namely guideline development, education of cli-
nicians and audit and feedback, one study [61] employed 
weekly AMS team ward rounds, and one study [83] 
employed a combination of education on guidelines and 
audit and feedback meetings (Table 3).

Impact of stewardship interventions on antibiotic cost
Ten [21, 56, 57, 71, 73, 74, 77, 78, 80, 81] studies 
reported the impact of the ASP intervention on the cost 
of antibiotics. Seven [21, 56, 57, 73, 77, 80, 81] of these 
studies reported a statistically significant reduction of 
antibiotic cost after the introduction of the ASP. These 
studies utilized a persuasive ASP intervention. All of 
the seven studies utilized a combination of interven-
tions namely guideline development, education of clini-
cians and audit with feedback to the surgical team [21, 
56]; education and audit with feedback [77, 81]; phar-
macist participation in ward rounds, education and 
audit with feedback [57, 80]; and guideline develop-
ment and verbal contact with prescribers [73] (Table 3).

Impact of stewardship interventions on length of stay
Twelve [21, 57, 58, 61, 72, 74–77, 80, 81, 83] studies 
reported on the impact of ASP interventions on the 
length of hospital stay, of which four [21, 61, 74, 83] 
studies reported a statistically significant reduction. Of 
these four studies, one [61] study utilized a single inter-
vention namely a weekly AMS team ward round, while 
three [21, 74, 75, 83] studies utilized a combination of 
interventions including guideline development, edu-
cation, audit with feedback and pharmacist-led ward 
rounds (Table 3).

Impact of stewardship interventions on the surgical site 
infection rate
Eight [21, 56–60, 71, 74] studies reported on the impact 
of the ASP on the SSI rate. Out of these, two [59, 71] 
studies reported a statistically significant reduction. 
While the study by Brink et al. [59] reported a signifi-
cant reduction through the use of education and audit 
with feedback, Aiken et al. [71] utilized a combination 
of guideline development, education and audit with 
feedback (Table 3).

Impact of stewardship interventions on mortality rate
Two studies reported on the impact of the ASP on 
mortality; however, neither of them showed a statisti-
cally significant reduction in mortality following the 
ASP. The Bassiouny et al. [74] study utilized a combina-
tion of guideline distribution to clinicians, pharmacist 
ward rounds and audit with feedback, while Yuan et al. 
[58] utilized a combination of guideline-based decision 
tools, audit and feedback integrated with a physician 
order entry system (Table 3).

Risk of bias in included studies
All seventeen before-after studies and two ITS studies 
(Table  2) assessed for risk of bias using the ROBIN-I 
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tool had an overall serious risk of bias (Table  4). A 
moderate risk of bias was observed in eleven (n = 17, 
65%) of the before-after studies. These were due to 
biases likely to have occurred in five domains namely 
baise due to the selection of participants into the study, 
bias introduced by either differential or non-differential 
misclassification of interventions, bias due to devia-
tions from intended interventions bias due to missing 
data and bias in the measurement of outcomes. All sev-
enteen before-after studies and two ITS studies had a 
low risk of bias due to the likely of selective reporting 
of results in a way that depends on favourable findings. 

A serious risk of bias was also observed in six (n = 17, 
39%) of the before-after studies and the two ITS stud-
ies [71, 82]. The serious risk of bias was assigned mainly 
due to bias due to confounding as a result of failure to 
control for key confounders by assessing and adjusting 
for them. The only RCT study [58], which was assessed 
for risk of bias using the RoB 2 tool, showed an overall 
high risk of bias due to serious concerns of deviation 
from the intended interventions. Two domains (D1 and 
D4) were assigned the risk level of having some con-
cerns, and they included biases due to the randomiza-
tion process and measurement of the primary outcome. 

Table 4  Risk of bias assessment for before-after studies and interrupted time series studies

Study Bias due to 
confounding

Bias in 
selection of 
participants 
into the study

Bias in 
classification of 
intervention

Bias due to 
deviations 
from intended 
intervention

Bias due to 
missing data

Bias in 
measurement 
of outcomes

Bias in 
selection 
of reported 
results

Overall risk of 
bias judgment

Abubakar et al., 
2019 [21]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Aiken et al., 2013 
[71]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Brink et al. 2017 
[59]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Ngonzi et al., 
2021 [60]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Saied et al., 2015 
[72]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Suliman et al., 
2020 [73]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Bashar et al., 
2021 [61]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Bassiouny et al., 
2020 [74]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Abdelgawaad 
et al., 2021 [75]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Karaali et al., 
2019 [76]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Wang et al., 2015 
[77]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Zhang et al., 
2014 [78]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Zhou et al., 2015 
[79]

Serious Moderate Moderate Moderate Moderate Moderate Low Serious

Zhou et al., 2021 
[80]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Zhou et al., 2016 
[57]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Phan et al., 2016 
[81]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate

Wattal et al., 
2020 [82]

Serious Moderate Moderate Moderate Moderate Moderate Low Moderate

Ahmed et al., 
2022 [56]

Serious Moderate Moderate Moderate Moderate Moderate Low Moderate

Butt et al., 2019 
[83]

Moderate Moderate Moderate Moderate Moderate Moderate Low Moderate
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Two domains (D2 and D5) were also assigned high 
risk of bias, and they included biases due to deviation 
from intended interventions and selective reporting of 
favourable results. The only domain that was assessed 
as having low risk of bias was that due to missing out-
come. The overall risk of bias for this study using the 
RoB 2 tool was assessed to be high (Table 5).

Discussion
We believe this is the first systematic review to investi-
gate the impact of ASPs on the appropriate use of SAP 
together with clinical and economic benefits in LMICs 
to provide a robust guide for countries still struggling 
to improve antibiotic use for SAP. The review included 
20 studies published between 2010 and 2023 and a total 
sample size of 40,589 with the lowest and highest being 
108 and 24,206 patients, respectively. The total dura-
tion for each study lasted between 6  months to 5  years 
and 5 months. Overall, this review, which was limited to 
LMICs, included more studies and number of patients 
than a similar review that also evaluated the impact of 
ASPs on SAP use [31].

Almost an equal number of studies in this review were 
conducted in Asia and Africa, reflecting concerns in both 
continents of increasing inappropriate use of antibiot-
ics [85–89]. Nevertheless, this is a positive observation 
demonstrating that countries in Africa with much limited 
healthcare resources have not been left behind in imple-
menting AMS Programs to reduce unnecessary use of 
antibiotics as surgical prophylaxis. This is similar to other 
areas of antibiotic use in LMICs where ASP interventions 
have shown positive impact though more effort must be 
made to increase leadership commitment [15, 52, 90]. 
This is also important because current point prevalence 
surveys in Africa and other LMICs have shown high 
unnecessary use of antibiotics administered as SAP [28, 
29, 33–36].

The findings from this review show that while antibi-
otics in the penicillin class, including co-amoxiclav and 
ampicillin, and the first-generation cephalosporin such as 
cefazolin were being used as SAP, there was a high usage 
of antibiotics in the ‘Watch’ group in some settings. This 
was mostly due to the prescribing of second- and third-
generation cephalosporin including cefuroxime and cef-
triaxone respectively for SAP, which have a higher risk 
of causing AMR and therefore should be avoided where 
possible [12, 23]. Other antibiotics that may pose a chal-
lenge by driving up AMR development include the use of 
the quinolone class such as ciprofloxacin and levofloxa-
cin. These concerns have also been observed in several 
point prevalence surveys conducted in LMICs [28, 29, 
33–35, 91–93].

Most of the ASP interventions that were employed in 
the studies included in this review were a combination 
of two or more persuasive interventions including audit 
and feedback, clinician education and the use of remind-
ers. This is similar to other reviews on the impact on 
ASP interventions [15, 31, 51, 52, 94]. While restrictive 
interventions including formulary restrictions and expert 
approval have been shown to produce an immediate 
impact than persuasive and structural interventions [50], 
a combination of persuasive interventions has rather 
proven to give a more sustainable impact due to the posi-
tive behavioural change consequences they have on clini-
cians attitude and practice beyond knowledge influence 
[31, 51, 94].

Most of the studies in this review evaluated the 
impact of AMS interventions on SAP use, which was 
similar to the study by Joselin et  al. (2022) [31]. The 
main outcomes measured under this indicator included 
the timing of administration as well as the choice and 
duration of use of the SAP. The indicator that showed 
a greater proportion of significant improvements after 
the intervention implementation was the duration of 
use (67%), followed by the choice of antibiotics (50%) 
and lastly by the timing of administration 36%). While 
fewer studies reported on the impact of interven-
tion based on a combination of two or more of these 
parameters, a greater number (60%) recorded a signifi-
cant change. The increase in adherence to SAP follow-
ing the implementation of AMS interventions was also 
observed by Joselin et  al. (2022) [31]. One study iden-
tified some potential barriers to SAP guideline adher-
ence as poor knowledge of local guidelines, lack of 
agreement of local guideline content by key stakehold-
ers, workload and time constraints on adherence to the 
timing of administration, poor communication, unclear 
roles among surgical team members and the fear of 
repercussion arising from scanty use of SAP to prevent 
SSIs [94]. These specific challenges need to be identified 
in individual settings through a qualitative study and 
appropriate behaviour change intervention adopted as 
part of a broader AMS quality improvement project 
to address the poor adherence behaviour to improve 
future use. Successful ASPs undertaken in LMICs 
can also provide examples going forward. This review 
showed that AMS interventions resulted in overall 
reduction in SAP utilization in most of the included 
studies. Most of these studies utilized DDD as com-
pared to DOT in measuring the volume of consump-
tion of antibiotics. These findings agree with several 
reviews that have shown that AMS interventions are 
associated with improved antibiotic utilization [15, 52, 
65, 88]. This finding is relevant as increased and unnec-
essary use of antibiotics, including SAP, are known to 



Page 21 of 23Sefah et al. Systematic Reviews          (2024) 13:306 	

be the main drivers of AMR, increase in adverse reac-
tions and high healthcare costs, re-admission rates, 
length of hospital stay and potential colonization and 
infection with C. difficile [15, 28–30].

Encouragingly, our review showed that the implemen-
tation of ASPs in 70% of the included studies resulted in 
a reduction in antibiotic costs. This observation is most 
likely a consequence of the reduction in the utilization 
of SAP by cutting down on the duration of its use. Since 
all the included studies involved SAP use in clean wound 
surgeries, and 80% of them involved clean-contaminated 
wounds, it follows that an improvement in guideline 
adherence will naturally lead to a reduction in both indi-
cators. This is because current guidelines recommend a 
single dose of the effective antibiotics to be administered 
1 or 2 h before incision except when the duration of sur-
gery is twice its half-life or greater volume of blood is lost 
during surgery while suggesting a limited duration of use 
to 24 h for procedures where evidence is lacking [21–23, 
28, 95, 96].

Few of the included studies in our review reported a 
significant impact of ASPs on patients’ length of hospi-
talization after surgery, the risk of SSI rate and mortal-
ity rate. This may imply that though guideline compliance 
with SAP use was reported to have improved in most 
studies leading to a reduction in the cost and utiliza-
tion of antibiotic, this did not translate into a significant 
impact on these indicators. This is perhaps not surprising 
since the use of SAP reduces the chance of infection at 
the surgical site and any associated morbidity and mor-
tality. In addition, the findings can be interpreted that 
an appreciable reduction in antibiotic use, especially the 
length used post-operatively, through the ASP did not 
result in any negative consequences including the rate of 
mortality and SSI rates and their length of hospital stay 
indicating greater morbidity. However, compared to the 
other indicators, these three clinical indicators were less 
often measured in the included studies.

We are aware of some limitations of this study. Firstly, our 
findings in this review are limited because most of the stud-
ies included were non-randomized (mostly uncontrolled 
before-after studies) resulting in a high risk of bias due to 
failure to control for confounders, maturation effects and 
cyclical trends [52, 97, 98]. We could not estimate the true 
effect of ASP interventions on clinical outcomes due to the 
predominant use of descriptive statistics including pro-
portions and frequencies to demonstrate impact instead 
of assessing for risk and odd ratios. In addition, the results 
must be interpreted in the context of the use of surgical 
antibiotic prophylaxis in the hospital settings in LMICs. 
We also included only studies published in the English lan-
guage in the database search which may introduce publica-
tion bias. Despite these limitations, we believe our findings 

are robust providing policy and intervention guidance for 
appropriate use of ASP in LMICs.

Conclusion
The review showed that ASP interventions implemented in 
LMICs are effective in improving SAP guideline adherence, 
antibiotic utilization and their cost with no significant neg-
ative impact on patient outcomes among surgical patients. 
This review will help provide guidance on the selection of 
effective ASP interventions to implement that will result in 
a significant and sustainable positive impact on the above 
outcomes and the type of indicators to measure to moni-
tor such improvements in hospital settings in low-resource 
settings, especially in African countries. It is recommended 
that governments, healthcare managers and researchers in 
other LMICs should support more of such research that 
measure the impact of ASP interventions on SAP use to 
guide future policies and practices on antibiotic use in this 
area.
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