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Summary  

Background: Antimicrobial stewardship (AMS) programmes optimise antimicrobial use and 

address antimicrobial resistance. Pharmacists are often key agents of these programmes. The 

effectiveness of hospital-based AMS interventions when they are led by pharmacists, 

however, has not previously been reported.                     

Aim: To evaluate the effectiveness of pharmacist-led AMS interventions in improving 

antimicrobial use for hospital inpatients.          

Methods: Standard systematic review methods were used. The search strategies and 

databases used in a previous Cochrane review were applied. Studies that reported pharmacist-

led AMS interventions were included. Narrative synthesis was used to report the findings. 

PRISMA guidelines were followed.  

Findings: From 6,971 records retrieved and screened, 52 full-text articles were included. 

Most studies were undertaken in teaching hospitals (n=45) and many were conducted in 

North America (n=27). Most interventions targeted junior or ward physicians and lasted 

between one and six months. All studies evaluated educational interventions often in 

combination with other interventions and reported improvements “in compliance with target 

AMS practice”. Greater compliance was achieved with multiple interventions. Pharmacist-led 

interventions reduced the duration of antimicrobial therapy without increasing mortality. No 

consistency of evidence was achieved in relation to interventions and reduced duration of 

hospital stay, nor infections due to antimicrobial resistance or occurrence of Clostridium 

difficile.     

Conclusion: This is the first systematic review to evaluate the effectiveness of pharmacist-led 

AMS interventions in hospital inpatients. Education-based interventions were effective in 

increasing guideline compliance and reducing duration of antimicrobial therapy. Future 

hospital-based AMS programmes should consider the involvement of pharmacists to deliver 

and promote AMS interventions and programmes.       
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Introduction    

Antimicrobial stewardship (AMS) programmes are necessary in every healthcare setting [1]. 

The implementation of these programmes in hospitals has resulted in improved clinical 

outcomes and safety, as well as reduced antimicrobial use, expenditure, and antimicrobial 

resistance (AMR) [2]. Globally, countries are at different stages of implementing these 

programmes. Most evaluation and evidence of AMS effectiveness has been derived from 

high-income countries [3]. The majority (183 (83%)) of 221 studies in the 2017 Cochrane 

review of interventions to improve antimicrobial use in hospitals were conducted in North 

America and Europe [3]. The World Health Organisation (WHO) has called for a global 

response to tackle AMR [1], prompting greater engagement with AMS across low- and 

middle-income countries (LMICs) [4]. Successful implementation of AMS programmes 

requires a range of conditions including adequate human resources and multidisciplinary 

engagement [5-7].                  

 

Core AMS team members often include an infectious disease physician, medical 

microbiologist, and pharmacist [8]. In LMICs, particularly with small hospitals, low levels of 

the implementation of AMS programmes are associated with a lack of specialists in 

infectious diseases and as such, pharmacists have greater potential to develop and lead AMS 

in these conditions [9, 10]. Pharmacists have been cited as key agents of hospital AMS [8, 

11]. Their role includes introducing and delivering interventions to optimise antimicrobial 

use, as well as monitoring and reporting AMS performance to achieve programme goals [12, 

13]. Pharmacists use a range of AMS interventions to improve antimicrobial prescribing in 

hospitals, including producing evidence-based guidelines, delivering education and training, 

reviewing antimicrobial regimens for individual patients and providing advice, and auditing 

antimicrobial prescribing outcomes and providing data feedback for prescribers [14].       

 

Whilst the inclusion of pharmacists in hospital-based AMS programmes is well-established in 

many countries, including LMICs [13, 15], there has been no systematic synthesis of the 

effectiveness of pharmacist-led interventions. The 2017 Cochrane review included 221 

studies (published up to January 2015), however, only 20 (9%) studies reported pharmacist-

led interventions and these were not combined in a subgroup analysis [3]. The aim of this 

current systematic review, therefore, was to evaluate the effectiveness of pharmacist-led 

AMS interventions in improving antimicrobial use for hospital inpatients.                       

 

Methods 

Jo
urn

al 
Pre-

pro
of



Page 3 of 45 

 

Main manuscript revision_JHI 

Standard systematic review methods were used and the study is reported in compliance with 

the PRISMA guidelines (Appendix Table S1) [16]. The review protocol was registered with 

PROSPERO (CRD42020205374).  

 

Search strategy and selection criteria    

We included articles that identified pharmacist-led interventions in improving antimicrobial 

use (search terms also included antibiotic, antibacterial, and anti-infective) in hospital 

inpatient settings. We applied the comprehensive search strategies used in the original 2017 

Cochrane review [3] to identify recent primary articles, published between February 2015 

and July 2020. The search period for the original Cochrane review [3] was from inception to 

January 2015. The electronic databases searched were: MEDLINE (OvidSP®), Embase 

(OvidSP®), and the Cochrane Central Register of Controlled Trials (CENTRAL). Reference 

lists of retrieved articles were also searched and screened. The search was limited to articles 

published in English. The search terms and results from each database are shown in 

Appendix Table S2.                      

 

Our review included randomised controlled trials (RCTs) and non-randomised studies (NRS) 

(controlled before-and-after studies, interrupted-time-series studies, and before-and-after 

studies). Any population of inpatients admitted in any type of hospital was included. We 

excluded studies that were undertaken in ambulatory care, accident and emergency 

departments, or urgent care. We also excluded studies that did not compare interventions with 

usual care or standard practice.  

 

Type of outcome measures    

A variety of outcomes are often reported across studies to evaluate the effectiveness of AMS 

interventions. There is no consensus regarding which “prescribing outcomes” are the most 

relevant to illustrate the effectiveness of the programmes [8]. To demonstrate the 

effectiveness of pharmacist-led AMS interventions, we examined primary outcomes on 

“compliance with target practice” and “duration of antimicrobial treatment”. These are 

commonly used across AMS studies [3, 17] and represent the common metrics to measure 

quality of antimicrobial use in acute care settings [18].        

 

Compliance with target practice was assessed using a variety of measures. These included the 

proportion of antimicrobial prescriptions (drug selection (indication), dose, route of 

administration, or duration), or proportion of physicians’ responses that adhered to 

antimicrobial guidelines, antimicrobial policies, or recommended practices. The proportion of 

patients treated in accordance with antimicrobial guidelines or policies was also included.  
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Secondary outcomes included clinical (mortality and length of hospital stay) and 

microbiological (infections due to antimicrobial-resistant organisms or Clostridium difficile) 

outcomes.  

 

 

 

Data collection and analysis 

Data management and selection of studies  

Covidence® reference software was used for data management. All search results (including 

their titles, abstracts, and full texts) were uploaded to Covidence. Duplicate articles across 

databases were removed before screening. Two authors (TM and NA) independently 

screened and reviewed titles and abstracts of retrieved articles from the searches and 

reference lists. Full text articles were then evaluated against eligibility criteria. Discrepancies 

were resolved by discussion between TM and NA.  

 

Data extraction  

Duplicate (TM and NA), independent data abstraction was performed using a bespoke data 

extraction sheet developed by all authors. The extraction sheet included year of publication, 

setting, study design, type of hospital, AMS characteristics, participants, type of AMS 

interventions, intervention recipient, antimicrobial target for interventions, intervention 

materials, intervention duration, presence of controls, outcomes, and results. Discrepancies 

were resolved by a discussion.           

 

Risk of bias assessment  

We assessed the risk of bias for RCTs using the Cochrane risk of bias tool with six 

assessment criteria [19]. Studies were scored low risk if all criteria were scored as low, 

medium risk if one or two criteria were scored unclear or high, and high risk if more than two 

criteria were scored as unclear or high [3]. We applied the ROBINS-I risk assessment tool to 

assess the risk of bias for NRS using seven criteria [20]. Duplicate, independent risk of bias 

assessment was performed, and discrepancies were also resolved by discussion.           

 

Data synthesis   

A narrative synthesis was used to report the findings due to the heterogeneity of the included 

studies in terms of design, types of interventions, and outcomes. We applied PICO 

(participants, interventions, comparator, and outcomes) elements to report the findings of our 

review.     

 

Explanation of terms used to describe pharmacist-led interventions  
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We classified intervention components in accordance with the Cochrane Effective Practice 

and Organisation of Care (EPOC) taxonomy [21]. Five intervention components were 

considered relevant with pharmacist interventions in AMS including: educational outreach 

involving individual patient review and recommendations for change; dissemination of 

educational materials using group meetings; academic detailing; audit and feedback; and 

reminders. We also included ‘restriction’ as outlined in the Cochrane review [3], when 

pharmacists used pre-authorisation (expert approval) or antimicrobial formulary restriction 

for their interventions.  

 

In our review, we classified interventions as ‘audit and feedback’ only if they provided a 

summary of clinical performance to healthcare professionals over a specified period of time 

[21]. For studies that met our definition, we recorded feedback frequency, format (verbal, 

written, or both), and whether it was delivered to only prescriber groups or any other 

healthcare professionals across the hospital (Appendix Table S3).  

 

We further grouped intervention components according to their intervention function as 

outlined in the Cochrane review [3], to help manage a variety of interventions used across all 

included studies and to help understand how they were used to change prescribing behaviour. 

We classified any intervention component as ‘education’ if studies used educational outreach, 

distribution of educational materials, academic detailing, or a combination of these. As a 

result, we divided intervention components from all included studies into five clusters: 

education; education plus audit and feedback; education plus reminders; education plus 

restriction; and education plus audit and feedback plus reminders.   

 

Results 

Search results  

Twenty studies from the original Cochrane review [3] which reported pharmacist-led AMS 

interventions in hospital inpatients were included in this current systematic review. A total of 

6,918 articles were identified by the database searches and 32 additional articles were 

identified from reference lists of retrieved articles. A total of 52 studies were included in the 

final analysis [22-73]  (Figure 1).     

  

Characteristics of studies        

Summary characteristics of included studies are shown in Table I. Details of data extracted 

from all 52 studies classified by their design are also described in Table II to V and are fully 

presented in Appendix Table S3. The majority of studies were NRS (n=46). Most studies 

were undertaken in North America (n=27) and Asian countries (n=17) (15/17 were 

categorised as LMICs) [74]. Most studies were undertaken in a one hospital (n=39) and most 

sites were teaching hospitals (n=45). Interventions were mainly targeted at antimicrobial 
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treatment (n=41) which included: empirical (antimicrobial is prescribed before causative 

pathogen is known); definitive (antimicrobial is prescribed when causative pathogen becomes 

available); and switch therapy (switching from an intravenous to an oral antimicrobial agent 

when patient condition is clinically improved and stable). The remaining nine studies targeted 

antimicrobial prophylaxis for the prevention of surgical site infections. The intervention 

period varied from one to over 12 months and for most studies (n=27) ranged between one 

and six months.        

 

 

Risk of bias of included studies      

The risk of bias assessments of individual studies are fully presented in Appendix Table S4 

and S5. Of six RCTs, common reasons for high risk of bias were related to study design 

which included lack of blinding participants (patients and intervention recipients) and 

outcome assessors (Figure 2). Most RCTs (n=3) clearly indicated that their studies were not 

blinded. The high proportion of studies with an unclear risk of bias was due to a lack of 

description of data or method used to conceal the allocation sequence. Low risk of bias was 

found in relation to the completeness of reporting outcomes and data, as well as random 

allocation method. There was one study which randomised patients based upon physician 

judgement.   

 

Among non-randomised studies, common reasons for medium to serious risk of bias were 

related to selection bias which included selections of setting and participants, as well as type 

of outcomes to evaluate the intervention effects (Figure 3). All hospitals included in this 

review had AMS in place and medical wards where AMS had been established were often 

included to test the interventions. When overall risk of bias assessed from seven criteria in 

each study was scored, serious risk of bias was more likely to be found in studies published 

before 2016 (Appendix Table S5). Lack of rigor in controlling confounding factors was a 

frequent limitation. Most NRS included in this review were before-and-after studies. 

Confounding factors from most before-and-after studies included a lack of sample size 

calculation, non-random convenience sampling, and a lack of the utilisation of identical time 

periods between pre- and post-intervention to eliminate any potential seasonal influences.       

 

Study findings  

The following sections provide a detailed description of elements and effectiveness of 

pharmacist-led interventions in improving antimicrobial use for hospital inpatients.  

 

(1) Who were participants or targets of pharmacist interventions?  

Participants in this review referred to patients and prescribers. We focused on prescribers 

who prescribed antimicrobial agents and thus were targeted by pharmacist interventions. Of 
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the 52 studies, interventions were targeted at or delivered to junior or ward physicians (n=42) 

[23-31, 34-36, 38-41, 44-49, 51, 53-66, 68-72], specialist physicians (paediatricians, 

obstetricians, gynaecologists, anaesthetists, or surgeons) (n=12) [22, 23, 32, 33, 37, 42, 43, 

50, 52, 64, 67, 73], and nurses (n=5) [29, 43, 50, 52, 67]. The number of patients reviewed by 

pharmacists was clearly reported in 46 studies [22-33, 35-51, 54, 55, 57-60, 62-68, 70-73]. 

These represented a total of 14,552 patients, of which 7,319 and 7,233 were from intervention 

and control groups, respectively.   

 

 

 

(2) Who delivered the interventions? Were they trained to deliver interventions?  

All 52 studies involved hospitals that had AMS programmes in place, with a variety of 

pharmacist-led AMS interventions. The other healthcare professionals involved in AMS 

teams varied across studies; most (n=42) comprised at least one physician (non-specialist 

physician or specialist in infectious diseases) who acted as a leader and one pharmacist who 

operated, facilitated, and delivered interventions [22-26, 30-42, 44, 46, 47, 49-53, 55-66, 69-

71, 73]. Ten studies reported that AMS programmes were operated and led by pharmacists 

[27-29, 43, 45, 48, 54, 67, 68, 72].         

 

Interventions were facilitated and delivered by “clinical” pharmacists (n=37) [22-38, 40-45, 

47, 48, 50-52, 55, 58, 61, 63, 64, 67, 70, 72, 73], infectious disease pharmacists (n=9) [39, 49, 

53, 54, 57, 60, 62, 65, 71], and “clinical” pharmacists together with infectious disease 

pharmacists (n=6) [46, 56, 59, 66, 68, 69].     

 

Most studies (n=48) reported how pharmacists were trained to facilitate and deliver the 

interventions to be evaluated. Pharmacists received specific training in 39 studies [22-38, 40-

48, 50-52, 55, 58, 61, 63, 64, 66, 67, 70, 72, 73]. Pharmacists were trained in relevant courses 

which varied depending on the type of interventions tested. Training sessions were mainly 

provided by members of an AMS team and focused on education components regarding 

infection management and antimicrobial utilisation. These often included criteria to assess 

patient response to antimicrobials, definition of appropriate antimicrobial use, evaluation of 

adherence according to guidelines, as well as how recommendations and clinical advice 

should be made and delivered to prescribers when antimicrobials were not prescribed in 

accordance with guidelines.  

 

Of the nine studies which did not provide specific training, all involved infectious disease 

pharmacists with postgraduate degrees in infection management or who held a specialised 

residency in infectious diseases [39, 49, 53, 54, 57, 60, 62, 65, 71]. 
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(3) What interventions did pharmacists use to improve antimicrobial prescribing? How were 

they delivered?    

The details of intervention components and materials are fully described in Appendix Table 

S6. Education was used in all studies (n=52) and educational outreach based upon the review 

of individual cases was the most common intervention component (n=45) [23-25, 27, 28, 30-

39, 41-62, 65, 66, 68-73]. Pharmacist recommendations were mainly derived and tailored 

from international or local guidelines, protocols agreed by Pharmacy and Therapeutics 

Committees, or clinical decision support triggered by microbiology results or therapeutic 

drug monitoring of antimicrobial agents. The majority (n=39) of studies described the mode 

for providing pharmacist recommendations, 30 of which used verbal communication (face-to-

face contact, interaction during ward round, or by mobile phone) [23, 24, 27, 30-33, 36-39, 

41-44, 46, 50, 51, 53-55, 57, 59, 60, 62, 66, 69-71, 73]. Nine additional studies used non-

verbal (written recommendations in medical charts or electronic medical records) (n=5) [25, 

35, 45, 56, 65] and both verbal and non-verbal communication (n=4) [28, 52, 58, 72]. 

 

Dissemination of educational materials (local guidelines, switch therapy criteria, or protocols 

developed by interdisciplinary teams) was reported in 19 studies [22, 25, 26, 28, 29, 31, 39, 

40, 43, 44, 50, 54, 60, 62-64, 66-68]. Educational materials were disseminated by 

pharmacists through several routes which included prescriber meetings, intra-organisational 

networks, or medical charts.  

 

Academic detailing was evaluated in 12 studies [22, 38, 40, 42, 43, 48, 49, 58, 64, 67, 69, 

70]. A variety of intervention materials were used by pharmacists, including key messages 

from guidelines, scientific evidence, problem-based case studies, or local resistance data. 

These were delivered through lectures or training sessions.   

 

Of 16 studies that reported “audit and feedback” as an intervention, five did not meet the 

definition in our review [34, 53, 55, 56, 72], even though they described their intervention as 

“audit and feedback” in the title or the methods. The intervention in these five studies was 

educational outreach using review cases with the provision of recommendations for change. 

Audit and feedback was assessed in 11 studies [22, 29, 37, 42, 43, 50, 52, 58, 60, 64, 69], all 

of which involved feedback directly delivered to prescriber groups. Three studies reported 

that feedback was also provided to other healthcare professionals, including hospital 

administrative boards [37, 42, 58]. All studies reported the use of direct communication to 

deliver feedback which included presentations during group meetings or journal club 

discussions. One study reported the dissemination of their audit through an intra-

organisational network [58].  
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Reminders were reported in eight studies and combined with education [22, 25, 29, 31, 38, 

39, 63, 64]. Reminders acted as an intervention to remind physicians to optimise 

antimicrobial use, and included the use of manual reminders (pocket size guidelines, posters 

summarising key messages from guidelines, or stickers printed on medical charts) and 

computer systems (alert messages integrated in prescribing processes). Studies seldom 

evaluated ‘restriction’ as an intervention used by pharmacists (n=3). When restriction was 

reported, it included pre-authorisation using expert approval (n=2) [30, 59] and antimicrobial 

formulary restriction (n=1) [54] and these were always combined with education.       

 

(4) Can pharmacist-led interventions improve antimicrobial use for hospital inpatients? 

A range of outcomes were reported, including prescribing outcomes (compliance with target 

practice and duration of antimicrobial therapy), clinical outcomes (mortality and length of 

hospital stay), and microbiological outcome. The effect size information of pharmacist-led 

AMS interventions from individual studies which are classified by their design and presented 

in hierarchical order in terms of levels of evidence, are fully described in Table II to V.          

 

(4.1) Prescribing outcomes     

Compliance with target practice  

Compliance was assessed using different metrics, including drug selection (indication), 

dosage, route of administration, duration of therapy, or de-escalation after interventions were 

delivered by pharmacists. The intervention effect was an improvement in compliance with 

target practice estimated by the difference in proportion of compliance between intervention 

and control groups.     

 

Of the 39 studies (6 RCTs and 33 NRS) that reported this outcome, all reported increased 

compliance with target practice after intervention delivery. The improvements in compliance 

varied across studies. Twenty-three studies (4 RCTs and 19 NRS) evaluated an education-

only intervention [23, 24, 26-28, 32, 33, 36, 40, 41, 44-46, 48, 49, 55, 62, 65, 67, 70-73], of 

which 14 (all NRS) reported significant increases in compliance [26, 28, 32, 44-46, 48, 49, 

62, 65, 67, 70-72]. Sixteen studies (2 RCTs and 14 NRS) evaluated education plus other 

interventions and all reported statistically significant improvements in compliance compared 

with control [22, 25, 29-31, 37-39, 42, 43, 50, 52, 54, 58, 60, 64].    

 

Of the 14 non-randomised studies that reported combined interventions, 10 evaluated 

education-based interventions plus audit and feedback [22, 29, 37, 42, 43, 50, 52, 58, 60, 64], 

six of which [29, 37, 43, 50, 60, 64]  demonstrated greater improvements when compared 

with the other four that did not use audit and feedback (three used reminders or one used 

restriction) [31, 38, 39, 54] and all of the 23 studies using an education-only intervention.  
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Two interrupted-time-series studies reported increased trends in the proportion of compliance 

with target AMS practice during intervention delivery [56, 69]. One evaluated education-

based interventions plus audit and feedback and the interventions demonstrated a significant 

increase of trend in compliance during two years of the intervention period [69]. The other 

study evaluated education-only intervention but did not show a significant increase of trend 

in improvement in compliance during three years of the intervention delivery [56].                    

 

Duration of antimicrobial therapy  

In total, 34 studies (3 RCTs and 31 NRS) reported the duration of antimicrobial therapy as an 

outcome and all reported reduced duration of antimicrobial treatment after intervention 

delivery. Of these, 25 studies (1 RCT and 24 NRS) demonstrated statistically significant 

reductions [24, 26, 29, 31, 32, 34-38, 42, 43, 53-60, 63, 66-68, 70]. Reduced duration varied 

substantially depending on type of antimicrobial use and type of infections treated. Six 

studies (1 RCT and 5 NRS) showed consistent evidence that the duration of intravenous 

antimicrobial therapy before switching to an oral antimicrobial agent was significantly 

shorter following pharmacist interventions, and ranged between 1.0 to 1.7 days [24, 26, 29, 

31, 35, 63].    

 

(4.2) Clinical outcomes 

A total of 19 studies (2 RCTs and 17 NRS) reported mortality as an outcome. Interventions 

were not associated with increased mortality in any study [24, 38, 39, 44, 48, 51, 53, 55, 57, 

59, 60, 62, 65, 66, 68, 70-73]. Three studies (all NRS) reported significant reductions in 

mortality [55, 62, 70].    

 

Overall duration of hospitalisation due to infection was reported by 34 studies (1 RCT and 33 

NRS), the majority of which (n=29) (all NRS) demonstrated reduced length of stay, which 

was statistically significant in 13 studies [29, 33-35, 38, 49-51, 56, 59, 63, 67, 70]. Reduced 

length of stay differed widely depending on type of infections and type of s treated and 

ranged between 0.6 and 10 days. Contradictory results were also reported from five studies (1 

RCT and 4 NRS) that interventions increased length of stay but did not show a significant 

difference compared with control group [24, 28, 32, 48, 71].   

 

(4.3) Microbiological outcomes  

Ten studies (1 RCT and 9 NRS) reported microbiological outcomes in terms of infections due 

to antimicrobial-resistant organisms or Clostridium difficile. Most studies (1 RCT and 6 

NRS) did not show a statistically significant difference after pharmacist interventions had 

been delivered [26, 48, 50, 53, 60, 65, 73]. Of the remaining, one study reported a significant 

reduction in infections due to multi-drug resistant organisms from 31.7% to 23.8% [55]. 

Another study reported a significant decrease in the annual Clostridium difficile infection rate 
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from 4.0 to 2.2 cases per month per 10,000 patient-days [54]. In addition, one interrupted-

time-series study highlighted a drop in the annual rate of two common pathogens causing 

hospital-acquired infections of levofloxacin-resistant Escherichia coli and Klebsiella 

pneumoniae, of 1.6% and 3.0% respectively [69]. Nevertheless, contradictory results were 

also reported with these two pathogens which showed an increased trend of an annual 

resistance rate to imipenem at 0.3 and 1.3% [69].   

 

(5) Did interventions used to improve antimicrobial prescribing differ in different clinical 

conditions? How effective were they likely to be?            

Antimicrobial agents were prescribed for skin infections including prophylaxis for the 

prevention of surgical site infections (n=12) [22, 32, 37, 42, 43, 49, 50, 52, 53, 58, 64, 67], 

upper or lower respiratory tract infection (n=9) [25, 30, 33, 53, 54, 57, 60, 65, 68], 

bacteraemia (n=7) [39, 46, 47, 51, 62, 66, 71], Clostridioides difficile infection (CDI) (n=2) 

[44, 72], and non-specified/more than three indications (n=23) [23, 24, 26-29, 31, 34-36, 38, 

40, 41, 45, 48, 56, 59, 61, 63, 69, 70, 73, 75].   

 

Different pharmacist interventions appeared to be used with some specific clinical conditions. 

Nine studies assessed the effectiveness of interventions in improving antimicrobial 

prophylaxis for the prevention of surgical site infections [22, 37, 42, 43, 50, 52, 58, 64, 67]. 

The majority (n=8) (all NRS) used combined interventions of audit and feedback with 

education [22, 37, 42, 43, 50, 52, 58, 64]. The use of these combined interventions in 

improving antimicrobial prophylaxis accounted for the majority of the studies that evaluated 

audit and feedback (n=11). Nine studies demonstrated significant improvements in target 

AMS practice after intervention delivery, including receiving proper antimicrobial agent and 

timing of the first dose before surgery, receiving proper duration of antimicrobial use after 

surgery, or both. Four studies assessed the effectiveness of interventions on the duration of 

antimicrobial agent used after the completion of surgical procedure and all showed 

statistically significant reductions [37, 42, 43, 58].        

 

When pharmacist interventions were used to promote an intravenous to an oral antimicrobial 

switch therapy (n=10), four studies evaluated combined interventions, and physical reminders 

(n=4) were only used in a combination with education [25, 29, 31, 63]. Three of these studies 

(1 RCT and 2 NRS) reported compliance with antimicrobial switch therapy criteria and 

demonstrated significant increases in compliance [25, 29, 31]. The duration of intravenous 

antimicrobial use was significantly shorter a day after the interventions had been delivered 

[29, 31]. 

 

Of seven studies (all NRS) that evaluated interventions in improving antimicrobial use in 

patients with bacteraemia, educational outreach based upon the review of individual cases 
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with the provision of recommendations through prompt and verbal communication was only 

used in this clinical setting to help adjust antimicrobial dosage regimen in a timely manner. 

Evidence-based protocol or algorithm developed by Pharmacy and Therapeutics Committees 

was mainly used to help pharmacists tailor their recommendations. Of four studies that 

reported compliance with target practice, all evaluated the intervention on Staphylococcus 

aureus bacteraemia and showed significant increases in compliance with AMS practice after 

intervention delivery, particularly proper selection and early prescribing of anti-

staphylococcal agent [39, 46, 62, 71]. Of five studies that evaluated mortality [39, 51, 62, 66, 

71], only one [62] reported a significant reduction. Six studies evaluated length of hospital 

stay [39, 46, 47, 51, 62, 66] but only one [51] reported a significant shorter of length of stay 

compared with control.                  

 

 

Discussion 

To our knowledge, this is the first systematic review to evaluate and report the effectiveness 

and components of pharmacist-led AMS interventions in improving antimicrobial use for 

hospital inpatients. The majority of studies demonstrated improved antimicrobial use. 

Although we were unable to conduct meta-analysis to calculate an absolute effect of 

pharmacist interventions, we found consistency of evidence from RCTs and NRS that 

education-based interventions increased compliance with target AMS practice and reduced 

the duration of antimicrobial therapy. The evidence consistently demonstrated a significant 

reduction of intravenous antimicrobial therapy as a result of switch interventions and this 

reflects a previous Cochrane review [3].    

 

Education was the major intervention used by pharmacists to improve antimicrobial 

prescribing for hospital inpatients and this reflects their expertise, which plays an essential 

and unique role in optimising prescribing through the provision of education and training for 

prescribers [14, 76]. Educational interventions influence antimicrobial prescribing behaviour 

and improve antimicrobial prescribing competency through several mechanisms, including 

enhancing a better understanding of antimicrobial use and raising awareness of antimicrobial 

resistance [8, 77]. Our findings concur with a systematic review that investigated 

interventions involving pharmacists in improving antimicrobial prescribing in general 

practice settings [17]. Education was the main intervention component and was effective in 

increasing guideline compliance and decreasing antimicrobial prescribing by general 

practitioners [17].               

     

The mode of communication of antimicrobial recommendations or data-related to AMS has 

previously been identified as one of the essential components to improve antimicrobial 

prescribing and to promote AMS success [7]. Direct or verbal communication between 
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intervention deliverer and prescribers is more effective than non-direct contact in AMS and is 

necessary for some clinical conditions [8]. We found consistency of evidence that the 

provision of educational intervention through face-to-face contact with prescribers was 

mainly used and effective in improving guideline compliance for the treatment of a life-

threatening condition of bacteraemia. This finding reflects a previous study that direct 

consultation with infectious disease specialists was associated with improved compliance 

with evidence-based practice as well as clinical outcomes in treating patients with 

bacteraemia [78]. Direct consultation was compared with usual care whereby microbiologic 

results were only reported and communicated through electronic-based system [78]. In 

addition, direct communication has been found to help build relationship with non-AMS staff 

which may then facilitate the acceptance of and compliance with AMS activities [7, 79].  

 

Combined interventions compared with single intervention, were more likely to achieve 

greater compliance with target AMS practice, particularly with audit and feedback. These 

have been mentioned elsewhere as a strategy to optimise antimicrobial use [3] including 

reported from other clinical areas [80] that multiple interventions were effective than a single 

intervention in improving guidance compliance. Interventions which included audit and 

feedback were more successful and effective than those did not [81]. Audit and feedback has 

been proposed as an effective performance measurement which helps promote and encourage 

practice change [81]. It has been cited as the most effective behaviour change technique to 

improve antimicrobial prescribing [3]. Whilst audit and feedback can be effective in 

improving antimicrobial prescribing particularly when feedback is provided as case-based 

education [8, 11], only 11 studies in this review reported the use of audit and feedback 

(combined with education). As such, there is scope for pharmacists to engage with audit and 

feedback to improve antimicrobial use in hospital settings. Our review also indicated that 

audit and feedback was mainly used to influence antimicrobial prophylaxis for surgery, 

which represents a major indication of antimicrobial consumption in hospitals worldwide 

[82]. Historically, AMS has been universally challenging within surgical specialities [83] and 

as such, our findings are encouraging in terms of this aspect of AMS.     

 

Although a previous systematic review reported that AMS interventions were associated with 

a reduction in CDI [84], our review did not find consistency of evidence of this effect. The 

most likely explanation for this difference is because the earlier review mostly included 

studies that used restriction and when intervention type was stratified, a significant effect was 

found for restriction [84]. Restriction was seldom used in our review. One study included in 

our review demonstrated a significant reduction of CDI with the use of restriction [54]. The 

positive effect of restriction on microbial outcomes is likely because it has an immediate and 

greater effect in reducing antimicrobial use compared with education, and thus it has been 

recommended for use when urgent reduction in antimicrobial consumption is needed [85]. 
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The few studies that evaluated restriction in our review may be due to the recommendations 

from the 2017 Cochrane review [3] and previous literature [86, 87] which suggest that 

interventions that apply rules to influence physicians’ prescribing behaviour, including 

preauthorisation using expert approval, were found to be highly associated with negative 

professional culture and relationships in the long term due to breakdown in communication 

between infection specialists and clinical teams [3, 86, 87]. Professional relationships and 

communication are perceived by infection specialists, including pharmacists, to be key to 

successful and sustainable AMS programmes [7, 79, 88].        

 

No consistency of evidence was achieved in relation to pharmacist interventions and reduced 

length of hospital stay. This outcome is influenced by hospital and patient factors. A study 

reported significant inter-hospital variations in length of stay due to infections, and a shorter 

stay was found in hospitals with good hygiene [89]. Good hospital hygiene management 

reduces microbial colonisation and thus reduces the risk of hospital-acquired infections 

caused by multi-drug resistant organisms, which are the most common complication during 

inpatient hospital care [90]. For patient factors, hospitalised patients are more likely to be 

elderly, severely ill, and have more comorbidities and these were also found to be 

constituents with prolonged length of stay [91].  

 

There are concerns whether AMS interventions could limit or delay antimicrobial therapy and 

thus may affect mortality [92]. We found that pharmacist-led interventions were not 

associated with any increase in mortality. This probably indicates that pharmacist 

interventions can safely reduce unnecessary antimicrobial use without increasing mortality. 

This finding is consistent with previous studies which demonstrated that AMS reduced 

antimicrobial consumption in hospitals and did not affect patient mortality [75, 92].        

 

Although our review highlighted the effectiveness of pharmacist-led interventions, a review 

of pharmacist involvement in improving antimicrobial use in general practice settings has 

shown that interventions were more likely to be successful in improving antimicrobial 

prescribing when they were facilitated by a pharmacist-general practitioner collaborative 

team [17]. This could be relevant to AMS in hospitals. Interventions could be more accepted 

if they were delivered by a group of healthcare professionals that shares expertise and 

responsibilities, particularly including physicians. Physicians have been perceived as clinical 

leaders and their engagement has enabled many hospital initiatives to succeed and accelerate 

acceptance across hospitals [93]. Future research efforts should be dedicated in exploring the 

effectiveness of AMS interventions led by pharmacists in combination with infectious disease 

health professionals, or ward physicians or nurses whose practices are embedded in daily 

patient care. It might also be worth exploring factors that affect this difference. These are 

required not only to bridge the evidence gap of our review, but also to inform and prioritise a 
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collaboration between pharmacists and other healthcare professionals to better implement 

hospital-based AMS programmes. Intervention duration in our review lasted 1 to 6 months, 

an evaluation of sustainability or acceptability of pharmacist-led interventions by physicians 

is also required.    

 

Limitations of this review 

While we sought to conduct a systematic review, only three databases were searched and 

there is the possibility that relevant studies may have been missed. The effectiveness of the 

interventions reported in this review may not represent impact solely due to pharmacists. 

Hospital-based AMS programmes could be supported by other healthcare professionals. The 

interventions evaluated may also have been affected by existing AMS activities or other 

infection control programmes. All studies included in this review evaluated education-based 

interventions. A combination of other interventions rather than education may provide 

different effect from pharmacist interventions. Most included studies were NRS. It is likely 

that the effectiveness of interventions conducted and reported by NRS may be influenced by 

different factors when compared with those reported by RCTs [94]. Selection bias of settings 

and participants were commonly reported in the NRS included in this review. Medical wards 

where most AMS interventions had been established were often included. Medical staff may 

have been familiar with AMS activities and this may have facilitated acceptance of and 

compliance with pharmacist interventions. The analysis of data from the inclusion of 

additional clinical trials may help confirm and strengthen our findings. The data derived from 

52 studies, however, could be considered as an exploratory which will help indicate the 

effective elements and trends of pharmacist-led interventions, and inform further research in 

this area.    

 

Strengths of this review      

Our review has several strengths. To our knowledge, this is the first systematic review to 

evaluate the effectiveness and components of pharmacist-led AMS interventions in 

improving antimicrobial use for hospital inpatients. We followed standard practice of 

systematic review by following PRISMA guidelines and registered our review with 

PROSPERO. We applied the comprehensive search strategies used in the earlier Cochrane 

review to help identify all relevant studies regarding “interventions in improving 

antimicrobial use (search terms also included antibiotic, antibacterial, and anti-infective)” 

and “hospital inpatient settings”. We report a wide variety of outcomes to demonstrate the 

effectiveness of AMS interventions for hospital inpatients. We included studies undertaken in 

all acute care settings (secondary care, tertiary care, teaching, and non-teaching hospitals) and 

we found data from all economic income level countries. The proportion of studies from 

LMICs in our review is almost double compared with the earlier Cochrane review [3] and 

this may depict the growing response to the WHO call launched in 2015 on tackling 
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antimicrobial resistance at a global scale [1]. Although most studies were undertaken in 

teaching hospitals, the findings derived from this review demonstrate the benefits of a simple 

and basic intervention of education which could be rolled out by pharmacists in most 

hospitals, regardless of size or resource.         

 

Implications and recommendations for practice  

We highlight the effectiveness of pharmacist-led interventions in hospital-based AMS 

programmes. We recommend that hospitals include pharmacists within their AMS 

programmes and the use of multiple interventions, such as education-based interventions plus 

audit and feedback, for a greater improvement in antimicrobial prescribing. In many LMICs 

or small hospitals where the low levels of the implementation of AMS programmes are due to 

a lack of infectious disease expertise [10], hospitals could consider and incorporate 

pharmacists to help operate and deliver AMS interventions, as well as develop and promote 

these programmes. When AMS programmes are planned, pharmacists could introduce a 

simple intervention of education which is less resource consuming and suitable for hospitals 

with limited resources [8]. Interventions should be particularly focused and targeted in 

inpatient settings where board-spectrum antimicrobial agents are often prescribed which 

creates a high risk of the emergence of multidrug-resistant organisms [95].       

   

Conclusions  

Pharmacist education-based interventions were effective in increasing compliance with target 

AMS practice in hospital settings. Greater compliance was more likely achieved with 

multiple interventions. Pharmacist-led AMS interventions reduced the duration of 

antimicrobial therapy without adversely affecting mortality. Hospitals should consider 

incorporating pharmacists to help deliver AMS interventions and promote these programmes.  
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TABLES 

 

Table I Summary characteristics of included studies (n=52)      

Characteristics Categories Number of studies 

Study design Randomised controlled trial  6  

 Controlled before-and-after study  8  

 Interrupted-time-series study  5 

 Before-and-after study  33  

Place of study  North America    27  

 Asia 17  

 Europe 4  

 Africa 2  

 Australia 2  

Study year ≤2000 5 

 2001-2010 4 

 2011-2020 43 

Setting Teaching hospital  45  

 Non-teaching hospital     5 

 Both    2  

Number of hospitals Single centre 39  
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 Multicentre  13  

Antimicrobial target 

for pharmacist 

intervention  

Definitive therapy  15  

 Empiric therapy  4  

 Definitive and empiric therapy    12  

 Intravenous to oral antimicrobial switch 

therapy  

10  

 Prophylaxis for prevention of surgical site 

infections 

9  

 Not specified     2  

Classification of 

intervention 

components*
  

Educational outreach involving individual 

patient review and recommendations for 

change  

45  

 Dissemination of educational materials 

using group meetings 

19  

 Academic detailing 12  

 Audit and Feedback  11  

 Reminders 8 

 Restriction (pre-authorisation or formulary 

restriction) 

3  

Classification of 

clusters of 

intervention 

components**
 

Education 33  

 Education + audit and feedback  8  

 Education + reminders 5  

 Education + restriction  3  

 Education + audit and feedback + reminders 3   

Duration of 

intervention (months)   

1 - 6     27  

 7 - 12  16  

 > 12 9  

Primary prescribing 

outcomes  

Compliance with target practice  41 

 Duration of antimicrobial treatment 34  

Secondary outcomes   

Clinical outcome  Length of hospital stay  34  

 Mortality 19  

Microbiological 

outcome 

Infections due to antimicrobial-resistant 

organisms or Clostridium difficile  

10  

*According to the EPOC taxonomy; **According to their intervention function outlined by 

Davey et al [3]. 
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Table II Characteristics of randomised controlled studies (n=6)    

Study 

and year 

Setting(s) Country Patients (clinical 

problems) and 

number of patients 

reviewed or reported 

 

Antimicrobial 

target for 

pharmacist 

intervention 

Intervention 

components 

Intervention 

duration 

(months) 

Effect size of pharmacist interventions   

Compliance with 

target ASP 

practice  

Duration of 

antimicrobial 

therapy (DOT) 

(days) 

Mortality 

(%) 

Length of 

hospital stay 

(LOS) (days) 

Microbial 

outcomes 

 

Education only intervention   

Bailey 

1997 [24] 

Two tertiary 

care 

teaching 

hospitals 

United 

States 

Patients who required 

IV antimicrobials for 

at least three or four 

days    

 

(51 intervention group 

vs 51 control group) 

IVOST 

 

EO  

(recommendations 

provided through 

verbal 

communication) 

 

7 Intervention  

28/51 (54.9%) 

vs 

control 23/51 

(45.1%) **  

   

Mean DOT of 

IV 

antimicrobials: 

intervention 

(0.8) 

vs 

control (2.2) * 

 

- Mean LOS: 

Intervention 

(4.9) 

vs 

control (4.6) ** 

 

- 

Dranitsari

s 2001 

[27] 

Two tertiary 

care 

teaching 

hospitals 

Canada Adult patients who 

had presumptive 

infection and required 

IV cefotaxime   

 

(162 intervention 

group vs 147 control 

group) 

 

Empirical and 

definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication) 

6 Intervention 

(122/162) (75.3%) 

vs 

control (102/147) 

(69.4%) ** 

Mean DOT: 

intervention 

(4.3±3.1) 

vs 

control 

(4.8±4.6) ** 

- - - 

Shen  

2011 [33] 

One tertiary 

care 

teaching 

hospital 

China Patients who had 

respiratory tract 

infection admitted in 

respiratory wards and 

required 

antimicrobials 

 

(176 intervention 

group vs 178 control 

group) 

Empirical and 

definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication) 

10 Intervention 

(153/176) (86.9%) 

vs 

control (112/178) 

(62.9%) ** 

- - Mean LOS: 

intervention 

(14.2±6.2) 

vs 

control 

(15.8±6.0) * 
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Van 

Schoonev

eld 2020 

[73] 

One 

teaching 

hospital 

United 

States 

Adult patients who 

had infection and 

required IV 

antimicrobials  

 

(135 intervention 

group vs 156 control 

group) 

 

IVOST EO 

(recommendations 

provided through 

verbal 

communication 

during ward round 

activities)           

 

2 Intervention as 

ATO-A (75/135) 

(55.6%) 

vs 

control as UC-A 

(70/156) (44.9%) ** 

Median DOT: 

intervention (7.0 

(IQR 2.0-69.0)) 

vs 

control (7.0 

(IQR 2.0-78.0)) 
** 

Intervention 

(3/135) 

(2.2%) 

vs 

control 

(5/156) 

(3.2%) ** 

- CDI rate: 

intervention 

(4/135) (3.0%) 

vs 

control (2/156) 

(1.3%) ** 

Education-based plus other interventions  

Walker 

1998 [25] 

One non-

teaching 

community 

hospital 

United 

States 

Patients who had 

community-acquired 

pneumonia and 

required IV 

ceftriaxone 

 

 (25 intervention 

group vs 25 control 

group) 

 

IVOST 

 

DM, EO 

(recommendations 

only made and 

noted in medical 

chart), and RMD 

 

12 

 

 

 

 

  

Intervention  

(22/25) (88.0%) 

vs 

control (9/25) 

(36.0%) * 

 

- - - - 

Strom 

2010 [30] 

Two 

teaching 

hospitals 

United 

States 

Patients who required 

trimethoprim-
sulfamethoxazole 

with an already-active 

warfarin use  

 

(194 intervention 

group vs 148 control 

group)     

 

Non-specified EO  

(recommendations 

provided through 

verbal 

communication 

via discussion 

with pharmacists), 

and RT (expert 

approval) 

7 Intervention 

(111/194) (57.2%) 

vs 

control (20/148) 

(13.5%) * 

- - - - 

AD: academic detailing; AF: audit and feedback; DM: dissemination of educational materials with group meetings; EO: educational outreach; RMD: reminders; RT: restriction; IVOST: intravenous to oral antimicrobial  

switch therapy; * The difference of effect between intervention and control groups that shows p-value < 0.05; ** The difference of effect between intervention and control groups that shows p-value ≥ 0.05  
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Table III Characteristics of controlled before-and-after studies (n=8)    

Study 

and year 

Setting(s) Country Patients (clinical 

problems) and 

number of patients 

reviewed or reported 

 

Antimicrobial 

target for 

pharmacist 

intervention 

Intervention 

components 

Intervention 

duration 

(months) 

Effect size of pharmacist interventions   

Compliance with 

target ASP 

practice  

Duration of 

antimicrobial 

therapy (DOT) 

(days) 

Mortality  Length of 

hospital stay 

(LOS) (days) 

Microbial 

outcomes 

 

Education only intervention  

Pastel 

1992 [23] 

One 

community 

teaching 

hospital 

United 

States 

Adult patients who 

required restricted 

antimicrobial agent(s) 

for empirical 

treatment  
 

(63 intervention group 

vs 38 control group) 

Empirical  

Therapy   

EO  

(recommendations 

provided through 

verbal 

communication) 

 

2.25 Intervention  

(56/63) (88.9%)  

vs 

control (28/38) 

(73.7%) ** 

- - - - 

Heyerly 

2016 [46]  

One 

tertiary-care 

community 

non-

teaching 

hospital 

United 

States 

Adult patients who 

had positive blood 

cultures of gram-

positive pathogens  

 

(107 intervention 

group vs 190 control 

group) 

Definitive  

therapy 

EO  

(recommendations 

provided through 

verbal 

communication) 

 

9 Intervention 

(30/107) (28.0%) 

vs  

control (20/190) 

(10.5%) * 

- - Mean LOS: 

intervention 

11.0 

vs 

control 11.0 ** 

- 

Okada 

2016 [47] 

One tertiary 

care 

teaching 

hospital   

Japan Patients who were 

admitted at the 

haematological 

medical ward and 

required anti-MRSA 

agents    

 

(74 intervention group 

vs 71 control group)  

Empirical and 

definitive 

therapy    

EO  

(non-specified 

mode of 

communication) 

23 - Median DOT of 

anti-MRSA 

agents: 

intervention 

(10.0 (IQR 4.0-

14.0))  

vs 

control (11.0 

(IQR 4.0-18.0)) 
** 

- Median LOS: 

intervention 

(48.0 (26.0-

429.0))  

vs  

control (70.0 

(10.0-691.0)) 
** 

- 
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Shannon 

2016 [48] 

 

 

 

 

 

 

 

 

One 

community 

non-

teaching 

hospital 

United 

States 

Adult patients who 

had a reported beta-

lactam allergy and 

required at least one 

alternative (non-beta 

lactam) antibiotic 

during admission 

 

(63 intervention group 

vs 63 control group) 

Empirical and 

definitive 

therapy 

AD and EO  

(non-specified 

mode of 

communication) 

7 Intervention (36/63) 

(57.1%) 

vs  

control (14/63) 

(22.2%) * 

Mean DOT: 

intervention 

(13.0±11.8) 

vs  

control 

(14.6±11.9) ** 

Intervention 

(1/63) (1.6%) 

vs  

control (4/63) 

(6.3%) ** 

Mean LOS: 

intervention 

(9.4±7.7) 

vs  

control 

(8.2±7.1) **  

CDI rate: 

intervention 

(1/63) 

(1.6%)  

vs  

control 

(1/63) 

(1.6%) ** 

Li  

2017 [55] 

Six tertiary 

care 

teaching 

hospitals (8 

ICU units of 

4 in control 

and 4 in 

intervention 

group) 

China Adult patients who 

had critically ill 

admitted in intensive 

care unit and required 

antimicrobial within 

24 hours after 

hospitalisation 

 

(353 intervention 

group vs 224 control 

group)    

 

Empirical  

therapy 

EO  

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds) 

2 Intervention 

(260/353) (73.7%) 

vs 

control (152/224) 

(67.9%) ** 

Median DOT of 

empirical use: 

intervention (2.7 

(IQR 1.9-6.2)) 

vs  

control (3.0 

(IQR 1.4-4.6)) *  

Intervention 

(68/353) 

(19.3%) 

vs  

control 

(65/224) 

(29.0%) * 

Median LOS: 

intervention 

(17.0 (IQR 

12.0-29.0))  

vs  

control (18.0 

(IQR 11.0-

31.0)) **    

Multi-drug 

resistant 

infection 

rate: 

intervention 

(84/353) 

(23.8%) 

vs  

control 

(71/224) 

(31.7%) * 

Education-based plus other interventions  

Landgren 

1988 [22] 

Twelve 

hospitals (4 

teaching and 

8 non-

teaching 

hospitals) 

Australia Patients who 

underwent surgery  

 

(445 intervention 

group vs 397 control 

group) 

 

Antimicrobial 

prophylaxis 

AF, DM, AD, and 

RMD 

 

6 Intervention 

(250/445) (56.2%)  

vs  

control (143/397) 

(36.0%) * 

 

- - - - 

Dunn 

2011 [31] 

One 

teaching 

hospital 

Ireland Adult patients who 

had infection and 

required IV 

antimicrobial during 

the first four days of 

admission    

 

(72 intervention group 

vs 44 control group) 

(Data from phase II) 

IVOST DM, EO 

(recommendations 

provided through 

verbal 

communication), 

and RMD 

(stickers) 

 

7 Intervention (52/72) 

(71.7%) 

vs 

control (24/44) 

(55.5%) * 

Median IV 

DOT: 

intervention 

(3.0) 

vs 

control (4.0) * 

- - - 

Jo
urn

al 
Pre-

pro
of



Page 30 of 45 

 

Main manuscript revision_JHI 

Apisarnth

anarak 

2015 [38] 

One tertiary 

care 

teaching 

hospital 

Thailand Adult patients who 

had presumptive 

infection and required 

one antimicrobial 

prescription admitted 

in medical wards 

 

(104 intervention 

group vs 150 control 

group) 

 

Empirical and 

definitive 

therapy 

AD, EO  

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds), and RMD      

 

9 Intervention 96/104 

(92.3%) 

vs 

control 105/150 

(70.0%) * 

Mean DOT: 

intervention 

(8.4±3.0) 

vs 

control 

(17.5±20.0) * 

Intervention 

(10/104) 

(9.6%) 

vs 

control 

(10/150) 

(6.7%) ** 

Mean LOS: 

intervention 

(18.7±17.0) 

vs 

control 

(28.8±7.0) * 

- 

AD: academic detailing; AF: audit and feedback; DM: dissemination of educational materials with group meetings; EO: educational outreach; RMD: reminders; RT: restriction; IVOST: intravenous to oral antimicrobial 

switch therapy; * The difference of effect between intervention and control groups that shows p-value < 0.05; ** The difference of effect between intervention and control groups that shows p-value ≥ 0.05      
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Table IV Characteristics of interrupted-time-series studies (n=5)     

Study 

and year 

Setting(s) Country Patients (clinical 

problems) and 

number of patients 

reviewed or reported 

 

Antimicrobial 

target for 

pharmacist 

intervention 

Intervention 

components 

Intervention 

duration 

(months) 

Effect size of pharmacist interventions¥   

Compliance with 

target ASP 

practice  

Duration of 

antimicrobial 

therapy 

(DOT)  

Mortality  Length of 

hospital stay 

(LOS)  

Microbial 

outcomes 

 

Education only intervention  

Newland 

2012 [34] 

One tertiary 

teaching 

children's 

hospital 

United 

States 

Paediatric patients 

who required selected 

board spectrum 

antimicrobial agents 

in the lists monitored 

by AMS team 

Empirical and 

definitive 

therapy 

EO  

(non-specified 

mode of 

communication) 

30 - DOT 

decreased 

12.0% per 

month per 

1,000 patient-

day during 

intervention 

period 
*
 

- LOS decreased 

13.0% per month 

per 1,000 patient-

day during 

intervention period 
*
 

- 

Campbell 

2017 [53] 

One 

community 

teaching 

hospital 

Canada  Patients who required 

IV antimicrobial 

agent admitted in 

surgery, respiratory, 

and medical wards 

Empirical and 

definitive 

therapy 

EO 

(recommendations 

provided through 

verbal 

communication)  

Surgical 

(51), 

respirator 

(48), and 

medical (30) 

wards 

- Linear trend of 

DOT before 

and after 

intervention: 

decreased 

12.0% in 

surgical ward, 

10.0% in 

respiratory 

ward, and 

20.0% in 

medical ward 

(per 1,000 

patient-day) 

during 

intervention 

period 
*
 

Linear trend of 

mortality 

before and 

after 

intervention: 

changed 0.99 

to 0.97 in 

surgical ward, 

11.5 to 12.2 in 

respiratory 

ward, and 7.4 

to 5.0 in 

medical ward 

(cases per 

1,000 patient-

day)
 **

   

Linear trend of 

LOS before and 

after intervention: 

changed 4.7 to 4.3 

in surgical ward, 

9.6 to 8.5 in 

respiratory ward, 

and 10.2 to 10.3 in 

medical ward (days 

per 1,000 patient-

day) 
** 

 

Linear trend of 

CDI rate before 

and after 

intervention: 

decreased 0.8 to 

0.4 in surgical 

ward, 2.4 to 0.8 

in respiratory 

ward, and 0.8 to 

0.4 in medical 

ward (cases per 

1,000 patient-

day) 
**

 

Nault 

2017 [56] 

One tertiary 

care 

teaching 

hospital 

Canada Patients who required 

IV or oral 

antimicrobial agent(s) 

Empirical and 

definitive 

therapy 

EO 

(recommendations 

only made and 

noted in clinical 

decision-support 

system) 

 

36 Trend change of 

proportion of 

prescriptions that did 

not adhere with 

guideline decreased 

0.1% per month over 

time of intervention 

period 
**

 

 

Trend change 

of DOT 

decreased 1.4 

days per 1,000 

patient-day 

over time of 

intervention 

period 
*
  

  

- Trend change of 

LOS decreased 0.1 

day over time of 

intervention period 
*
 

 

- 
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Hwang 

2018 [61] 

One 

secondary 

care 

teaching 

hospital 

Korea Adult patients who 

required anaerobe 

antibiotic 

Empirical 

therapy 

EO  

(non-specified 

mode of 

communication) 

5 - Trend change 

of DOT of 

metronidazole 

decreased 13.9 

days per 1,000 

patient-

day/month 
*
 

 

- - - 

Education-based plus other interventions  

Wang H 

2019 [69] 

One tertiary 

care 

teaching 

hospital 

China All patients who were 

admitted in inpatient 

settings and required 

IV or oral 

antimicrobials  

Non-specified AF  

(feedback to all 

medical staff 

every month in 

meetings), AD, 

and EO 

(recommendations 

provided through 

verbal 

communication) 

 

25 Trend change in 

compliance with 

target practice 

increased 1.2% per 

month during 

intervention period 
*
  

- - - (1) Trend change 

of levofloxacin-

resistant E. coli 

decreased 1.6% 

per year
*
 while 

imipenem-

resistant E. coli 

increased 0.3% 

per year
* 
during 

intervention 

period 

 

(2) Trend change 

of levofloxacin-

resistant K. 

pneumoniae 

decreased 3.0% 

per year
** 

while 

imipenem-

resistant K. 

pneumoniae 

increased 1.3% 

per year
* 
during 

intervention 

period 

AD: academic detailing; AF: audit and feedback; DM: dissemination of educational materials with group meetings; EO: educational outreach; RMD: reminders; RT: restriction; IVOST: intravenous to oral antimicrobial 

switch therapy; ¥ The intervention effect is measured against the pre-intervention trend; * Trend of change of post-intervention measured against pre-intervention that shows p-value < 0.05: ** Trend of change of post-

intervention measured against pre-intervention that shows p-value ≥ 0.05                
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Table V Characteristics of before-and-after (pre-and-post) studies (n=33)  

Study 

and year 

Setting(s) Country Patients (clinical 

problems) and 

number of patients 

reviewed or reported 

 

Antimicrobial 

target for 

pharmacist 

intervention 

Intervention 

components 

Intervention 

duration 

(months) 

Effect sizes of pharmacist interventions       

Compliance with 

target ASP 

practice  

Duration of 

antimicrobial 

therapy 

(DOT) (days) 

Mortality  Length of 

hospital stay 

(LOS) (days) 

Microbial 

outcomes 

 

Education only intervention  

Martínez 

2000 [26] 

Two tertiary 

care 

teaching 

hospitals 

Spain Patients who had 

infection and required 

IV clindamycin at 

least 72 hours 

  

(204 post-INT group 

vs 269 pre-INT group)  

IVOST 

 

DM 6 Post-INT 

(107/204) (52.5%) 

vs 

pre-INT 

(57/269) (21.1%) * 

 

Mean DOT of 

IV 

clindamycin 

decreased 1.3 

days in post-

INT compared 

with pre-INT 

(no raw data 

shown) * 

- Median LOS: 

post-INT 

 (14.5 (IQR 5.0-

59.0))  

vs 

pre-INT 

 (13.0 (IQR 4.0-

50.0)) ** 

 

CDI rate: 

post-INT 

 (1/204) 

(0.5%) vs pre- 

INT 

 (10/269) 

(3.7%) ** 

Ho  

2005 [28] 

One tertiary 

care 

teaching 

hospital 

Canada Adult patients who 

required IV 

ciprofloxacin at least 

48 hrs and were 

candidates for IV to 

oral antimicrobial 

conversion  

 

(201 post-INT group 

vs 244 pre-INT group)    

 

IVOST DM and EO 

(recommendations 

noted in medical 

chart or discussed 

with physicians if 

antimicrobials 

needed to be 

converted to oral 

form prior 48 

hours of IV 

ciprofloxacin 

initiation) 

4 

 

Post-INT (136/201) 

(67.7%) 

vs 

pre-INT (130/244) 

(53.3%) *     

 

- - Mean LOS: 

post-INT (17.0 

(range 1.0-165.0)) 

vs  

pre-INT (12.0 

(range1.0-84.0)) 
** 

 

- 

Grill  

2011 [32] 

One 

teaching 

hospital 

Germany Adult patients who 

were admitted in 

surgical wards and 

required antimicrobial 

for a proven or 

suspected infection  

 

(321 post-INT group 

vs 317 pre-INT group) 

 

IVOST EO  

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds) 

 

6 Post-INT (85/480 of 

administrations) 

(17.7%) 

vs 

pre-INT (49/452 

administrations) 

(10.8%) * 

    

Mean IV 

DOT: 

post-INT (8.0) 

vs 

pre-INT 

(10.0) * 

 

- Median LOS: 

post-INT (19.0 

(IQR 3.0-130.0)) 

vs 

pre-INT (18.0 

(IQR 3.0-220.0)) 
** 

- 

Jo
urn

al 
Pre-

pro
of



Page 34 of 45 

 

Main manuscript revision_JHI 

Yen  

2012 [35] 

One tertiary 

teaching 

hospital 

Taiwan Patients who required 

IV levofloxacin for 

more than 48 hours  

 

(37 post-INT group vs 

42 pre-INT group) 

IVOST EO  

(recommendations 

only made and 

noted in medical 

records) 

 

2 - Mean IV 

levofloxacin: 

post-INT 

(6.6±4.4) 

vs pre-INT 

(8.3±3.8) ** 

-  Mean LOS: 

post-INT 

(16.1±9.3) 

vs 

pre-INT 

(27.2±18.5) *  

- 

Cappelletty 

2013 [36]    
One tertiary 

care 

teaching 

hospital 

United 

States 

Adult patients who 

required one of the 

selected antimicrobial 

agents for at least 72 

hours  

 

(45 post-INT group vs 

51 pre-INT group) 

Empirical and 

definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication 

via discussion) 

3 Post-INT (33/45) 

(73.3%) 

vs 

pre-INT (34/51) 

(66.7%) ** 

Mean DOT: 

post-INT 

(4.8±1.4) 

vs 

pre-INT 

(5.6±2.2) ** 

- - - 

Phillips 

2015 [40] 

One tertiary 

care 

teaching 

hospital 

Australia Adult patients who 

had infection and 

required vancomycin 

for documented 

therapy 

 

(45 post-INT group vs 

53 pre-INT group) 

Definitive  

therapy 

DM and AD   8 (1) Appropriate 

maintenance dose of 

vancomycin: post-

INT (29/45) 

(64.4%) vs pre-INT 

(28/53) (52.8%) ** 

 

(2) Dosage 

adjustment when 

vancomycin levels 

were outside of 

target: post-INT 

(24/34) (70.6%) vs 

pre-INT (21/39) 

(53.9%) ** 
 

 

Median 

vancomycin 

DOT: post-

INT (6.0 (IQR 

4.0-16.5)) vs  

pre-INT (10.0 

(IQR 4.3-

13.8)) **   

- Median LOS: 

post-INT (16.0 

(IQR 9.0-29.5)) 

vs 

pre-INT (20.0 

(IQR 10.5-32.5)) 
** 

- 

Tavakoli-

Ardakani 

2015 [41] 

One 

teaching 

hospital 

Iran Adult patients who 

required IV 

vancomycin admitted 

in intensive care unit 

and haematology-

oncology wards  
 

(82 post-INT group vs 

77 pre-INT group) 

Empirical and 

definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication 

via discussion) 

6 Post-INT (54/82) 

(65.9%) 

vs 

pre-INT (42/77) 

(54.6%) ** 

- - - - 

Jo
urn

al 
Pre-

pro
of



Page 35 of 45 

 

Main manuscript revision_JHI 

Brumley 

2016 [44] 

One 

community 

teaching 

hospital 

United 

States 

Adult patients who 

had positive 

Clostridium difficile 

infection 

 

 (83 post-INT group 

vs 89 pre-INT group) 

Definitive  

therapy 

DM and EO 

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds)   

3 Post-INT (67/83) 

(80.7%) 

vs 

pre-INT (40/89) 

(44.9%) * 

- Post-INT 

(3/83) (3.6%) 

vs  

pre-INT 

(1/89) (1.1%) 
** 

Mean LOS: 

post-INT (6.8)  

vs 

pre-INT (7.1) ** 

- 

Ellis  

2016 [45] 

One tertiary 

care 

teaching 

hospital 

United 

States 

Adult patients who 

were admitted in 

geriatric psychiatric 

unit and had 

presumptive infection 

 

(95 prescriptions for 

70 patients in post-

INT group vs 71 

prescriptions for 63 

patients in pre-INT 

group)   

 

Empiric and 

definitive 

therapy 

EO  

(non-verbal 

communication) 

 

6 Post-INT (63/95) 

(66.3%) 

vs  

pre-INT (36/71) 

(50.7%) * 

 

Mean DOT: 

post-INT 

(174/1,000 

patient-day) 

vs  

pre-INT 

(174/1,000 

patient-day) ** 

- - - 

Yu  

2016 [49] 

One tertiary 

care 

teaching 

Children's 

hospital 

United 

States 

Paediatric patients 

who had purulent 

MSSA or MRSA skin 

infection 

 

(103 post-INT group 

vs 121 pre-INT group) 

 

Definitive  

therapy   

AD and EO (non-

specified mode of 

communication) 

 

12 Post-INT (91/103) 

(88.3%) 

vs  

pre-INT (90/121) 

(74.4%) * 

- - Median LOS: 

post-INT (2.0 

(0.7-5.1))  

vs 

pre-INT (2.5 (IQR 

0.6-9.5)) * 

- 

Beganovic 

2017 [51] 

One tertiary 

care 

teaching 

hospital 

United 

States 

Adult and paediatric 

patients who had 

positive blood culture  

 

(123 patients (126 

blood cultures) in 

post-INT group vs 

116 patients (126 

blood cultures) in pre-

INT group)     

 

Definitive  

therapy 

EO  

(recommendations 

provided through 

verbal 

communication)   

3 - Mean DOT: 

post-INT 

(15.9±11.1) 

vs 

pre-INT 

(18.6±12.0) ** 

Post-INT 

(15/123) 

(12.2%) 

vs 

pre-INT 

(12/116) 

(10.3%) ** 

Mean LOS: 

post-INT 

(9.0±7.3) 

vs 

pre-INT 

(15.0±22.7) * 

- 
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Willis 

2017 [57] 

One tertiary 

community 

teaching 

hospital 

United 

States 

Adult patients who 

had respiratory tract 

infections (all types of 

pneumonia or Chronic 

Obstructive 

Pulmonary Diseases) 

and required IV 

vancomycin for 

MRSA coverage 

  

(150 post-INT group 

vs 150 pre-INT group)   

Definitive  

therapy 

EO  

(prompt 

recommendations 

provided through 

verbal 

communication) 

 

6 - Median 

vancomycin 

DOT: post-

INT (2.1 (IQR 

1.4±3.9)) 

vs  

pre-INT (4.2± 

(IQR2.8-5.8)) 
* 

Post-INT 

(3/150) 

(2.0%) 

vs  

pre-INT 

(3/150) 

(2.0%) ** 

Median LOS: 

post-INT (7.0 

(IQR 5.0±9.0)) 

vs  

pre-INT (8.0± 

(IQR 4.2-10.0)) ** 

-    

Ohashi 

2018 [62] 

One tertiary 

care 

teaching 

hospital 

Japan Adult patient who had 

MRSA bacteraemia 

 

(51 post-INT group vs 

43 pre-INT group) 

 

Definitive 

therapy 

DM and EO 

(prompt 

recommendations 

provided through 

verbal 

communication)   

31 Post-INT (42/51) 

(82.4%) 

vs 

pre-INT (27/43) 

(62.3%) * 

 

- Post-INT 

(11/51) 

(21.6%) 

vs 

pre-INT 

(18/43) 

(41.8%) * 

 

Median LOS: 

post-INT (35.0 

IQR (22.0-59.0)) 

vs 

 pre-INT (52.5 

IQR (23.8-70.0)) 
** 

- 

Bianchini 

2019 [65] 

One tertiary 

care 

teaching 

hospital 

United 

States 

Patients who were 

admitted in intensive 

care unit and had 

pneumonia  

 

 

(91 post-INT group vs 

91 pre-INT group) 

 

Definitive 

therapy 

EO  

(recommendations 

only made and 

noted in electronic 

medical record)   

 

5 Post-INT  

 53/91 (58.2%) 

vs 

pre-INT  

 24/91 (26.4%) * 

 

Median DOT: 

post-INT  

 (7.0 (IQR 

6.0-8.0)) 

vs 

pre-INT  

(7.0 (IQR 6.0-

10.0)) ** 

 

Post-INT  

(7/91) (7.7%) 

vs 

pre-INT  

 (13/91) 

(14.3%) **   

Median LOS: 

post-INT  

 (9.0 (IQR 7.0-

16.0)) 

vs 

pre-INT  

(9.0 (IQR 6.0-

15.0)) ** 

 

Multi-drug 

resistant 

infection rate: 

post-INT  

 (2/91) (2.2%) 

vs pre-INT  

 (6/91) (6.6%) 
** 

 

CDI rate: 

post-INT  

 (0/91) (0%) 

vs 

pre-INT  

 (1/91) (1.1%) 
** 
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Box  

2019 [66] 

Five tertiary 

care 

teaching 

hospitals (5 

acute cares 

that 

compose in 

Scripps 

Health) 

United 

States 

Adult patients who 

had bacteraemia 

caused by non-

resistant gram-

negative bacteria 

 

(539 post-INT group 

vs 512 pre-INT group) 

 

Definitive 

therapy 

DM and EO 

(recommendations 

provided through 

verbal 

communication) 

12 - Median DOT 

of anti-

pseudomonal 

(per patient-

day): post-

INT (0.2 (IQR 

0-0.4))  

vs  

pre-INT (0.4 

(IQR 0-0.7)) * 

Post-INT 

(28/539) 

(5.2%) 

vs 

pre-INT 

(36/512) 

(7.0%) **   

Median LOS: 

post-INT (5.0 

(IQR 4.0-7.0)) 

vs 

pre-INT (5.0 (IQR 

4.0-7.0)) ** 

- 

Butt  

2019 [67] 

One tertiary 

care 

teaching 

hospital 

Pakistan Patients who 

underwent surgical 

procedures  

 

(225 post-INT group 

vs 225 pre-INT group) 

Antimicrobial 

prophylaxis 

DM and AD 4 Post-INT (28/225) 

(12.4%) 

vs 

pre-INT (3/225) 

(1.3%) * 

Mean DOT: 

post-INT (2.3 

± 1.5) 

vs 

pre-INT (2.8 

± 1.7) * 

- Mean LOS: 

post-INT (4.5 ± 

3.4) 

vs 

pre-INT (5.4 ± 

4.8) * 

- 

Pham 

2019 [68] 

One 

community 

teaching 

hospital 

United 

States 

Adult patients who 

had pneumonia (all 

types of pneumonia) 

and required IV 

vancomycin for 

MRSA coverage 

 

(72 post-INT group vs 

138 pre-INT group) 

 

Definitive 

therapy 

DM and EO (non-

specified mode of 

communication) 

6 - Mean DOT of 

IV 

vancomycin: 

post-INT 

(1.4±1.2) 

vs 

pre-INT 

(2.5±1.3) * 

Post-INT 

(5/72) (6.9%) 

vs 

pre-INT 

(18/138) 

(13.0%) ** 

Mean LOS: 

post-INT 

(8.9±8.0) 

vs 

pre-INT  

(8.9±5.8) ** 

- 

Xin  

2019 [70] 

One tertiary 

care 

teaching 

hospital 

China Patients who had 

infection and required 

carbapenem   

 

(518 post-INT group 

vs 515 pre-INT group) 

 

Definitive 

therapy 

AD and EO  

(recommendations 

provided through 

verbal 

communication 

via discussion) 

12 Post-INT (307/518) 

(59.3%)  

vs 

pre-INT (112/515) 

(21.7%) * 

Mean DOT: 

post-INT 

(7.4±0.9)  

vs 

pre-INT 

(13.3±1.8) * 

Post-INT 

(49/518) 

(9.5%)  

vs 

pre-INT 

(92/515) 

(17.9%) * 

Mean LOS: 

post-INT 

(9.3±1.5)  

vs 

pre-INT 

(15.9±2.2) * 

- 
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Arensman 

2020 [71] 

Seven 

tertiary care 

teaching 

hospitals 

(Advocate 

Aurora 

Health 

Hospitals) 

United 

States 

Adult patients who 

had positive 

Staphylococcus 

aureus bacteraemia  

 

(121 post-INT group 

vs 87 pre-INT group) 

Definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication 

8 Post-INT (from 

period III) (92/121) 

(76.0%) 

vs 

pre-INT (from 

period II) (47/87) 

(54.0%) * 

- Post-INT 

(6/121) 

(4.9%) 

vs 

pre-INT 

(2/87) (2.3%) 
** 

Mean LOS: 

post-INT 

(12.0±10.7) 

vs 

pre-INT (8.9±6.2) 
* 

- 

Bishop 

2020 [72] 

One tertiary 

care 

teaching 

hospital 

United 

States 

Adult patients who 

had positive 

Clostridium difficile 

infection  

 

(113 post-INT group 

vs 120 pre-INT group) 

Definitive 

therapy 

EO  

(recommendations 

provided through 

verbal 

communication 

via telephone with 

documenting in 

electronic heath 

medical record in 

pharmacy 

progress note 

section) 

 

17 Post-INT 

65/113 (57.5%) 

vs 

pre-INT 50/120 

(41.7%) * 

- Post-INT 

(3/113) 

(2.7%) 

vs 

pre-INT 

(10/120) 

(8.3%) ** 

Median LOS: 

post-INT (11.0) 

vs 

pre-INT (12.0) ** 

- 

Education-based plus other interventions      

McLaughl

in  

2005 [29] 

One tertiary 

care 

teaching 

hospital 

United 

Kingdom 

Patients who were 

admitted in medical 

wards and required IV 

antimicrobial  

 

(IV-treated infection 

episodes: 107 post-

INT group vs 118 in 

pre-INT group) 

  

IVOST 

 

AF (feedback to 

medical staff 

through 

presentation and 

inserted data in 

medical chart, no 

frequency 

documented), 

DM, and RMD 

(stickers labelled 

in medical chart 

and posters)  

1 Post-INT (71/79) 

(89.9%) 

vs  

pre-INT (15/90) 

(16.7%) * 

 

Median IV 

DOT of group 

II: 

post-INT (2.0 

(IQR 1.0-

16.0)) vs 

pre-INT (3.0 

(IQR 1.0-

22.0)) * 

 

(Data of DOT 

based on all 

patients 

recruited) 

- Median LOS: 

post-INT (10.0 

(IQR 1.0-108.0)) 

vs 

pre-INT (13.0 

(IQR 1.0-72.0)) * 

 

- 
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Zhang 

2014 [37] 

One tertiary 

care 

teaching 

hospital 

China Patients who required 

antimicrobial for the 

prevention of 

preoperative surgery 

admitted in urological 

ward 

 

(193 post-INT group 

vs 171 pre-INT group) 

Antimicrobial 

prophylaxis 

AF (feedback to 

all clinical 

departments 

including hospital 

administration; no 

frequency 

documented) and 

EO (verbal 

communication 

with real time 

monitoring) 

 

6 Post-INT (60/80) 

(75.0%) 

vs  

pre-INT (36/88) 

(40.9%) * 

Mean DOT: 

post-INT (2.9) 

vs 

pre-INT (7.6) 
* 

 

(Data of DOT 

based on all 

patients 

recruited) 

- - - 

Nguyen 

2015 [39] 

One tertiary 

care 

teaching 

hospital 

United 

States 

Adult patients who 

had positive MSSA or 

MRSA bacteraemia 

 

(88 post-INT group vs 

82 pre-INT group) 

Definitive  

therapy 

DM, EO (verbal 

communication), 

and RMD (pocket 

size guidelines) 

 

9 Post-INT (74/88) 

(84.1%) 

vs 

pre-INT (46/82) 

(56.1%) * 

- Post-INT 

(10/88) 

(11.4%) 

vs 

pre-INT 

(16/82) 

(19.5%) ** 

Median LOS: 

post-INT (9.0 

IQR 5.0-20.0)) 

vs 

pre-INT (9.0 IQR 

5.0-17.0)) ** 

- 

Wang J 

2015 [42] 

One tertiary 

care 

teaching 

hospital 

China Patients who 

underwent elective 

caesarean section 

admitted in maternity 

ward  

 

(197 post-INT group 

vs 197 pre-INT group) 

Antimicrobial 

prophylaxis  

AF (feedback to 

all health 

professionals 

including hospital 

administration 

every two weeks), 

AD, and EO 

(verbal 

communication)  

3 Correct for both 

choice and dose: 

post-INT (185/197) 

(93.9%) 

vs  

pre-INT (7/197) 

(3.6%) * 

Mean DOT of 

antimicrobial 

prophylaxis 

use: post-INT 

(1.9) 

vs 

pre-INT (4.1) 
* 

- Mean LOS: 

post-INT (6.2)  

vs 

pre-INT (6.2) ** 

  

- 

Zhou Y 

2015 [43] 

One tertiary 

care 

teaching 

hospital 

China Adult patients who 

underwent clean and 

clean-contaminated 

operations admitted in 

urological ward 

 

(11 post-INT group vs 

36 pre-INT group) 

 

Antimicrobial 

prophylaxis 

AF (feedback to 

all clinical 

departments every 

month through 

meetings), DM, 

AD, and EO 

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds) 

 

6 Correct timing of 

antimicrobial use 

(0.5-2 hrs prior to 

surgery): post-INT 

(8/11) (72.7%) 

vs 

pre-INT (7/36) 

(19.4%) *  

(1) Year 2010 

vs 2012: post-

INT (1.3±0.5) 

vs 

 pre-INT 

(3.9±1.6) * 

 

(2) Year 2010 

vs 2013: post-

INT (2.0±1.4) 

vs  

pre-INT 

(3.9±1.6) *     

 

- - - 
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Zhou L 

2016 [50] 

One tertiary 

care 

teaching 

hospital 

China Patients who 

underwent 

cardiothoracic surgery   

 

 (508 post-INT group 

vs 342 pre-INT group) 

 

Antimicrobial 

prophylaxis 

AF (feedback to 

leadership in 

cardiothoracic 

surgery 

departments every 

week through 

meeting), DM, 

and EO 

(recommendations 

provided through 

verbal 

communication 

during ward 

rounds)      

 

 

 

 

 

 

 

 

 

 

 

 

 

17 Post-INT (496/508) 

(97.6%) 

vs  

pre-INT (157/342) 

(45.9%) * 

- - Mean LOS: 

post-INT 

(20.9±8.9) 

vs  

pre-INT 

(23.3±8.9) * 

Resistance 

rate of S. 

aureus to 

clindamycin: 

post-INT 

25.9% vs pre-

INT 60.0% ** 

 

Resistance 

rate of E. 

cloacae to 

imipenem: 

post-INT 

1.7% vs pre-

INT 9.4% ** 

 

Resistance 

rate of K. 

pneumoniae 

to 

ceftazidime: 

post-INT 

7.7% vs pre-

INT 12.5% ** 

 

Brink 

2017 [52] 

Thirty-four 

private 

(urban and 

rural) non-

teaching 

hospitals 

South 

Africa 

Patients who 

underwent surgical 

procedures 

Antimicrobial 

prophylaxis     

AF (feedback to 

surgeons every 

month in theatre 

rooms with 

additional emails 

and presented 

during journal 

clubs) and EO 

(recommendations 

noted in medical 

chart or sent 

through mobile 

phone messages)  

16 Post-INT (83.3%) 

vs 

pre-INT (66.8%) * 

(no raw data of 

number of 

prescriptions 

shown)   

- - - - 
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Shea  

2017 [54] 

Four tertiary 

care 

(teaching 

and non-

teaching) 

hospitals 

United 

States 

Patients who required 

one of quinolones for 

pneumonia or Chronic 

Obstructive 

Pulmonary Diseases 

exacerbation  

 

(130 post-INT group 

vs 232 pre-INT group) 

Empirical and 

definitive 

therapy 

DM, EO 

(recommendations 

provided through 

verbal 

communication), 

and RT (using 

antibiotic 

formulary 

restriction)   

15  

(phase I: 3 

and phase 

II: 12) 

Phase I and II: 

post-INT (74/130) 

(56.9%) 

vs 

pre-INT (74/232) 

(31.9%) * 

 

Mean DOT 

phase I: post-

INT 

(21.5±6.4)  

vs  

pre-INT 

(41.0±4.4) * 

 

Phase II: post-

INT (4.8±3.6) 

vs  

pre-INT 

(41.0±4.4) * 

 

- - Mean CDI 

rate (per 

month per 

10,000 

patient-day) 

of phase I and 

II: post-INT 

(2.2±1.4) 

vs 

pre-INT 

(4.0±2.1) * 

 

 

Yang 

2017 [58] 

One tertiary 

teaching 

hospital 

China Patients who 

underwent vascular 

and interventional 

radiology procedures  

 

(177 post-INT group 

vs 162 pre-INT group) 

 

Antimicrobial 

prophylaxis 

AF (feedback to 

all medical 

departments via 

meetings and 

published on 

hospital website 

for other 

professionals), 

AD, and EO 

(recommendations 

sent through 

intranet system 

and provided 

through verbal 

communication 

via telephone)   

6 Post-INT 

 (174/177) (98.3%) 

vs 

pre-INT (134/162) 

(82.7%) * 

 

Mean DOT of 

antimicrobial 

prophylaxis 

use: post-INT 

(0.5±1.0) 

vs 

pre-INT 

(0.9±2.0) * 

- - - 

Eljaaly 

2018 [59] 

One 

community 

teaching 

hospital 

United 

States 

Adult patients who 

had infection and 

required one of 

restricted antibiotics 

for ≥ 3 days 

 

(83 post-INT group vs 

83 pre-INT group) 

 

Definitive  

therapy 

EO (verbal 

communication) 

and RT (using 

expert approval) 

3 - Median DOT 

for restricted 

antimicrobials

: post-INT 

(4.0 (IQR 3.0-

5.0)) vs  

pre-INT (5.0 

(IQR 4.0-8.8)) 

* 

Post-INT 

(2/83) (2.4%) 

vs 

pre-INT 

(8/83) (9.6%) 
** 

Median LOS: 

post-INT (6.0 

(IQR 5.0-9.0)) 

vs 

pre-INT (8.0 (IQR 

5.0-17.0)) *    

- 

Jo
urn

al 
Pre-

pro
of



Page 42 of 45 

 

Main manuscript revision_JHI 

Fooland 

2018 [60] 

Three 

teaching 

hospitals 

United 

States 

Adult patients who 

had pneumonia  

 

(293 post-INT group 

vs 307 pre-INT group) 

Empirical  

therapy 

AF (feedback to 

physicians in 

primary teams via 

direct and verbal 

communication, 

no frequency 

documented), 

DM, and EO 

(verbal 

communications) 

 

6 Post-INT (120/287) 

(41.8%) 

vs 

pre-INT (17/304) 

(5.6%) * 

Median DOT: 

post-INT (6.0 

(IQR 5.0-7.0)) 

vs 

pre-INT (9.0 

(IQR 7.0-

10.0)) * 

 

 

Post-INT 

(3/293) 

(1.0%) 

vs  

pre-INT 

(7/298) 

(2.3%) ** 

- CDI rate: 

post-INT 

(0/293) (0%) 

vs  

pre-INT 

(0/294) (0%) 
** 

Sze  

2018 [63] 

Eight 

district non-

teaching 

hospitals 

Malaysia Adult patients who 

had infection and 

required IV 

antimicrobial at least 

48 hours    

 

(76 patients (77 

courses) in post-INT 

group vs 72 patients 

(79 courses) in pre-

INT group)   

IVOST DM and RMD 

(using stickers 

labelled in 

medical chart) 

2 - Mean DOT of 

IV 

antimicrobial: 

post-INT 

(2.8±1.2) 

vs 

pre-INT 

(4.1±1.6) * 

 

- Mean LOS: 

post-INT 

(4.1±1.7) 

vs 

pre-INT (5.5±3.2) 
* 

 

- 

Abubakar 

2019 [64] 

Two tertiary 

care 

teaching 

hospitals 

Nigeria Adult women who 

underwent elective 

and emergency 

obstetric and 

gynaecologic 

surgeries for clean, 

clean-contaminated 

and contaminated 

wounds 

 

(238 post-INT group 

vs 226 pre-INT group)   

Antimicrobial 

prophylaxis 

AF (feedback to 

obstetricians and 

gynaecologists 

through group 

meetings), DM, 

AD, and RMD 

(using posters) 

3 Post-INT  

103/238 (43.3%) 

vs 

pre-INT 32/226 

(14.2%) * 

 

 

- - Mean LOS: 

post-INT 

(6.1±2.6) 

vs 

pre-INT (6.4±2.8) 
** 

 

- 

AD: academic detailing; AF: audit and feedback; DM: dissemination of educational materials with group meetings; EO: educational outreach; RMD: reminders; RT: restriction; IVOST: intravenous to oral antimicrobial 

switch therapy; Pre-INT: pre-intervention (baseline); Post-INT: post-intervention (follow up);  * The difference of effect between pre- and post-intervention that shows p-value < 0.05; ** The difference of effect between pre- 

and post-intervention that shows p-value ≥ 0.05       
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FIGURES 

This manuscript comprises three figures.  

Figure 1: PRISMA flow diagram search strategy for the review 

Figure 2: Risk of bias graph for each risk of bias criterion according to a Cochrane risk of 

bias tool presented as percentages for RCTs (n=6)    

Figure 3: Risk of bias graph for each risk of bias criterion according to the ROBINS-I risk of 

bias assessment tool presented as percentages for NRS (n=46)       

 

 

Figure 1: PRISMA flow diagram search strategy for the review 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Records identified 
through database 

searching 

(n = 6,918) 

S
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Additional records 
identified through other 

sources 

(n = 33) 

Records after duplicates 
removed 

(n = 6,417) 

Records screened 

(n = 6,417) 

Records excluded 

(n = 6,310) 

Full-text articles 

assessed for eligibility 

(n = 107) 

Full-text articles excluded  

(n = 55) 
Reasons for exclusion:  

30   Not original articles    
9     Interventions delivered by  

       multidisciplinary team 

5     No outcomes of interest 

4     Pharmacist was not involved 
3     Interventions designed and     

       delivered through electronic  

       health record or decision   
       support system 

2     Comparator was not usual care 

1     No details or unclear data  
       about intervention deliverer 

1     Descriptive study design      

 

Studies included in this 

systematic review 

(n = 52) 

Additional records 
identified through Davey 

study 

(n = 20) 

Duplicates removed  

(n = 554) 

E
li

g
ib
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y
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Figure 2: Risk of bias graph for each risk of bias criterion according to a Cochrane risk of 

bias tool presented as percentages for RCTs (n=6)    

 

 

 

 

Figure 3: Risk of bias graph for each risk of bias criterion according to the ROBINS-I risk of 

bias assessment tool presented as percentages for NRS (n=46)    
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