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Abstract 

Background/Objectives: Single-dose pre-operative antibiotic prophylaxis for cardiac-device 

implantation is recommended but extending antibiotic prophylaxis is common. Locally, 50–60% of 

patients had extended prophylaxis after pacemaker insertion or generator change. Our antimicrobial 

stewardship program (ASP) incorporated behavioral change strategies in implementing a multi-

pronged intervention bundle to address this and evaluated its effectiveness and safety. ethods: This 

single-centre, retrospective cohort study included patients aged 21 years old or older, undergoing 

uncomplicated pacemaker insertion or generator change at Singapore General Hospital (SGH) from 

October 2022 to March 2025. To improve antibiotic use, ASP interventions incorporating behavior 

change strategies were implemented, namely: (1) data-driven feedback, (2) targeted education, (3) 

identification and engagement of ASP champion, a (4) clinical pathway revision. Results: There were 

779 patients evaluated; 380 (48.8%) received standard prophylaxis while 399 (51.2%) received 

extended prophylaxis with oral antibiotics (mean duration, 3.3 ± 0.8 days). Following ASP 

interventions, the practice of extended prophylaxis declined significantly from 43.8% to 24.0% (p < 

0.01). The incidence of surgical site infections was low and similar in both groups (0.8%, p = 1.000); 

all infections were superficial. There was also significant reduction in proportion of patients on all 

antibiotics from 20.7% to 16.3% (p < 0.01). Identification and engagement of ASP champion proved 

pivotal in changing prescribing behavior through peer influence and credibility.Conclusions: The 

bundled ASP interventions, incorporating behavioral change strategies, have effectively and safely 

reduced the use of extended prophylaxis post cardiac device implantation. Behavioral change 

interventions are essential to achieve sustained stewardship success. 

Keywords: antimicrobial stewardship; antibiotic use; pacemaker insertion; generator change; 

cardiology 

 

1. Introduction 

The antimicrobial stewardship program (ASP) in healthcare institutions is advocated worldwide 

to curb rising antimicrobial resistance rates [1]. At Singapore General Hospital (SGH), an official ASP 

was established in 2008, comprising of infectious diseases physicians and pharmacists. Since then, 

we have implemented various antimicrobial stewardship strategies, including prospective audit and 

feedback (PAF), formulary restrictions, antibiotic guideline development, and Computerized 

Decision Support System (CDSS) to improve the appropriate use broad-spectrum intravenous (IV) 

antibiotics (carbapenems, piperacillin-tazobactam, ceftriaxone, and IV fluoroquinolones). These ASP 

interventions haven been shown to be safe and associated with a significant reduction in the 

incidence density of antibiotic-resistant organisms, length of hospitalisation and healthcare cost [2 – 

4]. 
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However, there remains room for improvement in antibiotic use. Overall antibiotic consumption 

remains high; approximately 50%of patients admitted to public hospital in Singapore were 

prescribed at least one antibiotic [5]. A 2022-point prevalence survey (PPS) conducted at SGH 

suggested that it was imperative for SGH ASP to expand our purview beyond broad-spectrum IV 

antibiotics; 46.3% of all our inpatients were on antibiotics, a higher prevalence than Europe (31.9%) 

and North America (38.6%) [6]. Notably, oral antibiotics represent 36.9% of all antibiotics prescribed 

and specifically, its use in extended surgical prophylaxis post-surgery remains a concern in our 

institution.  

Among inpatients who underwent surgical procedures, our in-house PPS also revealed that 

there was high prevalence (58.6%) of patients receiving more than 24 hours of surgical prophylaxis 

post-procedure. A deep dive into the surgical prophylaxis use across various departments showed 

that 43.8% of the patients who underwent pacemaker insertions or generator change were prescribed 

oral antibiotics as extended surgical prophylaxis post-procedure in October 2022. Furthermore, these 

oral antibiotics contributed to about 15% of the total antibiotic consumption in the Department of 

Cardiology, which may have driven the overuse of antibiotics.  

Both the American Heart Association and European Society of Cardiology recommend a single 

pre-operative dose of cefazolin (or vancomycin for β-lactam allergies) for uncomplicated cardiac 

implantable electronic device (CIED) surgeries [7 – 8]. This has been shown to reduce the risk of 

infection, and is effective in reducing morbidity, prolonged hospitalization, and healthcare costs. 

However, there is a lack of evidence to support the continued use of prophylactic antibiotics post-

implantation of pacemaker or generator change [9 – 15]. 

Despite the paucity of evidence, prescribing oral antibiotics post pacemaker insertion or 

generator change remains prevalent in our hospital. Typically, patients receive standard intravenous 

(IV) cefazolin (or vancomycin for patients with β-lactam allergy or MRSA colonised), followed by 3 

to 5 days of oral antibiotics post procedure. This extended surgical prophylaxis use was largely driven 

by legacy beliefs that antibiotics reduce risk of surgical site infections (SSIs). These beliefs became 

embedded into a legacy coordinated clinical pathway (CCP) for pacemaker insertion and generator 

change in the electronic health records, which facilitated easy prescription of antibiotics post-surgery.   

In January 2023, the ASP team implemented a multi-pronged strategy to drive behavioural 

change amongst cardiologists; with the goal to promote appropriate antibiotic use in surgical 

prophylaxis. This strategy included: (1) Implementation of a data-driven feedback system through 

report dissemination to the Head of Department; (2) Stakeholder engagement by identifying ASP 

champions within the department and partnering them in ASP activities; (3) Targeted education 

sessions for senior cardiologists; and (4) Clinical pathway optimization.  

The primary outcome of our study is to evaluate the impact of the multi-pronged ASP strategy 

in reducing the proportion of patients who were prescribed oral antibiotics as extended surgical 

prophylaxis post pacemaker insertion or generator change. The secondary outcomes include: (1) to 

compare the surgical site infection (SSI) rates of patients who received standard surgical prophylaxis 

and extended surgical prophylaxis with oral antibiotics; and (2) to evaluate the proportion of 

inpatients on any antibiotics for all indications (not limited to surgical prophylaxis use) in the 

Department of Cardiology within the same study period.  

2. Methodology 

2.1. Study Design and Setting  

This is a single-centre, retrospective study conducted at SGH, the largest acute-tertiary care 

hospital in Singapore, with a capacity of 2000 beds. For the evaluation of antibiotic use in surgical 

prophylaxis and SSI, all patients aged 21 years and above, admitted under Department of Cardiology 

for pacemaker insertion or generator change from October 2022 to March 2025 were included in the 

study. Patients who had complicated procedure (as defined by prolonged procedure, massive 

bleeding and post-operative haematoma) or had concurrent infections were excluded.  
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To calculate the proportion of inpatients who received antibiotics, we included all patients who 

were admitted under the Department of Cardiology at SGH from October 2022 to March 2025. The 

monthly proportion was derived by dividing the total number of days where patients were 

prescribed at least one antibiotic (for any indication) by the total number of inpatient days in the 

Department of Cardiology. The KPI for proportion of patient on all antibiotics was calculated by 

dividing the number of inpatient days with antibiotics given by the total number of inpatient days in 

the Department of Cardiology.   

2.2. Data Collection 

All data were collected using the hospital electronic health records. Patient demographics 

collected included age, gender, body weight, medical comorbidities and Methicillin-resistant 

Staphylococcus aureus (MRSA) colonisation status. Pertaining to surgical prophylaxis, the choice, route 

and duration of antibiotics were collected.  

Incidence of SSI (up to 30 days post pacemaker insertion or generator change) was also collected. 

SSI is classified as (i) superficial incisional SS; (ii) deep incisional SSI; or (iii) Organ/Space SSI, based 

on the definitions from the Centers for Disease Control (CDC)/National Healthcare Safety Network 

(NHSN) [16]. SSI diagnosis was confirmed based on clinical documentation in our hospital’s 

electronic patient records.  

In addition, information on the monthly proportion of patients on antibiotics in the Department 

of Cardiology was also extracted from the hospital data warehouse (Electronic Health Intelligence 

System). 

2.3. ASP Interventions 

Our multi-pronged strategy includes the following:  

2.3.1. Implementation of a Data-Driven Feedback System Specifically on Antibiotic Use in Surgical 

Prophylaxis 

Since the implementation of ASP, we have been disseminating quarterly reports to all the Head 

of Department of Cardiology. These reports typically described the department’s antibiotic 

prescribing performance, including the appropriateness of antibiotics that were audited by ASP 

pharmacists through PAF. However, the purview of ASP had expanded beyond the use of IV broad 

spectrum. From January 2023, analysis on the number of patients who received oral antibiotics as 

extended surgical prophylaxis post pacemaker insertion or generator change was included. 

Additionally, these analyses were shared at department meetings in August 2023 and October 2024. 

2.3.2. Targeted Education Sessions for Cardiologists  

Following the dissemination of reports, we recognised the importance of driving behavioural 

change through interactive education sessions with the cardiologists. Strong legacy beliefs on the use 

of prolonged antibiotics to reduce risk of SSI were deeply entrenched amongst the cardiologists, and 

it was pertinent for ASP to debunk the myths with evidence-based data. Targeted education sessions 

were conducted in August 2023 and October 2024, where literature review pertaining to surgical 

prophylaxis for CIED implantation and associated outcomes including SSI were shared. The 

cardiologists’ concerns were acknowledged, and the ASP team had engaged them in in-depth 

discussions on how to improve antibiotic use. 

2.3.3. Stakeholder Engagement by Identifying ASP Champions in Department of Cardiology and 

Partnering them in ASP Activities 

Apart from “big group” education sessions, we recognised the importance of engaging 

physicians individually. Hence, in January 2024, ASP identified a senior cardiologist as our ASP 

champion for the Department of Cardiology. He played a key role in promoting stewardship efforts 
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within the department, encouraging appropriate antibiotic prescribing habits through peer influence, 

encouragement, empowerment, and education.  

2.3.4. Clinical Pathway Optimization Through Revisions to the Coordinated Clinical Pathway (CCP) 

for Pacemaker Insertion and Generator Change.  

During the engagement sessions with the senior cardiologists, we identified that oral antibiotics 

intended for extended surgical prophylaxis was included as part of the department CCP for post 

pacemaker insertion and generator change. Hence, physicians who selected this CCP in the patient’s 

electronic record peri-procedure, will have oral antibiotics prescribed for the patients post-procedure. 

After extensive discussions with the cardiologists, the use of post-procedural oral antibiotics in the 

CCPs was removed in June 2024.  

2.4. Statistical Methods 

The IBM SPSS Statistics (Version 26.0 Armonk, NY: IBM Corp) was used for statistical 

calculations. For categorical variables, data was analysed using χ2 test or Fisher’s exact test, as 

appropriate. Linear regression was performed to evaluate the impact of our multi-pronged ASP 

strategy in reducing the proportion of patients who received extended surgical prophylaxis with oral 

antibiotics, and the proportion of cardiology inpatients who received antibiotics (for all indications) 

with time.  

3. Results 

Between October 2022 to March 2025, a total of 818 patients were admitted to the Department of 

Cardiology for pacemaker insertions or generator change. Out of the 818 cases, 4.8% (39/818) were 

excluded as they were complicated procedures, and 779 patients were included in our study [Table 

1]. 

3.1. Surgical Prophylaxis  

The choice of surgical prophylaxis was in accordance with our hospital guidelines – intravenous 

cefazolin, or vancomycin for patients with β-lactam allergy or MRSA colonisation. Of the 779 patients 

included in our study, 48.8% (380/779) received standard surgical prophylaxis while 51.2% (399/779) 

received extended surgical prophylaxis with oral antibiotics post pacemaker insertion or generator 

change. 

For patients who were given standard prophylaxis, majority were given IV Cefazolin (304/380, 

80.0%), while the remaining were given IV Vancomycin (76/380, 20.0%). Amongst those who received 

extended surgical prophylaxis with oral antibiotics, 368/399 (92.2%) and 8/399 (2.0%) received oral 

cefuroxime and cefalexin respectively. For the remaining 23/399 (5.8%) patients with β-lactam allergy, 

oral clindamycin was prescribed. The median duration of extended oral antibiotics was 3.3 ± 0.8 days 

[Table 1]. 

When trended over time, there was a significant reduction in the proportion of patients who 

were prescribed oral antibiotics as extended surgical prophylaxis post-procedure (p<0.01) from 43.8% 

in October 2022 to 24.0% in March 2025 [Figure 1]. 

3.2. Surgical Site Infection Rates  

There was no significant difference in SSI incidence in the standard (3/380, 0.8%) and extended 

surgical prophylaxis (3/399, 0.8%) group (p = 1.0). All six patients in both groups had superficial 

incisional SSI. None were colonized with MRSA, and all were treated with a 5-day course of oral co-

amoxiclav and discharged well. 

3.3. Proportion of Inpatients on Antibiotics  
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When trend over time, there was a significant reduction in the proportion of cardiology 

inpatients who were prescribed antibiotics (for any indication) from 20.7% in October 2022 to 16.3% 

in March 2025 (p< 0.01) [Figure 2].  

Table 1. Patient Demographics. 

 Standard 

Prophylaxis 

N = 380  

Extended 

Prophylaxis 

N = 399  

p-value 

Male (%) 241 (63.4) 244 (61.2) 0.514 

Patients with diabetes mellitus (%) 131 (34.5) 147 (36.8) 0.446 

Mean weight (kg) ± S.D. 62.7 ± 15.9 62.4 ± 14.2 0.295 

Mean age ± S.D. 72.5 ± 12.3 73.0 ± 13.9 0.728 

No. of MRSA colonisation (%) 6 (1.6) 9 (2.3) 0.492 

Antibiotics used in prophylaxis 

   IV Cefazolin (%) 

   IV Vancomycin (%) 

   PO Cefalexin (%) 

   PO Cefuroxime (%) 

   PO Clindamycin (%) 

 

304 (80.0) 

76 (20.0) 

N.A. 

N.A.  

N.A.  

 

N.A. 

N.A.  

8 (2.0) 

368 (92.2) 

23 (5.8) 

 

Mean duration of oral antibiotics 

used in extended prophylaxis ± S.D. 

(days) 

N.A.  3.3 ± 0.8  

No. of surgical site infections (%) 3 (0.8) 3 (0.8)  

Abbreviations: IV: Intravenous; MRSA: Methicillin-resistant Staphylococcus aureus; N.A.: Not applicable; PO: Per 

oral; S.D: Standard deviation. 
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Figure 1. Percentage of patients with extended surgical prophylaxis post pacemaker insertion or 

generator change (October 2022 to March 2025) 
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4. Discussion 

Conventionally, our local stewardship efforts were focused on reducing inappropriate use of IV 

broad-spectrum antibiotics (e.g. carbapenems, piperacillin-tazobactam, ceftriaxone, intravenous 

fluoroquinolones). While appropriate and impactful initially, restricting stewardship to only broad-

spectrum antibiotics represents a narrow approach towards antimicrobial stewardship. Since the 

inception of the ASP program, the appropriateness of IV broad-spectrum antibiotics has consistently 

exceeded 80%. A broader approach would involve expanding the purview of audit to include a 

targeted audit of narrow spectrum antibiotics with potential for overuse, and review of surgical 

prophylaxis fits this indication. Based on PPS conducted at our institution, improving surgical 

prophylaxis in the cardiology department was an area we can effect a positive change.  

The literature surrounding ASP strategies targeted at cardiology interventions is limited. A 

paper by Surat et al. demonstrated that structured antimicrobial stewardship interventions can 

optimize peri-operative antibiotic use without compromising patient safety in cardiothoracic surgery 

[17]. Our study is the first to describe the impact of antimicrobial stewardship on antibiotic use in 

pacemaker insertion or generator change.  

We adopted a systematic approach to address the issue of extended surgical prophylaxis by first 

identifying the underlying reasons for inappropriate prescribing, followed by implementing targeted 

strategies for each contributing factor [Figure 3]. The incorporation and application of behavioural 

sciences, supported by multidisciplinary collaboration, underpinned our approach to reduce 

unnecessary antibiotics use post-procedurally [18 – 19]. In 2014, the National Institute of Health and 

Care Excellence (NICE) identified several evidence-based techniques that are relevant to changing 

professional behaviour in clinical settings. The 4 core elements of the behavioural change techniques 

identified are – goal setting, self-monitoring, feedback, and action planning [19]. 

Research has shown that setting specific and measurable goals, especially when coupled with 

feedback – is a powerful stimulus for behavioural change [19]. For goal setting at SGH, since 2020, 

we have individualised and set targets for overall proportion of patients on antibiotics for each 

department based on departmental case mix and trends with time. However, antibiotic use was 

consistently higher than the projected target in the Department of Cardiology. Based on PPS 

Figure 2. Proportion of patients on any antibiotics (for all indications) in the Department of 

Cardiology (October 2022 to March 2025) 
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performed in 2022, the ASP identified the overuse of antibiotic prophylaxis as a target for stewardship 

intervention. Through targeted education sessions – we encouraged physicians to review their 

antibiotic prophylaxis use, and provided summaries of latest evidence-based recommendations in 

order equip them with the relevant knowledge to limit antibiotic prescription post uncomplicated 

cardiac procedures. To follow up on these education sessions, regular and timely feedback was 

provided through quarterly reports on antibiotics use and prescribing patterns of ASP-audited 

antibiotics. These reports were disseminated through the Head of Department of Cardiology and 

shared during department-wide engagement sessions. This is based on the premise that enabling 

interventions with feedback were more effective than those without [20]. When we observed that 

these ‘large scale feedback’ alone at the cardiology departmental platforms was inadequate to drive 

significant behavioural change, we then identified and engaged the support of a highly esteemed 

senior cardiologist as our ASP champion. Together with other relevant stakeholders, we worked to 

promote stewardship efforts within the department, including the removal of oral antibiotics as 

extended surgical prophylaxis in the CCP.  

4.1. Impact of ASP on Extended Surgical Prophylaxis 

Over the two and a half years study period, our multi-pronged ASP strategy significantly 

reduced the proportion of patients who were prescribed oral antibiotics as extended surgical 

prophylaxis post pacemaker insertion or generator change (p=0.002). These interventions, aimed at 

promoting adherence to standard antibiotic prophylaxis protocol, were found to be safe. The SSI rates 

remained low at 0.8% in both groups, comparable to SSI rates in published literature (ranging from 

0.63% to 3.28%) [5 -7]. 

While the combined ASP strategies was effective overall, we acknowledge that individual 

strategies may be less effective on their own. Initially, we believed that quarterly HOD reports would 

suffice as an effective feedback mechanism. However, the proportion of patients receiving extended 

prophylaxis with oral antibiotics fluctuated, showing no consistent downward trend. The lack of 

efficacy of this approach may be attributed due to manpower fluctuations, the failure of information 

to reach all the treating physicians (including junior doctors that rotated through the cardiology 

department), or that some cardiologists may have received the report but did not pay attention to the 

contents.  

Henceforth, we initiated targeted education session for cardiologists in August 2023, where 

published literature on the safety of limiting surgical prophylaxis to pre-surgery was shared. While 

some studies reported that educational interventions significantly reduced overall antibiotic 

prescription rates, this strategy did not appear effective for us [21]. Ironically, we saw a slight increase 

in percentage of patients on extended prophylaxis with oral antibiotics from 57.1% (August 2023) to 

61.5% (September 2023). In the post COVID-19 era, many meetings were still conducted virtually, as 

were the educations sessions that we conducted. This might be a possible reason of the lack of efficacy 

of our education sessions due to the challenges of engaging most of the audience on a virtual 

platform.  

In our study, we observed that stakeholder engagement by identifying ASP champions in 

Department of Cardiology and partnering them in ASP activities appears to be the most impactful 

[Figure 1]. In January 2024, we identified a prominent senior cardiologist as our ASP champion, who 

actively engaged other cardiologists to drive behavioural change through: (i) presence of social proof 

and peer influence – clinicians are more likely to change when feedback comes from a peer, (ii) 

credibility and trust – ASP champions bring clinical relevance to our stewardship recommendations, 

and (iii) visibility and reinforcement [22 – 23]. Antibiotic champions have also been quoted as one of 

the most effective interventions to optimize antibiotic prescribing in a focus group interviews 

conducted by Borek et al. [24]. Expectedly, following the ASP champion engagement, we observed a 

sharp drop in percentage of patients on extended prophylaxis with oral antibiotics from 72.4% in 

December 2023 to 25.0% in January 2024.  
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Understanding workflow processes within the Department of Cardiology was also important. It 

was through the engagement of the ASP champion that we were made aware of the integration of 

oral antibiotics into the department’s CCP for pacemaker and generator change procedure. Removal 

of oral antibiotic use post procedure from the CCP had the second most prominent and sustainable 

impact on extended surgical prophylaxis.  

In September 2024, we achieved and sustained having less than 20% of patients prescribed with 

extended surgical prophylaxis. Notably, we observed a spike in percentage of patients on extended 

prophylaxis with oral antibiotics in March 2025, which was contributed by a group of new visiting 

consultants. Hence, it is pertinent for our ASP team to expand our stewardship engagement to 

visiting consultants. As old habits die hard, we acknowledge that our study period of two and a half 

year may not be adequate to obliterate all inappropriate antibiotic prescribing habits. Continued 

handshake stewardship is pertinent in optimising antibiotic prescribing [25 – 27]. 

4.2. Impact of Standard vs Extended Prophylaxis on Surgical Site Infections, Clinical Care and Healthcare 

Costs 

There was no significant difference in SSI incidence in the standard (3/380, 0.8%) and extended 

surgical prophylaxis (3/399, 0.8%) group (p = 1.0). While cost savings attributed to drug cost alone 

because of reducing antibiotic use post-surgery is not astronomical (approximately SGD 5 dollars per 

patient for a 3-day course of oral antibiotics), there is expected reduction in healthcare cost-saving 

due to reduced selection pressure for antibiotic-resistant organisms and Clostridioides difficile infection 

[28]. Notably, prolonged use of antibiotics post cardiac device procedures have shown to increase the 

risk of C. difficile associated diarrhoea and incidence of acute kidney injury [29]. Additionally, we 

observed that some of the patients in our study cohort were also prescribed warfarin, an 

anticoagulant. Patients who are on concurrent antibiotics and warfarin have an increased risk of 

bleeding due to drug-drug interactions [30 – 32] and may necessitate more frequent checks to trend 

their coagulation profile which adds to the rising healthcare cost for both patients and our healthcare 

system.  

4.3. Impact of ASP Interventions on Surgical Prophylaxis with Spillover Effects on Antibiotic Consumption 

Interestingly, we have also observed a significant reduction in the proportion of patients who 

were prescribed any antibiotic (for all indications) from 20.7% in October 2022 to 16.3% in March 2025 

(p<0.01). This reduction translates to an approximately 1700 antibiotic free days in a year, based on a 

monthly average of 3,200 patient days for the Department of Cardiology. The overall reduction in 

antibiotic use within the department strongly suggests that, while our main ASP intervention 

targeted inappropriate antibiotic use in surgical prophylaxis – the constant presence of ASP, coupled 

with the multi-pronged stewardship efforts have encouraged cardiologists to be more cognisant in 

prescribing antibiotics appropriately. Notably, the target of reducing proportion of inpatients 

prescribed with antibiotics to less than 18% was achieved in August 2024 till October 2024. While 

there was a slight increase in proportion thereafter, improvement was observed again in March 2025, 

reiterating the importance of ongoing engagement of clinicians. 

4.4. Study Limitations 

Our study excluded patients who had complications arising from the surgery (i.e. prolonged 

procedure, massive bleeding and post-operative haematoma), hence limiting generalizability to high-

risk populations. Future prospective studies can be conducted to address this gap. Additionally, a 

longer study period may be needed to show effects of a sustainable stewardship strategy on antibiotic 

prescribing. 
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5. Conclusion 

In this study, we showed that our structured and multi-pronged stewardship strategy were 

effective in reducing proportion of inpatients on extended surgical prophylaxis and inpatients on 

antibiotics for all indications. Effective engagement of clinicians was key in successfully improving 

antibiotic prescribing. Additionally, we demonstrated that short course surgical prophylaxis was safe 

and did not compromise patient outcomes. It is important for antimicrobial stewardship programmes 

to remain insightful and adaptable in driving targeted ASP strategies to promote cognizant 

prescribing amongst clinicians. 
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Figure 3. Our ASP approach to reducing antibiotic prescription 

 

Abbreviations: ASP: Antimicrobial Stewardship Programme; CCP: Clinical coordinated pathway; SSI: Surgical site infections 
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