
Real-World Effectiveness of Infection Prevention Interventions 
for Reducing Procedure-Related Cardiac Device Infections: 
Insights from the VA CART program

Archana Asundi, MD1, Maggie Stanislawski, PhD2,3,4, Payal Mehta, MD5, Anna E. Baron, 
PhD3, Hillary Mull, PhD6, P. Michael Ho, MD PhD2,4,7, Peter Zimetbaum, MD8,9, Kalpana 
Gupta, MD5,6,10, Westyn Branch-Elliman, MD, MMSc5,6,9

1Division of Infectious Diseases, Boston Medical Center, Boston, Massachusetts, USA

2Seattle-Denver Center of Innovation for Veteran-Centered and Value-Driven Care, Seattle, 
Washington and Denver, Colorado, USA

3Department of Epidemiology, University of Colorado School of Public Health, Aurora, Colorado, 
USA

4Division of Cardiology, Rocky Mountain Regional VA Medical Center, Aurora, Colorado

5Department of Medicine, Division of Infectious Diseases, Boston VA Healthcare System, West 
Roxbury, Massachusetts, USA

6Center for Healthcare Organization and Implementation Research (CHOIR), Boston VA 
Healthcare System, Boston, Massachusetts, USA

7Department of Medicine, Division of Cardiology, University of Colorado School of Medicine, 
Aurora, Colorado, USA

8Division of Cardiology, Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA

9Harvard Medical School, Boston, Massachusetts, USA

10Boston University School of Medicine, Boston, Massachusetts, USA

Abstract

Objective: To measure the association between receipt of specific infection prevention 

interventions and procedure-related CIED infections.

Design: Retrospective cohort with manually-reviewed infection status.

Setting: National, multicenter Veterans Health Administration (VA) cohort.

Participants: Sampling of procedures entered into the VA Clinical Assessment Reporting and 

Tracking-Electrophysiology (CART-EP) database from FY 2008–15.
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Methods: A sample of procedures entered into the CART-EP database underwent manual review 

for occurrence of CIED infection as well as other clinical/procedural variables. The primary 

outcome was 6-month incidence of CIED infection. Measures of association were calculated using 

multivariable generalized estimating equations logistic regression.

Results: 101 procedure-related CIED infections were identified among 2,098 procedures (4.8% 

of sample); factors associated with increased odds of infections included wound complications 

(adjusted OR (aOR) 8.74; 95% CI: 3.16 – 24.20) and revisions including generator changes (aOR 

2.4; 95% CI: 1.59 – 3.63) as well as elevated INR >1.5 (aOR 1.56; 95% CI: 1.12 – 2.18) and 

methicillin-resistant Staphylococcus colonization (aOR 9.56; 95% CI: 1.55 – 27.77). Clinically 

effective prevention interventions included pre-procedural skin cleaning with chlorhexidine versus 

other topical agents (aOR 0.41; 95% CI: 0.22 – 0.76) and receipt of beta-lactam antimicrobial 

prophylaxis versus vancomycin (aOR 0.60; 95% CI: 0.37 – 0.96). The use of mesh pockets and 

continuation of antimicrobial prophylaxis after skin closure were not associated with reduced 

infection risk.

Conclusions: These findings about the real-world clinical effectiveness of different prevention 

strategies can be applied to develop evidence-based protocols and infection prevention guidelines 

specific to the electrophysiology laboratory.

Introduction

Infections of Cardiac Implantable Electronic Devices (CIEDs) are a major cause of 

morbidity and mortality. As the patient population receiving these invasive devices is 

increasingly older and more medically complex, CIED infection incidence has doubled over 

the past decade.2,3 At the same time, the number of patients receiving CIEDs continues to 

increase, with over 200,000 new devices placed annually in the United States. Yet, despite 

the growing burden of these infections, little is known about the most clinically effective 

methods for preventing them.16

The majority of data on the effectiveness of preventative measures for CIED infections is 

extrapolated from cardiac surgery, rather from studies specific to the electrophysiology (EP) 

laboratory. Among the most commonly applied strategies, high-quality evidence supports 

pre-incisional antimicrobial prophylaxis.8 Other measures—such as combination 

prophylactic regimens and methicillin-resistant Staphylococcus aureus (MRSA) screening 

and decolonization— have limited data supporting their effectiveness.38 Evidence 

supporting topical application of antimicrobials, either through the use of antibacterial-

impregnated envelopes (TYRX™, TYRX-A™) or antimicrobial washes is also limited.39 

Bundled approaches, which include a collection of infection prevention measures performed 

simultaneously, have demonstrated promising effectiveness; however, due to the nature of 

the study designs, it remains unclear which bundle components are effective and which 

increase costs and complexity without improving care.40–42

Host factors that drive infection risk are generally not modifiable or only partially 

modifiable; examples include smoking, MRSA colonization, diabetes, renal impairment, and 

increased risk of bleeding due to underlying disease or medications.43 Although bleeding is 

not on the direct causal pathway to CIED infections, bleeding complications increase rates 
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of hematomas and wound dehiscence, which, in turn increase infection risk by providing 

microorganisms with a portal of entry (in the case of wound dehiscence) and a source of 

growth (in the case of hematoma).44 Some procedural factors associated with increased risk 

– such as re-operation procedures where the generator and/or leads need to be revised or 

replaced—are also not modifiable.

Thus, to identify the most effective prevention strategies for reducing procedure-related 

CIED infections performed in the EP laboratory, we sought to measure the association 

between individual infection prevention interventions and procedure-related CIED infections 

among a large, multi-center, national cohort.

Methods

Databases

The VA Clinical Assessment Reporting and Tracking (CART) program is a national quality 

program supporting all VA cardiac catheterization laboratories where invasive procedures 

are performed. A key feature of this program is a clinical software application designed to 

collect standardized procedure data. Although use is mandatory for coronary angiograms 

and percutaneous coronary interventions, it is optional for EP procedures; an estimated 30% 

of EP procedures performed throughout the national VA are captured by CART.15 

Prospectively collected data included procedure type and date, patient demographics (age, 

sex), and co-morbidities (diabetes, renal disease, heart disease). Procedural complications, 

such as wound complications and hematomas, are also captured in real-time from the 

electronic medical record (EMR). CART data are then combined with other data from the 

VA Corporate Data Warehouse including pharmacy and administrative data to create a 

longitudinal cohort.

Cohort Development

Cardiac device procedures, including implantations and revisions of permanent pacemakers, 

implantable cardioverter-defibrillators (ICDs), biventricular pacemaker-ICDs and 

biventricular pacemakers entered into the CART application during the period from 10/2008 

– 9/2015 were considered for inclusion (N=6,497). Manual EMR review was necessary to 

accurately determine infection status as CIED infection outcomes are not electronically 

captured. Given the low expected incidence rate of CIED infections (estimated 1–3%3) cases 

with higher CIED infection probability were over-sampled to enhance case ascertainment. 

Specifically, all procedures with a potentially relevant ICD9/10 code (Supplemental Material 

1) and/or a blood culture order and/or wound culture order within 90 days of the index 

device procedure underwent manual review by a trained infectious diseases clinician (AA, 

WBE) applying standard definitions for CIED infection.6 Cases in the enriched sample were 

then matched 1:3 with cases without potentially relevant ICD9/10 codes and without 

potentially relevant microbiology orders. The unenriched sample was stratified by facility to 

the high-probability sample, then a random number generator was used to select cases for 

manual review. If a facility lacked sufficient CART-EP-entered procedures to complete the 

matching process, then other low-probability procedures were selected randomly from the 

cohort so that three unenriched procedures were matched for every one procedure in the 
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enriched sample. Cases without documented cardiac device procedures and/or without 

clinical notes entered into the VA EMR were excluded.

Outcomes and Exposures

The primary outcome measure was incidence of CIED infection during the 6-month period 

following the device procedure. These infections were categorized into superficial if they 

involved only the subcutaneous tissues or incision or deep if the infection spread to involve 

the pacemaker leads and/or resulted in bacteremia and/or endocarditis. They were identified 

during the manual review as definite, possible and probable. Definite infections met standard 

definitions of CIED infections.6,45,46 Cases were classified as possible if there was 

diagnostic uncertainty about etiology of symptoms (e.g., warmth, tenderness, erythema, but 

disagreement about infection versus hematoma), but the patient received treatment for an 

infection. Probable infections were cases where patients were treated with antimicrobial 

therapy for CIED infection due to signs of an infection (e.g., warmth, tenderness, erythema, 

purulence, fever) however confirmatory testing was not ordered or completed. These were 

all combined as the outcome of presumed CIED infection.

Risk factors were categorized into patient variables, procedural variables and infection 

prevention variables (Supplemental Material 2). Some variables (e.g. demographic 

characteristics) were extracted from the CART-EP database using electronic definitions, 

however, variables not collected by CART-EP were extracted and/or validated using manual 

review to optimize detection and to ensure accuracy of electronic data entry. Although 

MRSA screening is mandated for inpatient admissions, MRSA screening is not required pre-

procedure or for outpatients. Thus, screening results were not available for the entire cohort. 

Management of patients identified with MRSA colonization is at the discretion of each 

individual VA medical center and is not standardized nation-wide.

Statistical Analysis

Demographic and clinical characteristics among patients with and without CIED infections 

were evaluated. Chi-squared tests were used to compare categorical variables and Mann–

Whitney Wilcoxon tests for continuous variables. Epidemic curves of the CIED infection 

outcomes were constructed using the R-package epitools.23 Generalized estimating 

equations were used to evaluate the relationships between risk factors and the outcome of 

CIED infection within 6 months following the procedure. CIED infection was evaluated as a 

binary outcome (described above) with an assumed binomial distribution, logistic link 

function, and an exchangeable structure, to allow for clustering by facility. Due to the 

limited number of CIED infections in the cohort, the number of risk factors included in the 

multivariable regression models were restricted and included age, antibiotic solution, 

chlorhexidine skin cleaning, Elixhauser comorbidity index,47 MRSA status, revision 

procedure, wound complication, INR, and type of pre-procedure antibiotic (any vancomycin 

as referent, beta-lactam, and other). These adjustment variables were chosen a priori based 

on prior clinical research. A secondary analysis was performed to evaluate the impact of 

including fever in place of the preventive measure with the weakest statistical association 

with the outcome, i.e. antibiotic solution.
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Analyses were completed using SAS software version 9.4 (SAS Institute, Cary, NC) or R 

v3.4.0.24 The study was approved by the Colorado Multiple Institutional Review Board and 

the VA Boston Healthcare System Institutional Review Board prior to data collection and 

analysis.

Results

In total, 2,098 procedures at 39 different VA medical centers underwent detailed manual 

review, representing 32% of the N=6,497 procedures entered into the CART-EP application 

during the study period. The final analytic cohort included 2,059 unique patients (Table 1a). 

Patients were predominantly male (97.9%) with a median age of 71.7 years (IQR 64.4 – 

81.0) A large proportion had medical comorbidities, the most common being tobacco use 

(50.3%), diabetes (47.1%), and chronic kidney disease (32.5%). 39% (819/2098) of the 

cohort were prescribed anticoagulants and 13.2% (276/2098) were on antiplatelet 

medications; in 13.2% (276/2098) of procedures INR was >1.5 at time of incision. Amongst 

all procedures, 13.7% (287/2098) had complications, including hematoma formation (6.2%, 

131/2098) and wound complications (1.0%, 21/2098; e.g. dehiscence).

One hundred and one definite, probable and possible CIED infections (4.5%) among 99 

unique patients were identified within 6 months of the device procedures; the majority 

occurred within the 90-day National Healthcare Surveillance Network (NHSN) window 

period (Figure 1). Among these cases, the majority of infections were deep and/or 

endocarditis (N = 68/101, Table 1b). The plurality of infections (44%) did not have a 

pathogen identified, but among cases with positive clinical microbiology results, the most 

common organisms cultured were gram-positive bacteria, particularly Staphylococcal 

species (Figure 2).

Fever (T ≥100.4°F) within 24 hours post-procedure was found in 27.7% of CIED infection 

cases on univariate analysis (28/101 vs 145/1997, p <0.0001). Revision procedures including 

generator changes (16/101 vs 262/1997, p = 0.0002) and complications (any complication, 

38/101 vs 249/1997, p <0.0001) were higher in the CIED infection group.

Infection prevention interventions included documented pre-procedural chlorhexidine skin 

cleaning in 597 of 2098 (28.5%) manually reviewed procedures and use of antimicrobial 

mesh pocket in 122 (5.8%) procedures. Pre-procedural antibiotics were used in nearly all 

manually reviewed procedures (96.9%, 2034/2098); administration of antimicrobials after 

skin closure was common (78.6%, 1649/2098). 46.8% (981/2098) of reviewed procedures 

received post-procedural antibiotics for greater than 24 hours’ post-device placement. The 

most commonly used prophylactic agents included beta-lactam antibiotics (45.6%, 

957/2098) and vancomycin (44.2%, 927/2098). Pocket irrigation with an antibiotic solution 

prior to skin closure was applied in 87.4% (1727/2098) of procedures.

Among infection prevention measures identified, chlorhexidine skin cleaning (adjusted OR 

(aOR) 0.41; 95% CI 0.22 – 0.76) and pre-procedure antimicrobial prophylaxis with a beta-

lactam versus vancomycin (aOR 0.6; 95% CI 0.37 – 0.96) were associated with reduced 

odds of infection after controlling for other factors (Table 2). Other factors associated with 
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increased odds of infection included pre-procedure MRSA status (aOR 6.56; 95% CI 1.55 – 

27.77), INR > 1.5 prior to the procedure (aOR 1.56; 95% CI 1.12 – 2.18), revision 

procedures (aOR 2.4, 95% CI 1.12 – 2.18) and wound complications (aOR 8.74, 95% CI 

3.16 – 24.40). Neither antibiotic irrigation of the pocket intra-procedure (aOR 2.01, 95% CI 

0.81 – 5.11) nor prolonged post-procedural antibiotics >24 hours (aOR 0.65, 95% CI 0.41 – 

1.05) were associated with significantly reduced risk of infection. The results were generally 

consistent in the sensitivity analysis that included fever rather than antibiotic solution 

(Supplemental Material 3) Fever within 24 hours post-procedure substantially increased the 

odds of developing a CIED infection (aOR 5.04, 95% CI 3.03 – 8.39).

Discussion

Using this large, multi-center cohort with detailed manual review, we were able to robustly 

evaluate the effectiveness of the individual infection prevention strategies commonly used in 

clinical practice to reduce CIED infections. Our study found that many of these frequently 

applied interventions are ineffective and that the simplest strategies—those designed to limit 

bleeding risk and avoid implantations in patients with active infections—have the strongest 

potential to improve CIED infection outcomes. We also identified several strategies, such as 

prolonged use of antimicrobials after skin closure, that are both ineffective and increase 

harms, such as acute kidney injury and C. difficile infections.48 Taken together and in 

combination with other high-quality studies42 these findings can be used to drive 

development of evidence-based, cardiac-device specific infection prevention protocols and 

guidelines.

Chlorhexidine skin cleaning is an intervention directly adopted from traditional surgical 

settings; this was also associated with reduced risk of post-procedural CIED infections. 

Chlorhexidine was likely effective in both settings because skin commensals introduced 

through incisions constitute the major microbiological culprits in both CIED procedures and 

conventional surgical settings.49,50 Similarly, the association we found between pre-

procedure MRSA status and CIED infection underscores the importance of skin commensals 

as drivers of procedure-related infections in this setting.

Pre-incisional antimicrobial prophylaxis is a mainstay of infection prevention in procedural 

settings. Although available evidence and surgical site infection prevention guidelines 

support only the use of a single pre-incisional dose,6,8,51 continuation of antibiotics for 

greater than one day is common following electrophysiology procedures.16 Prior studies 

demonstrate that prolonged post-procedural antibiotics following device placement are 

considered the standard of care by clinical electrophysiologists.52 In our cohort, there was no 

benefit to prolonging post-procedural antibiotics beyond a single pre-incisional dose; this 

finding is aligned with other studies in many surgical settings. Reducing post-procedural 

prescribing is an important stewardship effort with the potential to improve care by reducing 

preventable harms.21,25 Thus, implementing standardized protocols and guidelines to limit 

their use, or instituting a national quality metric, similar to the highly effective Surgical Care 

Improvement Project INF-3 measure, may be necessary to change this pervasive and 

potentially harmful practice.12,53 Furthermore, identifying non-modifiable risk factors that 

may trigger the application of ineffective interventions may be an area of focus for provider 
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feedback. For example, revision procedures and generator changes are oft recognized as risk 

factors for infection. During unpublished qualitative interviews with electrophysiologists, we 

found that processes for revisions and generator replacements are more aggressive than 

prevention strategies applied to initial procedures. For example, during interviews, one 

provider reported “Infections are a lot more common with generator changes…that’s why I 

extended the antibiotics for those patients but I stop with the new devices.”

Beta-lactam antimicrobials appeared to be more effective for preventing CIED infections 

than vancomycin. Studies in other settings have generally favored beta-lactam prophylaxis9 

as superior agents for Staphylococcal species, the most common cause of CIED infections.54 

Another factor impacting vancomycin’s effectiveness as a prophylactic agent in this setting 

may be resource and environmental constraints that are present in the EP laboratory but not 

traditional operating rooms; several providers reported during unpublished interviews that 

limited space and beds in the pre-procedural area cause administration challenges with 

vancomycin, due to the need for prolonged infusion times with this antibiotic. These 

restraints prevent infusion of the antimicrobial prior to incision, thereby potentially limiting 

the effectiveness of the prophylaxis.

We also found that vancomycin prophylaxis also did not reduce CIED infection risk even 

after accounting for MRSA status; this finding is of particular importance given the strong 

association between pre-procedure MRSA colonization status and post-procedural CIED 

infections. Our ability to explore the question of whether vancomycin was superior in the 

MRSA-colonized population was limited by the small number of patients tested for 

colonization at the time of their CIED procedure, however, infusion challenges described 

above would apply to all patients undergoing cardiac device procedures. In addition, 

supporting our findings is a recently published randomized controlled crossover trial 

measuring the impact of an antimicrobial prophylaxis bundle on CIED infection risk. 42 This 

randomized controlled trial found no additional benefit to adding vancomycin as part of a 

pre-incisional prophylaxis bundle.42 Our work expands upon this study by evaluating a 

broader variety of antibiotic regimens and also teasing out the individual impact of different 

non-antibiotic bundle elements.42 An additional factor that must be considered when 

evaluating the clinical utility of vancomycin as a prophylactic agent is its toxicity: prior 

work demonstrates a higher rate of acute kidney injury among patients who received 

vancomycin-based prophylaxis regimens compared to regimens without vancomcyin.48 

Taken together, these studies suggest that the most impactful way to minimize risk among 

MRSA colonized patients might be an evidence-based skin antisepsis and decolonization 

bundle, rather than a shift toward more wide-spread use of vancomycin as the primary agent 

for pre-incisional prophylaxis.

Some measures specifically targeted for CIED implantations, such as the use of topical 

antibiotic washes for pocket irrigation and antibiotic-impregnated device envelopes, are 

widely used despite limited evidence supporting their effectiveness. Our analysis suggests 

that these topical administration strategies do not reduce CIED infections. In fact, there was 

a trend toward an increased risk of infection among the population of patients who received 

antimicrobial washes; this finding is congruent with prior studies evaluating this intervention 

that have demonstrated a lack of efficacy.42,55,56 Potential reasons why this strategy may not 
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reduce infections include the risk of direct tissue toxicity from high doses of antimicrobials, 

increased risk of wound dehiscence, and the unpredictable pharmacodynamics of the 

diffusion of antimicrobials away from the device pocket.57 Another topical strategy, 

antimicrobial-impregnated TYRX™ envelopes, is specifically designed to reduce CIED 

infections and approved for use in 2008. These absorbable and non-absorbable mesh pockets 

release minocycline and rifampin in the generator pocket and are associated with reduced 

infection risk in some observational studies.40,58,59 However, in our large, multicenter, 

national sample, the use of mesh pockets was not associated with reduced infection risk. 

This observation is in contrast to a recently published randomized controlled trial supporting 

the efficacy of absorbable antibacterial envelopes.60 Reasons for this difference may include 

type of pocket evaluated, as during the time frame of our study both absorbable and non-

absorbable pockets may have been used, and the newer pockets may be more clinically 

effective than older designs. Another important difference is the 365-day infection outcome 

applied in the randomized controlled trial.

The high rate of wound complications preceding the development of CIED infections 

suggests that interventions that reduce the risk of wound complications—such as those 

aimed at reducing bleeding—may lead to additional risk reduction. Consideration should be 

given to measures that reduce risk of hematoma, such as procedural checkpoints38 to 

institute an INR cut off of <1.5 with consideration to delay procedures if elevated, 

particularly in high-risk patients. The use of compression vests and compression dressings 

are other interventions that may be beneficial in patients who cannot safely stop their 

anticoagulants and/or antiplatelet agents.61,62 In addition, delaying procedures if a patient is 

found be febrile pre-procedure may be a simple and effective risk reduction strategy.

There are several limitations to this study. As the CART-EP application only captures a 

subset of voluntarily-reporting VA electrophysiology procedures, it is possible that the 

sample may not be representative of all CIED procedures. In addition, the VA population 

may not be generalizable to non-VA populations, particularly to those with a higher 

proportion of female patients. Given the reliance on data available in VA records, adverse 

events occurring outside the VA system may not have been captured. However, prior studies 

have demonstrated that the majority of patients return to the closed VA healthcare system for 

subsequent care, somewhat mitigating this limitation.37 In addition, we conducted a detailed 

manual review of scanned-in paper records including of outside facility records, so the vast 

majority of non-VA care was captured and reviewed. Although our cohort was strengthened 

by manual review of all patients, infection prevention efforts that were not documented 

would not have been measured; this would tend to bias our findings toward the null and was 

most likely to impact variables typically not captured in any medical record, such as type of 

skin antiseptic and receipt of shaving or clipping prior to the procedure. Furthermore, some 

variables may have only been intermittently documented (e.g. chlorhexidine use) therefore 

underestimating the true scope of practice and the clinical effectiveness of this intervention.

Conclusions

Straight-forward and easy-to-implement interventions should form the basis of standardized 

protocols and bundles (Figure 3) to improve infection prevention in the electrophysiology 
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laboratory. Although a variety of activities are commonly used in clinical practice, our 

findings highlight the principle that “less is more.”

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Epidemiologic curve of incidence of CIED infections following electrophysiology procedure
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Figure 2: 
Distribution of microbiology results among patients with CIED Infections

MRSA: Methicillin-resistant Staphylococcus aureus
MSSA: Methicillin-sensitive Staphylococcus aureus
CONS: Coagulase-negative Staphylococcus
GNR: Gram-negative rod

Asundi et al. Page 14

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: 
Proposed Infection prevention bundle for CIED infections

*Non-modifiable factors (e.g. age, co-morbidities, device type and lead dislodgement) were 

omitted from this schematic as they are not often included in infection prevention initiatives

**These variables are potentially modifiable but may be difficult to target in the immediate 

pre-procedural setting
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Table 1a:

Cohort characteristics (by patient)

Variable Median (IQR) (Total 
N=2059)

No CIED Infection (N = 
1960) CIED infection (N = 99) P-value

Demographics

Age 71.7 (64.4–81.0) 71.8 (64.5–81.1) 68.6 (62.2–79.6) 0.078

Sex 2,015 (97.9%) 1,918 (97.9%) 97 (98.0%) 1

Race

 White 1,778 (86.4%) 1,688 (86.1%) 90 (90.9%) 0.25

 Black 245 (11.9%) 236 (12.0%) 9 (9.1%)

 Other 36 (1.7%) 36 (1.8%) 0 (0.0%)

Hispanic Ethnicity 146 (7.1%) 138 (7.0%) 8 (8.1%) 0.69

Co-morbidities

Elixhauser Risk Score (Median 
(IQR)) 6.0 (4.0–8.0) 6.0 (4.0–8.0) 6.0 (5.0–8.0) 0.13

BMI (Median (IQR)) 28.3 (25.0–32.7) 28.3 (25.1–32.8) 27.7 (24.4–32.6) 0.55

Diabetes 970 (47.1%) 921 (47.0%) 49 (49.5%) 0.63

Tobacco Use 1,036 (50.3%) 982 (50.1%) 54 (54.5%) 0.39

Chronic Obstructive Pulmonary 
Disease 628 (30.5%) 590 (30.1%) 38 (38.4%) 0.081

Cerebrovascular Disease 480 (23.3%) 449 (22.9%) 31 (31.3%) 0.054

Peripheral Arterial Disease 470 (22.8%) 432 (22.0%) 38 (38.4%) 0.0002

Chronic Kidney Disease 670 (32.5%) 638 (32.6%) 32 (32.3%) 0.96

Dialysis 66 (3.2%) 62 (3.2%) 4 (4.0%) 0.56

Beta-Lactam Allergy 300 (14.6%) 287 (14.6%) 13 (13.1%) 0.68

MRSA pre-procedure 13 (0.6%) 10 (0.5%) 3 (3.0%) 0.022
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Table 1b:

Cohort characteristics (by procedure)

Variable Median (IQR) (Total 
N=2098)

No CIED Infection (N = 
1997) CIED infection (N = 101) P-value

CIED infection

No CIED infection 1,997 (95.2%) 1,997 (100.0%) 0 (0.0%)

CIED infection 101 (4.8%) 0 (0.0%) 101 (100%)

 Definite 94 (4.5%) 0 (0.0%) 94 (93.1%)

 Possible 5 (0.2%) 0 (0.0%) 5 (5.0%)

 Probable 2 (0.1%) 0 (0.0%) 2 (2.0%)

Type of CIED infection

 Superficial + cellulitis 33 (33%) 0 (0.0%) 33 (33.0%)

 Deep 68 (67%) 0 (0.0%) 68 (67.0%)

Device and Procedural characteristics

Bi-Ventricular Pacemaker 36 (1.7%) 34 (1.7%) 2 (2.0%) 0.69

Bi-Ventricular Pacemaker-ICD 278 (13.3%) 262 (13.1%) 16 (15.8%) 0.43

Permanent Pacemaker 1,199 (57.1%) 1,152 (57.7%) 47 (46.5%) 0.027

ICD 600 (28.6%) 564 (28.2%) 36 (35.6%) 0.11

Repeat device procedure 41 (2.0%) 34 (1.7%) 2 (2.0%) 0.69

Revision
a 781 (37.2%) 262 (13.1%) 16 (15.8%) 0.43

Medications & Pre-procedure

Anti-coagulant medications 819 (39.0%) 775 (38.8%) 44 (43.6%) 0.34

Anti-platelet medications 276 (13.2%) 263 (13.2%) 13 (12.9%) 0.93

INR >1.5% 276 (13.2%) 256 (12.8%) 20 (19.8%) 0.043

INR not measured 219 (10.4%) 212 (10.6%) 7 (6.9%) 0.24

Fever
b 173 (8.2%) 145 (7.3%) 28 (27.7%) <.0001

Infection prevention measures

Pre-procedure chlorhexidine 597 (28.5%) 581 (29.1%) 16 (15.8%)

Pre-procedure mupirocin 13 (0.6%) 12 (0.6%) 1 (1.0%) 0.47

Antimicrobial mesh pocket 122 (5.8%) 117 (5.9%) 5 (5.0%)

Antibiotic solution 1,727 (87.4%) 1,648 (87.1%) 79 (92.9%) 0.7

Pre-procedure antibiotics 2,034 (96.9%) 1,935 (96.9%) 99 (98.0%) 0.77

 None 64 (3.1%) 62 (3.1%) 2 (2.0%)

 Other 74 (3.5%) 72 (3.6%) 2 (2.0%)

 Beta-lactam 957 (45.6%) 916 (45.9%) 41 (40.6%)

 Vancomycin 927 (44.2%) 873 (43.7%) 54 (53.5%)

 Vancomycin plus Beta-lactam 76 (3.6%) 74 (3.7%) 2 (2.0%)

Post-procedure antibiotics 1,649 (78.6%) 1,577 (79.0%) 72 (71.3%) 0.066

Duration of post-procedure antibiotics
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Variable Median (IQR) (Total 
N=2098)

No CIED Infection (N = 
1997) CIED infection (N = 101) P-value

 0 476 (22.7%) 445 (22.3%) 31 (30.7%)

 <24 hours 641 (30.6%) 613 (30.7%) 28 (27.7%)

 24–48 hours 37 (1.8%) 34 (1.7%) 3 (3.0%)

 >48 hours 944 (45.0%) 905 (45.3%) 39 (38.6%)

Complications

Any complication 287 (13.7%) 249 (12.5%) 38 (37.6%) <.0001

 Wound complication 21 (1.0%) 15 (0.8%) 6 (5.9%) <.0001

 Hematoma 131 (6.2%) 111 (5.6%) 20 (19.8%) <.0001

 Other complication 149 (7.1%) 130 (6.5%) 19 (18.8%) <.0001

a
Includes generator/battery changes

b
Fever was defined as a temperature ≥100.4°F (38°C) within 24 hours post-procedure
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Table 2:

Multivariable logistic regression of CIED infection risk by patient and procedural variables as well as infection 

prevention measures

Parameter aOR Confidence Interval p-value

Prolonged post-procedural antibiotics (>24 hrs) 0.65 (0.41, 1.05) 0.079

Age 0.98 (0.96, 1.00) 0.025

Antibiotic solution 2.04 (0.81, 5.11) 0.129

Chlorhexidine skin cleaning 0.41 (0.22, 0.76) 0.004

Elixhauser Risk Score 1.05 (0.97, 1.13) 0.232

MRSA pre-procedure 6.56 (1.55, 27.77) 0.011

Revision 2.40 (1.59, 3.63) <.001

Wound complication 8.74 (3.16, 24.20) <.001

INR 1.56 (1.12, 2.18) 0.009

Type of pre-procedure antibiotics (vs Vancomycin) Beta-lactam 0.60 (0.37, 0.96) 0.034

None/Other 0.29 (0.10, 0.88) 0.028
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