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INTRODUCTION



CIEDs are a cornerstone in modern 

management of cardiac

arrhythmias, increasing both

survival and quality of life

Infection is one of the most

serious complications of CIED 

therapy

INTRODUCTION



DEVICE INFECTION RATE RISING







CIED INFECTION RATES

 It is difficult to give a precise rate of CIED infections because of divergent 

definitions, varied populations, and the range of rates in retrospective and 

prospective studies

 Infection rates in prospective observational studies registries and more recent

cross-over cluster PADIT- and randomized WRAP-IT trials: 0.6–1.3%

 Retrospective studies : 2.3–3.4% in the first year after implantation 



 First time implantation: 

0,5% to 1%

 Replacement/ Upgrade: 

1% to 5%

CIED INFECTION RATES



PROGNOSIS OF CIED INFECTION

 30-day mortality rate : 5%

 1-year mortality rate : 15%

 X7 increase in 30-day mortality if CIED is not removed

 >95% of patients with pocket infection or endocarditis can be cured with lead 

extraction and ATB

 Early diagnosis of CIED infection & lead extraction within 3 days of diagnosis: 

lower in hospital mortality



ECONOMIC BURDEN OF CIED INFECTION



RISK FACTORS FOR CIED INFECTION





RISK FACTORS FOR CIED INFECTION



INFECTION TYPES

 CIED infections occur via two major mechanisms:

➢ The most common is contamination of leads and/or pulse generator during

implantation or subsequent manipulation 

➢ The second mechanism is a bloodstream infection.



INFECTION TYPES



POCKET INFECTION 



POCKET INFECTION 





CIED RELATED INFECTIVE ENDOCARDITIS



GUIDELINES
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MULTYMODALITY IMAGING



TTE/TEE



PET-SCANNER

EHRA 

2020







MANAGEMENT

COMPLETE HARDWARE 

REMOVAL ANTIBIOTICS



COMPLETE HARDWARE REMOVAL



RISK OF RELAPSE WITHOUT

COMPLETE REMOVAL



SURVIVAL WITH CIED INFECTION 



SAFETY OF TLE



SAFETY OF LASER ASSISTED



HIGH RATES OF PROCEDURAL SUCCESS



MORTALITY BASED ON EXTRACTION 



COMPLICATIONS BASED ON EXTRACTION 



IMPACT OF TIMING OF TLE ON OUTCOMES 

Le et al.. Heart Rhythm. 2011;8:1678–1685.



 In all cases, the risk associated with the extraction procedure must be

assessed by considering :

➢ Age of the implanted leads

➢ Pacemaker dependency: need for temporary pacing? 

➢ Patient frailty

➢ Presence or absence of comorbidities that could influence decision-making

➢ Risk of recurrence with the new implanted device

MANAGEMENT



ANTIBIOTIC THERAPY

 Empirical antibiotic therapy (covering Staphylococcus aureus  and 

Staphylococcus epidermidis )

 Subsequently adjusted:

➢ MSSA/MSSE (Methicillin-sensitive Staph. aureus / Staph. epidermidis): Penicillin M or 

1st-generation cephalosporin (C1G)

➢ MRSA/MRSE (Methicillin-resistant Staph. aureus / Staph. epidermidis): Daptomycin

➢ Enterococcus faecalis: Amoxicillin

➢ Enterococcus faecium: Vancomycin

➢ Streptococci: Amoxicillin



HARDWERE REMOVAL

 Complete hardware removal +++

In a center with cardiac surgery

 Indications:

➢ Systematic if infection is confirmed (local or systemic)

➢ Immediately if S. aureus, coagulase-negative Staphylococcus, Cutibacterium

acnes, Candida are identified

➢ At a later stage in cases of recurrent or uncontrolled bacteremia: alpha- or 

beta-hemolytic Streptococcus, Enterococcus spp., P. aeruginosa, and Serratia



 What method?

➢ Percutaneous as first-line

➢ Surgical approach to be considered in case of large vegetations (> 20 mm)

 Post-extraction:

➢ TEE (residual vegetation?)

➢ Follow-up blood cultures 48–72 hours later

HARDWERE REMOVAL



• After device removal, meticulous debridement of the 

generator pocket (complete excision of the fibrotic capsule 

and complete removal of all non-absorbable suture material) 

and subsequent wound irrigation with sterile normal saline 

solution is recommended

EHRA 2019



REIMPLANTATION: ALWAYS? WHEN AND 

HOW?

 Indication to be re-evaluated +++ (30% may have no indication)

 Timing:

➢ After disappearance of local and systemic signs of infection and control of the entry 

point

➢ 72 h after the first negative blood culture in cases of systemic infection without valve 

vegetations

➢ Two weeks after the first negative blood culture in cases of valvular endocarditis

➢ Reimplantation may be performed during the same procedure (at a different site) if 

the infection is limited to the device pocket

➢ Different site from the original: contralateral side, epicardial placement



ALTERNATIVES

Alternative devices such as leadless pacemakers or subcutaneous ICD may be 

implanted in selected patients if the risk of new infection is deemed high.



CHRONIC ANTIBIOTIC SUPPRESSION

Indication:

➢ Documented CIED infection with incomplete extraction.

➢ Decision made after multidisciplinary discussion

Protocol:

➢ 6 weeks of curative IV antibiotic therapy, Then well-tolerated oral monotherapy

➢ Agents: Doxycycline, Cotrimoxazole, C1G, Amoxicillin

➢ Close monitoring for tolerance: follow-up at 2 and 3 months, then every 6 months

Alternatives:

➢ PET-CT at 4–6 weeks in case of incomplete hardware removal (discontinue suppressive 

antibiotics if no hypermetabolism?)

➢ Regional/local antibiotic therapy?



 Reviewed 660 CIEDI cases 2005 - 2015 48 patients prescribed CAS

 At 1 month after hospitalization, 25% had died 

 Overall survival was 1.43 years

 18% of survivors had infection relapse within 1 year



AHA 2024
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2024 AHA STATEMENT



CONCLUSIONS
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CIED INFECTION TEAM
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