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Table 1. ESC 2021 GL on pacing and CRT. Complications of pacemaker and cardiac 

resynchronization therapy implantation 
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Table 2. 2024 Update of the AHA Statement on CIED Infections. American Heart 

Association Clinical Definitions of Cardiovascular Implantable Electronic Device Infection 

 

 
 

Table 3. The BLISTER Score 
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Figure 1. Microbiology of PPM/ICD infections.  

ICD indicates implantable cardioverter-defibrillator; and PPM, permanent pacemaker.  

 

Sohail MR, et al.  Management and outcome of permanent pacemaker and implantable cardioverter-defibrillator 

infections. J Am Coll Cardiol. 2007;49:1851–1859. 
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Figure 2. ES 2023 GL on endocarditis European Society of Cardiology 2023 algorithm for 

diagnosis of cardiac device-related infective endocarditis.  

CIED, cardiovascular implanted electronic device; CT, computed tomography; CTA, computed tomography 

angiography; ESC, European Society of Cardiology; IE, infective endocarditis; PET, positron emission 

tomography; TOE, transoesophageal echocardiography; TTE, transthoracic echocardiography; WBC SPECT, 

white blood cell single photon emission tomography.  
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Figure 3. 2024 Update of the AHA Statement on CIED Infections. Central Illustration 

 
CIED indicates cardiovascular implantable electronic device; LPM, leadless pacemaker; PET/CT, 

positron emission tomography/computerized tomography scanning; S-ICD, subcutaneous implantable 

cardioverter defibrillator; and TEE, transesophageal echocardiography. 

 

 



 6 

Table 4. Management of device-related infections. 
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ESC 2023 GL on endocarditis. Recommendations for cardiovascular implanted 

electronic device-related inective endocarditis  

Antibiotic prophylaxis covering S. aureus for CIED implantation.   I A 

 

TTE and TOE in case of suspected CIED-related IE to identify vegetations   I B 

 

Complete system extraction without delay in patients with definite CIED-related  I B 

IE under initial empirical antibiotic therapy 

 

Obtaining at least three sets of blood cultures before prompt initiation of empirical I C 

antibiotic therapy for CIED infection, covering methicillin-resistant staphylococci  

and Gram-negative bacteria.  

 

If CIED reimplantation is indicated after extraction for CIED-related IE,  I C 

it should be performed at a site distant from the previous generator, as late as possible,  

once signs and symptoms of infection have abated and until blood cultures are negative  

for at least 72 h in the absence of vegetations, and negative for at least 2 weeks  

if vegetations were visualized  

 

Complete CIED extraction in case of valvular IE, even without definite lead  IIa C 

involvement, taking into account the identified pathogen and requirement  

for valve surgery.  

 

In cases of possible CIED-related IE with occult Gram-positive bacteraemia   IIa C 

or fungaemia, complete system removal in case bacteraemia/fungaemia persists  

after a course of antimicrobial therapy.  

 

Extension of antibiotic treatment of CIED-related endocarditis to (4–6) weeks  IIa C 

following device extraction should be considered in the presence of septic emboli  

or prosthetic valves.  

 

Use of an antibiotic envelope in select high-risk patients undergoing CIED  IIb B 

reimplantation to reduce risk of infection  

 

In cases of possible CIED-related IE with occult Gram-negative bacteraemia,  IIb C 

complete system removal in case of persistent/ relapsing bacteraemia after a course  

of antimicrobial therapy. 

 

In non-S. aureus CIED-related endocarditis without valve involvement or lead  IIb C 

vegetations, and if follow-up blood cultures are negative without septic emboli,  

2 weeks of antibiotic treatment following device extraction.  

 

Removal of CIED after a single positive blood culture, with no other   III C 

clinical evidence of infection, is not recommended. 

CIED, cardiovascular implanted electronic device; IE, infective endocarditis; TOE, transoesophageal 

echocardiography; TTE, transthoracic echocardiography. 
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Figure 4. ESC 2023 GL on endocarditis Management of cardiovascular implanted 

electronic device-related infective endocarditis.  

[18F]FDG-PET/CT, 18F-fluorodeoxyglucose positron emission tomography/computed tomography; 

CIED, cardiovascular implanted electronic device; ESC, European Society of Cardiology; IE, infective 

endocarditis; MRSA, methicillin-resistant S. aureus; TOE, transoesophageal echocardiography; TTE, 

transthoracic echocardiography; WBC SPECT/CT, white blood cell single photon emission 

tomography/computed tomography. aIf no signs of pocket infection and negative TOE. bTaking into 

account the identified pathogen, procedural risk, and requirement for valve surgery. cAt a distant site 

and postponed as long as possible (until signs and symptoms of infection have re- solved and blood 

cultures are negative for >72 h in the absence of vegetations and /or ‘ghosts’, or otherwise after >2 

weeks of negative blood cultures).  
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Figure 5. 2024 Update of the AHA Statement on CIED Infections. Diagnosis and 

management algorithms for suspected CIED pocket infection (A) and suspected CIED 

lead/valvular 

infection without pocket infection (B). 

 

BSI indicates bloodstream infection; CIED, cardiovascular implantable electronic device; CoNS, 

coagulase-negative staphylococci; PET/CT, positron emission tomography/computerized tomography 

scanning; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography; w/o, without; 

and w/up, work up. 
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Table 5. EGM Characteristics of LF and Conditions That Can Be Confused With Lead 

Failure (LF) 

 

 

 

 Typical EGM Characteristics Clues to Diagnosis 

Early or late post-implant 

 LF—pace-sense component 

 Conductor 

fracture 

Typical nonphysiological 

signals, variable in amplitude 

and timing; see text for details. 

Pacing or shock may increase amplitude or 

frequency of nonphysiological signals and cause 

oversensing. Pacing impedance may increase 

abruptly. Rarely, loss of pacing capture. 

 Connection 

problem (DF-1 

lead) 

Indistinguishable from lead 

fracture 

Radiography may show incomplete pin insertion. 

Abrupt increases in impedance often followed by 

periods of return to baseline; most common in first 

year after surgery. Pocket manipulation may 

reproduce nonphysiological signals if set screw is 

loose. 

 Insulation 

breach—in 

pocket 

Pectoral myopotentials on 

dedicated-bipolar EGM 

Pectoral muscle exercise or pocket manipulation 

often reproduces oversensing. Pacing impedance 

may decrease abruptly. 

 Insulation 

breach—

intravascular 

Spikes 
Simultaneous spikes may occur on multiple EGM 

channels. Pacing impedance may be decreased. 

 LF—high-voltage component 

 High-voltage 

coil fracture 

Real-time shock EGM may have 

nonphysiological signals. Data 

are limited. 

Abrupt increase in shock impedance, rarely failure 

to defibrillate. Rarely, loss of pacing capture in 

integrated bipolar leads. 

 High-voltage 

coil insulation 

breach 

Real-time shock EGM may have 

nonphysiological signals. 

Distinguish from pectoral 

myopotentials, which are a 

normal finding. 

Rarely, abrupt decrease in shock impedance, 

failure to defibrillate. 

 Conditions that may be confused with LF 

 

 

Swerdlow CD, Kalahasty G, Ellenbogen KA. Implantable Cardiac Defibrillator Lead Failure and Management. J 

Am Coll Cardiol. 2016;67:1358-68.  

 

 


