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Class (strength) of recommendation
COR

• I – Benefit >>> Risk STRONG

• IIA – Benefit >> Risk MODERATE

• IIB – Benefit ≥ Risk WEAK

• III – Benefit = Risk NO BENEFIT

• III – Risk > Benefit HARM

Level (quality) of evidence
LOE

• A – high quality evidence from
more than 1 RCT

• B-R – moderate quality evidence
from 1 or more RCT

• B-NR – moderate quality evidence
from observational study

• C-LD – Limited data

• C-EO – Expert opinion 



Definitions
• Isolated generator pocket infection: localized erythema, swelling, pain, tenderness, warmth, or 

drainage with negative blood cultures
• Isolated pocket erosion: device and/or lead(s) are through the skin, with exposure of the 

generator or leads, with or without local signs of infection
• Bacteremia: positive blood cultures with or without systemic infection symptoms and signs
• Pocket site infection with bacteremia: local infection signs and positive blood cultures
• Lead infection: lead vegetation and positive blood cultures
• Pocket site infection with lead/valvular endocarditis: local signs and positive blood cultures and 

lead or valvular vegetation(s)
• CIED endocarditis without pocket infection: positive blood cultures and lead or valvular 

vegetation(s)
• Occult bacteremia with probable CIED infection: absence of alternative source, resolves after CIED 

extraction
• Situations in which CIED infection is not certain: impending exteriorization, isolated left heart 

valvular endocarditis in a patient with a CIED
• Superficial incisional infection: involves only skin and subcutaneous tissue of the incision, not the 

deep soft tissues (eg, fascia and/or muscle) of the incision



Clinical presentation of CIED infections

Sohail MR, JACC 2007;49:1851



Greenspon AJ, J Am Coll Cardiol 2012;59:681–7

The Multicenter Electrophysiologic Device Infection 
Cohort (MEDIC) study



Risk factors for CIED infection



Diagnosis - Summary of recommendations (1)

• The sensitivity of tissue culture (69%) is higher 
than that of the swab culture (31%) of the pocket

• A connector culture provides a more than 90% positive yield

• TEE should be considered for all patients who have 
documented/suspected BSI or CIED pocket infection



Diagnosis - Summary of recommendations (2)



Management- Summary of recommendations

Early diagnosis of CIED infection and performing lead extraction within 3 days
of diagnosis is associated with lower in-hospital mortality
A multivariate analysis found a 7-fold increase in 30-day mortality if the CIED was not removed



Infective Endocarditis in Patients with CIED

One-year survival
By device removal                                            By concomitant valve 

infection
and device removal

Athan E, JAMA 2012;307:1727



Infective Endocarditis in Patients with CIED



Infective Endocarditis in Patients with CIED



Considerations for reimplantation
• Reassessment of the need for a new CIED is imperative after removal of an 

infected CIED
• The optimal timing of device replacement is unknown: there are no 

prospective trial data on the timing of new device replacement and risk of 
relapsing infection
• A new implantation can reasonably be postponed until blood cultures are 

negative for 72 hours, although implantation should be delayed if the 
patient has another undrained source of infection
• Replacement device implantation should be performed in an alternative 

location such as the contralateral side, the iliac vein, or using epicardial or 
subcutaneous implantation
• Single-center studies have suggested that same-day implantation is feasible 

for patients with isolated pocket infections and is not associated with
adverse outcomes



Management of suspected CIED infection



Management of suspected pocket infection



Management of bacteremia without evidence of CIED infection



First-line, empirical Ab Rx

Drug Dosing and route Duration Comments

Early isolated pocket infection
Pristinamycin
or
Clindamycin

1gx3/d oral

600 mgx3/d oral
10 days

If body weight > 100kg: 600 mgx4/d
Suspected CIED infection
Sepsis (Quick sofa ≥ 2) Alternative choice
Vancomycin

+

Cefotaxime

40 mg/kg/d, continuous IV  
infusion, after a loading dose of 
30mg/kg IVL

150 mg/kg/d

Until culture 
results

Daptomycin 10 mg/kg/d, qd IV

β-lactam allergy: Aztreonam 100 
mg/kg/d tid IV

No sepsis:  inititation of Ab Rx immediately after device removal and microbiology sampling
Vancomycin 40 mg/kg/d, continuous IV  

infusion, after a loading dose of 
30mg/kg IVL

Until culture 
results

Daptomycin 10 mg/kg/d, qd IV



Drug Dosing and route Duration
(weeks)

Pocket infection with neither endocarditis nor bacteremia: oral switch after device removal

Staphylococcus spp. 

2

Pristinamycin
or
Clindamycin

1gx3/d

600 mgx3/d (x4/d if body weight > 100 kg)

Streptococcus spp 

Amoxicillin 50 mg/kg/d tid

Streptococcus spp and β-lactam allergy

Pristinamycin 1gx3/d

Enterococcus spp.

Amoxicillin 50 mg/kg/d tid

Enterococcus spp. and β-lactam allergy

Linezolid 600 mgx2/d

Ab Rx, after documentation



Drug Dosing and route Duration
(weeks) Comments

Bacteremia and no IE
Streptococcus spp

Amoxicillin 100 mg/kg/d, IV 2
Streptococcus spp and β-lactam allergy, non anaphylaxis

Ceftriaxone
or
Cefotaxime

2g/d, IV

100 mg/kg/j, IV
2

Streptococcus spp and β-lactam allergy and anaphylaxis or allergy to cephalosporins
Vancomycin 40 mg/kg/d, IV 2 Plasma concentration 15-20 mg/l

Enterococcus spp.
Amoxicillin 200 mg/kg/d, IV 2

Enterococcus spp. Ampi-R or β-lactam allergy
Vancomycin 40 mg/kg/d, IV 2 Plasma concentration 15-20 mg/l

Ab Rx, after documentation



Drug Dosing and route Duration
(weeks) Comments

Bacteremia and no IE
MSSA

(Cl)oxacillin
or
Cefazolin

150 mg/kg/d, IV

100 mg/kg/d, IV
2-4

Alternative choice: 
Clindamycin 600 mgx4/d
if body weight > 100 kg

MSSA and β-lactam allergy (anaphylaxis) or MRSA
Vancomycin
or
Daptomycin

40 mg/kg/d, IV

10 mg/kg/d, IV
2-4

Plasma concentration 15-20 mg/l

Ab Rx, after documentation (Cont')



Ab Rx, after documentation (Cont')

If IE, follow 2015 ESC guidelines



How to optimize prevention of 
CIED infections?





Prevention of Arrhythmia Device Infection Trial
The PADIT Trial

Krahn AD, J Am Coll Cardiol 2018;72:3098–109

• High-risk patients undergoing a device procedure

• Hypothesis: incremental antimicrobial prophylaxis will reduce the risk of 
hospitalization for device infection, compared with a conventional strategy of a 
single dose of preprocedural antibiotic

• 2 interventions
• Conventional: single dose of pre-operative antibiotics (cefazolin or vancomycin in allergic 

patients) within 120 min before skin incision

• Incremental: conventional + intraoperative wound pocket bacitracin wash before skin closure 
and post-operative oral antibiotics for 2 days (cephalexin or clindamycin in allergic patients)

• Cluster randomized 4-period crossover design: each participating hospital was 
randomized to one of four 6-month sequences of incremental (I) and conventional 
(C) strategies (i.e., ICIC, ICCI, CICI, CIIC)

• Primary outcome: 1-year hospitalization for device infection in the high-risk group



Prevention of Arrhythmia Device Infection Trial
The PADIT Trial

Krahn AD, J Am Coll Cardiol 2018;72:3098–109



Prevention of Arrhythmia Device Infection Trial
The PADIT Trial

Krahn AD, J Am Coll Cardiol 2018;72:3098–109



The Role of Prophylaxis Topical Antibiotics in CIED Implantation
• Patients
• 1008 high-risk patients who underwent transvenous implantation of CIED
• High-risk: diabetes mellitus, malignancy, advanced age, anticoagulation, 

corticosteroids use, and chronic renal failure

• Ab prophylaxis with IV gentamicin and cefazolin < 60 min before procedure

• Primary outcome: rate of inflammation and infection at the surgical site 
during the 12 months following the procedure

• Randomization arms

Khalighi K , PACE 2014; 37:304–311



The Role of Prophylaxis Topical Antibiotics in CIED Implantation

Khalighi K , PACE 2014; 37:304–311



Tarakji KG et al. NEJM. 2019 March 17th DOI: 10.1056/NEJMoa1901111

Worldwide Randomized Antibiotic Envelope Infection Prevention Trial (WRAP-IT)

Absorbable, multifilament mesh envelope (TYRX Absorbable Antibacterial Envelope, Medtronic)



37 The TYRX™ Absorbable Antibacterial Envelope

THE TYRX™ ABSORBABLE ANTIBACTERIAL ENVELOPE

1. Huntingdon Life Sciences Study TR-2013-001. 2. Data on File, 093013-1. 3. Huntingdon Life Sciences Study TR-2011-054.

§ Absorbable Envelope 
is eluting 
Minocycline
& Rifampin

Envelope after 
implantation1

§ Absorbable Envelope 
is dissolving into 
fragments

Envelope at 4 weeks2

§ Mesh has no 
physical presence 
and is fully absorbed

Envelope at ~9 weeks3

TIME SEQUENCE SIMULATION OF ELUTION & ABSORPTION 



Tarakji KG et al. NEJM. 2019 March 17th DOI: 10.1056/NEJMoa1901111

Adjunctive use of an antibacterial envelope resulted in 
a 40% reduction of major CIED infections (pocket)



Take home messages, in pictures and a few words

Complete removal of CIED including device generator and electrode 
leads is mandatory to achieve cure of infection, even in cases where

- infection appears to be limited to the device pocket only
- removal appears technically challenging! 


