
DEFINITIONS

Investigation/sign Criteria

Local signs of inflammation 
and/or positive 
microbiology
(at least one of them)

• Local signs of inflammation1

• Purulent wound secretion, abscess  or sinus tract
• Wound dehiscence or implant on view (e.g. 

generator)
• Positive culture2 from pocket tissue or explanted 

CIED
Fever or rigors Absent

Blood cultures (2-3 pairs, 
taken at least 30 min apart)

Negative (without prior antimicrobial therapy)

TEE No vegetations on leads3 or valves
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Systemic CIED infection, if ≥1 criterion is fulfilled:

1. Device-associated endocarditis (intravenous leads)

• Pocket infection with positive BC (2-3 pairs, taken at least 30 min apart)

• Positive TEE (with lead or valve vegetation) with positive BC

• Positive BC with typical endocarditis pathogens* or Candida spp. at two 
occasions without evidence of an infectious focus or portal of entry elsewhere 
(e.g. intravascular catheter)

• Infective endocarditis defined by modified Duke criteria

1 Erythema, swelling, warmth, pain or tenderness
2 For highly virulent organisms (e.g. S. aureus, gram-negative bacilli) one positive culture needed, for 
low-virulent organisms (e.g. S. epidermidis, C. acnes) ≥2 positive cultures needed to confirm infection
3 Fibrous strands on leads may represent aseptic thrombus formation, especially if BC are negative 

2. Device-associated mediastinitis or pericarditis (epicardial leads)

* e.g. staphylococci, viridans group streptococci, Streptococcus gallolyticus, enterococci, Cutibacterium
spp., HACEK group pathogens
Abbreviations: BC: blood culture; CIED: cardiovascular implantable electronic device; CoNS: 
coagulase-negative staphylococci; HACEK: Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, 
Kingella; IE: infective endocarditis; MIC: minimal inhibitory concentration; TEE: transesophageal 
echocardiography

Pocket infection, if all 4 criteria are fulfilled:



CLASSIFICATION according to Duke criteria

Definitive IE: 2 major criteria, 1 major and 3 minor criteria, 5 minor criteria
Possible IE: 1 major and 2 minor criteria, 3 minor criteria

Minor criteria
Predisposition: Predisposing heart disease, cardiac implant, or intravenous drug use

Fever: > 38°C
Vascular phenomena: severe arterial emboli, septic pulmonary infarctions, infected 
aneurysm, intracranial bleeding, conjunctival bleeding, Janeway lesions
Immunological phenomena: Glomerulonephritis, Osler nodes, Roth spots, rheumatic 
factor
Microbiology: Positive BC not fulfilling the major criterion, or serologically active 
infection with a pathogen compatible with endocarditis

Diagnostic concepts
• Collect BC before antibiotic treatment is started.

• Look for culture-negative IE in case of negative BC despite adequate sampling 
(Bartonella and Brucella spp., Coxiella burnetii, Mycoplasma, Chlamydia and 
Legionella spp., Tropheryma whipplei): Serology or molecular diagnostic in 
case of surgery.

• Perform intraoperative tissue cultures and sonication of removed CIED.

• Identify and treat primary infectious focus or presumed bacterial entry site:

− Viridans group streptococci, 
nutritionally-variant 
streptococci, HACEK

− Staphylococci
− Enterococci  
− Streptococcus gallolyticus

- Orthopantomogram (dental focus, e.g. 
periapical dental abscess)

- Inspection of skin and vascular catheters
- Urogenital and intestinal examination
- Gastro- and colonoscopy

Major criteria
Blood culture positive 
1. Positive BC with a pathogen typical for IE (2 independent BC with viridans 

group streptococci, S. gallolyticus, HACEK, S. aureus, enterococci)
2. Continuously positive BC with a pathogen associated with IE (at least 2 positive 

BC taken at least 12 hours apart, or all of 3 or a majority of ≥ 4 independent BC 
(first and last BC taken at least 1 hour apart)

3. Single positive BC with Coxiella burnetii or a phase-I-IgG-antibody-titer > 1:800
Imaging positive for endocarditis 
1. TTE/TEE with a vegetation, abscess, pseudoaneurysm, intracardiac fistula, 

valve perforation or aneurysm, new partial dehiscence of a prosthetic valve
2. PET/CT or SPECT/CT with abnormal activity around the CIED or prosthetic 

valve (if implantation was > 3 months before)
3. Cardiac CT with paravalvular lesions



Remove entire CIED1 and 
antimicrobial treatment

BC positive or 
current antibiotic treatment?

Retention of CIED and 
antimicrobial treatment 

usually without debridement

Clinical response?

yes

no

Fever/rigors?

Assess for systemic  
CIED infection

Local signs of inflammation

MANAGEMENT ALGORITHM POCKET INFECTION

no

yes

Superficial infection 
(erythema, stitch abscess)

no

Pocket infection likely

no

TEE positive?

Deep infection (dehiscence, 
draining pus, deep abscess, 

pocket discomfort)

yes

yes

<30 days of implantation?
no

Early post-implantation 
inflammation / infection

Close follow-up observation
yes

1 Intraoperative diagnostic includes pocket swabs, tissue cultures, +/- lead tip culture and device 
sonication. Consider molecular diagnostics in culture-negative cases.
If lead extraction is too risky, consider isolated generator exchange with consecutive lifelong 

antimicrobial suppression treatment.

One-stage exchange of CIED1

and antimicrobial treatment

Two-stage exchange of CIED1 

with change of implantation site 
and antimicrobial treatment



• Remove entire CIED3

• Treat with antimicrobials according to 
endocarditis guidelines

• Collect surveillance BC (after 48-72 h)
• If persistent indication for CIED  see 

Treatment algorithm for CIED 
infections

• Take BC  (2-3 pairs, at least 30 min in 
between)

• Perform TEE 

Suspected systemic CIED-infection
• Fever/rigors (unexplained)
• Night sweats, compromised general health
• Evidence of distant seeding1

MANAGEMENT ALGORITHM SYSTEMIC CIED INFECTION

≥ 2 BC positive with typical pathogen
and/or other source excluded

BC negative
TEE negative

Systemic CIED infection 
confirmedTreat bloodstream 

infection for 10-14 days.
Follow-up closely after 

discontinuation of 
antibiotics

Assess for pocket 
infection

no

• Staphylococcus aureus
• Coagulase-negative staphylococci
• Cutibacterium spp.
• Candida spp.
• Viridans group streptococci
• Streptococcus gallolyticus
• Enterococcus spp.
• HACEK group pathogens
(other pathogens: consult infectious 
diseases expert)

< 2 BC positive with 
typical pathogen or 

other source defined or 
atypical pathogen in 

BC (gram-negative 
bacilli, non-viridans 

group streptococci as S. 
pyogenes or S. 
pneumoniae)

yes

1 Hematogenous seeding including e.g. spondylodiscitis, arthritis, liver, kidney, spleen and lung abscesses
2 Bartonella, Brucella, Coxiella burnetii, Mycoplasma, Legionella, Chlamydia, Tropheryma whipplei
3 Intraoperative diagnostics, including pocket swabs, tissue cultures, lead tip culture, sonication of the device

If pretreated: 
• Stop antibiotics
• Repeat BC and 

follow-up closely

BC negative
TEE positive

BC positive
TEE negative

BC positive
TEE positive

If pretreated: 
• Stop antibiotics
• Repeat BC and 

follow-up closely

If not pretreated:
• Think of aseptic 

thrombus formation
• Assess for culture-

negative infections2

yes

Acute onset continuous bacteremia 
with S. aureus, i.e. in-hospital onset 
without other source

Retention of CIED,
treat as prosthetic valve 

endocarditis

PET/CT
neg.

yes

pos.



SURGICAL PROCEDURES FOR CIED INFECTIONS

Debridement

i.v. antibiotics Oral antibiotics without 
biofilm activity

Device explantation

Oral antibiotics with 
biofilm activity

Device exchange Reimplantation 
of the device

w = week, d = day

Superficial infection (<30 days after implantation)                                Total treatment

No surgery, retention 1-2 weeks

Pocket infection Total treatment

Debridement & retention 6 weeks

Debridement & removal 2 weeks

One-stage exchange 
(contralateral side) 2 weeks

Two-stage exchange 
(ipsilateral side) 6 weeks

Systemic CIED infection Total treatment

Debridement & removal 2-6 weeks

Two-stage exchange

No surgery

6-8 weeks

Long-term 
suppression

1 w 5 w

4 d 10 d

4-6 weeks (endocarditis treatment)

4 d 10 d

2-4 weeks

4 d 10 d 4 weeks 

5-7 d

2-6 w

4 w

2-4 w

2-6 w (endocarditis treatment) **

10 d

2-4 windividual**

** Duration of antimicrobial treatment:
TEE negative: S. aureus 2-4 weeks, other pathogens 2 weeks
TEE positive: valve vegetation:
• 4-6 weeks for S. aureus, enterococci, non-HACEK gram-negative bacteria
• 4 weeks for streptococci (2 weeks if combination with gentamicin in high susceptibility 

to penicillin in viridans group streptococci), HACEK
• 6 weeks for lead vegetation and hematogenous seeding
• 2-4 weeks for uncomplicated lead vegetation
• >6 weeks (4 weeks after reimplantation) analogous to prosthetic valve endocarditis: if 

no valve vegetation present, early switch after 2-4 weeks i.v. to oral treatment 
possible; in persistent bacteremia after removal, treat according to endocarditis 
guidelines

* Individual duration of device-free interval:
• If no valve vegetation: >72 h after negative blood cultures following device removal
• If valve vegetation: >14 d after negative blood cultures following device removal

individual*

3-5 d 
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Remove 
CIED

Gram-negative bacilli

Continuously positive BC in 
patients with CIED (without signs 
of pocket inflammation)

MANAGEMENT OF BACTEREMIA IN CIED-CARRIERS *

Treat primary source 
(routine TEE not 

needed)

Gram-positive cocci

No routine follow-up BC 
(unless suspect of 
infection relapse).
If infection relapse 

without other source of 
bacteremia: consider 

removal of CIED

Other pathogen CoNS, enterococci S. aureus

TEE TEE

pos.

Treat primary source and 
bacteremia (2-4 weeks)

Surveillance BC 2-4 
weeks after stopping 

antibiotics

Relapse of 
bacteremia

Remove 
CIED

• No alternative source
• Positive BC > 72 h
• Device revision < 3 months
• Positive PET/CT1

yes

no

No source 
identified

pos.

neg.

neg.

Acute onset continuous 
bacteremia with S. aureus, 
i.e. in-hospital onset without 
other source

Retention of CIED, 
treat as prosthetic 
valve endocarditis

* Modified after De Simone et al. Heart Rhythm 2016
1 Accuracy of PET/CT for pocket infection: sensitivity 96%, specificity 97%; for systemic infection: sensitivity 
76%, specificity 83% (Mahmood M., J Nucl Cardiol 2017)



ALTERNATIVES TO THE TRANSVENOUS CIED DEVICES  

Epicardial pacemaker

• Implantation by a subxyphoidal incision: lead placement by inferior 
pericardiotomy, generator placement in the abdominal wall

• Lower infection risk, as leads are not placed in the bloodstream

• But in case of infection, mediastinitis with high morbidity and mortality can 
develop

• If infection complete removal of CIED is recommended, therefore thoracotomy 
may be needed to remove the epicardial leads

1Cefazolin in non-type 1 allergy, meropenem in type 1 allergy to penicillin
2 IV fosfomycin not available in all countries. Daily dose in endocarditis 12-24g, divided into 2-3 single doses
3 Check gentamicin trough level before second dose, targeted trough level < 1mg/l; if steady state, check 
gentamicin trough level twice weekly and creatinine every second day
4 Vancomycin trough level before fourth dose, targeted trough level 15-20mg/l, if steady state, check 
creatinine and vancomycin trough level twice weekly.

Clinical situation Antibiotic Alternative

Pocket infection Amoxicillin/clavulanic acid 3x2.2g 
OR ampicillin/sulbactam 3x3g
Both +/- fosfomycin2 3x5g

Cefazolin1 3x2g
OR meropenem1 3x2g
Both +/- fosfomycin2 3x5g

Systemic CIED 
infection, acute 
presentation, sepsis

Amoxicillin/clavulanic acid 6x2.2g
OR ampicillin/sulbactam 4x3g
Both + gentamicin3 1x3mg/kg
OR + fosfomycin2 3x5g

Cefazolin1 3x2g
OR meropenem1 3x2g
Both + gentamicin3 1x3mg/kg
OR + fosfomycin2 3x5g

Systemic CIED 
infection, subacute 
presentation, stable 
patient

Waiting for microbiological 
diagnostic justifiable

Vancomycin4 2x15mg/kg OR 
daptomycin 1x10mg/kg
Both + gentamicin3 1x3mg/kg
OR + fosfomycin2 3x5g

Empirical intravenous treatment
ANTIMICROBIAL TREATMENT

Leadless intracardiac pacemaker (Micra)

• Implantation by a delivery catheter in the right ventricle

• Very low infection risk (0.002%), also in case of bacteremia no infections 
described so far

• Reasons for the very low infection risk:
- Absence of subcutaneous pockets and leads
- Reduced skin and glove contact at implantation (device preloaded on a delivery 

catheter)
- Smaller size and surface
- Device encapsulation after implantation
- Implantation in the right ventricle, where blood flow is turbulent and of higher 

velocity and pressure than in the thoracic veins (decreases bacterial adhesion)
- Device material (titanium coated by parylene) with decreased bacterial 

adhesion



Intravenous treatment Oral treatment     
(no device in situ)1

Oral treatment 
(with device in situ)1

Staphylococcus spp.
• Oxacillin-susceptible

• Type 1 allergy to 
penicillin or oxacillin-
resistant

Flucloxacillin 4x2g
OR cefazolin 3x2g 
Both +/- fosfomycin2 3x5g

Vancomycin3 2x15mg/kg
OR daptomycin 1x8mg/kg 
Both +/- fosfomycin2 3x5g

Cotrimoxazole 3x960mg 
OR
Amoxicillin/clavulanic 
acid 3x1g
OR
Doxycycline 2x100mg 
OR
Clindamycin 3x600mg

Rifampin 2x450mg 
PLUS

Levofloxacin 2x500mg
OR
Cotrimoxazole 3x960mg
OR
Doxycycline 2x100mg 

Streptococcus spp.
• Penicillin-

susceptible

• Type 1 allergy to 
penicillin or 
penicillin-resistant 

Penicillin G 4x5 Mio IE
OR ceftriaxone 1x2g

Vancomycin3 2x15mg/kg
OR daptomycin 1x8mg/kg

Amoxicillin 3x1g 
OR
Doxycycline 2x100mg
OR
Levofloxacin 2x500mg
OR
Clindamycin 3x600mg

Amoxicillin 3x1g 
OR
Doxycycline 2x100mg
OR
Levofloxacin 2x500mg
OR
Clindamycin 3x600mg

Enterococcus spp.
• Penicillin- and 

gentamicin-
susceptible5

• Allergy to penicillin 
or penicillin-
resistant

Amoxicillin or ampicillin 
4x2g
(if device in place:
+ gentamicin4 1x3 mg/kg 
OR 
+ ceftriaxone6 2x2g
OR
+ fosfomycin2 3x5g)

Vancomycin3 2x15mg/kg
OR daptomycin 1x10mg/kg
(if device in place:
+ gentamicin4 1x3 mg/kg 
OR
+ fosfomycin2 3x5g)

Amoxicillin 3x1g
OR
Doxycycline 2x100mg
OR
Linezolid 2x600mg

Amoxicillin 3x1g
OR
Doxycycline 2x100mg
OR
Linezolid 2x600mg

Enterobacteriaceae

• Type 1 allergy to 
penicillin

Ceftriaxone 1x2g
OR piperacillin/tazobactam
3x4.5g 

Meropenem 3x1-2g

Cotrimoxazole 3x960mg
OR
Ciprofloxacin 2x750mg

Ciprofloxacin 2x750mg 

(if resistant to 
ciprofloxacin, consider 
long-term suppression)

Targeted intravenous and oral treatment: Pocket infection

ANTIMICROBIAL TREATMENT

1 Treatment duration for soft tissue infection without CIED in place 7-10 days, for CIED-associated pocket 
infection 6 weeks
2 IV fosfomycin not available in all countries. Daily dose in endocarditis 12-24g, divided into 2-3 single doses
3 Check vancomycin trough level before fourth dose, targeted trough level 15-20mg/l, if steady state, check 
creatinine and vancomycin trough level twice weekly.
4 Check gentamicin trough level before second dose, targeted trough level < 1mg/l; if steady state, check 
gentamicin trough level twice weekly and creatinine every second day
5 For enterococci determination of MIC for gentamicin is recommended (the addition of gentamicin for 
synergistic activity is only indicated in low-resistant enterococci, i.e. MIC ≤ 500mg/l)
6 Combination with ceftriaxone only in E. faecalis active (not active in E. faecium)



Intravenous treatment after 
device removal
(before reimplantation)1

Intravenous treatment after device 
reimplantation or if retention in 
acute infections1*

Staphylococcus spp.
• Oxacillin-susceptible

• Type 1 allergy to penicillin 
or oxacillin-resistant

Flucloxacillin 6x2g
OR cefazolin 3x2g 
Both +/- fosfomycin2 3x5g

Vancomycin3 2x15mg/kg
OR daptomycin 1x 8-10mg/kg
Both +/- fosfomycin2 3x5g

Add to both regimens in the left 
column:

• Oral rifampin 2x450mg
• IV gentamicin3 1x3mg/kg, if 

fosfomycin is not used and last 
positive BC was in the last 14 days

Streptococcus spp.
• Penicillin-susceptible

• Type 1 allergy to penicillin 
or penicillin-resistant 

Penicillin G 4x5 Mio IE
OR ceftriaxone 1x2g

Vancomycin3 2x15mg/kg
OR daptomycin 1x 8-10mg/kg

Add to both regimens in the left 
column:

• Dependent on the MIC to penicillin, 
IV gentamicin3 1x3mg/kg (if MIC ≥ 
0.25mg/l) 

Enterococcus spp.
• Penicillin- and 

gentamicin-susceptible4

• Penicillin-susceptible and
gentamicin-resistant4

• Allergy to penicillin or 
penicillin-resistant 
enterococci, but 
gentamicin-susceptible4

Amoxicillin or ampicillin 6x2g
Both + ceftriaxone5 2x2g
OR + gentamicin3 1x3mg/kg
OR + fosfomycin2 3x5g

Amoxicillin or ampicillin 6x2g
Both + ceftriaxone5 2x2g
OR + fosfomycin2 3x5g

Vancomycin3 2x15mg/kg
OR daptomycin 1x10-12mg/kg
Both + gentamicin3 1x3mg/kg
OR + fosfomycin2 3x5g

Continue the regimen in the left column

Continue the regimen in the left column

Continue the regimen in the left column

Enterobacteriaceae

• Type 1 allergy to penicillin

Ceftriaxone 1x2g
+ gentamicin3 1x3mg/kg

Meropenem 3x1-2g
+ gentamicin3 1x3mg/kg

Replace in both regimens in the left 
column:

• IV gentamicin with oral ciprofloxacin 
2x750mg

Candida spp. Caspofungin 1x150 mg
OR anidulafungin 1x200 mg
OR liposomal amphotericin B 1x3-
5mg/kg

Continue the regimen in the left 
column:

• Then switch to oral suppression with 
fluconazole 1x400-800mg OR 
voriconazole6 2x4mg/kg (consider 
suppression for > 1 year)

*If device is retained in chronic infections, long-term suppression treatment indicated (e.g. cotrimoxazole, 
doxycycline,  clindamycin, amoxicillin); device retention and treatment as for “prosthetic valve endocarditis” 
possible in acute hematogenous infection of the device
1 Treatment duration dependent on BC and TEE results, see respective figures in this pocket guide
2 IV fosfomycin not available in all countries. Daily dose in endocarditis 12-24g, divided into 2-3 single doses
3 Adjustment according to trough levels: gentamicin: target < 1 mg/l; vancomycin: target 15-20mg/l, check 
vancomycin trough level before fourth dose; in steady state check trough levels twice weekly and creatinine 
every second day
4 For enterococci determination of MIC for gentamicin is recommended (the addition of gentamicin for 
synergistic activity is only indicated in low-resistant enterococci, i.e. MIC ≤ 500mg/l)
5 Combination with ceftriaxone only in E. faecalis active (not active in E. faecium)
6 After loading dose on first day: 2x6mg/kg, check trough level on day 7 (target: 2-5mg/l)

Targeted intravenous and oral treatment: Systemic CIED infection 
with device removal/exchange or retention in acute infections*
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