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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

Major criteria

Blood culture positive

1. Positive BC with a pathogen typical for IE (2 independent BC with viridans group
streptococci, S. gallolyticus, <HACEKY, 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-lgG-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. Abnormal activity around the prosthetic valve in PET/CT (if implantation of prosthetic
valve was > 3 months before) or in SPECT/CT with radioactively labelled leukocytes

3. Cardiac CT with paravalvular lesions

Minor criteria

Predisposition: Predisposing heart disease 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

Abbreviations:

IE: infective endocarditis; BC: blood culture; HACEK: Hemophilus spp., Aggregatibacter spp., Cardiobac-
terium spp., Eikenella spp., Kingella spp.; NVS: nutritionally-variant streptococci (Abiotrophia spp.,
Granulicatella spp.); TTE/TEE: transthoracic/transesophageal echocardiography

Copyright: PRO-IMPLANT Foundation (A. Conen, A. Trampuz). Modified according to Habib et al.
European Heart Journal 2015. PRO-IMPLANT cannot be held responsible for treatment failures or
antibiotic side effects. For individual recommendations and the latest Pocket Guide version contact the
PRO-IMPLANT Consultation Portal: www.pro-implant-foundation.org.




MANAGEMENT CONCEPTS

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 valve surgery.

Perform intraoperative tissue cultures and sonication of removed prosthetic valve in
case of surgical valve replacement to determine postoperative antibiotic treatment
duration:

—> Positive cultures: antibiotic treatment for 6 weeks from surgery

- Negative cultures: antibiotic treatment for 6 weeks from the last positive BC

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

Viridans group streptococci, - Orthopantomogram (dental focus, e.g. periapical

NVS, «HACEK» dental abscess)

Staphylococci - Inspection of skin and all kind of vascular catheters
(peripherally and centrally inserted venous catheter)

Enterococci - Urogenital and intestinal examination

Streptococcus gallolyticus

Gastro- and colonoscopy (gastrointestinal neoplasia)

Therapeutic concepts

Intravenous administration of antibiotics: 4 weeks for native and 6 weeks for prosthetic
valves (oral antibiotics can be discussed exceptionally in uncomplicated cases).

For uncomplicated right-sided IE with S. aureus, 2 weeks treatment duration is
sufficient, if needed also with oral antibiotics (fluoroquinolone plus rifampin).

Biological and mechanical prosthetic valves, as well as TAVI (transcatheter aortic valve
implantation) are all treated as prosthetic valve endocarditis.

In case of allergy to penicillin: Consider desensitization (under ongoing alternative
treatment), as glycopeptides (vancomycin) and lipopeptides (daptomycin) are less
effective.

In native valve IE with penicillin susceptible streptococci (MIC < 0.125mg/l): 2 weeks
combination treatment with aminoglycosides (gentamicin, amikacin) is possible.
Combination with aminoglycosides is also indicated, if a synergistic effect is aimed:
penicillin intermediate susceptible or tolerant streptococci (MIC 0.25 — 2mg/l), NVS and
enterococci.

In staphylococcal native valve IE: Combination with aminoglycosides is no longer
recommended due to toxicity and lack of benefit on outcome.

In difficult to treat prosthetic valve |IE caused by pathogens not susceptible to biofilm-
active antibiotics (rifampin-resistant staphylococci, ciprofloxacin-resistant gram-negative
bacilli, Candida spp.), long-term antibiotic suppression treatment is recommended.




INDICATIONS FOR VALVE SURGERY

« Locally uncontrolled infection with abscess formation, increasing size of vegetation,
persistently positive BC despite adequate antibiotic treatment, fungal infections

* Prevention of embolic events in case of an isolated large vegetation > 15 mm, or if
vegetation is still > 10 mm after embolic events have had occurred

» Heart failure due to severe aortic or mitral valve regurgitation, valvular obstruction due
to a large vegetation or presence of a fistula

EMPIRIC INTRAVENOUS ANTIBIOTIC THERAPY: NATIVE VALVE IE

Clinical situation

Antibiotic, dosel, IV

Alternative, dose’, IV

Acute Amoxicillin/clavulanic acid Cefazolin 3x2g
presentation, 6x2,29
sepsis
Alternatively:
Ampicillin/sulbactam 4x3g
Subacute Waiting for microbiological Amoxicillin/clavulanic acid 6x2,2g

presentation,
stable patient

diagnostic justifiable

Alternatively:
Ampicillin/sulbactam 4x3g OR
Cefazolin 3x2g

EMPIRIC INTRAVENOUS ANTIBIOTIC THERAPY: PROSTHETIC VALVE IE

Clinical situation

Antibiotic, dose', IV

Alternative, dosel, IV

Acute Amoxicillin/clavulanic acid 6x2,2g | Cefazolin 3x2g
presentation, + Gentamicin? 1x3mg/kg + Gentamicin? 1x3mg/kg
sepsis

Alternatively:

Ampicillin/sulbactam 4x3g

+ Gentamicin? 1x3mg/kg
Subacute Waiting for microbiological Vancomycin?® 2x15mg/kg

presentation,
stable patient

diagnostic justifiable

+ Gentamicin? 1x3mg/kg

Alternatively:
Daptomycin 1x10mg/kg
+ Gentamicin? 1x3mg/kg

' Dose recommendations for antibiotic treatment assume normal renal function and normal body weight
2 Administer aminoglycosides only once daily to reduce renal toxicity. 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
3 Check vancomycin trough level before fourth dose if intermittently dosed, targeted trough level 15-
20mg/l, and recheck after every dose adjustment before the fourth dose; if steady state, check creatinine
and vancomycin trough level twice weekly. If continuous administration, targeted trough level 20-25mg/I




TARGETED INTRAVENOUS THERAPY IN STAPHYLOCOCCAL IE

+/- Fosfomycin3 3x5g

Pathogen Native valve Prosthetic valve
Antibiotic, daily dose! Antibiotic, daily dose
Staphylococcus Flucloxacillin 6x2g OR Flucloxacillin 6x2g OR
spp., methicillin | Cefazolin 3x2g Cefazolin 3x2g
susceptible +/- Fosfomycin?3 3x5g + Rifampin* 2x450mg PO
+ Gentamicin® 1x3mg/kg
Duration: 4-6 weeks? (or fosfomycin3 3x5g, if toxicity to
gentamicin occurs)
Duration: 6 weeks, except for
gentamicin (only first 2 weeks)
Staphylococcus Daptomycin 1x10mg/kg Daptomycin 1x10mg/kg OR
spp., methicillin | +/- Fosfomycin3 3x5g Vancomycin® 2x15mg/kg
resistant + Rifampin* 2x450mg PO
Alternatively: + Gentamicin® 1x3mg/kg
Vancomycin® 2x15mg/kg (or fosfomycin3 3x5g, if toxicity to

gentamicin occurs)

Alternatively: Duration: 6 weeks, except for
Cotrimoxazol” (TMP/SMX) gentamicin (only first 2 weeks)
3x320/1600mg

+ Clindamycin 3x600mg (the
latter for 1 week)

Alternatively:
Daptomycin 1x10mg/kg
+ Ceftaroline 2x600mg
+/- Fosfomycin3 3x5¢g

Duration: 4-6 weeks?

" Dose recommendations for antibiotic treatment assume normal renal function and normal body weight
2 Treatment duration depends on duration of bacteremia, clinical evolution, response to treatment and

possible septic embolic foci which need to be treated, respectively

31V fosfomycin not available in all countries. Daily dose in endocarditis 12-24g, divided into 2-3 single doses
4 Start rifampin only, if BC are negative (usually after 3-5 days) to avoid development of resistance. Start
only, if no emergency valve surgery is planned (in the latter situation rifampin should be started

postoperatively in case of dry wounds and removed drainages, also to avoid development of resistance)

5 Administer aminoglycosides only once daily to reduce renal toxicity. 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

6 Check vancomycin trough level before fourth dose if intermittently dosed, targeted trough level 15-20mg/I,
and recheck after every dose adjustment before the fourth dose; if steady state, check creatinine and
vancomycin trough level twice weekly. If continuous administration, targeted trough level 20-25mg/I

7 If favorable clinical evolution, after one week also oral treatment possible



TARGETED INTRAVENOUS THERAPY IN STREPTOCOCCAL IE

Pathogen

Native valve
Antibiotic, daily dose!

Prosthetic valve
Antibiotic, daily dose!

Viridans group streptococci
and Streptococcus
gallolyticus, penicillin MIC?8
<0.125mgl/I

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 4 weeks

Alternatively:

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g

+ Gentamicin® 1x3mg/kg
Duration: 2 weeks

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 6 weeks

Viridans group streptococci
and Streptococcus
gallolyticus, penicillin MIC?8
0.25-2mg/I

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 4 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2 weeks

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 6 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2 weeks

Viridans group streptococci
and Streptococcus
gallolyticus, penicillin MIC?8
>2mg/|

Vancomycin® 2x15mg/kg
Duration: 6 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2-6 weeks

Vancomycin® 2x15mg/kg
Duration: 6 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2-6 weeks

Streptococcus pyogenes

Beta-hemolytic streptococci
of group B, C, Fand G

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 4 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2 weeks

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 6 weeks

+ Gentamicin® 1x3mg/kg
Duration: 2 weeks

Abiotrophia spp. and
Granulicatella spp. (former
,hutritionally variant
streptococci®)®

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 4 weeks

+ Gentamicin® 1x3mg/kg
Duration: at least 2 weeks

Penicillin G 4x5 Mio E OR
Ceftriaxone 1x2g
Duration: 6 weeks

+ Gentamicin® 1x3mg/kg
Duration: at least 2 weeks

" Dose recommendations for antibiotic treatment assume normal renal function and normal body weight

5 Administer aminoglycosides only once daily to reduce renal toxicity. 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

6 Check vancomycin trough level before fourth dose if intermittently dosed, targeted trough level 15-20mg/I,

and recheck after every dose adjustment before the fourth dose; if steady state, check creatinine and
vancomycin trough level twice weekly. If continuous administration, targeted trough level 20-25mg/I
8 For all streptococci determination of MIC for penicillin and ceftriaxone is recommended




TARGETED INTRAVENOUS THERAPY IN ENTEROCOCCAL IE

Pathogen

Native valve
Antibiotic, daily dose!

Prosthetic valve
Antibiotic, daily dose!

Enterococcus faecalis,

Penicillin susceptible,
gentamicin high-level
susceptibled

Amoxicillin or Ampicillin 6x2g
+ Ceftriaxone 2x2g OR
Gentamicin® 1x3mg/kg
Duration: 4-6 weeks'®

Amoxicillin or Ampicillin 6x2g
+ Ceftriaxone 2x2g OR
Gentamicin® 1x3mg/kg
Duration: 6 weeks

E. faecium,

Penicillin susceptible,
gentamicin high-level
susceptible8
Enterococcus faecalis,
Penicillin susceptible,
gentamicin high-level
resistant®

Amoxicillin / Ampicillin 6x2g
+ Gentamicin® 1x3mg/kg
Duration: 4-6 weeks'®

Amoxicillin / Ampicillin 6x2g
+ Gentamicin® 1x3mg/kg
Duration: 6 weeks

Amoxicillin or Ampicillin 6x2g
+ Ceftriaxone 2x2g
Duration: 6 weeks

Amoxicillin or Ampicillin 6x2g
+ Ceftriaxone 2x2g
Duration: 6 weeks

E. faecium,

Penicillin susceptible,
gentamicin high-level
resistant®
Enterococcus spp.,
Penicillin resistant,
gentamicin high-level
susceptible8
Enterococcus spp.,
Penicillin resistant,
gentamicin high-level
resistant®

Amoxicillin 6x2g
+ Streptomycin' 2x7.5mg/kg
Duration: 4-6 weeks'0

Amoxicillin 6x2g
+ Streptomycin' 2x7.5mg/kg
Duration: 6 weeks

Vancomycin® 2x15mg/kg OR
Daptomycin 1x10-12mg/kg

+ Gentamicin® 1x3mg/kg
Duration: 6 weeks
Vancomycin® 2x15mg/kg OR
Daptomycin 1x10-12mg/kg

+ Streptomycin' 2x7.5mg/kg
Duration: 6 weeks

Vancomycin® 2x15mg/kg OR
Daptomycin 1x10-12mg/kg

+ Gentamicin® 1x3mg/kg
Duration: 6 weeks
Vancomycin® 2x15mg/kg OR
Daptomycin 1x10-12mg/kg

+ Streptomycin' 2x7.5mg/kg
Duration: 6 weeks

' Dose recommendations for antibiotic treatment assume normal renal function and normal body weight

> Administer aminoglycosides only once daily to reduce renal toxicity. 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

6 Check vancomycin trough level before fourth dose if intermittently dosed, targeted trough level 15-20mgl/,
and recheck after every dose adjustment before the fourth dose; if steady state, check creatinine and
vancomycin trough level twice weekly. If continuous administration, targeted trough level 20-25mg/|

8 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)

10 Treatment duration: 4 weeks if symptom duration < 3 months, 6 weeks if symptom duration > 3 months.
Treatment duration always 6 weeks if the treatment combination amoxicillin and ceftriaxone is used. If clinical
course is favorable, gentamicin treatment could be stopped after 2 weeks

" Determination of MIC for streptomycin is recommended, susceptible if MIC < 1000mg/I



TARGETED INTRAVENOUS THERAPY IN ENDOCARDITIS CAUSED BY
GRAM-NEGATIVE pathogens and CANDIDA

Cardiobacterium spp.,
Eikenella spp., Kingella

spp.)

(Alternatively if favorable
clinical course:
Ciprofloxacin 2x750mg PO)

Duration: 4 weeks

Pathogen Native valve Prosthetic valve

Antibiotic, daily dose Antibiotic, daily dose!
HACEK group Ceftriaxone 1x2g OR Ceftriaxone 1x2g OR
(Hemophilus spp., Amoxicillin 6x2g Amoxicillin 6x2g
Aggregatibacter spp.,

(Alternatively if favorable
clinical course:
Ciprofloxacin 2x750mg PO)

Duration: 6 weeks

Gram-negative bacilli,
non-HACEK group

Ceftriaxone 1x2g OR another
betalactam according to
susceptibility testing

+ Gentamicin® 1x3mg/kg

(Alternatively:
+ Ciprofloxacin 2x750mg PO)

Duration: 6 weeks

Ceftriaxone 1x2g OR another
betalactam according to
susceptibility testing

+ Gentamicin® 1x3mg/kg

(Alternatively:
+ Ciprofloxacin 2x750mg PO)

Duration: 6 weeks

Candida spp.

Caspofungin 1x150mg OR
Anidulafungin 1x200mg OR
liposomal amphotericin B 1x3-
5mg/kg

Duration: 4 weeks

Thereafter: Fluconazole
1x400-800mg PO OR
Voriconazole'? 2x4mg/kg PO

Duration: Discuss long-term
suppression treatment (> 1
year)

Caspofungin 1x150mg OR
Anidulafungin 1x200mg OR
liposomal amphotericin B 1x3-
5mg/kg

Duration: 6 weeks

Thereafter: Fluconazole
1x400-800mg PO OR
Voriconazole'? 2x4mg/kg PO

Duration: Discuss long-term
suppression treatment (> 1
year)

" Dose recommendations for antibiotic treatment assume normal renal function and normal body weight
5 Administer aminoglycosides only once daily to reduce renal toxicity. 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
13 Loading dose: 2x6mg/kg on day 1, thereafter 2x4mg/kg daily, trough level on day 7 of treatment,

targeted trough level 2-5mg/I

Abbreviations

MIC = minimal inhibitory concentration; PO = oral therapy; IV = intravenous therapy




TARGETED THERAPY IN CULTURE-NEGATIVE IE

Pathogen Antibiotic, daily dose', oral therapy Treatment duration
Coxiella Doxycycline 2x100mg = 18 months
burnetif? + Hydroxychloroquine 3x200mg
Treatment success if phase |
Alternatively: IgG < 1:200 and IgA and IgM
Doxycycline 2x100mg titer < 1:50
+ Ciprofloxacin 2x500mg
Bartonella Doxycycline 2x100mg = 6 weeks, eventually longer
spp.? + Gentamicin 1x3mg/kg IV (the latter for 2 | (6-12 months)
weeks)

Until antibody titer decreases
Alternatively:

Doxycycline 2x100mg

+ Rifampin 2x450mg (the latter for 2 weeks)

Brucella spp. | Doxycycline 2x100mg =2 3 — 6 months
+ Cotrimoxazole (TMP/SMX) 2x160/800mg
+ Rifampin 2x450mg Treatment success if antibody

(optional PLUS gentamicin 1x5mg/kg IV for | titer < 1:60
the first 3 weeks)

Tropheryma | Doxycycline 2x100mg Long-term antibiotic

whipplei* + Hydroxychloroquine 3x200mg for 12 suppression treatment with
months, thereafter long-term antibiotic doxycycline 2x100mg,
suppression treatment eventually life-long
Alternatively: Long-term antibiotic

Ceftriaxone 1x2g IV for 2 weeks, thereafter | suppression treatment with
long-term antibiotic suppression treatment | cotrimoxazole 2x160/800mg
for 1-2 years

Mycoplasma | Levofloxacin 2x500mg = 6 months

sSpp. Optimal treatment unclear
Legionella Levofloxacin 2x500mg = 6 weeks

and Optimal treatment unclear
Chlamydia Alternatively:

spp. Clarithromycin 2x500mg

+ Rifampin 2x450mg

' Dose recommendations for antibiotic treatment assume normal renal function and normal body weight

2 Proven chronic Q-fever if positive PCR from blood or valve tissue or if definitive IE according to Duke
criteria and PET-CT PLUS IFA = 1:800 for phase | IgG. Probable chronic Q-fever if IFA = 1:800 for Phase |
IgG PLUS valvulopathy not corresponding to a Duke major criterion, or known aneurysm or prosthetic valve,
or manifestations of chronic Q-fever (osteomyelitis, hepatitis, B-symptoms, hepatosplenomegaly), or
immunosuppression, pregnancy or granulomatous tissue inflammation. Possible chronic Q-fever if IFA =
1:800 for phase | 1IgG

3 Diagnosis ascertainment with IFA = 1:800 or positive PCR from valve tissue

4 Diagnosis ascertainment with positive PCR or histology from valve tissue
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