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Refer  

Reference center: Multidisciplinary team approach to diagnosis and 
treatment of IE; reduce the 1-year mortality from 18.5% to 8.2% 2 

Patients with 
complicated IE 

Patients with non 
complicated IE 

Communicate 

Principles of antimicrobial therapy 
 

• Goal of antibiotic treatment is 
to eradicate infection 

• Bactericidal drug 
• Combination intravenous therapy 
• Required 4-6 weeks of treatment  
• Therapeutic drug monitoring  
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• IE is a focal infection  
• high bacterial density -> inoculum effect 
• slow rate of bacterial growth within biofilms 
• low microorganism metabolic activity 

 



Empirical treatment of NVE  
AHA 2015 ESC 2015 

Standard treatment Acute (days) clinical presentations (BCNE) 
• Coverage for S aureus, -hemolytic streptococci 

and aerobic Gram negative bacilli is reasonable 
(IIaC) 

Community acquire - acute clinical presentations  
• Ampicillin 12g/day IV in 4-6 doses  (IB) 
with 
• Cloxacillin  12g/day IV in 4-6 doses  
with 
• Gentamicin 3mg/kg/day IV or IM in 1 dose (IB)  Subacute (weeks) presentation (BCNE) 

• Coverage of S aureus, VGS, HACEK and enterococci 
is reasonable (IIaC)  

Penicillin-allergic 
patients 

• Vancomycin 60mg/kg /day in 2-3 doses  
with 
• Gentamicin 3mg/kg/day IV or IM in 1 dose (IB)  

• BSAC 2012 
• Clinicians can await culture results if the patient is clinically stable                        
• The use of gentamicin before availability of culture results is controversial 
• Local microbiological data 

 
• ESC 2015: Cloxacillin/cefazolin administration is associated with lower mortality rates than 

other beta-lactams, including amoxicillin/clavulanic acid or ampicillin/sulbactam 

CLSI breakpoint for VGS &  S. gallolyticus 

Viridans group streptococci (VGS); S. gallolyticus (bovis); Clinical & Laboratory Standards Institute (CLSI) 

AHA 2015 ESC 2015 
Penicillin-susceptible MIC < 0.12 mg/L MIC < 0.125 mg/L 

Relatively  resistant to 
penicillin 

MIC > 0.12  and < 0.5 mg/L MIC 0.25 - 2 mg/L 

Penicillin-resistant MIC > 0.5 mg/L MIC > 2 mg/L 

Therapy of NVE Caused by VGS & S.gallolyticus 
AHA 2015 ESC 2015 Comment  

Penicillin-susceptible MIC < 0.12 mg/L MIC < 0.125 mg/L 

Standard treatment: 
4-week duration 

• Penicillin G 12-18 million U/day IV either 
in 4–6 doses or continuously (IIaB) or  

• Ceftriaxone 2 g IV or IM in 1 dose (IIaB)  

• Penicillin G 12-18 million U/day IV either in 
4–6 doses or continuously (IB) or 

• Ampicillin  100 - 200mg/kg/day IV in 4–6 
doses (IB) or 

• Ceftriaxone 2 g IV or IM in 1 dose (IB)  

Preferred in 
patients >65 y or 
impaired renal 
function 

Standard treatment: 
2-week duration 

• Penicillin G 12-18 million U/day IV either 
in 4–6 doses or continuously (IIaB) or 

• Ceftriaxone 2 g IV or IM in 1 dose (IIaB)  
with 
• Gentamicin 3mg/kg/day IV or IM in 1 

dose (IIaB)  

• Penicillin G 12-18 million U/day IV either in 
4–6 doses or continuously (IB) or 

• Ampicillin 100 - 200mg/kg/day IV in 4–6 
doses (IB) or 

• Ceftriaxone 2 g IV or IM in 1 dose (IB)  
with 
• Gentamicin 3mg/kg/IV or IM in 1 dose (IB)  

Only recommend 
in patients with 
non-complicated IE 
With normal renal 
function 

Penicillin-allergic 
patients (4 weeks ) 

Vancomycin 30mg/kg /day in 2 doses (IIaB)  Vancomycin 30mg/kg /day in 2 doses (IC) 
 

Consider penicillin 
desensitization 

1) Vancomycin trough level  10-15 mg/L  
2) ESC: gentamicin trough level <1 mg/L and peak level = 10-12 mg/L (single daily dose)                  

AHA: no optimal drug concentrations for single daily dosing  

AHA 2015 ESC 2015 
Relatively  resistant to 
penicillin 

MIC > 0.12 and < 0.5 mg/L 
 

MIC 0.25 - 2 mg/L 

Standard treatment: 
4-week duration 

• Penicillin G 24 million U/day IV either in 4–6 doses 
or continuously (IIaB)  

with 
• Gentamicin 3mg/kg/day IV or  IM in 1 dose for 

first 2 weeks (IIaB)  
 

• Ceftriaxone may be a reasonable alternative 
treatment option for VGS isolates that are 
susceptible to ceftriaxone (IIbC)  

• Penicillin G 24 million U/day IV either in 4–6 doses or 
continuously (IB) or 

• Ampicillin 200mg/kg/day IV in 4–6 doses (IB) or  
• Ceftriaxone 2 g IV or  IM in 1 dose (IB)  
with 
• Gentamicin 3mg/kg/day IV or  IM in 1 dose for first 2 

weeks (IB)  

Penicillin-allergic 
patients 
(4 weeks ) 

Vancomycin 30mg/kg /day in 2 doses (IIaB)  • Vancomycin 30mg/kg /day in 2 doses (IC) 
with 
• Gentamicin 3mg/kg/day IV or  IM in 1 dose for first 2 

weeks (IC)  

Penicillin-resistant MIC > 0.5 mg/L MIC > 2 mg/L 

Treated as enterococcal IE (except double beta-lactam regimen) 

Therapy of NVE Caused by VGS & S.gallolyticus 



AHA 2015 ESC 2015 Comment  
Methicillin-susceptible staphylococci 

Standard treatment Cloxacillin 12 g/day IV in 4–6 doses for 6 
weeks (IC)  

Cloxacillin 12 g/day IV in 4–6 doses for 4-6 
weeks (IB)  

Alternative treatment  • Sulfamethoxazole  4800 mg/day  
trimethoprim 960 mg/day in 4–6 doses  for 
IV 1 week then PO for 5 weeks (IIbC) 

with 
• Clindamycin  1800 mg/day day in 3 doses  

for 1 week (IIbC) 

For S. aureus   

Penicillin-allergic 
patients with non-
anaphylactic reaction 

Cefazolin 6 g/day in 3 doses  for 6 weeks 
(IB)  

• Cefazolin 6 g/day in 3 doses  for 6 weeks  
• Cefotaxime 6 g/day in 3 doses  for 6 weeks  

Avoid cefazolin in 
CNS infection 

Methicillin-resistant staphylococci or Penicillin-allergic patients with anaphylactic reaction 

Standard treatment 
 

Vancomycin 30mg/kg /day 2 doses  for 6 
weeks (IC)  

Vancomycin 30-60 mg/kg /day in 2–3 doses  
for 4-6 weeks (IB) 

Consider penicillin 
desensitization  

Alternative treatment  
 

•  in 1 dose  for 
6 weeks (IIbB)  consider in right sided IE 

• Daptomycin 10mg/kg/day in 1 dose  for 4-6 
weeks (IIbB) 

with 
• Cloxacillin 2 g/4 hrs or  
• Fosfomycin 2 g/6 hrs   

• Sulfamethoxazole /trimethoprim (IIbC) 
with 
• Clindamycin (IIbC) 

For S. aureus  

Therapy of NVE Caused by S. aureus 

Vancomycin trough level :  20 mg/L ( ESC );  10-20 mg/L (AHA) 

No aminoglycosides in 
staphylococcal NVE  

Start April 2012  
TMP/SMX with clindamycin  

 Casalta JP, et al. Int J Antimicrob Agents. 2013;42(2):190-1 

Enterococci 
• E. faecalis 97%; E. faecium 1-2% of cases of enterococcal IE 

• Treatment of enterococci need synergistic bactericidal combinations 

• Resistant to multiple drugs 
• High-level aminoglycoside resistance (HLAR)  

• Aminoglycoside not synergistic with cell wall active agent  

• Beta-lactams  
• Intrinsic resistant via PBP5 modification -> E. faecium  
• Beta-lactamases (rare) 

• Vancomycin  

Therapy of NVE Caused by Enterococci  
AHA 2015 ESC 2015 Comment 

Penicillin and gentamicin-susceptible strain 

Standard 
treatment 

• Ampicillin 2 g IV every 4 h for 4-6 weeks 
(IIaB) or 

• Penicillin G 18-30 million U/day IV in 6 
doses for 4-6 weeks (IIaB)  

with 
• Gentamicin 3mg/kg/day IV in 2–3 doses 

for 4-6 weeks (IIaB) 

• Ampicillin 200mg/kg/day IV in 4–6 doses for 
4-6 weeks (IB)  

with 
• Gentamicin 3mg/kg/day IV or  IM in 1 doses 

for 2-6 weeks (IB) expert recommend 2 
weeks (IIaB) 

6-weeks therapy 
recommended for 
NVE symptoms >3 
months   
 
 

Double beta-
lactam 
 
 

• Ampicillin 2 g IV every 4 h for 6 weeks 
(IIaB) 

with 
• Ceftriaxone 2 g IV  every 12 h for 6 weeks 

(IIaB) 

• Ampicillin 200mg/kg/day IV in 4–6 doses for 
6 weeks (IB) or 

with 
• Ceftriaxone 4 g IV or  IM in 2 doses for 6 

weeks (IB)  

For patients 
impaired renal 
function   
 
For E. faecalis 

Penicillin-allergic 
patients 

• Vancomycin 30 mg/kg /day in 2 doses for 6 
weeks (IIaB) 

with 
• Gentamicin 3mg/kg/day IV or  IM in 3 

doses for 6 weeks (IIaB) 

• Vancomycin 30 mg/kg /day in 2 doses for 6 
weeks (IC) 

with 
• Gentamicin 3mg/kg/day IV or  IM in 1 doses 

for 6 weeks  (IC)  

 

Penicillin -susceptible and aminoglycoside-resistant strain 

Double beta-
lactam 

• Ampicillin with Ceftriaxone  • Ampicillin with Ceftriaxone  

Alternative 
treatment for 
streptomycin-
susceptible 

• Ampicillin     or     Penicillin  
with 
• Streptomycin 15mg/kg/day IV in 2 doses 

for 4-6 weeks (IIaB) 

• Ampicillin  
with 
• Streptomycin 15mg/kg/day in 2 doses for 2-

6 weeks  

NVE with symptoms 
<3-months duration 
may be treated for 4 
weeks 



Double beta-lactam 
• An observational, nonrandomized, comparative multicenter cohort 

study was conducted at 17 Spanish and 1 Italian hospitals 

• AC-treated patients had previous chronic renal failure than AG-
treated patients (33% vs 16%, P = .004) 

Fernandez-Hidalgo N, et al. Clin Infect Dis. 2013;56(9):1261-8 

AHA 2015 ESC 2015 

Penicillin-resistant, vancomycin and gentamicin-susceptible strain 

Beta-lactam-
resistant due to 
beta-lactamase 

• Ampicillin-sulbactam 3 g IV every 6 h for 6 weeks  
with 
• Gentamicin 3mg/kg/day IV or  IM in 3 doses for 6 

weeks (IIaB) 

• Ampicillin-sulbactam   or 
• Amoxicillin-clavulanate 
with 
• Gentamicin 3mg/kg/day IV or  IM in 1 dose for 6 

weeks (IC)  

Beta-lactam-
resistant due to 
intrinsic resistant  

• Vancomycin 30 mg/kg /day IV in 2 doses for 6 weeks 
(IIbC) 

with 
• Gentamicin 3mg/kg/day IV or  IM in 3 doses for 6 

weeks 

• Vancomycin 30 mg/kg /day IV in 2 doses for 6 weeks 
(IC) 

with 
• Gentamicin 3mg/kg/day IV or  IM in 1 dose for 6 

weeks  (IC)  

Penicillin, vancomycin and gentamicin-resistant strain 

• Daptomycin 10-12 mg/kg/day IV in 1 dose  > 6 weeks 
(IIbC)  
 

• Daptomycin 10mg/kg/day IV 
(IIaC)  

with 
• Ampicillin 200mg/kg/day IV  in 4–  

(IIaC)  
 • Linezolid 600 mg IV or PO in 2 doses fo > 6 weeks (IIbC) • Linezolid 600 mg  IV or PO 

(IIaC)  

Therapy of NVE Caused by Enterococci  

1) Vancomycin trough level 10-15 mg/L (ESC); 10-20 mg/L (AHA) 
2) ESC: gentamicin trough level <1 mg/L and peak level = 10-12 mg/L (single daily dose)     
    AHA: gentamicin trough level <1 mg/L and peak level =3-4 mg/L (multiple daily doses) 
3) AHA: streptomicin trough level <10 mg/L and peak level 20-35 mg/L  

Duration of antimicrobial therapy  
• Duration of ATB (AHA&ESC 2015)1,2 

• Blood cultures were initially positive 
• Count on the first day of blood cultures are negative 

• If operative tissue cultures are positive 
• An entire antimicrobial course is after valve surgery  

• If operative tissue cultures are negative 
• The remaining duration of antibiotics be given (including administration before surgery) 

• ESC 2015: postoperative antibiotic regimen should be that 
recommended for NVE, not for PVE (ESC 2015)2  

 

• Further research is needed to determine the switch to oral treatment and 
shorter course of antimicrobial therapy 3 
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Surgery in NVE  
 

• Surgery is undertaken in 40% of patients with infective endocarditis 
(ICE-PCS) 1 

• 24% of patients with left-sided IE and a a guideline indication for 
intervention still do not undergo surgery (ICE-PCS) 2 

• Operations for active IE present high risk, with an overall in-hospital 
mortality of 20% 3 

 

1. Murdoch DR, et al. Arch Intern Med. 2009;169(5):463-73 
2. Chu VH, et al. Circulation. 2015;131(2):131-40 
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Figure: Cahill TJ, Baddour LM, Habib G, et al. JACC. 2017;69(3):325-44 

Early surgery = during initial hospitalization and 
before completion of a full course of antibiotics 
 
 

Emergency surgery= performed within 24 h 
Urgent surgery = within a few days 
Elective surgery = after at least 1 to 2 weeks of ATB 

Indications for surgery: Heart failure 

Figure: Cahill TJ, Baddour LM, Habib G, et al. JACC. 2017;69(3):325-44 

Indications for surgery: Uncontrolled infection 

1. Vilacosta I, et al. J Am Coll Cardiol. 2002;39(9):1489-95. 
2. Kang DH, et al. N Engl J Med 2012;366:2466–73 

Indications for surgery: Prevention of embolism 

• The risk of embolism is highest during the first 2 weeks at diagnosis and decreases after the 
initiation of antibiotic therapy 1 

• vegetation size (>10 mm), mitral valve, vegetation mobility, and S. aureus IE  

• Early surgery reduced the composite endpoint of in-hospital death and embolic events 
within 6 weeks from 23% to 3% 2 
 

Stroke & IE  
 

• In patients with major ischemic stroke or intracranial hemorrhage, it 
is reasonable to delay valve surgery for at least 4 weeks 

• Risk of hemorrhagic transformation and hypotension during surgery 

 

• Initiation of aspirin or other antiplatelet agents as adjunctive 
therapy in IE is not recommended 

• Aspirin did not reduce the risk of embolic events and caused a 
nonsignificant trend toward increased incidence of bleeding 
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Take home message  
 

• IE criteria and new diagnostic tools should be used as a diagnostic 
guide rather than a replacement for clinical judgment 

 

• Early management and a multidisciplinary approach improve the 
clinical outcome 

 

Thank you  


