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• 4 to 6 weeks in-hospital  

• iv antibiotics (iv lines) 

• Work-up for endocarditis  

• Work-up for primary focus 

• Heart valve surgery ~50% of cases 

• Daily ward rounds 

• Careful monitoring - “Institutionalised” 24/7/4-6  

 



Why try to reduce in-hospital treatment? 

• The long admissions are associated 

with increased risk of complications 

• Reductions in the length of hospital stay 

have been associated with improved 

outcome in other patient groups 

• Reduce costs in the health care system 



Length of stay and number of admissions in Denmark  

From 2007 to 2013 we had a 3,000 hospital bed reduction (20%). 

 

In 2017/18 the average length of stay is less than 3 days.   



Jyllands Posten.-

P. 3-6-13 

”Oh no – I had just succeeded 

in closing the door.” 



Options for modifying these regimens 

• Reduce duration of iv antibiotic treatment  

• Use Outpatient Parenteral Antibiotic 

(Antimicrobial) Therapy (OPAT) regimens 

• - or – to maintain recommended duration, but in 

stable patients swap from an initial iv regimen to 

an oral regimen – in the out-patient clinic 



When to switch from iv in-hospital (IPAT) 

to out of hospital – OPAT? 

Depends on timing of major adverse 

outcomes or complications in infectious 

endocarditis 

• Death 

• Heart failure 

• Emboli 
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Impact of Valve Surgery on 6-Month Mortality in Adults With Complicated, 

Left-Sided Native Valve Endocarditis:  A Propensity Analysis on whether 

valve surgery is associated with reduced mortality. 

CHF indicates congestive heart failure. 

Figure Legend:  

Vikram et al. JAMA 2003 



Timing of fever in 123 patients with infective endocarditis in a Kaplan-

Meier plot that shows cumulative frequency of defervescence.  

Mary-Margaret Andrews, and C. Fordham von Reyn Clin 

Infect Dis. 2001;33:203-209 

© 2001 by the Infectious Diseases Society of America 



Timing of heart failure (HF) in patients who have infective endocarditis 

and aortic insufficiency (AI) or mitral insufficiency (AI).  

Mary-Margaret Andrews, and C. Fordham von Reyn Clin 

Infect Dis. 2001;33:203-209 

© 2001 by the Infectious Diseases Society of America 



Timing and incidence of embolic events in patients with infective 

endocarditis. pt-days, Patient-days.  

Mary-Margaret Andrews, and C. Fordham von Reyn Clin 

Infect Dis. 2001;33:203-209 

© 2001 by the Infectious Diseases Society of America 



Proposed guidelines for the use of inpatient antibiotic therapy (IPAT) 

and outpatient parenteral antibiotic therapy (OPAT) for infective 

endocarditis (IE) 

Mary-Margaret Andrews, and C. Fordham von Reyn Clin 

Infect Dis. 2001;33:203-209 



2015 ESC Guidelines for the management of infective endocarditis 
(Habib et al. Eur Heart J 2015) 

Criteria that determine suitability of outpatient parenteral antibiotic therapy for infective endocarditis  

(Adapted from Andrews and von Reyn. CID 2001) 



OPAT saved 15,000 euros per patient 



Does a microbial agent exposed to an 

antibiotic die more if the antibiotic come into 

the body through  

• a line in the vein compared to  

• entering through the mouth? 



Ciprofloxacin iv initially. N = 10, all cured  

N=33, Staph aur, cardiac murmurs,  

16 days iv + 26 days oral; all cured 

Ann Intern med,1980 

Lancet,1989 

Ann Intern Med 1980 

Lancet 1989 

IV  mainly nafcillin  

 

Po mainly dicloxacillin or oxacillin 



Am J Med, 1996 

RSSE:  

Right-sided Staphylococcal endocarditis 

 

 

Randomized to: 

Po – ciprofloxacin and rifampicin,  

IV oxacillin or vancomycin, 

Both combined with gentamicin for 5 days. 

 

4 weeks treatment. 

Am J Med 1996 



Oral antibiotics for infectious endocarditis; 

Experience in our institution 

Iversen et al. Eur Heart J 2013. 
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Local protocols: 

≥7 days iv 

General conditionresolution of fever 

Reduction CRP 

Negative blood cultures 

Normalization of leucocytosis 

Normalization of serum creatinine 

Disappearance or reduction of imaging 

abnormalities 

 

If all fulfilled ->definitive oral antibiotics 

Experience of switch to antibiotics in a patient cohort from 2000-13. 
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The oral regimens 
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Local protocols: 

≥7 days iv 

General conditionresolution of fever 

Reduction CRP 

Negative blood cultures 

Normalization of leucocytosis 

Normalization of serum creatinine 

Disappearance or reduction of imaging 

abnormalities 

 

If all fulfilled ->definitive oral antibiotics 

Experience of switch to antibiotics in a patient cohort from 2000-13. 

Fewer comorbidities and 

criteria of severity 

Fewer with S. aureus 

2 relapses 

4 reinfections 

9 relapses 

8 reinfection 

Commented in details in CMI 2017.  

Davido et al. 
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Primary objective 

To determine the safety and efficacy of partial oral 

antibiotic treatment of IE compared with traditional 

full-length parenteral antibiotic treatment 

 

 



• Un-blinded 

• Prospective 

• Randomised 

• Multicenter, nationwide 



• Left-sided endocarditis based on the Duke 

criteria  

• Infected with one of the following 

microorganisms (> ¾ of all left sided IE): 

– Streptococcus spp 

– Enterococcus faecalis 

– Staphylococcus aureus 

– Coagulase-negative staphylococci 



• ≥ 10 days of appropriate parenteral antibiotic treatment 

overall, and at least 1 week of appropriate parenteral 

treatment after valve surgery 

• T < 38.0 ◦C > 2 days 

• C-reactive protein dropped to less than 25% of peak 

value or  < 40 mg/L, and white blood cell count < 15 x 

109/L during antibiotic treatment 

• No sign of abscess formation revealed by trans- 

oesophageal echocardiography < 48 h before inclusion 

• At least 10 days of antibiotic treatment had to remain at 

randomization 

 



• Body mass > 40 

• Concomitant infection requiring iv antibiotics 

• Suspected reduced GI absorption 

• Inability to give informed consent 

• Reduced compliance 



• Combined endpoint within 6 months 

after antibiotic treatment was terminated 

– All-cause mortality 

– Unplanned cardiac surgery 

– Embolic events 

– Relapse of positive blood cultures with the 

primary pathogen 



 

• Quality of life after completion of 

antibiotic treatment 

• Costs associated with management of 

endocarditis  

• Shift of antibiotics during treatment 

• Duration of antibiotic treatment 

• Complications associated with 

intravenous catheters  

 



Patients randomised to iv treatment: 

– Treated according to guidelines from Danish Cardiac 

Society (DSC) 

Patients randomised to oral treatment: 

– Treated according to new study guidelines 



Fig. 1  
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• Minimal Inhibitory Concentration (MIC) 

determinations for relevant antibiotics (E-test) 

• Pharmacokinetic profile in all patients  

– Day 1 (oral and i.v.) 

– Day 5 (oral – i.e. at steady state after shift from 

initial i.v. to oral) 



• No heart failure 

• No significant arrhythmia or conduction defects 

• No changes in cerebral status during admission 

• No clinically identified embolic events during 

admission 

• No other significant disabilities 



• Reports morning temp >38 °C and other 

new symptoms to the ward 

• Seen 2 (3) times a week 

– Clinically (+ ECG, BP, temp, SAT) (“ward 

round”) 

– Blood testings 3 times per week (CRP, WBC, 

haemoglobin, renal and hepatic parameters) 

 

 



• 1 week (5-9 days)  

• 1 month (25-35 days)                

 Incl. transthoracic echocardiography  

• 3 months (80-100 days)  

• 6 months (170-190 days)       

 Incl. transthoracic echocardiography  



• Estimated event rate 5-10% 
– All cause mortality 2-5%  

– Unplanned surgery 1-3% 

– Risk of embolic events 1-2% 

– Risk of relapse 1-3% 

• Non inferiority margin 10% 

• Power 90% 

• One sided confidence interval 97.5% 

• N=400 (1:1 inclusion) 



 

http://www.ecrf.dk/poet




PROGENY 

 

POET 



Study organization 

• Steering committee:     

 One representative per center 

• Experts on antibiotics:    

  One representative per region 

• Safety monitoring board:  

– One cardiologist 

– One trialist 

– One specialist in infectious diseases 



Oral antibiotics development - general 

• Most pharmacokinetic data from “Antibiotics in 
Laboratory Medicine”. Ed Victor Lorian 5th. 2005. 
Otherwise relevant literature involved. 

• Serum concentrations curves drawn 

–Lowest serum-concentration measured applied 

–Shortest T1/2 applied  

• In certain cases a theoretical serum concentration 
applied, based on a higher dosage. 

• Single dosage kinetics. 



• Treatment combinations (always 2 antibiotics) – purposes   
– Variations in pharmacokinetics (pharmacogenetic) 

– Reduce development of resistance 

– Potential additive/synergistic effects 

– Biofilm physiology 

• Pharmacokinetic profile by HPLC on all patients (single and 
multiple dose kinetics) – reviewed by experts in clinical 
microbiology. 



Pharmacokinetic variations are substantial. 
(Roberts et al. CID 2014) 

Høiby N, et al. AAC 2000. 

Antibiotic concentrationen relative to MIC in 361 critically ill patients after 50% and  

100% of the dosing interval of eight different b-lactam antibiotics. 



1 g oral. Serum-conc after 2 h (single dose). T1/2 1 h.  

MIC set at 4 mg/L for enterococci. 

MIC set at 0.125 mg/L for other bacteria. 

Administered x 4  
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Amoxicillin 
Concentration curve 



Moxifloxacin 

0.4g po. Serum-conc after 1,4h (multiple doses). T1/2 8h. 

MIC 0.5 mg/L. 

Administered once/24h. 



Linezolid 

0.6g po. Serum-conc after 1-2h (multiple doses). T1/2 5h. 

MIC 4 mg/L. 

Administered as 0.6 g/12h. 



Rifampicin 

0.6g po. Serum-conc after 3h (multiple doses). T1/2 3h. 

MIC 0,064 mg/L. 

Administered as 0.6g/12h. 



Fucidic acid 

0.5g po. Serum-conc after 2.1h (single dose). T1/2 16h. 

At multiple doses the serum-conc is stable above 100mg/L. 

MIC 2 mg/L. 

Administered as 0.5g/8h. 



Dicloxacillin 

0.25g po. Serum-conc after 2h (single dose). T1/2 0.7h. 

Theoretical 1g dose inserted in the figure. 

MIC 1.5 mg/L. 

Administered as 1g/6h. 



Clindamycin 

0.15g po. Serum-conc after 2h (single dose). T1/2 2.4h. 

Theoretical 0.6g dose inserted in the figure. 

MIC 0.25 mg/L. 

Administered as 0.6g/8h. 



Regimens Staphylococcus aureus and CoNS. 
Penicillin sensitive 

1) Amoxicillin 1 g x 4 and fucidic acid 0.75 g x 2/rifampicin 0.6 g x 2 

2) Linezolid 0.6 g x 2 and fucidic acid 0.75 g x 2/rifampicin 0.6 g x 2 

Methicillin sensitive (Penicillin resistant) 

Methicillin resistant 

1) Linezolid 0.6 g x 2 and fucidic acid 0.75g x 2/rifampicin 0.6 g x 2 

2) Alternative regiments depending on patterns of resistance 

1) Dicloxacillin 1 g x 4 and fucidic ac. 0.75 g x 2/rifampicin 0.6 g x 2 

2) Linezolid 0.6 g x 2 and fucidic ac. 0.75 g x 2/rifampicin 0.6 g x 2 



Regimen 
Enterococcus faecalis 

1) Amoxicillin 1 g x 4 and (rifampicin 0.6 g x 2)/moxifloxacin 0.4 g x 1 

2) Linezolid 0.6 g x 2 and (rifampicin 0.6 g x 2)/moxifloxacin 0.4 g x 1 



Regimens  
Non-hemolytic streptococci, hemolytic streptococci and 

Streptococcus pneumoniae  
 

Amoxicillin sensitive 

1) Amoxicillin 1 g x 4 and rifampicin 0.6 g x 2/moxifloxacin 0.4 g x 1 

2) Linezolid 0.6 g x 2 and rifampicin 0.6 g x 2/moxifloxacin 0.4 g x 1 

Amoxicillin resistant 

1) Linezolid 0.6 g x 2 and rifampicin 0.6 g x 2  

2) Moxifloxacin 0.4 g x 1 and rifampicin 0,6 g x 2/clindamycin 0.6 g x 3 
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General concept of inclusion 

• The patient is clinically stable 

• The infection is well-controlled 

• The valve lesion(s) are stable 

• Only certain bacterias 

 

 

 





Reasons for in-hospital treatment in 

infectious endocarditis 1 

• To treat optimally to reduce the high mortality rate – 9-40% 

– Cardiac complications  

• Worsening valve lesions 

• Abscess formation 

• Heart failure 

• Conduction defects (AV-block) and arrhythmia 

• Pericarditis – myocarditis  

– Assessing need for - and timing of surgery 

 



Reasons for in-hospital treatment in 

infectious endocarditis 2 

• To treat other (associated) infections 

• To treat co-morbidities; dialysis, strokes, COPD, DM 

• To reduce and treat complications 

– Treatment failure 

– Emboli – neurological complications 

– Acute renal failure 

– Splenic abscess 

– Drug fever and other treatment related complications 

 


