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Background

• According to guidelines we treat left-sided infectious endocarditis 
with intravenous (IV) antibiotics for up to 6 weeks – in-hospital

• Endocarditis is associated with high in-hospital complication- and 
mortality rates - but mainly in the early phase

• After stabilization the main reason for staying in hospital is to receive 
iv antibiotics

• Hospital stays per se may cause complications 



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 was less than 3 days.  



Jyllands Posten. 3-6-2013
(Danish national newspaper)

”Oh no – I had just succeeded
in closing the door.”

Don’t forget the patient in the corridor.
(almost every third medical ward has overcrowding)



Oral antibiotics for infectious endocarditis; 
Experience in our institution

Iversen et al. Eur Heart J 2013.



Oral penicillin for subacute bacterial endocarditis.
Quinn and Colville. NEJM 1961 (also Quinn et al. JAMA 1956)

Clinical and laboratory observations in 27 consecutive cases 
treated with penicillin V by mouth. Twenty patients on oral penicillin 

1.2 g/4h initially, 2 on day 1, 2 day 2, 2 day 4, 1 day 9. 
Viridans streptococci in 26 cases, 1 microaerophilic streptococci.

Fifteen cases combined with streptomycin for 2-3 weeks, 
another 7 for 4-6 weeks. 

Twenty-one cases classified as clinical and bacteriologic cure.
Three cases classified as probable bacteriologic cure.

Three cases classified as probable bacteriologic failure.



Oral treatment of bacterial endocarditis with penicillins.
(Gray et al. The Lancet 1964)

Succes with oral ampicillin treatment of 2 E. faecalis cases let to consideration of oral therapy of bacterial endocarditis in general.



Review on oral antibiotic therapy of infectious endocarditis
(Al-Omari et al. BMC Infectious Diseases 2014)

In addition, nine
observational
studies.



Objectives of the POET study 
(Partial Oral antibiotic Endocarditis Therapy)

To determine - in stabilised patients with left-sided endocarditis - whether 

• Orally administered antibiotics and
• Intravenously administered antibiotics

have similar efficacy and safety.



Study design of the 
POET study
• Non-inferiority trial (delta =10%)
• Randomised, unblinded 
• Nationwide including all Danish 

heart centres (population of 5.6 
mill)  

• Cardiologists, microbiologists, 
infectious disease specialists, 
cardiothoracic surgeons



Choice of antibiotics

Intravenous antibiotics: Given according to ESC guidelines

Oral antibiotics regimens: Developed as part of the study:

• Antibiotics with
• Moderate to high bioavailability

• In all cases two antibiotics
• Different drug classes, antimicrobial mechanisms and metabolization 

• State-of-the-art antibiotic susceptibility testings (EUCAST recommendations).
• Adjustments according to plasma-antibiotic concentrations (pharmacokinetics T 

½, 1, 2, 4, 6 h) by means of HPLC. First and multiple (day 5) PKs.  



Inclusion criteria
• Left-sided endocarditis based on the modified Duke criteria caused by

• Streptococcus spp or
• Enterococcus faecalis or 
• Staphylococcus aureus or
• Coagulase-negative staphylococci

• ≥10 days of appropriate intravenous antibiotic treatment, and ≥1 week 
after valve surgery

• T <38.0 °C >2 days
• C-reactive protein reduction to ≤25% of peak value or <20 mg/L 
• White blood cell count <15 x 109/L
• By transesophageal echocardiography ≤48 h prior to randomization: No 

sign of abscess formation or valve abnormalities requiring surgery



Exclusion criteria

• Suspicion of reduced absorption of oral treatment due to abdominal 
disorder

• Body mass index >40 kg/m2

• Concomitant infection requiring intravenous antibiotic therapy
• Inability to give informed consent to participation
• Reduced compliance



The POET trial design

R

Oral antibiotic treatment

Intravenous antibiotic treatment

Optional: outpatient treatment 

In-hospital treatment

Infectious 
Endocarditis  

diagnosis

≥10 days IV Tx - and/ or
≥7 days IV Tx after surgery

6 months 

Treatment period Follow–up

Investigator initiated, nationwide, randomised, unblinded clinical trial 

≥ 10 Days remaining antibiotic treatment
Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Primary endpoint

A composite endpoint ≤6 months of
• All cause mortality
• Unplanned cardiac surgery
• Embolic events 
• Relapse of bacteremia with the primary pathogen



Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424





Primary endpoint 
(All cause mortality, unplanned cardiac surgery, embolic events or relapse of bacteremia)

Difference 3.1%, 95% CI: -3.4% - 9.6%, Non-inferiority met

HR 0.72, 95% CI 0.39-1.33

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424

n=24
n=18



Distribution of components of the primary
composite outcome

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Timing of components of composite primary endpoint

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Bacterial distribution in primary composite endpoint

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Primary endpoint – prespecified groups

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Safety and side-effects

• Sub-therapeutic plasma levels for one orally administered 
antibiotic in 7 patients

• Pharmacokinetic results did not necessitate change of antibiotic 
regimens in any cases

• Side-effects; Intravenous 12 (6%), oral 10 (5%)
• Allergy (50%), bone marrow suppression (27%) and gastro-intestinal 

side effects (14%) (ns)

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Intravenous Oral P

Time from IE diagnosis to randomisation* 17 (13-23) 17 (12-24) 0.42

Treatment after randomisation* 19 (14-25) 17 (14-25) 0.48

Length of hospital stays after randomisation*
19 (14-25) 3 (1-10) <0.001

Outpatient treatment

*In days (median) (IQR) 

Iversen et al. N Engl J Med. 2019 Jan 31;380(5):415-424



Long term outcome of the POET study
Bundgaard et al. N Engl J Med. 2019 Apr 4;380(14):1373-1374

P<0.01

Unknown whether switch to partial oral antibiotic therapy of IE would affect the longer-term outcome. 

Assessed same primary composite outcome.

No patients were lost to follow-up.

Post hoc exploratory analysis.

Median follow-up of 3.5 years
(interquartile, 2.3-5.1 years).

n= 76

n= 53



Results – prespecified groups - death



Distribution of the primary composite endpoint of the POET study – long term outcome.
Bundgaard et al. N Engl J Med. 2019 Apr 4;380(14):1373-1374



Causes of death – long term outcome of the POET study
Bundgaard et al. N Engl J Med. 2019 Apr 4;380(14):1373-1374



IV dogmas further challenged



Fig. 1 

Mzabi et al. Clinical Microbiology and Infection 2016 
22, 607-612DOI: (10.1016/j.cmi.2016.04.003) 

Copyright © 2016 European Society of Clinical Microbiology and Infectious Diseases Terms and 
Conditions

Georges-Pompidou European Hospital

Local protocols:
≥7 days iv
General condition
Resolution 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 oral antibiotics in a patient cohort from 2000-12.

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.)

http://www.elsevier.com/termsandconditions


Enrollment, Randomization, and Follow-up.

Li H-K et al. N Engl J Med 2019;380:425-436

• Orthopedic infections are typically treated with intravenous 
antibiotics.
• In this trial, 1054 participants with complex orthopedic infections 
were assigned to receive either oral or intravenous antibiotics for 
the first 6 weeks of treatment.
• At 1 year, oral therapy was noninferior to intravenous therapy.



Conclusions
• Efficacy and safety of shifting to oral antibiotic treatment was non-

inferior to continued intravenous antibiotic treatment in 
• stabilized patients with left-sided endocarditis caused by
• Streptococcus spp, Enterococcus faecalis, Staphylococcus aureus, or 

coagulase-negative staphylococci 
• across co-morbidities, native vs prosthetic valve and surgically vs 

conservatively Tx

• Oral antibiotics may safely be administered during approximately 
• half of the recommended antibiotic treatment period 
• potentially as outpatient treatment 

• More than 50% of patients with endocarditis may be candidates to 
partial oral antibiotic treatment 



2019; 380:415-24 and 2019; 380:1373-74.
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(Tissot-Dupont H, et al. IJAA 2019)

Before-after intervention study to compare control pt’s (2001-2011) to pt’s in the T&C group (2012-2016). 
T&C switched to oral after 7 days. 

Control: IV Oxacillin 12g/day
or vancomycin 30mg/kg/day
for 6 weeks, plus gentamicin
for 5 days.

T&C group: IV Trimethoprim
-sulfamethoxazole 960/4800 
mg/day divided in 6 daily
doses and clindamycin 1800 mg
divided in 3 daily doses. 
Day 7 switched to TMP-SMZ 
160/800 mg 6 tablets a day for
5 weeks.

When blood cultures were
positive >48h or cardiac abscess
seen at TOE: 
IV rifampicin 1800 mg/day and
Gentamicin 180 mg/day for 7 days
was added to the protocol.  


