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Endocardite

• Maladie rare
• Présentation polymorphe
• Ex clinique: mauvaises sensibilité et spécificité diagnostiques
• Traitement spécifique (Abie, Chirurgie cardiaque)

• Maladie curable
• Pronostic dépend du délai thérapeutique
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Endocardite

• Examens diagnostiques de première ligne:
§ Hémocultures répétées
§ Echocardiographie TT, TO

• Suspicion Hémoculture Echocardiographie   
Ressources limitées
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Diagnostic endocardite: 

• Suspicion Fièvre
AEG
Souffle de régurgitation
OAP
Embolie ……
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Diagnostic endocardite: 3 stratégies

• Suspicion Hémoculture
Echocardiographie

Chez tous
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Diagnostic endocardite: 3 stratégies

• Suspicion Hémoculture
Echocardiographie

• Suspicion Hémoculture + Echocardiographie   
Si hémoc pos
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Staphylococcus aureus bacteremia Echocardiography indications
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« In patients with S. aureus bacteraemia, echocardiography is justified in 
view of the frequency of IE in this setting, the virulence of this organism and its 
devastating effects once intracardiac infection is established. »

AEPEI

« Although cost-effectiveness calculations suggest that TEE should be the first 
examination in adults with suspected IE, particularly in the setting of 
staphylococcal bacteremia, ……further work is needed to better define the 
subgroup of patients with bloodstream infection caused by S aureus who
need only TTE to evaluate for IE »

• S. aureus  infective endocarditis: 8-15% of SAB 

El Atrouni WI Clin Infect Dis 2009; 49:e130.
Rhee Y, Infect Control Hosp Epidemiol 2015; 36:1417.
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Echocardiography in SAB patients: Clinical practice 
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• 668 423 hospitalizations with S. aureus bacteremia (US National Inpatient Sample database (2001-2014)

• 86 387 (12.9%) had echocardiogram, from 11% in 2001 to 15% in 2014

• Echocardiography was associated with 31% lower odds of in-hospital mortality

Crude mortality ratesTrends in the rate of echocardiography

Urja Echocardiography 2019 Sep;36(9):1625-1632
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Diagnostic endocardite: 3 stratégies

• Suspicion Hémoculture
Echocardiographie

• Suspicion Hémoculture + Echocardiographie   

• Suspicion Hémoculture + Echocardiographie   +/-
Chez certains pts avec hémoc pos
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Diagnostic endocardite

Suspicion Hémoculture
Echocardiographie

• Suspicion Hémoculture Echocardiographie   

• Suspicion Hémoculture + Echocardiographie   +/-

SCORES

SCORES

Raisonnement clinique
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Individually, most non obvious factors are poorly discriminant

Factor OR Se Sp LR+ LR-

Community-acquired 3.1 52% 73% 2.0 0.65

Haemodialysis 1.5 13% 91% 1.4 0.96

Unknown source of infection 2.1 45% 72% 1.6 0.77

Not catheter-related 3.1 86% 26% 1.2 0.57

Osteomyelitis 1.9 1% 100% 1.9 1.00

Prolonged bacteraemia > 48h 3.9 44% 83% 2.6 0.67

Prolonged bacteraemia > 72h 5.3-17.3 73-80% 57-87% 1.9-5.4 0.3-0.3

Prolonged bacteraemia > 96h 2.1-3.5 70-85% 38-48% 1.3-1.4 0.4-0.64

Bai CMI 2017

S. aureus bacteremia and Infective endocarditis
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Individually, most non obvious factors are poorly discriminant

Factor OR Se Sp LR+ LR-

Community-acquired 3.1 52% 73% 2.0 0.65

Haemodialysis 1.5 13% 91% 1.4 0.96

Unknown source of infection 2.1 45% 72% 1.6 0.77

Not catheter-related 3.1 86% 26% 1.2 0.57

Osteomyelitis 1.9 1% 100% 1.9 1.00

Prolonged bacteraemia > 48h 3.9 44% 83% 2.6 0.67

Prolonged bacteraemia > 72h 5.3-17.3 73-80% 57-87% 1.9-5.4 0.3-0.3

Prolonged bacteraemia > 96h 2.1-3.5 70-85% 38-48% 1.3-1.4 0.4-0.64

SCORES: combinaison de critères Bai  AD , CMI 2017
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Modèles diagnostiques
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Modèles diagnostiques
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Risque de tautologie:   Critères du score = critères du gold standard

Critères du scores = critères de Duke
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Modèles diagnostiques
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Modèles diagnostiques
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Scores et endocardite
Tests sensibles

§ Maladie rare
§ Maladie curable
§ Diagnostic précoce améliore le pronostic
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Scores et endocardite
Tests sensibles

§ Maladie rare
§ Maladie curable
§ Diagnostic précoce améliore le pronostic

• Test sensible
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Scores et endocardite
Tests sensibles

§ Maladie rare
§ Maladie curable
§ Diagnostic précoce améliore le pronostic

• Test sensible Valeurs intrinsèques du test
Sensibilité / Spécificité / Likelihood ratio (rapport de vraisemblance)
un individu malade ayant RV+ fois plus de chance d’avoir un test 
positif qu’un individu sain

Valeurs extrinsèques
VPP, VPN (dépendent de la prévalence de la maladie)



23es JNI, Bordeaux du 15 au 17/06/2022 21

Scores et endocardite
Tests sensibles

§ Maladie rare
§ Maladie curable
§ Diagnostic précoce améliore le pronostic

• Test sensible Valeurs intrinsèques du test
Sensibilité : 100%
Likelihood ratio -:    → 0 

Valeurs extrinsèques
VPN: 100%



23es JNI, Bordeaux du 15 au 17/06/2022 22

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus

Scores et endocardite
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Scores et endocardite
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Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

Nomogramme de Fagan
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Scores et endocardite

24

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique

1

Nomogramme de Fagan
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Scores et endocardite
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Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique

1 Nul

Nomogramme de Fagan

10%
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Scores et endocardite
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Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique

0,5-1 Faible
1 Nul

Nomogramme de Fagan

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus
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Scores et endocardite

27

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique

0,2-0,5 Modéré
0,5-1 Faible
1 Nul

Nomogramme de Fagan

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus
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Scores et endocardite

28

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique

0,1-0,2 Fort
0,2-0,5 Modéré
0,5-1 Faible
1 Nul

Nomogramme de Fagan

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus
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Scores et endocardite

29

Très faible probabilité que le 
patient ait une EI si le test 
est négatif: VPP 1% à 0,1%

Prévalence

• RV+ = Se / (1-Sp) 
• RV- = 1-Se / Sp

RV- Apport diagnostique
<0,1 Très fort
0,1-0,2 Fort
0,2-0,5 Modéré
0,5-1 Faible
1 Nul

Nomogramme de Fagan

Prévalence de la 
maladie dans la 
population: 10% 
d’EI en cas de 
bactériémie à S. 
aureus
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Diagnostic endocardite

• Suspicion Hémoculture +

SCORES
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Diagnostic endocardite

• Suspicion Hémoculture +

SCORES



J Antimicrob Chemother . 2008 Dec;62(6):1434-40

All patients with a suspicion of IE
IE: 402 of 2039 participants (19.7%)
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J Antimicrob Chemother . 2008 Dec;62(6):1434-40

All patients with a suspicion of IE
IE: 402 of 2039 participants (19.7%)



Prospective cohort study, 
484 pts with PCC and
clinical suspicion of IE 
2011 to 2013.

Definite IE in 123 pts (25%)
Possible IE in 107 pts



Prospective cohort study, 
484 pts with PCC
clinical suspicion of IE 
2011 to 2013.

Definite IE in 123 pts (25%)
Possible IE in 107 pts 0,10 0,19LR-
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Diagnostic endocardite

• Suspicion Hémoculture +

SCORES

OUI

NON

NON
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Diagnostic endocardite

Suspicion Hémoculture
Echocardiographie

• Suspicion Hémoculture + Echocardiographie   +/-

SCORES
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Microbiologic aetiologies of bacteremia

4
0

• Most common aetiologies (Laupland, CMI 2013)

§ Escherichia coli: 35/100,000/year
§ Staphylococcus aureus: 25/100,000/year

§ Streptococcus pneumoniae: 10/100,000/year

§ Enterococcus faecium < 10/100,000/year

(Denmark)

IE exceptional
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Bactériémies et endocardite

• Staphylococcus aureus

• Enterococcus
• Streptococcus

41



23es JNI, Bordeaux du 15 au 17/06/2022

Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications
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Community or non-nosocomial health care associated acquisition

POSITIVE PREDICT VIRSTA

N=465 SAB N=678 SAB N=2 008 SAB

EI rate:   8.2% 12% 11%

VPN: ? 98.5% 98.8% 

Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications



Clin infect Dis 2021

AEPEIStaphylococcus aureus bacteremia Echocardiography indications



Staphylococcus aureus bacteremia Echocardiography indications

Clin Infect Dis 2021

AEPEI



PREDICT VIRSTA POSITIVE
IE rate VPN

LR –
AUC
% population with score < cut off

VPN
LR-
AUC
% pop with score < cut off

VPN
LR-
AUC
% pop with score < cut off

JS Peinado-Acevedo (CID 2021) 
n=922

6.7% 95.1% (93.4%–96.9%)
0.7 (0.5–0.9)

99.5 % (98.8%–100%)
0.06 (0.02–0.24)
0.86
49,2%

ND

TW. van der Vaart (CID 2021) n=477 18.2% 94.5% (90.7%–97.0%)
0.250
0.79
55%

99.3% (94.9%–100%)
0.031
0.89
30%

92.5% (87.9%–95.8%)
0.355
0.78
49%

F Kahn POSITIVE (CMI 2020) n=465 8.2%
0.109

100%
0.00
0.89
ND

0.10
0.92
ND

Omar Abu Saleh (CID 2020) n=199 11.6% 100.0 (93.7 to 100.0) ND ND

Caldreon-Parra J (J clin med 2022) 
n=404 pts

12.4 96.4
0.27

97.8
0.16
0.84
46%

95.1
0.37
0.77
60%

Simos PA (JAC 2022) n=106 pts 17% 95.8 (76.8–99.4)
0.2 (0.0–1.5)9

97.1 (82.8–99.6)
0.2 (0.0–1.0)3

94.2 (87.2–97.5)
0.3 (0.1–0.7)

Validation studiesRV- Apport Dc

<0,1 Très fort

0,1-0,2 Fort

0,2-0,5 Modéré

0,5-1 Faible

1 Nul
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Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications
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Staphylococcus aureus bacteremia Echocardiography indications





https://endocardite.org/index.php/calculateurs/score-virsta
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Enterococcal bacteremia

61

Twice as rare
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Enterococcal bacteremia

62

• NOVA, 1515 bacteremia, 65 IE (4%)
• score ≥4, Se 100%, Sp 29%

• score (397 pts, 11% IE) 
• = NOVA + emboli + symptoms >7 days
• score ≥3 (each item = 1 point)
• Se 100%, improved Sp (85%)

variables points

Number of PBC (3/3 or majority if >3) 5

Unknown origin of bacteremia 4

Prior valve disease 2

Heart murmur 1

Bouza CID 2015;60:528 - Berge Infection. 2019;47:45 - Dahl JACC 2019;74:193-201                                 
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Enterococcal bacteremia

63

• NOVA, 1515 bacteremia, 65 IE (4%)
• score ≥4, Se 100%, Sp 29%

• DENOVA score (397 pts, 11% IE) 
• = NOVA + emboli + symptoms >7 days
• score ≥3 (each item = 1 point)
• Se 100%, improved Sp (85%)

variables points

Number of PBC (3/3 or majority if >3) 5

Unknown origin of bacteremia 4

Prior valve disease 2

Heart murmur 1

Bouza CID 2015;60:528 - Berge Infection. 2019;47:45 - Dahl JACC 2019;74:193-201                                 
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Enterococcal bacteremia

64

• NOVA, 1515 bacteremia, 65 IE (4%)
• score ≥4, Se 100%, Sp 29%

• DENOVA score (397 pts, 11% IE) 
• = NOVA + emboli + symptoms >7 days
• score ≥3 (each item = 1 point)
• Se 100%, improved Sp (85%)

Prospective Study with Systematic TTE 
• ± TEE (74%) in 344 patients with E faecalis 

bacteremia
• prevalence of IE = 26%variables points

Number of PBC (3/3 or majority if >3) 5

Unknown origin of bacteremia 4

Prior valve disease 2

Heart murmur 1

Bouza CID 2015;60:528 - Berge Infection. 2019;47:45 - Dahl JACC 2019;74:193-201                                 

variables OR

Prosthetic heart valve 3.93

Number of PBC >3 3.69

Community acquired infection 3.35

Immunosuppression 2.82

Monomicrobial infection 2.73

Unknown origin of infection 2.36
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Streptococcal bacteremia

65Sunnerhagen CID 2018;66:693-698  - Sunnerhagen Infect Dis (Lond). 2020 Jan;52(1):54-57
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Streptococcal bacteremia
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variables points

Heart murmur or valvular disease 1

Aetiology

S bovis, mutans, sanguinis 1

S anginosus -1

Number of PBC (>1) 1

Duration of symptoms > 7 days 1

Only 1 species in BC 1

Community acquired infection 1

Sunnerhagen CID 2018;66:693-698  - Sunnerhagen Infect Dis (Lond). 2020 Jan;52(1):54-57

• HANDOC, 339 bacteremia, 26 IE (7.6%)
• score ≥ 3, Se 100%, Sp 76%
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Streptococcal bacteremia
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variables points

Heart murmur or valvular disease 1

Aetiology

S bovis, mutans, sanguinis 1

S anginosus -1

Number of PBC (>1) 1

Duration of symptoms > 7 days 1

Only 1 species in BC 1

Community acquired infection 1

Sunnerhagen CID 2018;66:693-698  - Sunnerhagen Infect Dis (Lond). 2020 Jan;52(1):54-57

• HANDOC, 339 bacteremia, 26 IE (7.6%)
• score ≥ 3, Se 100%, Sp 76% External validation

68 bacteremia, 16 IE (24%)
score ≥ 3, Se 100%, Sp 62%
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Conclusions
• Quand faut-il évoquer une endocardite ?
Ressources limitées
De plus en plus de scores diagnostiques
Nécessité sensibilité très haute, LR - < 0,2
Pas à ce jour d’étude randomisée de validation
Score < limite: ne veut pas dire « ne pas réévaluer » d’ici J14
Aucun score ne remplace l’analyse fine du clinicien
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Conclusions
• Quand faut-il évoquer une endocardite ?
• Ressources limitées
• De plus en plus de scores diagnostiques
• Nécessité sensibilité très haute, LR - < 0,2
• Pas à ce jour d’étude randomisée de validation
• Score < limite: ne veut pas dire « ne pas réévaluer » d’ici J14
• Aucun score ne remplace l’analyse fine du clinicien
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When does risk of TEE outweighs risk of neglecting IE ? 

• When considering mortality as the outcome, the utility of 
performing TEE outweighs that of not treating IE except
in populations with a probability of IE < 1.1% (testing
threshold)

• This is true even if:
§ benefit of treating IE is as low as 7% (testing threshold = 2%)
§ excess mortality due to TEE is as high of 0.1%

Heriot G, Clin Microbiol Infect 2018
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Clinicians use VIRSTA score without knowing

• 50 scénarios
• 656 clinicians

(ID: 78%)
• Europeans more 

agressive

Results
During the survey period, 656 respondents from 24 countries provided echocardiography
recommendations for at least 1 survey scenario, giving a total of 4837 echocardiography
recommendations (median [interquartile range], 96 [85-106] responses per scenario). Most
respondents were infectious diseases physicians, and more than half reported an annual caseload of
more than 20 cases of SAB (Table 1). Response rates were estimable for the mailing lists of the
Australasian Society of Infectious Diseases (255 complete and partial responses from roughly 700
clinician members [approximately 35%]) and the Emerging Infections Network (204 complete and
partial responses from roughly 1300 physicians with an adult infectious diseases practice
[approximately 15%]).

There was little consensus among respondents as to the preferred echocardiography strategy
in any of the 50 scenarios. Poor interrater agreement was evident across the 6 response categories,
with a modified Fleiss κ statistic of only 0.06 (bootstrapped 95% CI, 0.05-0.07). In only 1 scenario
was a single echocardiography strategy chosen by at least 50% of respondents: a patient aged 91
years with brief nosocomial SAB without sepsis or any clinical focus of infection, for whom 45 of 90
respondents (50%) preferred the strategy of TTE as the only study. Every 1 of the 6 strategies was
selected by at least 1 respondent in 44 of the 50 scenarios (the strategy of no echocardiography was
the only omission in 4 of the remaining scenarios).

Although disagreement persisted, trends in echocardiography recommendations were evident
when scenarios were grouped by VIRSTA score. Highly exclusionary echocardiography strategies
were increasingly favored as the number of risk factors for endocarditis increased (multivariate odds
ratio per point of the VIRSTA score, 1.4; 95% CI, 1.4-1.5; P < .001). (Figure; eFigure 2 in the
Supplement). Scenarios describing patients with a VIRSTA score of 5 or greater (roughly
corresponding to a risk of endocarditis >10%) attracted a recommendation in favor of 1 of these
highly exclusionary strategies in 1418 of 1736 responses (82%; 95% CI, 80%-83%). In contrast,
recommendations were roughly evenly divided for lower-risk scenarios. For scenarios with a VIRSTA
score of 5 or less, 1611 of 3101 recommendations (52%; 95% CI, 50%-54%) were in favor of a highly
exclusionary strategy (P < .001 for the comparison). Interrater agreement at the level of the
individual scenario was lower for these lower-risk scenarios (modified Fleiss κ, 0.04; 95% CI, 0.03-
0.05) compared with the higher-risk scenarios (modified Fleiss κ, 0.08; 95% CI, 0.07-0.10).

The results of the multivariable analysis for the binary outcome of the recommendation of a
highly exclusionary strategy are presented in Table 2. In addition to the association with VIRSTA
score, this analysis also identified the presence of an extracardiac focus requiring prolonged
treatment as having an independent association with recommendation against a highly exclusionary

Table 1. Characteristics of the 656
Respondents Providing at Least 1
Echocardiography Recommendation

Characteristic No. (%)
Region of practice

Australia and New Zealand 255 (39)

United States and Canada 204 (31)

Continental Europe 98 (15)

United Kingdom and Ireland 53 (8)

Southeast and East Asia 24 (4)

Othera 22 (3)

Primary clinical specialty

Infectious diseases 510 (78)

Clinical microbiology 65 (10)

Cardiology 43 (7)

Otherb 38 (6)

Postfellowship clinical experience, y

Yet to complete postgraduate
training

84 (13)

0-10 265 (41)

11-20 146 (22)

>20 159 (24)

Not stated 2 (0)

Annual Staphylococcus aureus
bacteremia caseload, No. of cases

0-10 95 (15)

11-20 199 (30)

21-50 242 (37)

>50 119 (18)

Not stated 1 (0)

a Israel had 15 respondents; Turkey, 4; Tanzania, 1;
Colombia, 1; and Belarus, 1.

b Other internal medicine specialties had 22
respondents; critical care specialties, 6;
pediatrics, 5; emergency medicine, 3; general
surgery, 1; and clinical pharmacology, 1.

Figure. Recommendations in Favor of a Highly Exclusionary Echocardiography Strategy
by Scenario VIRSTA Score
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331Recommendations

Highly exclusionary strategies
(TEE, TTE+TEE, and TEE|TTE–)

Other strategies
(NE, TTE, and TEE|TTE+)

Proportions are accompanied by Wilson score 95%
confidence intervals (error bars). NE indicates no
echocardiography; TEE, transesophageal
echocardiography alone; TTE, transthoracic
echocardiography alone; TTE+TEE, both TTE and TEE;
TEE|TTE−, TTE first, followed by TEE only if the TTE
result is negative for endocarditis; and TEE|TTE+, TTE
first, followed by TEE only if the TTE result is positive
for endocarditis.

JAMA Network Open | Infectious Diseases Survey of Echocardiography Recommendations for Staphylococcus aureus Bacteremia

JAMA Network Open. 2020;3(4):e202401. doi:10.1001/jamanetworkopen.2020.2401 (Reprinted) April 9, 2020 4/9

Downloaded From: https://jamanetwork.com/ by a BIU MONTPELLIER User  on 07/02/2021
Heriot G, Jama Open Network 2020
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• We also considered the usefulness of the negative likelihood ratio (NLR) to predict this risk, as 
previously reported [32]. 

• In accordance with the aforementioned studies, we predefined the following cutoff points: 
§ 1—If the risk of IE was less than 1% and the NLR was less than 0.05, IE would be considered ruled out without the need 

for any echocardiographic assessment; 
§ 2—If the risk of IE was between 1–2% and the NLR was less than 0.10, IE would be considered ruled out with the use of 

TTE without TEE. 
§ 3—If the risk of IE was between 2–5% and the NLR was less than 0.20, it would be considered uncertain if IE may 

possibly be ruled out with a negative TTE without performing TEE. 
§ 4—If the risk of IE was greater than 5% or the NLR was greater than 0.20, TEE would be considered necessary to rule 

out IE. 

• Additionally, we considered that if the prevalence of endocarditis in low-risk patients with negative 
TTE was higher than 1.0%, these patients would benefit from TEE, in accordance with other 
authors [8].

77Caldreon-Parra J (J clin med 2022) n=404 pts
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Echocardiography performed at most in 2/3 of pts with
Staphylococcus aureus bacteremia

78
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Caldreon-Parra J (J clin med 2022) n=404 pts

404 SAB patients
IE: 12.4%
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106 SAB patients, 17% IE

Simos PA J Antimicrobial Chemother 2022
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