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Evolution de I’épidémiologie

* Incidence annuelle stable depuis 30 ans (30 cas par million d’habitants)

* Evolution du profil épidémiologique des patients atteints d’El :

— 1 age moyen (58 ans en 1991, 62 ans en 2008)
— A des El sans pathologies valvulaires connues

— A des El sur valves prothétiques et des infections sur matériel
(pacemaker, défibrillateurs)

— A des patients avec lourdes comorbidités (diabéete, hémodialyse...)
— A des El liées aux soins

Duval X et al, ] Am Coll Card 2012
Parize P, Mainardi JL, Rev Med Interne 2011
Hoen B, Duval X, LA revue du Praticien 2012



Cohorte EURO-ENDO

Registre Européen
3116 patients, 156 hopitaux
92% des patients pris en charge dans des centres spécialisées (> 20 El/an)

Table | Patient demographics and clinical characteristics

Total (n =3116) Prosthesis+Repair Native (n = 1764) PM/ICD (n=308) P-value
(n=939)
Demography
Age (years)
N 3116 939 1764 308

Mean £ SD 59.25 + 18.03 63.36 + 16.81 55.61 + 18.45 66.77 £ 14.11 <0.0001
Median (IQR) 63.0 (46.0-73.0) 67.0 (54.0-75.0) 58.0 (41.0-70.0) 69.0 (60.0-76.0) <0.0001
Age > 65 years 1443/3116 (46.3%) 538/939 (57.3%) 662/1764 (37.5%) 194/308 (63.0%) <0.0001
Age > 80 years 375/3116 (12.0%) 141/939 (15.0%) 163/1764 (9.2%) 56/308 (18.2%) <0.0001
Females (%) 969/3116 (31.1%) 292/939 (31.1%) 553/1764 (31.3%) 86/308 (27.9%) 0.4901

Table 2 In-hospital mortality

Total (n = 3116) Prosthesis+Repair Mative (n =1764) PM/ICD (n = 308) P-value
(n=939)

Death 532/3116 (17.1%) 187/939 (19.9%) 286/1764 (16.2%) 47/308 (15.3%) 0038

Habib G et al, European Heart Journal 2019



En 2015, recommandations européennes et
americaines

@ 2015 ESC Guidelines for the management
~ x 4;

of infective endocarditis

x x*
The Task Force for the Management of Infective Endocarditis of the
European Society of Cardiology (ESC)

Endorsed by: European Association for Cardio-Thoracic Surgery
(EACTS), the European Association of Nuclear Medicine (EANM)
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: AHA Scientific Statement "-

Infective Endocarditis in Adults: Diagnosis, Antimicrobial
Therapy, and Management of Complications

A Scientific Statement for Healthcare Professionals From the American
Heart Association

Endorsed by the Infectious Diseases Society of America



Diagnostic : criteres de Duke (re)modifiés ?

Major criteria

|.Blood cultues positive for IE
a. Typical microorganisms consistent with |E from 2 separate blood
cultures:
* Viridans streptococci Streptococcus gallolyticus (Streptococcus
bovis), HACEK group, Staphylococcus aureus; or
« Community-acquired enterococci, in the absence of a primary
focus; or
b. Microorganisms consistent with |E from persistently positive blood
cultures:
+ =1 positive blood cultures of blood samples drawn =12 h apart; or
+ All of 3 or a majority of =4 separate cultures of blood (with first
and last samples drawn =| h apart); or
c. Single positive blood culture for Coxiella burnetii or phase | IgG
antibody titre >|:800

Minor criteria

|. Predisposition such as predisposing heart condition, or injection
drug use.

1. Fever defined as temperature >38°C.

3. Vascular phenomena fincluding those detected by imaging only)
major arterial emboli, septic pulmonary infarcts, infectious (mycotic)
aneurysm, intracranial haemorrhage, conjunctival haemorrhages, and
Janeway's lesions.

4. Immunclogical phenomena: glomerulonephritis, Osler’s nodes, Roth's
spots, and rheumatoid factor.

5. Microbiological evidence: positive blood culture but does not meet
a major criterion as noted above or serological evidence of active
infection with organism consistent with IE.

1. Imaging positive for IE
a. Echocardiogram positive for |E:
*Vegetation;
*Abscess, pseudoaneurysm, intracardiac fistula;
*Valvular perforation or aneurysm;
» New partial dehiscence of prosthetic valve.

b. Abnormal activity around the site of prosthetic valve implantation
detected by "F-FDG PET/CT (only if the prosthesis was implanted

>

¢. Definite paravalvular lesions by cardiac CT.

Certaine :
2 majeurs
1 majeur + 3 mineurs
5 mineurs

Possible :
1 majeur +1 mineur
3 mineurs

Ne remplace pas le sens clinique




Algorithme décisionnel

Clinical suspidon of IE

Modified Duke criteria (u)

—_—

Natlve Proethet:c
I - Repeat echo I - Repeat echo (TTE + TOE)microbiology
(TTE + TOE)imicrobiciogy 2 - " F-FDG PETICT or Leucocytes labeled SPECTICT
2 - iImaging for embolic events® 3-Cardac CT
3 - Cardac CT 4 - Imaging for embolic events*

|

Definite IE Possible IE Rejected IE

CT = computed tomography; FDG = flucrodeoxyglucose; IE = infective endocarditis;

PET = positron emission tomography: SPECT = single photon emission computerized tomography;
TOE = transoesophageal echocardiography; T TE = oransthoracic echocardiography.

*May include cerebral MRI, whole body CT. and/or PET/CT.

*SeeTable 14

Figure 3 European Society of Cardiology 2015 algorithm for
diagnosis of infective endocarditis.



Role de I'imagerie en dehors de

e
N

I’échographie cardiaque

Diagnostic de I'atteinte cardiaque = critere majeur

Diagnostic des atteintes extra cardiaques = critere
mineur




Echocardiographie : examen de référence,
mais ?

Figure 1
115 patients
71 44 8
no abscess peroperative abscess ——»  prosthetic
valve
l / \ dehiscence
21 23
6 detected by TEE missed by TEE
prosthetic
valve [
dehiscence l ¢
2/6 9/14
calcification on calcification on
posterior mitral posterior mitral
annulus annulus

Detection of preoperative versus perioperative abscesses.

e 115 patients avec El (valve native n=89;
valve prothétique n=26) opérés et
ayant eu une ETO pré opératoire

* Comparaison avec les constatations per
opératoires

=> Seulement 48% des abceés détectés en
pré opératoire
=> Difficultés

e Abces mitral postérieur

e Calcifications mitrales

Hill et al, American Heart Journal 2007



Apport du TEP TDM : valves prothétiques

91 patients with suspicion of '
PVE

Diagnostic Value of the Modified Duke Criteria at
11 R Admission With (Duke-PET/CT) and Without the
Implementation of the PET/CT Results

Rejected PVE 0
Study Flow Chart
Values are n (% of each final diagnosis).

Abbreviations as in Tables 1 and 2.

72 patients suspicion d’endocardite sur prothese
Diagnostic définitif aprés 3 mois de suivi

Duke avec TEP : sensibilité 70% => 97%

- Final Diagnosi
Urgent surgery, 8 pat!gnls . na s
I g el e Definite PVE Possible PVE Rejected PVE
Glycemia = 1.8 G/L, 1 patient
Poor PET/CT images quality, 1 patient Duke
Definite PVE 21 (70) 0(m 0 (0)
Possible PVE 8(2T) 22 (100) 10 (50)
| 72 patients included Rejected PVE 1(3) 0(0) 10 (50)
Duke-PET/CT
1 ] Definite PVE 29 (97) 10 (45) 2 (10
0 definte PVE | | 22 possible PVE 20 rejected PVE Passible PVE 1(3) 12 (55) 10 (50)
0 8 (40)

Saby et al. ] Am Coll Card 2012



Apport du TEP TDM : valves prothétiques

Patients with suspected IE
n=101

Excluded patients
n=9

L + severe hemodynamic instability (n = 5)
= urgent surgery (n = 4)

PET/CT B REJECTED
n=92
B POSSIBLE
Definite Possible Rejected ® DEFINITIVE
n=52 n=>5 n=35
PET/NECT
n=16
L ¢ renal impairment (n = 11)
* psychomotor agitation (n = 2)
* previous adverse reaction to iodinated contrast media (n=1)
PET/CTA * vascular accesses due to intravenous drug abuse (n=1)
n=76 * 12-year-old patient with HR>120 bpm (n = 1)

Definite Possible Rejected
n=43 n=3 n=30

&
&
&

= Use of this technique led to an increase in the sensitivity of the modified DC from
52% to 90.7% and resulted in a conclusive diagnosis in 95% of cases.
=> Produit de contraste augmente la spécificité

Pizzi et al. Circulation 2015



Apport du TEP TDM

Meta-analysis of 18F-FDG PET/CT in the
diagnosis of infective endocarditis

o

0 0.2

0.4 0.6
Sensitivity

0.8

Sensitivity (95% CI
Camargo 2013 083 (059 -0.9
Chirillo 2014 0.87 (0.69 -0.9
Fagman 2015 067 (0.30 -0.9
Granados 2016 0.77 (059 -0.9
Graziosi 2014 0.67 (0.35 -0.9
Jimenez-Ballve 2016 1.00 (0.86 -1.0
Patel 2016 050 (0.19 -0.8
Pizzi 2015 089 (0.77 -0.9
Ricciardi 2014 064 (0.43 -0.8
Rouzet 2014 0.83 (0.59 -0.9
Saby 2013 0.62 (0.47 -0.7
Salomaki 2017 056 (0.31 -0.7
Zhang-Yin 2016 092 (064 -1.0

Pooled Sensitivity = O.77|(0.72 to 0.81)
Chi -square = 39.93; df = 12 (p = 0.0001)
Inconsistency (lI-square) = 69.9 %

PVE sensitivity = 80.5%

Mahmood et al. J Nucl Cardiol 2017



Apport du TEP TDM

Meta-analysis of 18F-FDG PET/CT in the
diagnosis of infective endocarditis

Specificity (95% ClI
® ' Camargo 2013 073 (0.39 -0.9
Chirillo 2014 067 (0.38 -0.8
Fagman 2015 1.00 (0.16 -1.0
® ® Granados 2016 096 (086 -1.0
Graziosi 2014 087 (060 -0.9
® < Jimenez-Ballve 2016 019 (004 -04
Patel 2016 0.83 (0.36 -1.0
— Pizzi 2015 0.84 (069 -0.9
Ricciardi 2014 1.00 (0.16 -1.0
— Rouzet 2014 0.71 (0.48 -0.8
® Saby 2013 080 (056 -0.9
® Salomaki 2017 060 (0.15-0.9
O Zhang-Yin 2016 0.77 (055 -0.9
¢ Pooled|Specificity = 0.78 [0.72 to 0.83) o
Chi -square = 4422 ar = 12 (p = 0.0000) PVE : specificity = 73.1%
0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 73.0 %

Specificity

Mahmood et al. J Nucl Cardiol 2017



Apport du TEP TDM : valves natives ?

Impact of Systematic Whole-body 18F-Fluorodeoxygh,u:ose Clinical Infectious Diseases
PET/CT on the Management of Patients Suspected of
Infective Endocarditis: The Prospective Multicenter

TEPVENDO Study

140 patients avec suspicion d’El
70 valves natives (VN), 70 valves prothétiques (VP )
Diagnostic définitif aprés 6 mois de suivi

Impact du TEP sur le diagnostic : modification de la classification ESC
* VN5,7%
* VP24,3%
Modification de la prise en charge (ATB ou chir)
e VN31,4%
VP 21,4%
=> Détection et caractérisation des localisations infectieuses extracardiaques

Duval et al. CID 2020



Apport du TEP TDM : valeur pronostique ?

0.8+

0.7- 173 endocardites certaines. VP =
109, VN =64

0.6+

0.5+ | o

i Impact pronostique de la fixation

0-3_ r au TEP retrouvée uniquement

0.2_ dans le groupe VP

0.1

0 50 100 150 200 250 300 350

Delay from Hospitalization to Primary Endpoint, Days

=== Negative or Low ®F-Fluorodeoxyglucose Uptake
=== Moderate-to-Intense'®F-Fluorodeoxyglucose Uptake

Primary Endpoint
* In-hospital death * Recurrence
* Acute cardiac insufficiency * Re-hospitalization
« 1-year death * New embolic event

San et al. JACC 2019



Aortic PV

Mitral PV

TEP TDM et délais de la chirurgie

Recommandations ESC : difficultés d’interprétation dans les 3 mois suivant la chirurgie

Time from surgery

1 month

6 months

e

37 patients

TEP scan a M1, M6
et M12 post
implantation

=> Fixation post
opératoire stable
dans I'année qui suit
la pose de la
prothese

Roque et al. European Heart Journal - Cardiovascular Imaging 2020



TEP TDM et délais de la chirurgie

Diffuse + Homogeneous Diffuse + Heterogeneous Focal / Multifocal | Focal / Heterogeneous
(unifoerm uptake dstribution) (non-uniform uptake distribution) +intense

INFLAMMATION

=> L'aspect de la fixation est associée au diagnostic d’El

Roque et al. European Heart Journal - Cardiovascular Imaging 2020



TEP TDM et délais de la chirurgie : TAVI ?

FDG UPTAKE FDG UPTAKE
IN CONTROL GROUP IN DEFINITE IE-TAVI GROUP

Hemi-circumferential uptake (from 25% to 75%) Focal uptake (<25%)

San et al. JACC 2019



Scintigraphie aux leucocytes marqueés

FDG-PET

Leukocyte scintigraphy

Sensibilité
Spécificité
VPP
VPN

PRS0 W

93%
71%
68%
94%

* 39 patients consécutifs Bichat

* Protheses valvulaires

e Suspicion d’endocardite

14 jours a 24 ans apres la chirurgie

* 15 jours d’antibiothérapie en
moyenne

SPECT-CT

64%
100%
100%
81%

* TEP + scinti aux leucos marqués

_ PET-CT SPECT-CT e Suivi de 3 mois pour diagnostic

définitif

=> 18 diagnostics « redressés »

Rouzet et al. The Journal Of Nuclear Medicine 2014



Scintigraphie aux leucocytes marqueés:
PM/DAI

Calais et al. Circ Cardiovasc Imaging 2019
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Scanner cardiaque multicoupe
sJ .

Scanner volumique avec synchronisation
ECG

Atteintes péri valvulaires +++

Complément de I'ETO en cas de protheses
(cones d’'ombres)

Synchronisation ECG permet de réaliser
un coroscanner



Scanner cardiaque multicoupe

m Diagnostic Performance of CT

Percent 95% CI

For the Detection of Vegetations, Paravalvular Abscesses, and
Pseudoaneurysms (37 Patients, 73 Valves) in Patients With
Possible and Definite IE: Comparison With TEE

Per-patient-based analysis

Sensitivity (28/29) 97 82%-100%
Specificity (7/8) 88 47%-100%
Positive predictive value (28/29) 97 82%-100%
Negative predictive value (7/8) 88 47%-100%
Diagnostic accuracy (35/37) a5 82%-100%

Feuchtner et al. JACC 2009



Scanner cardiaque multicoupe

.
* 68 patients opérés du J/
cceur gauche g
' Z &1 E b
e ETO avec reconstruction ?
3D et scanner cardiaque R o
2y :
0.00 0.25 1-;,;:‘:“-“:“1;75 1.00 0.00 0.25 l-;.;:dﬁd:yﬂs 1.00

Figure 1 ROC curves that illustrates the performance of TEE (A) and cardiac CT (B) for the detection of vegetation.

e Comparaison aux
constatations opératoires HIGHLIGHTS

e TEE performed better than CT for detection of valvular
[E-related lesions.

=> impact sur |a pr‘ise en e TEE and CT were_similar in the detection of paravalyular
cha rge ? IE-related lesions. CT > TEE pour pseudo-anévrismes
e CT may be useful when TEE is equivocal or not feasible in
left-side IE.

Sifaoui et al. Journal of the American Society of Echocardiography 2020



Role de I'imagerie en dehors de

e
N

I’échographie cardiaque

Diagnostic de I'atteinte cardiaque = critere majeur

Diagnostic des atteintes extra cardiaques = critere
mineur




Place de I'IRM cérébrale

Figure 2. Infarcts and microhemorrhages.

Table 3. Effect of Systematic MRI on Infective Endocarditis
Diagnosis*

Diagnosis After MRI Diagnosis Before MRI+
Definite Possible Excluded
(n=77) (n = 50) {n=3)
Definite (n = 91 [1011) 7 14 [24] =
Possible (n = 39 [29]) - 36 [26] 3
Excluded (n = 0) - = 0

MRI = magnetic resonance imaging,

* Evaluated t]'m:uugh the reclassification of Duke modified criteria in 130 patients.
MNumbers in square brackets include microhemorrhages as vascular phenomena in
the Duke modified classification.

T According to Duke modified classification.

* IRM systématique chez 130 patients suspects d’El
e 72% valves natives
* 17 cas « reclassés »(sans les micro-saignements)

e 14 possibles => certaines
* 3 exclus => possibles

Duval et al. Annals of Internal Medecine 2010



TEP TDM : localisations extra cardiaques

Impact of Systematic Whole-body 18F-Fluorodeoxyglucose Clinical Infectious Diseases
PET/CT on the Management of Patients Suspected of
Infective Endocarditis: The Prospective Multicenter

TEPVENDO Study

140 patients avec suspicion d’El
70 valves natives (VN), 70 valves prothétiques (VP )
Diagnostic définitif aprés 6 mois de suivi

Modification de la classification ESC : impact du TEP sur le diagnostic
* VN5,7%
* VP24,3%
Modification de la prise en charge (ATB ou chir)
e VN31,4%
VP 21,4%
=> Détection et caractérisation des localisations infectieuses extracardiaques

Duval et al. CID 2020



TEP TDM : anévrysmes mycotiques

FIGURE 2 Patient #2

FIGURE 4 Patient #4

FIGURE 1 Patient #1

A
" —

»

¥

Mikail et al. JACC : Cardiovascular Imaging 2015



Scanner thoraco-abdomino-pelvien

Clinical Infectious Diseases

MAJOR ARTICLE

Modification du
diagnostic ?

522 patients with IE included

—

67 patients for whom the vascular
criterion may modify the diagnosis
classification

—

—

10 endocarditis with lesion
exclusively on TAP-CT

—

4 patients with asymptomatic
lesion solely on TAP-CT

33 patients with vascular criterion
\ 23 patients with lesion of other

455 patients for whom the vascular
criterion does not affect the
diagnosis whatever the result

34 patients without vascular
criterion

location than TAP

6 endocarditis with symptomatic
lesion”

Lecomte et al. CID 2019



Scanner thoraco-abdomino-pelvien

Modification de la prise en charge ?

Lesion With Asymptomatic Lesion

Lesion on Modification With Modification of
Lesion TAP-CT of Treatment the Treatment
Spondylodiscitis 25 23 5
Abscess® 2564 10 0
Vascular 11 3 2
Pulmonary 39 6 2
Total 3256 42 9

IRA chez 78 patients (17%) dans les 5 jours suivant le scanner

Lecomte et al. CID 2019



En pratique ? Cohorte EURO-ENDO

Place de I'imagerie ?

100 P=0.002
B Total: n= 3116

B PVIE: n= 939
B Native IE: n= 1764

80 § CDRIE: n= 308

p< 0.0001

70
NS

60

ab B

50

40

p< 0.0001

30
Scanner

cardiaque
= 9%

20

10

0

ITE TOE PET/ICT MSCT

Habib G et al, European Heart Journal 2019
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En pratique ? Cohorte Mondor

120%

100% -

80% -

60% -

40% -

20% -

0% -

TOE Multislice CT ~ Cardiac CT MRI 18F FDG
PET/CT

E Native valve

M Prosthetic valve

» PET CT was more frequently used in PVIE (55%) VS in NVE (18%),
» PET CT was positive in 37% with a better sensitivity in PVIE (60%)

ENDOCARDITES
APHP. CHU HENRI MONDOR

/




« Endocarditis Team » : recommandations

* Fortement recommandée dans les recos ESC :

2015 ESC Guidelines for the management @
of infective endocarditis cunopean

LRCIETY OF
CARCAOLOGY®

The present Task Force on the management of IE of the ESC
strongly supports the management of patients with IE in refer-
ence centres by a specialized team (the ‘Endocarditis Team’).
The main characteristics of the Endocarditis Team and the
referring indications are summarized in Tables 8 and 9.

Habib G et al, European Heart Journal 2015



Quels moyens ?

Characteristics of the reference centre

|. Immediate access to diagnostic procedures should be possible,
including TTE, TOE, multislice CT, MRI, and nuclear imaging.

2. Immediate access to [cardiac surgery|should be possible during the
early stage of the disease, particularly in case of complicated |IE (HF
abscess, large vegetation, neurological,and embolic complications).

3} Several specialists fhould be present on site (the ‘Endocarditis Team’),
including at least cardiac surgeons, cardiologists, anaesthesiologists, ID
specialists, microbiologists and, when available, specialists in valve
diseases, CHD, pacemaker extraction, echocardiography and other

cardiac imaging techniques, neurologists, and facilities for
neurosurgery and interventional neuroradiology .

Habib G et al, European Heart Journal 2015



Conclusions

Echocardiographie reste 'examen de référence mais plusieurs techniques
d’imagerie alternatives a I'échocardiographie

TEP scanner
— Intérét diagnostic largement validé sur valves prothétiques

— Sur valves natives intérét potentiel pour la recherche des localisations secondaires, intérét
sur la prise en charge ?

— Profil de la fixation > délais de la chirurgie

Scanner cardiaque
— Complément de I'échocardiographie ou quand ETO impossible
— Moins performant sur les végétations mais intérét sur les lésions péri-valvulaires
— Associé au scanner TAP systématiquement ?

IRM Cérébrale :
— Intérét diagnostic validé pour la recherche de localisations cérébrales asymptomatiques
— Intérét dans la prise en charge thérapeutique a définir

Situations souvent complexes

Imagerie multi modale et équipe multidisciplinaire : « Endocarditis team »



