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MYOCARDITE - MODULE INFECTIEUX

= Myocardite : définition, épidémiologie

= Efiologies des myocardites

= Focus sur les myocardites d'origine infectieuse

= Stratégie diagnostique

= Prise en charge inifiale d’'une myocardite aigue
= Myocardite virale : des traitements spécifiques 2

® Pronostic et suivi



GENERALITES : MYOCARDITE

CLASSIFICATION

DEFINITION 0 EPIDIEMIOLOGIE CLINIQUE

iy

= Atteinte inflammatoire du ® Incidence = 22/100000 patients/an = Myocardite fulminante
muscle Cgrdidque = /2 lors des épidémies virales - M dit . . bai
. . . = 2¢me cquse cardiaque de douleur yocardite aigue/subaigue
= H|5T0|09|q.Ue: Im-mounologlque, thoracique (3%) aux urgences = Myocardite chronique active
Immunohistochimique = 33% des IDM G coronaires non _ _
= Infiltrat inflammatoire obstruées sont des myocardites m I\/\yo-CCerl’re chronique
_ = Séries autopsiques — prévalence : persistante

Nécrose myocytaire non . .
IsChemique = Morts subites + jeunes : 6-10%

Haematoxylin-eosin

=  Tout venant:1-3,5%

* Inflammatory infiltrat
* Myocytes degeneration
* Non ischaemic necrosis

= Prévalence 10% sur biopsie pour
cardiomyopathie dilatée non
Aretz et al, The Dallas Criteria, Human Pathology, 1987

ischémique d
=  Sex-ratio myocardite aigue : 6 poOr |
WHOY/ISFC. Circulation. 1996;93:841-842

Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis. Eur Heart J. 2013 Sep; 34(33):2636-48.)

Charpentier S, et al Management of chest pain in the French emergency healthcare system: the prospective observational EPI- DOULTHO study. Eur J Emerg Med. 2018;25:404-410.
Pasupathy S, et al, Systematic review of patients presenting with suspected myocardial infarction and non- obstructive coronary arteries. Circulation. 2015;131:861-870.

Ammirati E et al, Acute Myocarditis and Chronic Inflammatory Cardiomyopathy: An Expert Consensus Document. Circ Heart Fail. 2020 Nov;13(11):e007405.




ETIOLOGIES

Table | Causes of myocarditis/inflammatory cardiomyopathy

Bacterial

Spirochaetal
Fungal
Protozoal
Parasitic
Rickettsial
Viral

Allergens

Alloantigens

Autoantigens

Drugs

Heavy metals
Miscellaneous
Hormones

Physicalagents

1. Infectious myocarditis

Staphylococcus, Streptococcus, Pneumococcus, Meningococcus, Gonococcus, Salmonella, Corynebacterium diphtheriae, Haemophilus influenzae,
Mpycobacterium (tuberculosis), Mycoplasma pneumoniae, Brucella

Borrelia (Lyme disease), Leptospira (Weil disease)

Aspergillus, Actinomyces, Blastomyces, Candida, Coccidioides, Cryptococcus, Histoplasma, Mucormycoses, Nocardia, Sporothrix
Trypanosoma cruzi, Toxoplasma gondii, Entamoeba, Leishmania

Trichinella spiralis, Echinococcus granulosus, Taenia solium

Coxiella burnetii (Q fever), R rickettsii (Rocky Mountain spotted fever), R. tsutsugamuschi

RNA viruses: Coxsackieviruses A and B, echoviruses, polioviruses, influenza A and B viruses, respiratory syncytial virus, mumps virus,
measles virus, rubella virus, hepatitis C virus, dengue virus, yellow fever virus, Chikungunya virus, Junin virus, Lassa fever virus, rabies
virus, human immunodeficiency virus-1

DNA viruses: adenoviruses, parvovirus B19, cytomegalovirus, human herpes virus-6, Epstein-Barr virus, varicella-zoster virus, herpes
simplex virus, variola virus, vaccinia virus

2. Immune-mediated myocarditis

Tetanus toxoid, vaccines, serum sickness

Drugs: penicillin, cefaclor, colchicine, furosemide, isoniazid, lidocaine, tetracycline, sulfonamides, phenytoin, phenylbutazone,
methyldopa, thiazide diuretics, amitriptyline

Heart transplant rejection

Infection-negative lymphocytic, infection-negative giant cell

Associated with autoimmune or immune-oriented disorders: systemic lupus erythematosus, rheumatoid arthritis, Churg-Strauss
syndrome, Kawasaki's disease, inflammatory bowel disease, scleroderma, polymyositis, myasthenia gravis, insulin-dependent diabetes
mellitus, thyrotoxicosis, sarcoidosis, VWWegener's granulomatosis, rheumatic heart disease (rheumatic fever)

3. Toxic myocarditis

Amphetamines, anthracyclines, cocaine, cyclophosphamide, ethanol, fluorouracil, lithium, catecholamines, hemetine, interleukin-2,
trastuzumab, clozapine

Copper, iron, lead (rare, more commonly cause intramyocyte accumulation)
Scorpion sting, snake, and spider bites, bee and wasp stings, carbon monoxide, inhalants, phosphorus, arsenic, sodium azide
Phaeochromocytoma, vitamins: beri—beri

Radiation, electric shock

Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis. Eur Heart J. 2013 Sep; 34(33):2636-48.)

Dysfonction
VG du sepsis




ETIOLOGIES - INFECTIEUX

Table | Causes of myocarditis/inflammatory cardiomyopathy

1. Infectious myocarditis

Bacterial Staphylococcus, Streptococcus, Pneumococcus, Meningococaus, Gonococcus, Salmonella, Corynebacterium diphtheriae, Haemophilus influenzae,
Mycobacterium (tuberculosis), Mycoplasma pneumoniae, Brucella

Spirochaetal Borrelia (Lyme disease), Leptospira (VWeil disease)

Fungal Aspergillus, Actinomyces, Blastomyces, Candida, Coccidioides, Cryptococcus, Histoplasma, Mucormycoses, Nocardia, Sporothrix

Protozoal Trypanosoma cruzi, Toxoplasma gondii, Entamoeba, Leishmania

Parasitic Trichinella spiralis, Echinococcus granulosus, Taenia solium

Rickettsial Coxiella burnetii (Q fever), R rickettsii (Rocky Mountain spotted fever), R. tsutsugamuschi

Viral RNA viruses: Coxsackieviruses A and B, echoviruses, polioviruses, influenza A and B viruses, respiratory syncytial virus, mumps virus,

measles virus, rubella virus, hepatitis C virus, dengue virus, yellow fever virus, Chikungunya virus, Junin virus, Lassa fever virus, rabies
virus, human immunodeficiency virus-1

DNA viruses: adenoviruses, parvovirus B19, cytomegalovirus, human herpes virus-6, Epstein-Barr virus, varicella-zoster virus, herpes
simplex virus, variola virus, vaccinia virus

Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis. Eur Heart J. 2013 Sep; 34(33):2636-48.)



MYOCARDITE VIRALE

La + frequente
Enterovirus +++

Plusieurs phases evolutives

Myocardite aigle:
Réplication virale
Infiltrat inflammatoire

Dommages myocytaires

Elimination virale Absence d’ - Eliminationvirale
Résolution de élimination Réaction autoimmune
I'inflammation virale et inflammatoire chronique
Persistance d’une induite par les dommages
Inflammationa myocytaires initiaux
bas
bruit
v € - v
Guérison avec Myocardite virale Myocardite
ou sans séquelles persistante autoimmune

Hypothéses physiopathologiques concernant les différentes formes de myocardites

Cardiomyopathie dilatée

G. Hékimian et al, Diagnosis and Management of Myocarditis, Méd. Intensive Réa (2017) 26:196-206



MYOCARDITES INFECTIEUSES NON VIRALES

Bactériennes

=  Mécanisme direct (salmonelloses, gangrene gazeuse, méningococcies, tuberculose, borréliose...)
= Mécanisme indirect : toxiques (fievre typhoide - endotoxine ou la diphtérie - exotoxine).

= (Par contiguité, endocardites avec microabces endomyocardiques
Parasitaires:

= Trypanosoma cruzi

= Toxoplasma gondii

Fongiques . exceptionnelles



DIAGNOSTIC

» Clinigue évocaltrice : = ELIMINER UNE ORIGINE = Caractériser les anomalies
' = Douleur thoracique, | CORONAIRE tissulaires
dyspnée, syncope = |[RM
. = Signes associés = Biopsie endomyocardique
= ECG, troponine + | '
= ET
| ]
———— B

s




DIAGNOSTIC

Table 4 Diagnostic criteria for clinically suspected myocarditis

Clinical presentations®

Acute chest pain, pericarditic, or pseudo-ischaemic

New-onset (days up to 3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Subacute/chronic (>3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Palpitation, and/or unexplained arrhythmia symptoms and/or syncope, and/or aborted sudden cardiac death

Unexplained cardiogenic shock

Diagnostic criteria

|. ECG/Holter/stress test features

Newly abnormal 12 lead ECG and/or Holter and/or stress testing, any of the following: [ to Il degree atrioventricular block, or bundle branch block, ST/T
wave change (ST elevation or non ST elevation, T wave inversion), sinus arrest, ventricular tachycardia or fibrillation and asystole, atrial fibrillation,

reduced R wave height, intraventricular conduction delay (widened QRS complex), abnormal Q waves, low voltage, frequent premature beats,
supraventricular tachycardia

Il. Myocardiocytolysis markers
Elevated Tn1/1nl

[ll. Functional and structural abnormalities on cardiac imaging (echo/angio/CMR

New, otherwise unexplained LVand/or RV structureand function abnormality (includingincidental findingin apparently asymptomatic subjects): regional
wall motion or global systolic or diastolic function abnormality, with or without ventricular dilatation, with or without increased wall thickness, with or
without pericardial effusion, with or without endocavitary thrombi

IV. Tissue characterization by CMR

Oedema and/or LGE of classical myocarditic pattern (see text)

Clinically suspected myocarditis if >1 clinical presentation and >1 diagnostic criteria from different categories, in the absence of(1) angiographically detectable coronary artery
disease (coronarystenosis > 50%); (2) known pre-existing cardiovascular disease or extra-cardiac causes that could explain the syndrome (e.g. valve disease, congenital heart disease,
hyperthyroidism, etc.) (see text). Suspicion is higher with higher number of fulfilled criteria.

?If the patient is asymptomatic >2 diagnostic criteria should be met.

Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis. Eur Heart J. 2013 Sep; 34(33):2636-48.)



DIAGNOSTIC

Clinically suspected
myocarditis

(see Table 4)

Hospital admission
for observation

exclude coronary
artery disease

Figure 3 The flow chart shows the proposed diagnostic ap-
proach for patients with clinically suspected myocarditis according
to Table 4.

Unexplained Acute Cardiomyopathy*

Requiring inotropic or mechanical clrcul*ory support, Mobitz type 2 second degree ) o
or higher heart block, sustained or symptomatic ventricular tachycardia or fallureto | Complicated myocarditis
respond to guideline based medical management within 1-2 weeks?

Yes-Endomyocardial Biopsy No- Cardiac MRI
CORI/LOE B COR II/LOE C

Heymans S, et al. ] Am Coll Cardiol 2016;68:2348-64
Kociol RD, Circ 2020; ;141: e69-92

Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis. Eur Heart J. 2013 Sep; 34(33):2636-48.)



STRATEGIE DIAGNOSTIQUE

%, IRM cardiaque opsie endomyocardique

= CEdeme myocardique, lIésions non = >4 échantillons

2018 Lake Louise Criteria CMR Image Examples " - de ComphCCITIOﬂS Sl Cen.l.re exper.l.

Regional or global increase Regional or global increase
of T2 signal intensit:

of native T2

= Histologie (criteres de Dallas),
immunohistochimie, PCR

Myocardial Edema
(T2-mapping or T2W images)

or

Main
Criteria

e oGy st mese - Permet un diagnostic étiologique plus précis

.°r
® -

gional or global hypokinesi

Non-ischemic Myocardial Injury
(Abnormal T1, ECV, or LGE)

Pericardial effusion

Pericarditis
(Effusion in cine images or
abnormal LGE, T2, or T1)

Supportive

Criteria Systolic LV Dysfunction
(Regional or global wall
motion abnormality)

Ferreira, V.M. et al. J Am Coll Cardiol. 2018;72(24):3158-76.



SUSPECTED
INFLAMMATORY
MYOCARDIAL DISEASE

PERSISTENT STIMULI
ACUTE STIMULI GENETIC PREDISPOSITION

ACUTE MYOCARDITIS CHRONIC INFLAMMATORY
CARDIOMYOPATHY

* Onset of symptoms > 30d
« Often presenting with HF symptoms
« Release of cardiac biomarkers: +/-

* Onset of symptoms < 30d

« Potential fulminant presentation, need for \
hemodynamic support '

» Release of cardiac biomarkers: +++

* LV size: dilated
* LV size: normal or mildly dilated o Wall thickness: often normal

* Wall thickness: +/++ O ey * Signs of edema at CMRI sequences: +/-
* Signs of edema at CMRI sequences: ++ :
* Inflammatory infiltrate: +/-

* Inflammatory infiltrate: +++ = 2 .
* Fibrosis, ++; necrosis - and myocyte

* Fibrosis: +/- and necrosis: ++ . - " abnormalities ++
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Acute lefuse Lymphocytic Myocardms Chromc lnflammatory cardiomyopathy

Ammirati E et al, Acute Myocarditis and Chronic Inflammatory Cardiomyopathy: An Expert Consensus Document. Circ Heart Fail. 2020 Nov;13(11):e007405.



BIOLOGIE

mA SORBONNE

S UNIVERSITE

CREATEURS DE FUTURS
DEPUIS 1257

Formule sanguine : éosinophiles
Myocardite a éosinophiles
Haptoglobine, LDH, schizocytes
Microangiopathie thrombotique
Recherche d’anticoagulant circulant
lupique

Syndrome des anticorps
antiphospholipides

Laboratoire de biochimie

EPP, calcémie, ECA

Sarcoidose

Triglycéride, ferritine dont fraction
glycosylée

Maladie de Still de I'adulte

TSH, T3L, T4L

Hypothyroidie, hyperthyroidie

Catécholamines sanguines et urinaires

Phéochromocytome
Laboratoire de microbiologie

Hémocultures
Cardiomyopathie septique

Quel bilan biologique ?

Anticorps anti-nucléaires (ANA, FAN)

Toute maladie auto-immune systémique
Anti-ENA

Permet le « sous-typage » des maladies auto-
immunes systémique

Anti-ADN, anti-nucléosome

Lupus systémique

Anticorps des sclérodermie (dot-sclérodermie)
Sclérodermie systémique, myocardites associées aux
anti-RNApol3

Anti-centroméres

Sclérodermie systémique

Anticorps des myosites (dot-myosite)
Myosites inflammatoires

Anti-CCP

Polyarthrite rhumatoide

Facteur rhumatoide

Polyarthrite rhumatoide, Sjogrén ou
cryoglobulinémie

Recherche de cryoglobulinémie
Cryoglobulinémie

Anti-cardiolipine et anti-B2GP1 (IgG/IgM)
Syndrome des anticorps antiphospholipides
ANCA (PR3/MPO)

Vascularites associées aux ANCA

PCR multiplex (nez, pharynx, voies
aériennes)

Virus respiratoires : SARS-CoV-2,
grippe A et B, adénovirus

Bactéries respiratoires : légionellose,
chlamydia et mycoplasme

Sérologies et PCR

Virus : SARS-CoV-2, herpes-virus (EBV,
CMV, HSV1-2, VZV), parvovirus B19, VIH,
hépatites (A, B, C, E)

Parasites : toxoplasmose, Maladie de
Chagas (Trypanozoma cruzi)

Bactérie : leptospirose (PCR sang et urine)
Sérologies uniquement

Virus : HTLV1-2

Bactéries : Bartonelle, légionellose,
mycoplasme et chlamydia pneumoniae,
coxiella burnetii, brucellose, syphilis,
maladie de Lyme

PCR uniquement

Virus : enterovirus, HHV-6, HHV-8,
Whipple (sang, selles, salive)

Appel Genetique si Récidive

Diapo : Dr Pineton de Chambrun



PRISE EN CHARGE

= Traitement symptomatique (catécholamines, diurétiques...)

= Sichoc cardiogénique, rapprochement d'un centre d'assistance (avant déefaillar~~

multiviscérale) ot
. [l
en bridge to recovery v

= Sicause reconnue et curable, traitement spécifique précoce (antibiotique, antifongique,
antiviral)

= Apres la phase aigue, fraitement de I'insuffisance cardiaque



PRISE EN CHARGE SPECIFIQUE

Potential therapeutic options Based on Endomyocardial Biopsy results
from patients with suspected Complicated Myocarditis

l

Inflammation +

J

[ Inflammation - / Virus -

/ Virus -

) (

Inflammation +/ Virus + ]

l

— 1

}

v

1
.

!

Acute MC

| postue | | oom [

DCMi

(> 3 months)

J |

J |

Adenovirus+
Enterovirus+

HHV6
CciHHVG6+

Parvovirus
B19+

]

! . .

genetic
evaluation [

Giant cell Sarcoidosis Eosinophile
MC MC

v

DNA Systemic/
persistence active

Antiviral therapy

J

Mechanical prolonged

circulatory support: ,,PROPELLA"] {

Immunosuppressive

therapy
e.g. cortisteroids / azathioprine

]

Specific Immunosuppressive
therapy

)

l

l

v v
N
Possible: Possible: Immune Immune
Interferon B ganciclovi lobuli globulines?
acyclovir
valacyclovir
Immuno- Telbivudine?
suppression,|
No immuno- No Immuno- when severe| | No immuno-
suppression pp! i i suppr i
is ongolng?)

Tschope C et al, Management of Myocarditis-Related Cardiomyopathy in Adults, (Circ Res. 2019;124:1568-1583.




MYOCARDITE AIGUE VIRALE

= Corticothérapie (Bolus puis entretien) non efficace et aggrave le pronostic dans des études
anciennes

... mais mis en pratique si dysfonction VG qui s’aggrave
= IglV: AU CJas par cas...

= PHRC CORIUM : Corticoides ou corticoides associes aux immunoglobulines dans le traitement
de la myocardite fulminante: un essai randomisé adaptatif en double aveugle.

comparer un traitement par bolus de corticoide + immunoglobulines vs corticoide seul vs placebo

m 120 patients au sein de 14 services de réanimation ou unités de soins intensif de cardiologie

" sur une période maximale de 4 ans.

Le critere de jugement principal sera un critere hiérarchique composite incluant la mortalité ou transplantation cardiaque a
128 et le nombre de jours vivants sans assistance extracorporelle et sans inotrope a J28.

Tomioka N., et al C. Effects of prednisolone on acute viral myocarditis in mice. J Am Coll Cardiol. 1986;
Frishman W.H et al . Innovative drug treatments for viral and autoimmune myocarditis. Heart Dis. 2002
https://sante.sorbonne-universite.fr/actualites/presentation-des-programmes-de-recherche-lies-la-faculte-de-medecine-sorbonne-universite



INTERFERON BETA

= Myocardite « chronique » : 6 mois d’'évolution

= Phase 2, 143 patients, insuffisance cardiaque, biopsie avec PCR virale + (enterovirus, adenovirus,
parvovirus B19)

= randomisés en 3 groupes (placebo, 4 Mio IU IFNB, 8 Mio IU IFNP)

Table 5 Analyses of binary efficacy parameters, treatment effects

Response variable Treatment effect
Odds ratio IFN-B-1b vs. Placebo (adjusted for strata) p (two-sided)
Overall response (virus elimination, primary) 2.33 0.0487

NYHA improvement

Week 0-12 3.19 0.013
Week 0-24 2.08 0.073

Differences were considered to be statistically significant at a value of <0.05 (bold values)

Heinz-Peter Schultheiss et al, Betaferon in chronic viral cardiomyopathy (BICC) trial: Effects of interferon-b treatment in patien, ts with chronic viral cardiomyopathy, Clin Res Cardiol 2016



TELBIVUDINE

Screening All patients suspected for inflammatory cardiomyopathy
ESC HEART FAILURE ORIGINAL RESEARCH ARTICLE #EMB
ESC Heart Failure 2018; 5: 818-830 5
Published online 11 August 2018 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/ehf2.12341 Inclusion CDS/mgc_:rophages 214 Ce”?”‘mm .
mRNA B19V positive, adeno/enteroviruses negative,
EF<50% >6 weeks
Randomization | Simple Randomization ]
Telbivudine in chronic lymphocytic myocarditis and | |
i i I V1 Blindi Control Verum
human parvovirus B19 transcriptional activity -
drop-outs) . drop-outs)
l Double blind l
Sophie Van Linthout™?", Ahmed Elsanhoury®’, Oliver Klein®, Marzena Sosnowski', Kapka Miteva®, T A
Dirk Lassner>, Mohamed Abou-El-Enein®, Burkert Pieske?, Uwe Kiih|?" and Carsten Tschbpel'z** F;Irangstgg Te;b;zﬂg'sne

Van Linthout S, et al Telbivudine in chronic lymphocytic myocarditis and human parvovirus B19 transcriptional activity. ESC Heart Fail. 2018 Oct;5(5):818-829.



MYOCARDITE EOSINOPHILIQUE

A SYSTEMIC CONDITIONS ASSOCIATED
WITH EOSINOPHILIC MYOCARDITIS 3. Parasitic infections

5. Solid cancer

1. Eosinophilic
G granulomatosis
with polyangiitis
(EGPA)
B |

ACUTE INTENSE EXPOSURE
B TO EOSINOPHILIA

CHRONIC EXPOSURE TO

EOSINOPHILIA
EOSINOPHILIC A -7 LOEFFLER
MYOCARDITIS : 5 CARDIOMYOPATHY

THROMBOTIC/FIBROTIC STAGES

Ammirati E et al, Acute Myocarditis and Chronic Inflammatory Cardiomyopathy: An Expert Consensus Document. Circ Heart Fail. 2020 Nov;13(11):e007405.



MYOCARDITE AIGUE : PRONOSTIC, SUIVI

PRONOSTIC

= Mortalité : 15-20% a 5-10 ans

= Facteurs pronostiques : -
= Présentation clinique 0
= Réhaussement tardif (aprées injection) en IRM
= Histologie
=  Co-infections

= Facteurs de recupérations incomplete : .

= Stade dyspnée NYHA, age, NtproBNP, FEVG
= Récurrences:

= 10% dans les 10 ans
= Surtout la premiere année

SUIVI

Cl sport pendant 6 mois +++

Reévaluation a 6 mois :
= ETT

= |[RM

= ETT d'effort d 6 mois

Arrét du traitement bétabloquant/IEC si
tout est normalisé

Anzini et al. Circulation. 2013 Nov 26;128(22):2384-94

Kindermann et al. Circulation. 2008;118:639-648

Ammirati et al. Circulation. 2017;136:529-545

Ammirati et al. ) Am Coll Cardiol. 2019 Jul 23;74(3):299-311

Grun et al. } Am Coll Cardiol. 2012 May 1;59(18):1604-15

Caforio et al. European Heart Journal (2007) 28, 1326-1333

V. Kyt6 et al. European Journal of Internal Medicine 25 (2014) 946-950



Circulation: Heart Failure

MYOCARDITE - MODULE INFECTIEUX VI

Management of Acute Myocarditis and Chronic
Inflammatory Cardiomyopathy

An Expert Consensus Document

&
Mi

ACUTE CLINICAL PRESENTATION INITIAL MANAGEMENT
\
(BP & AHF | LVEF | VT/VFor REFER t-MCS | EMB | CMRI |STEROIDS
SYMPTOMS |[REDUCTION AVB él'o HUBS . *
B @ ENTER Q
E% £ @} " E— QQ 55| & Q
. I". — J - —
( N aY 4 ™
Cardiogenic|| Severe PRESENT/ ——
& LShOCR (FM)_J . (<30%) J\ ABSENT J ﬁ ﬁ J] JI d?fc’;g’:ge CONSID%
> 4 \( \( A HIGH-RISK
A(‘ AHF tow PRESENT 4 (o 4
: BE BEFORE
Lsy mp tomsJ g (30-40%) JL J é ﬁ prepared ﬁ discharge CONSIDER

AHF Low
symptoms (30-40%) ABSENT

Rarel
[CONSIDER needey |CONSIDER

In
specific

cases

|

Mild AHF Moderate
symptoms (41-49%)

_ LOW-RISK . ,
Mild -Normal NOT NOT
@ [ Absent ][ (>50%) ][ ABSENT ] ) [ NEEDED | NEEDED ® —] ‘ ®J

Merci de votre attention

PRESENT




JEsre - MyocarditlIRM registry

HOPITAL RANGUEIL
HOPITAL BICHAT CLAUDE BERNARD (AP-HP)
HOPITAL TROUSSEAU - CHAMBRAY LES TOURS

HOPITAL EUROPEEN GEORGES POMPIDOU (AP-HP)

HOPITAL HENRI MONDOCR (AP-HP)
CHRU CAREMEAU

CHU DE POITIERS LA MILETRIE
AP-HM HOPITAL DE LA TIMONE
HOPITAL BRABOIS

HOPITAL YVES LE FOLL

CHU ROUEN

INSTITUT HOSPITALIER JACQUES CARTIER
CHU DE GRENOBLE - HOPITAL SUD
HOPITAL SAINT PHILIBERT

HOPITAL PONTCHAILLOU

CENTRE HOSPITALIER LOUIS PASTEUR
CUNIQUE DU MILLENAIRE

HOPITAL ARNAUD DE VILLENEUVE

HOPITAL SIMONE VEIL (GH EAUBONNE...

CENTRE HOSPITALIER DE MARNE LA VALLEE
HOPITAL SAINT ANTOINE (AP-HP)

INSTITUT MUTUALISTE MONTSOURIS

CHU UMOGES - HOPITAL DUPUYTREN
HOPITAL CARDIOLOGIQUE-CHRU Lille

CENTRE HOSPITALIER BRETAGNE ATLANT IQ UE
HOPITAL DE LA CAVALE BLANCHE - CHU BREST
HOPITAL FOCH

NOUVEL HOPITAL CIVIL

CUNIQUE PASTEUR

Groupe des

S <~—" Cardiologues en
" o Formation

Y
sfr radnologle fr

808 patients with acute viral
myocarditis included in 2016-2019
In 52 French centers (ICCU)

EMB in 13 patients (1.6%)




®JESFC Diagnosis of acute myocarditis

3. Benefits of a specific treatment in myocarditis with virus negative EMB

Virus-negative inflammatory cardiomyopathy (TIMIC TRIAL) Eur Heart | 2009

Osrc

B TMIC protocol

Prednisone 1 mg/Kg/die for 4 weeks
téheraomh { and 0,33 mg/Kg/die for 5 months
4 Azathioprine for 6 months

-~

Short-term (6 months) follow-up

‘Q Patients on TIMIC protocol 42

100%

‘@ Non-responders ‘ & Responders '

Responder:
Increase in >10% in
ejection fraction

Patients on Placebo

Non-responders

|
TIMIC protocol

e

Long-term (up to 20 years) follow-up

Cardiovascular death

50 — Treatment == Control 50 — Treatment == Control
40 Logerank Test p = 0,001 40] Logrank Test p = 0,001
Relative 04 Relative 30
risk % 24 risk % 204
10- 104 ‘—’J_’_,—l(‘_'_
0 0
No.atRisk  © 5 10 15 20 No.at Risk 0 5 10 15 20
Treatment 85 8l 6 16 Treatment 85 44 81 [ 15

Cumulative incidence

Control

Control

1:2 propensity score-
matched controls with

virus-negative inflammatory

cardiomyopathy

Heart transplantation

Cumulative incidence

Janua ry, 11th-13 th, 2023 Frustaci et al, EHJ.2009.30;16:1995-2002

Chimenti et al EHJ (2022) 43, 3463-3473



2018 Lake Louise Criteria

A) BASELINE

B) FOLLOW UP at 4 months

Global increase of
native T2

MAIN CRITERIA

Myocardial Edema
(REGIONAL or GLOBAL
T2-mapping or T2W images)

T2 map 62ms -increased

Global increase of
native T1 »

Non-ischemic myocardial
injury

(REGIONAL or GLOBAL
abnormal T1, ECV or LGE)

Global increase
of T2 signal intensity

CMR FINDINGS
SUPPORTING THE
DIAGNOSIS OF
ACUTE MYOCARDITIS

S.l. ratio 2.4 (n.v.<2)

Diffuse LGE signal
increase

Global increase of ECV

Normal native T2

Normal T2 signal intensity

CMR FINDINGS
SUPPORTING THE
COMPLETE

| RESOLUTION OF
MYOCARDITIS WITH
MINIMAL RESIDUAL
FIBROSIS

_

T2 map 49ms - normal S.l. ratio 1.8 (n.v.<2)

Localized LGE signal
increase

Normal native T1 Normal ECV

T1 map 1047ms -normal Spot of LGE

Pericarditis

(Effusion in cine images or
abnormal LGE, T2 ot T1)

Systolic LV Dysfunction
(Regional or global wall
motion abnormality)

Cine/diastole

Cine/systole

NO Pericardial effusion

Normal systolic function — LVEF 67%

Lsp 1sp

Cine/diastole Cine/systole



ARAMIS - ANAKINRA VERSUS PLACEBO IN ACUTE MYOCARDITIS

essai clinique de phase IIB multicentrique randomisé de supériorité
contre placebo en double aveugle.

Les critéres d’inclusion comprenaient :
. Présence d’une douleur thoracique
. ET élévation de troponine

. ET myocardite confirmée a I'IRM cardiaque réalisée dans les 72h (critéres de
Lake Louise)

. Angiographie coronaire (coroscanner/coronarographie) normale a partir de 40
ans ou en cas de FDRCV.

Etaient exclus les patients présentant une forme grave d’emblée,
nécessitant une assistance hémodynamique/ventilatoire, certaines
étiologies (auto-immunes, cellules géantes, éosinophilique, sarcoidose,
COVID-19), ceux traités par un autre anti-inflammatoire dans les 2
semaines, ainsi que ceux présentant une contre-indication a I’Anakinra.

= ||s étaient randomisés en 1:1 dans deux bras :

. Traitement standard* + 100 mg d’anakinra en injection sous cutanée
quotidienne jusqu’a la sortie d’hospitalisation (maximum 14 jours)

. Traitement standard* + placebo

*Pas de bénéfice du traitement anti-inflammatoire par anakinra
chez les patients présentant une forme simple de myocardite
aigué

*Des essais a grande échelle sur des patients a plus haut risque
sont maintenant nécessaires

Le critere de jugement principal était un critere composite de
survie sans complication a 28 jours de la sortie d’hospitalisation :

«  arythmies ventriculaires (TV/FV)
. insuffisance cardiaque nécessitant I’hospitalisation
. douleur thoracique modifiant les thérapeutiques,

. dysfonction vé< 50 % en ETT.

Primary Endpoint
Number of days free of complications

95% Cl 0.0 (-1.0;0.0)"

40+ p-value = 0.168*
§
£

31 30
(30-32) (30-32)

20+ Median (Q1, Q3) Median (Q1, Q3)
k-]
g Red Line = Median
§ 10~ Box = Min-Max
L]
2 0 T T
§ Placebo Anakinra  Hodgud-Lalinans's miecien diffares
= Mean ¢ sd 29.72 £ 5.66 29.75+4.18 * Wilcoxon-Mann Whitney test



