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Myocardial and

Pericardial Diseases
ESC Working Group

1) Do we have atypical clinical
presentation? NO

2) Can we reach the diagnosis of
certainty and of aetiology without a
biopsy? NO

European Heart burnd (2013) 34, 2636—2648
doi:10.1093/eurheartj/eht210
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Myocarditis:clinical presentation

Mild symptoms
« Palpitation, atypical chest pain, SOB

Minor ECG abnormalities
 Conduction disturbances, ST-T changes

Major arrhythmia
 SVT, complete A-V block, VT-VF

Syncope, sudden cardiac death

Cardiogenic shock
 Fulminant myocarditis

Unexplained heart failure with or without DCM

features
* Onset of symptoms: days or up to several years
* Peri-partum

Infarct-like with normal coronary arteries
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2 yr-old clinically suspected peri-
artum DCM, cardiogenic shock

e Active Autoimmune
lymphocytic Myocarditis (T
Lymphocytes, few B cells)
* Virus negative by PCR

*AHA pos
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36-year woman with acute clinically suspected DCM, normal coro’s and giant
cell myocarditis

e diffuse LV and RV hypokinesis

* moderate dilation of both ventricles,
» severe biventricular systolic dysfunction (LVEF 20%, RV FAC 20%)
* mild diffuse pericardial effusion,

* apical thrombus in the LV.

Courtesy of Prof A Angelini, Cardiac
Pathology, University of Padova, Italy
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Lymphocytic virus-negative myocarditis, mimicking Takotsubo syndrome
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65 yr, male, pseudo-infarct presentation, preserved LVEF, normal coro’s,
eosinophilic virus-negative myocarditis
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— ESC 2013 Task Force
diagnostic criteria

Table 4 Diagnostic criteria for clinically suspected myocarditis

Clinical presentaticns”
Acute chest pain, pericarditic, or pseudo-ischaemic

Mew-onset {days up 1o 3 months) or worsening oft dyspnoea at rest or exercise, and/or fatigue, with or without left andfor right heart failure signs
Subacutel/chronic (=3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left andfor right heart failure signs

Palpitation. andfor unexplained arrhythmia symptoms andfor syncope. andfor aborted sudden cardiac death
Unexplained cardiogenic shock
Criagnostic criteria
l. ECGfHolter/suress test features
Pewely abnormal 12 lead ECG andfor Holter andfor stress testing, any of the following: | to lll degree atricventricular block, or bundle branch bleck. ST/T
wave change (5T elevation or non 5T 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 bears,
supraventricular tachpcardia

Il. Myocardiocytolysis markers
Elevated TnT/ Tl
ll. Functional and structural abnormalities on cardiac imaging (echofangiofCMMR)

Mesw, otherwise unexplained LV andfor RV structure and function abnormality (including incidental finding in ap parently asymptomatic subjects): regional

wall motion or global systolic or diastolic function abnarmality, with or without ventricular dilatation, with or without increased wall thickness, with or
without pericardial effusion, with or without endocavitary thrombi

V. Tissue characterization by CHR
Credema andfor 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 (coronary stenosis = 50%); (1) known pre-esxtisting cardiovascular disease or extra-cardiac causes that could explain the syndrome (eg. valve disease, congenital heart disease,
hyperthyroidiem, etc) (see text). Suspicion i higher with higher number of fulfilled criteria

%I the patient is asymptomatic =2 diagnostic criteriz should be met.

www.paris-ecostcs.coi



Bonaca et al Adjudicating Myocarditis in Clinical Trials

Table 3 Diagnogtic criteria for dinically sugpected myocarditis

Myocarditis — A Proposed Definition

Clinically suspected myocarditisif >1 dinical pr tation and >1 diagnostic criteria from Hierarchical definition accounting for different levels of evidence

different categories, in the absence of: - 1) angiographically detectable coronary artery disease Pathology Imaging ECG Syndrome || Biomarkers
For alllother diagnosis/explanations (e.g. ACS) must be excluded
Definite Myocarditis:

(coronary stenosis = 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 . Pag\ology
R
text). Suspicion is higher with higher number of fulfilled criteria. *1f the patient isasymptomatic >2 * Diagnostic CMR + syndrome + (biomarker or ECG)
OR
diagnogtic criteria should be met. * ECHO WMA + syndrome + biomarker + ECG + negative angiography

Probable Myocarditis:
* Diagnostic CMR (no syndrome, ECG, biomarker)

OR
» Suggestive CMR with either syndrome, ECG, or biomarker
OR
* ECHO WMA and syndrome (with either biomarker or ECG)
OR
» Syndrome with PET scan evidence and no alternative diagnosis
Recommendation
. . . . Possible Myocarditi§: .
10. All patients with clinically suspected myocarditis should be * Sugmesthve CHIF withpo symrome. (EEor blemarier
i 1 i * ECHO WMA with syndrome or ECG only
considered for selective coronary angiography and EMB. =
* Elevated biomarker with syndrome or ECG and no alternative diagnosis
Figure 3. A proposed definition of myocarditis to be applied in clinical trials..
ACS indicates acute coronary syndrome; CMR, cardiac magnetic resonance imaging; PET, positron emission tomography; and WMA, wall motion abnormality.
Caforio et al. Eur Heart J 2013; 34:2636-48 Bonaca et al. 2019,140:80-91.

wwuw.paris-ecostcs.com



Myocarditis: definition

 Definition (Circulation, 1995 WHO/ISFC classification; Eur Heart J,
1999; AHA statements 2006, 2016; ESC 2008, Eur Heart J 2013,
ANMCO/SIC 2020, HFA-ESC/HFSA/JHEFS 2021, ESC chronic HF

guidelines 2021)
— Myocarditis is an inflammatory disease of the
myocardium and is diagnosed by established

histological, immmunological and immunohistochemical

criteria
Histological features (Dallas criteria on EMB)

Myocarditis forms
— Idiopathic, Infectious (mainly viral) and/or

autoimmune

www.paris-ecostcs.com



Etiological forms of biopsy-proven myocarditis

Viral myocarditis

NATURE REVIEWS | CARDIOLOGY

Histological evidence for myocarditis associated with positive vi?a“\ ° Ant|V| ra | the ra py fl rSt, |f

polymerase chain reaction (PCR) (Table 1).

Autoimmune myocarditis

Histological myocarditis with negative viral PCR, with or without
serum cardiac autoantibodies (aabs) (Table 2).

M.B. Thereareautcimmune diseases (e.g. Hashimoto's thyroiditis)
where aabs are mainly biomarkers, autoantibody-mediated forms
(e.g. Graves' disease),in whichaabs are pathogenic, and cell-mediated
autoimmune diseases, which are negative for aabs. In all cases, auto-
immune diseases are negative for infectious agents.

Viral and immune myocarditis

Histological myocarditis with positive viral PCR and positive cardiac
aabs (Table 2).

M.B. A follow-up EMB may document persistent viral myocarditis,
histological and virological resolution, or persistent virus-negative
myocarditis, with or without serum cardiac aabs, e.g. post-infectious
autcimmune disease.

Caforio et al. Eur Heart J 2013;
34:2636-48
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available, to achieve viral
clearance (off —label)

Immunosuppression if
clinically indicated (LV
dysfunction, arrhythmia),
viral clearance and
persistent myocarditis at
follow-up biopsy
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Fig. 4| Visualization of viral nucleic acids in acute myocarditis. Viral nucleic acids
in heart tissue samples from patients with acute myocarditis can be detected with
radioactive in situ hybridization (black spots). Cell nuclei (purple) and cell cytoplasm
and extracellular matrix (pink) are visualized with haematoxylin and eosin staining.
Enteroviruses (panela) infect and lyse cardiomyocytes, parvovirus B19 (panel b) infects
endothelial cells, and human herpesviruses (panel c) and Epstein-Barr viruses (panel d)
replicate in immune cells. Panels a and b x400, panels ¢ and d x630.
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Etiological forms of biopsy-proven myocarditis Autoimmune biopsy-proven myocarditis
(60-81%): AHA pos, virus PCR neg

Viral myocarditis
Histological evidence for myocarditis associated with positive viral
polymerase chain reaction (PCR) (Table 1).

v

Autoimmune myocarditis

Histological myocarditis with negative viral PCR, with or without
serum cardiac autocantibodies (aabs) (Table 2).

MN.B. Thereareautoimmune diseases (e.g. Hashimoto's thyroiditis)
where aabs are mainly biomarkers, autoantibody-mediated forms
(e.g. Graves' disease), in whichaabs are pathogenic, and cell-mediated
autoimmune diseases, which are negative for aabs. In all cases, auto-
immune diseases are negative for infectious agents.

Viral and immune myocarditis
Histological myocarditis with positive viral PCR and positive cardiac
aabs (Table 2).

MN.B. A follow-up EMB may document persistent viral myocarditis,
histological and virological resolution, or persistent virus-negative
myocarditis, with or without serum cardiac aabs, e.g. post-infectious
autoimmune disease.

Caforio et al. Eur Heart J
2013; 34:2636-48

Efficacy of
immunosuppression/
immunomodulation in
patients with proven non
infectious immune-
mediated/autoimmune
disease

Why treating?

-To stop the
immunopathological
response that is causing
myocardial damage

-to prevent the
deterioration of
myocardial function,
fibrosis and life-
threatening arrhythmia




AHA/ACCF/ESC SCIENTIFIC STATEMENT

The Role of Endomyocardial Biopsy in the Management of
Cardiovascular Disease

A Scientific Statement From the American Heart Association, the American College of Cardiology,

and the European Society of Cardiology
Endorsed by the Heart Failure Society of America and the Heart Failure Association of the European Society of Cardiology

Leslie T. Cooper, MD, FAHA, FACC; Kenneth L. Baughman, MD, FAHA, FACC;
Arthur M. Feldman, MD, PhD, FAHA, FACC; Andrea Frustaci, MD;
Mariell Jessup, MD, FAHA, FACC; Uwe Kuhl, MD; Glenn N. Levine, MD, FAHA, FACC;
Jagat Narula, MD, PhD, FAHA; Randall C. Starling, MD, MPH;
Jeffrey Towbin, MD, FAHA, FACC; Renu Virmani, MD, FACC

Table 1. Risks Associated With Endomyocardial Biopsy in
546 Procedures

Overall 33 complications (6%)
Sheath insertion 15 (2.7%)
12 (2.0%) arterial puncture during local anesthesia

2 (0.4%) vasovagal reaction

1 (0.2%) prolonged venous oozing after sheath removal
Biopsy procedure 18 (3.3%)

6 (1.1%) arrhythmia

5 (1.0%) conduction abnormalities
4 (0.7%) possible perforation (pain)
3 (0.5%) definite perforation (pericardial fluid)

2 of 3 patients with definite perforation died

Data derived from Deckers et al (20).
Jacc 2007

Illllllll.pﬁl‘ls

3) Is EMB dangerous for the patient? NO

Current state of knowledge on aetiology, diagnosis,
management, and therapy of myocarditis:
aposition statement of the European Society

of Cardiology W orking Group on Myocardial

and Pericardial Diseases

Alida L. P. Caforiolt*, Sabine Pankuweit 2!, Eloisa Arbustini3, Cristina Basso?,

Juan Gimeno-Blanes®, Stephan B. Felix8, Michael Fu?, TiinaHeli68, Stephane Heymans®,
Roland Jahns??, Karin Klingel1, Ales Linhart2, Bernhard Maisch?, W illiam McKennal?,
JnsMogensen!, Yigal M. Pinto®, Arsen Ristic16, Heinz-Peter Schultheiss!?,

Hubert Seggewiss!®, Luigi Tavazzil®, Gaetano Thiene*, Ali Yilmaz20,

Philippe Charron?!, and Perry M. Elliott 13

Endomyocardial biopsy

Endomyocardial biopsy confirms the diagnosis of myocarditis and
identifies the underlying aetiology and the type of inflammation
(e.g. giant cell, eosinophilic myocarditis, sarcoidosis) which imply dif-
ferent treatments and prognosis (Figure 1).'*'""*~"¢ |mportantly,
EMB is also the basis for safe (infection negative) immunosuppression
andantiviraltreatment. If EMB is performed by experienced teams, its
complication rate is low (0—0.8).”18137148

The recent scientific statement on EMB gave highest levels of
recommendations in the life-threatening clinical pr‘esentations.120
However, the diagnostic, prognostic, and therapeutic value of EMB
was based on the Dallas histopathologic criteria and did not

include immunohistochemistry and viral genome analysis (Figure 7).

Eur Heart J 2013; 34:2636-48




PM.
HFA/HFSA/JHFS Position statement on endomyocardial biopsy

Seferovic et al. ) HFA

Heart Failure
Association

Table 1T Major and minor complications of endomyocardial biopsy

Major complications

Death (0-0.07%)

Cardiac perforation/haemopericardium/tamponade (0—6.9%)
Pneumothorax/air embolism (0—0.8%)

Thromboembolism (0—0.32%)

Valvular trauma (0.02—-1.1%)

Severe arrhythmias/atrioventricular block (0—11%)

Minor complications

Chest pain (transient) (0—1.8%)

Deep vein thrombosis (0.23-3.8%)

Puncture site haematoma/nerve palsy (0—0.64%)
Hypotension/vaso-vagal syncope (0—4.3%)

Arterial trauma/vascular damage/fistulae (0.32—-2.8%)

Detailed description of complications according to the centre volume, access site, type of endomyocardial biopsy procedure and patient characteristics as well as references

are provided in online supplementary Table S1.

3) Is EMB dangerous for the patient? NO

© 2021 Elsevier Inc. and Journal of Cardiac Failure. [Published by Elsevier Inc.] .
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Circulation: Heart Failure

ORIGINAL ARTICLE

Safety of Endomyocardial Biopsy in New-Onset
Acute Heart Failure Requiring Veno-Arterial
Extracorporeal Membrane Oxygenation

Robert M.A. van der Boon®, MD, PhD; Wijnand K. den Dekker®, MD, PhD; Christiaan L. Meuwese, MD, PhD;
Roberto Lorusso, MD, PhD; Jan H. von der Thisen‘>, MD, PhD; Alina C. Constantinescu, MD, PhD;

Olivier C. Manintveld, MD, PhD; Thijs S.R. Delnoij, MD, PhD; Joris. J. van der Heijden, MD;

Nicolas M.D.A. van Mieghem, MD, PhD; Corstiaan A. den Uil MD, PhD

BACKGROUND: Endomyocardial biopsy (EMB) has an important role in determining the pathogenesis of new-onset acute heart
failure (new-AHF) when noninvasive testing is impossible. However, data on safety and histopathologic outcomes in patients
requiring veno-arterial extracorporeal membrane oxygenation (VA-ECMO) is lacking.

METHODS: A retrospective, multicenter cohort of patients undergoing EMB while requiring VA-ECMO for new-AHF between
1990 and 2020 was compared with a cohort of nontransplant related biopsies not requiring VA-ECMO. Primary end point
of the study was to determine the safety of EMB. Additionally, we describe the underlying pathogenesis causing new-AHF
based on histopathologic examination of the samples obtained.

RESULTS: A total of 23 patients underwent EMB while requiring VA-ECMO (10.0%), 125 (54.3%) during an unplanned
admission, and 82 (35.7%) in elective setting. Major complications occurred in 8.3% of all procedures with a significantly
higher rate in patients requiring VA-ECMO (26.1% versus 8.0% versus 3.7%, P=0.003) predominately due to the
occurrence of sustained ventricular tachycardia or need of resuscitation (13.0% versus 3.2% versus 1.2%, P=0.02).
EMB led to a histopathologic diagnosis in 78.3% of the patients requiring VA-ECMO which consisted primarily of
patients with myocarditis (73.9%).

CONCLUSIONS: EMB in patients requiring VA-ECMO can be performed albeit with a substantial risk of major complications. The
risk of the procedure was offset by a histopathologic diagnosis in 78.3% of the patients, which for the majority consisted of
patients with myocarditis. The important therapeutic and prognostic implications of establishing an underlying pathogenesis
causing new-AHF in this population warrant further refinement to improve procedural safety.

International Journal of Cardiology 368 (2022) 49-52
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Short communication

Safety and usefulness of left ventricular endomyocardial biopsy in new- s
onset acute heart failure requiring mechanical support by an

Impella® device

Carsten Tschope ™% ! Vivian Nelki "', Tobias Daniel Trippel ', Karin Klingel "',

Dawud Abawi ™"  Alessio Alogna

b,e;d; 1,2

2 Berlin Institute of Health Center for Regenerative Therapies (BCRT), Charité - University Medicine Berlin, Campus Virchow Clinic, Augustenburgerplatz 1, 13353 Berlin,

Germany

B Department of Internal Medicine and Cardiology, Charité — Universitatsmedizin Berlin, Campus Virchow-Klinikum, Augustenburgerplatz 1, 13353 Berlin, Germany
© DZHK (German Centre for Cardiovascular Research), Parmer Site Berlin, Germany

9 Berlin Institute of Health (BIH), Berlin, Germany

€ Cardiopathology, Institute for Pathology, University Hospital Tiibingen, Tiibingen, Germany

ARTICLE INFO

ABSTRACT

Keywords:

Acute heart failure

Mechanical circulatory support
Endomyocardial biopsy
Myocarditis

Impella

Background: In patients with de novo acute heart failure (AHF) requiring veno-arterial extracorporeal membrane
oxygenation (VA-ECMO), endomyocardial biopsy (EMB) has been recently shown to be feasible and a helpful
method to clarify differential diagnoses, including acute myocarditis. This study aimed to evaluate the feasibility
and safety of EMB in patients with a left ventricular (LV) implanted Impella® device.

Methods and results: This retrospective, single-center study involves 22 cardiogenic shock patients [SCAI shock
stage: C (91%)] requiring mechanical circulatory support (MCS) either by Impella® axial pumps [20 patients
(91%)] alone or in combination with VA-ECMO [2 patients (9%)] between December 2017 and January 2022.
Coronary artery disease (CAD) or severe valvular heart disease were excluded. The study's primary endpoint was
to verify the safety of EMB during MCS. Furthermore, histopathological analysis of the EMB samples was
described. 30 LV-EMB procedures were performed. No major complications were reported (death, sustained
ventricular tachycardia, need for cardiopulmonary resuscitation, cardiac tamponade, stroke, major bleeding). In
14 patients (64%), EMB-derived histology/immunohistology led to the definitive diagnosis of acute myocarditis.
Conclusions: EMB can be safely performed in patients suffering from cardiogenic shock requiring an Impella®-
based MCS without the risk of major complications. In about 50% of the patients, relevant inflammatory heart
disease could be detected, which required a change in treatment decisions.

3) Is EMB dangerous for the patient? NO

www.paris-ecostcs.com



Structured Graphical Abstract

Key Question
What is the safety and value of endomyocardial biopsy in paediatric and adult patients with suspected myocarditis? What are the
predictors of worse outcome in patients with proven myocarditis?

Key Finding

Endomyocardial biopsy was safe in adults and children. Myocarditis on cardiac magnetic resonance was found in 31.3% of children and
in 57.9% of adults with biopsy-proven myocarditis. Lower left ventricular ejection fraction and need for immunosuppression at diagnosis
were independent predictors of unfavourable outcomes at one-year follow-up.

Take Home Message

In clinically suspected myocarditis endomyocardial biopsy is safe while cardiac magnetic resonance using Lake Louise criteria is less
sensitive than endomyocardial biopsy. Lower left ventricular ejection fraction and need for immunosuppression at diagnosis are
independent predictors of unfavourable outcomes at follow-up.

The ESC EORP Cardiomyopathy and Myocarditis Long-Term Registry

Iran (9) Greece (15)  Iran (16) Greece (14)
Germany (16)

G
Germany (29) )

oy 64 “M

\w

Spain (10)
Russian
Federation (24)

France (8)

France (15)

Other (8)

Lithuania (5) S

B
E
Poland (26)
S|
Romania (5) pan 28)

‘—

Russian Federation (8) Serbia (15)  Poland (9)

Clinically suspected with abnormal CMR Biopsy-proven myocarditis Clinically suspected, with no,
(n=233) (n=222) normal or inconclusive CMR (n=126)

Safety of endomyocardial biopsy for suspected paediatric and adult myocarditis

.y Low complication rate of endomyocardial biopsy in adults (4.7%)
Il. and in children (4.9%) with no procedure-related death

Multivariable Cox model on risk at one year for death or heart transplantation or hospitalization or VAD implantation

or ICD implantation in adult and paediatric, clinically suspected, and biopsy-proven myocarditis

‘ Reduced echocardiographic left ventricular ejection fraction at diagnosis

‘ Need for immunosuppressant or immunomodulatory therapy at diagnosis

@ ESC ) European Heart Journal (2024) 00, 1-22 CLINICAL RESEARCH
European Society https://doi.org/10.1093/eurheartj/ehae169 Heart failure and cardiomyopathies
of Cardiology

Endomyocardial biopsy: safety and prognostic
utility in paediatric and adult myocarditis

in the European Society of Cardiology
EURObservational Research Programme
Cardiomyopathy and Myocarditis

Long-Term Registry

Alida L. P. Caforio ® 1**, Juan P. Kaskiz, Juan R. Gimeno”, Perry M. EIIiott4,
Cecile Laroches, Luigi Tavazzis, Michal Tendera7, Michael Fus, Simone Sala9,
Petar M. Sefer'ovic"o, Tiina Heli&"f, Leonardo Calbu, Olga Blagova”,

Ahmad Amin”, Ingrid Kindermann“‘, Gianfranco Sinagra“f, Andrea Frustaci",
Daniel Bonnet'®, Philippe Charron'®t, and Aldo P. Maggioni®*?% on behalf of the
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3) Is EMB dangerous for the patient? NO

The top panel shows the distribution of patients of Group 1 (left piechart), Group 2 (middle piechart), and Group 3 (right piechart) recruited in
different ESC countries. At the bottom, the main study results are summarized. CMR, cardiac magnetic resonance; ESC EORP, European

Society of Cardiology EURObservational Research Programme; ICD, implantable cardioverter defibrillator; VAD, ventricular assist device.
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P.M. Seferovic¢ et al.
HFA/HFSA/JHFS Position statement on endomyocardial biopsy

HFA
Heart Failure
Association

Table 3 Indications for endomyocardial biopsy

Clinical presentation Endomyocardial biopsy finding
) o o Myocarditis type:
e Suspected fulminant myocarditis or acute myocarditis with acute HF, LV
dysfunction and/or rhythm disorders. e Lymphocytic myocarditis
e Suspected myocarditis in haemodynamically stable patients. e Eosinophilic myocarditis
e Giant cell myocarditis
e Granulomatous myocarditis
Dilated cardiomyopathy with recent onset HF, moderate-to-severe LV Myocyte abnormalities, focal or diffuse fibrosis and inflammatory
dysfunction, refractory to standard treatment (following exclusion of specific infiltrates (inflammatory cardiomyopathy).
aetiologies).
Suspected |Cl-mediated cardiotoxicity: acute HF with/without haemodynamic ICl-mediated myocarditis

instability early after drug initiation (~ first 4 cycles)

High-degree atrioventricular block, syncope and/or unexplained ventricular M dici
e Myocarditis
arrhythmias (ventricular fibrillation, ventricular tachycardia, frequent multifocal Y

. i ) Arrhythmogenic right ventricular cardiomyopathy
premature ventricular complexes), refractory to treatment, without obvious s .
Cardiac sarcoidosis

cardiac disease or with minimal structural abnormalities.

Autoimmune disorders with progressive HF unresponsive to treatment . "
] ) ) ) ) ) e Autoimmune myocarditis
with/without sustained ventricular arrhythmias and/or conduction ) o
o e Viral myocarditis
abnormalities. o
e Vasculitis/vasculopathy

MINOCA/takotsubo syndrome with progressive LV dysfunction and HF Differential diagnosis of myocarditis

with/without ventricular arrhythmias or conduction abnormalities.

3) Is EMB dangerous for the patient? NO
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ACUTE MYOCARDITIS: DIAGNOSTIC AND MANAGEMENT PROTOCOL

History, Examination, ECG, Echo, Laboratory tests: Troponin, CRP, ESR, Blood Cell Count, BNP,
CMR; if Available, Serum Cardiac Autoantibodies

Acute Cardiovascular Care Clinical Decision-Making Toolkit CI | n | C al Iy SU S p eCted MyO car d |t| S
E S Consider coronary angiography and EMB
% X0 No coronary disease

www escardioorg/ACCA (o i

\

Haemodynamically
unstable, Decreased LV

Haemodynamically stable,s )

LV function Preserved FunC_tlon, )

No eosinophilia Cardiogenic Shock
No significant rhythm or l
conduction disturbances
Not associated with

systemic immune disease*

Pharmacological & if needed

Mechanical support (ECMO,

LVAD/Bi-VAD, Bridge to heart
transplant or to recovery)

&~ ~

4) Is EMB needed for all Lymphocytic Giant cell, Eosinophilic,
Sarcoidosis (acute

patients? NO l decompensation)

General Supportive Therapy v
\ 4 Immunosuppression if Immunosuppression if
General Supportive Therapy unresponsive & virus negative infection negative EMB
EMB

\ #1f myocarditis is associated with systemic immune disease exacerbation, therapy overlaps with treatment of the
background disease (usually immunosuppression).
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AM: Actuarial survival AM: Actuarial survival
and PCR result and histology type
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4) Is myocarditis etiology prognostically relevant? YES Caforio et al, Eur Heart J 2007; 28:1326-33
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Predictors of relapse, death or heart
. . sy E SC European Journal of Heart Failure (2022)
transplantation in myocarditis before the European Society  doi:10.1002/ejhf 2496

introduction of immunosuppression: negative of Cardiology HHFIt\F '|
eart rallure

prognostic impact of female gender, fulminant Association
onset, lower ejection fraction and
serum autoantibodies

Anna Baritussiol®, Alessandro Schiavol, Cristina Basso2®,

Andrea Silvio Giordani'®, Chun-yan Chengl, Elena Pontaral, Maria Grazia Cattinil,

Elisa Bison1, Nicoletta Gallo3, Monica De Gaspari2®, Elisa Carturan?, L. . .

Gaetano Thiene?, Giuseppe Tarantini', Mario Plebani3, Stefania Rizzo?, 4) Is myocar ditis etiolo gy prognostic all y relevant?
Dario Gregori‘®, Sabino lliceto'®, Renzo Marcolongo’®,

and Alida Linda Patrizia Caforio™ YES

1Cardio|ogy, Department of Cardiac, Thoracic, Vascular Sciences and Public Health, University of Padua, Padua, Italy; 2Cardiac Pathology, Department of Cardiac, Thoracic,
Vascular Sciences and Public Health, University of Padua, Padua, Italy; *Department of Laboratory Medicine, University of Padua, Padua, Italy; 4Statistics, Department of Cardiac,
Thoracic, Vascular Sciences and Public Health, University of Padua, Padua, Italy; and *H: logy and Clinical | ! Department of Medicine, University of Padua, Padua,

ealy

Aims Outcome predictors in myocarditis are not well defined; we aimed at identifying predictors of death, heart
transplantation (HTx) and relapse before the introduction of immunosuppression.

Methods From 1992 to 2012, 466 consecutive patients (68% male, mean age 37 + 17 years, single centre recruitment, median

and results follow-up 50 months) were included, of whom 216 had clinically suspected and 250 biopsy-proven myocarditis. Serum
anti-heart (AHA) and anti-intercalated disk (AIDA) autoantibodies were measured by indirect immunofluorescence.
Univariable and multivariable analyses of clinical and diagnostic features at diagnosis were performed. Survival free
from death or HTx at 10 years was 83% in the whole study population and was lower in biopsy-proven versus clinically
suspected myocarditis (76% vs. 94%, p < 0.001). Female gender (hazard ratio [HR] 2.7, 95% confidence interval [CI]
1.1-6.5), fulminant presentation (HR 13.77, 95% Cl 9.7-261.73), high-titre organ-specific AHA (HR 4.2, 95% CI
1.2—14.7) and anti-nuclear antibodies (ANA) (HR 5.2, 95% Cl 2.1-12.8) were independent predictors of death or
HTx; higher echocardiographic left ventricular ejection fraction (LVEF) at diagnosis was protective, with a 0.93-fold
risk reduction for each 1% LVEF increase (95% Cl 0.89—-0.96). History of myocarditis at diagnosis (HR 8.5, 95% ClI
3.5-20.7) was an independent predictor of myocarditis relapse at follow-up; older age was protective (HR 0.95,
95% Cl 0.91-0.99). Predictors of death, HTx and relapse did not differ in biopsy-proven versus clinically suspected
myocarditis.

N .....................................................................................................................................................................




4) Is myocarditis etiology
prognostically relevant? YES

Left: Organ-specific antiheart Right: AHA negative, antinuclear
autoantibody (AHA) strong autoantibody (ANA) positive
positive (high titer) serum on serum on human heart: negative
human heart (x400) (x400)

@ ESC European Journal of Heart Failure (2022)
E

uropean Society  doi:10.1002/ejhf.2496
of Cardiology

HFA
Heart Failure
Association
Female gender HR 2.69; Cl 1.1-6.4
Fulminant presentation HR 13.77; Cl 0.72-261.73
High-titre organ-specific AHA HR 4.1; Cl 1.16-14.7
ANA positive HR 5.1; Cl 2.0-12.7
Higher echocardiographic LVEF For each % increase, risk
reduced by 0.93 times (ClI
0.89- 0.96)

Take-home message: Female gender, fulminant onset, lower LVEF at presentation and high-titre
organ-specific AHA and ANA were independent predictors of death and heart transplantation
- suggesting that autoimmune features predict worse prognosis.
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HFA/HFSA/JHFS Position statement on endomyocardial biopsy P.M. Seferovic et al.

HFA

Table 2 Sample processing, analysis and characteristic findings according to clinical presentation : Heart Failure
Association

Disease EMB processing/staining Possible findings
Myocarditis, Histopathology Haematoxylin and eosin, Mason or Dallas criteria for myocarditis: inflammatory infiltrates
DCM Mallory trichrome, Elastic van Gieson, PAS, Heidenhein’s associated with myocyte degeneration and necrosis of h
AZAN, and Methylene blue stain (Trypanosoma cruzii) non-ischaemic origin (active or borderline). 5) DO we nave a common

Lymphocytic myocarditis: patchy or diffuse inflammatory aet | o) I o) gy an d S | m | I ar

infiltrate mostly of lymphocytes and macrophages [viral

infections, immune-mediated myocarditis (systemic lupus t reat men t? N O
erythematosus, polymyositis/dermatomyositis, rheumatoid

arthritis, organ-specific autoimmune disorders, etc.)].

¢ Center expertise Giant cell myocarditis: myocyte necrosis and diffuse or 6) DO we h ave non _i nvas |Ve

° M u |t| d | S C| I | nar multifocal inflammatory infiltrates, with T lymphocytes, . . .
team s p y macrophage-derived multinucleated giant cells and eosinophilic al ter n at Ive to o I S to I d en t I fy

granulocytes. 1 9]
¢ H u b an d S p o ke Granulomatous myocarditis: non-necrotizing granulomas with aet 10 I 0 g y ' N O

- macrophages and multinucleated giant cells, surrounded by
m yo car d Itis fibrosis and a lymphocytic infiltrate (sarcoidosis).
netwo rk Eosinophilic myocarditis: interstitial inflammatory infiltrate
dominated by eosinophils, often without myocyte damage,
frequently accompanied by peripheral eosinophilia
(hypersensitivity, parasitic infection, Churg—Strauss syndrome,
endomyocardial fibrosis).
Quantitative real-time PCR for enteroviruses, Infection confirmed or not by (RT-) PCR
adenoviruses, herpesviruses (cytomegalovirus, herpes
simplex, Epstein—Barr, human herpesvirus 6), parvovirus
B19, influenza A and B, and SARS-CoV-2 virus + Borrelia

Immunohistochemistry Myocarditis confirmed by immunohistochemistry: >14
CD3 (T cells), CD68 (macrophages), MHC I, alpha leucocytes/mm? including up to 4 monocytes/mm? with the
SM-myofibroblasts presence of CD3+ T-lymphocytes >7 cells/mm?
Caforio A et al., Eur Heart J European Journal of Heart Failure (2021)
2013;34:2636-2648 doi:10.1002/ejhf.2190
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Usefulness of Immunosuppression for Giant Cell Myocarditis

Leslie T. Cooper Jr, MD**, Joshua M. Hare, MD", Henry D. Tazelaar, MD®,

William D. Edwards, MD¢, Randall C. Starling, MD*€, Mario C._ Deng, MD!, Santosh Menon, MD?,
G. Martin Mullen, MD", Brian Jaski, MD', Kent R. Bailey, PhD’, Madeleine W. Cunningham, PhD¥,
and G. William Dec, MD', for the Giant Cell Myocarditis Treatment Trial Investigators
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Giant Fibrosis Gran- Eosino- Lympho- LM  Necrosis
cells ulomas phils cytes foci

Figure 1. Average histologic scores by blinded analysis at baseline and day
30 in subjects enrolled in the GCM Treatment Trial. *p <0.001, ¥p = 0.43,
ip = 0.01. LM = lymphocytic myocarditis.

5) Do we have a common aetiology and similar
treatment? NO

Table 2
Serum antibody titers in acute giant cell myocarditis
Subject ID Antihuman Anti-1 Anti-32
Cardiac Adrenergic Adrenergic
Myosin Receptor Receptor
1 1:100 1:400 1:400
2 1:100 1:3,200 1:1,600
3 1:200 1:6,400 1:3,200
4 1:1,600 1:1,600 1:1,600
5 <1:100 1:3,200 1:3,200
8 1:300 1:6,400 1:3,200
10 1:6.400 1:25,600 1:12,800
11 1:100 1:3,200 1:3,200
Positive control 1:6.400 1:25,600 1:25,600
Negative control 1:100 1:800 1:800
Etiology and

wwuw.paris-ecostcs.com

immumodulation/immunosuppr

ession (IS):

e Triple IS (steroid+CsA or
Tacrolimus+azathioprine or
MMF)

e Biological agents for
refractory/relapsing disease

e Life-long




EMB: eosinophilic myocarditis

Etiology and immunosuppression (IS):

* Exclude -
* infectious(parasitic/fungal) . 47~ Cardiovascular 9
* hematological/neoplastic NS R P athalagh

e Treat J | _ 7 University of Padua

* Hypersensitivity/toxic
* SIDs (e.g. EGPA)
* How

* Stop offending drug (e.g. ICI,
clozapine)

e acutely: i.v Steroids

* Maintainance: steroid taper to
lower effective dose +IS sparing
drugs

5) Do we have a common aetiology and similar
treatment? NO



Randomized study on the efficacy of
immunosuppressive therapy in patients with
virus-negative inflammatory cardiomyopathy: the

EMB: lymphocytic myocarditis

TIMIC study Etiology and immumodulation/IS:
Andrea Frustaci"?*, Matteo A. Russo™!, and Cristina Chimenti24 e doublelS (Steroid+azathioprine
or MMF)

 Duration: at least 6 months ;
Ewropean Feart joumnal (2006] 30, 1995-2002

puscrean  doi10.109 N eurheart/ehp249 lon ge r?
Alms To evaluate the EH'-I:.'iE_" -:I-I"rrl.rru.ln.mupprcsr.l:ln in wirus- r-u,ptr.-‘e nﬂ.n.n'l'natl:r:.l |:a.n:||-:-rn}'-:|-|:|-:ﬂ1:.l
Methods TI1|5 |1.r||:|-:-rr|.|.l:|:1:| double-blind, pla:ch-nr-cnntn:-llzd l‘l:l.ll:':" included 85 patients with n'|}'-:-::|.r-:||u= a.rl.-:| -:I1r-:|-r|||: {:?E-
and results maniths) heart failure unresporsive to corventional therapy, with no evidence of myocardial viral genomes. Patients

received either predrisone 1 mg kg L'l:hr l'F-:r-ﬂ-w:tI'-uF-:-l]mdhyDJ]mgl‘-:g "-:h}' "F-:rE-m:rrrJuan.-:Imﬂ'l-:-pr-

ime 2 mg kg ' day “Tor & months (43 patients, Group 1) or placebo (41 patients, Grovp 1) in addition to corven:

tional therapy for heart failure. Primary outoome was the & month improvement in left-ventricular function. Group 1

showed 2 significant improwement of left-wentricular ejection fraction and a significant decrease in left-ventrioular

dimensions and volumes compared with baseline. Mone of Growp 2 patients showed improvement of ejection frac-

tion. that significantly worsened compared with bazeline. Mo major adeerse reaction was registered 2s a result of

IH1H1LI1I:|H.I|HJFEEHI:H'I

Conclusion These data -:-:-|1Frrn rJ-.-: =F|'|:z||:_,I |:-'f immunosuppression in wirus- nzptm: |n'I'I.=|.n'|n'nl.l.-:lnr_'I |:.1r|:h:-rr|.:|-1:|p;ih}' La|:|-'. |:|f
response in 13% of cases suggests the presence of not soreened vinuses or mechanisms of damage and infammation
not susceptible to immunosuppression

5) Do we have a common aetiology and similar
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Immunosuppressive therapy in virus-negative
inflammatory cardiomyopathy: 20-year
follow-up of the TIMIC trial

Cristina Chimenti ® "2, Matteo Antonio Russo @ 3, and Andrea Frustaci ® ""2*

"Department of Clinical, Internal, Anesthesiology and Cardiovascular Sciences, Sapienza University of Rome, Rome, Italy; 2Molecular and Cellular Cardiology Lab, IRCCS L. Spalfanzani’,
Virus-negative inflammatory cardiomyopathy (TIMIC TRIAL) Eur Heart | 2009 Rome; ;s MEBIC Corsr Ty S Rt 21 Onitissty: Romme ey

E TIMIC protocol 1:2 propensity score-

Responder: .
Prednisone 1 mg/Kg/die for 4 weeks . itaresa i S4B matched controls with

6-month {and 0,33 mg/Kg/die for 5 months virus-negative inflammatory

therapy SRt oRiTcHon cardiomyopathy

Azathioprine for 6 months

Short-term (6 months) follow-up

‘e Patients on TIMIC protocol 42  Patients on Placebo
+

100%  Non-responders

Non-responders 88% Responders !
‘@ P ‘ 3 E TIMIC protocol
@

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

Cardiovascular death Heart transplantation
50 — Treatment ~ — Control 50 — Treatment ~ — Control
40/ Logrrank Test p = 0,001 40] Logrrank Test p = 0,001
Relative 30 Relative 304 E S C
risk% 5. risk% 54 European Heart Journal (2022) 00, 1-11
10 10 European Society hitps://doi.org/10.1093/eurheartj/ehac348
of Cardiology
0 0
No. at Risk 0 5 10 15 20 No. at Risk 0 5 10 15 20
Treatment 85 85 82 [3] 16 Treatment 85 84 81 [ 15
Control 170 166 150 112 26 Control 170 160 130 52 21
Cumulative incidence Cumulative incidence
Treatment 11% 24% 3.7% 5.8%
Control 35% 113% 24.9% 31.1% Control 6.0% 134% 16.7% 17.5%

Box plots of the distribution of left ventricular ejection fraction and left ventricular end-diastolic volume at baseline, short-term (6 months), and
long-term follow-up in patients on TIMIC protocol (blue) and control patients (green) are presented in the left upper panel. The composite
endpoint of cardiovascular death and heart transplantation (primary outcome) during follow-up in patients on TIMIC protocol (blue line) and
control patients (red line) is shown in the left lower panel. The incidence of cardiovascular death (right upper panel) and heart transplantation
(right lower panel) during follow-up in patients on TIMIC protocol (blue line) and controls (red line) is also presented.

5) Do we have a common aetiology and similar

treatment? NO

for rare or low prevalence
complex diseases

# Network
Heart Diseases
(ERN GUARD-HEART)
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SLJ’. Long-term efficacy and safety of tailored immunosuppressive therapy in immune-mediated

o

Universita biopsy-proven myocarditis: a single center propensity weighted study /
Caforio A.L.P., Giordani A.S.1, Baritussio A.1, Marcolongo D.}, Vicenzetto C.}, Tarantini G.1, Napodano M.!, Toscano G.2, Gregori
D.3, Brigiari G.3, Bartolotta P.3, De Gaspari M.4, Basso C.%, lliceto S.1, Marcolongo R.
1 Cardiology 2 Cardiac Surgery * Cardiovascular Pathology, Department of Cardiac Thoracic Vascular Sciences and Public Health, University of Padova, Padova, Italy ¢ Statistics, Department of
Statistical Sciences, University of Padova, Padova, Italy
358 BP myocarditis patients /" 267 Non-IT b=002 o] [Hoom] P <0001 p-om . peon
Age 40 years (27-52) _ '
64% < T e ! | I .
Clinical presentation ) - - « 7 )
Arrhythmic ‘;‘ L - o i 9 0 o -
20% 3, = -
Infarct-like
28% -
HF 49% f ]
. ]y g our ’ . g our
Propensity score — Age, gender, LVEF, NYHA, 256 o1 126 75 129 78 . v mom
weighting \—‘ histologica' type Baseiine Shortterm Long term Baseline Shodterm Long term
» T — Conclusions: For the first time, the efficacy and safety of prolonged tailored IS in
N , 1 P<0.001 — Yes BP lymphocytic and non-lymphocytic autoimmune myocarditis, with or without
oy : HF and/or biventricular dysfunction, has been proved.
§m iz IS patients, despite having lower biventricular function and a higher risk profile at
3 P=0.31 i baseline as well as a higher frequency of relapses, at long-term follow up showed
i = normalized biventricular function and a similar survival compared to their
-l i . . , . , o] —— propensity-score weighted controls.
7) Do biopsy data change clinical Caforio et al, Eur J Heart Fail 2024 (in press) DOI:10.1002/ejhf.3220

_ management? YES
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] . . - E uropean Heart Journa -
2021 ESC Guidelines for the diagnosis and © Esp'c Socety dortoioveanengeesss @ HFA

of Cardiology

* [ 1
treatment of acute and chronic heart failure | e fratlire
Association
Table 32 Endomyocardial biopsy in patients with suspected myocarditis  Aim of EMB in sus p ected
Indication (see also Section 4.3). m yO car d Iitis 1n H F
Progressive or persistent severe cardiac dysfunction and/or life-threatening ventricular arrhythmias and/or Mobitz type 2 second-degree or higher AV block presen tation: to identi fy
with lack of short-term (<1-2 weeks) expected response to usual medical treatment. et| 0 I 0 g y an d S p ec | f| C
The aim is to identify aetiology and to indicate specific treatment (e.g. giant cell myocarditis, eosinophilic myocarditis, cardiac sarcoidosis, systemic inflamma- . .o
tory disorders) 2798917918958 treatment , I.e. antivi ral or
Number and sites of the samples Immunosuppression based
A minimum of 5 but possibly at least 7 samples, 3 for pathology, 2 for infections (DNA, PCR) and 2 for RNA viruses/viral replication. Left and/or right ven- u p on mu Itl d | sc | p I | n ary
tricle. CMR or PET guided sampling may be considered.”” .
Acti counselling
etiology
Quantitative PCR viral genome analysis for commeon cardiotrophic viruses (parvovirus B19, HHV4, HHV§, enteroviruses, adenovirus and coxsackievirus) by
PCR. 5) Do we have a common
Viral mRNA for active viral replication may be assessed although it has low sensitivity. . . .
On indication, search for CMV, HIV, Borrelia, Goxiella bumetii (Q-fever) and SARS-CoV-2. aetiology and similar
Diagnosis of inflammation treatm entf) NO
Immunohistochemistry with staining for anti-CD3-, CD4-, CD8- or CD45 antibodies for lymphocytes and anti-CD68 antibodies for macrophages and anti-
s 907.917.918959
HLA-DR antibodies. 6) DO we h ave non-

Therapeutic implications

invasive alternative

Immunosuppressive therapy may be indicated based on the results of EMB as in giant cell myocarditis or eosinophilic myocarditis and, possibly, also in

sarcoidosis, vasculitis or selected patients with increased cardiac inflammation of unknown origin based upon multidisciplinary counselling.g&g”_ R to 0] I S to | d en t | fy
Antibiotics: Borrelia (Lyme disease). . | ~ N O
Antiviral therapy: HIV, CMV, HHV6 pending on load and viral replication (mRNA). aetl 010 g y '

7) Do biopsy data change clinical
management? YES

wwuw.paris-ecostcs.com 7

"7 4




Structured Graphical Abstract

Key Question
Does endomyocardial biopsy (EMB) at early stage (i.e. within two days after intensive care unit admission) improve outcomes in adult

patients with fulminant myocarditis?

Key Finding
Among patients with EMB-proven fulminant myocarditis (n=183), early EMB was independently associated with a better survival free of
heart transplantation or left ventricular assist device, when compared to delayed EMB (63% vs 40%, p=0.021).

Take Home Message
EMB should be used promptly in patients admitted to an intensive care unit for clinically suspected fulminant myocarditis.

The FULLMOON international cohort of fulminant myocarditis

@/@

Survival free of heart transplantation or LVAD
of early EMB (within two days after ICU
admission) and delayed EMB before and after

patients (23%) required adjustment by a propensity-weighted score
with FM inotropes only
Survival free of
Heart transplant or LVAD
1.0 P value=0.021 (adjusted)
44% P value=0.004 (unadjusted)

of EMB-proven

==
L H (77%) required N
myocarditis —

: -MCS

j S

06

04

[ 1 l 02
l 00
0 60 120 180 240 300 360

Early EMB Delayed EMB No EMB No. at risk Time (days)
(n=103) (n=80) (n=236) 103 78 74 73 73 12 72

— 80 44 41 40 39 39 39

Unadjusted EMB <2 days
= = = = Adjusted EMB <2 days

Unadjusted EMB >2 days
= = = = Adjusted EMB >2 days

Odds ratio 0.44

Overall survival free of heart transplantation or
95% confidence interval 0.22-0.86

LVAD at one year after ICU admission: 65%

CLINICAL RESEARCH
Acute cardiovascular care

@ ESC European Heart Journal (2023) 44, 5110-5124

European Society https://doi.org/10.1093/eurheartjlehad707
of Cardiology

Fulminant myocarditis proven by early biopsy
and outcomes

Florent Huang ® 1'2, Enrico Ammirati3, Maharajah Ponnaiah ®4,

Santiago Montero ® 5,Victor Raimbaultz, Darryl Abrams", Guillaume Lebreton ® 7,
Vincent Pellegrino®, Joshua Ihle®?, Maurizio Bottiroli*, Romain Persichini®,

Marisa Isabel Barrionuevo-Sinchez'?, Albert Ariza-Solé'?, Pauline Yeung Ng”,
Simon Wai Ching Sin'?, Raj Ayer'3, Hergen Buscher'?, Slimane Belaid'*,

Clément Delmas'?, Rita Ferreira'®, Roberto Roncon-Albuquerque Jr'%,

Teresa Lopez-Sobrino™, Jeroen J. H. Bunge'”, Christoph Fisser'®,

Guillaume Franchineau®, Jamie McCannyzo, Shinichiro Ohshimo?!,

Alessandro Sionis © 22, Francisco José Hernandez- Pérezn, Eduardo Barge-CabalIernz",
Martin Balik’s, Henrique Muglia“, Sunghoon Park”, Dirk W. Donkerm’”,

Beatriz Porral”, Nadia A'|'ssaoui31, Armand Mekontso Dessapn, Virginia Burgos“,
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7) Is early EMB associated with better outcome? YES

The FULLMOON international cohort of clinically suspected and biopsy-proven fulminant myocarditis. EMB, endomyocardial biopsy; FM, fulminant

myocarditis; ICU, intensive care unit; LVAD, left ventricular assist device; t-MCS, temporary mechanical circulatory support.
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( CLINICALLY SUSPECTED FULMINANT MYOCARDITIS ]

Myocarditis: a primer for intensivists

_Esther Vorovich?® and Alain Combes*?

-

( Acute development of symptoms in previously healthy individuals

Enrico Ammirati'?

Differential diagnosis:

CARDIOGENIC SHOCK (SCAI B-E)

* Acute coronary syndrome

* |diopathic CMP

« Primary VT/VE Coronary Angiography?*
* Septic CMP
« Intoxication (cocaine) CS SCAIB-C J ( CS SCAID-E
* Tako-tsubo syndrome o5
* Rare causes of ¢ ‘ i
cardiac/distributive shock =
/ Inotropic support t-MCS
(+ assess volume status) ] [ (+inotropes)

Identify etiology/ histology
that can benefit from

M GRS N\ G

immunosuppression:
* Giant cell myocarditis

* Sarcoidosis

YES
* Eosinophilic myocarditis ¢

N — &

Hemodynamic stability? ) / Biventricular dysfunction/
profound shock/ Oxygenation/

ventilation failure?

YES

* Systemic autoimmune (
disorder

‘_a

+—

CMRI/EMB )

¢ |Cl-related

R2-ABC rule

R: early Recognition

R: Refer from spoke centers to the hub
center

A: Aggressive (timely) +-MCS

B: Biopsy as soon as possible

C: Consider Corticosteroids

* Consider if STEMI pattern at EKG, age >45
or presence of cardiovascular risk factors

** Consider LV venting under VA-ECMO
(IABP, Impella®...)

IABP/Impella®
I (VA-ECMO)**

+ 1

[ Consider EMB in a stabilized patient

{

RECOVERY within 2-3 weeks?

o Y

VA-ECMO** J ¢

—

-/ =

=
 SEEY

YES

Consider
Repeating EMB

Weaning from
t-MCS/inotropes

HTx/LVAD/
Withdraw

CMRI Long-term
follow-up

—{
- M gltl(SG>12O ms 'll'—rﬁp?)nin ++ LEV%':?RVEF ! .
[H[][]] Intensive Care Med (2023) 49:1123-1126
ﬁ VTNF CRP/PCT + or +/- effusion +/-

Take-home messages

In conclusion, to improve the outcome of patients with
suspected FM, early recognition and referral to tertiary
centers that provide timely t-MCS, have capabilities for
EMB if indicated, and have dedicated expertise in
myocarditis

is recommended. R2-

ABC (Recognition, Refer, Aggressive circulatory support,

Biopsy'as'soon as possiblesland consider Corticosteroids;

Fig. 1).

7) Is early EMB associated with better outcome? YES

Fig. 1 Suggested management of patients with fulminant myocarditis.

AVB, atrioventricular block; CMP, cardiomyopathy; CRP, C-reactive protein; ECHO, echocardiography; HTx, heart transplantation; IABP, Intra-aortic
balloon pump; ICI, immune checkpoint inhibitor; LAB, laboratory tests; LV, left ventricular; LVEF, left ventricular ejection fraction, LVAD, left ven-
tricular assist device; PCT, procalcitonin; RVEF, right ventricular ejection fraction; SCAI, Society for Cardiovascular Angiography and Interventions
clinical expert consensus statement on the classification of cardiogenic shock (A, at risk/B, beginning/C, classic/D, deteriorating/E, extremis); t-MCS,
temporary-mechanical circulatory support; VA-ECMO, venoarterial extracorporeal membrane oxygenator; VF, ventricular fibrillation; VT, ventricular
tachycardia
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Early EMB for all myocarditis — PRO

Do we have a typical clinical presentation? NO

« Can we reach the diagnosis of certainty and aetiology without EMB? NO
* Is EMB dangerous for the patient? NO

« Do we have a common aetiology and similar treatment? NO

Do we have non-invasive alternative tools to identify aetiology? NO

 Is aetiology prognostically relevant? YES

Do we have effective etiology-directed therapy ? YES

 Is an early biopsy associated with better outcome in biopsy-proven
fulminant myocarditis? YES

Do we need an early biopsy for all clinically suspected myocarditis? NO

. \I?Icz)é/ve need an early biopsy for high risk clinically suspected myocarditis?

e.g. fulminant onset, reduced LVEF, hemodynamic instability, sustained arrhythmia

« Take-home message: Time is muscle also in inflammatory-induced myocardial
damage/necrosis

www.paris-ecostcs.com Y



Team and Network

Cardiology

Prof. S lliceto, Prof G Tarantini, Dr Cacciavillani, Prof Perazzolo-Marra,
Dr L Leoni
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Vicenzetto

Pediatric Cardiology
Prof Giovanni Di Salvo
Cardiac Pathology and Cardiovascular Genetics
Prof. C Basso, Prof S Rizzo, Prof. K Pillichou, Dr M Bueno-Marinas
Laboratory Medicine
Prof. D Basso, Dr. N Gallo
Medical Statistics

Prof. D Gregori

Non cardiac specialties: Rheumatology, Pneumology, Dermatology, Hematology, Internal Medicine
Italian Network: La Sapienza Univ Rome (Prof C Chimenti),
Univ of Turin (Prof V Poli), Bambin Gesli, Rome (Prof. Drago), Univ of Bari (prof. T. Bottio)

International Network: Prof M Cunningham, Prof L Cooper (USA), ESC working on myocardial and pericardial disease (prof. M
Imatzio, Prof. T Schope), ERN Guard-Heart (Prof. A Wilde)

Funded by
Funding Bodies: RSF 2019; .
’ the European Union
MR-1: Italian Health Ministry (PNRR 2022) NextGenerationEU
Blopsy-proven pediatric and adult giant cell and other rare | diated forms of my ditis: creation

of a prospective multicenter Italian registry and a biobank network to identify clinical, immune and genetic predictors of dismal prognosis, relapse and
to | "

p ppressive py

Patients, relatives and care-givers: AMICAV (Associazione Malattie Infi rie Cardio- lari )

AM.l.Cav
Associazione Malattie Infiammatorie Cardiovascolari

The Padua Cardioimmunology

“There are three phAses to

treatment: diagnosis, diagnosis

and diagnosis.”

William Osler. Principles and
Practice of Medicine, 1892

www.paris-eccostcs.com
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