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In thisposition statement of the ESC WorkingGroup on Myocardial and Pericardial Diseases an expert consensus group reviewsthe current

knowledge on clinical presentation, diagnosisand treatment of myocarditis, and proposesnew diagnostic criteria for clinically suspected myo-

carditis and its distinct biopsy-proven pathogenetic forms. The aims are to bridge the gap between clinical and tissue-based diagnosis, to

improve management and provide acommon reference point for future registries and multicentre randomised controlled trials of aetiology-

driven treatment in inflammatory heart muscle disease.
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Int roduct ion

Myocarditisisachallengingdiagnosisduetotheheterogeneityofclinical

presentations.1–3Theactual incidenceofmyocarditisisalso difficult to

determineasendomyocardial biopsy(EMB),thediagnosticgoldstand-

ard,1–3 isused infrequently.2,3 Studiesaddressing the issue of sudden

cardiac death in young people report a highly variable autopsy

prevalenceof myocarditis, rangingfrom2 to 42%of cases.4,5Similarly,

biopsy-provenmyocarditisisreported in9–16%of adult patientswith

unexplained non-ischaemic dilated cardiomyopathy (DCM)6,7 and in

46%ofchildrenwithanidentifiedcauseofDCM.8Inpatientspresenting

with mild symptomsand minimal ventricular dysfunction, myocarditis

often resolves spontaneously without specific treatment.9 However,

in up to 30% of cases, biopsy-proven myocarditis can progress to
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2) Can we reach the diagnosis of 

certainty and of aetiology without a 

biopsy? NO 

1) Do we have a typical clinical 

presentation? NO



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



CD45

B 021150  I BEM

• Active Autoimmune 
lymphocytic Myocarditis (T 
Lymphocytes, few B cells) 

• Virus negative by PCR

•AHA pos

32  yr-old clinically suspected peri-

partum DCM, cardiogenic shock 

CD45



36-year woman with acute clinically suspected DCM, normal coro’s and giant 

cell myocarditis 

European Society of Cardiology
Working Group on
Myocardial & Pericardial Diseases

Newsletter     Issue 34 – April 2011

• 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.

CD68

Courtesy of Prof A Angelini, Cardiac 
Pathology, University of Padova, Italy



a, b: inflammation and necrosis (HE); c,d=positive T lymph. activated (CD45RO); f=positive cytotoxic T lymphCaforio et al, Eur
J Heart Fail 2009

Lymphocytic virus-negative myocarditis, mimicking Takotsubo syndrome



65 yr, male, pseudo-infarct presentation, preserved LVEF, normal coro’s, 
eosinophilic virus-negative myocarditis

Cardiovascular

Pathology,   

University of Padua

A BA: eosinophilic infiltrate,  B: Thrombus



Clinically suspected myocarditis – ESC 2013 Task Force 
diagnostic criteria

Caforio A et al., Eur Heart J 2013;34:2636-2648



Table 3  Diagnostic criteria for  clinically suspected myocarditis

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

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%) –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. * I f the patient is asymptomatic >2

diagnostic criteria should be met.

Bonaca et al. 2019;140:80–91.



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/JHFS 2021, ESC chronic HF
guidelines 2021)

–Myocarditis is an inflammatory disease of the 

myocardium and is diagnosed by established

histological, immunological and immunohistochemical

criteria

• Histological features (Dallas criteria on EMB)

• Myocarditis forms

– idiopathic, Infectious (mainly viral) and/or 

autoimmune



Etiological forms of biopsy-proven myocarditis

Caforio et al. Eur Heart J 2013;

34:2636-48  

• Antiviral therapy first, if 
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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Etiological forms of biopsy-proven myocarditis

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

Autoimmune biopsy-proven myocarditis

(60-81%):  AHA pos, virus PCR neg

Eur Heart J 2007; 28:1326-33
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Pathology,University Hospital Tübingen, Tübingen,Germany;122nd Department of Internal Medicine,1st School of Medicine, CharlesUniversity,Prague2,CzechRepublic;13TheHeart

Hospital, University College, London, UK;14Department of Cardiology, Odense University Hospital, Odense, Denmark; 15Department of Cardiology (Heart FailureResearch Center),

Academic Medical Center, Amsterdam, The Netherlands; 16Department of Cardiology, Clinical Center of Serbia and Belgrade University School of Medicine, Belgrade, Serbia;
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In thisposition statement of the ESC Working Group on Myocardial and Pericardial Diseases an expert consensus group reviewsthe current

knowledge on clinical presentation, diagnosis and treatment of myocarditis, and proposesnew diagnostic criteria for clinically suspected myo-

carditis and its distinct biopsy-proven pathogenetic forms. The aims are to bridge the gap between clinical and tissue-based diagnosis, to

improve management and provide acommon reference point for future registries and multicentre randomised controlled trials of aetiology-

driven treatment in inflammatory heart muscle disease.
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Myocarditisisachallengingdiagnosisdueto theheterogeneityofclinical

presentations.1–3Theactual incidenceofmyocarditisisalso difficult to

determineasendomyocardial biopsy(EMB), thediagnosticgold stand-

ard,1–3 is used infrequently.2,3 Studies addressing the issue of sudden

cardiac death in young people report a highly variable autopsy

prevalenceof myocarditis, rangingfrom 2 to 42%of cases.4,5Similarly,

biopsy-provenmyocarditisisreported in9–16%ofadult patientswith

unexplained non-ischaemic dilated cardiomyopathy (DCM)6,7 and in

46%ofchildrenwithanidentifiedcauseofDCM.8Inpatientspresenting

with mild symptomsand minimal ventricular dysfunction, myocarditis

often resolves spontaneously without specific treatment.9 However,

in up to 30% of cases, biopsy-proven myocarditis can progress to
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Jacc 2007 Eur Heart J 2013; 34:2636-48  

3) Is EMB dangerous for the patient? NO



3) Is EMB dangerous for the patient? NO



3) Is EMB dangerous for the patient? NO



3) Is EMB dangerous for the patient? NO



3) Is EMB dangerous for the patient? NO



ACUTE MYOCARDITIS: DIAGNOSTIC AND MANAGEMENT PROTOCOL

Clinically Suspected Myocarditis

Haemodynamically stable
PreservedLV function

No eosinophilia

No significant rhythm or

conduction disturbances

Not associated with

systemic immune disease#

History, Examination, ECG, Echo, Laboratory tests: Troponin, CRP, ESR, Blood Cell Count, BNP, 

CMR;            if Available, Serum Cardiac Autoantibodies

Consider coronary angiography and EMB

No coronary disease

General Supportive Therapy

Haemodynamically

unstable, Decreased LV 

Function,

Cardiogenic Shock

Pharmacological & if needed 

Mechanical support (ECMO, 

LVAD/Bi-VAD, Bridge to heart 

transplant or to recovery)

Lymphocytic Giant cell, Eosinophilic,           

Sarcoidosis (acute 

decompensation)

General Supportive Therapy 

Immunosuppression if 

unresponsive & virus negative 

EMB

Immunosuppression if 

infection negative EMB

# If myocarditis is associated with systemic immune disease exacerbation, therapy overlaps with treatment of  the 
background disease (usually  immunosuppression). 

4) Is EMB needed for all 

patients? NO



AM: Actuarial survival  

and PCR result

AM: Actuarial survival  

and histology type
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Histological type

Active lymphocytic
Borderline myocarditis

Giant cell myocarditis

Others

P= 0.004

P= 0.004

Caforio et al, Eur Heart J 2007; 28:1326-33 4) Is myocarditis etiology prognostically relevant? YES



4) Is myocarditis etiology prognostically relevant? 

YES



Left: Organ-specific antiheart
autoantibody (AHA) strong 
positive (high titer) serum on 
human heart (x400)

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.

Right: AHA negative, antinuclear
autoantibody (ANA) positive 
serum on human heart: negative 

(x400)

Death/heart transplantation (risk) Hazard ratio (HR); 95% 
confidence intervals (CI)

Female gender        HR 2.69; CI 1.1-6.4

Fulminant presentation HR 13.77; CI 0.72-261.73

High-titre organ-specific AHA HR 4.1; CI 1.16-14.7

ANA positive HR 5.1; CI 2.0-12.7

Higher echocardiographic LVEF   For each % increase, risk 
reduced by 0.93 times  (CI 
0.89- 0.96)

4) Is myocarditis etiology 

prognostically relevant? YES



Caforio A et al., Eur Heart J 
2013;34:2636-2648

• Center expertise

• Multidisciplinary 

teams

• Hub and spoke 

myocarditis 

network

5) Do we have a common 

aetiology and similar 

treatment? NO

6) Do we have non-invasive 

alternative tools to identify 

aetiology? NO



24

Etiology and 
immumodulation/immunosuppr
ession (IS):
• Triple IS (steroid+CsA or 

Tacrolimus+azathioprine or 
MMF)

• Biological agents for 
refractory/relapsing disease

• Life-long

5) Do we have a common aetiology and similar 

treatment? NO



Cardiovascular

Pathology,   

University of Padua

A B

Etiology and immunosuppression (IS):

• Exclude
• infectious(parasitic/fungal)
• hematological/neoplastic

• Treat
• Hypersensitivity/toxic
• SIDs (e.g. EGPA)

• How
• Stop offending drug (e.g. ICI, 

clozapine)
• acutely: i.v Steroids
• Maintainance: steroid taper to 

lower effective dose +IS sparing 
drugs

EMB: eosinophilic myocarditis

5) Do we have a common aetiology and similar 

treatment? NO



Etiology and immumodulation/IS:
• double IS (steroid+azathioprine

or MMF)
• Duration: at least 6 months ; 

longer?

EMB: lymphocytic myocarditis

5) Do we have a common aetiology and similar 

treatment? NO



5) Do we have a common aetiology and similar 

treatment? NO



7) Do biopsy data change clinical 

management? YES



• Aim of EMB in suspected 

myocarditis in HF 

presentation: to identify 

etiology and specific 

treatment , i.e. antiviral or 

immunosuppression based 

upon multidisciplinary 

counselling

7) Do biopsy data change clinical 

management? YES

5) Do we have a common 

aetiology and similar 

treatment? NO

6) Do we have non-

invasive alternative 

tools to identify 

aetiology? NO



7) Is early EMB associated with better outcome? YES
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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 possible, and consider Corticosteroids;

Fig. 1).

7) Is early EMB associated with better outcome? YES



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

• Do we need an early biopsy for high risk clinically suspected myocarditis? 
YES 

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

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