
Table 1. Causes of myocarditis/inflammatory cardiomyopathy 

 

Infectious myocarditis 

Viral  

Bacterial  

Staphylococcus, Streptococcus, Pneumococcus, Meningococcus, Gonococcus, Salmonella, 

Corynebacterium diphtheriae, Haemophilus influenzae, 

Mycobacterium (tuberculosis), Mycoplasma pneumoniae, Brucella 

Spirochaetal  

Borrelia (Lyme disease), Leptospira (Weil 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, Plasmodium falciparum 

Rickettsial  

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

 

 

Immune-mediated myocarditis 

Allergens  

Tetanus toxoid, vaccines, serum sickness 

Drugs 

penicillin, cefaclor, colchicine, furosemide, isoniazid, lidocaine, tetracycline, sulfonamides, phenytoin, 

phenylbutazone, methyldopa, thiazide diuretics, amitriptyline 

Alloantigens  

Heart transplant rejection 

Autoantigens  

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, 

Wegener’s granulomatosis, necrotizing coronary vasculitis, rheumatic heart disease (rheumatic fever) 

 

Toxic myocarditis 

Drugs  

Amphetamines, anthracyclines, cocaine, cyclophosphamide, ethanol, fluorouracil, lithium, 

catecholamines, hemetine, interleukin-2, trastuzumab, clozapine, immune check point inhibitors 

Heavy metals  

Copper, iron, lead (rare, more commonly cause intramyocyte accumulation) 

Miscellaneous  

Scorpion sting, snake, and spider bites, bee and wasp stings, carbon monoxide, inhalants, phosphorus, 

arsenic, sodium azide 

Hormones 

 Phaeochromocytoma, vitamins: beri–beri 

Physical agents 

 Radiation electric shock 
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Viruses associated with myocarditis and inflammatory cardiomyopathy 

 

 

Tschope C, et al. Myocarditis and inflammatory cardiomyopathy: current evidence and future directions. Nat Rev 

Cardiol. 2020. 
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Table 2. Major myocarditis subtypes resulting in a fulminant presentation. 

 

 
 

Kociol RD, et al. Recognition and Initial Management of Fulminant Myocarditis: A Scientific Statement From the 

American Heart Association. Circulation. 2020:CIR0000000000000745. 
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Table 3. ESC 2025 GL on myocarditis and pericarditis.  
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Figure 1. ESC 2025 GL on myocarditis and pericarditis. Central illustration of the ESC 

guidelines on myocarditis and pericarditis.  

 
ECG, electrocardiogram; EMB, endomyocardial biopsy; IMPS, inflammatory myopericardial 

syndrome; SCD, sudden cardiac death; TTE, transthoracic echocardiography. 
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Figure 2. ESC 2025 GL on myocarditis and pericarditis. Stages of inflammatory 

myopericardial syndrome.  

 

AHA, anti-heart antibodies; AIDA, anti-intercalated disc antibodies 
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Table 4. AHA/ACC 2021 GL on Chest Pain. Recommendations for Acute Chest Pain 

With Suspected Myopericarditis 

 

In patients with acute chest pain and myocardial injury who have nonobstructive  I B-NR 

coronary arteries on anatomic testing, CMR with gadolinium contrast  

to distinguish myopericarditis from other causes, including myocardial infarction  

and nonobstructive coronary arteries (MINOCA). 

 

In patients with acute chest pain with suspected acute myopericarditis, CMR   I B-NR 

if there is diagnostic uncertainty, or to determine the presence and extent of myocardial  

and pericardial inflammation and fibrosis. 

 

In patients with acute chest pain and suspected myopericarditis, TTE   I C-EO  

to determine the presence of ventricular wall motion abnormalities, pericardial effusion,  

valvular abnormalities, or restrictive physiology. 

 

In patients with acute chest pain with suspected acute pericarditis, noncontrast   IIb C-LD 

or contrast cardiac CT scanning to determine the presence and degree  

of pericardial thickening 
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Figure 3. ESC 2025 GL on myocarditis and pericarditis Diagnostic algorithm for acute 

chest pain presentation. 

 

ACS, acute coronary syndrome; CAD, coronary artery disease; CRP, C-reactive 

protein; CT, computed tomography; ECG, electrocardiogram; GL, guideline; IMPS, inflammatory 

myopericardial syndrome; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, 

yes.  

aLaboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood 

count.  

fConsider cardiovascular magnetic resonance. gConsider endomyocardial 

biopsy on a case-by-case basis. hDepending 
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Figure 4. ESC 2025 GL on myocarditis and pericarditis. Spectrum of myocarditis 

presentations and outcomes.  
 

LGE, late gadolinium enhancement; SCD, sudden cardiac death. Image size correlates 

with presentation frequency (e.g. chest pain being the most common). Uncomplicated cases of 

myocarditis (about 75% of unselected cases) usually have spontaneous remission. In acute myocarditis 

diagnosed by endomyocardial biopsy, up to 50% of patients have spontaneous recovery, but up to 25% 

may have a persistent stable cardiac dysfunction, while 10%–25% have a progressive ventricular 

dysfunction, which could lead to end-stage dilated cardiomyopathy, heart transplantation, or death. 
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Table 5. ESC 2025 GL on myocarditis and pericarditis.  

 

 

Diagnostic criteria and classification for inflammatory myopericardial syndrome 

 

 
 

Clinical presentations include chest pain or infarct-like symptoms, arrhythmias, heart failure, aborted 

sudden cardiac death. 

Cardiovascular magnetic resonance categories: proven = 2 out of 2 updated LLC fulfilled; uncertain = 

only 1 out of 2 updated LLC fulfilled; rejected = negative CMR. 

EMB categories: proven, uncertain, rejected (according to pathologist consensus). 

aOne condition may be leading. 

b rarely asymptomatic cases may be detected (e.g. drug-related with a distinct history, such as immune 

checkpoint inhibitors). 

cIf ECG changes always consider/exclude myocarditis. 

 

 

 

 

Histopathological criteria for myocarditis 
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Red flags for the clinical diagnosis of myocarditis and pericarditis 

 

 

 
 

CK-MB, creatinine kinase muscle-brain type; CMR, cardiovascular magnetic resonance; ECG, 

electrocardiogram; HF, heart failure; hs-Tn; high-sensitivity troponin; LGE, late gadolinium 

enhancement; NT-proBNP, N-terminal prohormone of brain natriuretic peptide. 
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Figure 5. ESC 2025 GL on myocarditis and pericarditis.  

Diagnostic criteria by cardiovascular magnetic resonance based on the updated Lake Louise 

criteria.  
 

CMR, cardiovascular magnetic resonance; 

ECV, extracellular volume; LGE, late gadolinium enhancement; LLC, Lake Louise criteria; LV, left 

ventricle; LVEF, left ventricular ejection fraction; 

RVEF, right ventricular ejection fraction; SI, signal intensity ratio.30 Presence of pericardial effusion 

suggests concomitant pericarditis. 
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Table 6. ESC 2025 GL on myocarditis and pericarditis. Clinical risk stratification to 

guide work-up in inflammatory myopericardial syndrome 
 

 

 
 

AV, atrioventricular; CMR, cardiovascular magnetic resonance; HF, heart failure; LGE, late 

gadolinium enhancement; LVEF, left ventricular ejection fraction; NSAID, non-steroidal 

anti-inflammatory drug; NYHA, New York Heart Association classification; WMA, wall motion 

abnormalities. 

aThese criteria do not lead directly towards endomyocardial biopsy; in these scenarios it is a case-by-

case decision depending on the suspected underlying cause. 
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Table 7. ESC 2025 GL on myocarditis and pericarditis.  

 

 

Recommendations for clinical evaluation of myocarditis and pericarditis 

 

 
 

CMR, cardiovascular magnetic resonance; CT, computed tomography; ECG, 

electrocardiogram; EMB, endomyocardial biopsy; HIV, human immunodeficiency virus; 

hs-TnI, high-sensitivity troponin I; hs-TnT, high-sensitivity troponin T; IMPS, 

inflammatory myopericardial syndrome; LL, Lake Louise; NT-proBNP, N-terminal 

prohormone of brain natriuretic peptide. 

 

cIncluding hs-TnT or hs-TnI, C-reactive protein, NT-proBNP. 

eContemporary evaluation of EMB should be based on histology, immunohistology, and 

molecular pathology for detection of viral infections in myocardial and blood samples 
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Basic and advanced level assessment 
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Figure 6. ESC 2025 GL on myocarditis and pericarditis. Diagnostic algorithm and 

triage for inpatient myocarditis.  

 

AA, anti-arrhythmic therapy; CAD, coronary artery disease; CRP, C-reactive protein; ECG, 

electrocardiogram; HF, heart failure; ICU, intensive care unit; IMPS, inflammatory myopericardial 

syndrome; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, yes.  

 

bLaboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood count. 

cInvasive coronary angiography or computed tomography angiography depending on clinical 

likelihood/probability.  

eConsider endomyocardial biopsy. fConsider cardiovascular magnetic resonance.  
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Figure 7. ESC 2025 GL on myocarditis and pericarditis. Diagnostic algorithm and triage 

for outpatient myocarditis.  
CAD, coronary artery disease; CRP, C-reactive protein; ECG, electrocardiogram; 

N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, yes. bLaboratory testing 

including troponin, NT-proBNP, C-reactive protein, differential blood count.. dInvasive coronary 

angiography or computed tomography angiography depending on clinical likelihood/probability. 

eDepending on clinical situation (heart failure, arrhythmias) admit to ward.  
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Figure 8. ACC 2024 Decision Pathway on the Diagnosis and Management 

of Myocarditis. Proposed Stages of Myocarditis 
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Figure 9. ESC 2025 GL on myocarditis and pericarditis. Diagnostic algorithm for acute 

heart failure presentation.  
 

CRP, C-reactive protein; ECG, electrocardiogram; HF, heart failure; ICU, intensive 

care unit; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; Y, yes. 

 aLaboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood count.  

dConsider cardiovascular magnetic resonance.  

eIn stabilized heart failure patients, 

endomyocardial biopsy may be performed on a case-by-case basis.  

fDepending on the underlying cause and clinical need.  
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Figure 10. ESC 2025 GL on myocarditis and pericarditis. Diagnostic algorithm for 

arrhythmia presentation.  
 

ALS, advanced life support; CAD, coronary artery disease; CMR, cardiovascular magnetic 

resonance; CRP, C-reactive protein; ECG, electrocardiogram; EMB, endomyocardial biopsy; ICD, 

implantable cardioverter-defibrillator; N, no; NT-proBNP, N-terminal prohormone of brain natriuretic 

peptide; PM, pacemaker; Y, yes.  

aInvasive coronary angiography or computed tomography 

angiography depending on clinical likelihood/probability.  

bLaboratory testing including troponin, NT-proBNP, C-reactive protein, differential blood 

count.  

eConsider cardiovascular magnetic resonance.  

fConsider endomyocardial biopsy on a case-by-case basis.  
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Table 8. ESC 2025 GL on myocarditis and pericarditis. Recommendations for the use of 

cardiovascular magnetic resonance imaging 

 

 

Table 9. ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

endomyocardial biopsy 

 

EMB, endomyocardial biopsy. 

cContemporary evaluation of EMB should be based on histology, immunohistology, and molecular 

pathology for detection of viral infections in myocardial and blood samples 
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Table 10. ESC 2025 GL on myocarditis and pericarditis. Parameters for reporting by 

endomyocardial biopsy 

 

 
 

 

 

Table 11. ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

electro-anatomical mapping 
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Figure 11. ESC 2025 GL on myocarditis and pericarditis. Histopathological findings in 

myocarditis.  

 

HE, haematoxylin eosin. (A–C) Endomyocardial biopsy for acute lymphocytic myocarditis reveals 

cardiomyocyte necrosis (A, HE stain) and severe focal infiltration of CD3+ T cells (B) and CD68+ 

macrophages (C ), as detected by immunohistochemistry. 

(D–F) In chronic lymphocytic myocarditis, no cardiomyocyte injury is observed, but there is focal 

replacement fibrosis (D, HE) in the presence of CD3+ T cells (E) and CD68+ macrophages (F). (G–I) 

In acute eosinophilic myocarditis, necrosis of cardiomyocytes is associated with numerous eosinophilic 

granulocytes (G, Giemsa stain), some CD3+ T cells (H ), and numerous CD68+ macrophages (I ). (J–

L) Areas with severe cardiomyocyte necrosis in the presence of extensive focal and diffuse infiltration 

of eosinophilic granulocytes (J, Giemsa stain), CD3+ T cells (K), and CD68+ macrophages and 

CD68+ giant cells (L) are typical of giant-cell myocarditis. (M–O) Cardiac sarcoidosis is histologically 

characterized by the presence of granulomas, usually in the absence of cardiomyocyte necrosis (M, 

Giemsa stain), but with focal infiltration of CD3+ T cells (N) and numerous CD68+ macrophages and 

CD68+ giant cells (O). 
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Table 12. ESC 2025 GL on myocarditis and pericarditis. Recommendations for nuclear 

Medicine 
 

 
 

CMR, cardiovascular magnetic resonance; CT, computed tomography; 18F-FDG-PET, 

[18F]-fluorodeoxyglucose positron emission tomography. 

 

 

Table 13. ESC 2025 GL on myocarditis and pericarditis. Recommendations for genetic 

testing 

 

 
 

IMPS, inflammatory myopericardial syndrome; IL, interleukin; LGE, late gadolinium 

enhancement; LVEF, left ventricular ejection fraction. 

dEspecially poor response to colchicine and anti-IL-1 agents. 
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IMPS, inflammatory myopericardial syndrome. 

 

 

Figure 12. ESC 2025 GL on myocarditis and pericarditis. The different courses of 

inflammatory myopericardial syndrome and the interplay between genetic background 

inflammation and autoimmunity beyond the initial infectious trigger.  
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Table 14. ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

autopsy 

 

 
 

DNA, deoxyribonucleic acid; SCD, sudden cardiac death. 
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Table 15. ESC 2025 GL on myocarditis and pericarditis. Medical therapy in 

myocarditis 
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Figure 13. ACC 2024 Decision Pathway on the Diagnosis and Management 

of Myocarditis. Surveillance and Treatment by Stage of Myocarditis 
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Table 16. ESC 2025 GL on myocarditis and pericarditis. Therapy for specific forms of 

myocarditis 
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Table 17. ESC 2025 GL on myocarditis and pericarditis. Recommendations for giant-

cell myocarditis 

 

 
 

 

Table 18. ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

immune checkpoint inhibitor-associated myocarditis 

 

 
 

 

Table 19. Arrhythmia management in inflammatory heart disease 

ACC/AHA/HRS 2017 GL on VA/SCD. Myocarditis 

 

Referral to centers with mechanical hemodynamic support     I-C-LD 

and advanced arrhythmia management of patients with life-threatening VT or VF  

 

ICD* in patients with giant cell myocarditis with VF or hemodynamically unstable VT IIb-C-LD 

 

*if meaningful survival >1 year is expected. 
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ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

management of arrhythmias and prevention of sudden cardiac death in myocarditis 

 

 

 
 

 

 

AAD, anti-arrhythmic drugs; CMR, cardiovascular magnetic resonance; ICD, implantable 

cardioverter-defibrillator; LGE, late gadolinium enhancement; LVEF, left ventricular 

ejection fraction; NSVT, non-sustained ventricular tachycardia; PVS, programmed 

ventricular stimulation; SCD, sudden cardiac death; SMVT, sustained monomorphic 

ventricular tachycardia; VA, ventricular arrhythmias; VF, ventricular fibrillation; VT, 

ventricular tachycardia; WCD, wearable cardioverter-defibrillator. 

 

cNon-active based on CMR evidence of activity (T2). 

dNSVT, extensive LGE, unexplained syncope, positive PVS, reduced LVEF <50%. 
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Figure 14. ESC 2025 GL on myocarditis and pericarditis. Follow-up and risk 

stratification after acute myocarditis with arrhythmic presentation.  

 

ICD, implantable cardioverter-defibrillator; LGE, late gadolinium enhancement; LV, left ventricle; 

LVEF, left ventricular ejection fraction; NSVT, non-sustained ventricular tachycardia; PVS, 

programmed ventricular stimulation; WCD, wearable cardioverter-defibrillator. Rarely for a high risk, 

cardioverter-defibrillator implantation may be considered before discharge (see text for detailed 

discussion).  

aAdditional risk factors (at least 1, increasing risk and indication with >1 or more): NSVT, extensive 

LGE, unexplained syncope, positive PVS, reduced LVEF of <50%. 
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Table 20. ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

interventional techniques including circulatory support in myocarditis  

 

 
 

 

 IABP, intra-aortic balloon pump; MCS, mechanical circulatory support; PLVAD, 

percutaneous left ventricular assist device; VA-ECMO, veno-arterial extracorporeal 

membrane oxygenation. 

 

cIABP, PLVAD, VA-ECMO. 
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Table 21. ESC 2025 GL on myocarditis and pericarditis.  

 

 

Recommendations for 

inflammatory cardiomyopathy 

 
 

 

 

 

Recommendations for risk stratification, complications, and outcomes of inflammatory 

myopericardial syndrome 
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Table 22. Physical activity 

 

ESC 2020 GL on Sports. Recommendations for exercise in individuals with 

myocarditis 

 

Comprehensive evaluation, using imaging studies, exercise stress test and  IB 

Holter monitoring to assess the risk of exercise-related SCD. 

 

Return to all forms of exercise including competitive Sports, after 3-6  IIa C 

months in asymptomatic individuals, with normal troponin and biomarkers  

of inflammation, normal LV systolic function on echocardiography and 

CMR, no evidence of ongoing inflammation or myocardial fibrosis on CMR,  

good functional capacity, and absence of frequent and/or complex 

VAs on ambulatory Holter monitoring or exercise testing. 

 

Among individuals with a probable or definitive diagnosis of recent  III C 

myocarditis, participation in leisure-time or competitive sports while active 

inflammation is present is not recommended. 

 

Participation in moderate- to high-intensity exercise for a period  III B 

of 3-6 months after acute myocarditis is not recommended. 

 

Participation in leisure exercise or competitive sports involving  III C 

high intensity in individuals with residual myocardial scar and persistent  

LV dysfunction is not recommended. 

 

CMR = cardiovascular magnetic resonance; LV = left ventricular; SCD = sudden 

cardiac death; VA = ventricular arrhythmia. 
 

 

 

 

ESC 2025 GL on myocarditis and pericarditis. Recommendations for 

physical activity and myocarditis/pericarditis 
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Figure 15. ACC 2024 Decision Pathway on the Diagnosis and Management of 

Myocarditis. Recommendations for Abstinence From Strenuous Physical Activity and 

Return to Competitive Sports Following Diagnosis of Myocarditis 
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Table 23. ESC 2025 GL on myocarditis and pericarditis. Follow-up in inflammatory 

myopericardial syndrome after discharge 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


