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CARDIAC INFLAMMATORY DISEASE

MYOCARDITIS

Inflammatory condition of the heart muscle 

(myocardium). 

PERICARDITIS

Inflammation of the pericardium, the thin, two-

layered sac-like membrane that surrounds the 

heart.
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MYOPERICARDITIS

PERIMYOCARDITIS

CARDIAC INFLAMMATORY DISEASE



MYOCARDITIS

Kindermann I, Barth C, Mahfoud F, et al. "Update on myocarditis." Journal of the American College of Cardiology. 2012;59(9):779-792.

• 1 to 10 cases per 100,000 people per 

year.

• 12% of young adults (<40 y) who die 

suddenly.

• incidence increases following certain 

viral infections à 1-5% of cases 

following a viral infection 

(coxsackievirus, adenovirus, pB19).



MYOCARDITIS - ETIOLOGY

Caforio ALP, et al. Current state of knowledge on aetiology, diagnosis, management, and therapy of myocarditis: a position statement of the European Society of Cardiology Working Group on Myocardial and Pericardial 
Diseases. European Heart Journal. 2013;34(33):2636-2648. doi:10.1093/eurheartj/eht210

• Infectous (Viral)

• Immune-mediated 

(Autoimmune)

• Toxic



MYOCARDITIS - PATHOPHYSIOLOGY

Liu P, Mason J. Advances in the understanding of myocarditis. Circulation 2001;104:1076–82.



MYOCARDITIS - SIMPTOMS

• Chest pain (up to 95% of cases);

• Dyspnea (up to 49% of cases);

• Other typical but non-specific 

symptoms (fatigue, palpitations, 

and syncope)

Clinical Presentation



MYOCARDITIS

There are 3 more dramatic modes of presentation associated with acute 

myocarditis.

• Myocarditis may manifest as acute onset of heart failure in a previously 

healthy person.

• It may masquerade as an acute coronary syndrome (ACS).

• Arrhythmias including ventricular tachycardia may be the leading 

symptom, sometimes manifesting as sudden cardiac death.



MYOCARDITIS – NON INVASIVE TEST



MYOCARDITIS - ECHOCARDIOGRAPHY

Goitein, Orly et al. “Acute myocarditis: noninvasive evaluation with cardiac MRI and transthoracic echocardiography.” AJR. American journal of roentgenology vol. 192,1 (2009): 254-8. 
doi:10.2214/AJR.08.1281

• Localized wall motion 

abnormalities including areas of 

hypokinesia, akinesia, and 

dyskinesia. 

These nonspecific changes cannot be used to clearly differentiate 

acute myocardial infarction from myocarditis.
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MYOCARDITIS - CMR

ENDOMYOCARDIAL BIOPSY



MYOCARDITIS - CMR

CARDIAC MAGNETIC 
RESONANCE (CMR)



MYOCARDITIS - CMR

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure; European Heart Journal (2021), doi:10.1093/eurheartj/ehab368
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2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure; European Heart Journal (2021), doi:10.1093/eurheartj/ehab368



MYOCARDITIS - EMB

2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure; European Heart Journal (2021), doi:10.1093/eurheartj/ehab368

WHEN ENDOMYOCARDIAL BIOPSY?



MYOCARDITIS - CMR

Ammirati E, et al. Management of Acute Myocarditis and Chronic Inflammatory Cardiomyopathy: An Expert Consensus Document. Circ Heart Fail. doi:10.1161/CIRCHEARTFAILURE.120.007405
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MYOCARDITIS - CMR

1998-2008

289 patients
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MYOCARDITIS - CMR

T2-weighted triple inversion recovery (TIR) pulse sequence showed a 

significantly higher global myocardial signal intensity

Edema

T2 (before CM)



MYOCARDITIS - CMR

Triple Inversion Recovery (TIR)

T2-W non cine sequences:

• Black Blood

• Black Fat

• Black Myocardium 

(soft tissue)

T2 (before CM)



MYOCARDITIS - CMR
T2 (before CM)

FLAIR STIR
Edema



MYOCARDITIS - CMR

T2 (before CM)

Lateral and infero-lateral subepicardial edema



MYOCARDITIS - CMR



MYOCARDITIS - CMR

Early Gadolinium Enhancement (EGE)

1 – 4 min after C.M.

Fixed TI



MYOCARDITIS - CMR

Early Gadolinium Enhancement

Bière, Loïc et al. “Imaging of myocarditis and inflammatory cardiomyopathies.” Archives of cardiovascular diseases vol. 112,10 (2019): 630-641. doi:10.1016/j.acvd.2019.05.007

Hyperemia and capillary leak (myocardial early gadolinium enhancement)



MYOCARDITIS - CMR



MYOCARDITIS - CMR

Late Gadolinium Enhancement

>10 min after C.M.

Identification optimal TI 
for LGE (TI-SCOUT)



MYOCARDITIS - CMR

Late Gadolinium Enhancement

Myocardium

Myocardium

Myocardium
Myocardium

MyocardiumMyocardium

Myocardium

Myocardium

Myocardium

Healthy Myocardium

Myocardium

Myocardium

Myocardium

Fibrosis/Edema



MYOCARDITIS - CMR

Late Gadolinium Enhancement

Cholangiocarcinoma

T1W + Gad (3’) T1W + Gad (10’)



MYOCARDITIS - CMR

Late Gadolinium Enhancement

Schulz-Menger J et al. J Cardiovasc Magn Reson. 2020 Mar 12;22(1):19. doi: 10.1186/s12968-020-00610-6 



MYOCARDITIS - CMR

Late Gadolinium Enhancement

Lateral and infero-lateral subepicardial LGE
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MYOCARDITIS - CMR

Luetkens, Julian A et al. “Comparison of Original and 2018 Lake Louise Criteria for Diagnosis of Acute Myocarditis: Results of a Validation Cohort.” Radiology. Cardiothoracic imaging vol. 1,3 e190010. 25 Jul. 2019, 
doi:10.1148/ryct.2019190010

Lake-Louise Criteria
2009
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2009

2018

2024

Lake-Louise Criteria

2018

Revised Lake-Louise Criteria



Ferreira, Vanessa M et al. “Cardiovascular Magnetic Resonance in Nonischemic Myocardial Inflammation: Expert Recommendations.” Journal of the American College of Cardiology vol. 72,24 (2018): 3158-3176. 
doi:10.1016/j.jacc.2018.09.072
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Ferreira, Vanessa M et al. “Cardiovascular Magnetic Resonance in Nonischemic Myocardial Inflammation: Expert Recommendations.” Journal of the American College of Cardiology vol. 72,24 (2018): 
3158-3176. doi:10.1016/j.jacc.2018.09.072



MYOCARDITIS - CMR

Ferreira, Vanessa M et al. “Cardiovascular Magnetic Resonance in Nonischemic Myocardial Inflammation: Expert Recommendations.” Journal of the American College of Cardiology vol. 72,24 (2018): 3158-3176. 
doi:10.1016/j.jacc.2018.09.072

CMR 
parametric mapping



MYOCARDITIS - CMR

Native T1 Mapping

Increased Native T1 Decreased Native T1
Edema ↑ Lipid

↑ Interstitial space ↑ Iron

Haaf P et al. J Cardiovasc Magn Reson. 2016 Nov 30;18(1):89. doi: 10.1186/s12968-016-0308-4
Kramer CM et al. J Cardiovasc Magn Reson. 2020 Feb 24;22(1):17. doi: 10.1186/s12968-020-00607-1



MYOCARDITIS - CMR

ECV

White, Steven K et al. “T1 mapping for myocardial extracellular volume measurement by CMR: bolus only versus primed infusion technique.” JACC. Cardiovascular imaging vol. 6,9 
(2013): 955-62. doi:10.1016/j.jcmg.2013.01.011



MYOCARDITIS - CMR

ECV

White, Steven K et al. “T1 mapping for myocardial extracellular volume measurement by CMR: bolus only versus primed infusion technique.” JACC. Cardiovascular imaging vol. 6,9 
(2013): 955-62. doi:10.1016/j.jcmg.2013.01.011

Increased ECV Decreased ECV
Amyloid Fat/lipomatous metaplasia

Collagen (fibrosis)
Edema

Thrombus

Normal ECV: 25.3% ± 3.5%



MYOCARDITIS - CMR

Haaf P et al. J Cardiovasc Magn Reson. 2016 Nov 30;18(1):89. doi: 10.1186/s12968-016-0308-4



MYOCARDITIS - CMR

T2 Mapping

Kramer CM et al. J Cardiovasc Magn Reson. 2020 Feb 24;22(1):17. doi: 10.1186/s12968-020-00607-1

Giri S et al. J Cardiovasc Magn Reson. 2009 Dec 30;11(1):56. doi: 10.1186/1532-429X-11-56

• T2-prepared single-shot bSSFP

sequences acquired with different 

T2 prep time, gradient and spin 

echo (GraSE) or FSE-based pulse 

sequences. 

Edema = Increased T2

Normal T2: 49.3% ± 4.5%



MYOCARDITIS - CMR

T2 Mapping



MYOCARDITIS - CMR

Luetkens, Julian A et al. “Comparison of Original and 2018 Lake Louise Criteria for Diagnosis of Acute Myocarditis: Results of a Validation Cohort.” Radiology. Cardiothoracic imaging vol. 1,3 e190010. 25 Jul. 2019, 
doi:10.1148/ryct.2019190010

PARAMETRIC IMAGING



MYOCARDITIS - CMR

Luetkens, Julian A et al. “Comparison of Original and 2018 Lake Louise Criteria for Diagnosis of Acute Myocarditis: Results of a Validation Cohort.” Radiology. Cardiothoracic imaging vol. 1,3 e190010. 25 Jul. 2019, 
doi:10.1148/ryct.2019190010



MYOCARDITIS - CMR

Luetkens, Julian A et al. “Comparison of Original and 2018 Lake Louise Criteria for Diagnosis of Acute Myocarditis: Results of a Validation Cohort.” Radiology. Cardiothoracic imaging vol. 1,3 e190010. 25 Jul. 2019, 
doi:10.1148/ryct.2019190010



MYOCARDITIS - CMR

CMR - PROTOCOL

Localizer T2-TIR T1-Native T2-Map

Post-
contrast 

Cine-SSFP

Gad

Multiplanar 
LGE

T1-post 
contrast

ECV

Consider multiplanar



MYOCARDITIS - CMR

Mahrholdt H, Wagner A, Deluigi C, et al. Presentation, patterns of myocardial damage and clinical course of viral myocarditis. Circulation 2006;114:1581–90

Specific pattern – Parvovirus B19

Parvovirus B19 associated 

myocarditis often shows LGE of 

the epicardial portions of the 

free lateral wall of the LV
.



MYOCARDITIS - CMR

Mahrholdt H, Wagner A, Deluigi C, et al. Presentation, patterns of myocardial damage and clinical course of viral myocarditis. Circulation 2006;114:1581–90

Specific pattern - HSV

In contrast, the peculiar pattern of a 

sandwiched stripe of late enhancement within 

the interventricular septum is more frequently 

found in herpes virus.



MYOCARDITIS - CMR

Specific pattern – SarS-CoV2/Vaccine

SarS-CoV2 infection SarS-CoV2 vaccine

Abdeldayem EH, Raief Mosaad BM, Yassin A, Abdelrahman AS. Cardiac MRI in patients with COVID-19 infection. Eur Radiol. 2023;33(6):3867-3877. doi:10.1007/s00330-022-09325-x
Bozkurt B, Kamat I, Hotez PJ. Myocarditis With COVID-19 mRNA Vaccines. Circulation. 2021;144(6):471-484. doi:10.1161/CIRCULATIONAHA.121.056135



MYOCARDITIS - CMR

Cadour F, Cautela J, Rapacchi S, et al. Cardiac MRI features and prognostic value in immune checkpoint inhibitor–induced myocarditis. Radiology. 2022;303:512-521. Crossref

Thavendiranathan P, Zhang L, Zafar A, et al. Myocardial T1 and T2 mapping by magnetic resonance in patients with immune checkpoint inhibitor-associated myocarditis. J Am Coll Cardiol. 2021;77:1503-1516. Crossref

Specific pattern - Immune Check-point Inhibitor

• Myocarditis is an uncommon but potentially fatal complication 

of IMMUNE CHECK-POINT INHIBITOR (ICI) therapy. 

• Lower rate of LGE and the lower sensitivity of the 2018-LL 

criteria in ICI-M than in viral myocarditis; LGE more commonly 

involves the mid-wall of the basal and mid septum.

• A retrospective analysis of 79 patients with ICI-myocarditis and 

mapping data showed that 100% of patients met at least one 

of the revised LLC on MRI and 48% met both T1 and T2-based 

criteria.



MYOCARDITIS - CMR

2009

2018

2024

Lake-Louise Criteria

Revised Lake-Louise Criteria
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MYOCARDITIS - CMR

Diagnosis Prognosis

3-6 months follow-up



MYOCARDITIS - CMR

Aquaro, Giovanni Donato et al. “Prognostic Value of Repeating Cardiac Magnetic Resonance in Patients With Acute Myocarditis.” Journal of the American College of Cardiology vol. 74,20 (2019): 2439-
2448. doi:10.1016/j.jacc.2019.08.1061

• LGE is not a marker of 

irreversible myocardial damage

• in patients with LGE and edema 

there was active inflammation 

with the potential to heal in the 

future, whereas in those without 

edema, LGE represents a definite 

fibrosis.



MYOCARDITIS - CMR

• Myocardial damage might 

continue as the result of an 

autoimmune response or 

multiple relapse of myocarditis

Disease progression and 

worse outcome

Aquaro, Giovanni Donato et al. “Prognostic Value of Repeating Cardiac Magnetic Resonance in Patients With Acute Myocarditis.” Journal of the American College of Cardiology vol. 74,20 (2019): 2439-
2448. doi:10.1016/j.jacc.2019.08.1061



MYOCARDITIS - CMR

• in the ITAMY registry, the 

midwall septal pattern of 

LGE was associated with a 

worse prognosis than the 

inferior and/or lateral 

subepicardial pattern.

Aquaro, Giovanni Donato et al. “Cardiac MR With Late Gadolinium Enhancement in Acute Myocarditis With Preserved Systolic Function: ITAMY Study.” Journal of the American College of Cardiology vol. 
70,16 (2017): 1977-1987. doi:10.1016/j.jacc.2017.08.044
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CARDIAC INFLAMMATORY DISEASE

MYOCARDITIS

Inflammatory condition of the heart muscle 

(myocardium). 

PERICARDITIS

Inflammation of the pericardium, the thin, two-

layered sac-like membrane that surrounds the 

heart.



PERICARDITIS

Normal thickness à < 2 mm

Abnormal thickness à 4 mm

Risk of constriction à >5-6 mm



PERICARDITIS - CMR

80%

Snyder, Matthew J et al. “Acute pericarditis: diagnosis and management.” American family physician vol. 89,7 (2014): 553-60.



PERICARDITIS

Klein, Allan L et al. “American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of patients with pericardial disease: endorsed by the Society for 
Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography.” Journal of the American Society of Echocardiography doi:10.1016/j.echo.2013.06.023

Diagnosis

• The use of CMR remains limited;

• Ability to provide information when hemodynamic assessment with echocardiography is difficult and the diagnosis 

remains unclear.



PERICARDITIS - CMR

• Pericardial thickening

• Pericardial enhancement

• Pericardial effusion characterization:

o Trasudate: low T1, high T2

o Essudate: low-intermed T1, intermed T2

o Chilous: high T1

o Blood: variable T1 and T2 (age-dependent)

Klein, Allan L et al. “American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of patients with pericardial disease: endorsed by the Society for 
Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography.” Journal of the American Society of Echocardiography doi:10.1016/j.echo.2013.06.023



PERICARDITIS - CMR

Klein, Allan L et al. “American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of patients with pericardial disease: endorsed by the Society for 
Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography.” Journal of the American Society of Echocardiography doi:10.1016/j.echo.2013.06.023

TrasudateEssudate



PERICARDITIS

Klein, Allan L et al. “American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of patients with pericardial 
disease: endorsed by the Society for Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography.” Journal of the American 
Society of Echocardiography doi:10.1016/j.echo.2013.06.023

Pericardial enhancement



PERICARDITIS

With cine SSFP imaging and real-time cine CMR 

imaging, flattening of the interventricular septum, 

compression of the coronary sinus, distention of the 

superior vena cava, and the respiratory ventricular 

interdependence can be imaged.

Klein, Allan L et al. “American Society of Echocardiography clinical recommendations for multimodality cardiovascular imaging of patients with pericardial disease: endorsed by the Society for 
Cardiovascular Magnetic Resonance and Society of Cardiovascular Computed Tomography.” Journal of the American Society of Echocardiography doi:10.1016/j.echo.2013.06.023

Pericardial tamponade



TAKE HOME MESSAGE

• Myocarditis and pericarditis are connected;

• MRI is fundamental for diagnosis (Lake Louise criteria 2.0) and 

prognosis (3-6 months)

• Evaluate LGE pattern and evolution of LGE

• Higher accuracy and sensivity of Parametric imaging compared to 

standard sequences

• MRI is only supportive in pericarditis
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