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«Myocarditis is an inflammatory disease of the 
heart that may occur as a consequence of 
infections, exposure to toxic substances, and 
immune system activation»

Definition
From Pathology to Imaging

From Pathology to 
CMR: is it possible?



Definition
From Pathology to Imaging

RATIONALE
Besides providing anatomic and morphological 
information,

CMR can provide accurate tissue characterization
by measuring T1 and T2 relaxation times and spin 
densities.

«Because active myocarditis is typically associated with myocyte 
injury, including edema and cellular swelling, assessment of 
relaxation times provides a sensitive measure for its detection.»

Magnani JW - Circulation 2006;113:876-90



EDEMA
From Pathology to Imaging

Ø Both intracellular and interstitial in origin and alters signal in 
both T2- and T1-weighted CMR sequences.

Ø Even small increases (∼3%) in cellular water content can 
prolong T1 and T2 relaxation

The combination of increased cellular water content and increased cellular free water 
in response to tissue injury therefore significantly increases T2 and T1 relaxation times

T2-based technique
(T2-paramegnetic or T2W-spin echo)



CAPILLARY LEAK
From Pathology to Imaging

Ø Cardinal feature of inflammation as endothelial permeability 
is increased by the release of proinflammatory cytokines.

Ø Leads to myocardial early gadolinium enhancement, 
increased T1 and T2 relaxation times, and expansion of the 
extracellular volume.

T1-based technique
Sequence T1 IR after late enhancement
(1-2min) (“early hyperenhancement”)

HYPERAEMIA



MYOCITE NECROSIS & FIBROSIS
From Pathology to Imaging

Ø Gadolinium agent: paramagnetic contrast agent that shortens T1 in proportion to 
its concentration;

Ø LGE technique: used to accentuate differences in tissue T1 relaxation 
characteristics. Areas of shortened T1 (areas with increased and prolonged 
contrast uptake) will appear with a high signal intensity (bright!);

Ø Post-contrast T1 maps (@15-20 min after Gd) can be used to confirm 
ambiguous LGE and to calculate ECV.

T1-based technique
(native T1, LGE  or ECV)
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HOW TO COMBINE THE 
SEQUENCES

Lake Louise Criteria (2009)



The Lake Louise Criteria

For diagnosis: 2 positive out of 3

CONS
• Subjectivity in T2w images interpretation
• Many acquisition artifacts in T2w
• Lack of validation for Early Enhancement



HOW TO COMBINE THE 
SEQUENCES

Lake Louise Criteria (2009)



HOW TO COMBINE THE 
SEQUENCES

Lake Louise Criteria (2009)

Revised Lake Louise Criteria (2018)



HOW TO COMBINE THE 
SEQUENCES

Lake Louise Criteria (2009)
• Sensitivity: 74%
• Specificity: 86%

Revised Lake Louise Criteria (2018)
• Sensitivity: 87.5%
• Specificity: 96.2%



Titolo
sottotitolo

Ferreira V. et al. JACC 2018



Esposito Insights Imaging 2015

HOW TO COMBINE THE 
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HOW TO COMBINE THE 
SEQUENCES

Eichhorn C et al. J Am Coll Cardiol Img 2021 



HOW TO COMBINE THE 
SEQUENCES

A single positive criterion can 
support diagnosis of myocardial 

inflammation if clinical suspicion is 
strong

CMR cannot identify specific cause 
of myocardial inflammation, and the 
histological subtypes, although regional 
distribution of inflammatory changes in the tissue 

provide diagnostic clues J Am Coll Cardiol 2016;67:1800–11 



Ferreira V. et al. JACC 2018

HOW TO COMBINE THE 
SEQUENCES
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Circ Heart Fail. 2020;13:e007405. 



MYOCARDITIS & IMAGING >>> MRI

European Heart Journal (2013) 34, 2636–2648





ACUTE CLINICAL SCENARIOS
Infarct-like presentation
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A 18-yrs boy referred for chest pain and 
gastroenteritis with traditional and mapping 
CMR findings suggesting an acute 
myocarditis

Circ Heart Fail. 2020;13:e007405. 



ACUTE CLINICAL SCENARIOS
Refractory arrhythmias clinical presentation and preserved EF 

A 42-yrs old woman presenting 
with syncope and presence of 
non-sustained ventricular 
tachycardia on monitoring in 
intensive care unit; coronary 
disease was excluded by 
angiography. 
EMB: lymphocytic myocarditis
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Circ Heart Fail. 2020;13:e007405. 



De Lazzari M et al Circulation. 2016;133:1421-1423. 

ACUTE CLINICAL SCENARIOS
Refractory arrhythmias clinical presentation and preserved EF 



De Lazzari M et al Circulation. 2016;133:1421-1423. 

ACUTE CLINICAL SCENARIOS
Refractory arrhythmias clinical presentation and preserved EF 

Kidney & Cardiac κ-light chain deposition
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Martina Perazzolo Marra, JACC Img 2021

Diagnostic clues for 
differential diagnosis

Cardiac Sarcoidosis



   ➽ need for an histologic exclusion!!!

AC SARCOIDOSIS

Myocardial Tissue Characterization in Arrhythmogenic 
Cardiomyopathy. Comparison Between Endomyocardial 
Biopsy and Cardiac Magnetic Resonance 



Kuo L. et al. JACC: CARDIOVASCULAR IMAGING, VOL. 12, NO. 12, 2019 

Basal Inferoseptal Triangular Late Gadolinium 
Enhancement 

Tips & Tricks
LGE in Cardiac Sarcoidosis



elementi per la diagnosi 
differenziale

Diagnostic clues for 
differential diagnosis

Endocardial disease

JACC: CARDIOVASCULAR IMAGING, VOL. 7, NO. 3, 2014 

Great amount of edema
(also increased LV mass) + Diffuse endocardial 

thrombosis

…think to eosinophilic myocarditis!!!!



JACC: CARDIOVASCULAR IMAGING, VOL. 7, NO. 3, 2014 

Acute Phase

Chronic Phase
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Myocardial Inflammation and 
systemic diseases



Myocardial Inflammation and 
systemic diseases

European Heart 
Journal - 
Cardiovascular 
Imaging (2022) 00, 
1–15 
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CHRONIC PHASE
The time-course of EDEMA

M. De Lazzari et al. / Journal of Electrocardiology 49 (2016) 587–595 

To rule in or rule out myocardial 
inflammation reliably, CMRI should 
be performed within 2 to 3 weeks 

from the onset of symptoms, 
although accuracy may be lower 

during the first days.

Unless recurrent flares occur, 
edema tends to decline 4 weeks 

after disease onset



Cardiac Magnetic Resonance Monitors Reversible and 
Irreversible Myocardial Injury in Myocarditis

JACC Img 2009;2:131–8

CHRONIC PHASE
The time-course of EDEMA



CHRONIC PHASE
The time course of EDEMA

EDEMA: disappearance of edema is 
frequent @FU @FU: negative T2-based 

technique up to 84%

Eichhorn C et al. J Am Coll Cardiol Img 2021 



Eur Heart J. 2005;26(15):1461-1474.

CHRONIC PHASE
The time course of LGE



CMR at follow-up (3 months later)

Mahrholdt, MD et al. - Circulation. 2004;109:1250-1258

CMR in the acute phase

During follow-up: a reduction of LE 
area from 9±11% to 3±4% of LV 
mass, and the EF improved from 

47±19% to 60±10%.

CHRONIC PHASE
The time course of LGE



CHRONIC PHASE
The time course of LGE

LGE: disappearance of LGE is not 
complete @FU and generally 
persists, although reduced 

@FU: positive T1-based 
technique up to 89%

Eichhorn C et al. J Am Coll Cardiol Img 2021 

…LGE in myocarditis is a dynamic process!!!!
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Presence of 
LGE

Extent of 
LGE



CMR Predictors for MACE in 
Myocarditis

Ø Presence of LGE
Ø Extent of LGE
Ø Pattern of LGE (septal)
Ø ECV>35%
Ø Persistence of edema



CMR Predictors for MACE in 
Myocarditis

J Am Coll Cardiol 2019;74:2439–48 



CMR Predictors for MACE in 
Myocarditis

Ø Presence of LGE
Ø Extent of LGE
Ø Pattern of LGE (septal)
Ø ECV>35%
Ø Persistence of edema

Ø When perform the FU CMR?
Generally after 3 to 12 months (no consensus!)
Ø Clinical persistence of edema:

Ø Still residual change of recovery!
Ø Which role for monitoring therapy?
Ø Which role for arrhythmogenesis?

Knownledge Gaps:



Diagnostic value and prognostic implications 
of early cardiac magnetic resonance in 

survivors of out of hospital cardiac arrest 

Zorzi A,…Perazzolo Marra. Heart Rhythm 2017



CMR Predictors for MACE in 
Myocarditis

Underlying LGE & myocarditis: 
something else?



Long-Term Follow-Up of Biopsy-Proven Viral 
Myocarditis : Predictors of Mortality and 

Incomplete Recovery

J Am Coll Cardiol. 2012;59:1604-15



Long-Term Follow-Up of Biopsy-Proven Viral 
Myocarditis : Predictors of Mortality and 

Incomplete Recovery

J Am Coll Cardiol. 2012;59:1604-15



Schumm et al. Journal of Cardiovascular Magnetic Resonance 2014, 16:14

Al di là dei numeri guardiamo 
le immagini



Schumm et al. Journal of Cardiovascular Magnetic Resonance 2014, 16:14

Al di là dei numeri guardiamo 
le immagini



«Hot Phase» of ARVC

     

International Journal of Cardiology 157 (2012) e26–e28 

International Journal of Cardiology 271 (2018) 81–86 

J Am Coll Cardiol 2009;53:681–9 



Smith ED et al. Circulation. 2020

107 DSPC + PKP2 gene positive

DSP cardiomyopathy is a distinct form of arrhythmogenic 
cardiomyopathy characterized by
Øepisodic myocardial injury
ØLV fibrosis that precedes systolic dysfunction
Øhigh incidence of ventricular arrhythmias. 



Bariani R et al. Europace 2021 

23 ARVC pts with «hot phase» presentation (out of 506 AC probands 
and family members)
ØA myocarditis-like picture is a rather uncommon clinical presentation of 

AC, with a 5% prevalence
Ø39% carried a rare putative pathogenic variant in DSP 
ØLGE was present in all patients (100%), with biventricular distribution in 

seven (77%) and LV in two (22%). 



Clinical Case

M.A. male, 39-yrs old.

Referred to Emergency Departmente for chest pain.
Vital signs: BP170/115 mmHg, HR 75 bpm, SatO2 100% without 
oxygen supplementation; no fever. 

Past medical History: Previous TBC at 14-yrs old. 

CV risk factors: positive family history for ischemic heart disease 
(mother and grandfather), smoker, hyperomocisteinemia. 



Clinical Case



Coronary angiography: no coronary lesions.

Echocardiogram: Left ventricle with normal dimensione and systolic 
function, whitout cine abnormalities (EDV 70 ml/m2; EVS 24 ml/m2). 
Right ventricle with mild dilatation and preserved systolic function, 
subtricuspid ipokinesia (TDA 14,87 cm2/m2, TSA 9,64 cm2/m2). No 
valvular diseases. No pulmonary hypertension. No pleural effusion. 

Peak of Troponin I: 177600 ng/l (v.n. 0-34 ng/l)

Clinical Case



Cine CMR

VSX with systolic function at lower limit.
Focal ipokinesia of LV mid lateral wall



Cine CMR

Cine RVOT.
RV with normal dimensione and mild reduction of 
systolic function; ipokinesia of subtricuspid region, 
bulging on RVOT.



Edema T2w

POSITIVE: acute phase!!!



Post Contrast LGE

POSITIVE with biventricular 
involvement !!!



Caso Clinico

Some days later the patients referred to physicians that a mother’s aunt 
died suddenly at 50-yrs old. 

In his past medical history the patients was referred to a Cardiologist for 
palpitations and on 24-hrs ECG Holter monitoring ventricular premature 
beats with LBBB were founded! 

Final Report: «…CMR suggestive for acute myocarditis»….But!!!!!



Caso Clinico

Indication for FU CMR after 6 months and genetic test. 

EMB: suggestive for active myocites. Negative virus 

Genetic analysis
A rare variant c.c. 1652-1G>T introne 11 of the Gene DSC2 (desmocollin).

CMR + EMB
Clinical Conclusion: possible hot-phase of an arrhythmogenic 
cardiomiopathy



CMR: follow-up after 6 months



The 2020 International Criteria for Diagnosis of ALVC 

Corrado D, et al., J Am Heart Assoc. 2021 Sep



Work-up diagnostico

Corrado D, et al., J Am Heart Assoc. 2021 Sep







European Heart Journal (2025) 00, 
1–90



CMR: DIAGNOSTIC CRITERIA

A single positive criterion can support 
diagnosis of myocardial inflammation if 

clinical suspicion is strong

CMR cannot identify specific cause of 
myocardial inflammation, and the 
histological subtypes, although regional 

distribution of inflammatory changes in the tissue provide 
diagnostic clues 



CONCLUSIONS

• Tra le metodiche di Imaging 
– l’ecocardiogramma è il first step >> diagnosi differenziale
– La CMR riveste un ruolo centrale
– La TC al momento per rule out coronaropatia

• La CMR è 
– clinicamente fondamentale e la sua applicabilità dipende dal 

contesto clinico
– Non fornisce diagnosi di certezza utile alla terapia specifica
– Complementare alla BEM in molti casi

• Applicabilità nuove linee guida: revisione modello 
esecuzione-refertazione CMR



CONCLUSIONS

Ø CMR is the preferred diagnostic tool for acute myocarditis 
without complications on presentation (preserved/mildly 
reduce LVEF and no ventricular arrhythmias).

Ø The application of T2-based and T1-based techniques 
including mapping increase the accuracy 

Ø The definition of aetiology is not possible by CMR, however 
its complementary role with EMB is crucial for diagnosis & 
treatment

Ø CMR is suggested at 3–6 months of follow-up to demonstrate 
resolution of edema (to modulate immunosuppression if any 
or to resume intense physical activities) and define the final 
LGE extent.

Ø A single episode of myocarditis can be the first manifestation 
of a cardiomyopathy (LGE@FU: expression of post-inflammatory scar or 
cardiomyopathic-scar?)


