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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»
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CMR: is it possible?
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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
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» Both intracellular and interstitial in origin and alters signal in
both T2- and T1-weighted CMR sequences.

» 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)

T2w-STIR
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From Pathology to Imaging

» Cardinal feature of inflammation as endothelial permeability
IS increased by the release of proinflammatory cytokines.

» 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”)

hyperemia
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Gadolinium agent. paramagnetic contrast agent that shortens T1 in proportion to

its concentration;
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!);
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 use CMR for myocarditis: Technical Issues

» Acute Myocarditis
» How to use CMR in different Clinical Settings
» Diagnostic clues for differential diagnosis
» Inflammation and systemic diseases

» Chronic Myocarditis
» CMR time-of-course of myocardial inflammation
» Prognostic significance of CMR
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Cardiovascular magnetic resonance (CMR) has become the primary tool for noninvasive

of myocardial infla

ation in patients with suspected myocarditis. The International

Consensus Group on CMR Diagnosis of Myocarditis was founded in 2006 to achieve consensus

among CMR experts and develop recommendations on the current state-of-the-art use of CMR

for myocarditis. The recommendations include indications for CMR in patients with suspected

myocarditis, CMR protocol standards, terminology for reporting CMR findings, and diagnostic
CMR criteria for myocarditis (i.c., “Lake Louise Criteria”).

Background: Myocarditis
Tacidence and Etiology

In this paper, myocarditis is defined as inflammation of
myocardial tissue. Myocarditis has been reported in up
to 12% of young adults presenting with sudden death
(1-4) and is an important underlying etiology of other
myocardial diseases such as dilated (5) and arrhythmo-
genic right ventricular (6) cardiomyopathy. The inci-

dence of nonfatal myocarditis is likely greater than
actually diagnosed, mostly as a result of the challenges of
establishing the diagnosis in standard clinical settings.
Infectious disease accounts for most cases in previ-
ously healthy patients typically either bec:
viral infection or post-viral immune-mediated reaction.

sse of a direct

Myocardial inflammation, however, also may be trig-
gered by reversible and/or irreversible toxic, ischemic, or
mechanical injury, drug-related inflammation, trans-
plant rejection, or other immune reactions.
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e The Lake Louise Criteria

For diagnosis: 2 positive out of 3

Sequence T1 IR after  Sequence T1 IR after

late enhancement late enhancement
T2 sequence (1‘:2m|n) (10-1 5 min)
(“early (“late

hyperenhancement”)  hyperenhancement”)

Edema Iperemia Necrosis

CONS
» Subjectivity in T2w images interpretation
 Many acquisition artifacts in T2w
* Lack of validation for Early Enhancement
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Lurz, P. et al. J Am Coll Cardiol. 2016;67(15):1800-11.
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assessment of myocardial inflammation in patients with suspected myocarditis. The Interational

ditis was founded in 2006 to achieve consensus

Consensus Group on CMR Diagnosis of Myo
among CMR experts and develop recommendations on the current state-of-the-art use of CMR
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myocarditis, CMR protocol standards, terminology for reporting CMR findings, and diagnostic

CMR criteria for myocarditis (i.e., “Lake Louise Criteria”).
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Revised Lake Louise Criteria (2018)
Sensitivity: 87.5%
Specificity: 96.2%
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Lake Louise Criteria (2009)
Sensitivity: 74%
Specificity: 86%
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2018 Lake Louise Criteria CMR Image Examples

Regional or global increase

Regional or global increase
of native T2

of T2 signal intensit

3 O
-

Myocardial Edema
(T2-mapping or T2W images)

Main ool or clopal
= = egional or globat Iincrease
Criteria of native T1

T2-Weighted images

Regional or global  Regional LGE
increase of ECV  signal increase

Non-ischemic Myocardial Injury

or
(Abnormal T1, ECV, or LGE)

map

Pericarditis
(Effusion in cine images or

. abnormal LGE, T2, or T1)
Supportive

Criteria Systolic LV Dysfunction
(Regional or global wall

motion abnormality)

Ferreira V. et al. JACC 2018
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IR-T1w RSE

~

Esposito Insights Imaging 2015
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Heart
Failure
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Arrhythmia
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Cardiac
Death

Atrial strain

Texture
analysis

Eichhorn C et al. J Am Coll Cardiol Img 2021
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Acute symptoms

mapping §

ECV

T,
mapping |

T2w
STIR

Tiw
Spin echo

J Am Coll Cardiol 2016;67:1800—-11

Chronic symptoms

SEQUENCES

THE PRESENT AND FUTURE

JACC STATE-OF-THE-ART REVIEW

Cardiovascular Magnetic Resonance in
Nonischemic Myocardial Inflammation ©
EBAC

Expert Recommendations

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
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FIGURE 1 Overview of the Current Evidence Comparing the Diag ic Performance of Various CMR Criteria Combinations in Detecting
Acute Myocarditis
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» How to use CMR in different Clinical Settings
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An Expert Consensus Document
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Clinical presentations”

Acute chest pain, pericarditic, or pseudo-ischaemic

New-onset (days up to 3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Subacute/chronic (>3 months) or worsening of: dyspnoea at rest or exercise, and/or fatigue, with or without left and/or right heart failure signs
Palpitation, and/or unexplained arrhythmia symptoms and/or syncope, and/or aborted sudden cardiac death

Unexplained cardiogenic shock

Diagnostic criteria
|. ECG/Holter/stress test features
Newly abnormal 12 lead ECG and/or Holter and/or stress testing, any of the following: | to lll degree atrioventricular block, or bundle branch block, ST/T

wave change (ST elevation or non ST 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 beats,
supraventricular tachycardia

Il. Myocardiocytolysis markers
Elevated TnT/Tnl
lll. Functional and structural abnormalities on cardiac imaging (echo/angio/CMR)

New, otherwise unexplained LV and/or RV structure and function abnormality (including incidental findingin apparently asymptomatic subjects): regional
wall motion or global systolic or diastolic function abnormality, with or without ventricular dilatation, with or without increased wall thickness, with or
without pericardial effusion, with or without endocavitary thrombi

IV. Tissue characterization by CMR

Oedema and/or 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%); (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.

*If the patient is asymptomatic =2 diagnostic criteria should be met.

European Heart Journal (2013) 34, 2636—2648
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Plaque disruption

Dissection

Takotsubo

Epicardial or microvascular spasm
Coronary thromboembolism

European Heart Journal (2017) 38, 143-153 CURRENT OPINION

EUROPEAN doi:10.1093/eurheartj/ehw149
SOCIETY OF
CARDIOLOGY ®

ESC working group position paper on myocardial
infarction with non-ohstriictive coronarv arteries

Myocarditis

TEE

* Cardioembolism
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Infarct-like presentation

ACUTE CLINICAL PRESENTATION INITIAL MANAGEMENT
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Circ Heart Fail. 2020;13:e007405.

A 18-yrs boy referred for chest pain and
gastroenteritis with traditional and mapping

CMR findings suggesting an acute
myocarditis
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Efi;i‘[)o?f” Refractory arrhythmias clinical presentation and preserved EF
ACUTE CLINICAL PRESENTATION INITIAL MANAGEMENT
BP & AHF | LVEF | VT/VFor REFER t-MCS | EMB | CMRI |STEROIDS
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Circ Heart Fail. 2020;13:e007405.

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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DI PADOVA Refractory arrhythmias clinical presentation and preserved EF

Nonamyloidotic Light Chain Cardiomyopathy
The Arrhythmogenic Magnetic Resonance Pattern
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—

De Lazzari M et al Circulation. 2016;133:1421-1423.
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Nonamyloidotic Light Chain Cardiomyopathy
The Arrhythmogenic Magnetic Resonance Pattern
Kidney & Cardiac k-light chain deposition
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De Lazzari M et al Circulation. 2016;133:1421-1423.
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Diagnostic clues for

UNIVERSITA

S differential diagnosis

Cardiac Sarcoidosis

Martina Perazzolo Marra, JACC Img 2021



usvirsma Myocardial Tissue Characterization in Arrhythmogenic
3{3‘;,1;10%351)1 Cardiomyopathy. Comparison Between Endomyocardial
Biopsy and Cardiac Magnetic Resonance

SARCOIDOSIS

» need for an histologic exclusion!!!




UNvERSITA Tips & Tricks
LGE in Cardiac Sarcoidosis

DEGLI STUDI
DI PADOVA

FIGURE 1 Illustration of Septal and In

A Pattern A: Basal inferoseptal triang btal LGE Pattern C: Mid-Septal LGE

Sarcoidosis i | arcoidosis Idiopathic

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



Diagnostic clues for
T differential diagnosis

Endocardial disease

UNIVERSITA

Cardiac Magnetic Resonance Features
of Biopsy-Proven Endomyocardial Diseases

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

Great amount of edema Diffuse endocardial

+

(also increased LV mass) thrombosis

...think to eosinophilic myocarditis!!!!



UNIVERSITA Cardiac Magnetic Resonance Features

DEGLI STUDI

DI PADOVA of Biopsy-Proven Endomyocardial Diseases

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

Acute Phase

Chronic Phase
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S The Agenda

» Acute Myocarditis

» Inflammation and systemic diseases



STy Myocardial Inflammation and

EGLI STUDI
DI PADOVA

systemic diseases

@ E S C European Heart Journal - Cardiovascular Imaging (2022) 00, 1-15 REVIEW

European Society https://doi.org/10.1093/ehjci/jeac021
of Cardiology

The role of cardiovascular magnetic resonance
in the evaluation of acute myocarditis and
inflammatory cardiomyopathies in clinical
practice — a comprehensive review



Ui Myocardial Inflammation and

DEGLI STUDI
DI PADOVA

systemic diseases

Inflammatory cardiomyopathy
 Non-infectious, autoimmune, connective tissue disease
Disease Imaging findings
A Systemic lupus erythematosus LGE LGE
-
B Rheumatoid arthritis T2w-spin echo LGE
4
@ Systemic sclerosis/scleroderma LGE . LGE
D Polymyositis LGE LGE
European Heart o
Journal -
Cardiovascular
Imaging (2022) 00,
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S The Agenda

» Chronic Myocarditis
» CMR time-of-course of myocardial inflammation



UNIVERSITA C H RO N I C P HAS E

DEGLI STUDI .
DI PADOVA The time-course of EDEMA

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

Relationship between T-wave inversion and transmural myocardial edema
as evidenced by cardiac magnetic resonance in patients with clinically
suspected acute myocarditis: clinical and prognostic implications

To rule in or rule out myocardial
inflammation reliably, CMRI should }* | | " 3 TR :
be performed within 2 to 3 weeks I Y RTS8 B S A G MR DI R o D it
from the onset of symptoms, " i ZEED i
although accuracy may be lower s g e o mEEe = e n e
during the first days. o] |

Unless recurrent flares occur,
edema tends to decline 4 weeks
after disease onset




UNIVERSITA

DEGLI STUDI
DI PADOVA

CHRONIC PHASE

The time-course of EDEMA

Cardiac Magnetic Resonance Monitors Reversible and
Irreversible Myocardial Injury in Myocarditis

80
75
70
65
60
55
50
45
40
35
30

Ejection fraction = T2 ratio 25 Global relative enchancement
3 20
2.5 15
2 10
1.5 5
. p<0.0001 0
Acute Followup Acute Follow-up Acute Follow-up

JACC Img 2009;2:131-8



ONvessm CHRONIC PHASE

DEGLI STUDI .
DI PADOVA The time course of EDEMA

EDEMA: disappearance of edema is

frequent @FU @FU: negative T2-based
technique up to 84%

Baseline CMR Follow-up CMR

Patient A

21y/o male
presenting
with clinically
suspected
myocarditis

Eichhorn C et al. J Am Coll Cardiol Img 2021
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CMR Mahrholdt ¢7 al.

W -

CHRONIC PHASE

The time course of LGE

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



VeSS CHRONIC PHASE

EGLI STUDI :
DI PADOVA The time course of LGE

CMR in the acute phase CMR at follow-up (3 months later)

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

47119% to 60£10%.

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



ONvessm CHRONIC PHASE

DEGLI STUDI .
DI PADOVA The time course of LGE

LGE: disappearance of LGE is not

complete @FU and generally @FU: positive T1-based
persists, although reduced technique up to 89%

O’ \'. .«

{

1302ms =~

suspected
myocarditis

...LGE in myocarditis is a dynamic process!!!!

Eichhorn C et al. J Am Coll Cardiol Img 2021
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» Chronic Myocarditis

» Prognostic significance of CMR
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DEGLI STUDI
DI PADOVA

ORIGINAL ARTICLE

®

Prognostic Impact of Late Gadolinium
Enhancement by Cardiovascular Magnetic
Resonance in Myocarditis
A Systematic Review and Meta-Analysis

Study (Publication Year) HR (95% CI) % Weight
12Griin et al. (2012) - —— 8.40(1.98,3572) 1504
13Schumm et al. (2014) #? 2.91(1.18,7.21) 26.44
16Aquaro et al. (2017) - - 4.89 (0.29, 82.36) 5.03
9Grani et al. (2017) —_—— ! 1.72 (1.08, 2.76) 41.10
2Spieker et al. (2017) —- 4.20 (0.62, 49.34) 7.86
2Lee et al. (2017) - -4~ > 42.88(2.15,855.00) 4.52
Overall (I-squared = 36.5%) -‘-—* 3.28(1.33,811)  100.00
| | |
0.2 3.28 83
LGE reduces risk | LGE increases risk
NOTE: Weights are from random-effects model
B  Study (Publication Year) HR (95% CI) % Weight
2Barone-Rochette et al. (2014) —> 8.17 (1.42,47.02) 8.36
SSanguineti et al. (2015) 1.23(0.74,2.04) 2449
"“Chopra et al. (2016) 3.40 (1.46, 8.10) 18.44
9Grani et al. (2017) 1.79(1.25,257) 2684
'8Aquaro et al. (2017) 1.35(0.70,2.60) 21.88
Overall (I-squared = 75.6%) 1.96 (0.84, 4.57) 100.00
| |
0.7 10
Extent of Extent of
LGE LGE
reduces risk increases risk

Presence of
LGE

Extent of
LGE



UniversiTa CMR Predictors for MACE in

EGLI STUDI

Myocarditis

,— ------------- -
I’> Presence of LGE }
1> Extent of LGE !
I> Pattern of LGE (septal) }
1> ECV>35% :
!

I .
\» Persistence of edema
/



UniversiTa CMR Predictors for MACE in

DEGLI STUDI
DI PADOVA

Myocarditis
Prognostic Value of Repeating )

Cardiac Magnetic Resonance in J Am Coll Cardiol 2019;74:2439-48
Patients With Acute Myocarditis

Giovanni Donato Aquaro, MD, Yacob Ghebru Habtemicael, MD,* Giovanni Camastra, MD,” Lorenzo Monti, MD,"
Santo Dellegrottaglie, MD,** Claudio Moro," Chiara Lanzillo, MD,? Alessandra Scatteia, MD," Mauro Di Roma, MD,’
Gianluca Pontone, MD,’ Martina Perazzolo Marra,“ Andrea Barison, MD,* Gianluca Di Bella," on behalf of the
“Cardiac Magnetic Resonance” Working Group of the Italian Society of Cardiology

T2w-STIR LGE Edema & Late Gadolinium Enhancement at
Cardiac Magnetic Resonance-I|
’ ,.' ts ]

100 A

CMR-I

No Edema and No LGE

90 -
CMR-II ~
=2 .
< 380 LGE and Edema
2
S 70-
-]
e
CMR-1 a 60 -
T'>u LGE with No Edema
E 50 -
CMR-II a
40 -

30| P<0.0001

0 500 1,000 1,500 2,000

CMR-I Time (Days) from CMR-II

Number at risk:

No Edema & No LGE 20 12 10 8 3
MR-l LGE & Edema 30 21 17 12 10

-

LGE with No Edema at cMrl | LGE with No Edema 137 45 22 14 7




UNIVERSITA CMR Predictors for MACE in

DEGLI STUDI

DI PADOVA

Myocarditis

[> Presence of LGE !
1> Extent of LGE I
I> Pattern of LGE (septal) }
1> ECV>35% :
\» Persistence of edema |

’ ---------------------------------- ‘

{,> When perform the FU CMR?

:Generally after 3 to 12 months (no consensus!)
1 > Clinical persistence of edema:

» Still residual change of recovery!

» Which role for monitoring therapy?

» Which role for arrhythmogenesis?

\----‘

’--



Diagnostic value and prognostic implications

UNIVERSITA

DEGLI STUDI of early cardiac magnetic resonance in

DI PADOVA

survivors of out of hospital cardiac arrest

EARLY CARDIAC MRI IN SURVIVORS OF ARRHYTHMIC OUT-Of-HOSPITAL CARDIAC ARREST

| Pts. admitted (2011-2016): 139 |

BN | In-hospital death: 37 |

| Neurologicallyimpaired: 52 |

>
> T [ No-MRIcompatible PM: 4|
< <
% E,g \ Early (within 7 days) CE-CMR : 46 \
S 8 — | Poor MRI quality: 2 |
O =
<
| Obstructive CAD: 18 ‘ —_— ‘ Pts. enrolled: 44 ‘ _— | NO Obstructive CAD: 26
6/ T— 12 B—— AN
/ 1 e : \
g e e i = — - ——— ¢ % 12 \7
| CHRONICIHD | ACUTE MI | | ACUTEMYOCARD./TTC | | | CARDIOMYOP/MVP | |  NORMALHEART

CONTRAST-ENHANCED
CARDIAC MAGNETIC RESONANCE

EDEMA (+): 18 EDEMA (-): 26
No events 1 sudden death
5 appropriate ICD interventions
3 non arrhythmic deaths

up

FOLLOW

Zorzi A,...Perazzolo Marra. Heart Rhythm 2017



UniversiTa CMR Predictors for MACE in

DEGLI STUDI
DI PADOVA

Myocarditis

Underlying LGE & myocarditis:
something else?




Cumulative survival

08

0.6

04

0

UNIVERSITA

DEGLI STUDI
DI PADOVA

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

A Kaplan-Meier Survival Curves: All Cause Death
| |
4
4
4
p-log-rank < 0.001
4
“LGE present = No LGE
0 365 730 1095 1460 1825 2190 2555 2920

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



Cumulative survival

08

0.6

04

0

UNIVERSITA

DEGLI STUDI
DI PADOVA

Long-Term Follow-Up of Biopsy-Proven Viral

Myocarditis : Predictors of Mortality and
Incomplete Recovery

A Kaplan-Meier Survival Curves: All Cause Death

C Kaplan-Meier Survival Curves: Sudden Cardiac Death

nre———

—

p-log-rank < 0.001

=LGE present = No LGE

4
) 1
‘ 2 08
p-log-rank <0.001 E
‘ Z 06
>
v v Z 04
=
0 365 730 g
@ 0.2
0
0

[Patients at risk

No LGE

LGE

v L 0 v v v A

365 730 1095 1460 1825 2190 2555
Days after CMR

94 93 80 54 26 9 2

104 99 87 67 52 28 15

o

2920

0

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




Usnversiry Al di la dei numeri guardiamo

DEGLI STUDI

DI PADOVA Ie |mmag|n|

Patient 250

Patient 161

Figure 2 Patients with similar symptoms, but different CMR results and outcomes. Patient 250 presented with dyspnea and chest pain,
the same symptoms as patient 161. While in patient 250 CMR revealed an EF of 22% and epicardial LGE of the posterolateral wall typical for
myocarditis (EMB: viral HHV6 myocarditis, no other pathology (e.g. no sarcoid)), patient 161 had a normal CMR. Patient 250 died from SCD
during follow-up while patient 161 had no events. j

Schumm et al. Journal of Cardiovascular Magnetic Resonance 2014, 16:14
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Patient 250

Patient 161

Figure 2 Patients with similar symptoms, but ¢
the same symptoms as patient 161. While in pati
myocarditis (EMB: viral HHV6 myocarditis, no othe
during follow-up while patient 161 had no events

Di d
-
-

A

-

I 5

e

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




UNIVERSITA

DECLL STUDI «Hot Phase» of ARVC

Letter to the Editor

Arrhythmogenic right ventricular cardiomyopathy/dysplasia and troponin release.
Myocarditis or the “hot phase” of the disease?

International Journal of Cardiology 157 (2012) e26—e28

Myocardial inflammation detected by cardiac MRI in Arrhythmogenic
right ventricular cardiomyopathy: A paediatric case series

International Journal of Cardiology 271 (2018) 81-86

High Prevalence of Myocarditis Mimicking
Arrhythmogenic Right Ventricular Cardiomyopathy

Differential Diagnosis by
Electroanatomic Mapping-Guided Endomyocardial Biopsy

J Am Coll Cardiol 2009;53:681-9



ORIGINAL RESEARCHARTICLE

UNIVERSITA

DEGLI STUDI Desmoplakin Cardiomyopathy, a Fibrotic and
T Inflammatory Form of Cardiomyopathy Distinct

From Typical Dilated or Arrhythmogenic Right
Ventricular Cardiomyopathy

107 DSPC + PKPZ2 gene positive

DSP cardiomyopathy is a distinct form of arrhythmogenic
cardiomyopathy characterized by

»episodic myocardial injury

»LV fibrosis that precedes systolic dysfunction

»high incidence of ventricular arrhythmias.

A

Smith ED et al. Circulation. 2020



@ ESC Europace (2021) 23, 907-917 CLINICAL RESEARCH

EurOF’e?” Society doi:10.1093/europace/euaa343 Channelopathies and cardiomyopath,'es
DEGLI STUDI of Cardiology

DI PADOVA

UNIVERSITA

‘Hot phase’ clinical presentation in
Bariani R et al. Europace 2021 arrhythmogenic cardiomyopathy

23 ARVC pts with «hot phase» presentation (out of 506 AC probands

and family members)

» A myocarditis-like picture is a rather uncommon clinical presentation of
AC, with a 5% prevalence

»39% carried a rare putative pathogenic variant in DSP

»LGE was present in all patients (100%), with biventricular distribution in
seven (77%) and LV in two (22%).

"
.




UNIVERSITA

DEGLI STUDI CI | n |Ca| Case

DI PADOVA

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.



UNIVERSITA

S Clinical Case




UNIVERSITA

DEGLI STUD! Clinical Case

DI PADOVA

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)



UNIVERSITA

o Cine CMR

:( ' | VSX with systolic function at lower limit.
Focal ipokinesia of LV mid lateral wall




UNIVERSITA
DEGLI STUDI
DI PADOVA

Cine CMR

B Cine RVOT.
RV with normal dimensione and mild reduction of

S8 systolic function; ipokinesia of subtricuspid region,
bulging on RVOT.
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e Post Contrast LGE




2\ UNIVERSITA

GLI STU c .
o P 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!



UNIVERSITA

GLI STU c .
o P Caso Clinico

EMB: suggestive for active myocites. Negative virus

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

Indication for FU CMR after 6 months and genetic test.

Genetic analysis

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




follow-up after 6 months

CMR

STUDI
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DI PADOVA
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CONTEMPORARY REVIEW

UNIVERSITA

D ot Evolving Diagnostic Criteria for
Arrhythmogenic Cardiomyopathy

The 2020 International Criteria for Diagnosis of ALVC

Category Diagnostic criteria
I. Morpho-functional ventricular Minor
abnormalities ¢ Global LV systolic dysfunction* (depression of LV EF or reduction of echocardiographic global longitudinal

strain), with or without LV dilatation (increase of LV EDV according to the imaging test specific nomograms for
age, sex, and BSA)

Minor

e Regional LV hypokinesia or akinesia of LV free wall. septum. or both

Il. Structural myocardial abnormalities | Major

e LV LGE (stria pattern) of >1 Bull's Eye segment(s) (in 2 orthogonal views) of the free wall (subepicardial or
midmyocardial), septum, or both (excluding septal junctional LGE)

lIl. Repolarization abnormalities Minor
¢ Inverted T waves in left precordial leads (V,-V,) (in the absence of complete LBBB)

IV. Depolarization abnormalities Minor
¢ Low QRS voltages (<0.5 mV peak to peak ) in limb leads (in the absence of obesity, emphysema, or
pericardial effusion)

V. Ventricular arrhythmias Minor
¢ Frequent ventricular extrasystoles (>500 per 24 h), nonsustained or sustained ventricular tachycardia with a
RBBB morphology (excluding the “fascicular pattern”)

VI. Family Major

history/genetics ¢ ACM confirmed in a first-degree relative who meets diagnostic criteria

¢ ACM confirmed pathologically at autopsy or surgery in a first-degree relative

¢ |dentification of a pathogenic or likely pathogenetic ACM mutation in the patient under evaluation

Minor

¢ History of ACM in a first-degree relative in whom it is not possible or practical to determine whether the family
member meets diagnostic criteria

e Premature sudden death (<35 y of age) because of suspected ACM in a first-degree relative

¢ ACM confirmed pathologically or by diagnostic criteria in second-degree relative

Corrado D, et al., J Am Heart Assoc. 2021 Sep
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1 P Work-up diagnostico

>1 major or minor morpho-functional
and/or structural RV criteria

7

>1 major or minor morpho-functional major structural
and/or structural LV criteria LV criterion
PLUS
NO YES |

Pathogenic or likely
pathogenic ACM-causing
gene mutation

ARVC BIVENTRICULAR
RV criteria RV or LV criteria
N. N.
2.major . / 2 major
2 minor or | major b2 2 minor B or | major + 2 minor
or 4 minor : g or 4 minor
1 1 major + 2 minor 1 1 1 major + 2 minor
or 3 minor or 3 minor 1
POSSIBLE BORDERLINE || DEFINITE POSSIBLE BORDERLINE DEFINITE
ARVC ARVC ARVC BIVENTRICUAR || BIVENTRICULAR || BIVENTRICULAR

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



@ E S C European Heart Journal (2025) 00, 1-90 ESC GUIDELINES

European Society  https://doi.org/10.1093/eurheartj/ehaf192
of Cardiology

2025 ESC Guidelines for the management
of myocarditis and pericarditis

Figure 2

Paradigm change in the : Definite
Possible
clinical diagnosis of ~

myocarditis

2021/2023

@ Proven

@ Confirmed
@ Suspected

@Eesc—



@ESC

European Heart Journal (2025) 00, 1-90

European Society https://doi.org/10.1093/eurheartj/ehaf192

of Cardiology

ESC GUIDELINES

2025 ESC Guidelines for the management

of myocarditis and pericarditis

Table S5 Capabilities of multimodality imaging in inflammatory myopericardial syndrome

Modality

technique

Myocardium

Pericardium

Morphology/function

LV function (global/segmental)
RV function (global/segmental)
Tissue characteristics
Scar

Oedema

Inflammatory reaction
Inflammation

Calcification

Effusion

Diastolic dynamics
Thickness/adhesions

Masses

Extracardiac findings

Echocardiography

2D/3D

+ 4 +HH++ i+
A+ [ ++
+ +
+
+
+4++
++ 44
+/++
+4++

+

Strain  Doppler  Cine

++ [+

+4++ /444

+++

e
+++/+++
+++

+

LGE

T1 mapping

1

t

CMR

T2 mapping/ Overview images

T2 weighted

(coverage thorax)

+/=
+

44

"®F-FDG-PET

®F.FDG-PET

++

+++

+44

Lo

@ ESC 2025

2D, two-dimensional; 3D, three-dimensional CMR, cardiovascular magnetic resonance; CT, computed tomography; [18F)-fluorodeaxyglucose positron emission tomography; LGE, late gadolinium enhancement; LV, left ventride; RV, right ventricle;
+++=excellent ++=good; +=sufficient



@ESC o amon 1o

European Society  httpsi/doiorg/10.1093/eurheart/ehaf192
of Cardiology

ESC GUIDELINES

2025 ESC Guidelines for the management

of myocarditis and pericarditis

*Presence, extent, and
location of oedema (T2
weighted)

+Regional high T2 Sl or
global high T2 51
(T2-weighted)

*Regional or global
increase of myocardial
T2 times

*Description of focal
increases

*Regional or global
increase of native
myocardial T1 times

+Regional or global

increase ECV values

*Presence, pattern,
extent, and location of
LGE (positive if areas
with high Stin a
nonischaemic
distribution pattern)

+Thrombi (if present)

*Total LGE/LV mass (%)
(no routine)

ll-motio

Supportive Cine

criterion imaging - -

CMR-proven myocarditis=
2 out of 2 updated LLC main
criteria fulfilled

only 1 out of 2 updated LLC main
criteria fulfilled

*Cardiac function (e.g.
LVEF, RVEF) and volume
parameters

*High signal intensity
of the pericardium
in T2-mapping or
T2-weighted
imaging

*+High signal intensity
of the pericardium
inT1-mapping

*High signal intensity
of the pericardium
in LGE images

*Presence,
composition, and
extent of pericardial
effusion

* Haemodynamic
relevance of
pericardial effusion

* Diameter of pericardial
effusion

European Heart Journal (2025) 00,
1-90




CMR: DIAGNOSTIC CRITERIA

THE PRESENT AND FUTURE

Acute symptoms Chronic symptoms

: 44
T} : ) !
mapping A L 4/

ECV

Tiw
Spin echo

PSIR

JACC STATE-OF-THE-ART REVIEW

Cardiovascular Magnetic Resonance in )
Nonischemic Myocardial Inflammation ©

Expert Recommendations

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




UNIVERSITA

S CONCLUSIONS

« Trale metodiche di Imaging
— l'ecocardiogramma ¢ il first step >> diagnosi differenziale
— La CMR riveste un ruolo centrale
— La TC al momento per rule out coronaropatia

- LaCMR e

— clinicamente fondamentale e la sua applicabilita dipende dal
contesto clinico

— Non fornisce diagnosi di certezza utile alla terapia specifica
— Complementare alla BEM in molti casi

« Applicabilita nuove linee guida: revisione modello
esecuzione-refertazione CMR



UNIVERSITA

S CONCLUSIONS

» A single episode of myocarditis can be the first manifestation

of a cardiomyopathy (LGE@FU: expression of post-inflammatory scar or
cardiomyopathic-scar?)



