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Prevalence a riziko nahlé srdecni smrti

Cardiomyopathy
phenotype

HCM

DCM

NDLVC
ARVC

RCM

Adults

Prevalence:
099,263

Prevalence:
0.036-0.400%>>"

To be determined

Prevalence:
0.078%%*

Rare

Children

Childhood incidence:
0.002-0.005%>*¢

Childhood prevalence:

0.029%%¢

Childhood incidence:
0.003-0.006%

Childhood prevalence:

0.026%*
Infantile incidence:

0.038-0.046%>4 348

To be determined

Very rare in infancy and

early childhood; to be
determined in older

children and adolescents

Childhood incidence:
0.0003%**
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vyskyt VT/VF, adekv. vyboje
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« ARVC — 10,6 %/rok
e G+/P- - 3,7 %/rok
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AKMP - fenotypy

Arrhythmogenic
Cardiomyopathy
(ACM)
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structural RV criteria
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structural LV criteria

~

Biventricular
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structural RV criteria

and

- morpho-functional and/or
structural LV criteria
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Dominant-left
(ALVC)

-LVe¢ v “erion

-AC? o stion

-no morpho-functional and/or
structural RV criteria

NDLVC
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Criteria for diagnosis of right ventricular dysplasia

I Global and/or regional dysfunction and structural
alterations'# *

MAJOR
Severe dilatation and reduction of right ventricular ejection
fraction with no (or only mild) LV impairment
Localised right ventricular aneurysms (akinetc or dyskinetic
areas with diastolic bulging)
Severe segmental dilatation of the right ventricle

MINOR

Mild global right ventricular dilatation and/or ejection fraction
reduction with normal left ventricle

Mild segmental dilatation of the right ventricle

Regional right ventricular hypokinesia

II Tissue characterisaton of walls

MAJOR
Fibrofatty replacement of myocardium on end VL Family

biﬂpﬁ? history/genetics

II1 Repolarisation abnormalit

MINOR

Inverted T waves in right precordial leads (V2
(people aged more than 12 yr; in absence of rij
branch block)

IV Depolarisation/conduction abnormalities
MAJOR
Epsilon waves or localised prolongation (>110 ms) of the
QRS complex in right precordial leads (V1-V3)

MINOR
Late potentials (signal averaged ECG)

V Arrhythmias
MINOR

Left bundle branch block type ventricular tachycardia
(sustained and non-sustained) (ECG, Holter, exercise
testing).

Frequent ventricular extrasystoles (more than 1000/24 h)
{(Holter)

Major

« Identification of a pathogenic ACM-gene variant in the patient under evaluation

& ACM confirmed in a first-degree relative who meets diagnostic criteria

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

Minor

s Identification of a likely-pathogenic ACM-gene variant in the patient under evaluation

» 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
s Premature sudden death (=35 years of age) due to suspected ACM in a first-degree relative

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

*Detected by echocardiography, angiography, magnetic resonance imaging, or radionuclide scintigraphy. ECG, electrocardio-

gram; LV, left ventricle.

McKenna JW et al. Diagnosis of arrythmogenic right ventricular dysplasia/cardiomyopathy. Br Heart J. 1994;71:215-218.



Diagnosticka kriteria

Diagnéza potvrzena (pfi splnéni):
2 velkych kritérii

» 1 velkého a dvou malych kritérii
* 4 malych Kritérii

,Hranicni“ diagnoza:

* 1 velké a 1 malé kriterium

« 3 mala kritéria

,Mozna“ diagnoza:

* 1 velké nebo 2 mala kritéria



Diagnosticka kritéria 2024

V. Arrhythmias AN J,

N O i 9 B R S e

Major

» Frequent ventricular extrasystoles (=500 per 24 h), non-sustained or
sustained ventricular tachycardia of LBBB morphology with non-inferior
axis

Minor

e Frequent ventricular extrasystoles (=500 per 24 h), non-sustained or

sustained ventricular tachycardia of LBBB morphology with inferior axis
(“RVOT pattern”™)

e History of cardiac arrest due to ventricular fibrillation or sustained
ventricular tachycardia of unknown morphology

https://link.springer.com/chapter/10.1007/978-3-030-38662-7_5

Corrado, D. et al. Proposed diagnostic criteria for arrhythmogenic cardiomyopathy: European Task Force consensus report. International Journal of Cardiology 395 (2024) 131447



Diagnosticka kritéria 2024

VI. Family III. Repolarization Major
history/genetics abnormalities e Negative T waves in right precordial leads (V,, V4, and V3) or beyond

in individuals >14 year-old (in the absence of complete RBBB and not
preceded by J-point/ST-segment elevation)
Minor
e Negative T waves in leads V1 and V2 in males >14 year-old (in the
absence of RBBB and not preceded by J-point/ST-segment elevation)
e Negative T waves beyond V3 in the presence of complete RBBB
e Negative T waves beyond V3 in individuals <14 year-old

IV. Depolarization and Minor
conduction e Epsilon wave (reproducible low-amplitude signals
abnormalities between end of QRS complex to onset of the T wave) in

the right precordial leads (V1 to V3)

e Terminal activation duration of QRS >55 ms measured from the nadir
of the S wave to the end of the QRS, including R’, in V1, V2, or V3 (in the
absence of complete RBBB)

Corrado, D. et al. Proposed diagnostic criteria for arrhythmogenic cardiomyopathy: European Task Force consensus report. International Journal of Cardiology 395 (2024) 131447



The electrocardiographic manifestations of pectus

excavatum before and after surgical correction

" . Pectus excavatum patients who 310 patients
S e C I fl C I ta completed a minimally invasive surgical between
p repair and had a preoperative and a 2010 and
postoperative ECG evaluation 2022

EKG |
Kriterii? o

Association between ECG abnormalities and O, consumption

,l

Vi E1'; 12 sxsadsans Reduction in

s 81w 1y ,AA\ normalities ~
I . | 0.

consumption

.......

, T wave
e

; vi Vi : .
X Journal of Electrocardiology | | inversion
LLLLLLLL Volume 82, January—February 2024, Pages 19-26 | ST segment abnormalities v1.3

The electrocardiographic manifestations of
pectus excavatum before and after surgical
correction

Electrocardiographic abnormalities in PEx are common and can revert to normal following surgical repair.

Preoperative RBBB and T wave inversion in leads V1-3 suggested a reduction in exercise capacity, serving as a marker for the
need for further cardiovascular evaluation of these patients.

Juan M. Farina MD ¢ ®1 Thanaboon Yinadsawaphan MD b1 bawn E. Jaroszewski MD MBA °,
Mohamed R. Aly MD ©, Michael Botros MD ¢, Kamal P. Cheema MD ®,
Olubadewa A. Fatunde MD MPH ®, Dan Sorgjja MD? 2 =
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At variance with genetically-determined cardiac ion channel disor-
ders, pathogenic mutations, ECG abnormalities or arrhythmias are not
sufficient for diagnosis of ACM, which is a structural heart muscle dis-
ease. By analogy with the diagnosis of hypertrophic cardiomyopathy,
that requires demonstration of critical LV hypertrophy [23], at least
one RV or LV criterion from categories I (i.e., morpho-functional ventric-
ular abnormalities) or II (i.e., structural myocardial abnormalities), ei-
ther major or minor is mandatory to reach a diagnosis of ACM
according to the Padua criteria (Fig. 2).




Zobrazovaci metody

» Angiografie prave komory

« ECHO

« CMR

«CT

 FDG-PET/CT

» Elektroanatomické mapovani



Zobrazovaci metody

I. Morpho-functional
ventricular
abnormalities

Major

Hospital

e Regional RV akinesia, dyskinesia, or aneurysm
plus one of the following:

e global RV dilatation (increase of RV EDV according to the imaging test
specific nomograms for age, sex and BSA)"

or

e global RV systolic dysfunction (reduction of RV EF according to the
imaging test specific nomograms for age and sex)”

Minor
e Regional RV akinesia, dyskinesia or aneurysm of RV free wall

Corrado, D. et al. Proposed diagnostic criteria for arrhythmogenic cardiomyopathy: European Task Force consensus report. International Journal of Cardiology 395 (2024) 131447
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Comprehensive multi-modality imaging
approach in arrhythmogenic cardiomyopathy—
an expert consensus document of the European
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Porucha kinetiky - fokalni




Porucha kinetiky - fokalni

varianta normy




Zobrazovaci metody

Major

I. Morpho-functional
ventricular
abnormalities

e Regional RV akinesia, dyskinesia, or aneurysm

plus one of the following:

or

e global RV dilatation (increase of RV EDV according to the imaging test
specific nomograms for age, sex and BSA)"

e global RV systolic dysfunction (reduction of RV EF according to the
imaging test specific nomograms for age and sex)”

Minor

e Regional RV akinesia, dyskinesia or aneurysm of RV free wall

2010 CMR TFC

Regional RV akinesia
or dyskinesia or dyssynchronous RV contraction

v v

RVEDVI RVEF
RVEDWI = 100 = RVEDVI 40%<
110 ph RVEF=
EN> || ans P« 40% e
100 {F) 100 (F)
Major Minor Major Minor
criteria criteria criteria criteria

ows comparison of the details for 1994 and 2010 ARVC

Liu T et al. Effect of the 2010 task force criteria on reclassification of
cardiovascular magnetic resonance criteria for arrhytmogenic right
ventricular cardiomyopathy. Journal of Cardiovascular Magnetic
Resonance. 2014;14(6):1-10.

Corrado, D. et al. Proposed diagnostic criteria for arrhythmogenic cardiomyopathy: European Task Force consensus report. International Journal of Cardiology 395 (2024) 131447



ECHO

<~ ) British Society
of Echocardiography
The Echocardiographic Assessment of the Right Ventricle with particular reference to

Arrhythmogenic Right Ventricular Cardiomyopathy — A Protocol of the British Society of
Echocardiography

Lead Authors
Dr. David Oxborough, Dr Abbas Zaidi, Prof Sanjay Sharma, Prof John Somauroo

MAJOR ECHOCARDIOGRAPHIC CRITERIA FOR ARVC

Regional RV Dyskinesia or Aneurysm

And one of the following

PLAX RVOT = 32mm (corrected for body size [PLAX/BSA] = 19mm/m2)
PSAX RVOT = 36mm (corrected for body size [PLAX/BSA] = 21lmm/m2)

Or

Fractional Area Change = 33%

MINOR ECHOCARDIOGRAPHIC CRITERIA FOR ARVC

Regional RV Akinesia or Dyskinesia

And one of the following

PLAX RVOT = 29 to < 32mm (corrected for body size [PLAX/BSA] = 16 to < 19mm/m2)
PSAX RVOT = 32 to < 36mm (corrected for body size [PLAX/BSA] = 18 to 21mm/m2)

Or

Fractional Area Change > 33 to < 40%




E C I I O Utility of Tissue Doppler and Strain Echocardiography in

Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy

Kalpana R. Prakasa, MD, Jianwen Wang, MD, Harikrishna Tandri, MD, Darshan Dalal, MBBS,
Chandra Bomma, MD, Roman Chojnowski, RDCS, Cynthia James, PhD, Crystal Tichnell, MGC,
Stuart Russell, MD, Daniel Judge, MD, Mary Corretti, MD, David Bluemke, MD,

Hugh Calkins, MD, and Theodore P. Abraham, MD*

RV Diastolic Area

Wen RVOT PLAX ‘

Diagnostic value of tissue Doppler and strain echocardiography

Parameter Cut-Off Value Specificity (%) Sensitivity (%) AUC p Value
RV systolic velocity 1.5 cm/fs 89 67 0.83 0.0001
RV displacement 1§ mm 71 77 0.77 0.002
RV strain — 8% 87 13 0.82 0.004
RV strain rate —0.7657! 96 50 0.76 0.01
RV outflow tract diameter 3 cm 94 33 0.73 0.01

RV fractional area change 31% 83 47 0.61 0.26




Strain

Healthy individual

e

RV strain: -28%
RVMD: 13 ms

Asymptomatic

mutation carrier

RV strain: -25%
RV MD: 35 ms

Comprehensive multi-modality imaging
approach in arrhythmogenic cardiomyopathy—
an expert consensus document of the European
Association of Cardiovascular Imaging

Kristina H. Haugaa'*, Cristina Bassoz, Luigi P. Badanol, Chiara Bucciarelli-Ducci4,
Nuno Cardim®, Oliver Gaemperli°, Maurizio Galderisi’, Gilbert Habib®,

Juhani Knuuti®, Patrizio Lancellotti'®, William McKenna'', Danilo Negliau,
Bogdan A. Popescu”, Thor Edvardsen'

ARVC patient

RV strain: -11%
RV MD: 52 ms



Schulz-Menger, J, et al. Standardized image interpretation and post-processing in cardiovascular magnetic resonance - 2020 update. Journal of Cardiovascular Magnetic Resonance (2020) 22:19



Right Ventricular Volume

Vitkovicka némochice a.s.

N\

Age: Sex:

o Calc

Height: Weight:

72 I mkg 207 .

EDV: Mass:

El 3. (.

W
. “l BVicka nemocnice a.s

i (50-76)

Ventricular dilatation and systolic dysfunction by CMR (nomograms for age, sex,

EDV ESV SV \WESS
and BSA). ml ml 1 O Q)) ml g
Right ventricular dilatation and systolic dysfunction (121 A < lee (40-97)
Mas
Women Men Athletes EDVI ESVI SVI o
m,l‘ ml C ml g
m? m2 )4 m? m2
EDV/ BSA (ml/m?) =112 =121 =130 65-111) (18-47) (39-71) (22-49)
EF (%) <51 <52 <52
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Circulation: Cardiovascular Imaging

ADVANCES IN CARDIOVASCULAR IMAGING

F e atu e traC k| N g Multimodality Imaging in Arrhythmogenic Right

Ventricular Cardiomyopathy

Nitin Malik, MD; Monica Mukherjee®, MD, MPH; Katherine C. Wu®, MD; Stefan L. Zimmerman®®, MD;
Junzhen Zhan, MD; Hugh Calkins®, MD; Cynthia A. James, PhD; Nisha A. Gilotra®, MD; Farooq H. Sheikh®, MD;
Harikrishna Tandri®, MD; Shelby Kutty®, MD, PhD; Allison G. Hays®, MD

S Right Ventricular Strain Derived from Cardiac MRI Feature Tracking for the

Diagnosis and Prognosis of Arrhythmogenic Right Ventricular Cardiomyopathy

Key Result

Right ventricular global longitudinal strain (RV GLS) derived from
cardiac MRI feature tracking demonstrated good diagnostic and
prognostic value in arrhythmogenic right ventricular
cardiomyopathy (ARVC).

Possible ARVC

Patients:
* 247 patients diagnosed with ARVC based on the revised Task
Force criteria (possible: n = 25; borderline: n = 40; definite: n = 182)

e
-
>
[

Methods: Results:

* Biventricular global strain * Patients with definite ARVC
parameters calculated using had significantly reduced RV
cardiac MRI feature tracking strain compared with possible
were compared across ARVC or borderline groups.

diagnostic groups.
* RV GLS was independently

* Association of RV GLS with associated with occurrence of
occurrence of cardiovascular cardiovascular events (HR,
events was assessed. 1.15; P<.001).

ooy e b S Radiology: Cardiothoracic Imaging




Porucha kinetiky a funkce PK

retrosternalni srusty




Strukturalni zmeny

Major
« Transmural LGE (stria pattern) of

I1. Structural

=1 RV region(s) (inlet, outlet, and apex in 2
myocardial

orthogonal views)

abnormalities

II Tissue characterisation of walls By EMB (limited indications):
MAJOR Major
g;brufatry replacement of myocardium on endomyocardial . Fibrous replacement of the myocardium in
10ps
psy 199 =1 sample, with or without fatty tissue
II. Tissue characterization of wall II. Structural alterations
Major
= Fibrofatty replacement of = Residual myocytes <60% by morphometric analysis (or <50%
myocardium on endomyocardial if estimated), with fibrous replacement of the RV free wall Major
biopsy myocardium in 21 sample, with or without fatty replacement of : ] ] ] .
tissue on endomyocardial biopsy e Fibrous replacement of the myocardium in >1 sample, with or without
Minor fatty tissue, at histology
= Residual myocytes 60% to 75% by morphometric analysis (or Minor
50% to 65% if est[matled), with f|brous_ replacgment of the RV e Unequivocal RV LGE (confirmed in 2 orthogonal views) in >1 RV
free wall myocardium in 21 sample, with or without fatty ] ] . ;
replacement of tissue on endomyocardial biopsy region(s) (excluding tricuspid valve)

201 202
0 4



Tukove-fibrozni
nahrada
myokardu

« kombinace poruchy
Kinetiky s odpovidajici
tukove-fibrozni
nahradou — az 98 %
presnost v
dlagnostlce ARVC

CARDIOMYOPATHY e 12, P1730-1736, December 01, 2016
U efulne fC mbined Functional Assessment by Cardiac Magnetic Resonance and
ssssss ChGI’ClCtEI’IZCIt\Oﬂ Versus Tosk Force Criterlu for Diagnosis ofArrhythmogenic
Ri ght ntricular Ca domy p thy

Jona quaro, MD 0 D Giancarlo Todies




te Riele et al. Joumnal of Cardiovascular Magnetic Resonance 2014, 16:50

- f Cardiovas
http/jcmr-online comvicontent/16/1/50 n’\-‘) Moarnal ofcardiovascular

REVIEW Open Access

Arrhythmogenic right ventricular cardiomyopathy
(ARVC): cardiovascular magnetic resonance update

Anneline SJM te Riele', Harikrishna Tandri® and David & Bluemnke™*

Biv-ACM ,oite-
: 13
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@ ESC ESC GUIDELINES

European Society @ CESKA KARDIOLOGICKA SPOLECNOST
of Cardiology THE CZECH SOCIETY OF CARDIOLOGY

Doporuceni pro... | Guidelines

Doporuceni ESC pro diagnostiku a lé¢bu pacientt
s komorovymi arytmiemi a prevenci nahlé srdecni smrti 2022.

Zeppenfeld K, Tfelt-Hansen J, de Riva M, Winkel BG, Behr ER, Blom NA,
Charron P, Corrado D, Dagres N, de Chillou C, Eckardt L, Friede T, Haugaa KH,
Hocini M, Lambiase PD, Marijon E, Merino JL, Peichl P, Priori SG, Reichlin T,
Schulz-Menger J, Sticherling C, Tzeis S, Verstrael A, Volterrani M;

ESC Scientific Document Group.

Preklad zkraceného dokumentu pripraveny
Ceskou kardiologickou spole¢nosti

Tabulka 29 doporuceni - Doporudeni pro diagnostiku, rizikovou stratifikaci, prevenci nahlé srdeéni smrti a 1é¢bu komorovych arytmii u pacienti

s arytmogenni kardiomyopatii pravé komory
Doporuéeni Trida®  Urovei®
Diagnostické zhodnoceni a obecna doporuceni

U pacientl s podezienim na ARVC je doporuceno provedeni CMR.

U pacientl s podezienim na ARVC nebo u pacientd s definitivni diagnézou ARVC je doporuceno genetické
poradenstvi a testovani.

U pacient s definitivni diagnézou ARVC je doporucen zdkaz cvi¢eni s vysokou intenzitou.
Zakaz cviceni s vysokou intenzitou® mlze byt zvazen u nositel patogennich mutaci pro ARVC bez fenotypického projevu.

Lécba betablokatory mize byt zvazena u viech pacientt s definitivni diagnézou ARVC.




PHILIPS

potvrzena ARVC (r. 2012) bratr (r.2017) syn bratra
(r.2019) - mutace PKP2



Diagnosticky postup

RA/genetika CM

R




CT

- pri kontraindikaci CMR

Malik, N. et al. Multimodality Imaging in Arrhythmogenic Right Ventricular
Cardiomyopathy. Circ Cardiovasc Imaging. 2022;15:e013725
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ADVANCES IN CARDIOVASCULAR IMAGING

Multimodality Imaging in Arrhythmogenic Right
Ventricular Cardiomyopathy
Nitin Malik, MD; Monica Mukherjee®, MD, MPH; Katherine C. Wu®®, MD; Stefan L. Zimmerman(®, MD;

Junzhen Zhan, MD; Hugh Calkins®, MD; Cynthia A. James®®, PhD; Nisha A. Gilotral®, MD; Faraoq H. Sheikh®, MD;
Harikrishna Tandri®, MD; Shelby Kutty®, MD, PhD; Allison G. Hays®, MD

Imaging maodality

Onerlap diagnosis

Echocardiography

CME

MDCT

PET

Athlete’s heart

Balanced dilation of car-

diac chambers

Same structural findings as echocardiography

‘Wall thickness <15 mm

Abzence of RWMA

LGE, if presant, is generally limited to the RV
insertion points
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Coronal views
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Advanced Imaging of Cardiac Sarcoidosis

Imke Schatka and Frank M. Bengel

Department of Nuclear Medicine, Hannover Medical School, Hannover, Germany



CMR a prognoza

ARVC Risk Calculator v3.0

The Arrhythmogenic Right Ventricular Cardiomyopathies (ARVC) Risk Calculator estimates the risk of ventricular arrhythmias

(VA) within 5 years for patients with a definite ARVC diagnosis. Please read all definitions below carefully, as well as our general

disclaimer, to avoid invalid interpretation of results.
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Stratifikace rizika

« 369 pts se suspekci na ARVC

Abnormalni CMR:
e dilatace PK
systolicka dysfunkce PK

porucha kinetiky
tukova infiltrace

LGE

Event Free Survival (%)

Observational Study
Epub 2013 May 20.

> IntJ Cardiol. 2013 Oct 9;168(4):3514-21. doi: 10.1016/].ijcard.2013.04.208.

Prognostic value of cardiovascular magnetic
resonance in patients with suspected

arrhythmogenic right ventricular cardiomyopathy
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Adelle Dawson, Chris Miller, Isabelle Roussin, Elisa di Pietro, Tevfik F Ismail, Michael Roughton,
Joyce Wong, Dana Dawson, Janice A Till, Mary N Sheppard, Raad H Mohiaddin, Philip J Kilner,
Dudley J Pennell, Sanjay K Prasad

3

No Abnormalities 242

2 Abnormalities 17

80
60 —
40 —
Number of Abnormalities 400001
204 —°¢
g -2
e
0 ' 1 ' 1 1 1 B 1 | ' 1
0 1 2 3 4 5 6 7
i Time (years)
228 219 205 118 70 25 1
1 Abnormality 42 39 37 35 29 17 7 0
16 15 15 1 7 El 2
20 18 14 12 5 1 0

3+ Abnormalities 22

Fig. 6. Kaplan-Meier curves on event-free survival according to number of abnormalities

found on CMR.
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