Table 1. EHRA/HRS/APHRS/LAHRS 2022 Consensus Statement on genetic testing.

Genes implicated in arrhythmogenic cardiomyopathy

Frequency

ClinGen classification

DsP

DSG2

DsC2

FLNC

JuP

TMEMA43

PLN

DES

12p11.21

6p24.3

18q12.1

18q12.1

7q32.1

17q212

3p25.1

6q22.31

2q35

Phenotype/syndrome Protein (Cellular

complex)

Classic ARVC. BIVACM Plakophilin 2
and ALVC in a minority (desmosome)
of cases.

Frequent BiVACM and Desmoplakin
ALVC. Occasional hair (desmosome)
and skin features. Rare
homozygous variants—

Carvajal Syndrome.

Frequent BiVACM and Desmoglein 2
ALVC. (desmosome)

ARVC. Less frequent Desmocollin 2
BiVACM and ALVC. (desmosome)

ALVC. Right ventricular
involvement is rare

Naxos disease
(cardioectodermal)

ARVC and BiVACM

Frequent ALVC/DCM

Frequent ALVC. Right
ventricular involvement
is also possible.

Conduction system ab-
normalities common.
Skeletal myopathy
possible.

Filamin-C (cytoskeleton)

Plakoglobin (desmosome)

Transmembrane protein
43 (nuclear envelope)

Phospholamban (sarco-
plasmic reticulum; cal-
cium handling)

Desmin (cytoskeleton)

2-15%

4-15%

2-7%

3%

<1% (higher in Naxos,

Greece)
<1% (higher in
Newfoundland)
1% (10-15% in
Netherlands)

1-2%

Definite

Definite

Definite

Definite

Definite®

Definite

Definite

Definite®

Moderate

ALVC, arrhythmogenic left ventricular cardiomyopathy; ARVC, arrhythmogenic right ventricular cardiomyopathy; BIiVACM, bi-ventricular arrhythmogenic cardiomyopathy;

DCM, dilated cardiomyopathy.

“Genes with a clear association with ALVC and included also in the ClinGen classification for DCM.
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Figure 1. Aetiologic classification of arrhythmogenic cardiomyopathies. The most common
cause of arrhythmogenic cardiomyopathy is a genetic defect of desmosomal genes, although

there are other genetic and non-genetic causes.
Corrado D, et al. Arrhythmogenic right ventricular cardiomyopathy: evaluation of the current diagnostic criteria
and differential diagnosis. Eur Heart J. 2020;41:1414-1429.



Figure 2. Electrocardiographic and cardiac magnetic resonance features of a representative
case of right-dominant (classic) phenotypic variant of arrhythmogenic right ventricular
cardiomyopathy.

(A) Basal electrocardiographic showing T-wave inversion in right precordial leads (V1-V4). (B) End-
diastolic frame of cine cardiac magnetic resonance sequence in long-axis four-chamber view showing a
dilated right ventricle (end-diastolic volume, 127 mL/m2) with a severely reduced ejection fraction
(25%). The post-contrast orthogonal images in long-axis (C) and short-axis (D) views show late
gadolinium enhancement as mid-wall stria in the mid-septum (white arrow). In C, late gadolinium
enhancement is also visible in the anterolateral, mid, and apical regions of the right ventricular wall,
with segmental transmural involvement (white arrowheads) associated with regional dyskinesia (hot
shown).

De Lazzari M, et al. Relationship between electrocardiographic findings and cardiac magnetic resonance
phenotypes in arrhythmogenic cardiomyopathy. J Am Heart Assoc 2018;7:e009855.



Table 2. Revised (2010) International Task Force Criteria for Diagnosis of ARVC/D

Definitive diagnosis: 2 major or 1 major, and 2 minor criteria or 4 minor from differant categories

Borderfine: 1 mzjor and 1 minor or 3 minor aiteria from different catogorios

mhl@ 1 mapr EIF ? F"lf'IEIT i.Tl'[lEFE |"'Cl'|'1 dl rf@l'@n‘t GHEDDTIE';

I Eluhal or regmlal dysfunniun and sl:ru-:tural alteratlorls

ﬂ‘a.p’w

q«zﬂ Edm

Heglunal Fl".l' ﬂ‘kInESIEI :!Jshnesua of anedrysm und one of the fdlm'.'lng I'EH:I l:iastcreﬁl
PLAX RVOT 232 mm [-:ca‘m:tcd fior body smlPLAKfES.I\_ =19 mmém?

— PEAN BVMOT = 26 mm fcormected for body sra [PRAGESA] =21 mmémd)

—Crl' Tran:umal EII'EB Cﬂar‘lJE §.33%

Hegmm" r.w ﬂkmem o d:ﬁmmm - w;mws m.r p—" wm m me mmm,—g e e e e et e et et
Rat,_-. wamd dmm mumﬂ o 95,11 }1 1 u |-|-|_|'|n1 {mam:, o ~_,mu |-|-|_|'m {mak_g e e e e et e et et

—ar IW a]nrmn Iral:m:n @dﬂ%

HEDIDnaI F‘ﬂ.lr ar.mesa :Tgill‘l@ﬂa IZII armnrsm
Mimor

ﬁﬁ‘\‘glﬂﬂ.‘l
— PLAX RVOT 229 tn <32 mm leomected for bocy sz2 [ AKBSA] 21610 <19 mmim’)

e ot 2 IJ.‘:-:EIE.. oo 1 by s FSAKBSA 1810 m e et e
Ca {mmmﬂl e charge ;33% m ::441'% e e e et e
Regmnal T urmm“a urwcmw; G fnlhmng e e e e e
— Ratio of RV end-dizstolic volumae to BSA =100 to <110 mLfm? imale) or =90 to <100 mLm? {jamaia)

—-’.:n' RY a]Bclhn Traction =40% 10 &45%

ﬂssue ma‘aﬂerlzatlnn of wall

Mazjor

Resicual myocytes <60% by morphometrc analysis (ar <50% i esiimated), with fibrous replacement of the AV free wall myocardum nz=1
samplz, with ar without fatty replacement of fissue on endomyocardisl BIDIY. e e ot
Minor

Resigua mynoyies 60% 10 F5% Dy momhometnc analysis (or 50% 1065 % IF estimated), with Tibrous replacement of the RV free wall myocardium
in 21 sample, with or without fatty replacement af tksue on endomyocardial biogsy.

akinesia ar ﬂjﬂcll‘lﬁ!la and 1o

Irmerte-d T waves. |r1 ny-t. pre-oc:r':lml Ieads [".'1 '.I'I and\.l'Jl or he‘r\:-nd in |ndrvd..|a|s

*-a'ld yaars -nfagn l'|n the sbsonce of m‘nplm ngl't oundle- I:lran-:h hll:-ck, QRS }11D rns!l

Minor

In-lerLE{I T v |r‘| Ieacs VI ann:l ‘.|"I |r‘| ||'Iﬂ|'li':| ua‘ :\-14 el u:ur a'.;-e{n me al::sencecrcmnlele r|l:| n1 I:uun-:lle I:n'and'l Dhck] o n‘\.M '.I'S ::r\u'ﬁ.

Inwerr.e-u T waves in Ieacs VI w. \H aru:l‘u'q in mmmals :-|4 years m‘age inthe prasence ulmn’c:ler.e m;rrl l:uunu::le-l:urancr bloda
V. Depnlarlzatlnn.'cnnduc‘h on illnnrmalrtles
Ensilon wave (reprocucible low-ampitude tignais between end of RS comple to onset of the Twave) in e right precordial leads (V1 10 V1),



Definitive diagnosis: 2 major or 1 major, and 2 minor criteria or 4 minor from different categories
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FLAX Indicates parasternal long-axs view; RYOT, B outflow tract; BSA, body surface area; PSAX, parasternal short-axis view, avF, augmented voltage unipolar
left foot lead; and avL, augmented voltage unipolar left amm lead.
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Marcus Fl, et 3l Dlagnosk of arrhythmogenic right ventricular cardiomycpathy/dysplasia: proposed modifiation of the Task Force Criterla. Eur Heart J.
2010;31:806-14 with permission from Ouford University Press.

Table 3. ESC 2023 GL on Cardiomyopathies. Recommendation for resting and
ambulatory electrocardiogram monitoring in patients with arrhythmogenic right
ventricular cardiomyopathy

Annual ambulatory ECG monitoring is recommended in patients with ARVC I1C
to aid in diagnosis, management, and risk stratification
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Figure 3. Representative 12-lead electrocardiogram (ECG) obtained from patients with
arrhythmogenic right ventricular cardiomyopathy (ARVC) with incomplete right bundle
branch block (IRBBB) and complete right bundle branch block (CRBBB).

QRS duration of IRBBB and CRBBB was 110 ms and 140 ms, respectively. The closed arrow
indicates an epsilon wave, which was defined as low-amplitude deflection located between the end of
the QRS and the onset of the T wave in leads V1-V3. The asterisk indicates the T wave inversion
recorded in V1-V4 in patients with ARVC and IRBBB or CRBBB.

Towbin JA, etal. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.
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Figure 4. Epsilon Waves Appearing During Exercise.

(A) An epsilon wave appeared during early exercise and persisted during the recovery period (arrows).
(B) A relatively large amplitude epsilon wave (arrows) was prominent late into the recovery period.
Both asymptomatic subjects had normal results on rest electrocardiography and normal results on
cardiac magnetic resonance imaging and harbored radical plakophilin 2 mutations.

Perrin MJ, et al. Exercise testing in asymptomatic gene carriers exposes a latent electrical substrate
of arrhythmogenic right ventricular cardiomyopathy. J Am Coll Cardiol. . 2013;62:1772-1779



Table 4. Differential diagnosis of arrhythmogenic right ventricular cardiomyopathy

Mimies of right-dominant ARVC
Primary arrhythmia conditions

Right ventricular outflow tract tachycardia

Brugada syndrome
Structural diseases

Congenital heart diseases (left to right shunt, Ebstein’s anomaly,

Uhl's anomaly)

Pulmeonary artery hypertension

Athlete's heart

Chest defarmity and pericardial absence

Mirmics of left-dominant ARYC
Structural diseases
Dilated cardiomyopathy

Meuramuscular cardiomyopathies (muscular dystrophies and

myafibrillar ryopathies)
Myocarditis
Cardiac sarcoidosis

Congenital ventricular aneurysms

Chagas’ heart disease

Dilated cardiomyopathy vs. left-dominant arrhythmogenic right ventricular

cardiomyopathy.

Inheritance
Predominant genetic background

Main clinical manifestations

ECG abnormalities

Echocardiography and cardiac magnetic
resonance imaging findings

EMB features
Types of ventricular arrhythmias

Mechanism of WT

Mast common site of VT origin

Dilated cardiomyopathy

=35% (AD)

Mutations of genes encoding for cytoskeleton, mus-
cular sarcomere, and nuclear envelope proteins

Heart faillure, cardiac arrest, palpitations

Left ventricular hypertraphy with a strain pattemn of
ST-segment; left bundle branch black

Dilated and hypokinetic LY with no or patchy
non-ischaemic (mid-myocardial)
LGE (septum)

Regional wall mation abnommalities (uncomman).

Systolic LY dysfunction unrelated to the global ex-
tent of LGE

MNon-specific myocardial abnormmnalities

PWBs and NSYT (RBBB pattern); sustained
VT(uncommean); VF

Scar-related or functional re-entry (branch to
branch re-entry)

Intramural septum

Left-dominant ARV C

=50% (AD, AR)

Mutations of genes encading for desmosomal pro-
teins, PLMN, or FLN-C

Palpitations, syncope, cardiac arrest

Low QRS voltages in Imb leads; negative T waves
in lateral leads; negative T waves in right precor-
dial leads (biventricular form)

Mon-dilated and hypokinetic LY with large amount
of non-ischemic (subepicardial) LGE (inferolat-
eral LV wall)

Regional wall mation abnormalities (common).

Systolic LV dysfunction related to the global extent
of LGE

Fibrofatty myocardial replacement

PV Bs, NSVT, and monomorphic sustained VT
(RBBB patterm; bath LBBB and RBBB patterns in
biventricular form); VF

Scar-related re-entry

Subepicardial infero-lateral LV free wall

AD, autosomal dominant; AR, autosomal recessive; EMB, endomyocardial biopsy; LBBB, left bundle branch

block; LV, left ventricle; NSVT, non-sustained ventricular tachycardia; PVBs, premature ventricular beats; RBBB,
right bundle branch block; RV, right ventricle; RVOT, right ventricular outflow tract; TWI, T-wave inversion; VF,
ventricular fibrillation; VT, ventricular tachycardia.



Brugada syndrome vs arrhythmogenic right ventricular cardiomyopathy

Age of presentation (years)
Gender

Distribution

Inheritance

Predaminant pathogenetic genes
Typical symptoms

ECG repolarization

ECG depolarization

AV conduction times

Wariability of ECG changes

Imaging

Biopsy

Wentricular arrhythmias

Mechanism of VT

Programmed ventricular stimulation
Matural history

Brugada syndrome

30-40

M= F (8:1)

‘Waorld-wide (predominantly Southeast Asia)
AD

SCN5A gene

Syncope cardiac arrest Especially noctumal
Right precordial 5T elevation and TWI
RBBB/LAD

Prolonged PR/HY interval

Dryynarnic

Normal {or mild RVOT dilatation)

Normal

Palymarphic VT, VF

Phase 2 re-entry or local micro-reentry
Inducibility of VF

Sudden death

ARVC

15-30

M= F(3:1)

World-wide

AD (AR)

Desmosomal genes

Palpitations, syncope, cardiac arrest

Right precardial TWI

Right precordial QRS prolongation, € waves

Marmnal

Fixed

Structural RV (and LV) abnormalities with
global and regional dilation and
dysfunction

Fbrofatty replacement

Manomarphic VT, VF

Scar-related macro-reentry

Inducibility of monomorphic VT or VF

Sudden death, heart failure

AD, autosomal dominant; AR, autosomal recessive; AV, atrioventricular; LAD, left axis deviation; LV, left

ventricle; RBBB, right bundle branch block; RV, right ventricle; RVOT,

right ventricular outflow tract; TWI, T-wave inversion; VF, ventricular fibrillation; VT, ventricular tachycardia.

Corrado D, et al. Arrhythmogenic right ventricular cardiomyopathy: evaluation of the current diagnostic criteria
and differential diagnosis. Eur Heart J. 2020;41:1414-1429.

TAD

Figure 5. Terminal activation duration (TAD) is measured from the nadir of the S wave to

the end of all depolarization deflections and is prolonged if >=55 ms in any of the V1-V3

leads in the absence of complete right bundle branch block.
Towbin JA, etal. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.
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Figure 6. Differentiation between RVOT VT and ARVC.

Twelve-lead electrocardiograms from patients with right ventricular outflow tract tachycardia (RVOT-
VT) (A to C) and arrhythmogenic right ventricular dysplasia/cardiomyopathy (ARVC/C) (D to H)
showing characteristic features. (A) RVOT-VT from an anterior-septal location showing precordial
transition at V2 and narrow QRS duration in lead | (78 ms). (B) RVOT-VT originating superior to His
bundle region showing precordial transition at V4, positive R-wave in aVL, and narrow QRS in lead |
(86 ms). (C) RVOT-VT from a posterior-septal location showing precordial transition at V3 and narrow
QRS duration in lead 1 (118 ms). (D) ARVC/C ventricular tachycardia (VT) showing

late precordial transition V5, wide QRS duration in lead | (124 ms), and earliest onset QRS in V1
(vertical line). (E) ARVC/C-VT shows very late precordial transition V6 and wide QRS duration in
lead | (126 ms). (F) ARVC/C-VT shows very late precordial transition V6 and wide QRS duration in
lead I (150 ms). (G) ARVC/C-VT shows late precordial transition V5, wide QRS duration in lead |
(160 ms), and notching of the QRS (I, 111, aVF, V4 to V6). (H) ARVC/C-VT shows wide QRS
duration in lead | (128 ms) and notching of the QRS (l1, IlI, aVF, V4 to V6).

Hoffmayer KS, Machado ON, Marcus GM, et al. Electrocardiographic comparison of ventricular
arrhythmias in patients with arrhythmogenic right ventricular cardiomyopathy and right ventricular outflow tract
tachycardia. J Am Coll Cardiol. 2011;58:831-8.
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Figure 7. Example of QRS Notching.
Arrows show QRS notching in ectopic beats lead I, 111, aVF, and aVL.

Hoffmayer KS, et al. An electrocardiographic scoring system for distinguishing right ventricular outflow tract
arrhythmias in patients with arrhythmogenic right ventricular cardiomyopathy from idiopathic ventricular
tachycardia. Heart Rhythm. 2013;10: 477-82.

Table 5. Idiopathic right ventricular outflow tract tachycardia vs ARVC-related

ventricular tachycardia

Disease inheritance
Genetic defect

Symptoms
ECG abnormalities

Imaging
Biopsy
Marphalogy of VT

Multiple WT marphalogies
VT mechanism

Typical site of VT arigin
RV EVM
Pragrammed ventricular stimulation

Palpitations, pre-syncope
Morrmal

Morrmal

Morrmal

MNSYT repetitive mono-
morphic; LBBB usually with
inferior QRS axis

Mo

Enhanced autamaticity and
triggered activity

Anteroseptal RVOT

Morrmal

MNondnducible VT

ARVC

Yes (AD)

Desmosomal genes-mutations

Palpitations, syncope, cardiac arrest

Right precordial T-wave inversion, € waves, right precordial
QRS prolongation with delayed Swave upstroke, and ter-
minal activation delay (55 ms), low QRS voltages

Structural and functional RV abnorma lities

Fibrofatty myocardial replacement

LBBB Usually with left deviation

Tes
Scar-related re-entry

MNen-septal RVOT
Low-voltage areas
Inducible VT

AD, autosomal dominant; EVM, endocardial voltage mapping; LBBB, left bundle branch block;
NSVT, non-sustained ventricular tachycardia; RV, right ventricle; RVOT, right ventricular
outflow tract; TWI, T-wave inversion; VF, ventricular fibrillation; VT, ventricular tachycardia.

Corrado D, et al. Arrhythmogenic right ventricular cardiomyopathy: evaluation of the current diagnostic criteria
and differential diagnosis. Eur Heart J. 2020;41:1414-1429.



Table 6. Electrocardiographic scoring system for distinguishing RVOT arrhythmias in
patients with ARVC/D from idiopathic VT.

ECG characteristic Foints
Anterior Twaee inversions (W,-Y.) in sinus rhythm 3

LEa:” uugumeEUUm 2
ﬂﬁsrﬂtchmgimumﬁmﬁdﬂ 2
'q'rangm.:.q .;rmgr 1

Anterior T wiave Inversion s defined 25 Twaive negathity In, at least, lkeads v,
W, and V..

Lead 1 0RS duratlon =120 ms s defined 25 the duraticn from the Inmal
deflaciion of the 0AS complex to the end of the ORS complexinlezd |

RS notcing In multiple bads k defined & 3 ORS complex deflection on the
upstroks or dowrstmks of 0.5 my that dd not crss the bassline soourring
In, at lazst, fwsn boack (Rigure 20.4).

The procordial transttion point E designated = the carllest precoedial lead
wherethe Fwave amplitude excesded the S wave amplitude.

Hoffmayer k5, et al. an elecirocardicgraphic scoring sysiem far
distmguizhing rght rentricular cuflow iract arrhythmias. Heart fhythm.
2013,10: 47782, wilth perreiz=on from Elever.



Table 7. Genetic Testing
ACC/AHA/HRS 2017 Guideline on VA/SCD

In first-degree relatives of patients with ARVC, clinical screening for the disease I-B-NR
and genetic counseling and genetic testing, if the proband has a disease causing mutation.

EHRA/HRS/APHRS/LAHRS 2022 Expert Consensus Statement. Arrhythmogenic
Cardiomyopathy

Impact of genetic testing for the index case

Disease Diagnostic Prognostic Therapeutic

Recommendations

Should do
Comprehensive genetic testing is recommended for all patients with consistent phenotypic features of
ACM, including those cases diagnosed post-mortem, whatever familial context.

Genetic testing of first tier definitive disease associated genes (currently PKP2, DSP, DSG2, DSC2,
JUP, TMEMA43, PLN, FLNC, DES, LMNA) is recommended.

Variant-specific genetic testing is recommended for family members and appropriate relatives
following the identification of the disease-causative variant.

Predictive genetic testing in related children is recommended in those aged >10-12 years.

May do

Owing to the possibility of complex genotypes, in families with multiple affected members, the case
with the more severe and/ or earlier phenotype may be considered the ‘genetic proband’ and be tested
first.

In patients with a borderline ACM phenotype, comprehensive genetic testing may be considered. The
identification of a LP/P genetic variant would be useful to confirm the diagnosis.

Predictive genetic testing in related children aged below 10-12 years may be considered, especially
where there is a family history of early-onset disease.

(EHRA)/HRS/APHRS/LAHRS Expert Consensus Statement on the state of genetic testing for cardiac
diseases. Europace 2022
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Figure 8. The desmoplakin risk score provides individualized predictions of 5-year
ventricular arrhythmia risk in patients with pathogenic/likely pathogenic (P/LP) desmoplakin
variants based on five readily available clinical risk factors (www.dsp-risk.com). The
desmoplakin risk score demonstrated strong discrimination of ventricular arrhythmia risk (c-
statistic .79 during external validation) and accurately stratifies patients into low- (0%—-5%
risk at 5 years), intermediate- (5%—-20% risk at 5 years), and high-risk (>20% risk at 5 years)
groups for the purposes of guiding primary prevention implantable cardiac defibrillator
decision-making.

DSP, desmoplakin; LVEF, left ventricular ejection fraction; NSVT, non-sustained ventricular tachycardia; PVC,
premature ventricular contraction; RV, right ventricular; VA, ventricular arrhythmia.

Carrick RT, et al. A novel tool for arrhythmic risk stratification in desmoplakin gene variant carriers. Eur Heart J.
2024,45:2968-2979.


https://www.dsp-risk.com/

Table 8. Risk stratification and therapy of ARVC/D

ESC 2023 GL on cardiomyopathies.

Recommendations for the antiarrhythmic management of patients with arrhythmogenic right
ventricular cardiomyopathy

Beta-blocker therapy is recommended in ARVC - .
patients with VE, NSVT, and VT.720-%22

Amiodarone should be considered when regular

beta-blocker therapy fails to control lla c
arrhythmia-related symptoms in patients with
ARVC-9213’22

Flecainide in addition to beta-blockers should be
considered when single agent treatment has failed to
control arrhythmia-related symptoms in patients
with ARVC 723924

Catheter ablation with availability for epicardial
approach guided by 3D electroanatomical mapping
of VT should be considered in ARVC patients with la c
incessant VT or frequent appropriate ICD

interventions for VT despite pharmacological

therapy with beta-blockers 72592993+

lla Cc

3D, three-dimensional; ARVC, arrhythmogenic right ventricular cardiomyopathy; ICD,
implantable cardioverter defibrillator; NSVT, non-sustained ventricular tachycardia; VE,
ventricular ectopic beats; VT, ventricular tachycardia.

Recommendations for sudden cardiac death prevention in patients with
arrhythmogenic right ventricular cardiomyopathy

Secondary prevention

An ICD is recommended to reduce the risk of
sudden death and all-cause mortality in patients with
ARVC who have survived a cardiac arrest or have
recovered from a ventricular arrhythmia causing
haemodynamic instability, *#%743944348:342

An ICD should be considered in ARVIC patients who

have suffered a haemodynamically tolerated
VT, 522.939,943-945,948-950

Primary prevention

High-risk features® should be considered to aid
individualized decision-making for ICD implantation
in patients with ARV(C 238939

The updated 2019 ARVC risk calculator should be
considered to aid individualized decision-making for

ICD implantation in patients with ARVC 524526536~
539

ARVC, arrhythmogenic right ventricular cardiomyopathy; ICD, implantable cardioverter
defibrillator; LVEF, left ventricular ejection fraction; MSVT, mon-sustained ventricular
tachycardia; PES, proprammed electrical stimulation; RVEF, right ventricular ejection
fraction; SMVT, sustained monomorphic ventricular tachycardia; VT, wentricular
tachycardia.

¢ High-risk features: arrhythmic syncope, NSVT, RVEF <40%, LVEF <45%, SMVT at PES.

d See text for discussion of gene-specific differences in the performance of the updated
2019 ARVC risk calculator



ACC/AHA/HRS 2017 Guideline on VA/SCD. Arrhythmogenic Right Ventricular
Cardiomyopathy

Cardiac MRI for establishing a diagnosis and for risk stratification I-B-NR
in suspected ARVC and VA or electrocardiographic abnormalities.

ICD* in ARVC and an additional marker of increased risk of SCD I-B-NR
(resuscitated SCA, sustained VT, significant ventricular dysfunction with
RVEF or LVEF <35%).

A beta blocker in ARVC and VA. I-B-NR

Avoiding intensive exercise by patients wityh a clinical diagnosis of ARVC I-B-NR
is recommended.

Genetic counseling and genetic testing lla-B-NR
for diagnosis and for gene-specific targeted family screening
in patients with clinically diagnosed or suspected ARVC.

ICD* in ARVC and syncope presumed due to VA lla-B-NR
A beta blocker in clinical evidence of ARVC but not VA lla-B-NR
Catheter ablation with availability of a combined endocardial/epicardial Ila-B-NR

approach in ARVC and recurrent symptomatic sustained VT when
a beta blocker is ineffective or not tolerated

Signal averaged ECG for diagnosis and risk stratification in suspected ARVC  lla-B-NR

Electrophysiological study for risk stratification in asymptomatic patients 11b-B-NR
with clinical evidence of ARVC.

*: if meaningful survival greater than 1 year is expected
ACC/AHA/HRS 2017 Guideline on syncope

ICD in patients with ARVC who present I-B-NR
with syncope and have a documented sustained ventricular arrhythmia

ICD in patients with ARVC who present Ila-B-NR
with syncope of suspected arrhythmic etiology.

ESC 20022 GL on VA and SCD. Recommendations for diagnostic, risk stratification,
sudden cardiac death prevention, and treatment of ventricular arrhythmias in
arrhythmogenic right ventricular cardiomyopathy

Diagnostic evaluation and general recommendations
CMR in patients with suspected ARVC. IB

Genetic counselling and testing in patients with a suspected or definite diagnosis IB
of ARVC.



Avoidance of high-intensity exercise in patients with a definite diagnosis of ARVC.

Avoidance of high-intensity? exercise in carriers of ARVC-related
pathogenic mutations and no phenotype.

Beta-blocker therapy in all patients with a definite diagnosis of ARVC.

Risk stratification and primary prevention of SCD
ICD implantation in patients with definite ARVC and an arrhythmic syncope.

ICD implantation in patients with definite ARVC and severe RV or LV systolic
dysfunction.

ICD implantation in symptomatic® patients with definite ARVC,
moderate right or left ventricular dysfunction, and either NSVT or inducibility
of SMVT at PES.

In patients with ARVC and symptoms highly suspicious for VA, PES for risk
stratification.

Secondary prevention of SCD and treatment of Vas
ICD implantation in ARVC patients with haemodynamically not-tolerated VT or VF.

In patients with ARVC and non-sustained or sustained VVAs, beta-blocker therapy.

In patients with ARVC and recurrent, symptomatic SMVT or ICD shocks for SMVT
despite beta-blockers, catheter ablation in specialized centres.

In ARVC patients with indication for ICDs, a device with the capability of ATP
programming for SMVT up to high rates.

ICD implantation in ARVC patients with a haemodynamically tolerated SMVT.

In patients with ARVC and recurrent, symptomatic VT despite beta-blockers, AAD
treatment.

Management of relatives of a patient with ARVC
ECG and echocardiogram in a first-degree relative of a patient with ARVC.

AAD, anti-arrhythmic drug; ARVC, arrhythmogenic right ventricular cardiomyopathy;

ATP, anti-tachycardia pacing; CMR, cardiac magnetic resonance; ECG, electrocardiogram; ICD,

b C

b C

Ila B

IlaC

llaC

Ib C

llaC

IlaB

llaC

llaC
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implantable cardioverter defibrillator; LV, left ventricle; NSVT, non-sustained ventricular tachycardia;

PES, programmed electrical stimulation; RV, right ventricle; SCD, sudden cardiac death; SMVT,

sustained monomorphic ventricular tachycardia; VA, ventricular arrhythmia; VT, ventricular

tachycardia.

a The 2020 ESC Guidelines on sports cardiology and exercise in patients with cardiovascular disease.

b Presyncope or palpitations suggestive of VA.
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Patients with ARVC
ICD
Cardiac arrest or syncopal VT Y > (Class 1)
t
e
ICD?
o i Y >
Non-syncopal sustained VT (Class lla)
T
o
ICD
. . b >
High risk features " (Class lla)

Figure 9. ESC 2023 GL on Cardiomyopathies Algorithm to approach implantable
cardioverter defibrillator decision-making in patients with arrhythmogenic right ventricular
cardiomyopathy.

ARVC, arrhythmogenic right ventricular cardiomyopathy; ICD, implantable cardioverter defibrillator;
LVEF, left ventricular ejection fraction; NSVT, nonsustained

ventricular tachycardia; PES, programmed electrical stimulation; RVEF, right ventricular ejection
fraction; SMVT, sustained monomorphic ventricular

tachycardia; VT, ventricular tachycardia.

a Clinicians should aim to control ventricular arrhythmia with pharmacological or invasive
antiarrhythmic therapies in addition to offering an ICD.

b High-risk features are defined as either cardiac syncope, NSVT, RVEF <40%, LVEF <45%, SMVT
at PES or as per the updated 2019 ARVC risk calculator.
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[ Decision for an ICD ]

In individuals with ACM and

syncope suspected to be due
to a ventricular arrhythmia, an 4—
ICD is reasonable
{COR lla, LOE B-NR).

In individuals with ARVC with
hemodynamically tolerated

|— Yes

sustained VT, an ICD is
reasonable
(COR lla, LOE B-NR).

‘_

In individuals with ACM with
LVEF 35% or lower and
NYHA class | symptoms and
an expected meaningful
survival of greater than 1
year, an ICD is reasonable
(COR lla, LOE B-R).

*Major criteria: NSVT, inducibility to VT
at EPS, LVEF =40%. Minor criteria: male
sex, >1000 PVCs24 h, right ventricular
dysfunction (as per major criteria of the
2010 Task Force Criteria), status,
two or more desmosomal variants. If both
NSVT and PVC criteria are present, then
only NSVT can be used.

Cardiac amest
or sustained VT not
hemodynamically
tolerated?

In individuals with
phospholamban
cardiomyopathy and LVEF
<45% or NSVT, an ICD is
reasonable
(COR lla, LOE B-NR).

Hemodynamically
tolerated sustained VT or
syncope suspected due to
ventricular
arrhythmia?

In individuals with lamin AfC
No ACM and two or more of the
following: LVEF <45%,
NSVT, male sex, an ICD is
reasonable
(COR lia, LOE B-NR).

Phospholamban,
FLNC mutation, or lamin
AJC ACM with LVEF
<45%7

In individuals with FLNC
ACM and an LVEF =45%, an
ICD is reasonable
(COR lla, LOE C-LD).

In individuals with lamin A/C
ACM and an indication for
pacing, an ICD with pacing
capabilities is reasonable
(COR lla, LOE C-LD).

ICD implantation is
reasonable for individuals
with ARVC and three major,
two major and two minor, or

No one major and four minor risk

factors for ventricular
arrhythmia*

(COR lla, LOE B-NR).

Major and minor
criteria present?*

Figure 10. Implantable cardioverter defibrillator (ICD) recommendations.

ACM = arrhythmogenic cardiomyopathy; ARVC = arrhythmogenic right ventricular cardiomyopathy; COR =
Class of Recommendation; FLNC= filamin-C; LOE = Level of Evidence; LVEF = left ventricular ejection
fraction; NSVT = nonsustained ventricular tachycardia; NYHA = New York Heart

Association; PVC = premature ventricular contraction; VF = ventricular fibrillation; VT = ventricular tachycardia

Towbin JA, et al. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.
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Beta-blocker therapy is

reasonable in ACM .
No—p individuals who do not Symptomatic
have an ICD arrhythmias?

(COR lla, LOE G-EO).

Yes

Inappropriate ICD
therapies?

Yes

Continued
symptoms due to
wventricular
arrthythmias?

Figure 11. Medical therapy recommendations for arrhythmias.

ACM=arrhythmogenic cardiomyopathy; COR=Class of Recommendation; ICD=implantable
cardioverter defibrillator; LOE = Level of Evidence; LV = left ventricular; RV = right ventricular

Towbin JA, et al. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.
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RV dysfunciion? LV or R\ aneurysm?

Symptoms due to
RV dysfunction?

Yes

In individuals with ACM and
symptomatic RV dysfunction, the
use of ACE inhibitors or ARBs, as

well as beta-blockers,
antagonists, and
diuretics, is reasonable
{COR lla, LOE C-EQ).

Figure 12. Recommendations for ventricular dysfunction and antithrombotic medical
therapy in individuals with arrhythmogenic cardiomyopathy (ACM).

ACE = angiotensin-converting enzyme; ARBs = angiotensin receptor blockers; COR = Class of Recommendation;
LOE = Level of Evidence; LV = left ventricular; RV = right ventricular

Towbin JA, et al. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.



Decision for catheter
ablation

Sustained No
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Nonsustained VT
or high burden of

v

monomorphic VT?

Yes

!

Individuals with ACM and recurrent
symptomatic sustained VT in whom
medical therapy has not failed may be
considered for catheter ablation
(COR b, LOE C-LD).*

Antiarrhythmic
medications ineffective or
not tolerated?

Amiodarone
ineffective or not
tolerated?

Yes Yes

| l

In individuals with ACM and

In individuals with ACM and
recurrent sustained
monomorphic VT who have
failed or are intolerant of
amiodarone, catheter ablation
is reasonable for reducing
recurrent VT and ICD shocks
(COR lla, LOE B-NR).

—

recurrent symptomatic
sustained VT in whom
antiarrhythmic medications are
ineffective or not tolerated,
catheter ablation with
availability of a combined
endocardial/epicardial
approach is reasonable
(COR lla, LOE B-NR).

ventricular ectopy?

Yes

Beta-blockers
and/or antiarrhythmic

medications ineffective or
not tolerated?

v

In symptomatic individuals with
ACM and a high burden of
ventricular ectopy or
nonsustained VT in whom
beta-blockers andior
antiarrhythmic medications are
ineffective or not tolerated,
catheter ablation with
availability of a combined
endocardial/epicardial
approach is reasonable
(COR lla, LOE C-EOQ).

*This recommendation does not exclude the choice to continue medical therapy that has not failed and not proceed with ablation

Figure 13. Catheter ablation recommendations for individuals with arrhythmogenic

cardiomyopathy (ACM).

ICD = implantable cardioverter defibrillator; LOE = Level of Evidence; VT = ventricular tachycardia.

Towbin JA, et al. 2019 HRS expert consensus statement on evaluation, risk stratification, and management of
arrhythmogenic cardiomyopathy. Heart Rhythm. 2019.
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Table 9. ESC 2023 GL on Cardiomyopathies. Exercise recommendations for patients
with cardiomyopathy

Avoidance of high-intensity exercise, including competitive sport, may be considered in 1lb C
genotype-positive/phenotype-negative individuals in families with ARVC

Moderate- and/or high-intensity exercise, including competitive sport, 1B
is not recommended in individuals with ARVC

Table 10. ESC 2025 GL on pregnancy. ARVC

Flecainide, in addition to beta-blockers, should be

considered as the anti-arrhythmic drug of choice in lla C
pregnant women with ARVC."*®

Sotalol may be considered as an anti-arrhythmic drug

in pregnant women with ARVC, with careful

evaluation of QTc and while monitoring for foetal b C
bradycardia and foetal growth and neonate

hypoglycaemia.



