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Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC)

= cellular damage /
myocardial necrosis
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fibro-fatty replacement
epi = endo

U U

RV remodelling electrical instability

RV dilatation & failure slowed conduction
& dispersed refractoriness
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Wichter T et al. Internist. 2004:45:1125-35
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men/women 2:1

Prevalence ~1:1000
(north. Italy 4:1000)
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Corrado-D et al., Int J Cardiol 2020 (epub)
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Arrhythmogenic Cardiomyopathy

Genetic Background
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Disease of the intercalated disc
» end-to-end contact of cardiac myocytes
» mechanical and electrical coupling

60% of ACM pts carry a genetic pathogenic
variant, mostly autosomal dominant

Majority of mutations affect the desmosome:
> plakophilin-2 (PKP2)

» desmoglein-2 (DSG2)

» desmocollin-2 (DSC2)

» junction plakoglobin (JUP)

» desmoplakin (DSP)

Non-desmosomal genes include...
transmembrane proteine 43 (TMEM43), desmin (DES),
phospholambdan (PLB), N-cadherin (CDHZ2), sodium volt-
gated channel alpha subunit 5 (SCN5A), titin (TTN),
transforming growth factor 3 beta (TGF3R)

Costa-S et al., Trends CV Medicine 2020 (epub)



Arrhythmogenic Cardiomyopathy

Two Autosomal Recessive Variants

Naxos-Disease

first description 1986 by
N.Protonotarios et al. in a
family on the Greek island
Naxos (9 cases in 4 families)

wooly hair, palmoplantar
keratoderma, ARVC

plakoglobin mutations

Sajeev-CG et al., Circulation 2006
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Stollberger-B et al., Int J Cardiol 2016/ UiM 01/2016
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Carvajal-Syndrome

first description mid 90s by E.
Carvajal-Huerta, Ecuador

wooly hair, palmoplantar

keratoderma
early onset LV DCM/NCCM

desmoplakin mutations
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Diagnosis of arrhythmogenic right ventricular
cardiomyopathy/dysplasia

Proposed Modification of the Task Force Criteria

Frank |. Marcus'* Chair, William J. McKenna® Co-Chair, Duane Sherrill',

Cristina Basso’, Barbara Bauce’, David A. Bluemke?, Hugh Calkins®,
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Kathleen Gear', Richard Hauer®, Andrea Nava?, Michael H. Picard!,
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Arrhythmogenic Cardiomyopathy

Modified Task Force Criteria

w

~|. Global or regional dysfunction and

structural alterations )

Il. Tissue characterization of wall

[ll. Repolarization abnormalities

|V. Depolarization/conduction

abnormalities )

V. Arrhythmias

VI. Family History
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[ Genetic Testing ] o e

The interpretation of a cardiac
*Cascade Family Screening genetic test by a team of providers
with expertise in genetics and
cardiology can be useful
(COR lla, LOE C-EQ).

Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019



Cardiac function

Genetic Diagnosis
Clinical Relevance for Family Members

Arrhythmogenic cardiomyopathy disease progression

Structural progression
rate was similar in
family members and
probands Structural progression
predicted
ventricular arrhythmias

5/32 (47%) family membersl R e
with AC progression @ FU .

'| 7 Family
i mambers
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% meeting TFC

Association of Exercise History & Diagnosis of ARVC/ARC

Hrs/yr prior to presentation (quartiles) IEnduranr:.e athleticsl

James-CA et al., J Am Coll Cardiol 2013
Calkins-H, Circulation J 2015; 901-913
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Harmful Effects of Exercise in ARC

Lie-@ et al., JACC EP 2018

>2.5
hours /
week
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Exercise Duration

n= 173 — 83/173 with ventricular arrhythmias
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Low intensity
Long duration
n=dl

= 2.5 hrs/week

=t
Low intensity
Short duration

High intensity
Long duration
n=66

p<l.05 vy all
other groups

p=0.05 v all
other groups

22%

ne25
High intensity

6 METS | Short duration

8d%

<25
hours /
week

Exercise Intensity

>

=» Exercise intensity seems more harmful than exercise duration

JACC Clin Electrophysiol. 2018 Jun;4(6):744-753
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Comprehensive multi-modality imaging
approach in arrhythmogenic cardiomyopathy—
an expert consensus document of the Euron-:m

Association of Cardiovascular Imaging

Kristina H. Haugaa'®, Cristina Basso", Luigi P. Badano', Chiara Bucciarelli-Ducci®,
g [TEL TS l:.aru..‘-lrlf:. CHiver G--'I"'I"I.I'r!'r'-.. Planirie o "-'.i-il.l.'lv.'rull. Gilbert Habib",

Jaehiani Hnuutl'_ Patrizio L.'m.:t-ll.:rl:'l:i""'. William McKenna' '. Danilo Me ﬂ'“ll ".
Bogdan A. Popescu®’, Thor Edvardsen’
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Comprehensive multi-modality imaging
approach in arrhythmogenic cardiomyopathy—
an expert consensus document of the European
Association of Cardiovascular Imaging

Kristina H. Haugaa'®, Cristina Basso", Luigi P. Badano', Chiara Bucciarelli-Ducci®,
g [TEL TS ‘|:.=|l1j|rl'l.:. CHiver ﬂ:li'mll-r.‘rl-'. Planirie o G.\l.l.‘lv.'rull. Gilbert Habib",

Jaehiani Hnuutl'_ Patrizic Lan :t-llﬂ-l:'l:im. William McKenna' '. Danilo Me E‘“.II ".
Bogdan A. Popescu®’, Thor Edvardsen’
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Arrhythmogenic Cardiomyopathy
Prognostic Role of CMR

B Mo Event
W Hard Cardist Evernts

"
P08 ihie Basdering Definite

* = gigrficard p value va posaible

Aquaro-GD et al., Am J Cardiol 2018
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Arrhythmogenic Cardiomyopathy

ECG Features
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Extent of negative T-waves in right precordial leads
=> correlates with the severity of RV dilatation & dysfunction

=>» does not predict LV involvement!

(In-)complete RBBB, €-waves, delayed S-wave upstroke,

terminal activation delay (TAD, peak S - J point) >55ms
=> reflect areas of slow conduction, fragmentation of electrical

activation, proarrhythmogenic reentry circuits

avVR —~ — V4

avF Ve A

Wichter et al. Z Kardiol. 1991

De Lazzari et al., JAHA 2018
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Risikostratifizierung bei ARC &/
Major Arrhythmic Events Geschatztes jahrliches Risiko eines tddlichen e S
Cardiac arrest due to ventricular arrhythmischen Ereignisses
fibrillation

Sustained ventricular tach :,'l:aﬂ:lia

Major Risk Factors
Unexplained syncope
Monsustained ventricular tachycardia

Severe right or left ventricular
dysfunction

Minor Risk Factors

Proband status, male sex

Frequent PYBs (=1000/24 hr)

Inducibility on electrophysiological
study

Extent of negative T waves

Amount of right ventricular fibrofatty
scarnng

Multiple desmosomal gene mutations

o)
°
L
[9)
=
fe
[3)
@
=
9
<
o)
9]
3
—
1)
o
o
o

o
(2]
J

Mo Events or Risk Factors

Healthy gene carriers
Patients with definite ARVC

Corrado-D et al., NEJM 2017
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Arrhythmogenic Cardiomyopathy

HRS Recommendations for ICD Implantation

Class | Indication if ...
survived suddén:cardiac death
documented sustained VT
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Prediction of Ventricular Arrhythmias in ARC
Cadrin-Tourigny-J et al., Eur Heart J 2019

Prediction of sustained ventricular arrhythmia in ARVC

S-year event-free survival (n = 528
Dwerall
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am
™
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Maodel for 5-year risk prediction

S-year event-free survival [n = 528)

Par predicted risk group

San u i0.49
Age K 0022
Recent syncope x 066
Non-sustained VT x 081
Ln{24h PVC count) x 01y
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Prediction of Ventricular Arrhythmias in ARC
Lie-@ et al., JACC CV Imag 2018

RV
free wall strain

ECG features

A: epsilon potentials

B: terminal activ. dur >55ms
C: extent of T-wave inversion

JACC Cardiovasc Imaging. 2018
11(10):1377-1386
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Prediction of Ventricular Arrhythmias in ARC &/
. A AL ESI BN
Lie-@ et al., JACC CV Imag 2018 .
High-intensity Exercise T-Wave Inversions LV Mechanical Dispersion
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JACC Cardiovasc Imaging. 2018; 11(10):1377-1386



Prediction of Ventricular Arrhythmias in ARC
Lie-@ et al., JACC CV Imag 2018
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Stabilization of desmoglein-2 binding R AT A e

rescues arrhythmia in arrhythmogenic e e
cardiomyopathy % e st W N S e ‘
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Arrhythmogenic Cardiomyopathy

Therapeutic Concepts

(. R-Blockers
e ACE/ARB (LV)
e AAD (+ICD)

e palliative strategy, not
curative

L only in recurrent VA

1 [

Activity
level

Catheter ICD
Ablation protection

e limit intense exercise

e allow low-intensity, long-
duration exercise

e with antitachy pacing
e may require addtl. AADs
e challenging risk estim.
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Diagnosis of ACM
Flow-Chart

Corrado-D et al., Int J Cardiol 2020 (epub)
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Ablation bei Arrhythmogener Cardiomyopathie & Rezidivierenden VT's @
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Corrado-D et al., NEJM 2017



Arrhythmogenic Cardiomyopathy 4
ECG Features

Ratio latera! displacement

Extent of T-wave inversion in precordial leads
predicts RV dilatation & apical displacement

De Lazzari et al., JAHA 2018



Harmful Effects of Exercise in ARC

Lie-@ et al., JACC EP 2018
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Arrhythmogenic Cardiomyopathy 7
ECG Features s
ik i r :
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B 1 AT o { [l ® Low-voltage limb leads <0,5mV?

=» LV involvement with
LV LGE/scar

De Lazzari et al., JAHA 2018




Arrhythmogenic Cardiomyopathy @
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ECG Features pamt A

I 1 ]
S-angle v
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(Cartrod)

S-wave angle >12,5% identifies ARC

= spec 97%, sens 47%, neg pred value 65%

Cortez-D et al., J Electrocard 2018
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Meals diagnostic

criteria for ARVC? ves

Mo

Recommendations for
physical activity in ARC

Genotype-positive
family member?

Yes

Competitive exercise: Includes
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Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019
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Structural pProgression Implies Clinical Progression! . -
aterial F bers .
F fotalm z e .otable” findings
i 100 - = 100 -
S T
: :
E 80 - E B0 -
= I

: : - AT
E E progressive Y
c 60 - ~ 60 - RV dilatation etc.
- 2
£ :
§ 40 - g 40 -
: £
S 20 - —— Structural Progression + E 20 - Family members Structural Progression +
al
"_: = Structural Progression - - ———— Family members Structural Progression -
2 .
E 0 - Log rank, p = 0.001 E o - Log, rank, p = 0.01
i 3 i i i I ] ] i I

0 5 llﬂ 15 .EIL'I 0 5 10 15 20

Time (years) Time (years)
Number at risk Number at risk
29 20 3 2 0 25 19 3 2 0
a7 31 3 3 0 — 48 26 1 1 0

Chivulescu-M et al., Eur Heart J 2019



Arrhythmogenic Cardiomyopathy

Pivotal Role of Plakophilin 2 (PKP2)

|

Plakophilin 2

|

Sodmm
channel
complex

4

Decreased Na*
current

.

Impaired
excitability

|

] [ Hippo pathway

|

.

d

Inactivation of
Wnt pathway

d

Ca**signalling Cx43 orphan
pathway hemi-channels

J +

Prolonged AP Intracellular
and TP of Ca** Ca** overload
A \,
4 d
Triggered activity

Adipogenesis

Arrhythmogenic Cardiomyopathy

Costa-S et al., Trends CV Medicine 2020 (epub)
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Genetisch positive Familienangehorige @

Alter bei Diagnosestellung der Erkrankung ittt

[T rE S S

70%
B0%
50%
40%
30%

20%

Cumulative prevalence

10%

0%
0-10 y 0-20 vy. 0-30y. 0-40 v 0-50 y 0-60 vy, 0-7T0y. 0-80 y 0-80 y.

Age groups (decades)

Quarta-G et al., Circ 2011



Arrhythmogenic Cardiomyopathy

HRS Recommendations for Family Screening

THREE-GENERATION PEDIGREE

=

35088 &

+ FalE
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Disease Progression in ARVD/C @
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Concealed Electrical Stage Structural Stage

te Riele et al., J Am Coll Cardiol 2014



Arrhythmogenic Cardiomyopathy

Association of Genetic Variants with Phenotypes

o/

AL AL ESIC RN
| W e

Genotype Phenotype

Desmosomal
Lamin A/C
SCN5A

PLN
TMEMA43
FLNC
RBM20

Desmin

ARVC/ALVC, hair/skin abnormalities

Conduction disease, ventricular arrhythmia/sudden death, DCM, lipodystrophy, muscular dystrophy
Brugada syndrome, conduction disease, AF, VT/VF, DCM

Low-voltage ECG, VT/VF, DCM, HCM, ARVC

Sudden death M >F, DCM

Sudden death, DCM

DCM, AF; ventricular arrhythmia/sudden death uncommaon as an early feature

Skeletal myopathy, DCM; arrhythmia uncommon as an early feature

Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019
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Ventricular
dysfunction®

is arrhythmia®*
in the clinical
presantation?

Patient has Fatieant does not

ACM

o
- have ACM

IS another
disorder prasant?

Yes

Cither aoguired concitpns
and cartiomyopalnes
IO COnsitEr

Ischemic heart di

Valvular heart diseas

Amvioidosis Dilated cardiomyopathy

Mol exgrlalned by Ischamic, hypersnsive, of valvular hean disease _
*=arrtwithmia includas conduction disease, atrial arrhythmias, venincular arryithmias Towbin-JA et al., HRS Consensus ARC, Heart Rhythm 2019



ARRHYTHMOGENIC CARDIOMYOPATHY
HISTOPATHOLOGY

. Main sites affected: posterior RV free wall, RV outflow
tract and apex: Triangle of ARVC

@ Diffuse variants affecting LV have inferolateral
predominance: Quadrangle of ARVC

Haszo C et al. Lancet 2009:371- | 2849-] 100)
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ARRHYTHMOGENIC CARDIOMYOPATHY
DIAGHOETIC CRITERIA
BASED ON THE FOLLOWING FEATURES:

# Mypokinosie in nol Imchuded in this or subsesguent defmitions of BY

@ Structural i regloml will matson abnormabilas

i ..-';__ |
@ Histological Wy ¥ @ LY disturbanoe is a sub -set of ARVC and leads o poor prognosis

# Arthythmie ARRHYTHMOGENIC CARDIOMYOPATHY
 MAGNOSTIC CRITERIA

i# Late gadobinium wptake and fatty replacement aro disgnostic useful
& Familiar
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107 of 224 positive on genetic testing Lok
w8 A
169 M, 55 F; mean age 41+15y A
® Desmosomal o
= Vultiple Diagnostic yield 48%
mCNY
AC relaled
| FLNC
o Negalbve

532%

3%
I ',.-"'-. 5 1

Mo differences in clinical outcome in pts with different Desmosomal mutations
Multiple mutations= severe forms of he disease
DEF' mutations: p-mvaieme of ulefl dnmlnant DhEr‘lﬂl'ﬂf:IE:n-
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Index patients @
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416 23
Alive wio sust Alive with sust Resuscitated sCD
VA, n=171 VA, n=220 SCD, nu2 n=23
No ICD ICD
n=65 n=351
31 A1
34 270
Mo recurreni Recurrent

sust VA, n=115 sust VA, n=301

FU wia ICD Transplant FLI with ICD
n=63 n=18 n=335
14 4 4D 10
1
|
52 Alive Dead 23
n:_EEi n=48 Groeneweg-J et al., Circ Genetics 2015

Calkins-H, Circulation J 2015; 901-913



Cumulative Survival Free
From Major Events (%)

Humber at risk
Ceath
Transplantaon
Ventricular arhythmia

Symploms

g

g

§

= Dwath

0 Transplantation

s Vgniiculor .l.l'l'h:'l'ﬂ'lmll

—_— Cymploms
= T T
b [ 20

Age (years)
284 284 253 29 161 94 X5
264 254 283 208 1681 54 38
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w— Veninicular Arrhythmia
= Symploma

Apge (years)
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o O ok s

[
=,
L
[

o/

o 2 O o

AL AL ESIC RN

[ R L

L= = = =



S AL ESIC N

Calkins-H, Circulation J 2015; 901-913



A -
E 1.0
a 3.8
§ "
ol i due i
i! e AT .
Erg
é 3.2
] Losg Hank {antsl -Cox | =8 003
&n T T T T T ] T T
L] 2 i L] 1] 0 12 a4
Foliow up {yssrs)
Wan issible iz Fil " d 3 1 i |
irvluzibin 40 ia 1a 2 1 i i
Ty
F b=
o
o
K
&
.
! P 1 B30T hirs
L ]
E 03 = VT
a Log Rank {Banis|-Cos 0017
0= T 1 I T T T T
@ | d ] (] L) 13 id
Fallave i [yl

FYC <1080 hre T3

4 L 1 3 1 1

PYC > he 3 18 [ § 3 1 1 1

10+

Cumislative Event {Appropriate ICD Eherapy)

! Mow susiained
0.8 ¥T ssun
M
=5 1¥an
2=
Lisg Rank (Manbs-Cea) p <0000
06— T T T T T T T
1] 2 il B B 1a 1= d
Fallow up {years|

o WESYT LT S | - i
WENT ai 13 ) 1 ¥ L]
D
E 0.8
EH!‘
~MPoland
E!“- ~FIFamily Mt
i 0.3
Log Rani (Manin-Cow) p 0,634
.8 T
I T T R T T
Fallow up (years)
Family mambsar m 18 & 1 i I
Perohand Aadi 14 L[] 3 1 [- ]

Bhonsale-A et al., J Am Coll Cardiol 2011
Calkins-H, Circulation J 2015; 901-913

N
o
"

Sl AT B s

[ R L



¥ it e el dyghaeSon eral gloaliss gileieisag
Ll S
Jrel s
Repistall *Td slFusidp dysiuamen o8 dsmrrad WA 1ol D Dol n) demnarsdl & o6 Sl
LA PG o0 o
PEAK IOT w8
Frarnans aee S 5 10
B et
Hacpeyay® 1 airwresan o Sk o Sper=chmerea PR oonicacbos SR | o e Sy
P vl B i wildaniinkec wewrer 0 088 0100 1 1Hrdde? (Sl m g |00 Pdes?
Y e bachor 00 g 45%
Y aypagrEe CIke
Fergmia il HY' mhrmraa dfmbsiesa = s par
blm e
A ahE rEme
'*H“-m-mn—-—mlnnm—m-—h—
PLAR Pl wlf o el i
PRAK ITVOT 212 <
P wrmd chsrags = 15 o800
LT LTRT
Hepr—yi My chrwmun = Ahewys 1 dermrechnrme B condaciers. S0 | o S downg
Naim o WY groi-ceemic ssore T W4 31 10 e = 5 |0 =
P e mrmee 4T
§ Tmmsm chmra e byl ol
kelap e )
._-q-li--.hhln_-h-ﬂ'hl—--_-ihhl_'-l—llh
! Earyis
i il Ll e e Sk 0 vkl D
ke
rwmﬁﬂ*ﬂﬁ.‘l_ﬂm_--ﬂ“h-w
rl minp
‘@ 27 TN MR FREL BN D] Tl Y LR R TR B

w

7 Nepairieian ghenrsEte
belagr
Frvmirin] T mywwy prooghl prevorie el 19, 00 gerl W o Dl o eedrakiais =88 ymres of age i B alerin of cesaerte AREE
OFER 1 ¥
klrar

rvmmd T e oV oV v vt 5 e o mpe (i B e of Sxregsks BIMI om bk W mred R
vrmrami T wieen o mds V1, 90 1 mred W 0 inceveieale =14yt o age n Be presstee of § orreasks TS0
L Depatairaimyrasdotar sl ealmes
LYo
Fpmin s A I AR R e S o S SO 1 eTURE T e e gnd oo sk Wi (-
Ly
L podwntats by LALCG m Fl of 1 pasurswiars m de sheerew ol @ ONGS 31 10re on sersde COG
I Hweesd CHE rstun OAS) 57 16me
Lurminm of fwrraisl O calreed gl
Fasd et spaary extagem o oo Eey § e i
wu i B e et P B Pelclet ) et R Bl e D ki I I YO W @ VD a0l oeiaels
& derhrytomaas
llagw
Ve = e ¥ 1 nl B morphrangy &P NGDETEY A
hinnw
Ve muitarnd] b st YT o AT e il L THES rrae ol wsiogy sy ndevns and o of (i g
w0 P e Bl [ a0
& Farmily Rinaiy
kel g
BRIV o Bapidmpren mesies wia meets Tasl Foen Crsrng
AITVELD coarirrvesd petcegecaly B act=pep i aagery n el degres ielabes
wrlbcaion of pafeoge raisbon Cesgreere 8 arEmd o prieey assecmisd i YL o e peesed wscr ssasies
el
Hawry o RHYTRE o el geepees el o GTowT § 68 MpT [oell P B NPT et Tl SaTelp MeaTda T Thik Foss Oy
Pemeranim Liksen rivevh oS pmar ol Bgao i Eaipaten ARYTEC 0 o resd e
mm—"ﬁﬂ! o by ] Tadk Foe D n -t wlalne

“ilite) Prode Masiied FL e @ 0 BAVDAS ferp Wi agine: Fphl Vs Ssls DosiplaaT dribifpiingdty., S50, [y woflined iivia. cBOE o
l—'&h'*ﬂﬂ'.‘.ﬁ.'l'l' wrrdiwaie lechyranbs

Marcus-FI et al., Circulation 2010
Calkins-H, Circulation J 2015; 901-913

b



CMR Reporting Template for ARVC/D

Reparting template “Arrhythmogenic Right Ventricular
CardiomyopathyDysplasia - ARVC/D”
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Arrhythmogene Cardiomyopathy

Diagnose & Einstufung:

nicht nur eine rechtsventrikulare Erkrankung
|[dentifizierung von linksventrikular dominanten Formen

Entscheidende Rolle des Kardio-MRT's (LGE)

Genetik:
meist eine desmosomale Erkrankung

Genetische Untersuchungen sind nur im klinischen
Kontext sinnvoll und relevant

Therapy:

Prognose des linksventrikularen Phanotyps?



