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CARDIOMIOPATIA ARITMOGENA: WHAT’S NEW "

Esame genetico nel sospetto di cardiomiopatia aritmogena.
Per tutti o solo per alcuni?

Barbara Bauce, MD, PhD
Universita’ degli Studi di Padova
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Nessun conflitto di interesse
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» Patologia genetica: nel 50-60% ¢ possibile
identificare una variante genetica causativa.

* Trasmissione autosomica dominante, penetranza
incompleta con espressione clinica variabile.

Geni Associati:

 Desmosomiali: DSP, PKP2, DSG2, JUP, DSC2;

» Citoscheletro: LMNA, DES, FLNC, TMEMA43;

* Trasporto ionico: PLN;

* Citochine: TGFB3
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PLACE® ™ INDICAZIONI AL TEST GENETICO W

Indicato in presenza di
patologie cardiache di
diversa eziologia ma
con overlap clinico
(= fenocopie)

Se test genetico
positivo, permette lo
screening genetico nei
familiari

Indicata nel paziente

con diagnosi di
cardiomiopatia

e Prognosi e |[dentificazione precoce di
soggetti a rischio
e Esclusione dei soggetti
negativi
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Stage 1: Proband Genetic Testing
! . *The proband (index case) is identified
*A panel of genes are sequenced

Ifa causati«.’pnt is identified

O Stage 2: Cascade Genetic Testing

*Look for the presence or absence of the
variant

*Gene-positive carriers can be targeted for
closer surveillance and children have 50%
risk

O *Gene-negative carriers can be released

from clinical screening and there is no risk

to their children

Fig. 1. Stages of cardiac genetic testing.
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Genetic testing

Next Generation Sequencing (NGS)
TARGETED RESEQUENCING (>174 genes)
COPY NUMBER VARIATIONS
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Definizione di variante genetica patogena

TABLE 2 Variant Classification

Designation Definition

Pathogenic Variants with very low population frequency
(i.e., MAF <0.02%) and with strong
evidence for cosegregation with disease
phenotype, conservation across species, or
functional evidence

Likely Pathogenic  Variants with very low population frequency
(i.e., MAF <0.02%) in the population, but
with lower strength for cosegregation or
limited functional evidence

Variant of uncertain Variant with restricted evidence for
significance cosegregation, limited or contradictory
functional evidence, and variable
conservation across species

Likely benign Variant identified at low frequency in the
general population (i.e., MAF >0.3%) and
not conserved across species

Benign Variant identified at moderate levels in the
general population (i.e., MAF >1%)

L'interpretazione del test
genetico puo essere
complessa

Adapted with permission from Richards et al. (4).
MAF = minor allele frequency.

Necessita di counselling
genetico
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Individuazione di una mutazione genetica in un
probando

Questo fatto non aiuta il processo diagnostico, dato
che la diagnosi ¢ gia presente

Il risultato genetico influenza il management clinico?
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Maschlo 18 anni. Dlagn05| di ACM durante V|S|ta medico- sportlva
Non familiarita per cardiopatia. Asintomatico.
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= Stratificazione del rischio aritmico nelle forme a dominanza destra

Flow chart for ICD implantation
e Mancanza della
genetica
* Decisione basata su

parametri clinici:
e Burden aritmico.

=1 magor rak factors®:

=Aborted SCID dus to FV -5 L B
e ned VT | :\’Su\'”?# =1 mimor risk factors g FE Vd
-Severe dysfunction of - Moderate dysfunction e

RV, LV, or both

of RV, LV or both

ICD should be
conssdered
{Claxs Ila)

D e
iciieed ICD non indicated
(Class 11b) (Class 111)

Corrado et al. Circulation. 2015
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Gestione clinica

Identificata mutazione PKP
classe 5

BEV isolate politopiche
all’ECG Holter

Progressione della
malattia alla RM

Impianto ICD in prevenzione
primaria
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Ruolo del test genetico nella stratificazione del rischio aritmico

European Heart Rhythm Association (EHRA)/
Heart Rhythm Society (HRS)/Asia Pacific Heart
Rhythm Society (APHRS)/Latin American
Heart Rhythm Society (LAHRS) Expert
Consensus Statement on the state of genetic
testing for cardiac diseases

Arthur A. M. Wilde (EHRA Chair) "1 Christopher Semsarian (APHRS Co-
Chair) »*T, Manlio F. Marquez (LAHRS Co-Chair) **1, Alireza Sepehri Shamloo®,
Michael ). Ackerman®, Euan A. Ashley®, Eduardo Back Sternick’,

Héctor Barajas-MartinezB, Elijah R. Behr®T, Connie R. Bezzina''+,

Jeroen Breckpot'?#, Philippe Charron'*¥, Priya Chockalingam', Lia Crotti'>1¢17+1,
Michael H. Gollob'®, Steven Lubitz'’, Naomasa Makita®’, Seiko Ohno?!,

Martin Ortiz-Gengan, Luciana Sacilotton, Eric Schulze-Bahr“’t",

Wataru Shimizu®®, Nona Sotoodehnia“, Rafik Tadros®, James S. Ware“'”,

David S. Winlaw®’, and Elizabeth S. Kaufman (HRS Co-Chair)*"*1

Europace, 2022

Disease

Arrhythmia syndromes

Diagnostic Prognostic Therapeutic

Long QT syndrome 4 -+ HENERE

CPVT +4+ + +

Brugada syndrome + + e

Progressive cardiac + + e
conduction disease

Short QT syndrome + +

Sinus node disease - e s

Atrial fibrillation e —

Early repolarization - = —
syndrome

Cardiomyopathies

Hypertrophic +4+ ++ ++
cardiomyopathy

Dilated cardiomyopathy ++ 44+ HEEE

Arrhythmogenic +++ ++ e
cardiomyopathy

Left ventricular + e s
non-compaction

Restrictive + o i

cardiomyopathy
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Ruolo
prognostico del
test genetico
nella ACM

2019 HRS expert consensus
statement on evaluation, risk
stratification, and management of
arrhythmogenic cardiomyopathy.
Towbin et al. Hearth rhythm, 2019.

In individuals with ACM and
syncope suspected to be due
to a ventricular arrhythmia, an €—— Yes

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

In individuals with ARVC with
hemodynamically tolerated
sustained VT, an ICDis 4|
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 =49%. Minor criteria: male
sex, >1000 PVCs/24 h, right ventricular
dysfunction (as per major criteria of the
2010 Task Force Criteria), proband status,
two or more desmosomal variants. If both
NSVT and PVC criteria are present, then
only NSVT can be used.

[ Decision for an ICD ]

v

Cardiac arrest
or sustained VT not
hemodynamically
tolerated?

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

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

In individuals with[lamin A/C]

No ACM and two or more of the
+ > following: LVEF <45%,
NSVT, male sex, an ICD is

reasonable
(COR lla, LOE B-NR).

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

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

Yes —

No 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).
ICD implantation may be
reasonable for individuals
with ARVC and two major,
one major and two minor, or
four minor risk factors for

ventricular arrhythmia*
(COR lIb, LOE B-NR).

Major and minor
criteria present?*
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ORIGINAL RESEARCHARTICLE

Desmoplakin Cardiomyopathy, a Fibrotic and
Inflammatory Form of Cardiomyopathy Distinct
From Typical Dilated or Arrhythmogenic Right
Ventricular Cardiomyopathy

Smith et aI., Circulation. 2020;141:1872-1884. Circulation. 2020;141:1872-1884.
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Clinical and genetic data were collected on 107 patients with pathogenic DSP mutations and
81 patients with PKP2 mutations as a comparison cohort.

DSP mutations cause a unique form of cardiomyopathy with a high prevalence of left
ventricular fibrosis and systolic dysfunction.

DSP cardiomyopathy shares a similar desmosomal molecular basis as PKP2-ARVC,
diagnostic and risk stratification criteria that work well for PKP2-ARVC exhibit poor accuracy
for DSP cardiomyopathy.

Episodic myocardial injury in DSP cardiomyopathy contributes to progressive fibrosis that
precedes the development of LV systolic dysfunction, an important difference compared
with typical dilated cardiomyopathy.
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Positive Negative
No Severe Severe 7 Predictive | Predictive
Arrhythmia Arrhythmia P Value Sensitivity Specificity Value Value
DsSP
LVEF <55% 47 % (36/76) 85% (23/27) 0.001 85% 53% 39% 91%
LVEF <35% 17% (13/76) 48% (13/27) 0.004 48% 83% 50% 85%
RV dysfunction 30% (23/76) 33% (9/27) 0.81
LV LGE 34% (15/44) 50% (6/12) 0.35
Frequent PVCs 51% (24/47) 80% (8/10) 0.16
Moderate/intense exercise 58% (34/59) 38% (8/21) 0.137
Acute myocardial injury episodes 21% 20% 0.93
PKP2
LVEF <55% 9% (5/55) 21% (5/24) 0.27
LVEF <35% 4% (2/55) 0% (0/24) 0.57
RV dysfunction 18% (10/55) 71% (17/24) <0.001 71% 82% 63% 86%

LV LGE

Frequent PVCs

6% (2/36)
48% (13/27)

20% (3/15)
91% (10/11)

Smith et al., Circulation. 2020.
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Femmina, 34 anni
Cardiopalmo
Familiarita CMD
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Plakophilin 2 25-35
Desmoplakin 5
Desmoglein 2 5
Desmocollin 2 Rare
Plakoglobin Rare
TGFB3 Rare

Transmembrane protein 43 Unknown
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L'analisi genetica puo essere utile in altre situazioni:

2. Assenza di mutazione genetica in un soggetto familiare senza
segni clinici di malattia, ma appartenente ad una famiglia affetta
coh gene noto:

v Il nostro paziente puo essere rassicurato che non e affetto e
non frasmettera la malattia alla progenie
v" Possibilita di doppie mutazioni
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PLACE® ™
3. Il management diventa pit complicato quando un membro

familiare clinicamente non affetto presenta una mutazione

genetica

1))

v' Questo soggetto deve essere considerato ‘a
rischio” dato che la malattia e progressiva e puo

apparire nel follow-up
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Ruolo
dell’attivita
sportiva

Controlli
clinici
frequenti

Consigliare
stile di vita
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Ruolo della genetica nella DD RN

Donna, 34 anni
10° settimana di gravidanza (primipara)

Anamnesi:
-Familiarita per cardiomiopatia dilatativa (madre; diagnosi a 41 anni;

ICD a 57 anni; exitus a 59 anni per neoplasia)
- Non precedenti cardiologici
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Comparsa di cardiopalmo e dispnea a riposo ¢ aritmie ventricolari
polimorfe

ECG sec.Holter: RS, 7900 BEV organizzati in coppie, triplette, tratti
di bigeminismo a piu morfologie, la prevalente tipo BBSin ed asse
inferiore)

Ecocardiogramma: Ecocardiogramma: Ventricolo sinistro
moderatamente dilatato, FE 48%, sezioni dx normali. Non
valvulopatie di rilievo.

Terapia -> metoprololo 50 mg x 2/die; lentokalium 1cp x 3/die
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* Follow-up ambulatoriale: persistenza di
aritmie ventricolari, presenza di TVNS
* Ricovero della paziente, aumento della

terapia con metoprololo

J L amn ﬁ-q 00s- eonz g




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

", 9 Edizione

PLACE

Table. Frequency and Phenotype Correlates of Definitive and
Putative DCM Genes

Circulation Research

Cytoskeleton Mechanotransduction/mechanosignaling/structural
integrity

DESt Desmin <1% of DCM;
desminopathies,
myofibrillar myopathy

VCLt Metavinculin 1% of DCM

FLNCt Filamin C 1% of DCM, AR-DCM;
myofibrillar myopathy,
HCM, RCM

SYNM Desmulin

PDLIM3 PDZ LIM domain protein 3

PLEC1 Plectin-1 LGMD2Q, epidermolysis

bullosa

September 15, 2017
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ACES™  conclusioni

« L'indagine genetica sta assumendo un'importanza rilevante nella valutazione

dei pazienti con cardiomiopatia

— Aspetto diagnostico

— Aspetto prognostico di alcune varianti causative.

« L'indagine ¢ indicata nei soggetti con diagnosi conclamata per l'importante
ricaduta clinica nello studio dei familiari (diagnosi pre-sintomatica)

* Necessita di counselling genetico




