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Arrhythmogenic left ventricular cardiomyopathy
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Genetic testing and counselling in ESC 2023 guidelines
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Genotype—-phenotype correlations
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A Major Adverse Cardiovascular Events
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Prognostic implications of genotype findings in

26 studies

non-ischaemic dilated cardiomyopathy: * 1,382 genotype positive (P/LP) patients

+ 645 truncating titin (TTNtv) patients

H * 62 desmosomal gene patients
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* No difference in LVEF between gene groups
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Impact of genotype-phenotype associations
on prognosis in dilated cardiomyopathy
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JAMA | Original Investigation
Risk Stratification in Nonischemic Dilated Cardiomyopathy

Using CMR Imaging
A Systematic Review and Meta-Analysis the weakness of LVEF

Figure 1. Cardiac Magnetic R 1ce (CMR) Imaging Parameters and Clinical Outcomes
Studies/
Parameter patients, No.  HR (95% Cl)
Late gadolinium enhancement presence (yes/no)
All-cause mortality 23/9738 1.81(1.60-2.04) — -
Cardiovascular mortality 19/5228 2.43(2.13-2.78) o=
Arrhythmia 40/13791 2.69(2.20-3.30) -
Heart failure 32/9464 1.98(1.73-2.27) ——
MACE 54/12040 2.09(1.79-2.44) —
Late gadolinium enhancement extent (per 1%)
All-cause mortality 4/1852 1.07 (1.02-1.12) -
Cardiovascular mortality 3/1323 1.15(1.07-1.24) ——
Arrhythmia 9/2086 1.07 (1.03-1.12) -
Heart failure 6/1686 1.06 (1.01-1.10) -

Left ventricular ejection fraction (per 1%)

All-cause mortality 573220 0.99(0.97-1.02) L 2
Cardiovascular mortality 7/3522 0.97 (0.94-1.00) -
Arrhythmia 12/5055 0.99 (0.97-1.01) L
Heart failure 10/4576 0.97 (0.95-0.98) a
MACE 24/5446 0.98 (0.96-0.99) E
)
Arrhythmia 5/1778 1.07 (1.01-1.14) -
Heart failure 3/2198 1.03(0.93-1.13) —i—
MACE 3/962 1.06 (1.01-1.11) -
Extracellular volume (per 1%)
Heart failure 3/1372 1.09 (0.91-1.30) — -
Global longitudinal strain (per 1%
Heart failure 3/1001 1.06 (0.95-1.18) -
MACE 7/1397 1.03(0.94-1.14) -
) ) o ! ! X European
JAMA. doi:10.1001/jama.2024.13946 HR (95% C1) N
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Stratify the genotypes...the weakness of LVEF

The patient’s genotype should be considered in the la
I Gp 185,186,869,886

estimation o D) kin DCM
An ICD should be considered in patients with DCM
with a genotype associated with high SCD risk and

LVEF >35% in the presence of additional risk factors
(see Table 21)54154286786987287868188

lla C

An ICD may be considered in selected patients with
DCM with a genotype associated with high SCD risk
and LVEF >35% without additional risk factors (see
Table 21)369873881.88
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2023 CMP guidelines o
m

l

IcD
C e <35% 5 . * (Class Ila)

Annual Predictors of SCD

LMNA18S-186.438.541,865,878,879 5-10% Estimated 5-year risk of

life-threatening arrhythmia

using LMNA risk score
(https:#lmna-risk-vta.fr)

TR - 7 (c“'c" : FLNC-truncating 5-10%  LGEonCMR

866,867,880

P variants LVEF < 45%

J TMEM43°655%1 5-10%  Male

Female and any of the
following: LVEF <45%,
NSVT, LGE on CMR, >200
VE on 24h Holter ECG
[RUNFRELE 3-5% Estimated 5-year risk of
life-threatening arrhythmia
using PLN risk score
(https:iplnriskcalculator.
shinyapps.ioffinal_shiny)

The patient’s genotype should be considered in the
estimation of SCD risk in DCM. 18686788

An ICD should be considered in patients with DCM
with a genotype associated with high SCD risk and
LVEF >35% in the presence of additional risk factors

lla C

LVEF < 45%

(see Table 21).541:542867,869,873,878, 881,886 LGE on CMR
) . . . NSVT

An ICD may be considered in selected patients with . LGE on CMR

DCM with a genotype associated with high SCD risk c LVFF - 482

3-5%




Prognosis

Gene-specifi k estimation

e https://www.dsp-risk.com
¢ https://fInctv.shinyapps.io/RiskCalculator/
LMNA A/C PLN +  http://Imna-risk-vta.fr/

*  https://plnriskcalculator.shinyapps.io/final

non-missense mutation . . shiny/
T-waves inversion

Low voltage ECG
LVEF
PVC burden

male sex
NSVT
LVEF

AV block

FLNC DSP

age female sex
male sex NSVT
NSVT LVEF
syncope RV dysfunction
LVEF PVC burden

Gigli M, Sinagra G, et al. European Journal of Heart Failure 2025 — HFA consensus




Gene-specific risk scores in DCM/NDLVC
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What is the reasonable threshold for ICD
implantation?

...the Task Force acknowledges the
challenges associated with defining
universal thresholds for acceptable risk
across different cardiomyopathy phenotypes,
but is of the opinion that a similar approach
to that taken in risk stratification for HCM is
reasonable. Although the 2022 ESC
Guidelines for the management of patients
with ventricular arrhythmias and the
prevention of sudden cardiac death have
suggested a higher threshold of 10% risk at
5 years to guide primary prevention ICD
implantation in patients with DCM and LMNA
variants

. . . . 0:-:2,?‘\ European
ESC 2023 cardiomyopathies guidelines %50 Reference
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@ESC

European Society https://doi.org/10.1093/eurheartj/ehaf477
of Cardiology

et e a0s00 . MaAjor arrhythmias in non-dilated left
ventricular cardiomyopathy: a novel
prediction score

NDLVC-5y risk score for the prediction of 5-year MAE risk

Male sex X 0.8605

i % predicted risk <5% 5-20% 20-40% >40%
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0.00
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6
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. , (X 75 (0) 75 (0) 750)  74(1) 74 (1) 73 2)
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Arrhythmogenic genotypes — less frequent but not less dangerous
ORIGINAL ARTICLE ©

Risks of Ventricular Arrhythmia and Heart Failure
in Carriers of RBM20 Variants RBM20
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ORIGINAL RESEARCH
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Gene-specific LVEF trajectory
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Arrhythmic genotypes in dilated
cardiomyopathy and risk of advanced
heart failure

Non-ischaemic DCM

High risk of advanced heart failure events during follow-up

& 1203 patients LVEF <35% LVEF >35%
ol ¢ @ 19 Spanish centres 50, P <0001 B
b" # % Mean age at diagnosis 51.4
,‘ -~ (40.5-61.2) years 40 39% 40t

vif @ LVEF 33 (25-42) %

[ Median follow-up 5.7 (2.9-9.1) years

\ High-risk genes JNEEMS

30t

14%

Other genes 11.1%
16.0%

Negative genotype JBEYAYS

High-risk genes lOther genes Negative genotype

Worse outcomes in high-risk arrhythmic genes Independent predictors of advanced heart failure

Malignant ventricular '
arrhythmias Advanced heart failure %
HR 3.41 HR 4.01
(95% Cl: 1.73-9.34)

(956 Cl: 187—621) Genotype LG NYHA class LVEF

Mora-Ayestaran et al. European Heart Journal 2025
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@ESC European Heart Journal (2026) 00, 1-14 . . . . . .
A — Laminopathies: natural history and risk prediction

of heart failure

LMNA risk score for prediction of 5-year risk of major heart failure events

Analysis of registry data

Derivation cohort Validation cohort

Exclusion of patients

. OPALE: nationwide Tertiary cardiology
::'t;]a:::i’;(:;()% registry on laminopathies referral centres
470 patients 245 patients

An additive effect of risk factors

Five independent risk factors

Adjusted HR Cumulative incidence (%) HF-MACE
100%
@ Male sex 1.86 0 risk factor P=2e-04
== 1 risk factor 1 risk factor HR 2.4 [0.83-7.05]
fr 75% | = 22 risk factors 22 risk factors HR 5.1 [1.87-14.2]
'& LVEF <50% 218
DOQ Missense variants in 291 50%
head and rod domains ’
Complete left bundle 299 25%
branch block ’
L— . . 0%
Good discrimination of the model with C-index of 0123 45¢6 7 8 9 10111213 14 15

0.750 and 0.758 in the derivation and validation cohorts Time since genetic testing (years)

W ASUGI (‘ HF-MACE, heart failure-major adverse cardiac event; HR, hazard ratio; LMNA, lamin A/C gene; LVEF, left ventricular ejection fraction ..:.‘-s . European
7AY %ot Reference

e Charron P, et al. European Heart Journal.
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ORIGINAL INVESTIGATIONS

Genetic testing: a rationale approach

Clinical Risk Score to Predict )
Pathogenic Genotypes in Patients
With Dilated Cardiomyopathy

Predictors of a Positive Genetic
Result

Yield of Positive Genotype According

to the Score Category (n = 1,015)

Clinical Predictors Points S 1004 s 100
~ < 0.

Skeletal myopathy 1 2 so- 78.2

Family history of DCM 1 §
S 6o 58.8

Low voltage on ECG 1 §

Absence of hypertension 1 § 40 228
(=]

Absence of LBBB 1 2 20 16.0

Scoring Range: O to 5 Points g o__ﬁ i

o
-
N
w
E
v

s ASUGI [F3 Escobar-Lopez et al JACC VOL. 80, NO. 12, 2022 .o_: “‘\ gu;opean
~ Genotype Score in Dilated Cardiomyopathy SEPTEMBER 20, 2022:1115-1126 % .V Reference
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@ ESC European Journal of Heart Failure (2026) 00, 1-9 RESEARCH ARTICLE

European Sociely htpsidei.org/10.1093/ejhixuag055
of Cardiology

Theyield and clinical impact of genetic testingin
older patients with dilated cardiomyopathy

Douglas E. Cannie’>*, Athanasios Bakalakos'?, Petros Syrris © ',

Alexandros Protonotarios @ 2, Massimiliano Lorenzini ® "2, Oliver Guttmann'?,
Constantinos O'Mahony"z, Konstantinos Savvatis © "’", Neha Sekhrl"’,

Saidi Mohiddin®?, Luis R. Lopes'?, and Perry M. Elliott™?

The Yield and Clinical Impact of Genetic Testing in Older Patients with Dilated

Cardiomyopathy
Single Centre DCM Cohort Yield of Genetic Testing by Age Group Genotype-Positive Outcomes by Age
® O 686 patients - 1 :
with DCM L |
undergoing -
genetic testing g.m i
62.1% male, a‘; 10 == Over 35+ Over 555 versws under 335 p = 04
age 50 (37, 59) I I T S T
years s 35:95; Group (YG: ?5 Under 33 34 o " » n n
o One in five patients >55 years were genotype-positive. A Similar risk of:
QUSRASH 24% with LP/P grogueps ‘ ’
\I/’_' variants 30% of genotype-positive patients >55 years had <55 vs >55 [ Ventricular arrhythmia j
high-risk genotypes. years
[End-stage heart failure j
en:, European
%oV Reference
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Genetic testing: a rationale approach

DCM proband
Consider the goals Rule out
of genetic testing secondary
in DCM (Box 2) . . causes of DCM
Genetic testing

J
/ !

Yes

Not performed
1 or not available

| ! !

Pathogenic or likely pathogenic

Variant of uncertain significance Benign or likely benign
Clinically actionable l l
\ v Check variant
Apply clinical outcomes Cascade genetic reclassification Long-term follow-up
(high-risk genotypes) testing in relatives

periodically of relatives

4 } ¥ l l

Genotype + Genotype + Genotype - Clinical management
Phenotype + Phenotype - Phenotype - of DCM

! ! ! !

Clinical management Early advanced Discharge
of DCM imaging (MRI,
strain analysis)

!

Long-term follow-up

Clinical management
of DCM

Long-term follow-up
of relatives

Nature reviews Card, Gigli, Sinagra, Mestroni et al. 2024




Titin-related familial dilated cardiomyopathy:
factors associated with disease onset

Study design DCM onset
Titin-related familial DCM (N = 3158), 4N Odds of DCM )

e e

' — WA
TTNtv variant and clinical information n ’b
[l v t
Primary DCM penetrance analysis ® ?

-

+
Cardiometabolic health

Variant effects Clinical risk
(TTNtv type and location) factor analysis

Clinical implications

Lifelong follow-up Identification and Early treatment
for TTNtv positive management of may facilitate
relatives clinical risk factors disease prevention

Fatkin D. et al. European Heart Journal (2025) 00, 1-18 :.:. '« European
ot ‘:\ Reference
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REALM-DCM: A Phase 3, Multinational,
Randomized, Placebo-Controlled Trial of ARRY-
371797 in Patients With Symptomatic LMNA-
Related Dilated Cardiomyopathy

100 100
HL estimate for the median difference: HL estimate for the median difference:
80 4.94 m (95% Cl: -24.25, 34.12) 80 2.40 points (95% CI: -6.40, 11.20)
s & < 60
gs. w i§ “
T =
g 20 21.00 5 20
Eg 0 0268 E: 0 E‘" 0142
g 0 g 0
33 - 35 -«
60 - 60
-80 -80
-100 -100
ARRY-371797 Placobo ARRY-371797 Placebo
(n=35) (n=33) (n=38) (n=33)
c D
100 1000 1
HL estimate for the median difference HL estimate for the median difference
80 5.30 points (95% CI: -4.29, 14.90) 8004 -339.42 pg/mL (95% CI: ~1131.58, 452.75)
s, 907 % 600 1 T
; § 40 Z %
pr € 400 1
3 § 2 2
5 Ea 8 i § 2001
§ 0 $-143
§ 0 $-20.58
@ -201 9 -96.50
§§ -40 g =200 1
x
§ -60 -400
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CRISPR activation to repair electrocardiogram
abnormalities caused by a FLNC truncating

variant in mice
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Article https://doi.org/10.1038/541591-026-04439-x

Effects of SGLT2 inhibitiononincident
heartfailurein carriers of cardiomyopathy-
associated genetic variants
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Early Treatment With Candesartan vs Placebo in Genetic Carriers of
Dilated Cardiomyopathy (EARLY-GENE Trial)

C Cristina Avendario Sola

Status and phase

Enrolling Phase 3

Conditions

Cardiomyopathy, Dilated

Treatments

& Drug: Candesartan
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But for gene elusive/not tested patients
we still lack prognostic scores

Variant Status

I Variant Negative
B Variant Positive

178; 37%

309; 63%

Total = 487

Gigli, M. et al. J Am Coll Cardiol. 2019;74(11):1480-90.
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