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Scientific Statement

Contemporary Definitions and Classification of
the Cardiomyopathies

PRIMARY CARDIOMYOPATHIES
(pradominantly involving the heart)
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Symptoms Incidental findings Family screening

- Dyspnoea ( A
& . Chest pain . Abnormal ECG " < I‘l degree relative
+ Palpitation - Murmur ab s With CMP
- Syncope/presyncope - Arrhythmia @ @®3@ - Family history of
sudden death

- Cardiac arrest

Suspected cardiomyopathy

Ventricular morphology/function Ventricular scar/fatty replacement

+ Non-ischaemic ventricular scar on
CMR/pathological examination

- Other tissue characterization
parameters on CMR

| J

- Hypertrophy
- Dilatation
- Systolic/diastolic function

HCM ARVC

RCM

Arrhythmias/conduction disease
(atrial, ventricular, atrioventricular block)

Pedigree analysis Genetic testing Extracardiac involvement

Laboratory markers Pathology
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AFD /
Gene Cat H
ene Category Gene CM ARVC hATTR
Sarcomeric MYH7 (X 1) o —
MYBPC3 oo o _
TNNT2 'YX o _
TNNI3 YY) o _
TPM1 YY) — _
ACTCI (YY) — —
TNNC1 Y — _
MYL2/MYL3 oo _ _
Desmosomal / Cytoskeletal DSP o oo —
PKP2 — (YY) —
DSG2/DSC2 — oo —
JUP — (YY) —
TTN (truncating) o o _
FLNC oo oo —
(missense)
NEXN o — _
DES (YY) oo
+ .
Ion Chann.el. / Ca*” Handling/ PLN coo .o -
Splicing factors
RBM20 o — _
SCN5A — o _

TMEM43

Merio M etal.Adapted and updated from ESC Guidéeldimes on Gardiomyopathies. unpublished




Cardiac-MRI

JAMA | Original Investigation

Risk Stratification in Nonischemic Dilated Cardiomyopathy

Using CMR Imaging

A Systematic Review and Meta-Analysis

Figure 1. Cardiac Magnetic Resonance (CMR) Imaging Parameters and Clinical Outcomes

Studies/
Parameter patients, No.  HR (95% CI)
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)
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)
MACE 13/3004 1.03(1.02-1.04)
Left ventricular ejection fraction (per 1%)
All-cause mortality 5/3220 0.99(0.97-1.02)
Cardiovascular mortality 7/3522 0.97 (0.94-1.00)
Arrhythmia 12/5055 0.99 (0.97-1.01)
Heart failure 10/4576 0.97 (0.95-0.98)
MACE 24/5446 0.98 (0.96-0.99)
T1 relaxation time (per 10 ms)
Arrhythmia 5/1778 1.07 (1.01-1.14)
Heart failure 3/2198 1.03(0.93-1.13)
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)

0.5

HR (95% CI)

JAMA 2024;332;(18):1535-1550.

CarDiac magnEtic Resonance for prophylactic
Implantable-cardioVerter defibrillAtor ThErapy
in Non-Ischaemic dilated CardioMyopathy: an

international Registry

Major Adverse Arrhythmic Cardiac Events

Model based on TTE LVEF
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Model-based Composite Risk Score

Lowrisk  Intermediaterisk  High risk

No MAACE °

Low risk 404

Intermediate risk

High risk
MAACE

T

Low risk
Intermediate risk

High risk

Categorical NRI: 17.5% (6.2-28.7%), p=0.002
Continuous NRI: 63.7% (44.7%-82.8%), p<0.001
IDI 4.4% (2.5%-6.3%), p<0.001

Low risk <0.05; 0.05 < Intermediate risk < 0.1; High risk 20.1

Strongest predictors:

Male sex

Higher LV end-
diastolic volume
index (LVEDVi)
Presence of
extensive midwall
fibrosis (>3
segments on
LGE)
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0 1000 2000 3000
Follow-up (days)
Composite Risk Score <2 451 205 50 12
2< Composite Risk Score <5 447 196 53 14

Composite Risk Score >5 102 46 1 0

Europace (2021) 23, 1072-1083
/ doi:10.1093/europace/euaa401
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GDMT Pillars Effect on SCD Risk

SCD RISK Residual SCD risk 5.9%

B 2 )
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ACEI ACEI ARNI + Beta-blockers ARNI + Beta-blockers
ACEI + Beta-blockers + Beta-blockers + MRAs + MRAs + MRAs + SGLT2i
Yehya A, et al. JACC Heart Fail. 2025;13(1):1-13.
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Eta all’evento — Morte improvvisa vs Altre cause
Distribuzione stimata dell’eta al momento dell’'evento

[] Altre cause D Morte improvvisa

25 50 75
Eta al momento dell’evento (anni)
Linee tratteggiate = mediana per tipo di evento

Unpublished

()]

@ ESC European bumal of Heart Failure (2020) RESEARCH ARTICLI Check for
European Society  doi:10.1002/ejhf. 1914
of Cardiology

Contemporary survival trends and aetiological
characterization in non-ischaemic
dilated cardiomyopathy
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DANISH-Trial (2016) T 7A
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Sudden Cardiac Death Main Trials

:Ipcﬂuswn c%t?rla E <35% non-ischemic.

ollow up: months # DEGLISTUDI DI TRIESTE
A Death from Any Cause C Sudden Cardiac Death
of Key ICD Trials for Pri on of SCD in HF Patients 1.0+ 1.0+
0.9+ 0.9
o 0.84 g 0.8
MADIT MADIT-II DINAMIT 5 ®
MIRACLE DEFINITE MADIT-CRT DANISH e o7 @ 074
t [
§ 0.6 é’ 0.6 . .
" 0.5 Hazard ratio, 0.87 (95% Cl, 0.68-1.12) e 0.5 gfga(;gsratm- 0.50 (95% Cl, 0.31-0.82)
2 p=0.28 ¥ 044
k] 0.4 =
E 0.3 Control Group § 0.3+
S ol O 021 |
MUSTT RIS SCD-HeFT RAFT : ICD Group 0.1- Contzgﬂlp
CARE-HF 0.1+ 0.0 _I_.-——ﬂ"'"—' = 1 : " ICD Group
0.0 T T T T T T T 1 0 1 2 3 4 5 6 7 8
Yehya A, et al. JACC Heart Fail. 2025;13(1):1-13. o 1 2 3 4 5 6 7 3 Years

2016 N Engl J Med 2016;375:1221-1230

DANISH-Trial-Age analysis (2017) Extended Follow-Up Analysis of DANISH (2025)

A All-cause mortality <70 years B All-cause mortality >70 years - ’ -
° ° 4 ~ 50 1
° ° 100 g
-’E 40
g 80 o g
3 3 £ 5
% 60 - S 304
a Log-rank test P-value = .59 § Gray's test P-value = .0012
@ Hazard ratio 0.96 (95% Cl, 0.82-1.13) 2 20 4 Hazard ratio 0.54 (95% Cl, 0.36-0.80)
fo fo 3 7 B
o= b= ! o
§ § = (%]
5 8 1co < 20 A S 10
g
£s Es 0 & o
3 3 T T T T T T T T T T T T T T T T
Controls Contros 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
N N Years After Randomization Years After Randomization
° o ° Numbers ar risk Numbers ar risk
azard Ratio = 070 (051096 azard Ratio = 1.05 (068 1.62) —— 560 516 461 414 363 295 191 80 —— 560 516 461 414 363 295 191 80
o p-value = 0.03 ° p-value = 0.84 —— 556 526 474 430 369 317 195 81 556 526 474 430 369 317 195 81
0 1 2 3 veort 5 6 7 8 0 1 2 3 vears 5 6 7 8 —— Control group —— ICD group —— Control group —— ICD group
440 428 408 353 219 206 143 7% Controls 120 12 109 85 65 42 26 12 Controls. A Hazaru nauw
Events (%) (95% CI)
389 383 375 331 267 204 146 20 ico 167 157 151 120 91 68 40 17 ico
. . . . . . . ICD Controls
Figure 4. All-cause mortality for the entire population in (A) patients <70 years old and (B) patients >70 years old. Overall 294 (529%) 299 (53.4%) i 0.96 (0.82-1.13)
H i i . H i i H ; _defibri Age, years
Black lines represent patients in the control group; gray lines, patients randomized to implantable cardioverter-defibrillator e 3037%  95(192%) - 0.92(070-1.22)
(ICD) treatment. <70 171 (44.0%) 204 (46.4%) b 0.89 (0.73-1.10)

Circulation. 2017;136:1772-1780. Extended Follow-Up Analysis of DANISH-JACC 2025 JACC; 2025
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Why EF isn’'t enough?

« SINGLE. Older age, frailty, CKD, diabetes, or recurrent HF hospitalization increase non-
arrhythmic mortality — reducing the proportion of deaths that an ICD can prevent.

 IMPRECISE: arrhythmic risk depends on the substrate, not just pump function. Genetics,
fibrosis on CMR drive arrhythmic vulnerability independently of EF.

A 50 4
ORIGINAL INVESTIGATIONS
45
Dynamic Trajectories of Left Ventricular g <
o
. . . . . D) _
Ejection Fraction in Heart Failure w 40
>
'
Josep Lupén, MD, PuD,*>“? Giovana Gavidia-Bovadilla, MSc,*! Elena Ferrer, MD,” Marta de Antonio, MD, PuD,*"
Alexandre Perera-Lluna, PuD,>®" Jorge Lépez-Ayerbe, MD,” Mar Domingo, MD, PuD,* Julio Niifiez, MD, PuD," 35 4
Elisabet Zamora, MD, PuD,*>%¢ Pedro Moliner, MD,*" Patricia Diaz-Ruata, MSc,"¢ Javier Santesmases, MD,*
Antoni Bayés-Genis, MD, PuD*>%¢
30 -

I 1
0 1 3 5 7 9 1 13 15
Years of Follow-Up

Nonischemic, N= 498 436 353 203 131 80 51 26 14
Ischemic, N= 662 588 450 267 17 107 75 47 24

JACC vol 72, no 6, 2018:591-601

—— Nonischemic —— Ischemic
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CARDYOPATHY MINDSET

* 17 ylo male; palpitation
+ Family history SCD
+ Normal physical examination

+ Non-dilated LV
+ EF 55% Proposed phenotype-
* Subepicardial based integrated
o .
approach
Autosomal dominant
DSP-related non-dilated LV
B cardiomyopathy phenotype
with subepicardial scar
= Stk hythin, el and low-normal EF

intraventricular conduction

delay
+ 200 VEs, few couplets

- DSPTrp|80* .
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v
Suspected cardiomyopathy

r morphology/function Ventricular scar/fatty replacement

- Non-ischaemic ventricular scar on
CMR/pathological examination

- Other tissue characterization
parameters on CMR

Y

stolic function

t

Arrhythmias/conduction disease
(atrial, ventricular, atrioventricular block)

inalysis Genetic testing Extracardiac involvement

1 1 - 1 ™ .1 1

NDLVC

What predicts the occurrence of the first major arrhythmic event (MAE) in non-dilated left ventricular cardiomyopathy (NDLVC)?

Key Finding

In NDLVC, male sex, non-sustained ventricular tachycardia, left ventricular cjection fraction <45%, septal and ring-like late gadolinium
enhancement, high-risk genotypes, and myocardial inflammation predicted the first episode of MAE by 60 months. A new risk score
(NDLVC-5y) was subsequently derived.

Take Home Message
A multi-parametric approach improves the arrhythmic risk stratification of NDLVC.

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

@ Male sex X 08605

+ % predicted risk <5% 5-20% 20-40% >40%
@ WEF<45% ) X16%7  entree survival probability

+

100 orprme o
NSVT X 1.1288 R R A S s e
LI

& 075 s
Septal LGE X 06929 ",‘

+ 0.50 AP
@ RLP LGE X 02275 e {5 o
+ 025
Number
PVs/LPVs HR X 15336 at risk Time (months)
- (number 000
¥ 0 12 24 36 48 2]

o i ﬂ GED 750 750 750 741 7400 BQE)

PI G »0 93 (2) 89(5)  89(5) 89 (6) 88 (6)
S-year risk of MAE: G »0 24 (7) 24(7) 23(8) 210100  20(11)
0.99600731958437 [ Class 4 TRV 36(14) 23(26) 18(30) 18(30) 16(32)

1-(099600731958437)

Peretto G, Merlo M et al. Eur Heart J 2025
DOI: 10.1093/eurheartj/ehaf477
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NDLVC Score: 15,65%

Male sex: Yes v

LVEF <45%: No v
Nonsustained ventricular tachycardia: Yes v
Septal LGE: No v

Ring-like pattern LGE: Yes v

Pathogenic/likely pathogenic variants in "high-risk" genes:

Myocardial inflammation: No v

GENES IN RISK SCORES

S y risk of major arrhythmic event according to genotype

Yes v

LMNA score: 25%

Genetic Sex:

Female

‘ Male ’

History of NSVT:

‘ yes ’ No

Non-Missense Mutation:

yes No

1st Degree AV Block:

yes No

2nd or 3rd Degree AV Block:

yes No

Left Ventricular Ejection Fraction:

48 |

DSP score: 10%

Genetic Sex:

Female

Male ’

History of NSVT:

‘ yes ’ No

Left Ventricular Dysfunction (EF < 50%):

‘ yes ’ No

Right Ventricular Dysfunction (Moderate to Severe):

yes ‘ No ’

24 hour PVC Burden on Ambulatory Monitoring:

170 |
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FLNC score: 39,2%

Age (years):

'y
)
L

Male v

MNon-sustained ventricular tachycardia
(NSVT):

History of syncope:

No -
LVEF (38):
10 @ 75
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DCM/NDLVC: 2023 ESC guidelines -
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IcD
® ’ (Class lla)

l
L

)

v

ICD
(Class

) @ESC—

Gene
SCD rate

LIANA 15186430541 25007 5-10%
FLNC-truncating 5-10%
\ﬂl"hﬂB““’ 1134

TMEM4 3> 5-10%
PLNFAM0M0 3-5%
DSP'II& i 3_5‘
RBIMZ0™? 3-5%

Estimated S5-year risk of
Ife-trreatenig arhythma
wsing LMNA risk score
(https:Nimna-risk-vta fr)
LGE on CMR

LVEF < 45%

Male

Female and any of the
folowing: LVEF <45%,
NSVT, LGE on CMR, >200
VE on 24h Holter ECG
Estimated 5-year risk of
Ife-threatening arrhythma
wsing PN risk score
(https:Npinriskcalouiator.
shimyapps iodfinal_shiry)
LVEF < 45%

LGE on CMR

NSVT

LGE on CMR

LVEF <45%

LGE on CMR

LVEF < 45%

ESC 2023 cardiomyopathies guidelines



The role of genetics

nature reviews cardiology https://doi.org/10.1038/541569-024-01074-2

Review article ™ Check for updates

Pathophysiology of dilated
cardiomyopathy: from mechanisms
to precision medicine

Marta Gigli', Davide Stolfo'?, Marco Merlo', Gianfranco Sinagra®', Matthew R. G. Taylor® & Luisa Mestroni®*

a FLNC

European
Reference

Network

CENTRAL ILLUSTRATION: Toward Genotype-Based Classification of
Nonhypertrophic Cardiomyopathies for Precise Risk Prediction

Onset Phenotype + NGS Genetic Testing

e P/LP variant
negative

i =

Study Population

281 Patients with
Monogenic Cardiomyopathy

Genetic-Based Classification _L—V Phenotype-Based Classification

DCM 80%

TTN o
0 3
56% SARC g $

S0 100 150 200 50 100 150 200
Follow-up (Months) Follow-up (Months)

B ACM

0o — DCM
o 054
2 044
% o]
w
% 024

014

0.0 P=0001

o4
o

1.00+4
z g
2 0754 i
=+ DCm
& 050 E 050
[ k.
T 0254 £ 0251
@ P=0.031 @
0.00- i 0.00- P=055
—T T T T T T T T T T T T T T T T T T
0 24 48 72 96 120 144 168 192 216 240 0 24 48 72 96 120 144 168 192 216 240
Months Months

I > Prognostic Prediction in Genetic " I
Cardiomyopathies

Paldino A, et al. J Am Coll Cardiol. 2022;80(21):1981-1994.
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GENES > DROWBACKS

INTERPRETABILITY > VUS!!

INTER-DISCIPLINARY TEAMS
ANXIETY AND PSYCHOLOGICAL _
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DROWBACKS - referral centers

GENERAL POPULATION REGISTRIES
«genotype-first» «phenotype-first»

Titin-truncating variants affect heart function in disease
cohorts and the general population nature

G PLOS |one genetics

Prevalence of Titin Truncating Variants in
General Population N

Oyediran Akinrinade’, Juha W. Koskenvuo??, Tero-Pekka Alastalo’-2* TTN

Prevalence of DCM-associated TTNtv: /
0.36% to 0.5%

<37.5 million people may carry a DCM-
associated TTNtv and potentially at an

increased risk of developing heart failure and IED s G! [P
cardiac arrhythmia Schafer et al., Nat Gen, 2017 e

Akinrinade et al.. Plos One, 2015



DROWBACKS - referral centers

GENERAL POPULATION  peneETRANCE  TI REGISTRIES Y
Genetic background VARIABLE EXPRESSIVITY ™  Overt phenotype

Main Variant Annotation Strategy Ultra Strict ClinVar 22-Star P/LP Only
HR ClI95% HR ClI95%
& Mortality H ''CWP | 113 101125 al ' CMP | 137 1.09-.71
&7, Cardiomyopathy — 575 4.58-7.23 — 9.25 6.25-13.69
Q Composite Outcomes - W 1.29 1.20-1.39 H 1.65 1.42-1.91
BK Mortality 4 i ! DM | 133 10127 - ' DM | 150 101127
ICardiomyopathy - —_— I 6.46 5.05-8.27 10.73 6.72-1715
Composite Outcomes - H 133 1.26-1.44 HH 1.68 1.38-2.03
B Mortality 4 &+ ' HCM [ 107 090-1.27 I-H ' HCM [ 47 126-229
@ Cardiomyopathy - —_— 4.50 3.04-6.67 F + 1 | 1.38 6.70-19.32
Composite Outcomes - H 114 1.01-1.28 HH 1.64 1.32-2.05
BK Mortality - ' ARVC| 119 092155 e ' ARVC| 134 069-1.86
Cardiomyopathy - 416 215-8.04 4.38 1.41-13.61
Composite Outcomes - 124 1.03-1.50 = 158 1.15-217

0o 1 5 10 01 5

Phenotype Clinical DCM
negative
73.6-76.4% 0.3-1.4%
Early DCM features
Arrhythmia Isolated Hypokinetic Subclinical
and/or CCD entricular dilation non-dilated CMP DCM

ﬁﬁﬁ UI\'I‘\’ER‘SI'VFA )
7 DEGLISTUDI DI TRIESTE

Shah et al., Circulation, 2022



Diagnostic yield in the current era of whole genetic testing
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POLYGENIC RISK SCORES

Polygenic Risk Scores in Dilated Cardiomyopathy: Towards the Future = e e

PGS e MTAG (- 100K SNPY) [ PGS e MTAD (<118 SNPY) ]
Daria R. Kramarenko'” - Sean J. Jurgens'?? - Yigal M. Pinto’** - Connie R. Bezzina'* - Ahmad S. Amin'4* DCMNI-DCM rigk (uws) DCMMNI-DCM risk
Coten Of per 8O ki N o OR pwr 5O ’ N
UKB 176 [164.1.7€ 071 A L) " S I X )
Zheng et al, 2024 Jurgens et al, 2024 . o - AUMC 193 a3
OR - Défevant ancesties (Aol)
A Developing PGS Top 1% vs middie 20% 183 [2.52.5.79] ] CH por &5 TR A0
Top 1% vs botmom 1% 704 [2.42-20.5] Eurogean 173 [V 55-188] oS
DCM GWAS DCM GWAS African 161 [1.39-1.87] 067
CMR vars CMR vans Curmdstve harards ko Metme DCM dagncans Adm. American 1.4 [1.11-162] 074
GWAS Ot crvwry o, Dwmcrvmry ot GWAS . —
(LVESV, LVEF, - ) L VESV, Top 1% va botiom 20% 810 50020 JRRPISTp——
Waine) 14,256 cases & 9.305 cases & W) Coron OR por 30 .. T
n= 36203 n = 34083 | Femaks 200 R T oy
: 1,100,188 controls 960,308 conirol : PGS In genotype positive cohort 1) Maes 87 [1moos  om
Arvewry Arcenty Curdatve Nazards for ietrme DCM thagross
MTAG DCM - >  MTAG DCM MR .
White Evropeen majorky European e e e g PGS in genotype positive vs negative cohort
Top 20% vs bottom 20% 440 [2.10-5.40] (AUNIC)
v Y v v o O g 50 : L
] . - » PGS + vs controls is i 0%
e fisk scores (PGS) P risk ) ) Gen - vs controls 205 1.81-2.3 0.73
Association with CMR traits
On s vver P PGS 5D PGS in gen « is signicantly lower compared 10 gen - (p=0 D015)
LVEF, % -0.66 10,73 % 0.59)
 —— 1 N8 241 Association with systolic HF <)
LVESY, mi 1,89 (1,71 % 2,07]
Ousxome OM per 50
Syst MF (excl. DCMMCM) 124 120-1.28)
C Comparison by Jurgens et al.
DCMNIDCM risk DCMNIDCM risk
Cotort Of gor 5O O%CH AUC [wm) 99N - Caohort O ger 5D pONCH AUC [awv) 1ONCT) "~
AUEUR  170(145199] OB4[062067 o007 AUEUR  173(146204] 086063058 oo8

UKBEUR 183(1 652 066 064067 008 UKBEUR 191[169215 O0B8J065089 01

Curr Cardiol F?eports 2025 AUMC EUR 1,87 11 ).2; 088 (064065 01 AUMC EUR 193(158235 OBTIESOEN o1



DCM/NDLVC:
MULTIPARAMETRIC APPROACH
deep phenotype the gene!

@ ESC European jourmal of Heart Falure (2025) RESEARCH ARTICLE

rEm S Gene-specifi

&

Future development of arrhythmogenic risk
scores in patients with heart failure and
inherited dilated cardiomyopathy. A scientific

. . L. LMNA A/C
statement of the Heart Failure Association of A/ PLN
the ESC non-missense mutation S . .

-waves Inversion
Marta Gigli'?, Job A.J. Verdonschot?3%, Pablo Garcia-Pavia*5?, Davide Stolfo15, male sex
Lorenzo Monserrat?, Sanjay Prasad®?, Andrea Mazzantil0.11, NSVT Low voltage ECG
Folkert W Asselbergs1213.14" Barbara Bauce', Philippe Charron6f, LVEF
Dana Dawson'7, Brian P Halliday®?, Luisa Mestroni'®, Petar Seferovic1920,21, LVEF

PVC burden

Upasana Tayal®9, Maria Teresa Tome Esteban??, Peter Van Tintelen23f, AV block
Stephane Heymans3, Antonis Pantazis?4, Marco Metra?5, and Gianfranco Sinagra®*

FLNC DSP

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

Reference
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FIMILY HISTORY

@z@ . UNIVERSITA
+ 58 DEGLISTUDI DI TRIESTE

SHARE REGISTRY - 2545 PATIENTS

Gene+: adjusted arrhythmic composite by FH category

Gene-/VUS: adjusted arrhythmic composite by FH category

4 = FH-CMP + FH-SCD (n=287)

w
1

= No FH (n=186)

| —— FH-CMP only (n=478)

= FH-SCD only (n=76)

= No FH (n=690)

1 —— FH-CMP only (n=352)

= FH-SCD only (n=271)

4 = FH-CMP + FH-SCD (n=161)

Years from baseline

Highest risk:
combined FH-CMP + FH-SCD

10

Years from baseline

This supports a graded familial burden: the
highest risk appears when cardiomyopathy
and sudden death coexist in the pedigree.

Detailed categories

No FH

FH-SCD only

FH-CMP + FH-SCD

Unpublished
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NDLVC

Radesich C, ....Merlo M, SUBMITTED
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Group 1 = LGE 27% & LVEF <50%
Group 2 = LGE 27% & LVEF =250%
Group 3 = LGE <7% & LVEF <50%
Group 4 = LGE <7% & LVEF 250%

P global = <0.001
lvs2:P=0.025

N
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NDLVC

1vs 3:P=<0.001
1vs4:P=<0.001
2 vs 3: P = 0.025
2vs 4: P =<0.001
3vs4:P=0422

24

48 72
Follow-Up (Months)

96

120

5-year MVA risk (%)

80

701
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o

w
o

20

10

B Group 1 = LGE =7% & LVEF <50%
mm Group 2 = LGE =27% & LVEF 250%
B Group 3 = LGE <7%

P = <0.001

P = <0.001 I
P = 0.035 I I

w
o
T

35.5%

LGE =27% & LVEF <50%

LGE =27% & LVEF =50% LGE <7%

Burelli M, ....Merlo M, SUBMITTED



GENES IN NATURAL HISTORY: LV

Association between mutation status and
left ventricular reverse remodelling in
dilated cardiomyopathy

Matteo Dal Ferro," Davide Stolfo," Alessandro Altinier,
Marta Gigli,' Martina Perrieri,' Federica Ramani," Giulia Barbati,' Alberto Pivetta,'

Francesca Brun,' Lorenzo Monserrat,? Mauro Giacca,® Luisa Mestroni,* Marco Merlo,'
Gianfranco Sinagra'

LVEDDiI, mm
1 BETA BLOCKERS
| ACE-vARBS
| MRAs
| CARY
= 32

7B UNIJRSITA

'r.%:.r::,',: DEG UDI DI TRIESTE

Table 5 Association between structural cytoskeleton Z-disk gene
mutations and absence of left ventricular reverse remodelling at

multivariable logistic regression analysis.

(5a) Only pathogenic and likely pathogenic variant carriers included

OR 95% Cl p
Structural cytoskeleton Z-disk genes 0.065 0.008 to 0.535 0.011
LBBB 0.385  0.160 to 0.926 0.033
LVEF* 0.955  0.920 to 0.992 0.016
SBP* 1.017  0.994 to 1.039 0.145

(PPrV) carriers included

(5b) Pathogenic, likely pathogenic and possibly pathogenic rare variants

OR 95% Cl p
- 35 Structural cytoskeleton Z-disk genes 0.131  0.035 to 0.490 0.003
LBBB 0.365  0.150 to 0.886 0.026
LVEF* 0.995  0.920 to 0.992 0.016
SBP* 1.017  0.994 to 1.039 0.147
| OR estimation is referred to every unit increase or decrease for continuous
= 37 [ Struct. Cytoskelet. /Z-Disk - 94% 30 variables. Previously established clinical predictors of LVRR were entered into the
I Lamin - 80% multivariable model.®
I mn m,“': o% LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; SBP, systolic
| Novunknown mutation - 40% blood pressure.
| TIN-42%
T TIME 1 8010/ envoliment 24 months follow up ¥ TIME >

Heart 2017;0:1—7. doi:10.1136/
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We need a multiparametric approach!

% AU

DODIN

Clinical ECG/ Holter Echo/C-MRI Genetic testing
xercise stress test .
-Familiar history -NSVT -LVEF<35% in OMT High risk genotypes:
of SCD/MVA -LGE (presence, LMNA,DSP
U lained -PVC morphOlogy pattern, extent) FLNC y P’LN
-Unexplaine -Conduction _LVEDVi 1 “tv, PLN, CENTRAL ILLUSTRATION Patient-Specific Personalized Risk Assessment
syncope (recent) disease RV dysfunction RBM20,
-HF symptoms -Prolonged QRS TMEM43 Clinical Risk Factors
+Diabetes +MI «Syncope
ECG Predictors
« QTc Interval « Resting HR
« Delayed intrinsicoid
LVEF Assessment Initiation of GDMT Ceflection
=Y =  Beta-Blocker Genetic Testing Computational
l5\ m W) .\ « ARNI -DSP “PLN | Sl AR Modalig
= — . e R
N = Al-assisted risk Shared «SGLT2i 5 i
modeling and risk decision- *
= score making -Patient perspective CMR Imaging
-Competitive risk e

TAILORED ICD IMPLANTATION DECISION T

i\ 1N 4 i e

TTN, noLGE  Focal LGE, NSVT LGE ring like + DSP

Chrispin J, et al. J Am Coll Cardiol. 2023;82(8):735-747.

Future sudden cardiac death risk stratification must synthesize clinical risk factors with genetic and morphofunctional data to develop patient specific risk assessment.
Al = artificial intelligence; ARNi = angiotensin receptor/neprilysin inhibitor; CMR = cardiac magnetic resonance; ECG = electrocardiogram; GDMT = guideline-directed
medical therapy; HR = heart rate; LGE = late gadolinium enhancement; LVEF = left ventricular ejection fraction; Ml = myocardial infarction; MRA = mineralocorticoid
receptor antagonists; SGLT2i = sodium-glucose cotransporter-2 inhibitor.

Multiparametric arrhythmic risk stratification for primary-prevention ICD in DCM

Garoia F. ..Merlo M., Sinagra G. et al, 2025 (Springer Book- Cardiomyopathies
in Practice-From Deep Phenotyping to Precision Medicine-Submitted)
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u u re I reC IO n S OPEN Multimodal explainable

artificial intelligence identifies
patients with non-ischaemic
cardiomyopathy at risk of lethal
ventricular arrhythmias

Maarten Z. H. Kolk'?, Samuel Ruipérez-Campillo**, Cornelis P. Allaart®, Arthur A. M. Wilde'?,
Reinoud E. Knops?, Sanjiv M. Narayan?, Fleur V.Y. Tjong%%*> & DEEP RISK investigators*

A DEEP RISK pipeline: personalised risk prediction

= Y
z L
w8 sf“:" ‘
8 P
DEEP RISK Explainability
; ” y . _, of personalised
IR ‘ bbb N
@ o 8 : g s s - Ol /@ ’ predictions
e VO VSRS VY S0 0 R 1S Y sl —
-g =" = "" ‘ < [‘:“‘ 4 :f:" ’ ‘
ll') | ; L—“}\.J!/\_J(' ‘ l L{l / B
N et Al guidance for
expected ICD
benefit
Demographics 64 y/o male
o Comorbidities  Atrial arrhythmia 86% e » ‘
L Medication B-blocker, NOAC babili
W cage probability
of VA

Nature, 2024. Kolk at
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