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Cardiomiopatia Aritmogena – What’s New?



ICD & ARVCA clinical dilemma

Avoid suddencardiac death(SCD)
Avoid implantablecardioverterdefibrillator (ICD)Complications



ITFC 2015 HRS 2019

IIa Cardiac SyncopeNSVTRVEF<40%LVEF<45%

I

Stable sustained VTCardiac syncopeLVEF < 35% + NYHA IMultiple risk factors †3 major2 major + 2 minor1 major + 4 minor

Cardiac arrestSustained VTRVEF or LVEF < 35%
Cardiac arrestUnstable Sustained VTLVEF < 35% + NYHA II-III

Cardiac arrestSustained VTRVEF or LVEF < 35%

ACC/AHA/HRS 2017

Cardiac Syncope

IIb Other minor risk factors* Multiple risk factors †2 major1 major + 2 minor4 minor

Recommended

Shouldbe considered

May beconsidered

Level of ICDrecommendation

Corrado, Circulation, 2015Al-Khatib, JACC, 2018Zeppenfeld, ESC, 2022Towbin, Heart Rhythm, 2019

ARVC Predictors and ICD recommendations
ESC 2022

Stable sustained VT
Cardiac SyncopeRVEF or LVEF < 35%

RVEF< 40% / LVEF<45%+ NSVT or VT at PVS

Cardiac arrestUnstable Sustained VT



Risk prediction models in ARVCPrimary Prevention & ICD
ARVCrisk.com



An arrhythmic risk prediction model for ARVC
Why? – Improve risk prediction over a single riskfactor-based approach• Predictors have differentweight/interactions/additive value• Allows use of continuous predictors• Consensus not prospectivelyvalidated/mostly based on smallstudies– Provide an absolute risk to inform shareddecision-making process

Cadrin-Tourigny Bosman te Riele James



5-yr risk prediction for any sustained VA
Candidate Predictors

Male Sex
Younger age
Recent Cardiac syncope
Non sustained VT (NSVT)
PVC count/24h Hours
ECG Leads with T-waveinversion anterior + inferior (perlead increase)
RVEF
LVEF

Population:Definite ARVC , Primary preventionUSA, Netherlands, Canada, Switzerland,Norway, Sweden N (%)
Total 528
Male sex 236 (45)
Age at diagnosis (years) 38 ± 15
Proband status 263 (50)
Pathogenic mutation 340 (64)

Plakophilin 2 (PKP2) 258 (49)
Recent syncope 48 (9)
RVEF (%) 44 ± 10
LVEF <50% 67 (13)ICD at baseline 218 (41)
Event at Follow up 146 (28)
Follow-up 4.83 y

Outcome:Sustained Ventricular arrhythmias (VA)
SCD/Aborted SCD
Sustained VT/VF
VT/VF treated by ICD

146 (28)
Annual event rate 5.6%



Model performance
Predictors Multivariate

HR (95% CI) p-value
Male sex 1.61 (1.14-2.27) 0.006
Age (per year increase) 0.98 (0.97-0.99) < 0.001
Recent cardiac syncope 1.95 (1.20-3.15) 0.007
Prior NSVT 2.27 (1.48-3.48) < 0.001
24 h. PVC count (ln)* 1.17 (1.03-1.33) 0.013
Leads with T-wave inversion 1.12 (1.03-1.22) 0.010
RVEF (per % decrease) 1.03 (1.01-1.04) 0.001
LVEF (per % decrease) (Not included in the model)

Discrimination:
C-statistic: 0.77
Internal validation:
Calibration slope: 0.93

Cadrin-Tourigny, Bosman…James Eur Heart J, 2019ARVCrisk.com



2 Large external validation studies



Large external validation (1)
Canada Paloma JordaJeff HealeyJason RobertsBrianna DavisWael AlqarawiCiorsti MaIntyrecolette seiferRafik TadrosAndrew KrahnJulia Cadrin TourignyUSA Cindy JamesHugh CalkinsSteve LubitzMichael CutlerItaly Alessio GasperettiSilvia PrioriAndrea MazzantiIacopo OlivottoLeonardo CaloMichele CasellaSpain Elena ArbeloZoraida Moreno WeidmannAndrea di MarcoDenmark Henrik JenssenTanja Charlotte FrederiksenFrance Jean Baptiste GourraudAntoine DelinièrePhilippe ChevalierJorda & Bosman …Cadrin-Tourigny European Heart Journal 2022



Baseline Characteristics
Overall(n=429) No sustained VA(n=326) Sustained VA(n=103) P value

Demographics and geneticsAge at diagnosis (years) 43.1 ±15.8 44.1±15.7 40.1±16.0 0.025Male sex 235 (54.8) 159 (48.8) 76 (73.8) <0.001Proband status 278 (64.8) 197 (60.4) 81 (78.6) 0.001(Likely) pathogenic variants (n=282) 198 (46.2) 150 (46.0) 48 (46.6) 0.480
Genotype 0.302PKP2 111 (25.6) 84 (25.8) 27 (26.2)DSP 38 (8.9) 33 (10.1) 5 (4.9)DSG2 27 (6.3) 22 (6.7) 5 (4.9)DSC2 3 (0.7) 1 (0.3) 2 (1.9)JUP 0 (0.0) 0 (0.0) 0 (0.0)TMEM43 10 (2.3) 4 (1.2) 6 (5.8)PLN 3 (0.7) 3 (0.9) 0 (0.0)Recent cardiac syncope (n=424) 37 (8.6) 16 (4.9) 21 (20.4) <0.001ECG/continuous ECG monitoring

PVC count (n=324) 1434 [439-3601] 1354 [400- 3719] 1676 [602-3492] 0.160
ImagingRVEF (%) (n=410) 45 [36-53] 47 [38-53] 40 [35-48.5] <0.001LVEF (%) (n=404) 57 [51-60] 57 [51-61] 57 [50-60] 0.049ICD at baseline 175 (40.8) 113 (34.7) 62 (60.2) <0.001

Event rate 4.83/yearFollow-up 5.02 y
Jorda & Bosman …Cadrin-TourignyEur Heart J 2022



Large external validation (1)

Jorda & Bosman …Cadrin-Tourigny European Heart Journal 2022

Performance Comparison

C-statistic=0.70No advantage in updating the model Works better than other singlefactor based approaches



Large external validation (2)



Protonotarios, Eur H J, 2022

100 eventsEvent rate 2.6%/yearFollow-up 6 years



Large external validation (2)

Protonotarios, Eur H J, 2022



The model in subgroups

VS

Gene +/PKP2 Gene Elusive

Protonotarios, Eur H J, 2022



IMPROVING THE RISK SCORE



Exercise + Calculator

Bosman…James et al. Europace 2022

N=22 from Italian cohort (Gasperetti… Dello Russo)N=176 from initial cohort (Bosman… James)
Exercise does not impact the calculatorNot an independent predictor

Context: Exercise in ARVC increases theRisk of ventricular arrhythmia



Time + Risk Calculator
Rationale:• ARVC risk calculator developed with variables atbaseline= time of Dx• How does the risk prediction change throughtime?– Should we use time dependent variables?– Should we update the model?

Population:
• N=408, Johns Hopkins/Netherlands
• Definite diagnosis
• Primary prevention

Carrick…James Accepted for publication Circ AE, Aug 2022



Dynamic Arrhythmic Risk Re-Evaluation by PVC variation

Gasperetti A…. Calkins H; JAMA Cardiology
19

Holter has a strong predictivity forVA events at followC statistic 0.891 (0.853 – 0.929)



Time + Calculator
Main Findings
1- NSVT/PVC decrease with time
2- Model can be improved by either:Time-varying cox regressionUpdating the model at each visit

Carrick…James In press Circ AE, Aug 2022



EPS + Risk Calculator

Gasperetti, Carrick...Saguner+Cadrin-Tourigny, in press Circulation 2022

Population: 288 patients1-With definite Dx of ARVC2-Without a prior history of sustained VT3-190 part of ARVC cohort (+Italian centers)

Context: Conflicting information about programmed ventricular stimulation in ARVCQuestion: 1-Is PVS an independent predictor of VA in ARVC?2-Is PVS still useful now that we have a complete risk calculator?

Findings: 1-PVS predicts VA (Uni HR=4.2)2-PVS predicts VA over the risk calculator HR=2.5C-Stat PVS+Risk calc: 0.75, PVS alone=0.68, Risk Calc: 0.72, LLR p < 0.001



“Bayesian approach”
5-year risk from ARVCcalculator PVS result Updated VA Risk

5% PVS +PVS – 11.2%2.2%
10% PVS +PVS – 21.1%4.5%
15% PVS +PVS – 29.8%6.9%
20% PVS +PVS – 37.5%9.5%
25% PVS +PVS – 44.4%12.3%
30% PVS +PVS – 50.7%15.3%
35% PVS +PVS – 56.4%18.4%
40% PVS +PVS – 61.5%21.9%
45% PVS +PVS – 66.3%25.6%
50% PVS +PVS – 70.6%29.6%
55% PVS +PVS – 74.6%33.9%
60% PVS +PVS – 78.3%38.7%

ARVCrisk.com
Gasperetti...Saguner+Cadrin-Tourigny, in press Circulation 2022



Conclusions

ARVCrisk.com

• ICD for ARVC patients is almost alwaysrecommended in secondary prevention• Recent algorithm for ICD placement in primaryprevention outperforms guidelines indication• The ARVCrisk calculator is a validate tool to helpICD placement in primary prevention through ashared decision model



Future Directions

alessio.gasperetti93@gmail.com@gasperettimd

• Risk stratification for left sided ARVC
• Genotype First Approach (FLN-C, PLN, DSP,DSG-2)
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