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Mean follow-up:3927 months(3.3 years)
Appropriate ICDinterventions:64/132 patients (48%)
*Shocks (31)*ATP (13)*both (20)(a total of 1271disharges)

Transvenous-ICD therapy provides the mosteffective life-saving protection for patients with ARVC

Corrado et al. Circulation 2003 108: 3084 - 3091

ICD interventions in high-risk patients occurred despite concomitant AADs, a findingsupporting the concept that AAD therapy may not confer adequate protection against SCD



TV-ICD Appropriate therapies in ARVC patients

❑ ICD Appropriate therapies: 9.5%/yr
Corrado et al. Circulation. 2015;132:441-453



Zorzi et al. Curr Cardiol Rep 2016;18:57



TV-ICD complications AND inappropriatetherapies in ARVC patients

❑ Lead/device related complications: 3.7%/yr❑ Inappropriate ICD therapies: 4.4%/yr
Corrado et al. Circulation. 2015;132:441-453



Risk–benefit ratio of ICD therapy in young patients withcardiomyopathies and channelopathies should be carrefully assesed

Appropriate ICDinterventions(20.8% ; 4%/year) ICD-related Adverse Events(27.1% ; 5.4%/year)
Including Inappropriate ICD interventions (9.4%)Device-related complications requiring surgical revision 20.8%)

F Migliore et al. JCM 2016



F Migliore et al. JCM 2016



Lead failure/fracture requiring lead extraction wasthe most common complication (9.4%)
Migliore et al. JCM 2016



JAmCollCardiolEP2019;5:665–70



High rate of lead-related adverse events may be explained by the peculiar ARVC/D pathobiology which leadsto progressive loss of myocardium with fibrofatty replacement, also affecting the site of RV leadimplantation

High rate of lead-related adverse events in in ARVC Patients

Orgeron et al. J Am Heart Assoc. 2017;6:e00624



At the implant: sensing 4.2 mV



R-wave amplitudes in ARVC patients vs control

Jem D. Lane et al. Indian Pacing and Electrophysiology Journal 2019;49e54 Herman et al. Heart Rhythm 2016;13:1964-70



A low R-wave may result in:
 Undersensing of ventricular tachyarrhythmias
 Inappropriate ICD therapy due to T-wave oversensing because of the automatic algorithm of ICD for sensing

R-wave amplitudes AND pacing thresholds during follow- up in ARVC patients

Mugnai et al. J Interv Card Electrophysiol 2014;41:23–29



Where we have to implant the ICD lead in ARVC patients ?

In the RV Apex ? In the septum ?

OR



“Triangle”of dysplasia

Migliore et al. Circ Arrythm Electrophysio 2013;6:167



Where we have to implant the ICD lead in ARVC patients ?

Herman et al. Heart Rhythm 2016;13:1964-70
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Boukens, Basso, Migliore, Rizzo, ThieneCardiac Mapping, Fifth Edition 2019



ARVC phenotypes
RV phenotype: either isolated orassociated with some LV involvement

Biventricular phenotype: characterizedby equal involvement of both ventricles

Left dominant phenotype: with earlyand prominent LV manifestations.



Migliore et al. PACE 2014; 37:1602–1609

 RV perforation is rare complicationregardless of the lead fixationmechanism
 Avoid the true apex



A single or dual-chamber ICD in ARVC patients ?



Device selection
A single-chamber ICD system is recommended in order to minimize the incidenceof long-term lead-related complications, mostly in young patients.

European Heart Journal 2015;36,3227–3237



JAMA. 2013;309:2025-2034

Conclusions and Relevance
Dual-chamber device:
Higher risk of device-relatedcomplications
Similar 1-year mortality

The decision to implant a dual-chamber ICD forprimary prevention should be considered carefully



Conventional programming (≥170 bpm )
High-rate programming (≥200 bpm)
Delayed programming (60-second delay, ≥170 bpm)
 “aggressive” ICD programming mayoverestimate the real incidence of appropriatetherapies
 “unnecessary therapies” VT/VF episodesself-terminated
 reduction in inappropriate therapy N Engl J Med 2012; 367:2275-2283



Tip and tricks for TV-ICD implantation in ARVC patients
 Avoid subclavian vein puncture and prefer axillary vein
 At lead implantation, multiple endocardial sites should be tested if sensing or pacing values arenot optimal
 It may be preferable to avoid implanting ICD leads at the true apex AND free wall
 Avoid dual-coil
 Longer term follow-up
 A single-chamber ICD system is recommended in order to minimize the incidence of long-termlead-related complications, mostly in young patients
• Optimal ICD programming: High-rate programming (≥200 bpm); Delayed programming (60-second delay, ≥170 bpm); favoring more ATP



S-ICD in young with Cardiomyopathies/Channelopathies

 The lack of transvenous and intracardiac components
 No pacing indication
 SCD is precipitated by polymorphic VT/VF

….make it an attractive choice for these patients !



 Successfull DT at <= 65 J: 98.75%(without pulse generator adjustments)

 Appropriate shocks: 9.9%
 Inappropriate shocks: 2.9%

Migliore et al. J Cardiovasc Electrophysiol. 2019;30:854–864



G Ital Cardiol 2019;20(11):641-650



ECG features in ARVC



Migliore F et al. JACC Clinical Elecrophysiology 2016

Pseudonormalization of negative T –waves duringeffort: Limititation of S-ICD screening eligibility



Allocca G et al. Europace 2015
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 Appropriate and successfulshocks on VA: 14%
 Inappropriate shocks :14%
 No patients had the deviceexplanted due to the need forATP

Migliore et al. International Journal of Cardiology 2019



Oversensing due to P/T-waveoversensing during rest



Inappropriate Shock due to P/T-wave oversensing during effort





The P-wave in ARVC



❑ A potential limitation of the S-ICD is the inability to deliver ATP which maybe an effective “pain-free” therapy in ARVC patients
❑ However, to judge whether this should be regarded as an absolutecontraindication to S-ICD in ARVC, other factors should be taken into account
❑ First of all, it has to be noted that ≈2/3 of VTs that were interrupted by ATP inthe North American study (3) were slower than 200 beats per minute, i.e.probably non-life-threatening and potentially self-limited, considering that themajority of ARVC patients have a normal or near-normal LV ejection fraction

Link et al. J Am Coll Cardiol 2014

Need for ATP?



Need for effective strategies to prevent inappropriate shocks
 Appropriate pre-implantation ECG screening- Rest/stress- at least 2 or 3 leads suitable in the S-ICD screening template- left/right parasternal screening- ECG R-wave amplitude >1 mV at implant
 Accurate implantation technique
 Better device programming (Conditional zone, shock zone)
 Software upgrade (SMART Pass)
 Post-operative follow-up
 Drug therapy and catheter ablation of VT in ARVC should be considered a potentially effective strategy for eliminatingfrequent both fast or slow VT

Tip and tricks for S-ICD implantation in ARVC patients



Intracardiacimplantabledefibrillator

Shock35J

Ventricular fibrillation

Ventricular fibrillation Sinusrhythm

SubcutaneousImplantabledefibrillatorvs
TV-ICD vs S-ICD in ARVC Patients



A decision whether to implant anS-ICD device needs to be patientspecific, balancing the likelihood ofrecurrent and life-threatening VT withthe prevalence of serious lead-relatedcomplications.

Device selection
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FORTE INDICAZIONENon storia di TV sostenute“hot phases”Paziente giovane con lunga aspettativa di vitaPrevenzione primariaDifficoltà nell’accesso venosoPrecedente infezionePresenza di fattori di rischio per infezione

CONTROINDICAZIONE RELATIVANecessità di ATP (difficile da definire clinicamente;considerareterapia farmacologica e ablativa)Bradicardia
CONTROINDICATOChiara indicazione al pacing (bradicardia o CRT)Screening non idoneo (potenziale alto rischio di shock inappropriato)
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PRO e CONTRO di S-ICD nei pazienti con ARVC

Modificato da Migliore F et al. G Ital Cardiol 2019;20:641-650



European Heart Journal (2022) 43, 3029–3040


