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ICD therapy today: multiple choices



Why imagine a non-vascular technology for ICD ? TV-lead is «the weak link in the chain»

To avoid morbidity & mortality associated with 
long-term TV-lead related complications and 

their treatment

To overcome inadequate congenital or acquired 
         vascular/ventricular access

Tarakj KG et al. Europace 2014

CIED Infections

Lead  malfunction

Kleemann T et al. Circulation 2007 
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 885 T-ICD leads/810 pts
 Median dw time 8 yrs
 97.2% TLE success

30 days all cause mortality 3.5%
 Extraction for infection
 End stage CKD
 Higher NYHA

TV-ICD lead extraction, even in experienced hands, is not without complications

Hayashi K et al. Europace 2023, 25; 1-10
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No lead in the vascular/cardiac system
Shock only 
(80 J biphasic, up to 5 shocks/episode)
No pacing /ATP therapy 
(Post shock pacing on demand, max 30s, 50 
bpm)

3 vettori di rilevamento forniscono diverse prospettive del ritmo cardiaco.
Il sensing in campo lontano consente di acquisire un segnale ad alta risoluzione 
simile a un ECG di superficie: QRS/T/P ratio

I

II

aVF

The S-ICD technology

Lumen-less lead
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2002

2009

2012

2015

2016

Futuro

Verifica 
concettuale

1a Generazione

2a Generazione
Dispositivo 
più piccolo,
più sottile, 
più duraturo5*

Compatibilità 
LATITUDETM5

3a Generazione
SMART Pass5

Compatibilità RM1**

AF MonitorTM 5

Ottimizzazione 
dell'impianto S-ICD:

✓

✓
✓
✓
✓

Automated 
Screening Tool

Elettrocatetere 3501

Labeling tecnica a 2 incisioni

Labeling 
intermuscolare

Nuovo elettrocatetere 3501

Blocco ecoguidato del serrato 

2017-2022

Inizio 
trial clinico IDE

2008

S-ICD technology evolution

?

✓
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The S-ICD journey in literature

Rhythm Detect Registry 2718 pts

ESC g

> 5000 patients enrolled in registries/clinical trials

ESC 
guidelines 

class IIa

AHA/ACC/HRS
guidelines 

class I
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S-ICD: Effectiveness over time  in clinical trials

984 pts

Lambiase PD et al. European Heart Journal (2022) 43, 2037–2050 
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Fong KY et al. J Am Heart Assoc. 2022;11:e024756. DOI: 10.1161

Lead-related complications

Inappropriate shocks

S-ICD: Safety in Clinical trials

lead failure, lead dislodgement, cardiac perforation, pneumothorax 

Device-related complications

vs
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PRAETORIAN: Complications a secondary analysis

Knops RE, et al. European Heart Journal,2022, 43;  Volume 43, Issue 47, 14 December 2022, Pages 4872–4883



Inappropriate Shock Rates
One Year, Kaplan-Meier Rates except where indicated

11

S-ICD Studies

# Patients 314 984 1637 422 1042 1984 290 426 1111 251 1111 290

1. Weiss R., et al., Circulation 2013;128:944–953.
2. Lambiase P.L. et al., European Heart Journal 2022; 00,1-14.
3. Burke M.C. et al., JACC Clin Electrophysiol 2020; 6(12):1537-1550.
4. Knops R.E. et al., N Engl J Med 2020; 383(6): 526-536.

5. Rordorf R., et al., Europace 2022;00:1-9.
6. Theuns D., et al., Heart Rhythm. 2018;15:1515-1522.
7. Botto GL., et al., Europace 2023;00:1-9.

8. Gold M.R. et al., Circulation 2021; 143(1): 7-17
9. Healey JS., et al., Ann Int Med 2022; 175(12): 1658-1665.
10. Boersma EHRA Congress 2022, Abstract #41073.

T-ICD Studies

CRM-1552803-AA



RHYTHM DETECT1

Overall 1577 patients
66 centers

Patients in 
analysis

290 SC vs 290 IM 
(propensity matched)

Devices in 
analysis Emblem

Outcomes

• Device-related 
complications

• Inappropriate shocks
• Composite of 

complications and IAS

Duration Median 28 months

12



Botto GL et al. Europace (2017) 19, 1826–1832 

S-ICD Limitations: perception vs reality



458 MADIT II (control group) pts
Median FU 20 months

PM/CRT: 5.2%
 PM SSS: 3%
 PM AVB: 1.1%
 CRT: 1.1%

Kutyifa V et al. Ann Noninvasive Electrocardiol. 2020;25:e12744 



FU 45.5 months 7%  had > than a single episode of fast 
MVT > 188 bpm.
This corresponds to a 1.8% incidence per year, 
it is unknown how many are self-terminable events, 
or would have been treated successfully by ATP 
(ATP was not available)

patients with more than 1 episode of 
MVT > 188 bpm (n)

patients with one or more episodes of 
MVT > 188 bpm (n)

patients receiving one or more shocks 
for VT/VF (n)

all patients (n)

57

121

182

811

7%, 1.8%/yr
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1 Year Rate of Appropriate Therapy

MADIT-RIT

1 year Kaplan Meier incidence shown for S-ICD and PainFREE SST
1 year rate for MADIT-RIT annualized at an average follow-up of 1.4 years

Incidence of recurrent MVT in typical ICD pts: SCD-HeFT How often ATP is really needed ?: MADIT-RIT

Poole J. NEJM 2008; 359: 1009–1017



ATP/Pacing Indications at FU in S-ICD implanted patients in clinical trials 





1. LPM designed to sense and treat bradycardia independently from the 
S-ICD

2. ATP schemes are built into the leadless pacemaker, but can be 
activated only by the S-ICD or the programmer

3. S-ICD will continue to sense tachycardia, following which it is designed 
to command ATP in the leadless pacemaker prior to a shock

Example of ATP 
during charge
in the Shock Zone

Operation of the Modular CRM System

unidirectional, low V

Modularity: 
S-ICD first, LPM later
LPM first, S-ICD later
SICD & LPM together



. Mean FU after implant: 4.15±3.6 years (median=3.63) 

Ibrahim R et al; Europace (2023) 25, 1–6 

Lead malfunction was defined as any electrical abnormality requiring lead revision 

Median time to failure 3.5 yrs 

Improved performance of contemporary TV lead
(but still time-dependent)



Retrospective analysis of 628 CM/Channel. pts (Rhythm Detect Italian Registry )
implanted with a «modern» S-ICD model (equipped with SMART-Pass filter) from Jan 2016 to 
Dec 2020, with at least 2 yrs FU (median FU 43 months).

I EP IAS/AS

 Total IAS: 10%; 11% CM, 8% Chann. 83% managed by reprogramming/medical TX 
 Total AS: 6% 
     Final conversion rate  97%

II EP Device Related Complications

 Pocket infection/erosion: 1%
 Lead-related: 1.1%
 Battery depletion: 8%
 Need for pacing: 0.8%
 No replacement for ATP

Migliore F et al., Europace 2023; 25, 1-11



Blackstone EH, Circulation. 2019;140:1236–1238

One size doesn’t fi t all !

A proposed contemporary flow-chart

Class I or II indication for ICD

Current need for:

Atrial pacing
(3% of typical ICD population)

CRT
(30% of HF patients 
with ICD indication)

YESNO

ICDDR

CRTD

S-ICD
or

ICDVR

first choice if age < 70 yrs
or High Infection Risk 

first choice if age > 70 yrs or 
unsuitable S-ICD screening

Clinical history
of SMVT

I step

II stepYESNO

S-ICD
or

ICDVRfirst choice if age > 70 yrs or
unsuitable S-ICD screening

first choice if age < 70 yrs
or High Infection Risk ICDVR

or
S-ICD

first choice especially if:
MVT < 170 (+ ablation ?) 
or unsuitable S-ICD 
screening

should be considered if 
FVT and young age or HIR 
(consider ablation)

 the right treatment 
 to the right patient 
 at the right time

FDA definition

TV-ICD vs S-ICD: come personalizzare la terapia nella pratica clinica ? 
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Conclusioni

Dopo quasi 15 aa di pratica clinica, ricerca scientifica ed evoluzione tecnologica S-ICD ha dimostrato un’efficacia paragonabile 
a quella di TV-ICD nel trattamento della morte improvvisa tachi-aritmica.

Le complicanze «lead-related», in particolare quelle a lungo termine (malfunzionamento/infezioni), sono significativamente
inferiori nei pazienti impiantati con S-ICD e significativamente più sicuro è il loro trattamento e migliore l’outcome ad esso 
correlato.

Nei pazienti che, al momento dell’impianto, hanno una più lunga aspettativa di vita (e quindi una più alta probabilità di avere
complicanze lead-related a lungo termine), S-ICD dovrebbe essere considerato la prima scelta quando non via sia indicazione
al pacing di resincronizzazione, anti-bradicardico o anti-tachicardico.

TV-ICD resta una valida opzione in tutti gli altri casi, anche in relazione al miglioramento della performance degli elettrocateteri
transvenosi di generazione più recente. Studi sono in corso sulla possibilità di associare un sistema S-ICD a un LPM che sia in
grado di erogare pacing (VVIR) e ATP.

Oggi la tecnologia garantisce la possibilità di effettuare una «medicina di precisione» individuando la terapia ottimale per il 
singolo paziente al momento opportuno della sua storia clinica.



…In ricordo del Dr. Ezio Soldati…

Un saluto e un grazie, Ezio..!


