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Figure 3. Proz and Cons of Varous ICD Types.
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Why imagine a non-vascular technology for ICD ? TV-lead is «the weak link in the chain»

To overcome inadequate congenital or acquired To avoid morbidity & mortality associated with
vascular/ventricular access long-term TV-lead related complications and
their treatment

Subcutaneous ICD Implantation in the Setting of an Occluded

Superior Vena Cava 1.0
PETR NEUZIL, M.D. Pr.D).,* JAN PETRU, M., and VIVEK Y. REDDY, M.ID.* 12% mortality
“Nepartment of Cardinlogy, Homnalka Hospital, Prigue, Crech Bepablic; and {Cardine Arvhythmia Service, Mount Sinai Hospital, 0.9 \ ‘L‘M .
New York City, New York, USA _ CI E D I nfeCtI O n S
. % 08 o
~ 2
\ A ettt L = .
= ) 31% mortality
0 0.7 |ttt s SR at ] year
P<0.001
0.6
w— Pocket infection
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TV-ICD lead extraction, even in experienced hands, is not without complications

@ ESC Eurcpace (1023) 25, 1-10

Eurcpean Society hps:ddeiorg10.1093/europace feuad345
of Cardiology

CLINICAL RESEARCH

Extraction outcomes of implantable
cardioverter-defibrillator leads vary
by manufacturer and model family

Katsuhide Hayashi 0, Thomas Callahan @, John Rickard, Arwa Younis @,
Bryan Baranowski, David Martin, Shady Nakhla @, Chadi Tabaja,

and Bruce L. Wilkoff (& #*

A Success rate by ICD Lead Age
Complete success by TLE (%)
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{Patient's number) 21212 8175 564 016

= 885 T-ICD leads/810 pts
= Median dw time 8 yrs
" 97.2% TLE success

Table 4 Location of injury in cases requiring emergent surgical or

endovascular intervention

n=20
Superior vena cava 10 (50)
Right ventricle 3 (15)
Superior vena cava-right atrial junction 2 (10)
Brachiocephalic vein 2 (10)
Left subclavian vein 2 (10)
Superior vena cava-brachiocephalic vein 1(5)

Categorical data are presented as number (percentage).

30 days all cause mortality 3.5%

= Extraction for infection
" End stage CKD
" Higher NYHA

Hayashi K et al. Europace 2023, 25; 1-10



The S-ICD technology

*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)

»
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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

Figure 2. INSIGHT
algorithms utilize

Morphology analysis .
three analysis
methods—

Dynamic oy Morphology, beat-

to-beat morphology,
and QRS width—to
evaluate and identify
heart rhythm.
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S-ICD technology evolution
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The S-ICD journey in literature

> 5000 patients enrolled in registries/clinical trials

Rhythm Detect Registry 2718 pts
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S-1CD: Effectiveness over time in clinical trials

@ E S C European Heart Journal (2022) 43, 2037-2050

European Sociely hipsidoiorg/10.1093/eurheartj/ehab921

CLINICAL RESEARCH

Clinical trials

of Cardiclogy

Subcutaneous implantable cardioverter-
defibrillators: long-term results of the
EFFORTLESS study

Pier D. Lambiase @ '*, Dominic A. Theuns @2, Francis Murgatroyd ® 3
Craig Barr®, Lars Eckardt®, Petr Neuzil ®° Marcoen Scholten @7,
Margaret Hood D8, Jirgen Kuschyk', Amy ). Brisben @ % Nathan Carter'®,

Timothy M. Stivland @ '°, Reinoud Knops @ '!, Lucas V.A. Boersma ® '"'2, and

on behalf of the EFFORTLESS Investigators
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Shack Efficacy, % 50

0
Number of episodes
Mean shocks per patient
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B. Storm episodes

Shock Efficacy, % 50
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Maintenance of S-ICD Shock Efficacy over 5 years

Over time

@ First shock

@ Final shock

All MVT PVT/VF ¥r1 Yr2 Yr3 Yrd Yrs Yr6

310 161 149 103 56 51 49 31 20

13 3 1.1 1.1 |7 1.1 1.1 11 1.1

5 5 4 5 5 2 2 2 2
100
50
0

¥rl Yr2 Yr3 Yrd Yr5
21 7 8 4 0 2

Lambiase PD et al. European Heart Journal (2022) 43, 2037-2050



S-ICD: Safety in Clinical trials
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PRAETORIAN: Complications a secondary analysis
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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

- T-ICD Studies
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of Cardiology

Intermuscular technique for implantation
of the subcutaneous implantable defibrillator:
a propensity-matched case-control study

Giovanni Luca Botto © '#, Matteo Ziacchi ®?, Gerardo Nigro ©°2,

Antonio D'Onofrio ©® “, Antonio Dello Russo @ °, Pietro Francia © °, Stefano Viani ®7,
Ennio Pisané @2, Giovanni Bisignani9, Fabrizio Caravati © '°, Federico Migliore © L3
Paolo De Filippo'?, Luca Ottaviano @ '3, Roberto Rordorf ® '*, Michele Manzo ® %,
Fabio Lorenzo Canevese 1. Mariolina Lovecchio"’, Sergio Valsecchi ® 16,

and Luca Checchi @ '"on behalf of ‘S-ICD Rhythm Detect’ Investigators

RHYTHM DETECT*

1577 patients

Overall 66 centers

Patients in 290 SC vs 290 IM
analysis (propensity matched)
DeV|ce_s in Emblem

analysis

» Device-related
complications

Outcomes « Inappropriate shocks
« Composite of

complications and IAS

Duration Median 28 months

Graphical Abstract

Improved safety profile of the S-ICD with intermuscular technique

Device-related complications at 1 year Inappropriate shocks at 1 year
Subcutaneous Intermuscular Subcutaneous Intermuscular

4,6% 1% 4,2% 1,4%

vs Vs

Composite endpoint at 1 year
(inappropriate shocks or complications) Intermuscular vs Subcutaneous pQCket

Subcutaneous Intermuscular

=y I

8,4% 2,4%

vs

Placing the S-ICD generator in the intermuscular space instead of the standard subcutaneous pocket
resulted in fewer device-related complications and inappropriate shocks over a medium-term follow-up.




@ ESC Europace (2017) 19, 1826-1832 CLINICAL RESEARCH

European Saciety doi:10.1093/europaceleuw337 Sudden death and ICDS
of Cardiology

S-ICD Limitations: perception vs reality

The Italian subcutaneous implantable
cardioverter-defibrillator survey: S-1CD,
why not?

Unsuitability of S-ICD: Why not? (n=448)

203 (45%) 172 (38%)
163 (36%)
117 [26%)
29 (6%) 24 (5%) 31 (7%)
H = - B
Meed for pacing Cost of the murn Future need I'ar Meed for dual- Device sice and  Patient preference Orther
(current/expected) ntitachycardia humtrmhr chamber detection cosmetic

algorithms appearance

L) t t

Figure 2 Factors for preferring a transvenous |CD over an S-ICD (n = 448). Multiple factors were reported per patient

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



ORIGINAL ARTICLE

WILEY

Need for pacing in patients who qualify for an implantable

cardioverter-defibrillator: Clinical implications for the

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

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)

all patients (n)

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

patients with one or more episodes of

MVT > 188 bpm (n)

| ey 1 ——=====x
| Catheter ablation | : Catheter ablation |
Class I ! Class | [
patients with more than 1 episode of 7%, 1.8%/ :. = _{_ a:s_ai === :. == {_ — !:]_ =

MVT > 188 bpm (n) 0, 1.070/Y¥ ICD implantation® Sotalol*

(Class lla) (Class lla)

) Amiodarone® Amiodarone
(Class la) (Class lla)

Poole J. NEJM 2008; 359: 1009-1017




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

Patient Demographics’* ATP Pacing
100% .
UNTOUCHED | 1,111 pts 8% 5 0
Enrolled 2015 - 2018 | 18 Month Follow-up 54% . 0.9 0.0%
Mean Age: 56 + 12 | LVEF %: 26 + 6 33% (0.2%) (0.0%)
[ 1
PRAETORIAN | 426 pts % g6y, 68%

Enrolled 2011 - 2017 | 4 Year Follow-up
Median Age: 63 | LVEF %: 30+ 5

54% 1 4
26% (0.2%) (0.9%)

77% T4%

PAS | 1,637 pts 62% 0 2
Enrolled 2013 - 2015 | 1 Year Follow-up M% 340,
Mean Age: 53 + 15 | LVEF %: 32 + 15 (0.0%) (0.1%)
EFFORTLESS | 984 pts 70% 7 4
Enrolled 2011 - 2014 | 5 Year Follow-up 339/ . 329,
Mean Age: 48 + 18 | LVEF %: 43 £ 18 28% o (0.7%) (0.4%)
|
m Primary Prevention B NYHA AN
Hypertension Ischemic

_EM-1011501-A4 mDiabetes



Try the modernized ClinicalTrials.gov beta website. Learn more about the modernization effort.

R U.5. National Library of Medicine

P . Find Studies = About Studies + Submit Studies * Resources v About Site + PRS Lagin
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ClinicaTrials.qov Identifier; NCTO4738765
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2 Protocol Synopsis

MODULAR ATP Clinical Study
» m Effectiveness of the EMPOWER™ Modular Pacing System and EMBLEM™ Subcutaneous
1 ICD to Communicate Antitachycardia Pacing
T T T Study Objectives | To demonstrate the safety, performance and effectiveness of the
| | | | | [ P EMPOWER™ Modular Pacing System (MPS), as well as the EMPOWER and
EMBLEM™ Subcutaneous ICD Coordinated System. Additionally, data

from this study may be used to support pre-market and post-market
approval requirements for the EMPOWER MPS

MODULAR ATP Clinical Study Planned The mCRM Maodular Therapy System is intended to provide:
Effectiveness of the EMPOWER™ Modular Pacing System and Indication{s) for |« Defibrillation (tachyarrhythmia) therapy from the 5-ICD, which is used
EMBLEM™ Subcutaneous ICD to Communicate Antitachycardia Pacing Use to treat rhythms associated with sudden cardiac death (SCD), such as
VT and VF

s Anti-tachycardia pacing (ATP) therapy, commanded from the $-ICD
and provided from the EMPOWER System for the treatment of MVT

* Anti-bradycardia pacing from the EMPOWER System to detect and
treat bradyarrhythmias and to provide pacing support after
defibrillation therapy

C1907
CLINICAL INVESTIGATION PLAN




Operation of the Modular CRM System

Intrinsic Cardiac R
Signal

Modularity:
_ . Vil S-ICD first, LPM later
commncosn E”JHJh LPM first, S-1CD later
L —, i SICD & LPM together
unidirectional, low v i ki

amplitude and 25kHz frequency
*  Built-in redundancy of 2 messages sent

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

Onset: MVT X ATP Begin Shock
Example of ATP I n A *M‘Le‘l.nnnhnhhhﬂn*nnnhhhhﬁ.nn*hﬁhﬁ.ﬂhﬂnhnhﬁhhhhﬂnnﬁhhhhhﬂn*ﬁ R
during Chal’ge NSR X/¥ Detection Criteria SMART § ATP/Blank Confirmation During Charging M5R
) CHARGE
in the Shock Zone

High Voltage Charging



@ E S C Europace (2023) 25, 1-6

European Society https://doi.org/10.1093/europace/euad347
of Cardiclogy

CLINICAL RESEARCH

Long-term performance of single-connector
(DF4) implantable defibrillator leads

Rand Ibrahim, Mounir Al-Gibbawi @, Wissam Mekary, Neal Kumar Bhatia @,

Soroosh Kiani @&, Stacy B. Westerman, Anand D. Shah @, Michael S. Lloyd ©,

Miguel Leal @, David B. De Lurgio, Anshul M. Patel @, Christine Tompkins ®
Angel R. Leon, Faisal M. Merchant, and Mikhael F. EI-Chami & *

=l

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

Lead malfunction was defined as any electrical abnormality requiring lead revision

Graphical Abstract

5,289 DF4 ICD leads followed at our institution. Mean FU after implant: 4.15+3.6 years (median=3.63)

Failure rate during follow-up 1.5% Median time to failure 3.5 yrs

Different survival rates among manufacturers noted
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implanted with a «modern» S-ICD model (equipped with SMART-Pass filter) from Jan 2016 to

Modern subcutaneousimplantable defibrillator | Dec 2020, with at least 2 yrs FU (median FU 43 months).

therapy in patients with cardiomyopathies
and channelopathies: data from a large
multicentre registry

Federico Migliore @ '#, Mauro Biffi ® %, Stefano Viani @ %, Raimondo Pittorru @,
Pietro Francia @ %, Paolo Pieragnoli & 5, Paolo De Filippo @ ¢, Giovanni Bisignani’,
Gerardo Nigro © a. Antonio Dello Russo f?‘rq, Ennio Pisano © 10.

Pietro Palmisano @ ". Antonio Rapacciuolo @ 12. Massimo Stefano Silvetti @ 13,
Carlo Lavalle & 1‘, Antonio Curcio @ 15, Roberto Rordorf & 1“.

Mariolina Lovecchio®”, Sergio Valsecchi @ 17. Antonio D’Onofrio @ 1!1‘ and
Giovanni Luca Botto @ '*f, on behalf of ‘S-ICD Rhythm Detect’ Investigators

Table 1 Baseline dinical characteristics and implantation variables of the overall study population and of patients stratified according to the type of underfing cardiomyopathy and

channelopathy
Overall (1=628)  Dilated Cardiomyopathy ~ HCM(n=183) ACM(n=64) BrS(n=100) LQTS(n=16) Idiopathic VF
(n=192) (n=T3)
Age, years 46415 52412 4415 8116 44412 116 45415
Male gender, n (%) 480 (7e) 157 (82) 143 (78) 42 (66) 80 (80) 8(50) 50 (68)
Body mass index, kg-'rl'\E 16+4 M+5 16+4 U+l 15+4 1+4 Bl
Ejection fraction, % 49416 W+8 60+ 10 53+10 615 6145 5%+9
Primary prevention, % 506 (81) 181 (%4) 173 (%4) 54 (B4) 88 (88) 10(62) 0(0)
$+ICD in intermuscular pocket, n (%) 484(77) 153 (80) 140 (17) 53(83) 777 12(75) 49(67)
Two-incision technique, n (%) 561(93) 182 (%4) 167 (91) 61(95) §1(91) 14 (88) 66 (30)
Emblem generator, model A219 503 (80) 155 (81) 142 (78) 58(%9) 82 (82) 14 (87) 52(M)
Dual-zone programming, n (%) 622(%9) 188 (96) 181 (99) 64 (100) 100 (100) 16(100) 73 (100)
Condtional 20ne, bpm. 210 (200-220) 200 (200-210) 210 (200-220) 10(200-2200 210 (200-220) 210 (200-220) 210 (200-220)
Shock zone, bpm. 230 (210-250) 220 (110-250) 230 (230-250) 10 (220-250) 230 (220-240) 235 (225-240) 230 (210-250)
Sensing vector:
o Primary,n (%) 367 (58) 121(63) 113 (62) 161 44 (4) 12(75) 38(52)
* Secondary, n (%) N7(35) 58(30) 52(28) (4 52(52) 39 30 (41)
o Aernate, n (%) 4“4(1) 13(7) 18 (10) 3(5) 4(4) 1(6) 57

HCM. hypertrophic cardiomyopathy, ACH, arrhythmogenic cardiomyopathy; BrS, Brugada syndrome; LQTS, long-Q syndrome; VF, ventricular fibrillation,

| EP IAS/AS

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

Il EP Device Related Complications

= Pocket infection/erosion: 1%
" |lead-related: 1.1%

= Battery depletion: 8%

= Need for pacing: 0.8%

®= No replacement for ATP

Table 2 Rate of endpoints at 12 months: inappropriate shocks, appropriate shocks, and device-related complications

Twelve-month rate (95% CI) Inappropriate shocks Appropriate shocks Device-related complications
Overall (n = 628) 3.5% (95% Cl: 2.2-5.3) 22% (95% Cl: 12-3.7) 1.8% (95% CI: 0.9-3.1)
Cardiomyopathies (n=439) 46% (95% Cl: 2.8-6.9) 23% (95% Cl: 1.1-4.1) 0.9% (95% ClI: 0.3- 23)

® Dilated cardiomyopathy (n=192) 3.1% (95% ClI: 1.2-6.7) 1.6% (95% Cl: 0.3-4.5) 1.0% (95% CI: 0.1-37)

¢ HCM (n=183) 3.8% (95% Cl: 1.6-7.7) 1.6% (95% Cl. 0.3-4.7) 0.5% (95% CI: 0.1-3.9)
10.9% (95% Cl: 4.5-21.2) 6.3% (95% CL: 1.7-15.2) 1.6% (95% CI: 0.0-84)
Channelopathies (n=189) 1.1% (95% CI: 0.1- 3.8)* 2.1% (95% Ck: 0.6- 5.3)" 3.2% (95% Cl: 1.2- 68)*

* Brugada syndrome (n=100) 0.0% (95% CI: 0.0-3.6) 0.0% (95% CL: 0.0-3.6) 3.0% (95% CI: 0.6-85)

& Long-QT syndrome (n=16) 6.3% (95% CI: 0.2-30.2) 0.0% (95% CI: 0.0-20.6) 6.3% (95% Cl: 0.2-30.2)

¢ |diopathic VF (n=73) 1.4% (95% CI: 0.0-7.4) 5.5% (95% Cl: 1.5-13.4) 2.7% (95% Cl: 0.3-9.5)

HCM, hypertrophic cardiomyopathy, ACM, arrhythmogenic cardiomyopathy: VF, ventricular fibrillation.
*P = 0,032, "P=1.000, and *P = 0.074 vs. cardiomyopathies.

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

Precision Medicine Versus Evidence-Based

Medicine

Individual Treatment Effect Versus Average Treatment Effect

LIMITATIONS OF RANDOMIZED TRIALS
FOR INDIVIDUAL PATIENT TREATMENT
DECISIONS

Randomized trials focusing on average treatment effect
hide heterogeneity in individual patient response. 5

first choice if age < 70 yrs

TV-ICD vs S-ICD

A proposed contemporary flow-chart

Class | or Il indication for ICD

NO ves

1

or High Infection Risk

first choice if age > 70 yrs or

ﬂk

S-ICD
O <

unsuitable S-ICD screening

® the right treatment

® to the right patient

= at the right time

FDA definition

first choice if age <70 yrs
or High Infection Risk

unsuitable S-ICD screening

first choice if age > 70 yrs or#

‘L‘ S-1ICD

ICDVR

NO

or
" ICDVR

Atrial pacing

(3% of typical ICD population)

CRT

(30% of HF patients
with ICD indication)

ICDDR

CRTD

Clinical history

of SMVT

YES

: come personalizzare la terapia nella pratica clinica ?

| step

|l step

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)




Conclusioni S e

16-17 Aprile Ses te (GE)

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 piu sicuro ¢ il loro trattamento e migliore 'outcome ad esso
correlato.

Nei pazienti che, al momento dell'impianto, hanno una piu lunga aspettativa di vita (e quindi una piu alta probabilita di avere
complicanze lead-related a lungo termine), S-ICD dovrebbe essere considerato /a 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 piu recente. Studi sono in corso sulla possibilita di associare un sistema S-ICD a un LPM che sia in
grado di erogare pacing (VVIR) e ATP.

Oggi la tecnologia garantisce la possibilita di effettuare una «medicina di precisione» individuando la terapia ottimale per il
singolo paziente al momento opportuno della sua storia clinica.
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Un saluto e un grazie, Ezio..!

..In ricordo del Dr. Ezio Soldati...



