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TV-ICD COMPLICATIONS

Risk of complication” at 6 years:13
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15.5%

Most complications are a result of: 4°

Lead-related complications

L.R.A. Olde Nordkamp et al. Heart Rhythm 2015.

Ranasinghe, |. et al. AHA 2014 Abstract 20158.

Ascoeta, M. S. et al. Heart Rhythm, 2016; 13:1045-1051.

Kirkfeldt, R.E. et al. European Heart Journal (2014) 35, 1186-1194.
Olde-Nordkamp, L.R.A. et al. Heart Rhythm 2015.
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TV-ICD LEAD FAILURE

30.0% Optum Data ®
% Patients w/ Mechanical Transvenous Lead Complications
Over Time

Multiple Studies showed 25,00
that, UP TO 70% of all
complications in young TV- 20.0%
ICD recipients were LEAD
RELATED 12 15.0%

Lead failures are significant 10.0%
even for non-recalled leads 34
5.0%
0.0%

4 years 6 years 8 years 10 years

Olde-Nordkamp, L.R.A. et al. Heart Rhythm 2015.

Honarbakhsh S, Providencia R, Srinivasan N, Ahsan S, Lowe M, Rowland E, et al. Int J Cardiol 2017; 228:280-5.
Koneru JN. HRS 2017; Chicago.

Borleffs, C.J.W. et al. Circ Arrhythmia Electrophysiol. 2009; 2:411-416.

Koneru JN, Jones PW, Hammill EF, et al. J Am Heart Assoc. 2018;7(10).
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https://www.ahajournals.org/doi/10.1161/JAHA.117.007691

PATIENT OUTCOMES FOLLOWING CIED
INFECTION

CLINICAL RESEARCH

Leods and lead extroction

Risk factors for 1-year mortality among patients 1 2%
with cardiac implantable electronic device
infection undergoing transvenous lead extraction:

the impact of the infection type and the presence 3 1 %
of vegetation on survival

Survival

P<D.0D1
Khaldoun G. Tarakji*, Oussama M. Wazni, Serge Harb, Amy Hsu, Walid Saliba

w— Pocketinfection
and Bruce L. Wilkoff

w— Endovascular infection

0

Number of patients at risk
Packet 289

Endovascular 213

In this study from the Cleveland Clinic, lead-related infections were

associated with when compared to a pocket
Infection, ~31% at 1 year following lead extraction

Source: Tarakji, K.G. et al. Arrhythmia & Electrophysiology Review, 2016; 5(1).



A totally subcutaneous ICD
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SICD: Simplify ICD System
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Source: Bardy GH et al. NEJM 2010.




Proven Effective Defibrillation without
Transvenous Lead Complications

defibrillation efficacy with S-ICD
(As per the IDE/EFFORTLESS
Pooled Analysis) 1

lead survival with S-ICD
at 5 years.?

freedom from complications with
S-ICD at 1 year follow-up.3

1. Burke, M. et al. JACC 2015; 65: 16.
2. Boston Scientific CRM Product Performance Report published February 13th, 2017.
3. Boersma, L. etal. JACC, 2017; 70,7.



ImageReady™
technology

Full Body, 1.5T
MRI-conditional System

Ergonomic Shape

Improves the implant
experience and patient comfort

EMBLEM S-ICD

| S-ICD Systern |

Boston Scientific
Battery Technology

Decreases the need for
change-out procedures

3'd Generation EMBLEM S-ICD

LATITUDE™ System

Designed to provide remote
patient follow-up



SMRS8 Alternating Morphology Algorithm
» Disregard beats in between two similar
beats when <50% match to either of them

SMART Pass
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Reduction in TWOS %

+SMART Pass™

1. BrisbenA. et al. J Cardiovasc Electrophysiol. 2015;26(4):417-423.
2. Theuns D. et al. Heart Rhythm. 2018;15(10):1515-1522.

Algorithms to Reduce Inappropriate Shocks
(VT zone only)

SMART Pass™

an additional High Pass filter
reduces the amplitude of lower

frequency (slower moving) signals
such as T-waves

SMART Pass

vs. Gen 1 S-ICD Further Study showed SMART Pass™
SMRS8 39 8 1 can reduce inappropriate shock by 2
' when turn On.
SMR8 82 %2


https://www.ncbi.nlm.nih.gov/pubmed/29758404

Low BMI (19 % fat) female patient.
Device placed in an intermuscular position

2 Incision & Inter-muscular Technique



THE PRAETORIAN TRIAL (2011-2016)

Class | & lla indication no need for
. Randomized Head-Head
pacing

n=849 v"Typical" sicker & older ICD

population
v' Composite endpoint (Complications +

S-ICD TV-ICD Inappropriate shocks)
n=426 n=423 v’ Standardized programming
v Secondary endpoints:
- Device related complications

Lead-related complications

Primary Endpoint: Non-Inferiority - Inappropriate shocks
C licati 4 iate shock - Cause of inappropriate shocks
ompiicanons Nappropriaze Snocxs - Mortality (all-cause, arrhythmic, cardiac)

Results HRS 2020 ‘

Source: Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020.



S-ICD had comparable performance to TV-ICD
yet avolded serious complications

Primary Outcome: Non-inferiority Demonstrated

Primary Composite Endpoint
0.25 7 Inappropriate shocks and complications

Hazard Ratio, 0.99 (95% CI, 0.71-1.39)
P = 0.01 for noninferiority

S-ICD had comparable performance to TV-
|ICD yet avoided serious complications
Including:

v'Infections that required lead extraction

v'Lead complications
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Confirms S-ICD can be the preferred
choice for most ICD indicated patients
w/o need for pacing

Years of Follow-up
No. at Risk
TVICD 423 359
Source: Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials SICD 426 366
LBCT-01 2020.




Device related complications

PRAETORIAN: All Complications

PRAETORIAN XL Long Term Follow Up Study to be extended to 8 years

S-1CD (n = 426)
31 (5.9%)

TV-ICD (n = 423)
44 (9.8%)

Infection

Bleeding

Thrombotic event

Pneumothorax

Lead perforation

Lead repositioning

Cumulative Event Rate

, Device-Related Complications :
Hazard Ratio, 0.69 (95% Cl, 0.44-1.09) i 9.8%

TV-ICD |

P=0.11

Years of Follow-up

Other

Lead replacement

Device or sensing
malfunction

Pacing indication

Implantation or DFT failure

Pain or discomfort

Cumulative Event Rate

Lead-Related Complications

Hazard Ratio, 0.24 (95% CI, 0.10-0.54)

2 3
Years of Follow-up

Source: Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020.




PRAETORIAN: Inappropriate shocks *

Inappropriate Shocks
Hazard Ratio, 1.43 (95% CI, 0.89-2.30)

S-ICD _,

-
F )

- Rate of Inappropriate shocks at 1 years was similar to
rates seen in other TV-ICD studies.>*

- Divergence of curves may be related to inclusion of old ) 2 3
devices Years of Follow-up

. Onlyin of S-ICD patients with
EU August 2017 US
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2015 EU; April 2015 US
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. Onlyin of S-ICD patients with
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1. Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020.

2. Gasparini M. et al. JACC: Clinical Electrophysiology. 2017;3:1275-82.

3. Kutyifa V. et al. Circ Arrhythm Electrophysiol. 2016;9(1):e001965. 50
4. Auricchio A. et al. Europace. 2017;19(12):1973-1980. 0
5.

6.

Theuns D. et al. Heart Rhythm. 2018;15(10):1515-1522.


http://electrophysiology.onlinejacc.org/content/3/11/1275
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/28340005
https://www.ncbi.nlm.nih.gov/pubmed/28340005
https://www.ncbi.nlm.nih.gov/pubmed/29758404

UNTOUCHED: Understanding Outcomes with the EMBLEM
S-ICD in Primary Prevention Patients with LVEF <35°

Low rate of inappropriate shocks in real-world TV-ICD vs S-ICD 25
patients (1 year)

v 3.1% at 1year!?

v’ 2.4% at 1 year in patients with SMART Pass™ 1
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180 270 360 450 540 _
Days from Implant MADIT RIT DR ADVANCE Il Meta-analysis PRAETORIAN UNTOUCHED UNTOUCHED
ICD (30/40 NID) VR ICD TV-ICD Emblem S-ICD S-ICD w/
1111 1066 1039 993 969 922 832 Subjects at Risk SMART Pass

Gold M. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-02 2020. i 1 i
Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020. Th ein ap p ro p rl ate S h oC k rate In U NTOUCH ED was

Gasparini M, Lunati MG, Proclemer A, et al. JACC: Clinical Electrophysiology. 2017;3:1275-82. Comparab|e to, or lower than, the rates observed in studies
Kutyifa V, Daubert JP, Schuger C, et al. Circ Arrhythm Electrophysiol. 2016;9(1):e001965.

Auricchio A, Hudnall JH, Schloss EJ, et al. Europace. 2017;19(12):1973-1980. with TV-ICDs including the PRAETORIAN trial 24



http://electrophysiology.onlinejacc.org/content/3/11/1275
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/26743237
https://www.ncbi.nlm.nih.gov/pubmed/28340005
https://www.ncbi.nlm.nih.gov/pubmed/28340005

S-ICD: AHA/ ACC/ HRS/ ESC Guidelines

2017 AHA/ACC/HRS

Criigance Guidelines?

2015 ESC
Guidelines?

For ICD patients...

Class | v

CLASS1 & CLASS lla
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With or
are at :
including a prior device infection,
ESRD, diabetes mellitus

(up to of the ICD population)?

Class lla v

Who meet indication for an ICD,
wihtout the need for pacing
(CRT, bradycardia, ATP)

1. Al-Khatib, SM, et al., Heart Rhythm, 2017.

2. Priori, SG. et al. Eur Heart J. 2015; Nov 1;36(41):2793-867.




PATIENT PRIORITISATION FOR THE S- ICD
C

Based on guidelines and clinical literaturel- 3.4

® Bradycardia Pacing

(~6% patients) 34 y ngh risk patients
ad complications

issues
RS Class 1) 1

® CRT-D Indication

® Patients with no

® Need for ATP at (~1.8% patients) 3> ° pacing
implant e ofa cat|on12
QAL of all ICD indicated patients were 1ss lla

eligible to receive an S- ICDlO

* S- creen Ou
(~4-10% patients) 7-°

Al-Khatib, SM, et al., Heart Rhythm, 2017.

Priori, SG. et al. Eur Heart J. 2015; Nov 1;36(41):2793-867.
de Bie MK, et al. Heart 2013;99:1018-1023.

Botto GL, et al. Europace 2016; Epub 2016/12/25.
Boersma, L. et al. JACC, 2017; 70,7.

Boersma, L. ESC 2014.

Olde-Nordkamp, L.R.A. et al. Heart Rhythm 2015.

Groh CA, et al. Heart Rhythm. 2014 Aug;11(8):1361-6.
Ziacchi M, et al. Heart Lung Circ. 2016 May;25(5):476-83.
0. Botto GL, et al. Europace 2016; Epub 2016/12/25.
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PATIENT PRIORITISATION FOR THE S-ICD

Based on guidelines and clinical literature

STRONG INDICATION

Young age* Difficult Young patients facing a Patients with particular risk
Previous infection

Infection risk (mechanical valves, diabetes, e

Venous access lifetime device therapy of infection

renal dysfunction)

Poor vascular access & Existing system
Channelopathies (Long QT, Brugada)
HOCM

Primary prevention

Optimal S-ICD candidate
[ ]

RELATIVE CONTRAINDICATION
Need for ATP (difficult to define clinically)

CONTRAINDICATED
Pacing indication (bradycardia or CRT)
Failed screening (high inappropriate shock risk)

* <65 (10 — 15 years life expectancy) as defined by ESC guidelines for management of atrial fibrillation, 2011

Source: McLeod CJ et al. Eur Heart J. 2017;38(4):247-257.
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SMRS8 Alternating Morphology Algorithm In
reducing T-wave oversensing

Algorithm looks for two
similar detections with a Programming optimization ~ Technology Improvement

non-maitc h | N g b eat b etween EFFORTLESS data Projection (bench testing)
them. L —

MADIT-RIT:  MADIT-RIT:
<65 years 265 years

1. Look for 3 beats: 1 dissimilar
beats between 2 similar beats

2. Middle beat: < 50% match to
complexes on either side —
discard the middle beat

51-

5.6% [ >

Single zone Dual zone EFFORTLESS SMR8 SMR8 & MADIT RIT MADIT RIT PREPARE
(blended total)  Projection®*  SMART Pass (high rate) (delayed)
Projection**
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Reduced T-wave
oversensing by 39.8%.1

1. BrisbenA. et al. J Cardiovasc Electrophysiol. 2015;26(4):417-423.
2. Boersmal. etal.JAm Coll Cardiol. 2017;70(7):830-841.
3. Schuger C. et al. Ann Noninvasive Electrocardiol. 2012;17(3):176-185.




S-ICD SYSTEM: A less invasive solution for
patients at risk of sudden cardiac death

Abdominal ICD Transvenous |ICD Subcutaneous [CD




ICD INFECTIONS

ENDOVASCULAR POCKET
INFECTIONS INFECTIONS

(lead-related) (device-related)

Infection can manifest at any time post-procedure, from early
(up to 1 month post procedure) to late (>1 year)

Source: Lekkerkerker, J.C. et al. Heart; 2009; 95.



ICD LEAD FAILURE

— Borleffs - TV lead failura (n=2,145,
(Ave patient age 56+/-16)

Borleffs - All cause TV lead removal or capping:
(Ave patient age 57+/-16)

Kleemann - TV lead failure (n=990)

(Ave patient age 604/-11)
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= Altitude - Patient survival (n=47,032)
(Ava patient age 674/-12)

10 Year

A majority of ICD patients may have a longer life-expectancy than
their TV-ICD leads*

1. Borleffs, C.J.W. et al. Circ Arrhythmia Electrophysiol. 2009; 2:411-416
2. Kleeman, T. et al. Circulation 2007; 115:2474-2480.
3. Saxon, L.A. et al. Circulation. 2010; 122: 2359-2367.



PREDICTORS OF CIED INFECTIONS

Predictors of iIncludel;

Diabetes

Heart failure

Kidney disease

Previous device infection

More than 70% if ICD indication patients over 60 yrs old have at least
1 predictors of device infection. 1.2

Cardiac device infection negatively impacts risk-benefit
ratio, particularly in Primary Prevention patients.3

1. Polyzos, KA, et al. Europace, 2015. 17(5): p. 767-777.
2. Friedman, D.J., et al., JAMA Cardiol, 2016. 1(8): p. 900-911.
3. Lekkerkerker, J.C. et al. Heart; 2009; 95.



PREDICTORS OF CIED INFECTIONS

% of ICD Patients in the U.S. With Below Comorbidities?

Heart Failure Diabetes Renal Disease COPD Anticoagulant Use
(Class I1-1V) (GFR<60)

Guidelines recommend S-ICD in patients at
A high percentage ~40% of ICD indicated patients have 21 comorbidity
associated with high infection risk

1. Friedman, DJ, Parzynski, CS, Varosy, PD, et al., JAMA Cardiol, 2016. 1(8): p. 900-911.
2. Al-Khatib, S. M., et al. Circulation 2018. 138(13): e272-e391.



https://www.ncbi.nlm.nih.gov/pubmed/29084731
https://www.ncbi.nlm.nih.gov/pubmed/29084731
https://www.ncbi.nlm.nih.gov/pubmed/29084731

PATIENT OUTCOMES FOLLOWING CIED
INFECTION

CLINICAL RESEARCH
Arrhythmialelectrophysiology

In the ELECTRa registry, ... 1N 6 patients
died after systemic infection resulting in

The European Lead Extraction ConTRolled
(ELECTRa) study: a European Heart Rhythm

transvenous lead extraction * Association (EHRA) Registry of Transvenous
. ) _ Lead Extraction Outcomes
LOW I n CI d e n Ce Of m O rtal Ity I I n ked to p roced u re ] Maria Grazia Bongiorni'*, Charles Kennergrenz, Christian Butter®,
. a n . . ean Claude Deharo4, Andrzej Kutarskis, Christopher A. Rinaldiﬂ,
but significant post-procedural mortality, with a Simone L. Roman, Aldo . Maggion”, Maryna Andarala’ Angelo Auricchic’,
Karl-Heinz Kuck'", and Carina Blomstréom-Lundgqvist' ', on behalf of ELECTRa

strong correlation between mortality and lead Investigators!
extraction for infection 1

_ Large vegetation on an extracted
right ventricular ICD lead 2

1. Bongiorni, M.G. et al. May 5th, 2016, HRS.
2. https://consultqd.clevelandclinic.org/2014/08/leading-from-experience-in-transvenous-lead-extraction/



In the EFFORTLESS registry

PATIENTS OVER 3 YEARS,

Zero ENDOVASCULAR INFECTIONS!
Zero SYSTEMIC INFECTIONS!

Zero ELECTRODE FAILURES!

Source: Boersma, L. et al. JACC, 2017; 70,7.



TWO ZONE PROGRAMMING

Considerations to reduce inappropriate ion Sogs @ 2 ¥ 4O O

shocks: 72

* The use of a Conditional Shock Zone
(dual-zone programming) allows for
SVT/AF discrimination with SMART
Pass™ and SMR8 Alternating
Morphology Algorithm.

« Dual-zone programming can significantly
enhance SVT discrimination to determine
appropriateness of therapy

In the IDE study, patients with dual zone programming
experienced significantly fewer inappropriate shocks due

to SVT than those programmed with a single zone (2.7%
vs. 10.2%; p-value=0.0085).

Source: Weiss R. et al. Circulation. 2013;128(9):944-953.



S-ICD SCREENING

S-ICD screening was implemented to determine whether
patients have a suitable signal for device sensing at implant.

Maximising system sensitivity and specificity for rhythm
identification and therapy and to minimise the risk of cardiac
oversensing.
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Lead-Related Complications

Significantly fewer lead-related complications HezaidiBao, 0210 DL 000

v 6.6% (n=24) in the TV-ICD arm vs
v 1.4% (n=5) in the S-ICD arm (P =0.001)

> Morethan 4 tIMES as many patients experienced
a lead complication in the TV-ICD arm.

» Eliminating device leads within the vasculature is
particularly important for many ICD-indicated patients
with comorbidities, such as diabetes, and renal
disease who often are at an increased risk of infection

and vascular access issues.? Years of Follow-up
No. at Risk

Cumulative Event Rate

TV-HCD 423 378
S-CD 426 396

1. KnopsR. etal., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020.
2. Polyzos K. et al., Europace. 2015;17(5):767-777.



2 Incision & Inter-muscular Technigue

Source: https://www.youtube.com/watch?v=EYIiTtTOQ6hU



https://www.youtube.com/watch?v=EYiTtT0Q6hU

PRAETORIAN: Infections requiring extraction+

S-ICD (n = 426) TV-ICD (n = 423)

Higher infection rate requiring
extraction for patients with a TV-ICD

Primary composite endpoint 68 (15.1%) 68 (15.7%)

Device related compllcatlons 31 (5.9%) 44 (9.8%)

Bleeding
e Pacing indication 5 1

v 8 pts (1.9%) with a TV-ICD
v 4 pt (0.9%) with an S-ICD

1.9%
TV-ICD

Infection
requiring
Extraction

1.9%
S-ICD

Bleeding

Source: Knops R. et al., Heart Rhythm Society Late Breaking Clinical Trials LBCT-01 2020.



Future of S-ICD: modular CRM system

« LPimplanted first « LP and S-ICD implanted * S-ICD implanted first

 S-ICD implanted later together « LPimplanted later

Potential application for patient Potential application for patient with Potential application for patient with
with pacing need, but no ICD pacing and ICD indication at ICD indication at implant, who later
indication at implant. implant. develops a need for pacing.

Source: https://investors.bostonscientific.com/~/media/Files/B/Boston-Scientific-IR/documents/events/boston-scientific-investor-update-at-hrs. pdf



S-ICD: AHA/ACC/ HRS Guidelines

Class | Recommendation
11.1. Subcutaneous Implantable Cardioverter-Defibrillator

Recommendations for Subcutaneous Implantable Cardioverter-Defibrillator
References that support the recommendations are summarized in Online Data Supplement 55.

. In patients who meet criteria for an ICD who have inadequate vascular
access or are at high risk for infection, and in whom pacing for bradycardia
or VT termination or as part of CRT is neither needed nor anticipated, a
subcutaneous implantable cardioverter-defibrillator is recommended (1-5).
In patients who meet indication for an ICD, implantation of a subcutaneous
implantable cardioverter-defibrillator is reasonable if pacing for bradycardia
or VT termination or as part of CRT is neither needed nor anticipated (1-4).
In patients with an indication for bradycardia pacing or CRT, or for whom
antitachycardia pacing for VT termination is required, a subcutaneous
implantable cardioverter-defibrillator should not be implanted (1-4, 6-8).

)

CLASS 1 & CLASS lla

“The risk of infection appears to be lower with S-ICD than with transvenous ICDs.
Therefore, S-ICD may be preferred in patients who are at , such
as those with a prior device infection, ESRD, diabetes mellitus, or who are
chronically immunosuppressed.”



S-ICD: Can it be the first choice in prevention of
sudden cardiac arrest?

According to the Italian subcutaneous implantable cardioverter-defibrillator survey:

S-1CD,

of all ICD indicated patients were
eligible to receive an S-ICD"

Source: Botto GL, et al. Europace 2016; Epub 2016/12/25.



