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*Knipp 2005, Stolz 2004.
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MoVingtorioWARISK: Patients
I SUB-STUDY
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va Iar complications, or AKI at
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_ :__':‘,{‘ 'r'major stroke at 2 years

-~1200 Subjects

—-'ﬁFn'lTew- up Evaluations:
30 -days, 6-month , and 1 Through 5 years

= Number of Sites: Up to 80 sites

ation: Low R:sk.%_"
Heart Team to be low surgical risk |

—-ﬁ

Low Surgical Risk ’
" Predicted Risk of

mortality <3%

Heart Team Evaluation

1:1
Randomization

TAVR SAVR

Leaflet sub-study Leaflet sub-study
N=200 N=200
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Asymptomatic, Severe Aortic Stenosis

Screening / Stress Test
Inclusion/exclusion criteria, treadmill stress test
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Asymptomatic
Negative stress test OR medical history

1:1 Randomization

Clinical
Surveillance

Transfemoral
TAVR

Primary Endpoint

2 year composite of all-cause mortality, all stroke,
and unplanned cardiovascular hospitalization

NCT03042104

Symptomatic
Positive stress test

Registry

Commercial AVR (TAVR or
SAVR), Clinical Trial (e.g.
PARTNER 3 Trial), etc.

Principal Investigator:
Philippe Généreux, MD,
Chair: Martin B. Leon, MD



‘ R,
EARIEYSAVRMal — ,
Solia) rlow : i P—

Asymptomatic Severe AS and 2D-TTE (PV 24m/s or AVA =1 cm?)

Exclusion if patient is symptomatic, EF<50%, concomitant surgical indications, bicuspid valve, or STS >8 —

—

Treadmill Stress-Test

Stress-Test Normal Stress-Test Abnormal

'CTA and Angiography
TF- TAVR eligibility

— 4

Early-TAVR Randomized Trial

i —

Early TAVR Registry

Randomization 1:1
Stratified by STS (<3 vs >3)

Primary Endpoint (superiority): 2-year composite
of all-cause mortality, all strokes, and repeat
hospitalizations (CV)



SSTAVR UNLOGAD Trial
Study. Designss
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Follow-up:
TAVR Heart Failure TAVR + 1 month
UNLOAD LVEF < 50% OHFT 6 months
NYHA =2 1 year
: Optimal HF R -z
arnational therapy Clinical
— = Multicen (OHFT) endpoints
= - nize Moderate AS Symptoms
e one Echo
_— QoL

-

(600 patients, 151 Randomized)

Primary Endpoint

Hierarchical occurrence

of:

= All-cause death

= Disabling stroke

» Hospitalizations for
HF, aortic valve
disease

& Change in KCCQ /

Reduced AFTERLOAD

Improved LV systolic
and diastolic function
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Staying alive
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LIS nbolic stroke during TAVI/R
g relevant clinical problem ?

9-1s there clinical/functional
= f/=correlat|on of ‘silent” microembolic

f"

— _events ?

3.Can we improve outcomes with
embolic protection devices ?

-
ﬂ'._‘



Device positioning in the
root

¢ Valve deployment

e Post-dilatation

Bolus dose heparin
Severe hypertension

Global Ischaemia  Severe hypotension
e Rapid pacing
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100%
D0%
B0%
0%
50%
50%
40%
30%
20%
10%

= + Most patients have multiple infarcts

* “Silent"” infarcts associated with'"'-
« 2-4-fold risk of future stroke
»3-fold risk of mortality
>2-fold risk of dementia
Cognitive decline
Dementia

% of TAVI patients with new cerebral lesions on
DW-MRI

-

ging is "truly frighteningWI,

Gharem 2010

Arnald 2010

Kahlert 2010

Astarcl 2011

DEFLECT I

contral arm 2015

Bijuklie 2015

CLEAN-TAVI

control arm

PROTAVI-C

MeuroTAVR

—
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Smith et al. N Engl J Med 2011;364:2187-98. Leon et al. N Engl J Med 2010;363:1597-1607.
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Number at risk:

TAVR 1011 918
Surgery 1021 838

| | | | | | !
6 9 12 15 18 21 24

Months from Procedure

901 870 842 825 811 801 774
812 783 770 747 735 717 695
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- CoreValve

CoreValve US Pivotal Trial

7.0%
5.8%
s 3.1% Log-rank P = 0.59
0 | I I I I I I I I I I I ]
0] 1 2 3 4 5 6 7 8 9 10 =492
N Months Post-Procedure
Surgical 357 333 289 263

Transcatheter 390 367 344 322



Major Stroke Rates:

Better with TAVR but Consistent over time

-
~ Stroke is lower with TAVR than SAVR

aY

= 8 P1A P2A S3i  SURTAVI
' 6,1 6,1
2 = 6 5,9 2,6
= 44

= = ’- ‘ ‘ | -.-'i — 4 3,4
e 2,6 2,7
e~ 20 2,6 g

2—- e — 2,4
=— 0

0 30 Days

2012 2013 2014 2015 TAVR SAVR TAVR SAVR TAVR SAVR TAVR SAVR
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PANRSHON pts undergoing TAVI

5:98 ‘)/J eported CVE
— __)"‘ cr*ma]or Strokes
e ZPS% minor strokes

— — ’...

= —30.5 % TIA

—g_,.'——

“® Predictors: advanced age, multiple valves

—
—

Tchetche et al. ] Am Coll Cardiol Intv 2014;7: epub
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ghted average (n=4,795 pts)

~3.5%

9,1%
0,
6,8% 7,0%
5,5%
4,0%
o
2.7% 2,7% 3,0%
1,9%
; 1.4% !
CE Study [FORWARD| USIFU SAVI CE Study | P2S3 IR P2 S3 S3 CE IR S3 CE |REPRISE II|RESPOND [DISCOVER| Control
N=60 Interim | N=151 | Registry | N=222 | N=1,078 | HR/ER N=101 N=150 N=250 | N=1,014 | N=75 Arm
Analysis N=994 N=583 N=119
N=300
EvolutR | EvolutR | EvolutR [ACURATE| Portico SAPIEN 3 Lotus Direct |SENTINEL
Flow Study

Neo
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ITMINg of Strokes after TAVI

Insights Into Timing, Risk Factors, and Outcomes of Stroke
and Transient Ischemic Attack After Transcatheter Aortic

Valze_Rﬁnlace.memJn_ﬂle_EABIblEB_'EtiaLLElacem&m;l of

70

PO

S === TF TAVR + 1 Standard Error
Mich 60 === TA TAVR + 1 Standard Error D:
50
Jeev
: Neurological ..
== _ Events or Al
= ((#/100 patient |

e —— months) 30

2
Weeks After TAVR

Kapadia S, et al. Circ Cardiovasc Interv 2016
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Majority of major strokes on day 1
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Days from TAVI

FIGURE 1 Timing of Cerebrovascular Events

Time From Date of Valve Placement
(in Calendar Days)

0

Overall

Major stroke

Minor stroke
Transient ischemic attack

Tchetche et al. ] Am Coll Cardiol Intv 2014;7: epub
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Coreialve LOTUS Fortica LOTUS  DirectFlow  EealalR EvolulRIDE  SAPIEN  SAPIEM TWTHR  CoréValee  SARIEM KT SAPIEN 3 SARIEM 3 SAPIEM XT
Extrerne Risk RESPOND  CEStudy  AEPAGE I+ DISCONER  CF Study N=24:*  PARTHERIE  MN=1318F  High Risk PARTMER I8 PARTNER Il HRPARTMER Il 53i PARTHER (A
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Meredith, et al, presented at PCR LondenVakves 201 4; Adams, etal, N Engl | Med 20| 4;370: | 720-8; Leon, et. al presented at ACC 201 3; Lefevre et al, | Am
Coll Cordie! 2018; | ;; Popra, et al, | Am Coll Candial 201 4;63: 1972-81; Linke, et. al. presented at Lendon Vahves 20 15 Van Mieghem, et al, presented at
EurcPCR 2015 Kodalietal, presented at ACC 2015 Holmes, etal, JAMA 2015;313: 1019-28; Meredith, etal., presented at ACC 201 5, Willams, et. al.

presented at ACC 200 & Thourani, et al, presented at ACC 2016




Major Stroke Rates IR Randomized
TAVR Trials

rent Generation Devices

IManoharan, et al., J Am Coll Cardiol Intv 2015; 8: 1359-67;2Moellman, et al., presented
at PCR London Valves 2015; SLinke, et al., presented at PCR London Valves 2015;

Leon, et al., N Engl J Med 2010;363:1597-1607; 2Webb, et al., J Am Coll 4Kodali, et al., Eur Heart J 2016; doi:10.1093/eurheartj/ehw112; SVahanian, et al.,
Cardiol Intv 2015;8:1797-806; 3Smith, et al., N Engl J Med 2011;364:2187-98; presented at EuroPCR 2015; ®Webb, et. al. J Am Coll Cardiol Intv 2015; 8: 1797-806;
4Leon, et al., N Engl J Med 2016;374:1609-20; 5Popma, et al., J Am Coll "DeMarco, et al, presented at TCT 2015; 8Meredith, et al., presented at PCR London

; .pn. Q1-6 ) ) pq Valves 2015; 1°Falk, et al., presented at EuroPCR 2016; 'Kodali, presented at TCT 2016;
Cardiol 2014;63:1972-81; Adams, et al., N Engl J Med 2014;370:1790-8;; Reardon, M Published in NEJM March 2017



Stroke Rates with Second Generation TAVR Valves

B Event rate for 30-day major stroke

Study name Event Lower Upper Total Event rate and 95% Cl
rate  limit limit

DFM (DISCOVER) 0.040 0.013 0. 315
Portico (CE mark) 0028 0. . 3103
Sadra Lotus (REPRISE I
ACURATE TF (CE mark)

07 0. 065 2119
22 0.006 0. 2189
28 0013 0058 7/250
1 0.003 0 2180
030 0. : 2166
08 0. 055 1125
0 1720

5 L

023 i y 01 a 2y); k) Engag alve (Medtronic Inc.); G) §) ...4('(R4TET"\ :lmsnmm/
o , H) DmuFluu Medical® valve (Direct Flow Medical).

91 0013 0433 Uil ) )

I 23 026
ol ome o » Meta-analysis of ~20 non-

s randomized, mostly FIM,

2105

0.

0.
ACURATE TA (SAVI) 0.
JenaValve (JUPITER) 0.
JenaValve (CE mark) 0.
Engager (CE trial) 0.
DFM (FIM) 0.
Portico (FIM) 0.
Sadra Lotus (REPRISET) 0.
0.

0.

0.0

O

0.

0.

0.

0.

SHPIEN 3 (M)
CENTERA (W)
ACURATE TA ()
JenaValve (FIM)

DFM (SALUS)

DFM registry (Naber) 005 0.
DFM (DISCOVER regsty) 0007 0001 0045 /153 valve-com pany sponsored
SWPEN3 (Wetb TF) 005 ;

SWPIEN3 (MebbT) 0009 0001 0. studies

Overall event rate

Fixed effects 0024 0017 0034 000 035

Compare with: PARTNER 1A=3.8%, PARTNER 1B=5.0%, PARTNER I1B=3.1%,
CoreValve High Risk=3.9%, CoreValve Extreme Risk=2.3%. _ _
UK TAVI=4.1%*, FRANCE 2=2.3%, European Sentinel Registry=1.8%. Athappan, et al. A systematic review on the safety of second-

Meta-analysis of 2nd generation TAVI valves (=36.471, tau’=0.00) generation transcatheter aortic valves. Eurolntervention 2016;



troke risk'eeem to be independent of operator

Stroke Complication

Risk-Adjusted
P for association = 0.1399

%  underestimate

Relationship Between Procedure
Volume and Qutcome for
Transcatheter Aortic Valve Replacement in
U.S. Clinical Practice:

Insights from the STS/ACC TVT Registry g 100 200 30C A00

Case Seguence Number

STSIOC TVT Raplsuy’ ot
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"REGiStry - TAVR in the UiS:

I

Relationship Between Procedure
Volume and Outcome for
Transcatheter Aortic Valve Replacement in

Case sequence #

PP TN W — = =
Risk-Adjusted
0,
2.25% P for association = 0.1399
>
£ 200%
O . 0
S
o
2 1.75%
)
e
= 1.50%
p)
1.25%




“Partner Trials CoreValve High Risk Trial

Log-rank P<0.0001

Expected
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12.0 138

Patients Years after Stroke

at Risk 86 32 15 8  No.atRisk

Kapadia et al, Circ Int 2016

No Major 37 368 329 217

Stroke 6



he Dilemma: What is Cerebral Injury?
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lgg Patient level pooled analysis from
30 the TriGuard Tria =14

70
60
50
40
30
20
10
0

VARC 2 VARC 2 ASA/AHA MOCA NIHSS or CNS
Disabling Stroke Stroke MoCA Infarction
stroke DWI

Lansky A, EuroPCR 2016



NEUFGARC Consensus Repori

CENTRAL ILLUSTRATION MNeurologic Academic Research Consortium Consensus: Classification, Application, and
Assessment of Meurological Events in Clinical Trials

.

Classification Application and Assessment

Safety Trials Effectiveness Trials
Symptom-driven Protocol required
imaging imaging

serial neurologic + Serial neurologic +
delirium assessments delirium assessment

DWI+
DWI+

Serial detailed cognitive
assessments

Serial cognitive screening

Evaluate for subclinical
dysfunction,
long-term cognitive changes,
and guality of life

Lansky, A.J. et al. J Am Coll Cardiol. 2017;69(6):672-91.

Classification, Application, and Assessment of Neurological Events

Lansky AJ et al. JACC 2017



Can we improve outcomes with embolic protection devices ?

Claret Medical Keystone

Sentinel TriGuard
Company ’ /

- %

Product

EU Status CE Mark CE Mark

97% market share 3% market share

IDE study completed
US Status Positive FDA Panel IDE trial underway
Feb 23, 2017

Access 6 Fr Right Radial 9Fr TF
Debris Captures and removes  Deflects downstream
Placement and Sits in aortic arch.
Interaction with TAVR Not in aortic arch Devices must pass
devices over and back across

Edwards
Embrella

CE Mark
<3% market share

No IDE yet

Right Radial

Deflects downstream

Sits in aortic arch.
Devices must pass
over and back across

ICS Transverse
Emblok Point-Guard

FIM first clinical case

March 15, 2017 Pre-clinical/prototype

No IDE yet No IDE yet
12Fr TF sheath TF
Captures and removes  Deflects downstream

Sits in aortic arch.
Devices must pass
over and back across

Sits in ascending aorta
Devices must pass
over and back across



SSSClrrent Devices g
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mbolic Sentinel Cerebral - riGuard Embolic
r System Protection System Deflection Device

on - aret Medics (eystone Heart)

|-

- & A
v Pore Size: 100 um v’ Pore Size: 140 um v Pore Size: 130 um
v Delivery Sheath: 6F j Delivery Sheat.h: 6F . ‘\; Delivery Sheath: 9F
v Access: Brachial Access: Brachial Qr radlal. Access: Transfemoral .
v' Coverage: Brachiocephalic, v Coverage: Brachiocephalic, left
v Coverage: ) ;
¢ - left common carotid common carotid, left
Brachiocephalic, left R
common carotid
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Newer Devices...
AR
—_—

= o~ 3 | » N S

Balanced Filtration and Deflection

Control Struts

Inner Seal

Stabilizer
Redundant Perimeter Seal '
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Device Mesh

\ - Device Frame

Device tail
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== Curved nitinol

tube (Shaft) Connector =
/

Atraumatic Tip SFr Cri
r Crimper
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Two independent filters capture & remove
embolic material

Polyurethane filter, pore size = 140 pm
Standard R trans-radial sheath access (6F)

One size accommodates most vessel sizes
(brachiocephalic 9-15 mm and left common
carotid [LCC] 6.5-10 mm)

Deflectable compound-curve catheter
facilitates cannulation of LCC
Minimal profile in aortic arch (little
interaction with other devices)




data

fective in capturing debris.. ' o
fal of 65 patients randomised to o
_protection
b = I AT T ]
< - B 5 5 5 5 B B § 5 5 mi?‘ll m‘%} L,
| { 3 | (] _in a” deployed devices No lesions lizr;n’;lzm'r\ 100 more lesions | No lesions lJqu:ltEeit]ards 10 or more lesians

Neurocognitive deterioration

Bu —ﬁﬂiﬁ;— modest effect on number and size of
'-'{ﬂRIiE'SIQns (with ~65% MRI follow up...
Sojne suggestion that neurocognitive decline
ameliorated

2=0.017 p=0.248 o=0.105

6/22 522
(27%) (26%)

Propartion of patients, n/M (%)

3/28

S -
S+ S+
h'lh“' WOrS: n|ng MoCA worser 11;5 CE °_‘WT[SE'II1E.

Van Mieghem et al Eurointervention 2016;12:499-507
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"”"‘ﬁndata on neurocogmtlve
|mprovement

- -

-

Haussig et al JAMA 2016;316:592-601

intention-to-treat S

c Any symptom 17 (34 %)
ontrol _ Ataxia 16 (32 %)
Any symptom 14 (28 %)

Fuer Ataxia 12 (24 %)

Neurological Outcome

2 days
{No, %)

14 (28 %)

8 (16 %)

7 days
(No, %)

5 (10 %)
4 (8 %)

8 (16 %)
7 (14 %)

RR 1.439 (0.963 to 2.149), OR 2.316, p=0.118

30 days
(No, %)

6 (12 %)
5(10 %)

6 (12 %)
6 (12 %)
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UlmrSentinel  Stuayz:

PrOCEaUrall Frotection=Rrocedurall BEnelit

‘b -
-CO! m e - 2

e kgl e -
All-cause mortality and all-stroke
at T-days

o All-stroke «
o at 7-days 10% -

70% reduction

(p=0.01)
OR=0.30

6.8%

70% reduction
5% 7 (p=0.03)

OR=029
1.4%

Sentinel
(N=4/280)

4.6%

Control
(N=13/280)

Sentinel Control
(N=6/280) (N=19/280)

: | Predictor of Stroke at 7 days: Predictor of Stroke and Death at 7 deaths:

« No cerebral emboli protection « No cerebral emboli protection

 (p=0.044) (p=0.028)
« STS score (<8 vs. >8) (p= 0021) <>



TriGuard HDH Pooled Analysis

——

/ Safety Endpoint of 30 day MACCE: 18.2% TG vs 24.1%

P=0.00%

P= 003 /2
g o =
" P=0.0p1 37
3 | 28 g
‘ ! 191 I
10 6.1
0 0 1,2 0 | 0]

\
VARC 2 VARC 2, ASAI MOCA NIHSS or DW-MRI

Disabling Stroke \ Stroke MoCA Lesion
stroke N o
Lansky et al PCR 2016 TG m Control 3
9
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domised data

The SENTINEL Trial

%
Patients with Severe Symptomatic
Aortic Stenosis Undergoing TAVR

Patients Randomized (1:1:1)
s Imaging Cohort

--‘.

SAFETY ARM TESTARM CONTROLARM
TAVR with Sentinel TAVR with Sentinel TAVR Only
(n=121) (n=119) '
Histopathology '
& Morphometry '

Clinical Follow-Up (Neurologic oversight in all patients)

I Serial MRIs (Baseline, Day 2-7 & Day 30)
|

Serial Neurocognitive Assessment (Baseline, Day 30 & Day 90) ,
-

Kodali TCT 2016



‘ence in clinical stroke

42.2% reduction
P-N13

—

lon in MRI lesion volume study Teatmen Conto

(N=91) (N=98)

S prlmary end pOI nt Median + 95% Confidence Limit

N
c E
g E
E =

']
35
>
gt
S @
a3
- &

-
T u
]

-
Z 0

=

-5

-

" Lesion Vol. Difference =-42.2%  Superiority Testing

able ¢ ’afety profile- ie no evidence of e, N —

] |

— -100% -80% -60% -40% -20% O  +20% +40% +60% +80% +100%
.;..."‘ -’ —' e i i i i

- —- — Favors protection with Sentinel Favors no protection

JSI'6 diff fference in clinical stroke rates.. — P

Adjusted? [95% €1 : -71.5% to - 8.2%] p-value = 0.025

— ]

=100% -80% -60% -40% -20% 0 +20% +40% +60% +80% +100%

Kodali TCT 2016
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HISTOPATHOLOGY

Debris Capture by Type

100%
80%
60%
40%
pA

Treatment Control
(N=91 (N=98)
Median + 95% Confidence Limit



llessons [Learned! : Iiming o Ascertainment Sentinel lirial

> Diagnosis (Analyzed ITT) ~ Stroke Diagnosis <72 hours (Analyzed ITT)

R
[ Sentinel [] Control p=0.052%
|
63% 1 820
30-day Clinical Outcomes 8% - Reduction : —
Any MACCE’ 7.3% 9.9% 0.40 l
Death (all-cause 1.3% 1.8% 0.65 6% - :
_ Stroke 5.6% 9.1% . 4,5% |
- H H (o) (o) |
Disabling 0.9% 0.9% : 4% - | 3300
Non-disabling 4.8% 8.2% 7%
() 0 |
AKI (Stage 3) 0.4 /0 0 /0 . 20/0 -11,30 90/ 30 I
TIA 0.4% 0% 0, a9 9% |
Sentinel I
[
Access Site 0% ' . I
Complications  0.4% N/A : Dayl Day2 Day3 Total*

Days to Stroke

*Fisher Exact Test



Primary Safety Endpoint (NI):

All Cause Death, Stroke, AKI stage 3

30-Day MACCE

Historical Performanc

————— Any MACCE* 73%  9.9%

Obs. Diff= -2.6%
Stroke 56% 9.1% 0.25
Disabling 0.9% 0.9% 1.00

Rate (%)
o N b O OO RN B FO O FO N

disa':‘l’iz;j 48% 82%  0.22
AKIg’tage 04% 0%  1.00
TIA 0.4% 0% 1.00
Sentinel Site
Device arm Control Complicatio 0.4%  N/A 0.53

arm ns



rden/m blle aortic

Adult Echo
X7-2t

1533‘!‘1,,‘2 o 155 10 e M4
-~

TIS0.2 MI0.6

-

PAT T: 37.0 =
TEET: 38.26 é,

180 bpm
\ 92 bpm

Adult Echo TIS0.2 MI0.6
X7-2t
53Hz 5 M4
12cm o 142 10 V- N ®

58% .
€50 .
P Off

HGen

PATT: 37.0C
TEE T: 39.9C

3\ 60 bpm




Seatbelts

Are IR

For e /\/

EVE ryone : N
Would you take a chance and : You never know when

drive without a seatbelt?! you”ll need protection!?
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SHOKEICOHUESHO) e chJ‘..JH\ relevantiproblemin AV
Sllane _) 1 1nfarcts are freguent and are shown to have an
Irfieelet o) h‘ tive function

Wille Jr) = c —results with cerebral protection devices promising, SO
.f-ur,;:n to be validated in powered randomized trials

——

— As AVI moves to lower risk groups...

»,
i
e

-—~0~Freedom from new brain lesions should be a gold standard after
- TAVI?

-
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