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Let Me Lay out my Position in Advance.

TVT 2014

| am a TRUE believer in TAVR and its role in treating AS in
defined patient groups

However, TAVR undoubtedly causes embolic showers to
the Brain, which cause lesions: some ‘silent’, some more
clinically obvious

Many TAVR studies under-report Stroke & few employ
independent neurologists

Percentages do not always tell the whole story and
Stroke is truly devastating

If cerebral protection can reduce or eliminate lesions in
the brain, then it should become routine practice
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Stroke Remains a Real Risk

Clinical Outcome at 30 Days (I)

Balloon-expandable
(n=121)
Death
From any cause 5/121 (4.1%)

From CV causes 5/121 (4.1%)

1/121 (0.8%)

Myocardial infarction
Bleeding

Life threatening 10/121 (8.3%
Major 23/121 (19.0%
Minor 11/121 (9.1%
Major or minor 34/121 (28.1%)
Vascular complications

All 17/121 (14.0%)

Major 12/121 (9.9%)

Minor 5/121 (4.1%)

ACC.14

Self-expandable

(n=117)

6/117 (5.1%)
5/117 (4.3%)
3/117 (2.6%)
3/117 (2.6%)
0/117 (0.0%)
0/117 (0.0%)

14/117 (12.0%)
17/117 (14.5%)
9/117 (7.7%)
26/117 (22.2%)

15/117 (12.8%)
13/117 (11.1%)
2/117 (1.7%)

JAMA. 2014;311(15):1503-1514. doi:10.1001/jama.2014.3316

Published online March 30, 2014
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CoreValve High Risk Pivotal RCT from ACC 2014

CoreValve US Clinical Trials

All Stroke ACC 2014

: CoreValve US Clinical Trials
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Stroke Has a Significant Impact on Mortality
Meta-analysis of 10,037 published patients

M All patients
M Patients with stroke

Patients without
stroke
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H. Eggebrecht et al, Eurolntervention 2012, 8: 129-138
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Many Strokes Occur Periprocedurally

ADVANCE Registry: Stroke Timing

100 m Stroke ®mTIA
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1.6%
(15/996)
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Timing of Neurologic Events

1.2%
(11/950)

Procedure 2-30 Days 30 Daysto 6

to 2 Days

& Interventional
N
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Months

Bosmans J, et al. EuroPCR 2012

» Procedure to 2 Days
™ 2-30 Days
® 30 Days to 6 Months

700
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Results - Transcranial Doppler Findings

. Medtronic CoreValve

. Edwards Sapien - TF

§ =l

Valve
Passage

p <
Edwards Sapien - TA
p < 0.001

II]-:DI:D-:Dm

Stiff Delivery
Wire Balloon System

P. Kahlert et al, Circulation 2012;126:1245-1255

0.001

Positioning Implant  Total
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Diffusion Weighted MRI Study

Example of an 82-year-old patient two days after successful
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[PF1

Before TAVR

TAVR:

[AH]

[PF]

Two days after TAVR

Treating Physician:
Philipp Kahlert, MD
West German Heart Center Essen
University Duisburg-Essen
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TCT 2013 Live TAVR Case: Dr. Alex Abizaid, Brazil

... this would have definitely stroked the patient...”
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Clinical Need—Stroke, Silent and Apparent

A closer look at the patients reveals a looming risk: >70% of TAVR
patients have ischemic brain lesions when examined by DW-MRI

Stroke

ilent and Apparent Cerebral Ischemia After Percutaneous
Transfemoral Aortic Valve Implantation
A Diffusion-Weighted Magnetic Resonance Imaging Study

Philipp Kahlert, MD*; Stephan C. Knipp, MD*; Marc Schlamann, M Thielmann, MD;
Fadi Al-Rashid, MS; Marcel Weber, MD; Uwe Johansson, ; ‘fendt, MD:
Heinz G. Jakob, MD:; Michael Forsting, MD; Stefan Sack, MD, FESC;
Raimund Erbel, MD, FESC: Holger Eggebrecht, MD, FESC

r transtemoral aortic valve implantation (TAWVI) due to dislodgement and subsequent
and 10%. The
rate of clinically silent
Methods and Results—
and compared with a histor

dural apparent and silent

sful in all patients.
imaging were

versus 224 [111 to 3

9 ble impairment
function nor apparent neurol

tal period among but there w
in the surgical patient ow-up diffusi 7 ted m: aging, there were
ew foci of restricted diffus d there was no residua ge ass of the

in the peri period.

Conclusions—Clinically silent new foci of restricted diffusion on cerebral magnetic resonance 1maging were detected in
almost all patients ( undergoi ly multiple, these foci were not ated with apparent
neu t ic tive fi th follow-up. Further w
needs to be directed to determine the clinical significance of these findings in a larger patient population. (Circulation.
2010
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Risk and Fate of Cerebral Embolism
After Transfemoral Aortic Valve Implantation

Schwab, MD, PHD,* Fritz Mellert, MD,§ Rolf Fimm MD# ( N

Objectives

Background

Methods

Conclusio

Miiller, MD,} J
oh Hammerstingl, MD,* Hans H. Schild, MD, PuD,}
ickenig, MD, PuD,"

ent and clinically apparent cerebral embolic events and
plantation (TAVI

TAVI is a novel therapeutic approach for multimorbid patients with severe aortic stenosis. We investigated peri-
interventional bral embolism with diffusion-weighted magneti nce imaging (DW-MRI) and its relation-
ship to ical and serologic parameters of brain injury.

Cerebral DW-MRI was performed before, directly, and 3 months after TAVI with the current third-generation sel
expanding CoreValve (Medtronic, Minneapolis, Minnesota) prosth At the timepoints of the | MRI studies,
focal neurological impairment was assessed according to the National Institutes of Health Stroke Scale (NIHSS),

nd serum concentration of neuron-specific enolase (NSE), a marker of the volume of brain tissue involved in an
ischemic event, were determined.

Thirty patients were enrolled; 22 completed the imaging protocol. Three pati 10%) had new neurological
findings after TAVI, of whom only 1 (3.6%) had a permanent neurological impairment. Of the 22 TAVI patients
with complete imaging data, 16 (72.7 d 75 new cerebral lesions after TAVI presumed to be embolic. The
NIHSS and NSE were not correlated with DW-MRI lesions.

The incidence of clinically silent per-interventional cerebral embolic lesions after TAVI is high. However, in this cohort
of 30 patients, the incidence of persistent neurological impairment was low. (Incidence and Severity of Silent and
Apparent Cerebral Embolism After Conventional and MinimaHnvasive Transfemoral Aortic Valve Replacement;
NCT00883285) (J Am Coll Cardiol 2010;55:1427-32) & 2010 by the American College of Cardiology Foundati
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DW-MRI Imaging of “Silent Lesions” Following
TAVR

Neuro-imaging with TAVR

% of patient with new ischemic lesions on

DWI-MRI 84.0%
72.7%
68.0% ° 68.0% 69.0%
Rodes-Cabau Ghanem Arnold Kahlert Astarci
JACC 2011 JACC 2010 JACC Int2010 Circulation 2010 EJCTS 2011
N=60 N=30 N=25 N=32 N=80
J(_ 0 e

Daneault et al., JACC 2011;58: 2143-50

5 NewYork-Presbyterian

Can these really all be benign?
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Lesion Volume Matters

Larger total DWI lesion volumes are associated with significantly higher
risk of clinically evident stroke (p<0.001)

Clinical Presentation

L] Hemispheric ischaemic stroke

H no focal deficit

("]
]
c
)
E=)
©
o}
[
(o]
1S
]
o]
£
=)
4

Claret Can Capture & Remove
Embolic Material Before it
<01 0.1-0.25 0.25-0.5 0.5 1-5 >5 .
Totavolume of Wl esions ) reaches the Brain

Bonati et al., Lancet Neurol 2010; 9: 353—62
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TAVR Expanding to Healthier Patients

SURTAVI

=4 and =10

AVA < 1.0cm?
Indexed AVA < 0.6 cm?/m?

STS Inclusion

Syntax Exclusion

Valve Area
Inclusion

Discharge, 30 days,
3 months, 6 months,
2 months, 18 months,
24 months, annually for
5 years

All-cause death +disaivhnc
stroke @ 2 yks (~2600 pts)
Global - US, EU, Canada
(up to 115 centers)

Follow-up Visits

Primary endpoint
(sample size)

Geography
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=4 and =10

AVA < 0.8cm?
Indexed AVA < 0.5cm?2/m?

Discharge, 30 days,
6 months, 1 year, annually
for 5 years

All-cause death_teisabling
stroke @ 2 y(s (2000 pts)
United States
(up to 60 centers)
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New Expanded AHA/ASA Consensus
Definition of Stroke, May 2013

AHA/ASA Expert Consensus Document

An Updated Definition of Stroke for the 21st Century

A Statement for Healthcare Professionals From the American Heart
Association/American Stroke Association

The American Academy of Neurology affirms the value of this statement as an educational

Endorsed by the American £ gical Surgeons and Congress
of Newr

“Silent brain infarcts increase the risk of clinical infarction by 2 to 4
times in population-based studies”

“ ..silent infarcts are associated with risk of Alzheimer disease as well
as of vascular dementia.”

Several studies have shown that patients with silent brain infarcts had a
5 times higher stroke incidence than those without.
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Stroke Redefined

AHA/ASA Expert Consensus Document

An Updated Definition of Stroke for the 21st Century
A Statement for Healthcare Professionals From the American Heart
Association/American Stroke Association
The American Academy of Neurology affirms the value of this statement as an educational
tool for neurologists.
Endorsed by the American Association of Neurological Surgeons and Congress
of Neurological Surgeons
Ralph L. Sacco, MD, MS, FAHA, FAAN, Co-Chair*; Scott E. Kasner, MD, MSCE

Joseph P. Brod
Antonio Culebras, MD, F/

Mary G. George, MD, MSPH, / 3 as|

Brian L. Hoh, MD Scott Janis, “arlos S. e, MD

00 Lee, MD, PhD: Michael E cley, PhD: Eric D.
Peterson, MD, MPH, FAH ya N. Turan, MD, MS, FAHA; Amy L. Valderrama, PhD, RN¥;
Harry V. Vinters, MD; chalf of the American Heart Association Stroke Council, Council on
Cardiovascular S and Intervention,

Council on ascular and Stroke Nursing, Council on Epidemiology and Prevention, Council on

Peripheral Vascular Disease, and Council on Nutrition, Physical Activity and Metabolism

Dawn O. Kleindorfer, MD.

Abstract—Despite the global impact and advances in understanding the pathophysiology of cerebyovascular diseases, the term
“stroke™ is not consistently defined in clinical practice, in clinical research, or in assessments of the public health. The classic
definition is mainly clinical and does not account for advances in science and technology. The Stroke Council of the American
Heart Association/American StrokeAssogiation convened a writing gfoup to develop an expert consensus document for an
updated definition of stroke for the 21st céntugy, Central nervous system infarction is defined as brain, spinal cord, or retinal
cell death attributable to ischemia, based.on neuropathological, néroimaging. and/or¢linical evidence of permanent injury
Central nervous system infarction occurs over aclinical spectrum: Ischemie stroke specifically refers to central nervous system
infarction accompanied by overt sympioms, while silent infarction by definition causes no known symptoms. Stroke also
broadly includes intracerebral hemonthage and subarachnoid hemorrhage, The updated definition of stroke incorporates clinical
and tissue criteria and can be incorporated into practice, rescarch, and assessments of the public health,  (Stroke. 2013;44:00-00.)

Silent infarcts are well recognized to
be associated with several adverse
neurological and cognitive
consequences:

- Impaired mobility

- Physical decline

- Depression

- Cognitive dysfunction
- Dementia

- Parkinson’s disease

- Alzheimer disease

An Updated Definition of Stroke for the 21st Century : A Statement for Healthcare Professionals From the American Heart Association/American Stroke
Association, Stroke. published online May 7, 2013

TVT 2014
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,Not So Silent” Lesions and Disabling Stroke

* Population based cohort study of 1077 elderly

Silent Brain Infarcts and White Matter Lesions Increase ,UEOPIE fO//OWEd for 4+ years
Stroke Risk in the General Population
The Rotterdam Scam Stody

v Hobom 5, P T Eudot 35 Mo A1 » 14.3% with silent brain infarcts developed a
g et — stroke during follow up period

* Presence of silent brain infarcts increased risk
of stroke by >3 fold

Conclusion — “Elderly people with silent brain infarcts and white matter lesions
are at a strongly increased risk of stroke, which could not be explained by the
major stroke risk factors”

Silent Brain Infarcts and White Matter Lesions Increase Stroke Risk in the General Population: The Rotterdam Scan Study
Sarah E. Vermeer, MID et al;Stroke. 2003;34:1126-1129
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Second Generation ‘Repositionable” TAVR
Devices Still Require Finesse

Safety: Death & Stroke at 30 Days prise
REPRISE Il (N=120)

Event Patients (N=119)*

All-cause mortality (primary safety endpoint) 4.2% (5)
Cardiovascular mortality 4.2% (5)

All stroke® 5.9% (7)
Disabling stroke 1.7% (2)
Non-disabling stroke 4.2% (5)

* All patients were assessed by a neurologist before and after TAVR

* One patient withdrew consent

All patients were assessed by a neurologist before
and after TAVR

Dr. lan Meredith, TCT 2013

niversitats
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Under Reporting Remains an Issue & is Even

Seen in Surgical AVR

Stroke After Aortic Valve Surgery

196 patients aged 65 years or older were evaluated by neurologists for

clinical stroke and silent infarct before and after aortic valve replacement.

Clinical Stroke  No Clinical Stroke

In-Hospital Mortality (n = 34) (n=162) P Value
All NIHSS Scores 9% 4% NS
NIHSS Score > 10 38% 4% .005

Clinical stroke was identified in 17% of patients. The same cohort had a
stroke rate of 6.6% reported in the Society for Thoracic Surgery database.

Conclusion: Clinical stroke after AVR occurs more often than previously
thought and can be associated with higher risk of in-hospital mortality.

Messé SR, et al. Circulation.
2014;Epub ahead of print.

termd o
. . The Source for Interventional Cardiovascular News and Education CasmoawserLAR REmAGY

uuuuuuuuuuu

Messé SR, Acker MA, Kasner SE, et al. Stroke after aortic valve surgery: results from a prospective cohort. Circulation. 2014,Epub ahead of print

VT 2014
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Future Reporting Must be Consistent

Valve Academic Research Consortium
(VARC) 2: Updated Definitions?

Updated Stroke Definitions

Modified Rankin score < 2 at 30 and 90 days*
OR an increase in the modified Rankin score of < 1

Modified Rankin score 2 2 at 30 and 90 days AND an
increase in the modified Rankin score of 2 1

Non Disabling

Disabling

Supercedes original VARC® stratification of TIA, minor and major
strokes. Ischemic or hemorrhagic stroke classified per proposed
FDA consensus panel definitions.

*Modified Rankin score assessments should be made by qualified individuals according to a
certification process. If there is discordance between 30- and 90-day scores, a final
determination will be adjudicated by the neurology members of the clinical events committee

1 3. Serruys P, et al. TVT 2012. b. Leon MB, et al. J Am Coll Cordiol
2011;57:253-269 "."’,_,,J Medscape

ention

Studies must encourage Independent Neurologist
pre & post assessment to ensure correct reporting
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Neuro Cognition Testing Post-TAVR is Complex
and Needs Specific Battery of Assays

® Heart Disease & Neurocognition
= CABG
= Atrial Fibrillation

—_

— Embolism

—
—_

= Cardiac Arrest
— Perfusion Failure

= Heart Failure
= TAVR > Both?

-
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Cerebral Protection Reduces Periprocedural
Strokes During Carotid Angioplasty & Stenting

Pooled Analysis for Total Stroke Rate Within 30 Days After
Protected and Unprotected Carotid Stenting in 134 Studies™

With Protection (n=82) Without Protection (n=76)

Procedures Total Strokes Procedures Total Strokes

All patients 324 (2.6%) 474 (4.2%) j 0.54 to 0.72

91 (3.8%) 176 (5.6%) F 0.52 to 0.86

Symptomatic
41 (1.7%) 56 (2.8%) ] 0.41t0 0.9

Asymptomatic
L 2

RR: relative risk, Cl: confidence interval.
* 24 studies included data on both protected and unprotected CAS. Of all studies, only 67 studies reported

outcomes on symptomatic patients (34 with protected and 39 with unprotected stenting), while 56 reported
outcomes on asymptomatic patients (28 with protected and 30 with unprotected stenting).

1+ P<0.05.

Why should this be different in TAVR?

Garg et al: J Endovasc Ther. 2009;16:412-427
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The Answers Are Coming Soon

1:1 Blinded RCT
N=100
CoreValve with & without Claret Montage
Principal Investigator
Axel Linke, MD
Leipzig Heart Center (Leipzig, Germany)

CLEAN TAVI Study to b
Serial volumetric signature in positive post-procedure tu y to e

DW-MR perfused brain lesions at 2,7, 30, and 360 days

post-procedure relative to baseline Prese nted at TCT 20 14

Secondary Endpoints

-Neurocognitive Tests
NIHSS, MMS, MoCA, Barthel @ 2,7,30,& 360days
Modified Rankin @ Index & 90 days

-Correlation of captured debris with MR lesions
-Correlation of TCD with DW-MR lesions

Expected Completion

-Enroliment Q4 2013-Q1 2014
-30-day data Q1 2014

TVT 2014
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Devices Are Shown to be Effective in Extracting
Debris

Distribution of Debris Captured (n=30)

Prevalence of Cases
with Any Debris (n=40)

(%) (%)
100 —————— 100
75%
80— 80
(30/40)
60 - — 60 |
40 - — 40 |
17% -
20 — 20 (5/30) 13%
(4/30)
0 — Y o
Any Debris Thrombus Tissue Calcium Forelg_n
Material

So why would you NOT use them routinely?

Van Mieghem et al, Circulation 2013;127:2194-2201
Debris analysis by Dr. Renu Virmani, CVPath Institute of Histopathology
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Accepted Wisdoms are Sometimes Flawed...

In-Stent Restenosis is NOT Benign

W 2uro

PCR Bartsand The London PCR Restenosis in All Patients

|n-Stent REStenOSIS IS nOt SImply d Comparison of Mortality between Restenosis and No Restenosis in ACS
benign clinical entity: It presents i
as ACS in 40% of cases

—— No Restenosis
— Restenosis

Rathod KS, Jones DA, Rathod VS, Akhtar M,
Guttmann Q, Pain T, Behar J, Jain A, Mathur A,
Knight C and Wragg A
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Department of Cardiology, Barts and the London NHS Trust, 730 1095 1460 1825

London, United Kingdom Days
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Neither are ‘silent’ lesions in the brain
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My Conclusion

® Devices are Improving
® Procedural Techniques are improving
e Patient Selection is Improving

e Adjunctive pharma therapy is improving

: Embolic Stroke still remains an issue in TAVR
and is truly devastating!!!

Cerebral Protection will (and should) become
Standard of Care
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