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Stroke Outcomes
One of the most feared complications of TAVI

Post-TAVI stroke leads to poor outcomes for patients and their families. Although rates are low,
reducing the risk of stroke remains an important concern for the future of the therapy.

Post-TAVI stroke is associated with:

Increased in-hospital

& 30-day mortality
Decreased neuro-

cognitive function

Decreased discharge
home post-TAVI

Impaired social and
recreational activities

‘ lHuded, et al. JAMA 2019;321:2306-15. Kapadia et al. Presented at TVT 2019.



Stroke Incidence —

U.S. Registry reports ~2% stroke rate

Registry data from 276,000+ U.S.
patients show that the rate of 30-day
stroke has decreased slightly over
time from 2.8% in 2012 to 2.3% in
2019.

This likely reflects:

* Changing patient demographics
towards lower risk patients

* Increased operator experience

* Refined procedural techniques.

Carroll, et al. JACC. 2020; 76:2492-516

Stroke Rates after TAVR
U.S. TVT Registry data
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Stroke Incidence —

Timing After TAV|

The greatest risk of stroke is in the immediate post-TAVI period. In an analysis of over 100,000 TAVI
patients, the median time to stroke was 2 days.
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Hemorrhagic stroke 101430 99781 98964 98425 97997 97661 88317
Undetermined stroke 101430 99785 98956 98423 98002 97 667 88322

'Huded, et al. JAMA. 2019;321(23):2306-2315.



Stroke Risk Factor —

Baseline Calcium Volume

Greater aortic valve calcification is related to increased microemboli released during TAVI.
However, calcium is not the only material debris that embolizes during a TAVI procedure.

TABLE 4 Correlations between high intensity transient signals (HITS) and calcium score

Correlation Spearman's correlation p value
Solid HITS vs valve calcium score 0.319 0.033
Gaseous HITS vs valve calcium score 0.162 0.289
Solid HITS vs root calcium score -0.170 0.263
Gaseous HITS vs root calcium score -0.078 0.612
Solid HITS valve positioning vs valve calcium score 0.315 0.035
Gaseous HITS valve positioning vs Valve calcium score 0.290 0.053

Significant values are highlighted in bold.

Aggarwal, et al. J interv Cardiol 2018;31:646-54.



Procedure-related Embolic Events —

Embolized debris beyond calcium
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Procedure-related Embolic Events
Microemboli detected at all stages of TAVI procedure

e Although data are limited to small patient numbers, these studies show microemboli can be detected
using transcranial Doppler during each step of the TAVI procedure.

* This suggests that debris can be embolized by friction between the wires, balloons, valve, or catheters and
the native anatomy.
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Procedure-related Embolic Events —

Microemboli detected at all stages of TAVI procedure

The top procedural steps associated with emboli are valve positioning, crossing the valve, or
exchanging catheters.

TABLE 3 Number of solid and gaseous emboli occurring at each time point during TAVI
Solid Gaseous
Time point n= Median (IQR) Median (IQR)
Insertion of diagnostic catheters 61 4.0 (0.5-140) 115 (3.0-44.5)
I Cross valve/exchange catheters 63 15.0 (6.0-33.5) 610 (26.0-99.0) I
Insert balloon 30 1.75 (0.9-3.0) 6.25 (28-9.0)
Balloon valvuloplasty 30 3.25 (18-9.3) 15.0 (6.1-39.1)
Valve transition through arch 54 1.0 (0.0-1.6) 3.25 (0.0-8.6)
| Valve positioning 63 270 (16.5-40.5) 86.0 (57.5-127.5) |
Valve deployment 62 2.5 (0.5-10.3) 8.0 (20-41.1)
Remove delivery system 59 7.5 (4.0-13.0) 235 (11.0-420)
Late emboli 55 5.0 (1.5-10.0) 225 (6.0-30.0)
Total 63 760 (61.0-112.0) 2785 (202.0-372.0)

Aggarwal, et al. J interv Cardiol 2018;31:646-54.



Procedure-related Embolic Events —

Must prioritize patient outcomes over microemboli risk

The observed presence of microemboli did not impact stroke rates, with zero stroke events recorded during the

TABLE 3 Number of solid and gaseous emboli occurring at each time point during TAVI

Solid Gaseous
Time point n= Median (IQR) Median (IQR)
Insertion of diagnostic catheters 61 4.0 (0.5-14.0) 11.5 (3.0-445)
I Cross valve/exchange catheters 63 150 (60-33 5} 610 (26.0-99.0) I
Insert balloon 30 1.75 (0.9-3.0) 6.25 (2.8-9.0)
Balloon valvuloplasty 30 3.25 (1.8-9.3) 150 (6.1-39.1)
Valve transition through arch 54 1.0 (0.0-1.6) 3.25 (0.0-8.6)
I Valve positioning 63 270 (16.5-405) 860 (57.5-127.5) I
Valve deployment 62 2.5(0.5-10.3) 8.0 (2.0-411)
Remove delivery system 59 7.5 (4.0-13.0) 23.5 (11.0-42.0)
Late emboli 55 5.0 (1.5-10.0) 22.5 (6.0-30.0)
Total 63 760 (61.0-1120) 278.5 (202.0-372.0)

Aggarwal, et al. J interv Cardiol 2018;31:646-54.

ju

Proper positioning and
use of post-dilation when
necessary to avoid
moderate/severe PVL and
pop-out should of course
be prioritized over
concerns of silent
microemboli.




Considerations for Stroke Prevention —

Valve design and features

The only randomized trial to date comparing contemporary balloon- and self-expanding valves (SOLVE
TAVI) demonstrated a significantly lower rate of stroke in the self-expanding Evolut R cohort at 30 days.

This difference may have been related to less experience among operators with the
balloon-expandable valves.
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Thiele, et al. SOLVE TAVI. Presented at TCT 2018



Considerations for Stroke Prevention —

Valve design and features

Recapturability is a key benefit among contemporary self-expanding TAVI devices. Around 30% of TAVI
cases in the Evolut Low Risk trial used the recapture feature, and up to 40% of Portico TAVI cases have
reported using recapturability.

Evolut PRO Portico Venus A Acurate neo

Recapturable Yes Yes Yes No

Attizzani, et al. JACC Interv 2020;13:1816-24.



Considerations for Stroke Prevention -

Recapturability not associated with increased risk of stroke

Although valve deployment has been associated with release of microemboli in small studies, recapture
and redeployment was not associated with increased stroke in the Evolut Low Risk Trial.
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catheter Aortic Valve Implantation) trial continued access study and the Evolut Low Risk Trial between June 2016 and
November 2018 were combined. Baseline multidetector computed tomography data were analyzed for the Evolut Low

Attizzani, et al. JACC Interv 2020;13:1816-24.




Considerations for Stroke Prevention —

Recapturability not associated with increased risk of stroke

A recent single-center study found no significant difference in stroke rates between self-expanding TAVI with
recapture, self-expanding TAVI without recapture, and balloon-expandable TAVI.
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Kefer et al., Int J Cardiol Heart Vasc. 2020;26:100462.



Considerations for Stroke Prevention —

Cerebral embolic protection devices

Transcatheter neuroprotection during TAVI is a high-interest subject for patients and clinicians, though
clinical evidence on effectiveness of stroke prevention is lacking.

Several devices are currently under investigation. Sentinel is currently the only device with CE mark and
U.S. FDA approval.

Claret Medical Keystone Edwards ICS
Sentinel TriGuard Embrella Emblok

-




Considerations for Stroke Prevention
Cerebral embolic protection devices/Triguard

The REFLECT study randomized patients to TAVI alone or TAVI with the TriGuard cerebral protection device
and found similar rates of in-hospital stroke and 30-day stroke compared to controls. Use of CEP did meet
the safety threshold for MACE events at 30 days.

Stroke Timing: In-Hospital vs 30 days

In-hospital 30 days

Primary Safety Endpoint: 30 Day MACE
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Moses. Presented at TCT 2020.




Considerations for Stroke Prevention
Cerebral embolic protection devices/Sentinel

Similarly, the Sentinel embolic protection device met the MACCE safety endpoint and demonstrated a
lower total volume of brain lesions compared to TAVI without CEP.
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Considerations for Stroke Prevention
Cerebral embolic protection devices/Sentinel
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Considerations for Stroke Prevention —

Cerebral embolic protection devices

A large study from the U.S. TVT Registry analyzing 123,000+ total patients showed no difference in stroke between
those using CEP and those who did not.

Primary Endpoint: In-Hospital Stroke

Adjusted RR 0.90
(99% CI1 0.68-1.13; P=0.41)

Analytic Cohort
(n=123,186)

—

No EPD
(n=110,777)

Cohen. Presented at TCT Connect 2020.




Considerations for Stroke Prevention
Selective CEP use

[ The current evidence still demonstrate the safety of these CEP devices. ]

Implanters may choose to continue CEP use for the apparent advantage of captured debris

Selective CEP Use

Use of CEP varies widely across institutions. In
the absence of data showing efficacy, some
operators may consider using embolic protection
selectively in patients who may be at higher risk
of stroke/TIA events.

Operators may consider using CEP in patients with:

Bicuspid aortic valve / V-in-V
Highly calcified valve or aorta

History of stroke

.



Considerations for Stroke Prevention
Need for a large, randomized study on CEP

There is still a need for a large, randomized study and use of embolic protection.

The randomized PROTECTED TAVR Trial is currently investigating TAVI outcomes with or without use of
the approved Sentinel device. The primary endpoint is stroke events within 72 hours of TAVI.

PROTECTED TAVR

Randomized, prospective trial
N=3,000

Primary Completion: June 2022

;—_—



Considerations for Stroke Prevention
Need further study on “silent” brain lesions and long-term cognitive impact

While several methods of quantifying microemboli and subclinical brain lesions have been used in
embolic protection studies to date, we do not yet have robust data on what size or location of lesion
may have the most clinical impact to the patient.

Identifying thresholds or markers of subclinical lesions that may affect patients’ neurocognition in the
long term would help ascertain utility of CEP devices in these younger, lower risk patient population
beyond overt reduction in stroke.

Methods of assessing microemboli and brain lesions

Brain lesion volume by diffusion-weighted MRI

High-intensity transient signals (HITS) detected by
transcranial Doppler

Debris volume (mm?3)

;—_—



Antithrombotic Regimen —

Antiplatelet and Anticoagulation

Antithrombotic regimen is another key piece of maintaining a low risk of stroke. The optimal antithrombotic
regimen for TAVI patients is largely undefined, as it must balance the risk of bleeding and other patient
outcomes.

é@i‘x
Cerebrovascular events @3

" 6
Koy
Leaflet thrombosis @

Bleeding events

-97: 3Chakravarty et al. Lancet. 2017;389:2383-92. “Hansson et al. JACC 2016;68:2059-69. >Overtchouk, et al. JACC 2019:73;13-21. Lugo et al. European Cardiology



Antithrombotic Regimen Post-TAVI -

U.S. and EU. guidelines

The current European Society of Cardiology and ACC/AHA guidelines (last updated in 2017), recommend dual
antiplatelet therapy for the first 3-6 months post-TAVI, or single antiplatelet therapy in patients at high risk of
bleeding as Class 2b recommendation

Class and Level

Recommendations of Evidence
ESC/EACTS Dual antiplatelet therapy should be lla, C
guidelines considered for the first 3-6 months after
(2017) TAVI, followed by lifelong single

antiplatelet therapy in patients who do
not need oral anticoagulation for other
reasons

Single antiplatelet therapy may be lla, C
considered after TAVI in the case of high
bleeding risk

ACC/AHA Clopidogrel 75 mg daily may be IIb, B-NR
guidelines reasonable for the first 6 months after
(2017 Update)  TAVR in addition to life-long aspirin 75 mg

to 100 mg daily

Anticoagulation with a VKA to achieve an IIb, C
INR of 2.5 may be reasonable for at least 3
months after TAVR in patients at low risk

of bleeding

Lugo et al. European Cardiology Review 2020;15:e0S



Antithrombotic Regimen Post-TAVI
U.S. guidelines now recommend SAPT (Class 2a level of evidence)

The recently updated ACC/AHA antithrombotic guidelines now include single antiplatelet therapy (SAPT) as a
reasonable post-TAVI regimen in most patients, informed by the ARTE randomized trial and recent meta-

analyses demonstrating similar efficacy with SAPT compared to dual antiplatelet therapy, but with decreased
risk of major bleeding events.

The guidelines also highlight results from the GALILEO trial, which was halted early for increased safety risk in
patients taking rivaroxaban plus aspirin post-TAVI.

h -

- 10. For patients with a bioprosthetic TAVI who are at low risk of bleeding, dual-antiplatelet therapy with
2b

aspirin 75 to 100 mg and clopidogrel 75 mg may be reasonable for 3 to 6 months after valve implan-
tation (12,13,29).

12. For patients with bioprosthetic TAVI, treatment with low-dose rivaroxaban (10 mg daily) plus aspirin
(75-100 mgq) is contraindicated in the absence of other indications for oral anticoagulants (30).

Otto et al. JACC 2020; ePub

5. For patients with a bioprosthetic TAVI, aspirin 75 to 100 mqg daily is reasonable in the absence of other
indications for oral anticoagulants (12-14).




Antithrombotic Regimen Post-TAVI —

Ongoing studies

The key balancing act for post-TAVI antithrombotic regimen is to mitigate risk of thromboembolic events and
valve thrombosis without introducing elevated bleeding risk.

No other indication for OAC

Antiplatelet-based Anticoagulant-based

strategies strategies

PTOLEMAIOS GALILEO

(aspirin + ticagrelor (aspirin + rivaroxaban
versus aspirin + clopidogrel) versus aspirin + clopidogrel)

TIC TAVI AUREA

(ticagrelor versus (VKA versus
aspirin+ clopidogrel) aspirin + clopidogrel)

ADAPT-TAVR

(edoxaban versus
aspirin + clopidogrel)

LRT 2.0
(aspirin + VKA
versus aspirin)

With or without indication for OAC

Indication for OAC

Antiplatelet and
anticoagulant-based
strategies

Anticoagulant-based
strategies

POPular-TAVI ATLANTIS

(apixaban versus
aspirin + clopidogrel/
apixaban versus VKA)

(aspirin + clopidogrel
versus aspirin/
OAC + clopidogrel
versus OAC)

Anticoagulant-based
strategies

AVATAR
(OAC versus
aspirin + OAC)

ENVISAGE-TAVI AF

(edoxaban versus VKA)

There are several ongoing trials that aim to further define proper
antithrombotic strategies for TAVI patients.

Lugo et al. Eur Cardiol Rev 2020;15:e09.



Considerations for Longer-term Stroke Risk —

Subclinical thrombosis/HALT

Subclinical leaflet thrombosis, also known as HALT, is relatively common after TAVI and SAVR. An early

study from the RESOLVE registry showed HALT may be associated with risk of stroke/TIA, recent larger
studies have not supported this finding.

The HALT substudies conducted within the randomized PARTNER 3 and Evolut Low Risk trials included

prospective CT follow-up at 30 days and 1-year post-TAVI and did not show an association between
HALT and increased stroke/TIA events.

No HALT HALT <25% HALT 25-50% HALT 50-75% HALT >75%

Makkar RR, et al. N Engl J Med 2015; 373:2015-24. Chakravarty, et al. Lancet 2017; 389:2383-2392. Blanke JACC
2020;75:2430-42. Makkar, JACC 2020;75:3003-15



Considerations for Longer-term Stroke Risk -

Subclinical thrombosis

We also know that subclinical thrombosis is a dynamic phenomenon: HALT can resolve
spontaneously and may appear 1 year after TAVI or later.

Evolut Low Risk CT Substudy PARTNER 3 CT Substudy

30 days 1year
(n =152) (n =152) 30 Days 1Year

HALT
HALT
N =11 (44%)

N=15
(3 on OAQ)

No HALT
N=11
(2 on OAQC)

No HALT*
N =14 (56%)

HALT

HALT

N=32
N = 46 (21%)

(0 on OAC)

No HALT
N =217

No HALT

N=]eb No HALT

N =171 (79%)

No HALT
N =94

(5 on OAC)

Blanke JACC 2020;75:2430-42; Makkar JACC 2020;75:3003-15.



Minimizing Embolic Events
Summary of Evidence

* Rates of stroke have declined slightly over the past 5 years, but stroke prevention remains an
Important area for improving patient outcomes post-TAVI.

« Most TAVI-related strokes occur within the first few days after the procedure, affecting
approximately 2% of patients.

« Subclinical ischemic lesions occur at all stages of the TAVI procedure, but the clinical impact and
long term prognosis of these silent infarcts are unknown.

« Embolic protection devices are being studied for reducing risk of stroke and can be considered
safe in TAVI patients. They might be used in a certain subset of patients

« Optimal antithrombotic regimen and the significance of HALT/subclinical leaflet thrombosis are still
undefined.

.
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Thank you for your kind attention!
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