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Previous Treatment Options
for Carotid Revascularization

Gold Standard Less Invasive Alternative :
Carotid Endarterectomy Transfemoral, Filter Protected CAS

Low stroke risk?, but é Patient friendly, long-term

. . . durability!, but é
Invasive; risk of surgical

complications Excess procedural stroke risk
Risk of cranial nerve injury? Procedure itself can create
Return to OR for wound complications thrombo -embolic event

CREST: 2.1% unresolved at 6 months(80% motor)

ICREST Trial: NEngl J Med 2010;363:1123
2 Circulation. 2012;125:22562264




Proof of Concept
TransCarotid Revascularization With Flow Reversal Literature

Major Minor
Stroke Stroke
(30 days) (30 days)

# Death
Stents (30 days)

Chang 2004

Lin,Kolvenh
2005

Pippinos 2005
Matas 2007
Criado 2007

Faraglia2008

Leal 2010
TOTAL

100% at6M

100% at6M

100% at 12M
98% at 6M
97% at40M
100% at 6M
100% at 3M







Microembolization During Carotid Artery Stenting

A Randomized Trial of Proximal Versus Distal Cerebral Protection
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Montorsi Pet al. JACQ011 pMusialek@ IC12017



CAS vs CEA: CRIP&fIprocedurabata

Table 2. Primary End Point, Components of the Primary End Point, and Other Events, According to Treatment Group.*

End Point Periprocedural Period

Absolute Treatment
Effect of CAS vs. CEA

Hazard Ratio for
CASvs. CEA

CAS (N=1262) CEA (N=1240)
no. of patients (% +SE)
Death 9 (0.7+0.2) 4 (0.3:0.2)
Stroke

Any 52 (4.120.6)
11 {0.9£0.3)

Major nonipsilaterali 0
37 (2.920.5)
4(0.320.2)
14 (1.140.3)
52 (4.120.6)

29 (2.3:0.4)
4(0.320.2)
4(0.3:0.2)

17 (1.410.3)
4(0.3:0.2)

28 (2.3:04) |

29 (2.310.4)

Major ipsilateral

Minor ipsilateral

Minor nonipsilateral

Myocardial infarction I

Any periprocedural stroke or postprocedural
ipsilateral stroke

Major stroke 11 (0.940.3)

41 (3.220.5)

55 (4.420.6)

8 (0.6+0.2)
21 (1.7+0.4) |
29 (2.310.4)

Minor stroke

Any periprocedural stroke or death or post-
procedural ipsilateral stroke

Primary end point (any periprocedural stroke,
myocardial infarction, or death or
postprocedural ipsilateral stroke)

66 (5.2:0.6) 56 (4.5:0.6)

(95% Cl)
percentage points
0.4 (-0.2t0 1.0)

1.8 (0.4103.2)
0.5 (-0.1t0 1.2)
NA

1.6 (0410 2.7)
0.0 (-0.4 to 0.4)
1.1 (-22t0-0.1)
1.8 (0.4t03.2)

0.2 (-0.5t0 0.9)
1.6 (0.3 to 2.8)
2.0 (0.6t0 3.4)

0.7 (-1.0t0 2.4)

(95% Cl)

2.25 (0.69 to 7.30)F

1.79 (1.14 10 2.82)

2,67 (0.85 to 8.40)
NA

2.16 (1.22 t0 3.83)

1.02 (0.25 to 4.07)

0.50 (0.26 to 0.94)

1.79 (1.14 to 2.82)

135 (0.54 to 3.36)
1.95 (1.15 to 3.30)
1.90 (1.21 to 2.98)

1.18 (0.82 to 1.68)

PValue

0.18¢

0.01
0.09
NA
0.009
0.98¢

— A Carotid endarterectomy
(CEA) associate with more
M

0.52

0.005

A Carotid-artery stenting
o3% (CAS) associate with more
minor stroke

Brott et al. NEJM 2010;363




A comparative analysis of long-term mortality after carotid endarterectomy and carotid
stenting

Jesse A. Columbo, MD, Pablo Martinez-Camblor, PhD, Todd A. MacKenzie, PhD, Ravinder Kang, MD, MS, Spencer W. Trooboff, MD,
MBA, Philip P. Goodney, MD, MS, A. James O'Malley, PhD

Journal of Vascular Surgery

Volume 69, Issue 1, Pages 104-109 (January 2019)
DOI: 10.1016/j.jvs.2018.03.432

Long-Term Mortality Following
Carotid Endarterectomy (CEA) and Carotld Stentlng (CAS)

TAKE HOME MESSAGE

S5YEAR

MORTALITY 2 W Patients who

underwent CEA
3 were 25% less likely
CEA vs CAS XA | to die than those

Hazard Ratio: | §9 who had CAS
0.75 |

(95% Cl: 0.70-0.81)

J VS.; | ;r S reeny Columbo et al. J Vasc Surg January 2019 y @ivascsurg

Copyright © 2019 by the Society for Vascular Surgery® K1 @mheivascsurg




TRIAL YEAR N

DEATH

0.67vs
0.86%

MAJOR MINOR AMI

CVA

4vs2.9%

CVA

3.5vs
3.25%

CNI

ACCESS
SITE
COMP

0.8vs1.2%
P=0.68

2.7vs0.4

6.1vs
2.3%

ICSS
(Interim)

1.4vs0.5%
P=0.072

1.6%vs
1.7%

4.3%vs
1.2%

CREST

0.7vs0.3
P=0.18

0.9vs0.6
P=0.52

3.2VSs
1.7
P=0.01

0.1vs0.3
P=0.43

0.5vs0.3
P=1.0

2.4vs
1.1
P=0.20

Minor Strokeis More CommonAfter CAS: Factor




ICSS DWI sub study

A 73% of CAS patients with distal filter protection developed new ischemic
infarcts by DWI-MRI

A 17% of Carotid Endarterectomy

Distal filters produce > 4X higher incidence of cerebral
embolization vs. CEA




CAS vs CEA: CREST 10y Date

A Primery Campouite tnd Poie

CEA and CAS are SIMILAR at LTarghFU
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(S , LongTerm Results oStenting versus Endarterectomy for Carefidery

L —— Stenosis
"' 1) 406k hal 4 Thomas G. Brott, M.D., George Howard, Dr.P.H., Gary S. Roubin, M.D.,
e e Ph.D., James F. Meschia, M.D., Ariane Mackey, M.D., William Brooks, M.D.,
Wesley S. Moore, M.D., Michael D. Hill, M.D., Vito A. Mantese, M.D., Wayne
M. Clark, M.D., Carlos H. Timaran, M.D., Donald Heck, M.D., Pierre P.
Leimgruber, M.D., Alice J. Sheffet, Ph.D., Virginia J. Howard, Ph.D., Seemant
Chaturvedi, M.D., Brajesh K. Lal, M.D., Jenifer H. Voeks, Ph.D., and Robert
W. Hobson, I, M.D., for theRESZL y @S & G A 3 (2 NA K
N Engl J Med 2016; 374:1620@31March 17, 2016DOI:
10.1056/NEJMo0a1505215
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Follow-up 1
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81 % new DWI lesions after
CAS

36 % after CEA

CAS predictor of Infarction
Improved cognitive function
after CEA-but significantly
decreased after CAS

Cognitive Changes

The larger the Micro Emboli on DWMRI

The more severe cognitive decline

From the Society for Vascular Surgery

Volume of subclinical embolic infarct correlates to
long-term cognitive changes after carotid revascularization

Wei Zhou MDD Srittanie D. Baughman MS* Salil Soman MD* Max Wintsemark. MD
laura C Lazzeront PO Elizabeth Hichner. MS” Jyoti Bhat. MS, sexf Allyson Rosen, PhD " 2yl
Stanforg Calf arc Cambvooe Mam
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TCARA Less Invasive
Surgically Inspired Solution

Direct Carotid Access Direct Carotid Access (avoid arch)
CCA Clamp & Loop Control CCA Clamp & Loop Control
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" DirectiGarotid Access Eliminates Arch Navigation

"OAR Procedure

Carotid Artery Revascularization




Transcarotid artery revascularization versus transfemoral carotid artery stenting in the
Society for Vascular Surgery Vascular Quality Initiative

Mahmoud B. Malas, MB, MD, MHS, Hanaa Dakour-Aridi, MD, Grace J. Wang, MD, Vikram S. Kashyap, MD, Raghu L. Motaganahalli,
MD, Jens Eldrup-Jorgensen, MD, Jack L. Cronenwett, MD, Marc L. Schermerhorn, MD

Journal of Vascular Surgery
Volume 69, Issue 1, Pages 92-103.e2 (January 2019)
DOI: 10.1016/j.jvs.2018.05.011

Trans-Carotid (TCAR) vs. Trans-Femoral (TFCAS) Carotid Artery Stenting

Higher risk
after TFCAS
than after
TCAR for:

All stroke & TIA
(OR 2.21)

In-hospital =
stroke, TIA, |« 3.8% ; Composite
death ~—1 | \\ Stroke/TIA/Death
(OR 2.10)

W @lVvascSurg
@ThelVascSurg

Malas et. al. J Vasc Surg January 2019

Copyright © 2019 by the Soclety for Vascular Surgery®




THE PROOF IS IN THE FILTER

Macro & Micro emboli in ENROUTE® NPS FILTERS
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ROADSTER 2:
Clinical Outcomes

Patients Treated Per Protocol
ROADSTER 1 | ROADSTER 2| ROADSTER 2

Patients with Patients with
30-day F/U 30-day F/U

Stroke/Death/M| 6 3.0% 2 0.9%
Stroke 0.5% 0.9%
Death 1.0%

All Patients

0.8%
0.8%

2
2
O
p

1 2
2 0
3 2

ROADSTER 2 Stroke in Asymptomatic Patients = 0.5%
ROADSTER 2 Stroke in Symptomatic Patients = 1.3%

SchneideP.LINC2017




Proof Studyn =75

Clinical Investigation

Joumal of Endovascular Therapy
1-6

Transcarotid Artery Revascularization © The Author(s) 2017
Reprints and permissions:

With Flow Reversal: The PROOF Study sagepub.com/journalsPermissions nav

DOL 10.1177/15266028 17693607
WWW.evLOrg

©SAGE

Alper Alpaslan, MD'"", Max Wintermark, MD?, Laszlé Pintér, MD?,
Sumaira Macdonald, MD*, Richard Ruedy, BA®*, and Ralf Kolvenbach, MD""'

liansieNSYOeon e contraateraier 48 M,

Acute device success 68 (90.6)
Procedural success 68 (90.6)
Establishment of reverse flow circuit 71 (94.6)
Tolerance to reverse flow (n=71) 71 (100)
Average time of reverse flow, min 19.1£8.2
Average time on high flow, min 12.2£5.6
Residual stenosis, % 1241 14.4




The PROOF Study
Micro-Emboli Measurement

DW-MRI Studies - Si | k Ro aldké Qutc@ieA

% w/ New DWI

Procedure Embolic Protection Patients :
Lesions

CEA Clamp, backbleed

Transcarotid Access,

Silk Road w/ Flow Reversal

56

Proximal occlusion
Transfemoral CAS (MOMA) 31

Transfemoral CAS Distal filter (various) 51

Transfemoral CAS Distal filter (Emboshield) 31




TCAR ( PRO@Bilkroad ) 16, 1 % (48 h)

New DWI
Lesions

: 0
— AR Wi VI e Mesh CoveredStent( cGuardinspire MD ) 37,0 % (48 h)

Stents ( Transfemora) * 4% after 30days

\ j \ / CEA (ICSS) 17% (48 h)
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Canthis be prevented?

0 % 30 ckventrate

A Prospective, Multicenter Study of
a Novel Mesh-Covered Carotid Stent

The CGuard CARENET Trial
(Carotid Embolic Protection Using MicroNet)

Joachim Schofer, MD,* Piotr Musiatek, MD, DPui,| Klaudija Bijuklic, MD,* Ralf Kolvenbach, MD,!
Mariusz Trystula, MD,: Zbigniew Siudak, MD, i Horst Sievert, MD




Symptomatic Carotid Patients

TCAR +open cell Stent (Precise) TCAR Mesh Stent Mesh Stent transfem.
% %
No of Patients
TIA
Stroke

Restenosis 1 (common Caroid) 3,57 %

DWMRI Lesions ne 14,28% 17,64%
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TCAR a Ganghanger?

Trans-Carotid (TCAR) vs. Trans-Femoral (TFCAS) Carotid Artery Stenting

Higher risk
after TFCAS
_— . than after

Stroke/ | /5 =0 ' TCAR for:

TIA S ¥ R
(/ \ All stroke & TIA
y (OR 2.21)

In-hospital
stroke, TIA, 8% 2% Composite

death S \ Stroke/TIA/Death
(OR 2.10)

Malas et. al. J Vasc Surg January 2019 W @vascSurg
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Conclusion

TCARcan mostprobablyyieldresultsidenticalto CEA irsymptomaticpatients

ProximalProtectionis more essentiakthan the type ofstentused

Dataare lackingg numbersare too small whethera combinationof mesh
coveredstentsand TCARanyield evenbetter results.We have nodatato prove

this




