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Stroke Statistics

About 795,000 Americans each year suffer a new or
recurrent stroke. That means, on average, a stroke
occurs every 40 seconds.

Stroke kills more than 129,000 people a year. That's
about 1 of every 18 deaths. It is the 5th leading
cause of death.

On average, every 4 minutes someone dies of stroke.

Americans paid about $95 billion in 2015 for stroke-
related medical costs and disability.
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PREVALENCE OF ASX DZ

* |tis now estimated that some 6% of
Americans over 65 harbor an asymptomatic
carotid artery stenosis >50%

2 O'Leary, D.H., Polak, J.F., Kronmal, R.A_, Kitiner, S.J., Bond, M.G., Wolfson, S.K. Jr. et al.
Distribution and correlates of sonographically detected carotid artery disease in the
cardiovascular health study. The CHS collaborative research group. Stroke. 1882; 23:

17521780

3 Prati, P., Vanuzzo, D., Casaroli. M., Di Chiara, A., De Biasi, F., Feruglio, G.A. et al.

Prevalence and determinants of carotid atherosclerosis im a general population.

Stroke. 1892; 232 1705-1711




Nat’| History of Asymptomatic
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REduction of Atherothrombosis
for Continued Health

e Carotid stenosis >70% significantly increases
stroke risk irrespective of the fact that 70% of
this cohort were on statin medications




Stroke Without Prior TIAs

Source Prior TIAs
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Progression of Asymptomatic Carotid Stenosis
Despite Optimal Medical Therapy

Plaque Progression
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The natural history of asymptomatic severe carotid

artery stenosis Patients: 115
R o e o D e VA e W Statins: 86%

lel 8900

Statin & ASA: 79%
Arteries: 126

70 - 89%: 88 (70%)

90 - 99%: 38 (30%)

F/U: 2 - 90 (mean, 64) months

Ischemic Events: 31 Patients

- 74% Within 1 Year
CVSs: 45%
TIAs: 55%
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Predictors and 011111::"11 significance of progression or
regression of asymptomatic carotid stenosis

Fresented in a plenary session at the 2013 Vascular Annual Maeting of the Society for Vascular Surgery, San
Francisco, Calif, May 30-June 1, 2013

Stavros K. K: 5 MDD, PhD, RVT, urulr. M, MNicolaides, MS, PhD, FFH"-:E' I, loanna Charalambows
Datydd Thorr . r.ﬂ[l i'i-i‘I[ P. Argyrios € wopoulos, M A Ross N wlor, ML), FR i 0%
MDD, FhD, Anng L Abbolt, MBBS, I-I-:U'u P, PhD for tlu Asymplomalic L.ulr_tlu Stenosis and Risk of Stroke
{(ACSRS) Study Group

A total of 1121 patients with asymptomatic carotid stenosis of 50% to 99% in relation to the
bulb diameter (European Carotid Surgery Trial [ECST] method) underwent six monthly clinical
assessments and carotid duplexes for up to 8 years (mean follow-up, 4 years).

Regression occurred in 43 (3.8%), no change in 856 (76.4%), and progression in 222 (19.8%)
patients.

For the entire cohort, the 8-year cumulative ipsilateral cerebral ischemic stroke rate was zero
in patients with regression, 9% if the stenosis was unchanged, and 16% if there was
progression (average annual stroke rates of 0%, 1.1%, and 2.0%, respectively)

For patients with baseline stenosis 70% to 99%, in the absence of progression (n = 349), the
8-year cumulative ipsilateral cerebral ischemic stroke rate was 12%. In the presence of
progression (n = 77), it was 21% (average annual stroke rates of 1.5% and 2.6%, respectively)
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ASX TRIALS

* VA Cooperative Study Group

e Asx Carotid Atherosclerosis Trial
(ACAS)

* Asx Carotid Surgery Trial (ACST)

* Asymptomatic Carotid Stenosis and
RISk of Stroke (ACSRS)
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VA cooperative study group
N Engl | Med 1993 Jan 28;328(4):221-7
- 444 asymptomatic men with 50-99% stenosis
» ASA vs ASA + CEA

~ Endpoints:
* TIA
* transient monocular blindness
* stroke

» 48 month follow up
» 8% vs 20.6% (RR=0.38)




ACAS(asymptomatic carotid
atherosclerosis study)

Randomized, multicenter trial

Total of | 662 patients with asymptomatic carotid artery
stenosis of 60% or greater

medical risk factor management for all patients; carotid
endarterectomy for patients randomized to receive surgery.

After a median follow-up of 2.7 years, the incidence of
ipsilateral stroke and any perioperative stroke or death rate
was significantly lower in the surgical group than with

alone (5 versus || percent) for a relative risk reduction of 0.53

(95% C10.22-0.72).

Men had an absolute risk reduction of 8 percent; the absolute
risk reduction in women was only |.4 percent.

JAMA, 1995 May 10:273(18):1421-8




ACST (asymptomatic carotid
surgery trial)

e 3120 asx pts w/ >60% stenosis by U/S

e Randomized b/t immed CEA and indefinite deferral
of any CEA and were followed for up to 5 yrs

* Net five year risk for stroke or periop death in CEA
pts was reduced by nearly half

e Absolute risk reduction over 5 yrs greater for men
than for women (8.2 vs 4.08)

* 80% of patients were on statins in latter yrs of study

10-year stroke prevention after successful carotid
endarterectomy for asymptomatic stenosis (ACST-1): a
multicentre randomised trial
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ACST-1: Long-term llOyrl results

Carotid surgery saves strokes, despite its 2% risk
(procedural risk is much reduced by statins)

A; i : E,W :
C stroke or perioperative death ) non-perioperative stroke

of_"_g"ék 20 1 Gain at 20 7 Gain at
(= SE) 5yr: 21% (1.1), p = 0.05 5 yr: 3.4% (1.0), p = 0.0005
10 yr: 5.0% (2.0), p = 0.01 10 yr: 5.8% (1.9), p = 0.002
14.5%
| [ | 13.4%
Deferred '
Deferred
10 7 7.0% Immediate 10 7
9.6% 6.1% Immediate
| 7.6%
4.9%
.n L)
2 A 2.8%
| T 0 T T
5 10 Years 0 5 10 Years
Perioperative events/CEAs (%) + other events Events/person-years
Years 0-5 Years 5-10 Years 0-5 Years 5-10
221993 (2.2%) + 25 0M15(0.0%) + 20 Immediate 25/4478 (0.6% pa) 20/2145(0.9% pa) Immediate

97259 (3.5%) + 56 2/69 (2.9%) + 32

Dee rred

- __96/4483 (1.2% pa) 32/2084 (1.5% pa) Deferred =




Asymptomatic Patients
Any Stroke and Death at 30-days

CAS vs. CEA P-Value

2.5 VS. 1.40/0

Vascular Surgeons

2.6 v 0.20
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Asymptomatic internal carotid artery stenosis and
cerebrovascular risk stratification

December 2010 Volume 52, Issue 6, Pages 14861496 e5

Presented at the 2010 Vascular Annual Meeting of the Society for Vascular Surgery, June 10-13, 2010, Boston, Mass.

Andrew M. Nicolaides, M5, FRCS, PhD {Hc:-n|:|: stavros K. Kakkos, MD, MSc, PhD, DIC, Efthyvoulos
Kyriacou, BSc, PhD, Maura Griffin, MSc, DIC, PhD, Michael Sabetai, MD, FRCS, PhD, Dafydd J. Thomas, MD,
PhD, Thnmas Teans MD, PhD, Gearue Gemulakns MO, PhD, Nicos Lahmnnulus PhD DI{I RVT, Caroline

J. Doré Du:nre BSc, Tim P. I".-1=:urr|s MSc, Ross Naylor, MD, FRCS, Anne L_Abbott ME, B3, H
Asymptnmatlc Carotid Stennms and Risk of Stroke {HCSHSJ Study Group

Journal of

ANRY Vascular Surgery

Official Publication of the Society for Vascular Surgery

|psilateral cerebral or retinal ischemic (CORI) events (AF, TIAs, and stroke) and ipsilateral ischemic cerebral

stroke for all patients and subgroups according to ECST stenosis® as used in this paper and NASCET
stenosis® for comparison with previous publications that have used these metbags .

ECST stenosis (%) Strokes

MASCET stenosis (%) MNo.

All patients 130 (11.6%) 59 (5.3%)

16 (5.1%)

5 (2.5%)

65 (10.9%) 29 (4.8%)

49 (15.1%)

25 (7.7%)

P=.01 F=_003

50 (9.7%) 21 {4.1%)

&0 (13.2%) 35 (6.3%)



ECST % stenosis

Number at risk
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There are asymptomatic patients at high risk of stroke?
COMBINATION SCORES: ACSRS

CRITICAL STENOSIS,
VULNER;“’

PRIOR €]

a)Stenosis alone: 0.59

JAte
A@ @1$EVE EpﬁElztergl I:IA/itgz 0.82
Nicolaides AN et al. ACS and ce CW'R$EJW Surg. 2010;52:1486-96




TCD microembolus detection

319 ACS patients
between 2000 and 2004

10% had microemboli

1-year Stroke Risk
No Emboli Emboli
1% 15.6
95% Cl (1.0T=*




Microemboli predict riskintensive medical therapy

Patients enrolled after 2003
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3 or more ulcers adds 5% risk to

microemboli (greater than equal 2/hr
Ulceration vs microemboli in ACS

1.0 1.0
2 2 3 ulcers Emboll at
go.& T Yes 061 i So another
o i 5% based
£ 0.6-

ARE B ¥

0.0+ N 1 239 0. 0"“ pAx) 239
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Days Days

Madani A, ...Spence JD. Neurology 2011;77:744-750







Primary Aims

In patients with 270% asymptomatic stenosis,
to assess:

» The treatment differences between medical
management and CEA

» The treatment differences between medical
management and CAS

Primary endpoint: any stroke or death within 44
days of randomization or ipsilateral ischemic
stroke thereafter up to 4 years




CREST-M (Imaging)
» Goal: To determine whether carotid plaque disruption may be

influenced by biomechanical forces acting in combination with
morphological changes occurring within the plaque

» Enrollment goal: 500 patients across all CREST-2 sites

» Additional testing: Carotid MRA, Carotid ultrasound, carotid
ultrasound cine-loop, Brain MRI

Huston J et al, AJNR 2016
Lal BK et al, J Vasc Surg 2017




Symptomatic or asymptomatic carotid stenosis 250%

S soseen g 220% risk: Intervention

CAR Score recommended (CEA or CAS)

ECST-2 Trial
—reeomr=an [ rial Design

US carotid (plaque)

CEA preferred CAS preferred

Randomisation

OMT plus CEA OMT plus CAS

Follow up for 5 years
MRI Brain at 2 & 5 years




Primary Outcome
ECST-2 Progress

» 32 centres enrolled

» 285 patients randomised to 15 Nov 2017

» Number needed for MRI-based study=320 with
2 years follow-up

» 110 included with MR plaque imaging

» Number needed for MR plaque imaging
analysis=244 with 2 years follow-up
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Asymptomatic carotid stenosis 1s associated with
cognitive impairment P e

FPresented at the late-breaking clinical trials session of the | VaSCUIar Surgery

Surgery, National Harbor, Md, June 8-11, 2016.

Official Publication of the Society for Vascular Surgery

Brajesh K_ Lal, |"u"||:|: Moira C. Dux, PhD, Siddhartha Sikdar, PhD, Carly Goldstein, BA, Amir A. Khan,
PhD, John Yokemick, BA, RVT, Limin Zhao, MBBS, RVT

From the Society for Vascular Surgery

October 2017 Volume 66, lssue 4, Pages 1083-1092
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Cognitive disorders in patients with
occlusive disease of the carotid artery:

a systematic review of the literature

Studies: 18
Male: 75%
Mean Age: 50-65 Years

COGNITIVE DEFICITS:
Sx & Asx Studies: 14/ 18 (78%)

Asx Studies: 3 (100%)

J Neurol, 2000




ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/SAIP/

SCAL/SIR/SNIS/SVM/SVS Guideline

2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/
SAIP/SCAI/SIR/SNIS/SVM/SVS Guideline on the
Management of Patients With Extracranial Carotid and
Vertebral Artery Disease

Symptomatic Patients

50% to 69% 70% to 99%
Stenosts Stenoszs

Endarterectomy Class | Class |
LOE: B LOE: A

Stenting Class | Class |
LOE: B LOE: B

70% to 99%
Stenosls

Class lla
LOE: A

Class lib
LOE: B

3 a . a A —— g g ’ g ——y ’
ASAMACCHAHAAANN/AANS/ACR/ASNI/ICNS/SAIPSCALSIR/SNISISVMISYS gusdelime on the management of patients with exiracranial caroid
and veriehral arery disease: a report of the Amencan College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines,
and e Amierican Stroke Association, American Association of Neuroseience Nurses, Amernican Assoctation of Neurological Surgeons, American College
of Radiology, American Society of Neuroradiology, Congress of Nearological Surgeons, Socicty of Atherosclerosis lmagimg and Prevention, Socety for
Cardiovascular Angiography and Inierventions, Society of Interventional Radiology, Society of Meurolnierventional Surgery, Society for Wascular
Medicine, and ‘mm.[;, Tor Vascular Surgery. Circulation. 20015124054 —e130.

|'l1|x artick: is ﬁ\'puhlu-hud m the Jowrnal of the American College of Cardiclogy and Strofke.

¥ This document is available on the World Wide Web sites of the Amencan College of Cardiology {www.cardiosource org) and the
Heart Association irrly amerncanheartorg), A copy of the document s also avalable at hitp=fmy americanheart.org/siaiemenis by
either the “By Topie™ link or the “By Publication Date” link (No. KB-0188). To purchase additonal reprints, call 843-216-2533 or e-mail
say@wnllurskluwcl.c:m.
peer review of AHA Scienufic Statemenis 1s conducied at the AHA National Center, For more on AHA statements and guidelines developmeni,
visil h[[prmny arnericanbeart. nq.-}'.[.uullullb and select the “Pohicies and Development™ link.

1 sions: Multiple copies, modificanon, alieration, enhancement, andfor distribution of this document are nol permitied without the express
1 feart Associon. Instroctions for nhl:umlm. permission are located at hitpfwww hearLong HEARTORG Generald
Copyright-Permission-Gudelnes UCM_ 300404 Ariclejsp. A link o the “Permission Request Fornm™ appears on the nght side of the page.

‘ ‘ (Cirenlation, 20113124:054-c130.)




Systematic Review of Guidelines for the Management of
Asymptomatic and Symptomatic Carotid Stenosis

Anne L. Abbott, Kosmas |. Paraskevas, Stavros K. Kakkos, Jonathan Golledge, Hans-Henning Eckstein, Larry J. Diaz-Sandoval, Longxing
Cao, Qiang Fu, Tissa Wijeratne, Thomas W. Leung, Miguel Montero-Baker, Byung-Chul Lee, Sabine Pircher, Marije Bosch, Martine

Dennekamp and Peter Ringleb

[ http://dx.doi.org/10.1161/STROKEAHA.115.003390
Stroke. 2015:46:3288-3301
Onginally published October &, 2015

_conclusions—This systematic review has identified many opportunities to modernize TR 5'
~atherwise improve carofid stenosis management guidelines.




Editor’s Choice — Management of Atherosclerotic Carotid and Vertebral
Artery Disease: 2017 Clinical Practice Guidelines of the European Society for

Vascular Surgery (ESVS) Eur J Vasc Endovasc Surg (2018) 55, 3—81

Writing Group *, A.R. Maylor, J.-B. Ricco, G.). de Borst, 5. Debus, J. de Haro, A. Halliday, G. Hamilton, ). Kakisis, 5. Kakkos,
5. Lepidi, H.S. Markus, D.). McCabe, ). Roy, H. Sillesen, J.C. van den Berg, F. Vermassen,

ESVS Guidelines Committee °, P. Kolh, N. Chakfe, R.). Hinchliffe, |. Koncar, J.5. Lindholt, M. Vega de Ceniga, F. Verzini,
ESVS Guideline Reviewers °, ). Archie, 5. Bellmunt, A. Chaudhuri, M. Koelemay, A.-K. Lindahl, F. Padberg, M. Venermo

 While awaiting data from CREST-2, ECST-2, ACST-2, and
ACTRIS and the development of validated algorithms for
patient selectic:i, the presence of one or more clinical and/or
imaging features such as silent intarction on Ci/IVIRI, stenosis
progression, large plaque area, large juxta-luminal black area

(JBA) on computerized plague analvsis, plague echolucency.

In “average surgical rek” patients with an mymptomatic
Gl—59 dwnoaiy candtid endarterectomry should be
corsidered in the presence of one or more imaging
characteristics that may be Esociated with an Incresed sk
of Labe ighilateral @roke,” provdod documented
pEriopsnral i ke dEath rated are < 3% and he patierts
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RECOMMENDATIONS FOR ASX
CAROTID STENOSIS

HIGH GRADE LESIONS (80-99%)

PROGRESSION OF DISEASE
VULNERABLE PLAQUE

— GSM <15

— PLAQUE AREA >80

— JUXTA-LUMINAL BLACK AREA > 8 cm?
CONTRALATERAL CVA or OCCLUSION (\d, CV RESERVE)
MULTIPLE TCD “HITS”

MULTIPLE ULCERATIONS







Results of the ROADSTER multicenter trial of transcarotid
stenting with dynamic flow reversal

Fresented at the Late Breaking Clinical Trials Session at Vascular Interventional Advances (VIVA) 2014, November
4-7, 2014,

r.J_ Kwolek, MDER™Y Michael R Jaff DO, J_ lgnacio Leal MD, L Nelson Hopkins, ru.m

ea A
m Todd M. Hanover. MD. Sumaira Macdonald, MD. Richard P. Cambria, MD

DSTER Investigators and Executive Committee members

= VIRGINIA =

17 TCAR




Instructions for Use
ENROUTE® Transcarotid Neuroprotection System (NPS)

Indications for Use

The ENROUTE Transcarotid Neuroprotection System (ENROUTE Transcarotid NPS) is intended to provide transcarotid vascular
access, introduction of diagnostic agents and therapeutic devices, and embolic protection during carotid artery angioplasty and
stenting procedures for patients diagnosed with carotid artery stenosis and who have appropriate anatomy described below:

Adequate femoral venous access

Common carotid artery reference diameter of at least 6 mm

Carotid bifurcation is a minimum of 5 cm above the clavicle as measured by duplex Doppler ultrasound (DUS) or computerized
axial tomography (CT) angiography or magnetic resonance (MR) angiography.

Contraindications

The ENROUTE Transcarotid NPS is contraindicated for use in patients exhibiting the following conditions:
Patients in whom antiplatelet and/or anticoagulation therapy is contraindicated
Patients with unresolved bleeding disorders
Patients with severe disease of the ipsilateral common carotid artery
Uncontrollable intolerance to flow reversal (i.e. pre-conditioning does not result in in tolerance to vessel occlusion/flow reversal)




Roadster 2 Exclusion Criteria

a EXCLUSION CRITERIA:

. Each potential patient must be screened to ensure that they do not meet any of the following exclusion criteria. This
screening is to be based on known medical history and data available at the time of eligibility determination and enroliment.

. Patient has an alternative source of cerebral embolus, including but not limited to:

— Patient has chronic atrial fibrillation.

— Patient has had any episode of paroxysmal atrial fibrillation within the past 6 months, or history of paroxysmal atrial
fibrillation requiring chronic anticoagulation.

— Knowledge of cardiac sources of emboli. e.g. left ventricular aneurysm, intracardiac filling defect, cardiomyopathy,
aortic or mitral prosthetic heart valve, calcific aortic stenosis, endocarditis, mitral stenosis, atrial septal defect, atrial
septal aneurysm, or left atrial myxoma).

— Recently (<60 days) implanted heart valve (either surgically or endovascularly), which is a known source of emboli as
confirmed on echocardiogram.

— Abnormal angiographic findings: ipsilateral intracranial or extracranial arterial stenosis (as determined by angiography
or CTA/MRA < 6 months prior to index procedure) greater in severity than the lesion to be treated, cerebral aneurysm
>5 mm, AVM (arteriovenous malformation) of the cerebral vasculature, or other abnormal angiographic findings.

. Patient has a history of spontaneous intracranial hemorrhage within the past 12 months, or has had a recent (<7 days)
stroke of sufficient size (on CT or MRI) to place him or her at risk of hemorrhagic conversion during the procedure.

. Patient had hemorrhagic transformation of an ischemic stroke within the past 60 days.

. Patient with a history of major stroke attributable to either carotid artery (CVA or retinal embolus) with major neurological

deficit (NIHSS =5 OR mRS 2 3) likely to confound study endpoints within 1 month of index procedure.
. Patient has an intracranial tumor.




Exclusion Criteria Roadster 2

Patient has an evolving stroke.

Patient has neurologic illnesses within the past two years characterized by fleeting or fixed neurologic deficit which cannot be
distinguished from TIA or stroke, including but not limited to: moderate to severe dementia, partial or secondarily generalized seizures,
complicated or classic migraine, tumor or other space-occupying brain lesions, subdural hematoma, cerebral contusion or other post-
traumatic lesions, intracranial infection, demyelinating disease, or intracranial hemorrhage).

Patient has had a TIA or amaurosis fugax within 48 hrs prior to the procedure.
Patient has an isolated hemisphere.

Patient had or will have CABG, endovascular stent procedure, valve intervention or vascular surgery within 30 days before or after the
intervention.

Myocardial Infarction within 72 hours prior to the intervention.
Presence of a previous placed intravascular stent in target vessel or ipsilateral CCA or significant CCA inflow lesion.

Occlusion or [Thrombolysis In Myocardial Infarction Trial (TIMI 0)] "string sign" >1cm of the ipsilateral common or internal carotid
artery.

An intraluminal filling defect (defined as an endoluminal lucency surrounded by contrast, seen in multiple angiographic projections, in
the absence of angiographic evidence of calcification) whether or not it is associated with an ulcerated target lesion.

Ostium of Common Carotid Artery (CCA) requires revascularization.
Patient has an open stoma in the neck.
Female patients who are pregnant or may become pregnant.

Patient has history of intolerance or allergic reaction to any of the study medications or stent materials (refer to stent IFU), including
aspirin (ASA), ticlopidine, clopidogrel, statin or contrast media (that can't be pre medicated). Patients must be able to tolerate statins
and a combination of ASA and ticlopidine or ASA and clopidogrel.

Patient must have a life expectancy <3 years without contingencies related to other medical, surgical, or interventional procedures as
per the Wallaert Score and patients with primary, recurrent or metastatic malignancy who do not have independent assessment of life
expectancy performed by the treating oncologist or an appropriate specialist other than the physician performing TCAR.
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ROADSTER 2:
Clinical Outcomes

Patients Treated Per Protocol

ROADSTER 1
n=203

Patients with
30-day F/U

ROADSTER 2

n=362

Patients with

30-day F/U

ROADSTER 2
n=385

All Patients

Stroke/Death/Ml 3.0%

A

1.1%

1.0%

Stroke 0.5%

0.8%

0.8%

Death ) 1.0%

0.3%

0.3%

Mi 1.5%

0.0%

0.0%

Stroke/Death 1.5%

1.1%

1.0%

0.0%

0.0%

N ical Death 0.0%
CN((permanent) 0.0%

0.0%

0.0%

*One patient expired ~2 weeks post-procedure due to ruptured AAA.




Long-Term Outcomes of Carotid
Endarterectomy Versus Stenting

Patients with significant carotid-artery stenosis (n=15,525)

..................... Observational Cohort |

: ‘
Carotid Endarterectomy /: Carotid-Artery Stenting
/ < 7
///
. . Y
(n =13410) Long-Term Stroke + 30-Day Ml + Death ., 5
0.7% Risk-Adjusted Cohort 16.3%

( % of patients, HR 1.57, 95% C11.43-1.73)

11.1% 2:1 Propensity Matched

( % of patients, HR 1.55, 95% CI 1.31-1.83)

Hussain et al. Ann Surg. May 2017.  ANNALS ‘”SURG ERY










Thank You

For Your Mtention

Todd W Gensler MD, FACS
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ROADSTER 2:
Baseline Characteristics

Parameter n=429
Age =75 41.4%
Female 33.7%
Symptomatic 24.9%
Physiologic Risk Factors only 31.7%
Anatomic Risk Factors only 41.5%
Both Physiologic & Anatomic Risk Factors 26.8%
Top 3 Physiologic Risk Factors

Age > /5 Years (1/7.9% as sole criterion) 42084

Hx of CAD (=2 vessel disease) 14.7%

COPD 5.6%
Top 3 Anatomic Risk Factors

High Cervical Stenosis 25.4%

Restenosis after CEA 20.0%

Hostile Neck 17.0%

‘ '\I"



ROADSTER 2:
FDA Endpoints to Date

Patients Treated Per Protocol

Acute n=385

'Acute Device Success 385 100.0%
' Technical Success 385 100.0%
Procedural Success 357 98.6%

Primary

Endpoint
Analysis

» Acute device success is defined as the ability to insert the device, establish flow
reversal, and remove the device

» Technical success is defined as acute device success plus the ability to deliver
interventional tools

» Procedural success is defined as technical success in the absence of hierarchical stroke,
death or myocardial infarction

.?R:” »v/; '\,' i



ACT1 - 5-year outcome
CEA vs CAS

NEJM, 2016

Asymptomatic Patients <80 yrs

- Major CVA/ death 0.6% vs 0.6%
- Minor stroke 1.1% vs 2.4%
- 5 yr stroke risk 5.3% vs 6.9%

CAS is ‘non-inferior’
Xact closed-cell stent with Emboshield CPD only

A R T ga
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Study Design

Retrospective, population-based cohort study
(2002-2019)

Linked Ontario health administrative databases

»  Population, 13.5 million
Single-payer health system
Validated for CEA/CAS and stroke/M| coding

Propensity Score Matched Analysis
1 CAS : 2 CEA based on > 50 covariates

Hussain et al. Clin Invest Med. 2016;39(2):E£73-8
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Results

15,525 Patients
Overall

Cobiort 13,410 CEA
2,115 CAS

6,282 Patients

4,172 CEA
2,110 CAS




Characteristic

Symptomatic Carotid
Comorbidity Score > 2
CAD

CHF

COPD

Prior CEA

Urgent Admission

CEA
(N=4,172)

7010
33%
54%
38%
27%

%
30%
4%
45%

Matched Cohort Characteristics

CAS
(N =2,110)

7011
34%
53%
39%
27%

%
30%
3%
46%




Stroke and Death Outcomes

CEA CAS Matched HR |

QOutcome (N=4,172) (N = 2,110) (95% CI)

|
13-Yr Stroke 9.4% 13.1%  1.50 (1.21-1.86)
| Stroke < 30 Days LA 5.8%  1.54 (1.17-2.04)

Stroke > Day 30 5.9% 7.8% 1.44 (1.18-1.74)
|1 3-Yr Death 29% 36% 1.38 (1.28-1.50)

Death < 30 Days 1.1% 3.3% 3.07 (2.29-4.11)

Death > Day 30 28% 34%  1.31(1.21-1.42)

— B —
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Endarterectomy Stenting i i o
Subgroup n (%) n (%) Adjusted Hazard Ratio (95% Cl)

Age
<64 (n = 4,314) 257 (6.9) 105 (17.3)
6569 (n = 2,763) 212 (8.7) 43(13.2)
70-74 (n = 3,042) 276 (10.4) 47 (12.4)
298 (11.4) 65 (17.0)
260 (13.0) 84 (20.0)

o
—_—

75-79 (n = 2,987)
280 (n = 2,419)

Sex
Male (n = 10,289)

823 (9.3) 222 (15.8)

122 (17.2)

Female (n = 5,238)

480 (10.6)
Date of procedure

2002 - 2004 (n = 3,622) 397 (12.1) 72 (22.0) —a—
2005 - 2007 (n = 4,151) 382 (10.8) 107 (17.8)
2008 - 2010 (n = 3,796) 291 (9.0) 78 (14.0)
2011 - 2014 (n = 3,956) 233(7.0) 87 (13.8)

Symptomalic stenosis*

Yes (n « 6.605) 661 (12.1) 197 (17.6) - |
No (n = 8,920) 642 (81) 147 (14.8) | : = :
Diabetes

Yes (n = 5,308) 490 (10.8)  142(18.1)
IDDM (n = 665)t 66 (12.3) 19 (14.7)
NIDDM (n = 3,135)t 305(11.4)  80(17.9)
No (n = 10,219) 813(9.2)  202(15.2) b -

e
o
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Summary

- CAS is associated with early and sustained 30-
50% higher risks of long-term stroke & death

. Differences driven by increased risks of stroke and
death within 30 days and after 30 days with CAS

- Observed regardless of age, sex, carotid artery
symptoms, year of procedure or diabetic history




Best method TCD microemboli

How can we identify the ~10-15% who

might benefit from intervention?

* TCD microemboli \
* Reduced cerebrovascular reserve \
* Ulceration on 3D ultrasound 2y
* Juxtaluminal black plaque 2
 ? Echolucency

? Plaque composition/texture on ultrasound

? Neovascularization on ultrasound

?Intraplaque hemorrhage on MRI

?Plagque inflammation on PET/CT

? Plaque roughness on ultrasound

Bogiatzi C, Cocker MS, Beanlands R, Spence JD. Identifying high-risk asymptomatic carotid
stenosis. Expert Opin Med Diagnostics 2012;6(2):139-51.
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Medical Management Core

Percentage of CREST2 enrolled patients in-target for each risk factor

Risk Factor Baseline 1 Month 4 Month Last Follow Up |

SBP 61.6% 70.4% 77.8% 83.3%
LDL 41.5% 55.8% 65.9% 63.5%
Non HDL 44.4% 59.0% 65.3% 65.3%
HgAlC1 47.3% 48.0% 47.8% 49.8%
Smoking 79.1% 79.8% 79.9% 80.2%
Physical Activity 50.4% 55.4% 61.4% 62.4%

Weight 23.5% 25.7% 27.3% 28.6%




The Stroke Risk In ACS Patients on
Good Medical Management Is So Low
That All Should Be Treated Medically:
Stratification Of Risk Is Of Little Value

A/Prof Anne L. Abbott
Neurologist

School of Public Health & Preventive Medicine
Monash University & The Alfred Hospital, Melbourne, Australia

FACTCATS.org




We Have Passed A Procedural Era for >50% ACS
Continued Fall in Stroke Risk

‘Medical Management/Revascularization” Alone

Annual 4 ISiGRG rsmeton e Sica: Updated meta-
lpsilateral 40 | prforaiope & Y ntercept <0.00000, r=0.79 a}uzvlg;;s to the end
£as % .
Stroke g Abbott et al,
Rate H % Frontiers in
(Raw data,%) g 2.5 Neurology,
1 79% fall in | g 5 ) ™ October 2017 |
Absolute Rate | § 15 - ’”‘CRESHS HEEy s
67 % fa" in 2 1.5% for ACAS-CEA 185’ 923
1.0
Relative Rate §
to 0.8% §os
1985-2013 “%960 1905 1990 1905 2000 2005 2010 2015

Publication Year




Today 4.0% or Fewer Patients with 50-99%
ACS Could Benefit from CEA or CAS
after Diagnosis!

® Average annual ipsilateral stroke rate is <0.8%.

® About half the strokes not are due to the stenosis.
® Average age of diagnosis: 70 yrs

® Average survival is 10 years (0.8 x 10 = 4.0%)

® 4% assumes the 30-day stroke/death rate always= 0%

Abbott Stroke, 2009; Abbott et al, Frontiers of Neurology, 2017; Inzitari, NEJM, 2000.




Disproven/Improbable Markers of ‘High-Risk’
Patients likely to Benefit from CEA or CAS

1-9 from European Soc. for Vascular Surgery Guideline, 2017

CEA (Class lla) or CAS (Class Ilb) endorsed for 50-99% ACS if >1 of
these or others ufispecified markers:*

1. Silent Infarcton CT *

Asymptomatic stenosis progression *

Plaque echolucency on U/S *

Intra-plaque haemorrhage on MRI

Plaque area *

Juxtaluminal black areas on U/S *
Contralateral TIA/stroke *

Impaired C.V. reactivity

Transcranial embolic signals +/- echolucency
10 [80-99% stenosus] X

©®ND OB WM

A And if peri-procedural stroke/death rate <3%, patient life expectancy >3 years. Naylor et al, EJVES, 2017
* From the ACSRS Study by Nicolaides et al; HR/ORs up to 10.6 bui statistical & clinical significance are not the same.




Asymptomatic Stenosis Progression: Improbab!
ACSRS: Kakkos et al JVS 2014 ; Hirt et al, Stroke 2014 NASCET

n Recruited Risk Factor Annual Ipsilateral
Prevalence Stroke

Kakkos ¢té ACSRS (4Y)

11-99%* 1121  1998-2002 20% 2%

70-99% * 449 i 13% 2.6%

80-99%* 325 E 1% 3.1%

[Hirt 28l ACST (1Y)A

>50%** 1469 1993-2003 32% <6.3%
(stroke/TIA)

>50% *** 1 . 3% <18%
(stroke/TIA)

>50% **** 8 % 0.6% <20%
(stroke/TIA)]

*“Asymptomatic for >6 months; *Change in >1 category® or 1 category™* or 2 categories™** or 3 categories****




Abbott says this is best risk
stratifier

The ACSRS Model:

Kakkos et al, JVS 2013

History contralateral stroke/TIA present, Degree stenosis (83-99%
NASCET), Discrete white areas & Juxtaluminal black areas

n Recruited Prevalence of Average Annual
Lowest-Highest Risk Ipsilateral Stroke Rate
Factor Combinations

1211 1998-2002  734/1121 = 65% 1%
>50% 94/1121 = 8% 1-1.9%
ECST= 134/1121 = 12% 2-3.9%
>11% 125/1121 = 11% 4-5.9%

NASCET 34/1121 = 3% 6-10%
(4 Yrs) 10% maximum

* 25% of statins at recruitment according to an associated publication







1.0% in vascular surgeons

Results of CEA: Asx Stenosis

Year # Patients % CVA/Death
ACAS 1995 724 2.3%
ACST 2004 1,348 3.1%

CREST (Asx) 2011 1,196 1.4% &




Hypocecholc Flague at US
of the Carotld Artery:
An Independent Risk Factor

for Incldent Stroke In Adults
Aged 65 Years or Older!

Cardiovascular Health Study

Patients: 4886 >65Yrs
Mean F/U 3.3 Yrs

Echolucent
Echolucent:

RR Ipsilateral Stroke, 2.78

Proportion of individuals without stroke

Radiology, 1998
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Asymptomatic internal carotid artery stenosis and

cercbrovascular risk stratification

Andrew N, Nicolaldes, MS, FRCS, PhD (Hon )" Stavros K. Kakkos, MD, MSe, PhD, DIC*
Efthyvoulos Kyriacou, BSe, PAD." Maura Grifin, MS<, DIC, PhRD.* Michacl Sabetai, MD, FRCS, D"
Datvdd 1. Thomas, MD, PhD," Thomas Fegos, MD, PhD.* George Geroualakos, MD, PAD I

Nikos Labropoulos, PhD, DIiCGed ~ . ., MSct

Ross Navior, MD, FRCS? v « MR, BS, P, PhD, the Asympromatic Carotid
Stenoals and Risk of Stroke (4 X ——l L me nited Kinad lima

ru

5.9% 10-19% 20% +

Grouped predicted 5-year risk of stroke (%)

ulrasonic plaque fearures can be used to smradty risk and may
lecad o refinement of the indicavnons for caroud endarterec
tomy.

J Vase Surg, 2010




-Only 1/316 patients with a new
occlusion had a stroke at the time of
occlusion

-That’s 0.3% - well below the risk of
stenting or CEA

-The Circle of Willis protects the brain
from a carotid occlusion. It is not like a
left main coronary lesion; it is not a
widowmaker; it is not a ticking time
bomb

-Preventing occlusion is not a valid
indication for intervention

Yang C, Bogiatzi C, Spence JD. JAMA Neurol. 2015 Sep 21:1-7
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What Is Good Medical Treatment For
Asymptomatic Patients With Carotid Stenosis?

What Can It Do To The Plaque?
How Low Should LDL Cholesterol (LDL-C) Be Pushed?
How To Get There?
SAMMPRIS Proves It Can Be Done!

Richard Bulbulia
Consultant Vascular Surgeon and Co-PI ACST-2
MRC Population Health Research Unit
CTSU, Nuffield Department of Population Health
University of Oxford




3 choices for asymptomatic carotid stenosis




Carotid Guidelines 2017

”’ EUROPEAN
SOCIETY OF
CARDIOLOGY®




All asx carotid pts should be on
intensive lipid lowering Rx

LDL-C Lowering

Intensive statin therapy
40-80 mg atorvastatin or 20-40 mg rosuvastatin

(Irrespective of baseline lipid profile)




New developments to fight residual risk...

» Anti-thrombotic therapy
— COMPASS (2.5 mg rivaroxaban bd + aspirin v aspirin alone)
— Risk of stroke halved

» Blood pressure lowering therapy
SPRINT (low v very low BP targets)
121 mmHg v 136 mmHg SBP (15mmHg) for 3 years
25% reduction in MVE
Doubling of SAE due to study intervention:
220 [4.7%] v 118 [2.5%], largely driven by acute renal failure

» Lipid-lowering therapy: PCSK-9 Inhibition
— FOURIER (Evolocumab)
— 23% reduction in risk of stroke




Triple medical therapy effective, but
residual risk remains

Aspirin reduces CV risk by around 20%, but effect
on ‘carotid’ stroke unclear

? Aim for SBP ~120 mmHg to prevent CV events
(but at a cost)

Intensive LDL lowering safe and effective
Carotid intervention halves any residual risk
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Microembolization

Carotid Intervention is effective in stroke

prevention in appropriately selected patients
» Brott et al, NEJM 2010, 2016
» Halliday et al, Lancet 2010

Procedure-related embolization detected on
TCD or MRI is common in 20-70% of patients




Prospective neurocognitive evaluation of patients
undergoing carotid interventions

Wei Zhou, MD,™® Elizabeth Hitchner, MA,* Kathleen Gillis, RNP.,* Lixian Sun, MS.*
Rebecca Floyd, BS,” Barton [Lane, MD," and Allyson Rosen, PhD,*< Palo Alto and Stanford, Calif

Microembolization is associated with transient cognitive

decline in patients undergoing carotid interventions

Elizabeth Hitchner, MA.” Brittanie D. Baughman, MS, MBA® Salil Soman, MD,” Becky Long. BS”
Allyson Rosen, PhD,” and Wei Zhou, MD,™" Palo Alto and Stanford. Calif and Cambridge. Mass

Improx*eme‘nt p=0.05

K Decline @ 1 mo,
l recovered @ 6 mo
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| 55 lesions, 144.5mm?3
36% of CEA

| 533 lesions, 471.1mm?* |
81% of CAS
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Results — CEA vs. CAS

Verbal Learning Memory Changes
;

CAS

1 1-mo postop [ 6-mo postop



Expected cognitive decline in elder individuals

ReS| 1l - Bennett et al, Neurology, 2002: 59
a- | of — 1 &
® 2o, go - zo
Verbal Le&: 23 32
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Corrleation of Embolic Volume and RAVLT LD Changes (CEA&CAS)
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Mean Memory Change at 6 Mos in CAS Cohort
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Summary

Carotid intervention tends to have a positive
effect on memory function

Procedure-related DWI lesions hinder the
cognitive benefits of carotid interventions

Sizes of lesions correlate to long-term
memory changes




Optimal Medical Management Reduces Risk
of Disease Progression and Ischemic Events in
Asymptomatic Carotid Stenosis Patients:

A Long-Term Follow-Up Study

Zubair Shah® Reza Masoomi® RashmiThapa® Mashhood Wani? John Chen®
Buddhadeb Dawn® Marilyn Rymer® Kamal Gupta®

*Division of Cardiovascular Disoases, and YDepartment of Neurology, University of Kansas Madkal Conter, and
“Division of Health Services Rescarch, University of Kansas, Kansas City, KS, USA

A total of 864 patients

u

1,728 carotid artenes in total

1 289 carotid artenes (<50 stenosis) excluded

1,439 carotid artenies studied for PSCS

79 * 36 months mean follow-up
penod

4,929 carotid ultrasound studies (corresponding to an average of 3.4 + 1.4 studies per vessel)

Cerebrovascular Disease

By

/|



Imaging features with higher risk

Feature Annual rate of ipsilat stroke
Silent infarction Kakkos et al 2009
Stenosis progression Kakkos 2014

Predominantly echolucent plaque Gupta 2014

Low GSM plaque/part of plaque  Kakkos 2015

Large plague area Nicolaides 2010
> 3 micro ulcers on plaque Madani 2011
MRI intraplaque hemorrhage Singh 2009
Emboli on TCD Markus 2010
Emboli + dark plaque Topikain 2011

Impaired cerebrovascular reserve Gupta 2012

Naylor, Schroeder & Sillesen, EJVES 2015




ROADSTER 1:
30 Day Stroke Outcomes vs Standard Risk in CREST

The overall stroke rate of 1.4% is the lowest
reported to date for any prospectiv

center trigl of carotia stenting

TCAR TCAR
ROADSTER ROADSTER + Cont
Access

ROADSTER - High Surgical Risk Patients




Which by CEA, which by CAS

* Type [ Vulnerability of the plaque & Rate of stenosis
» Age and comorbidities (cardiac [ renal)
* Anatomical complexity

* Operative risks




Severity of Asymptomatic Carotid Stenosis and Risk of
Ipsilateral Hemispheric Ischaemic Events: Results from the
ACSRS Study

A.N. Nicolaides,'*" S.K. Kakkos," M. Griffin," M. Sabetai,' S. Dhanjil,’ T. Tegos,’
D.J. Thomas,* A. Giannoukas,” G. Geroulakos,"* N. Georgiou,* S. Francis,’
E. loannidou,” C.J. Doré” and For the Asymptomatic Carotid Stenosis and Risk of

‘)hi"""i'("\. ,’.~'A.‘ ‘rl‘u'.'.' [l t r

;l.‘*:":"i,”!l"f'u'fi\ Grrodid sICnoses ana

Results. The relatioesiup betioven
S-shaped if exprossQPEy ' Cl 1.21-2.15),
history of condralats o Cl1.23-3.65)
dvenre .'lh.‘t’,"l"l.ft'h'.' r _ - _ .’ . 2 (7

coent mte omnd 4.3°

3% annwal
f't\‘l' rafe)?

-Mwnhmamnofmaeﬂueenskfactorscan

identify a high-r*sx aroup (7.3% annual
event rate and 4 3% annual stroke rate) and 2

low risk group (z.57% annual event rate and 0.7%
annual stroke rate).

Eur ] Vasc Endovasc Surg 30, 275-284 (2005)
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Published in Circulation

Carotid Stent Fractures After CAS: How
Often Do They Occur, How To Diagnose
Them and What Is Their Significance
ACT 1 Prospective Imaging

Ido Weinberg, MD, Michael Jaff, DO, Kenneth
Rosenfield, MD, MHCDS, and Jon S. Matsumura,
MD, on behalf of the ACT I Executive Committee

and Investigators

New York City

November 14, 2017




ACT 1
Study Design

* Prospective, randomized trial of asymptomatic,
non-octogenarian patients (3:1 CAS:CEA)

« Strict investigator criteria by SMC and IMC

e Lead-in enrollment of up to 400 subjects with
Xact® and Emboshield®, Abbott Vascular

* Prescribed contemporary medical therapy
guidelines for all patients

1453 consented and enrolled subjects between
March, 2005 and January 2013

 Fracture assessment by radiography added after
771 patients enrolled
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How often do stent fx occur?

Table 3: Summary of Stent Fracture Related Datain Retrospective Series®

Reference

Coppi G.
(23]

Number of
Stcnb
323

X-ray Timing

12 months

Fracture Rate
(%)
34

Commuents

Stent fractures were not associated with adverse
autcomes

Eskandan
MK [9]

N/A

5.5

X-ray protocel was net defined

Garcia-
TocaM
(16]

32 months

6/8 stent fractures were in arteries exhibitingdense
calcfications, stent fractures were not asscoated

with adverse outcomes

ChangCK
(18]

4 years

Stent fractures were associated with dense
calcifications; stent fractures were not asseciated

with adverse cutcomes

Ling AJ
(24]

ag

15 months

3/14 tractured stents also developed in-stent
restenosis; X-ray protocolwas notdefined

* Caze reportsare not displayed in this table




How to Diagnose Stent Fracture?

1) Routine imaging—
corelab adjudication

2) Ultrasound
surveillance detects
restenosis or clinical
symptoms develop

Angiogram performed
and stent fracture
* 1dentified

Y
e
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Peaks yrs 2-3 and does not
Increase w time

Number of Stent Fracture by Grade and Time

$ A & R K

Number of Stent Fracture
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Summary
What 1s Their Significance?

In the largest study of radiographic carotid
stent assessment:

Fractures are uncommon (<6%)
Not associated with stroke

Not associated with restenosis
Not associated with retreatment

Routine radiographic surveillance 1s not
indicated with this closed cell nitinol stent
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S

iéf Benefit conferred by CEA (CAS) gv

30-day risk | stroke rate | stroke rate | Numberof Unnecessary
strokes interventions at

ACAS 2.3% CEA prevented per 5 years per
ACST 2.8% 1000 CEAs 1000 ops

941/1000
94%

947/1000
95%

ACST 10y : 954/1000
95%




Asymptomatic Carotid Stenosis and Risk of
Stroke (ACSRS) e Sia

NSy Of Contradatwdl T
24

N=1115 12

os

* Hx of contralateral sxs "
* % Stenosis

0.4

* Plaque composition by duplex : 08

20

0
14

.
AMBIS Of Inte“'al Miﬁine I ""g\". Beth Israel Deaconess
e

J Medical Center
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What is the risk of stroke in Asymptomatic Carotid Stenosis?

ipsilateral stroke any stroke
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Abbott AL. Medical intervention alone is now best for prevention of stroke associated with
asymptomatic severe carotid stenosis. Stroke 2009;40:573-583
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How to predict procedural stroke risk with CEA
for asymptomatic carotid stenosis?

hat percentage of such patients should undergo CEA or CAS?

Pooled Analysis of VA, ACAS, ACST-1 & GALA Trials

Dylan MORRIS, Hongchao PAN, Alison HALLIDAY, Richard BULBULIA
On behalf of the VA, ACAS, ACST-1 and GALA Collaborators

MRC Population Health Research Unit
Clinical Trial Service Unit & Epidemiological Studies Unit
| Iniversitv of Oxfard

Types of Events

Event Type* Number Percent
Stroke 111 721%
Ml 34 22.1%
Death 9 5.8%
Any Event 154 100%




Important Risk Factors for
Procedural Ml, Stroke & Death (day 0-30)

Events / Operations
At Risk Reference OR (95% ClI)

High Grade Contralateral Stenosis (>80%) 32/675 108/3527 1.63 (1.08-2.44)

Prior Stroke 62/1282 92/3158 1.58 (1.09-2.29)

Ischaemic Heart Disease 72/1674 82/2766 1.50 (1.08-2.08)

- 95% Ci

| | | |
1 15 2 25 3
OR (95% Cl)




Number of Risk Factors and Procedural Risk

Number of Risk Factors Events / Operations Procedural Risk OR (95% ClI)

40/1819 2.2% L 1.0 (0.73-1.37)

Conclusion

r Simple characteristics (contralateral stenosis, prior stroke, IHD)

may identify asymptomatic patients

with higher risk of procedural complications,

thereby aiding selection




<5% benefit

Decline of microemboli with more intensive medical
therapy

3007 Emboli at baseline

CINo
Myes

Probably the result of
plague stabilization

p<0.0001

So < 5% can now
benefit on the basis
of microemboli

Before 2003 Since 2003
Baseline Year

Spence JD et al. Arch Neurol. 2010;67:180-6




Asymptomatic Disease—Consensus
Guidelines

e C(Class 1--Selection of asymptomatic patients for carotid revascularization
should be guided by an assessment of comorbid conditions, life
expectancy, and other individual factors and should include a thorough
discussion of the risks and benefits of the procedure with an
understanding of patient preferences. (Level C)

* C(lass lla--It is reasonable to perfor asymptomatic patients who
have more than 70% stenosis of the mterhal carotid artery if the risk of
perioperative stroke, Ml, and death is low (Level A)

* C(lass IIb--ProphyIacght be considered in highly selected patients
with asymptomatic caretierStenosis (minimum 60% by angiography, 70%
by validated Doppler ultrasound), but its effectiveness compared with
medical therapy alone in this situation is not well established (Level B)
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ECST-2 Progress

» 32 centres enrolled

» 285 patients randomised to 15 Nov 2017

« Number needed for MRI-based study=320 with
2 years follow-up

» 110 included with MR plaque imaging

« Number needed for MR plaque imaging
analysis=244 with 2 years follow-up

» New centres needed

» Please contact us on office@ecst2.com
or via the website www.ecst2.com

S8 S
SN0 /. Y
s




* Click to edit Master text styles

— Second level
e Third level

— Fourth level
» Fifth level




2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/
SAIP/SCAVSIR/SNIS/SVM/SVS Guideline on the
Management of Patients With Extracranial Carotid
and Vertebral Artery Disease: Executive Summary

\ Rr}‘-».'? of the \ll‘.rh. an \ w“rg‘r of Jl.‘.lw{w,j\ '«'hlnf.ﬂ) "L \ll-f‘fh a5 }{c‘.a!' \\wh:.lf;ui. lJ\L } e o
l'u.'hr ‘.i'..':.irizm\, and the .\nu‘.'ha.'. Stroke A\-- }ialhon, .'\::.u:..ul :\\\- }wiatomy of N curoms e .\'.;!«N.
.\!l;«‘.’)..ll. .\\uxuh-.:. ol .\C:.rwlc-g.. al SUIECOns, .\lln'n..un \ u::.r_;r ol RJ.‘:--!"J\. .\llu'(.. an oty of

\-.u.'-».'J.h-»':'-,'\. \ ongress of N« urod -‘,")..a] SUrgeons, Socwety of ‘\ff;« rosc deromas luu,;?n',; and ".'r\u noon,

\' LN ]C..\ !l 5] B EEE—— I . (2% ]l_"\ . '!

Neurolnte Asymptomatic

Deeed Symptomatic Patients Patients
Y Leloped

50% to 69% 70% to 99% 70% to 99%
Stenosis Stenosis” Stenosis*

Endarterectomy Class | Class | Class lia
LOE: B LOE: A LOE: A

Stenting Class | Cilass | Class lib
LOE: B LOE: B LOE: B

JAM Cok Cardgiot 2011.57




Conclusion

Simple characteristics (contralateral stenosis, prior stroke, IHD)
may identify asymptomatic patients

with higher risk of procedural complications,
thereby aiding selection




Recent (post CREST) guidelines clearly show the
need for ACST-2

AHA Carotid Disease Management Society for Vascular Surgery Carotid
Guidelines (2011) Guidelines (2011)
It is reasonable to perform CEA in Asymptomatic > 60% stenosis
asymptomatic patients who have > 70% should be considered for CEA
stenosis (Evidence Level: A) (Evidence Level: A)
Prophylactic CAS(mightbe considered in CAShould nobbe performed except
highly selected patients with asymptomatic as part of an on-going clinical trial
carotid stenosis (Evidence Level: B) (Evidence Level: B)
NICE Carotid Intervention Guidelines RCP Stroke Guidelines
(2011) (2012)
“NICE encourages clinicians either Surgery or stenting (CEA or CAS) for
to enter patients into the ACST-2 trial, or to asymptomatic carotid artery stenosis
submit data to should not routinely be performed
the Endovascular Carotid Register” unless as part of a randomised trial.
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Where Do We Draw the Line?

ipsiiateral Stroke, Falal or Non-Fatal

5 year risk of stroke
An inflection point
at a PSV >250

ent with Specthea V
(Downward Sioping D

Kaplan-Meer Analyses |Solid Line) ano

Estmale of Fwe-Year Risk in Percemt
Cox Models (Upward Sloping Dashed Line

From
Per

Peak Svstolic Veotity | Nvsed

Asymptomatic Internal Carotid Artery Stenosis Defined by Ultmsound and the Risk of
Subsequent Stroke In the Elderly: The Cardiovascular Health Study.
Longstreth et al Stroke. 29(11):2371-2376, November 1998
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~ 85-90% of patients are better off with
intensive medical therapy

Endarterectomy or stenting should not be done without evidence of high risk:
* Microemboli
* 3 or more Ulcers
* Reduced CBF reserve

In future, imaging of vulnerable plaques




...the longer term results : Lancet (2014)

4 year follow up

: Modified Rankin scorne
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. n=853
-
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Proportion of patients (3€)

Figure 3: Functional ability measured by the modified Rankin Scale at the
end of follow-up™
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Medical Management

» CEATrial: aspirin 325mg/d

» CAS Trial: dual antiplatelet therapy for 21 month post-
procedure; then aspirin

» Both Trials: statin (PCSK9 inhibitors as needed)

Primary Risk Factor Targets
- Systolic BP <140 mm Hg
- LDL cholesterol <70 mg/d|

Secondary Risk Factor Targets

- Non-HDL cholesterol <100
“mg/dl

- Hemoglobin Alc <7.0%
- Smoking cessation
- Targeted weight management

- >30 minutes of moderate
exercise 3 times a week




ACST-2 and modern medical therapy
At Trial Entry

lipid-lowering drugs
anti-hypertensive therapy

anti-thrombotic ( anti-platelet / anti-coagulant)

Compliance remains good long-term




ACST-2: Blinded Procedural hazards
1500 patients (< 30 days)
Disabling/fatal stroke or fatal Ml
much lower than in symptomatic trials

Lower than ACST-1 (CEA) 1.7%

Despite increasing age, and more risk factors for
stroke compared with ACST-1;

ACST-2 procedural risk (CEA and CAS)



>75% on good (or very good) statin regimens
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Event Rates in Patients With ASX Carotid Artery
Stenosis Managed Without Revascularization

ACST 3120 Any strokdl  11.8% or
e 2 4% I yr

Ipsi stroki 9. 4%: or

60-90% 34 m
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Eastern Virginia Medical School



Modern medical treatment with or without carotid
endarterectomy for severe asymptomatic carotid
atherosclerosis

October 2015 Volume 62, Issue 4, Pages 914-922

lgor Kolos, F‘hl:ll:I AlexandrTmltskw MD, Ta’uana Balakhﬂnwa MD Merab Shanyva, PhD, Denis

Skrypnik, Tahana Tvor
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Conclusions: CEA as an initial management strategy could reduce the risk of death and major cerebrovascular events when
added to MMT. (J Vasc Surg 2015;62: 914 22, }

-
-

(3]

atroke, M, carolid/coranan

revvascularzation

Survival free of death,

HA 4.8, T5% C1 1 86=1F 31 F = 0013

-

HA 5.1, 955 O 1005 15.54; P = 0403

20 10 50
Mot

H monihs HF mapnihs Tk months
7 M




Texture-based classification of atherosclerotic
carotid plaaques

5 | | Coars=21.6, Entropy=0.421, Median=22.0 Coars=12.0, Entropv=0.326, Madian=25 5




NIHR HTA/BUPA Foundation/University of Oxford

\ Asymptomatic Carotid

\» Surgery Trial (ACST-2)

The Asymptomatic Carotid Surgery Trial-2 (ACST-2): an ongoing randomised controlled trial
comparing carotid endarterectomy with carotid artery stenting to prevent stroke.

Bulbulia R, Halliday A®.

OBJECTIVES: The second Asymptomatic Carotid Surgery Trial (ACST-2) compares carotid endarterectomy (CEA) with carotid artery
stenting (CAS) directly, randomising patients with asymptomatic carotid stenosis for whom a carotid procedure is considered definitely
necessary; both procedures seem anatomically feasible, and there is substantial uncertainty as to which of the two would be better for such
individuzls. Although it will compare procedural risks, the trial's primary aim is to compare the long-term durability of protection against
strokes occurring in the years post procedure due to any remaining or recurrent carotid disease.

DESIGN: Randomised controlled trial comparing CEA with CAS.
SETTING: Hospitals in the UK and worldwide, in which carotid procedures are commaon.

PARTICIPANTS: Men and women with severely stenotic atherosclerotic carotid artery disease, with or without previous stroke but with no
recent symptoms from the randomised artery.

INTERVENTIONS: CEA and CAS.

OUTCOMES: (1) Periprocedural risk defined as myocardial infarction, stroke or death within 30 days after the randomised procedure and (2)
long-term rates of disabling or fatal stroke during follow-up of patients.

MEASUREMENT OF COSTS AND OUTCOMES: Measurement of intervention costs and stroke costs (periprocedural and during follow-up)
and of quality of life [EuroQol-5 Dimensions (EQ-50®)] for patients in the top six recruiting countries (UK, Italy, Belgium, Germany, Serbia and
Sweden), who currently constitute 85% of those randomised.

PROGRESS SO FAR: By the end of March 2016, ACST-2 had included 2125 patients, nearly two-thirds of the planned recruitment of 3600,
1061 were randomly allocated to CEA and 1064 to CAS.

CONCLUSIONS: Further funding has been secured and recruitment continues, with completion anticipated by the end of 2019, ACST-2 will
report initial results in 2021.



ACST-2
Surgery vs Stenting

Asymptomatic patients with tight stenosis
requiring intervention:

Which procedure is generally better
. (in addition to good medical treatment)?

Vv

carotid surgery (CEA)
or
carotid stenting (CAS)?




Hypothesis of the
ECST-2 Trial

We hypothesise that the routine use of
modern optimised medical treatment
(OMT) in patients with carotid stenosis
will halve the risk of recurrent stroke

Patients with a predicted risk of stroke in
the next 5 years <20% will not benefit
from intervention (CEA or CAS)
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CAR Score

» Oxford Risk Prediction Tool recalibrated to
— Include asymptomatic patients and the predicted
benefit of modern optimised medical therapy

» Risk factors used to assess CAR score are:
Gender: male or female
Severity of presenting events: stroke, TIA or ocular
Degree of stenosis: 50-69% or 70-99%
Plague morphology: smooth or ulcerated/irregular
Age: <65, 65-74 or >75
Time since last event: >12, 4-12, 2-4 or <2 weeks
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Which Patients With Real Carotid Disease
Are at Increased Risk?

« Assume PSV 275-325cm/sec

* >5% annual risk
— Gray scale median <15
— Juxtaluminal black area >8mm?
— Plague area >80mm
— Contralateral stroke or occlusion
— Silent cerebral emboli (CT or MRI)
— TCD hits

Nicolaides et al. J Vasc Surg 2010;52:1486
S Topakian et al. ACES Study Neurology 2011;77:751-58
Kakkos et al. J Vasc Surg 2013,57.609
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