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» NIH Pl Management asymptomatic carotid stenosis (CREST-2)
» NIH Pl Vascular Imaging Core Facility (VIC)

» NIH/CMS/FDA/Industry Pl National Carotid Registry (C2R)
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» NIH (Admin Suppl) Pl Carotid- LifeLine Screening Study (C-LLS)

» VA Merit Pl Cognitive Impairment in Carotid Disease-1 (ACCOF-2)
» VA Merit Pl Flow mediated thrombus resolution in DVT (EFFORT-2)
» MIPS-Maryland State Pl Novel targeted imaging for PAD




“You can’t guess the future if
you haven't seen the past”

Yogi Berra




Katoticos = stupe
karos = deep sleep

mthe south side of the Parthenon in Athens, G0 BC



C Miller Fisher, Canadian
Neurologist, 1951

Correlated carotid plaque with
stroke
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Successful Carotid Endarterectomy

For Cerebrovascular Insufficiency

Nineteen-Year Follow-up
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Carotid Disease Management
in the 20" Century

“Certainty Rules”




The New England
Journal of Medicine

©Copyright, 1993, by the Massachusetts Medical Society
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Increasing Enthusiasm for CEA

Joint Study of Extracranial

Arterial Occlusion
X. Internal Carotid Artery Occlusion

William S. Fields, MD, Noreen A. Lemak, MD

JAMA

Endarterectomy for Asymptomatic
Carotid Artery Stenosis

Executive Committee for the Asymplomatic Carotid Atherosclerosis Study

| Beneficial effect of carotid endarterectomy in symptomatic patients with high-grade carotid stenosis. North
American Symptomatic Carotid Endarterectomy Trial Collaborators
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Benefit of Carotid Endarterectomy in Patients with Symptomatic Moderate or Severe Stenosis
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CEA becomes the standard of care
for severe carotid stenosis

One of the most
frequently performed
vascular surgery
procedures




“When did medicine get so
messy?”

Intern in Gray’s Anatomy
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1. Stroke rates ..... are declining
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Stroke drops to #5 cause of death in 2014
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2. Medical risk-factor management .....
IS more comprehensive and guideline-

driven
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3. Technical expertise ..... is improving

dramatically
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4. Revascularization Technology ..... Is
getting better and better

Endarterectomy

» Protecting cerebral perfusion
during carotid clamping

* Blood pressure
* Shunts

« Neural monitoring

» Carotid patching
| stroke (OR 0.31)

* | perioperative arterial occlusion
(OR 0.18)

- | restenosis (OR 0.24)

Cochrane Database of Systematic
Reviews, 2009




Carotid Revascularization,
Endarterectomy vs Stent Trial (CREST-1)

a0 In preventing any stroke, M,
and all-cause mortality during
peri-procedural period, and

0 In maintaining durable patency
over the follow-up period

Carotid Endarterectomy Carotid Stenting
CAS vs. CEA Hazard Ratio, 95% CI P-Value
7.2 vs.6.8% HR = 1.11; 95% Cl: 0.81-1.51 0.51
stroke | 4.1 vs. 2.3% HR = 1.79; 95% CI: 1.14-2.82 0.01
Ml 1.1vs. 2.3% HR = 0.50; 95% CI: 0.26-0.94 0.03

Hobson RW et al, JACS 2002
Brott TG et al, NEJM 2010
Lal BK & Brott TG, J Vasc Surg 2011
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5. Revascularization technology ..... Is
getting better and better

Carotid artery stenting

» Embolic protection
 Filter

* Flow reversal

» Stent designs
* Open cell
* Closed cell
« Hybrid- Open-closed

» Hybrid designs
« Stent-mesh
« Stent-filter-balloon
* Double filter

Lal BK et al JVS 2003
Bosiers M et al, 2007




Carotid Disease in the 21st
century

Do we have Equipoise?




Carotid Revascularization for Primary
Prevention of Stroke Trial (CREST-2)

In patients with 270% asymptomatic
stenosis, to assess:

The treatment differences between
medical management and CEA

The treatment differences between
medical management and CAS

Stroke & Death at 4 years

Lal BK et al, Semin Vasc Surg 2017



Dual Trial Design

CAS + Medical

>
n =620

Medical
n=620

julodpu3z

CEA + Medical

>
n=620
@
Medical
— >
n=620
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Lal BK et al, Endov Today 2013



“CREST-2 is the best
treatment for asymptomatic

carotid stenosis”
Walter Koroshetz, MD, Director NINDS




CREST-2 Primary Aims

» Peri-procedural stroke and death
» Post-procedural ipsilateral stroke (4 years)

——]

=—. CEAor CAS

Medicine

% free of primary endpoint

4 years




Risk of stroke based on demographic
characteristics

Risk factor HR (5% CI) P value
Stencsls (per 10%) 1.18 {1.10-1.25) 0.0001
Near occlusion 0.49 {0.18-1.24) 0.1309
Male sex 1.19 {0.B1-1.75) 0.2887
Age (per 10 years] 1.12 {0.8B8-1.39) 0.3343

-~
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Rothwell P et al, Lancet 2004




Risk of stroke based on plaque
characteristics

Mo. of Total Follow-up perod HR/OR
studies population mean) [95% CT)
Intraplaque hemorrhage
Saam ef al 2013 [HR)® 8 £a3 1-3E (20} months E.7 [3.0-10.9]
Gupta et al 2013 (HA): 7 878 8-3E (20) months 4.6 [2.8-7.2]
Hosseinl et al 2013 (ORP= 7 867 9-38 months 10.0 [6.5—18.4]
Lipid-fich necrotic core
Gupta et al 2013 [HAR: 4 403 12-38 {24) montns 3.0 [1.5-5.9]
Thin or ruptured fibrous cap
Gupta et &l 2013 (HAp: 4 33 12-38 (22) months 6.8 [2.7-13.2]
Lipid/necrotic
core
Intraplaque
Hemorrhage
Plaque _ _
rupture Liem Ml et al, Circ J, 2017
Lal BK et al, Stroke 2003
Lumen Lal BK et al, IEEE Bioeng. 2004

Lal BK et al, Ann Vas Sur 2006
AlMuhanna et al, J Vasc Surg 2014
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Risk of stroke based on transcranial
Doppler HITs

Study ¥ear n MES poaltive Follow-up Mo, of events OR (85% CI)
Symptomatic patients
Markus at ans 2006 200 BD (44.5%) 3 manths 21 (16.5%) 467 [1.98-11.01)
Censon et & 2000 ED 20 (40%) 0.6 months T [14%) 12.43 (1.96-113.41)
AJtal et g 2014 123 48 (37.4%)  MedEn 3Bdays 37 (30%) HR 2.28 {1.68-8.42)
{ICR 15-87)
Molloy et 5% 1099 &7 20 (429%) 0.8 montns g (13%) 12.12 (2.24-65.55)
Asympiomatic patients
Markus at 2™ 2010 467 77 (16.5%) 24 months 30 (6.9°%) 260 [1.13-651)
Anbott et 5% 2006 23 B0 (26%) 70.8 months 18 (7.6%) 1.47 (0.4-4.46)
Spenca st al 2006 a1g 32 (10%) 12 montns 18 {5%) 15.65 (5.34—45.88)
Siobiar et gpa 1095 B4 8(12.5%) 16.8 montha B (7.6%) a1 (3-302)

-~
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Let’s not throw the baby out
with the bathwater !
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Appeal to the Enlightened,
Thomas Murner, 1512
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Carotid revascularization has become
more selective and rates have declined
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Carotid endarterectomy or carotid artery stenting
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Carotid artery stenting

0
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Year

Lichtman J & Lal BK et al, JAMA, 2017




Carotid artery stenosis
Mechanism of end-organ damage

Plaque rupture Embolization Stroke

Lal BK & Hobson RW, JSCV Dis 2006



“Asymptomatic” carotid artery
stenosis

=
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Stroke is devastating
And expensive to treat

» Someone In the United States has a stroke
every 40 seconds

» Every 4 minutes, someone dies of a stroke

» Stroke costs $34 billion per year




Let’s be part of the solution
and not stand by the sidelines!




CREST- H (Hemodynamics)

» Goal: To determine whether a subset of CREST-2 patients with cerebral
hemodynamic impairment and mild cognitive impairment will benefit
from revascularization

» Additional testing: MRI perfusion scan to look for hemodynamic flow
failure at baseline

Marshall R, Lazar R & Lal BK, NIH, 2018
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CREST-M (Imaging)

» Goal: To determine whether carotid plague disruption and stroke
may be influenced by plague geometry, plague histologic
components, plague biomechanical forces.

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

Virtual histology

- Calcium 300.1 mm?3
(17%)

- Connective tissue
matrix 1264.1 mm?3
(72%)

- Lipid/necrotic core
15.6 mm? (1%)

- Hemorrhage 0 mm?3
(0%)

L}
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Lal BK and Huston J, NIH, 2018



CREST

Is it the final answer ?
It is the last chance in many years to get a contemporary answer

UMD Center for
Vascular Research

A
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