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Can patients with carotid stenosis be
identified as at risk for stroke?

Per annum risk of stroke by stenosis grade
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Plague characterization:

In search of the “loaded gun”
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Potential importance of carotid plague morphology

e Key factors in advanced plaque relating to activity
e Condition of the fibrous cap/TCFA
e Size of the necrotic core/dynamism
e Degree of intra-plague hemorrhage/neogenesis
e Extent of inflammatory activity/apoptosis/proteolysis

 May have relevance in:
e Natural history of plaque and stroke
e |[mpact of medical therapy

e Selecting the at-risk asymptomatic patient for
revascularization, and identifying the low risk patient

e Selecting revascularization method




Contrast-enhanced ultrasound
correlates with histology
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MRI plaque characterization

a TOFMRA b TOF source image ¢ Fat-suppressed Td | d Fat-suppressed T2
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Assessment of inflammation:
18F-FDG (Fluorodeoxyglucose) PET

Coronal view of a 50-70% symptomatic stenosis of
the internal carotid artery on the left side in a 77-year-old
male patient as shown by FDG-PET-CT imaging.

Hermus L et al. Eur J Vasc Endovasc Surg (2010) 39, 125e133



Virtual histology has a weak
correlation with captured CAS debris
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Plague echogenicity not predictive
outcomes in asymptomatic patients

First stroke / patients Absolute Ratio of 5-year risks
& 5-year risk (% + SE) 5-year gain, & 95% confidence interval
Category of patient Immediate Deferred % + SE Immediate : Deferred

Ipsilateral plaque echolucency (% soft material) :

<25 5/390 (1-8 + 0-8) Ccnaﬂdqmee imfervatssworld _gi

254 10/371 (37 £ 1 2} ¥05‘$ 1%5“’ pergeived
ffact nf anna (a1, arari‘arl-’a‘hnn !

Not estimated 14/799 (27 + 0 7) 46/746 (9 1£1 4) 64+15 ——

Ipsilateral carotid territory symptoms

None prior to entry 22/1372 (2.3 £ 0'5) 91/1375 (94 £ 1-0) 71+11 -
> 6 months prior 7/188 (5-3+ 2:0)  14/185 (10-8 + 2:8) 55+ 34 i .
ALL PATIENTS 29/1560 105/1560 6-9+1-0 <= Ratio 0.28
(2.7 £ 0-5) (9-6 1 0-9) i 2p < 0-00001
0 0-5 1 1.5

Immediate better

AR RaHaharaive gedup, LA rglod 3 6148 7502,




Plague echogenicity not predictive
outcomes in asymptomatic patients

Previous Focal Neorological Symptoms
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Carotid stenosis progression
predicts stroke

Study Follow-up Rate of Ipsilateral TIA/Stroke
Duration
(Yrs.) Disease No Disease
Progression Progression
(to >80%)
Roederer et al. 3.0 46% 1.5%
Mansour et al. 3.7 37.5% 4.2%
Mackey et al. 3.6 19.2% 2.9%
Muluk et al. 2.3 21.0% 11.9%




Perspectives on plaque characterization
and stroke event prediction

In asymptomatic carotid stenosis, per annum rates of stroke events
either with natural history (~2%-4%) or post-CEA or CAS (1.0%-
1.5%) low
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to drive decision-making based on advanced plaque
characterization in asymptomatic patients




Clinical predictors of high(er) stroke

risk in carotid stenosis
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Eur J Vasc Endovasc Surg 2005;30:275-84




Intracranial signaling:
Asymptomatic infarction on CT scans identifies a
high(er) risk group
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Intracranial signaling:

Cerebrovascular reserve predicts stroke
incidence in small pilot studies

ICA Annual
Study . Method Sample Size Stroke
Risk (%)
Yamauchi 1992 >70% PET 40 57
Gur 1996 >70% TCD 44 10.5
Vernieri 1999 Occlusion TCD 42 11.9
Silvestrini 2000 >70% TCD 94 13.9
Marcus 2001 >70% TCD 59 3.8
Marshall 2003 >80% or TCD 35 20

Occlusion




Carotid stenosis remains the most relevant and
reliable predictor of stroke outcomes

TABLE 22 Unadjusted Cumulative 5-Year Risks of Vascular Events by Carotid Plaque Characteristic

5-Year IS 5-Year M 5-Year VD 5-Year
N Risk N Risk N Risk N Combined Risk

No plaque 17 1.3% 23 2.0% 34 2.2% 62 5.0%
Ay paq  Surface 10.4%
Number ¢

{ plag Regular 42 3.0% 68 |

Z1ek Jrregular 10 8.5% LU e
Surface _

Regua  OLENOSIS 0.7%

Irregulk _ 16.8%
e <40% 45 3.2% 64

<40% 40-60% 2 _3.0% 7 0.3%

400 0%

e =60% 5 134% 0 o
Location

Internal carotid artery/BIF only 48 34% 67 41% 84 4.5% 158 0.6%

Common carotid artery 4 2.6% 12 11.3% 16 14.0% 26 22.5%

BIF indicates bifurcation.




Conclusions regarding risk stratification of
patients with asymptomatic carotid stenosis

e Additional stroke risk may predicted by:

= Stenosis severity Asymptomatic emboli

= Stenosis progression Co-morbidities:

= Cerebrovascular reserve -Renal insufficiency

" Plaque characteristics -Contralateral symptoms

e However randomized control studies to date have
selected patients based on stenosis severity and

symptom status, and have excluded co-morbidities.
= Other potential predictors of increased risk have not been

systematically studied

" Most importantly, the concept of the “low risk”
patient has not clearly been defined, nor identified



Can the carotid patient be identified as
high risk for surgery?




High surgical risk patients are defined as

_having higher than expected death/stroke

Symptomatic carotid stenosis: <6% CEA stroke and death rate
Asymptomatic carotid stenosis: <3% CEA stroke and death rate

NASCET and ACAS Exclusions

e Age>79 e Contralateral CEA within

® Prioripsilateral CEA previous 4 months

e Unstable coronary syndrome . U.ncontrolled hypertension or

e Mpyocardial infarct in previous 6 diabetes
months e Organ failure likely to cause

e (Cardiac valvular or rhythm death within 5 years
abnormality likely to cause e Total occlusion
embolic cerebrovascular ° Major Surgical procedure in
symptoms previous 30 days

e Contralateral occlusion e Prior severe CVA

e A more severe lesion cranial to the

) ) Progressing neurologic
surgical lesion

syndrome




Assessing CEA outcomes in
high surgical risk patients

There are no randomized trials
in high surgical risk patients
to guide recommendations for therapy

Any realistic assessments of CEA outcomes would be
required to be neurologically controlled/audited
(increases stroke rates 2-3 fold)




Post-trial CEA outcomes suggest results not

generalizable to non-trial patients

Mortality %

1.8 -

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

>100,000 Medicare patients

. 30-day mortality

ACAS NASCET Trial hospitals Non-trial
hospitals

Wennberg, et al., JAMA, 279: 1278-1281, 1998




High surgical risk CEA:
Increased risk of stroke/death

Age >75 years: 7%-10%

Congestive heart failure: 8%-9%

Co-existent CAD requiring bypass surgery: 8%-10%
Contralateral carotid occlusion:

— ACAS - 2% increase over medical therapy

— NASCET - 14.3%

Prior CEA and recurrent stenosis: 8%-10%

— Mayo Clinic

— Cleveland Clinic

Renal insufficiency:

— Cr>1.5mg%: 8.2%
— Cr>2.9mg%: 43%

Daily PO et al. J Thor Cardiovasc Surg; June 1996:111(6), 1185-93
Goldstein LB et al. Stroke April 1998:29(4), 750-53
Wong JH et al. Stroke May 1997; 28(5), 891-98




High surgical risk outcomes
demonstrated in RCT SAPPHIRE

Cumulative Percentage of MAE

—Nitrol Stent ——Carotid Endarterectomy

25% 1 CEA 19.9%

150 _’_'_,_,_/_,;"_'P:oms |
10% - P
5%ﬁ:_, - | Stent 11.9%
0% | -

0 30 60 90 120 150 180 210 240 270 300 330

Time after Initial Procedure (days)




Patients at high risk for CEA

Both observational and randomized data
strongly suggest that not only that there are
patients who are at increased risk for CEA, but
also that such patients can be reasonably
identified by medical and surgical comorbidities




Do the data support CEA as preferred
alternative to BMT in symptomatic patients?




Revascularization of severe symptomatic carotid
stenosis results in significant reduction in stroke
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What role does CAS play in the standard
surgical risk symptomatic patient?




Multicenter randomized trials of CAS vs. CEA

30-Day Outcome (Death/Stroke)

EVA-3S (30 days) | CEA:3.9% CAS: 9.6% p=0.01

SPACE (30 days) | CEA:6.3% CAS: 6.8% p=0.09
ICSS (120 days) CEA: 4.7% CAS: 8.5% p=0.001
CREST g - ~
(Symptomatic Only)| CEA: 5-4% CAS: 6.7% p=0.30

28




Critical trial construct and conduct issues limit
the value of EU CEA and CAS outcomes

Ml Operator

EFDLSE Ascertainment Experience




CREST outcomes:
CEA and CAS are no different for the primary endpoint
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The material differences between CEA and
CAS in CREST composite endpoints are in
inor stroke and Ml

Minor Stroke

Ml

* Fisher’s exact p-values were not adjusted for multiple comparisons; p-values for descriptive purposes only

3.2% (36)

2.0% (22)

1.5% (18)

3.4% (40)

Gray et al. Circulation. In press

CAS CEA Unadjusted
Per protocol N=1,131 N=1,176 Difference p-value*
All Death, o o o
Stroke, or Ml 5.8% (65) 5.1% (60) 0.7% 0.5200
Death 0.53% (6) 0.26% (3) 0.27% 0.3335
Any Stroke 4.1% (46) 1.9% (22) 2.2% 0.0019
Major Stroke 0.9% (10) 0.4% (5) 0.5% 0.2005




NIHSS neurological residual deficits from CEA and
CAS minor strokes occur with very low frequency
and are equal at 6 months

B CAS ECEA

A =0.02%

0.62%
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Long-term mortality:
No association with minor stroke but strong
association with Ml

HR
Confidence
Comparison HR Interval

—Control (N = 2183) Mlvs. Control  2.81  [1.53-5.17]
—MI (N = 56) Minor Stroke vs. Control  0.52  [0.13—2.09]

—Minor Stroke (N = 48) Mlvs. Minor Stroke  5.18  [1.15—23.4]
100% -

95% - 94.8%0

90% - 38.8%
85%

80%

70% : : : : .
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Gray et al. Circulation. In press



CREST:
Fate of CEA cranial nerve injury

CEA
N=1,176

Procedure related 5.3%
cranial nerve injury (62/1176)

Unresolved at 3.6%
one month (42/1176)

Unresolved at 2.1%
Six months (25/1176)

Gray et al. Circulation. In press



CREST:
Access complications greater with CEA

CAS CEA
N=1,131 N=1,176

Per Protocol

Access Site Complication

0 0
Requiring Treatment 1.1% 3.7%

25 - m CAS

20 = CEA
20 -

.--7 Patients requiring re-operation
15 -
11
10 -
7
> 2
0 0 1
0 B I I
Hematoma Bleeding Infection Occlusion Other

Gray et al. Circulation. In press




Evolutionary outcome improvement for CAS within
CREST (not seen with CEA):
Death or any stroke in symptomatic patients

50% Symptomatic
Patients Enroliment
March 2006
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0% -

2000-2004 2005 2006 2007 2008
N=160 N=111 N=131 N=120 N=77

Gray et al. Circulation. In press




Evolutionary outcome improvement for CAS
within CREST:

Death or any stroke in symptomatic patients

50% Symptomatic
Patients Enroliment
March 2006

4% -

3.6%

No major strokes or deaths among
symptomatic CAS patients
in the last half of CREST

|
|
|
|
|
|
2% - ;
|
|

P.8%

Frequency of Death or Major Stroke

0.0% 0.0%
O% L T T
2000-2004 2005 2006 2007 2008
N=160 N=111 N=131 N=120 N=77

Gray et al. Circulation. In press



Macro-evolution in CAS outcomes demonstrating
remarkable progression in past decade

% MAE

MAE in high risk carotid stent IDE trials: 2002-2009 (n>4000)

5 -
4 -
3 -
2
1 -
0 .

BEACH 2004
MAVeRIC 2004
CREATE 2005
cPRE cooe —
EPIC (2008)

PROTECT (2008) -

SAPPHIRE 2002
ARCHeR 2003
SECURITY 2003
CABERNET 2004
ARMOUR (2009)




CAS achieves AHA guidelines in symptomatic patients
Large, prospective, multicenter neurologically-audited/independent

adjudication single arm studies in high-surgical risk patients

(%) Subjects

N=589
EXACT/CAPTURE 2 (>180 sites and 400 operators):
30-day major adverse events symptomatic patients <80 years

71 6% AHA guideline

3 53 3.1

1 2.2 ’—‘1.0 1.4

Death/Stroke Death/Major Stroke Death Stroke Minor (3.1%)
Stroke Major (1.4%)

Hierarchical- Includes only the most serious event for each
patient and includes only each patient first occurrence of each event.

Gray et al. Circ Cardiovasc Interv. 2009 Jun;2(3):159-66




2011 Multi-Society Guideline Document

2011 ASA/ACCF/AHA/AANN/AANS/ACR/ASNR/CNS/
SATP/SCAI/STIR/SNIS/SVM/SYVS Guideline on the
Management of Patients With Extracranial Carotid and

Vertebral Artery Disease: Executive Summary

A Report of the American College of Cardiology Foundation/American Heart Assodation Task
Force on Practice Guidelines, and the American Stroke Association, American Association of
Neuroscience Nurses, American Association of Neurological Surgeons, American College of
Radiology, American Society of Nenroradiology, Congress of Neurological Surgeons, Sodety of
Atherosderodsis Imaging and Prevention, Sodety for Cardiovascular Angiography and
Interventions, Society of Interventional Radiology, Sodety of Neurolnterventional Surgery,
Society for Vascular Medicine, and Society for Vascular Surgery

Developed in Collaboration With the American Academy of Neurology and Society of
Cardiovascular Computed Tomography

WERITING COMMITTEE MEMBERS

Thomas G. Brott, MD, Co-Chairk; Jonathan L. Halperin, MDD, Co-Chair}; Suhny Abbara, MDiE,
1. Michael Bacharach, MD4; John D Barr, MD|; Ruth L. Bush, MD, MFH;
Christopher U, Cates, MDY; Mark A, Creager, MD#; Susan B. Fowler, PhDse*;

Gary Friday, MD$¥, Vicki S, Hertzberg, PhD;, E. Bruce McIff, MDEE;

Wesley 3. Moore, MD; Peter D Panagos, MD&8&; Thornas 3. Riles, MDY
Robert H. Rosenwasser, MDY Allen I. Taylor, MDD




Symptomatic patients

0. Recommendations for Selection of Patients
for Carofid Revascularization®

-l N

2. CAS iz indicated as an alternative to CEA for symp-
tomatic patients at average or low risk of complications
associated with endovascular intervention when the
diameter of the lumen of the internal carotid artery is
reduced by more than 70% as documented by nonin-
vagive imaging or more than 50% as documented by
catheter angiography and the anticipated rate of
periprocedural stroke or mortality is less than 6 %.**
{Level of Evidence: B)

50% as documenied by catheier angiography®==
{Level af Evidence: B) and the anticipated rate of

perioperati ve stroke or mortality is less th.?n 6% .
[¥] AL10IL [N [5] ¥ an ASReSSINEent o

comorhid conditions, life expectancy, and other indi-
vidual factors and should include a thorough discus-
gion of the risks and benefits of the procedure with an
understanding of patient preferences. (Level gf Evi-
dence: C)




What about CEA and CAS and age, gender,
and time from symptom event?




CREST 4 year primary outcome by age:
does the “best fit” line tell the real story?

CEA Superior p

Hazard Ratio
(]

0 | | ! |
40 50 60 70 80 90
Age (Years)




No difference between CEA and CAS for the primary

composite endpoint by symptomatic or octogenarian
In CREST

r CAS ICEA 95% CL

l 10.80%
560% 6.20%

Symptomatic Asymptomatic Non-octogenarians Octogenarians
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Gray et al. Circulation. In press



No age trend in CREST: Hazard Ratio by age group

Per protocol analysis
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Gray et al. Circulation. In press



Comparative “best fit” line skewed by good CAS
outcomes in young patients, and not by poor
outcomes in aged

Hazard Ratio

@ 0.39

Belowbo 6otob6; hAgto70 70to75  75t080  Above 8o

Gray et al. Circulation. In press



Benefit of CEA decreases as time from
neurologic symptom increases

40— 202 ] 70-55% stenosis
[] s0—o% stenosis
Al — 174
— 70— 11 -4 8.0
&,
e 3-3
c
=TI 10 -
|:| — -
-2
—10 - —
-2 2-d d-12 =12
Time from event Lo randomisation fweeaks)

Rothwell PM et al. Lancet 2004. 363(9413): 915-924.




Effect of CEA timing especially
pronounced in females

Time since last event: males

<2 weeks 200178 52/185 039 033-047 i
24 weeks 16/129  33/136 045 0.35-058 . 3
4-12 weeks 37/365  60/317 052 043-064 L]
>12 weeks 19/208  27/146 047 0.36-061 . 3

Time since last event: females

<2 weeks 10/ 106 281 B4 028 023-033 W
2-4 weeks 13194 8/ 57 1.00 0.44-226

4-12 weeks 191147 16/133 1.04 0.54-1.99

=12 weeks 171 89 3/72 430 1.48-1246

Rothwell PM et al. Stroke 2004 Dec:35 (12):2855-61



Timing of CAS after index event

I C S S Stnfnt ing group  Enda rterifcmmy p value*
{n=528) group {n=521)

Time from randomisation to treatment (days) 9 (C-17 11 (524 =0-0001
=14 C78 (F0%) 468 (G7%)
=14 200 (30%) 352 (43%)

Tirme from maost recent event to treatment (days) 3G (16-82) 40 (15-87) 0013
=14 205 (26%) 161 {15%)
=14 023 (75 %) B6d (81%)

Daf= are numnber (%) or median (1GRY in the per-protocol analysis. Three patients inthe endarte ectomy group were
randornised rore than 12 months after onset of sympborns. Thedate of the most rece it eve nt was o nknown intwo
patierts (endarterectory group). *Mann-Whitrey L test.

Table 2: Time from randomisationand from most recent i psilateral event to allocated treat ment

Brown MM et al. Lancet 2010 (9719): 985-997
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However, CAS appears to be more effective than
CEA in the symptomatic female in EVA-3S and ICSS

ICSS

Sex

Male

Female
. E

Fiqure 4: Subygy

N pvalue
Sex :
Women 130 |_’J|—'| 0-03
Men 397 l | 4 I
I
|
I I I I I I I
0 1 2 3 4 5 6 7
Hazard ratio {95% CI)
+4 >
Favoursstenting  Favours endarterectomy EVA3S

Figure 4: Hazard ratios (stenting vs endarterectomy) and 95% Cls for ipsilateral stroke (including
periprocedural stroke or death) in various subcategories

p values are associated with treatment-covariate interaction tests. The thick vertical line is the hazard ratio

(stenting vs endarterectomy) in the overall population.

teraction
ralue




CEA and CAS:

outcomes by index symptom
Predefined exploratory subgroup analyses

‘ C\/A DSC - |L

Interaction
Stenting Endarterectony Hazard ratio (95% CI) pvalue
Mumber of arents Mumber of everts ICSS
number of patients (%)*  number of patients (%)°
Type of most recent event
Stroka 45/419{10-8%) 217399 (C %) i 212{126-3E5) 0157
Trreientischaemic attack  24/273 (8- 8% 16/303(5-3%) i 171i0:91-3.22)
Amaurosis fugax 3148 (20m) CI142(30%) i 067 (+14-2-40

| | | | | | [ |

Favours stenting Favours endarterectomy
~ - - F ) a -T a = i - - r
Hazard ratio{ 95% Cl)

4 >

Favoursstenting  Favours endarterectomy




Summary of CEA and CAS in
symptomatic patients

CEA proven far superior to medical care

CAS and CEA appear equivalent in outcomes and stroke
prevention in CREST and in large, controlled single arm
studies of high surgical risk patients

— European trials flawed and therefore interpretation of primary
results limited

— Significant rapid and continued improvement in outcomes in CAS
over past decade; CEA outcomes excellent, plateau’d

— More wound complication/re-op and cranial nerve injury with CEA
Earlier intervention with greater benefit, especially in women

Women probably do somewhat better with CAS than CEA
(EVA-3S and ICSS), no difference in men

Patients with amaurosis and TIA may do better with CAS




What is the preferred therapy for stroke
prevention for asymptomatic patients?




The best available evidence supports revascularization
as a principal treatment option in asymptomatic
patients

 Two RCTs show superiority of revascularization over
medical therapy for asymptomatic patients

e Systematic review and population based studies
purporting to show improvements in best medical therapy
over time has significant flaws

e Claims that medical therapy has greatly reduced stroke
rates can therefore only be viewed as hypothesis-
generating at best, and do not supplant Tier 1 evidence
showing clear patient benefits from revascularization



Revascularization of severe carotid stenosis
results in significant reduction in stroke
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The support for medical therapy
without revascularization for severe asymptomatic
carotid stenosis rests on retrospective analyses

Medical (Nonsurgical) Infervention Alone Is Now Best for Prevention of Stroke
Associated With Asymptomatic Severe Carotid Stenosis. Results of a Systematic
Review and Analysis
Anne L. Abbott
Stroke published online Aug 20, 2009;

DOIL: 10.1161/STROKEAHA.109.556068




Significant methodological flaws
with Abbott review

Mainly based on observational data (8 of 11 studies)

Most of the asymptomatic patients in the included studies would
not be candidates for revascularization

— Sixty percent (60%) of patients in the systematic review did not meet
current AHA guidelines for revascularization

The heterogeneity of the populations across studies makes it
inappropriate to include in a single analysis

— Earlier studies had a higher minimum stenoses than later studies

— Studies used different imaging modalities

— Some studies excluded patients with any prior CV events

— Some studies included patients with prior revascularizations

Medical management was variable across studies
— Not clearly adjudicated across studies
— Other causes of stroke were not controlled for, such as atrial fibrillation




inclomplete

Studies included in Abbott analysis are

|psilateral Stroke

Ipsilateral Stroke/TIA

Any Territory Stroke

Any Territory Stroke/TIA

Study Sample Size Raw Data KM Estimates Raw Data KM Estimates Raw Data KM Estimates Raw Data KM Estimates
Johnson, 19857¢ 121 3.3 19.0 . . .
Toronto, 19862 113 0 7.9 (all TIA) 1.9 10.7 11.0
VACS, 1993 233 2.4 . 5.2 . 3.0 . 6.1

ACAS, 1995 834 2.3 2.2 4.5 3.8 3.8 3.5

ECST, 19957 127 2.3 1.9

ACBS, 19977 357 1.2 1.4 3.4 4.2 2.1 2.5 5.8

CHS, 19982 185 1.3 1.0 2.6 2.3

NASCET, 2000° 216 . 3.2 . . . .
ACSRS, 2005™ 1115 1.3 1.7 3.1 3.4 . 2.1 . 4.1
ASED, 2005%° 202 1.2 1.0 3.2 3.1 2.4 2.2 5.6 5.1
SMART, 2007 221 0.6 0.7

Largest randomized trial in

asymptomatic carotid disease is omitted

(ACST, 1500 medically treated patients)



Poor documentation of medical

therapies, heterogeneity in populations

Johnson™  Toronto? VACS'® ACAS'" ECST” ACBS™® CHS™ NASCET® ACSRS™ ASEDE™  SMART®
Male - 60 100 66 71 At 46 68 61 68 73
Mean age, y - 67 65 67t 64 65t 733 66 70 74 65
Current Smoker - " 49 24 50  35& 18 33 18 14 42
Ever smoker 77 9 OO .1 71 73 90
Hypertension - 66 64 64 508 47 T 60 63 72 "
Ischemic heart disease - 75 69 33 39t 38 36 34 52 59
High cholesterol 2 ... ... .. 5t .. 32t 60 67
Diabetes - 14 27 21 14 20t 2 22 21 17 21
Atrial arrhythmia - M 0 4 0 3 0 "
PVD - 70 59 ... 24 23 8 15¢ 40 33 45
Nonipsilateral stroke/TIA 0 0 3 27 100 0 0 100 20 4 0
Antiplatelet therapyt 0 =51 100* 100 56 50  about0  95%t 84 88 63
Antilipid therapy 0 25 75D 45

Antihypertension thera. 62 60

Other known embolic sources excluded no no no no yes yes Mo yes no

yes

no




Critical appraisal of Abbott analysis

<> Reported Ipsi Stroke Rate

—— Weighted Regression without REACH
35 | — Weighted Regression with REACH REACH
O 3164
3 i

Ipsi Stroke Rate
[EEY
(€3]

1984 1989 1994 1999 2004 2009
-0.5
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“Everything has been said before, but since nobody listens

we have to keep going back and beginning all over again.. ”
Andre Gide, Le Traite du Narcisse 1891

Onginal Contributions

Estr

inandnmized Tnal of Estrogen Plus

«m Progestin for Secondary Prevention
nsigii OF Cﬂrﬂnar}" Heart Disease In he evidence
strongly s Pgstmengpausm Viiomen the effect of

antreaans babiun Avannn

Conclusions.—During an average follow-up of 4.1 years, treatment with oral
conjugated equine estrogen plus medroxyprogesterone acetate did not reduce the!l
overall rate of CHD events in postmenopausal women with established coronary
disease. The treatment did increase the rate of thromboembolic events and gall-)
bladder disease. Based on the finding of no overall cardiovascular benefit and a
pattern I::ufraalrlyr increase in risk of CHD events, we do nnt recummend starhng this

angiographic studies, the relative risk was 0.50 (95% confidence interval 0 43-0. h6).

Stampliey STEeabI /AKX 15O%; 180(7) 60304 1847-63.



Randomized trial data in asymptomatic patients

ACST trial

Asymptomatic patients with standard surgical risk

Randomized trial
B CEA vs. non-directed medical care

5 year follow-up published 2004, 10 year in 2010

Primary endpoint:
® Any stroke or peri-operative death




Rate and implication of cross-over in ACST

100 ;

i 89-8% : 92-4% 52-5%

80+
Any CEA (immediate group)
Any CEA (deferred group)

—— CEA for symptoms (deferred group)

Resufts ar;e reported b:iased on ITT analysis

Patients

40

34-1%




ACST 10 year outcomes:
Significant and sustained benefit from revascularization

A Any stroke or perioperative death B Any non-perioperative stroke
30~ Gainat — Gainat
Syears: 4-1% (95% C| 2-0-6.2), p=0-0001 5 years: 5.9% (95% Cl 4-0-7-8), p=0-0001
10 years: 4-6% (95% Cl 1-2-7-9), p=0-00% 10 years: 6:1% (95% Cl 2-7-9-4), p=0-0004
17.0%
99 T ] 16-9%
10-0%
i
10+ = & o
FHJ,A"_HJJ 10-8%
_ ’ o %H‘f
- -
—B— Immediate _,__r’,) 4-1%
—8— Deferred o
e 1 T T |
0 5 10 0 5 10

Years Years




ACST outcomes:
Men benefit from revascularization

A Male, age <75 years: stroke or perioperative death B Male, age <75 years: non-perioperative stroke

304 Gainat 4 Gainat
5 years: 6:5% (95% Cl 3-6-9-4), p<0-0001 5 years: 7-5% (95% Cl 4-8-10-2), p<0-0001
10 years: 5:5% (95% Cl 0-9-10-0), p=0-02 10 years: 6:3% (95% C1 1:8-10-7), p=0-006
18-1%
T 17-1%
20 B 3
o)
-
a 12-3% i
£ 11-4% 1
-
104 1 =
12.7%
_/—%"J o 10-8%
C-8%
4 —&- Immediate 3.8%
fJ —8— Deferred
0 T T T T

Perioperative events/CEAs (%)+other events

Events/person-years




ACST outcomes:
Women benefit from revascularization

Risk (%; 95% C1)

C Female, age <75 years: stroke or perioperative death

30~ Gainat
§ years: 2-6% (95% Cl-1-2 to 6-1), p=0-19
10years: 5-8% (95% C1 0-1to 11-4), p=0-05
16.0%
204 T
8.4%
10 =
10.2%
5-9%
0 T T
0 5 10
Years

Perioperative events/CEAs (%)+other events

D Female, age <75 years: non-perioperative stroke

Gain at
5 years: 5-4% (95% Cl 2-4-8-4), p=0-0005
10years: 8.2% (95% Cl 2.9-13-6), p=0-003

'14_ _?%




ACST outcomes:
CEA results in contralateral stroke reduction

Allocated Allocated
immediate CEA deferral of any CEA
(n=1560) (n=1560)

Mean follow-up (years) during 3-4 3-4

first 5 years .

Carotid strokes* W

Ipsilateral 13 (3+4+6) 62 (24+11+27)
Contralateral 11 (3+3+45) 35 (9+5+18)
Unknown laterality 6 (5+0+1) 8 (6+0+2)
Subtotalt 30 (11+7+12) 105 (39+19+47)
Other strokes

|lschaemic vertebrobasilar 8(1+1+6) 8 (1+0+7)
Haemorrhagic 4 (0+2+2) 7 (4+0+3)
Subtotal 12 (1+3+8) 15 (5+0+10)
Total: 42 (12+10+20) 120 (44+19+57)

S5year risk of stroke 3-8% 11-0%




ACST outcomes:
More than % of deferred strokes are disabling

Number with stroke/patients Absolute Ratio of 5-year risks (95% Cl)
Category of stroke () and 5-year risk (%[SE]) Byear gain Immediate CEA:deferral
or patient (m) Immediate CEA Deferral (95% Cl)

Severity of worst stroke after randomisation

Non-disabling 12/1560 (1.1% [0.3]) | 47/1560 (4-3% [0-6]) 3-1% (1-8:4.4) —Ell—

Disabling or fatal 18/1560 (1-6% [0-4]) |58/1560 (5-3% [0-7) 3.7% (2:1:5:2) {1




ACST outcomes:
Deferred surgery has twice the complication rates

Perioperative mortality and morbidity

(ie, within 30 days of CEA) e bl
stroke deathsT 10 2
Disabling strokes 9 3
Mon-disabling strokes 16 &
Cardiac deaths 5 0
Mon-fatal myocardial infarctions 10 0
Other deaths 0 0
Any perioperative stroke or death 40 113
% of number of CEAs 2-8% 4.5%

(95% CI) (2-0-3-9) (2.2-5-0)




Significant medication
penetration in ACST

1 At entry, by year of randomisation
100

¢

] 1993-96 (n=1434)
B 1997-99 (n=854)
I 2000-03 (n=832)

Patients (%) or DBP (mm Hg)

Anti- Anti-
hypertensive coagulant

Anti-
platelet

Lipid-

- lowering



ACST:
Population with lipid-lowering Rx
demonstrate continued benefit with CEA

Not on lipid-lowering therapy at entry

30 7 Gain at

5 yr: 7.9%(2.3), p = 0.0005 24.9%
10 yr: 3.6%(3.4), p> 0.1; NS
Deferred
Immediate
21.2%
Years

On lipid-lowering therapy at entry

30 7 Gain at
5 y1: 2.1%(1.1), p = 0.05
10 yr: 5.0%(2.0), p = 0.01
20

14.5%
Defetred

Immediate
9.6%

Years



Best Medical Therapy in carotid artery disease:
what’s missing

IH

 Knowledge as to the correct “cocktail” of medication class,

specific to carotid-related targets

— What is “Best Medical Therapy”?
e What BP med? What target BP?
 Which lipid med? What target lipid levels? For LDL? For HDL?

e How do we improve smoking cessation rates?

e Measures and assurances of compliance and side effect issues
— NHANES reports <25% patients achieve BP goal

e Randomized data showing equivalence or superiority to
revascularization in asymptomatic severe carotid stenosis




What role does CAS play in the standard
surgical risk asymptomatic patient?




Periprocedural outcomes in CREST:
No difference between CAS and CEA for Asx

Cas ho. of CEA, hlo. of Percent Absolute
Events Events Treatment Effiect
(Pmporionx5EE)  (PoportionxSEE) Q5% Clt HR @&% Chs A
mlend point
A=y plonmatic Fl2x0.4 13 2.2 x086) —10—28%0 04 0550022401380 0.20
Symptomatic Fl0x0.4 16 2.3 £0.6) —1.2(—261001 045048100111 0.083
Stroke end point (any stmbke within
periproceduratt period)
All stmhke end points
Azyrnptomatic 15 (2.5 +0 B 8 [1.4+0.5) 12(—-04027 188007910440 015
Sympiomatic a7 [5.5+049) 2132207 23101 to 4.5) 174102100298  0.043
Major stroke
Asyrnptomatic 30503 2 M.3+0.2 0.2(—06 09 150002510995  0ESY
Sympiomatic A2 +04d 60904 03(—08t014 13204603800 061
Winor stroke
Asyrnptomatic 12 (2.0 x0 ) B1.0x0.4 10(—04024 2060077105510 019
Sympiomatic 29 (43 £0.8) 16 2.3 £0.6) 20009 1o 4.00 191 (1.0310 3571  0.042
Primary end point (amy stroke, M, or
death within peripmcedural period)
Azymptomatic 21 (3.5%0.8) 21 36208 0.0(—22t 21 1020550 1868) 0%
Symplomatic 45 6.7 +1.0 ah B 4+09 1.4(—1.210 3. 126 (0.81 to 1.96 0.0




CAS achieves AHA guidelines in asymptomatic patients
Large, prospective, multicenter neurologically-audited/independent
adjudication single arm studies in high-surgical risk patients

N=4282

EXACT/CAPTURE 2 (combined): 30-day major adverse events
asymptomatic patients <80 years

3% AHA guideline
3 e —

2 -
1- 2.9 1.8
1.1 0.8 0.6

Death/Stroke Death/Major Stroke Death Stroke Minor (1.8%)
Stroke Major (0.6%)

(%) Subjects
D

Hierarchical- Includes only the most serious event for each
patient and includes only each patient first occurrence of each event.

Gray et al. Circ Cardiovasc Interv. 2009 Jun;2(3):159-66



CAPTURE 2: Asymptomatic <80 y.o. patients

e B0 SWwW m8 T80 —-8XO =N P

o 30 day stroke/death distribution by site

% N=1372

o No stroke or death in 81% (134/166) of sites

" .|||l|ll””|||||m”
o] - L]

Gray et al. JACC Cardiovasc Interv. 2011 Feb;4(2):235-46



Contemporary outcomes demonstrate continued
improvement for CAS in asymptomatic patients:
ACT 1 Lead-in patients

Event 30 days, N=118

Death, Stroke and MI* 1.7%
All Stroke and Death* 1.7%
Major Stroke and Death* 0.0%
Death 0.0%
All Stroke 1.7%
Major Stroke 0.0%

(Minor Stroke *1.7D
Ml 0.0%

31-365 days, N=77
Ipsilateral Stroke 0.0%

*Hierarchical — Includes only the most serious event for each patient




2011 Multi-Society Guideline Document:
Asymptomatic patients

_lass Ila

1. It iz reasonable to perform CEA in asymptomatic
patients who have more than 70% stenosis of the
internal carotid artery if the risk of perioperative
stroke, MI, and death iz low.*4-3% (Level af Evi-

dence: A)
2. It is reasonable to choose CEA over CAS when revas-

cularization is indicated in older patients, particularly
when arterial pathoanatomy is unfavorable for endo-
vascular intervention. =% {Level of Evidence: E)

3. It is reasonable to choose CAS over CEA when revas-
cularization iz indicated in patients with neck anatomy
unfavorable for arterial surgery.*'-=% (Level of Evi-
dence: B)




Managing patients with asymptomatic carotid stenosis:
Summary

 Asymptomatic carotid stenosis is a risk factor for stroke

e Surgical revascularization therapy is proven beneficial vs.
unmonitored (but probably real world) medical therapy

 CAS outcomes have demonstrated similar outcomes to CEA
(CREST), achieved AHA guidelines, and now is Class 2b
recommendation in asymptomatic patients (CEA Class 2a)

 The role of medical therapy remains a tantalizing but
unproven alternative to revascularization in patients with
established severe carotid stenosis.
= Until such time as this benefit is demonstrated to be superior, the

available randomized controlled data support revascularization in
suitable patients




Patient level (ACST) cost-effectiveness
analysis for carotid revascularization

3

£10, 000 per QALY

. £20, 000 per QALY

== £30, 000 per QALY

Annual background stroke rate / %

Contemporary
event rates l

0 1 2 3 4 S

Peri-operative stroke or death / %

Ankur Thapar: Imperial College, London




Final perspectives on CEA, CAS
and Best Medical Therapy

 The judicious and selective use of these
therapies can result in overall improved patient
outcomes:
— Fewer strokes, fewer Ml’s

— Less disability and less CV mortality

 CEA and CAS have complementary, not

competitive roles in the patient requiring
revascularization



Thank you




Back-up slides




Carotid stenosis:
Public Health Implications

Stroke is the 39 |eading cause of death and the
leading cause of disability in the US

Carotid disease is estimated to be responsible for
between 12% and 21% of all anterior circulation
strokes

This translates into roughly 90,000-150,000
strokes/year in the US

— The average age of carotid patient in studies over the
past 20 years is ~“68-72

The result is that carotid territory stroke is a
significant public health issue, and especially
affects the Medicare population




MRI acquisition and enhancements

* Fat-suppression

— Reduces adjacent fat signals allowing better plaque
characterization

e Contrast imaging

— Gadolinium
e Differentiates fibrous cap from lipid core

e USPIO (ultra-small paramagnetic iron oxide) allows detection of
macrophage infiltration

e Advances in receiver coil and pulse sequence design have
resulted in high spatial resolution imaging of plaques




30-Day death/stroke rate for the 2"9 half of
CREST symptomatic and asymptomatic patients

Event RatexSE (N) Difference
CAS CEA 95% CL
nd 1.35%
2" Half of 15 2300 (21/563) 2.38% (14/588) i
Patients [-0.64%, 3.34%]




0-2 weeks

2-4 weeks

Benefit of CEA decreases with time

from event
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ACST 10-year results are the most rigorous comparison of
revascularization and BMT to date

A Any stroke or perioperative death . . .
N e e Revascularization continues to show
ears: 4-1% (95% C1 2.0-6-2), p=0-0001 . . . o o .
Toyers 6535511279 920009 statistically significant benefit at 5-

) and 10-year follow up
e Patients followed up to 2009
e Patients received intensive medical

17:.9%
204

- therapy
: 10.9% — 80% of subjects on lipid lowering drugs
= A — 88% of subjects on anti-hypertensives
— 88-89% of subjects on anti-platelets
] 5% e Post-hoc analysis found CEA benefit
—— was clearest for patients on lipid-
ot — lowering medication or less than
age /5 years
Perioperative events/CEAs (%)+other events
Years 0-5 Years 5-10
44/1509 (2.9%)+56 0/23 (0-0%)+43  Immediate
14/360 (3-9%)+140 2/87 (23%)+48  Deferred
Number at risk
Immediate 1560 1003 293
Deferred 1560 981 281

* Halliday A, et al. 10-year stroke prevention after successful carotid endarterectomy for asymptomatic stenosis (ACST-1): a multicentre
randomized trial. Lancet 2010;376:1074-84.




Analysis of Interaction between Age and Treatment on 1-
Year Composite Endpoint (2" Half of CREST)

Adjusted for sex, symptomatic, history of CAD, CABG, diabetes mellitus,
lesion stenosis, dyslipidemia, hypertension, and current smoking status
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CEA in US academic centers confirms non-
trial, higher risk patients do less well

12 sites in-hospital retrospective outcomes>1100 patients

11.8%

12% -

8% -

4% A

Death/stroke/Ml

0% -
All Symptomatic H/O angina >75y.0.

McCrory DC et al. Stroke 1993;24:1285-1291




Assessment of proteolysis: Labeled MMPI
Assessment of apoptosis: Annexin A5

A OH 4H

SPECT.CT &'
Fusion '

M Tc-MPI "n-ARS

Hypercholestrolemic rabbit aorta

Hermus L et al. Eur J Vasc Endovasc Surg (2010) 39, 125e133



Macro-evolution in CEA outcomes over
the past 4 decades

A 14
121
£ 12 11.4
2 40 10
o3 7.8
o 8
. = 6.7 6.5
Symptomatic £ 5.8
77
o 39 .,
x 4 = 3.0
0
FIELDS CINC CINC NASCET NASCET CAVATAS SPACE EVA-3S ICSS CREST
1970 1980 1984 1991 1998 2001 2006 2006 2009 2010
C 8
7 6.9
£ 64
0] 53
a 5-
. o3
Asymptomatic @ 4-
o] 3.1
5 34
2] 2.3
= 27 1.4
1_ .
0

CINC CINC ACAS ACST CREST
1980 1984 1995 2004 2010



No difference by age between CAS and CEA:
PP analysis and appropriate log scale

DSMI IPSI 1 year All age all subjects

Adjusted for sex sympt
p=value = 0.1 22

10.0

- HR UCI == HR(CAS & CEA) ™= == HR LG

RN

10

|

0.1




CAS in high surgical risk
asymptomatic patients

_lass IIb

1.

Prophylactic CAS might be considered In highly se-
lected patients with asymptomatic carotid stenosis
(minimum $0% by angiography, 70% by validate
Doppler ultrazound), but itz effectiveness compare
with medical therapy alone in this situation is not we
established.” {Level of Evidence: B)

In symptomatic or asymptomatic patients at high risk
of com plications for carotid revascularization by either
CEA or CAS because of comorhidities, | the effective-
ness of revascularization versus medical therapy alone
iz mot well established. 443875058250 (Fopel af Evi-
dence: B)




Sex, stenosis and time to CEA all

influence benefit of CEA

ARR (%), 95% Cl

ARR (%), 95% CI

60.0

40.0

20.0 -

0.0 -

-20.0

60.0

40.0

20.0

0.0 -

-20.0

-40.0

Male
_l_ 235 T 23.8 20.4
18.3 T
T 15.2 _|_ T &% T
J_ - : ] + 5.0
J- ] ] J‘ ]
B 6.3
-Ir Female
41.7
J— | 138 T -2.4
6'6__ == 2,2 T -21.7
' ==
Dl + 22 I
0-2 2-4 4-12 12+
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High surgical risk CEA:
Increased risk of stroke/death

e Cleveland Clinic experience
— 10 years of CEA

3061 operations retrospectively designated high risk
if they had:
— CAD
— COPD
— CRI

e Qutcomes for in-hospital stroke/death
— High risk: 7.4%
— Low risk: 2.9%
— p<0.0005

Ouriel et al. J Vasc Surg 2001 Apr 3; 33(4): 728-32




These analyses purport observational trends in
medical outcomes in patients with carotid stenosis
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