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Randomised trials in “insei——r
asymptomatic carotid stenosis (ACS)

ACAS 1995; ACST 2004

Carotid endarterectomy reduced annual stroke risk from 2% to 1%

Perioperative stroke and death: 2.3%
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Small net benefit after carotid JANUARY 1719 2013 e
endarterectomy for asymptomatic stenosis

Table 1  Five year risks of the main outcomes from ACAS and ACST, including the operative risk

ACAS ACST
BMT CEA ARR BMT CEA ARR
Any stroke 17.5% 12.4% 5.1% 11.8% 6.4% 5.4%
No of ‘any strokes’ prevented 51 54
per 1000 CEAs at 5 years
Any major stroke 9.1% 6.4% 2.7% 6.1% 3.5% 2.6%
No of ‘major strokes’ prevented 27 26
per 1000 CEAs at 5 years
Ipsilateral stroke 11.0% 5. 1% 5.9% 5.1%" 4.4% 1.1%
No of ipsﬂat{-:-ral strokes prevented 59
per 10¢=
n/a

Major ips ”Up to 94% of |ntervent|ons mlght not beneflt the patlent
BMT = be AT TITET A 5 5 5 5 5 z
group it 1ncludes a 2.8% operatwe r1sk nfa = no data avaﬂable ,&RR = absolute r1sk reductmn at 5 years.

Naylor 2009, EJVES

Therefore, a better risk stratification
for ACS is urgently needed
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Factors assouated T
with a high risk of stroke in ACS

 Clinical characteristics

Silent brain infarction

/

Evidence of embolisation\
Embolic signals on TCD

. a Stenosis
Lesion characterlstlcs< or characteristics
Plague
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with a high risk of stroke in ACS

* Clinical characteristics
— Hypertension (Moore D, Ann Surg 1985)
— Hypercholesterolaemia (ACST 2004)

— Age (> 70 years) (Moore D, Ann Surg 1985)

— History of contralateral neurological symptoms

(ACST 2004, ACSRS 2005)
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with a high risk of stroke in ACS

* Clinical characteristics: Hypercholesterolaemia

16
14
12
10

O N B~ O O

5-year Stroke risk

70%

Cholesterol < 250mg%

Cholesterol >250mg%
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Factors assouated v
with a high risk of stroke in ACS

* Clinical characteristics: History of contralateral
neurological symptoms

Study Risk estimate o Method

(95%Cl) value

ACST 2004  2.08(1.35-3.18)*  0.001  Odds ratio
ACSRS 2013 2.2 (1.27-3.79) 0.005  Hazard ratio-

(Kakkos, JVS, in press) Cox regression

* calculated from the published data
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Outcome improvement over time, xusiy 20—
as a result of medical therapy

Annual ipsilateral and “any” stroke (50-99% stenosis)
by year of publication

6
o @® — any stroke
g (O = ipsilateral stroke
4 —
N 31
2 —
l —
0 | T | l
1984 1989 1994 1999 2004 2009

WWWLEACVS.0T9  Modified from Naylor 2009 EJVES
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Annual ipsilateral and “any” stroke (50-99% stenosis)
by year of publication

o @ — any stroke

The improving results of medical therapy

have challenged the need for intervention
In asymptomatic carotid stenosis, and therefore
identification of high risk groups Is imperative
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WWWLEALVS.0T9  Modified from Naylor 2009 EJVES
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Factors assouated
with a high risk of stroke in ACS

“Embolic” infarction on CT brain scanning

Large cortical Small cortical
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Ipsilateral stroke-free rate in patlents JANUAR —
with 60-99% (NASCET) ACS ( n=462) in reIatlon

to “embolic” infarction: 70% of the plaques that
will produce a stroke are missed

100 - CT-brain embolic
4_'*_4_1 infarction
. B LE i T _!'" Absent
_’_l_l—l__— Al PP 1T Present
7 8% |(1%/year)
S
8 80
o
o
- P=.002 — :
% 70 29% |(3.6%/year)
n
60
50
| | | | | | | | |
0 1 2 3 4 5 6 7 8

Time (years) Kakkos, J Vasc Surg, 2009



Factors assomated o g

with a high risk of stroke in ACS
Embolic signhals on TCD: 43% of the plaques

that will produce a stroke are missed

Embolic signals  Embolic signals ~ Weight (%) Oelds ratio (95% C1)

present absent
Ipsilateral stroke
A bbott! piL 4171 20-1% — - 1-44 (0-20-8-07)
Maolloy™ 112 (/30 b 3% - 7:96 (0-30-209-70)
Ovlandi™ 16 0/15 6 7% - 3100 (1:29-74703)
Siebler 18 1/56 8.1% - 7-86 (0-44-140-14)
Spence™ 532 1287 158% i 1753 (3-97-77-38)
Subtotal 12/118 B/559 67-0% -:,’::} 7-46(2-24-24-89)
Heterogeneity: 1'=0-54; y'=6-62, df=4 (p=0-23); P=29%
Test for owerall effect: Z=3-27 (p=0-001)
ACES 7 5390 33-0% —— 535 (1:51-18-94)
Total 1?:195 13;'949 100-0% -c::‘} 663 (2-85-15-44)
He '

= Meta- anaIyS|s of ACES and Previous Studies
Marcus HS et al, Lancet Neurol. 2010;7: 663—-671.



Factors assouated oAy 1719 2013 ——
with a high risk of stroke in ACS

e Stenosis characteristics

— Increasing severity of carotid stenosis (ACSRS 2010)

— Progression of carotid stenosis over time

(Aburahma, J Vasc Surg 2002)

— Occluded contralateral internal carotid artery

(Aburahma, Ann Surg 2003)



Stenosis severity and risk of stroke

ECST
stenosts (%)

----------

ACSRS study

NASCET
stenosis (%) No. CORI events Strokes

All patients
50-69°
70-89°
90-99°

1121 130 (11.6%) 59 (5.3%)

<50 198 16 (8.1%) ( 5 (2.5%))
50-82 598 65 (10.9%) | 29 (4.8%)

83-99 325 49 (15.1%) | 25 (7.7%),
P=.01 P = .008

Nicolaides, Kakkos, et al. J Vasc Surg 2010
WWW.Cacvs.org



Factors assouated auaky 17192
with a high risk of stroke in ACS

Plaque characteristics

— Plaque ulceration (Handa, Stroke 1995)
— Unstable carotid plaque morphology on ultrasound

-—plaque echolucency (Nicolaides, Kakkos, 2005)
Sf‘égtiite'\;Q — discrete echogenic plaque components (Nicolaides ,2010)
_—plague heterogeneity (Sterpetti, 1988)
— low gray scale median (GSM) (Nicolaides, 2010)
Objective , , ,
features - — increased plagque area (Nicolaides, 2010)

—juxtaluminal black (echolucent) areas (JBA) (Kakkos, 2013)
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Juxtaluminal Black Area (JBA):
a U/S marker of plaque instability

U135 ee—
NCE CENTER PARSS, FRANCE

v'A juxtaluminal black (hypoechoic) area is observed more
frequently in symptomatic compared to asymptomatic

carotid plaques (Pedro, EJVES 2002)
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Measurement of JBA
Images transferred to PC for processing

-~y -

- o - - -~ :. . l s I ‘M;'"RM I

Images normalised for grey scale using two reference points:
blood=0; adventitia=190
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Image contouring

Grey scale Colour

0-25 black
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50-75 green |® clC pPlagque
75-100 DVWA

100-125 p— =y
>125 red t‘-“- 1

Example of a plaque lacking a large JBA




Example of a plaque with a large JBA
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Image regioh

Image colounng

DEFINITION
JBA is defined as an area
of pixels adjacent to the
lumen with gray scale
value <25 and without a
visible echogenic cap

JBA area is quantified in
mm?




Texture feature extraction

<} Plague parameters
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E uro p e 1121 D atients L
with > 50% ACS
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Ipsilateral ischemic stroke in relationzuat 7520 —r
to JBA size in the ACSRS study

Stroke Free Survival

104 —1 . N=705 8 Ann. Str. Rate JEA
— 1 ‘Strokes————— | T
g B— 0.4% | >
_‘ 1719 | e
0.9- Strokes
| 1.5%
. 245 L
P<.001 4o 1
Strokes
*1129% of the plaques |
that will produce 41%
.|| a stroke are missed
o 1 2 3 5 6 7 8

Kakkos, SVS 2012
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Fatal ipsilateral ischemic stroke in ..t T.
relation to JBA in the ACSRS study

JBA (mm?)

e <f

_l_:;;.E

Fatal Stroke Free Survival (%)

Years
";f 877 774 493 311 148
oy 244 210 119 77 30

--------------- v Kakkos, J Vasc Surg, in press
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Predictors of ipsilateral |schem|c;i e —
stroke on Cox Multivariate Analy5|s
in ACSRS: risk stratification is possible

Independent predictors of risk HR 95% ClI P value
JBA (4, 4-8, 8-10, >10) in mm? 2.34 1.89-2.91 <0.001
Stenosis (50-69, 70-89, 90-99) (%) 1.59 1.06-2.37 0.023
DWA (present, absent) 1.90 0.98-3.27 0.059
History of contr. TIA or stroke (present, absent) 2.20 1.27-3.79 0.005

GSM and plaque area: Non significant

Kakkos S et al, 2012 SVS June 7-9 Washington, DC (JVS 2012;55:845-85S) (Paper in press)
WWW.Cacvs.org
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NASCET) (n=325) and T
predicted annual stroke risk

History of Contralateral History of Contralateral Annual
TIAs or Stroke Absent TIAs or Stroke Present Stroke
Rate
Present 2.0% 4.1% T
DWA n= 39 8
Absent 1.2% 3.0% 3.8%
n= 16 2 24 4.0-5.9
4-8 B-10 =10 <4 4-5 8-10 =10 2.0-3.9
JBA 1BA 1.0-1.9
mm’ mm?

Kakkos S et al, 2012 SVS June 7-9 Washington, DC (JVS 2012;55:845-85S) (Paper in press)
WWW.cacvs.org



Conclusions

[ Effective risk stratification in asymptomatic carotid
artery stenosis has been achieved in recent years, and
this has improved the selection of patients in need of a
carotid intervention.

J Not only the severity of stenosis, but also history of
contralateral neurological symptoms, plaque features
like JBA and DWA, and CT brain infarcts have all

emerged as powerful predictors of stroke occurrence.
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Where we go from here?mwi rom: —r

1. User friendly software
for image analysis
is now available

for vascular labs

2. Doctors who like a
number

They should ask for
(a) % Stenosis
(b) Annual stroke risk

WWW.Cacvs.0
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