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Recommendations for imaging of extracranial carotid
arteries

Recommendations Class® | Level®

DUS (as first-line imaging), CTA and/or MRA
are recommended for evaluating the extent

and severity of extracranial carotid stenoses.””

When CAS is being considered, it is
recommended that any DUS study be fol-
lowed by either MRA or CTA to evaluate
the aortic arch as well as the extra- and

intracranial circulation.”

When CEBA is considered, it is recom-
mended that the DUS stenosis estimation
be corroborated by either MRA or CTA (or
by a repeat DUS study performed in an
expert vascular L‘:lbﬂr‘:ltt}r“}':l.w




Epidémiologie (USA)

* Chez les hommes de moins de 70 ans la prévalence des sténoses
carotides modérées a séveres (= 50 %) est de 4,8 %, contre 2,2 % chez

les femmes.

* Chez les patients agés de plus de 70 ans, les prévalences sont
respectivement de 12,5 % chez les hommes et de 6,9 % chez les

femmes.

* De tous les accidents vasculaires cérébraux (AVC), environ 10a 15 %
sont secondaires a un événement thromboembolique sur sténose de
I’ACI modérée a sévere (50-99 % NASCET).



BMT=traitement médical optimal

e Gestion des FRCV:
* TA 140/90-85 mm Hg
* LDL< 0,70 mg/dl (1,8 mmol/I)
ou baisse de 50% si entre 0,70 et 1,35
* Arrét tabac N

* Antiagrégrant plaquettaire -

Ty

|

SAPT*

Class lla C

Time delay

[

Clopidogre! 75 mg/day N Aspirin 75-100 mg/day



Risque actuel des plaques (50-99%)
asymptomatiques sous BMT

Events/ Annual risk (%, 95% Cl)

person-years
Goessens etal (1997-2005)%  §/796 ; . 063 (02040 147)
Spenceetal (2003-07 4 2538 ] i 0-37 (0-05t0 1:34)
Marquardtetal (2002-09)5 301 B 033 (0:01t0 185)
Total B/1635 Q:::,) 0-49 (0-21 to 0-96)
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Figure 2: Meta-analysis of mean annual risk of ipsilateral carotid territory ischaemic stroke distal to
asymptomatic 50-99% carotid stenosis in the three most recently published studies in patients on

reasonably current best medical treatment
G55 Cls of annual risk estimates are derived from Poisson distribution. p,=p for heterogeneity.

Rothwell, Lancet 2010



e SMART study (Den Hartog et al, Stroke 2013)

e 4319 patients consécutifs pathologie artérielle
clinipguement manifeste ou diabete type 2 (mais sans
antécédent cérébro-vasculaire). Suivi moyen de 6
ans.

* Sténose 50% a 99%: 293 (6.8%), dont 193 (4,5 %)
avec sténose de 70% a 99%.

* AIT ou AVC : 0.4% /an chez sténose 50% a 99% et
0.5% /an chez 70% a 99% .
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ATL : angioplastie transluminale ; TEA : thromboendartériectomie ; BMT : traitement médical optimurm. éleve




CHANGE IN RECOMMENDATIONS
2011 2017

Carotid Artery Disease

EPDs in carotid stenting

Asymptomatic 60-99% carotid stenosis

* Surgery for all * Surgery for high stroke risk''®

* Stenting as an alternative < Stenting in high surgery
r.iskI29, 135-137

* Stenting in average
surgical risk

@ E S C European Heart Journal (2017) 00, 1-60

European Society doi:10.1093/eurheartj/ehx095
of Cardiology



Table 4 Features associated with increased risk of

stroke in patients with asymptomatic carotid stenosis
treated medically (for details see Web Table 5

Clinical® * Contralateral TIA/stroke'

Cerebral : , , i

L, * |psilateral silent infarction

imaging
+ Stenosis progression (> 20%)"
* Spontaneous embolization on transcranial Doppler

HITS)'#
Ultrasound l: .} -
imagin * Impaired cerebral vascular reserve
&Ing * Large plaques™'

* Echolucent plagues™
* Increased juxta-luminal black (hypoechogenic) area'”
] 128

MRA Ithr:aplf'lque haerr!nrr*hage
* Lipid-rich necrotic core

@ESC 2017



e Homme < 75 ans, espérance de vie > 5-10 ans
e ATCD d’AVC/AIT controlatéral

e |[nfarctus cérébral silencieux (ipsilatéral, de type
embolique)

e Diminution de la réserve hémodynamique cérébrale

e Progression de la sténose (vs. sévérité de la sténose)

e Importante charge athéromateuse

Echodoppler

e Marqueurs de plaque vulnérable (instable)

* Microsignaux emboliques au DTC

* Plague hypoéchogene

 Chape fibreuse fine (JBA augmentée
* Structure IRM de la plaque:
* Hémorragle Intraplaque @ ESC Eurcpean Heart Journal (2017} 00, 1-60

. . .. , . European Society doi:10.1093/eurheartj/ehx095
* Riche corps lipidique nécrotique of Cardiology



Plaque Reporting and Data System Score

Ancillary features
Plaque-RADS | Plaque-RADS II Plaque-RADS llI Plaque-RADS IV

MWT <3 mm MWT 23 mm Independent of MWT

Calcifications

% Neovascularization

Type llla Type IVa

®

Normal wall Wall thickening LRNC, FC thick IPH

Plague Inflammation

Type llib Type IVb

Positive remodeling

LRNC LRNC, FC thin FC rupture
Plaque Burden
Plaque-RADS III Type Ive
Independent of MWT Progression of stenosis
Type lllc
Modifier
Calcification + LRNC Intraluminal €
thrombus

@

Limited diagnostic study

Ulcerated plaque

Stent

Calcification

Plaque vulnerability

JACC: Cardiovascular Imaging. 2023
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JBA (Juxta-luminal Black Area)=> RADS 3b
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Ultrasonic measurement Range of
measurement

GSM

<25 0—-25

>25 26—93

Plaque area (mm?)

<95 0—95

>95 96—178

JBA (mm?)

<6 0-6.0

>6 6.1-48

Patients
studied N

95
31

94
32

66
60

Unstable
plaque N (%)

61 (64%)
26 (84%)

59 (63%)
28 (87%)

39 (59%)
48 (80%)

p

.040

.009

011

OR (95% Cl)

2.90 (1.02 to 8.24)

4.15 (1.34 to 12.83)

2.77 (1.24 10 6.17)

Si aire >95 mm? + JBA (Juxta luminal Black Area) > 6 mm?

—> Probabilité de plaque instable a I’histologie = 90%.

M.K. Salem et al. European Journal of Vascular and Endovascular

Surgery . Volume 48 Issue 2 p. 118-125 August/2014




Niche = ulcération = RADS 3c

Régulier

Irrégulier (anfractuosités de 0,4a 2 mm)

Niche : > 2 mm de profondeur, plaque en fond, inversion flux

Inclassable

Plagues tres irrégulieres, avec niche (préférable a plaque ulcérée)
s’accompagnent d’'une augmentation d’AVC et AIT

—risque AVC x 3

Troyer A et al.Major carotid plaque surface irregularities correlate with neurologis symptoms.J Vasc Surg
2002; 35: 741-7
Prabhakaran S et al. The northern Manhattan study. Stroke 2006 Nov: 37(11):2696-701
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Progression de la sténose

* |[a progression de la sténose est fortement associée au
risque d’évenement (1)
* Risque AVC/AIT %/an (2) :
- 3/5,6 % si sténose progressive
- 0,5/1,7 % si stable
* RR si progression>10% ECST: 1.92 (95% IC 1.14-3.25) (3)

i ESC 1- Carra G. Int Angiol 2003

uropean Society

of Cardiology 2- Liapis CD et coll. Int Angiol 2001
3- Kakkos. J Vasc Surg 2014

* > 20 % NASCET pour
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Failure estimates (all vascular events)

months

S Balestrini et al. Stroke 2013




Vaso réactivité céerébrale

Réalisation du test:

e Suspension de la respiration pdt 30s

* non précédée d’une inspiration profonde
* Mesurer PSV, EDV, TAMYV, |IP sur ACM

- Augmentation TAMV 35-50 %

- Seuil 15 %




1.

Mesurer PSV, EDV, TAMV, IP sur 3 a 5 complexes réguliers a |'état basal
juste avant suspension de la respiration.

Suspendre la respiration: PSV et surtout TAMV et EDV vont augmenter
(35 —50%) jusqu’a un plateau obtenu en 20 a 30 sec

Calculer le Breath Holding Index (BHI) défini comme le pourcentage
d’augmentation de TAMV [(TAMV max —TAMV basal) /TAMV basal]
divisé par le temps de suspension respiratoire exprimeé en sec.

Le signal Doppler étant revenu a I'état basal (1 a 3 min), demander au
patient d’inspirer et d’expirer profondément assez rapidement
(Hyperventilation). Normalement EDV décroit assez rapidement(VC)
pour atteindre un minimum en environ 20 s

On calcule un taux (%) de chute de TAMV rapporté a la durée de
I"hyperventilation a 'exemple du BHI.

Attendre 3 a 5 minutes et recommencer la procédure avec 'ACM
controlatérale.



PA:100% , . ' PA:100%
3.0k/1.50MHz 3.0k/1.50MHz

BHI =21,8-17,5/17,5= 0,25

ERZ
Sectoriel BEs - =y v vd: 23.5cm/s Transcran 121 @ Sectoriel o = /s vd: 35.4cm/s Transcran 121
Fnd-2.5P P:10.0 GB:66 DB:75 32/32 : Fnd-2.5P  P:10.0 GB:66 7.0mm

1.8k/1.88MHz GC:. 71 1.8k/1.88MHz GC:71




Haut risque et vaso-réactivité cérébrale ?

Odds rato meta-analysis plot [random effects)

Kiiser 1092 - 5.28 (1.38, 24.40)
Wetser 1095 - }Hﬂr‘!ﬂ.ﬂﬁﬂﬂ
Gur 1996 - 22 50 (1. 44, 1054 40)
Vermien 1999 - 12 32 {1 54, 548.TH)
Savestnnd 2000 372 (1,05 1485
Kuroda 2001 162 (099, 11.32)
Ogasawara 2007 4 48 (1.07, 10.88)
Ogasawara 2002 » 2 16 (053, 8 B8)
Vamamolo 2006 - 12 50 {0 47, 705 56)
Reinhard 2008 —— 356 (1.02 11.7H)
Isozakl 2010 € .15 (0.00, 44.57)
Kimaagar 2040 - 650 (085 IT502)
King 2011 272 (040, 46.09)
comoned ranaon) % OR=4,30 (2,8-6,59)
0z 051 2 5 0 00 1000 | DOE+0S

OOkdE rabo (RN configence vl

= 0% (95% C1 = 0% to 48.6%)

Breskow-Day = 7.313141 (df = 12) P = 0.8362 A Gupta et al. Stroke 2012



HITS (high intensity transient signal)

* Microembolies gazeuses
Spontanées: valves cardiaques meécaniques
Injectées: diagnostic des shunts droit-gauche

e Microembolies solides
Athérome carotide




Embolic signals Embolic signals Weight (%) Odds ratio (95% Cl)

present absent
Ipsilateral stroke
Abbott® 2/60 41171 20.2% I 1-44 (0-26-8.07)
Molloy™ 1j12 0/30 63% = 7-96 (0-30-209.70)
Orlandi 3/6 0/15 67% = 31-00 (1-29-747-03)
Siebler™ 1/8 1/56 21% - 7-86 (0-44-140-14)
Spence’® 5/32 3/287 25-8% — . 17-53 (3-97-77-38)
Subtotal ptaa Qe 7-46 (2-24-24-89)

Heterogeneity: T°=0-]

Test for overall effect

ACES

Total 1
Heterogeneity: T8=0-]

Test for overall effect]

Ipsilateral stroke an
Abbott®®
Molloy™
Orlandi®
Sieblers

Spencel®

Subtotal 2|
Heterogeneity: T°=2-]

Asymptomatic

Carotid Emboli Study (ACES)

Sténoses asympto > 70%

* ORAVC+AIT: 2,50

* ORAVC: 5,35

Test for overall effect|

5-35(1-51-18-94)

: 6-63 (2-85—15-44)>

1-47 (0-53-4-11)
14-52 (0-64-327 70)
113-67 (4-01-3224.21)
33-00 (2-87-379-11)
15-65 (5:34-45-88)

1200 (2-43-59-34)

ACES 1077 22/390

Total 35/195 42949
Heterogeneity: T°=1-33; ¥’=18-49, df=5 (p=0-002); P=73%
Test for overall effect: Z=3-36 (p=0-0008)

24-4%

100-0%

<

I
0-001

01

1 10

2-50(1-13-5-51)

7-57 (2:32-24-69)

Figure 3: Meta-analyses of ACES with previous studies of the association of embolic signals with future risk of ipsilateral stroke or ipsilateral stroke and TIA

TIA=transient ischaemic attack.

Markus. Lancet Neurol 2010




Plague « echolucent »

Michele Porcu et al. Journal of Neuroradiology. 2019



Classification par Gray
Weale 1988 modifiée par
Geroulakos 1993

Type 1:
— Plague anéchogéne
— <15 % échos intenses
Type 2 :
— Plaque a prédominance
anéchogéne ou hypoéchogéne
— 15-50 % d'échos intenses
Type 3 :
— Plaque a prédominance iso ou
hyperéchogene, hétérogene
— 50-85% d'écho;
Type 4 :

— Plaque iso ou hyperéchogene,
uniformément

— >85%d'écho;
Type 5:

— Plaque calcifiée.

Steffen C.M, Gray Weale A.C et al. : Aust NZ J Surg 1989
Geroulakos et al. : Br J Surg. 1996



Echolucent Plaques Are Associated With High Risk of Ischemic
Cerebrovascular Events in Carotid Stenosis : The Tromsg Study
Ellisiv B. Mathiesen, Kaare H. Bgnaa and Oddmund Joakimsen
Circulation. 2001;103:2171-2175

e 223 patients avec sténose carotide

(123 avec 35% -49%, 100 avec 50% -99% stenosis)
e 215 sujets contrble appariés par age et sexe
* Suivi 3 ans

Echogénicité plaque initiale:
1. Echolucent
2. predominantly echolucent
3. predominantly echogenic
4. echogenic




Propertion without cerebrovascular avent

0.9
0.8 -
0.7 -
0.6 -
0.5

0.4 -

L , A
LI1 R p=0.01
ll | C p=0.0001
| b pso.0001

¥] 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4
Years of observation without cerebrovascolar event

A: sans sténose

B: échogene et prédominance échogene
C: prédominance echolucent

D: echolucent

RR=4,56 (1,1-18,93)



Conclusion 1

Au final, ce que l'on devrait fournir,
selon les dernieres recos!



* Quantification sténose selon NASCET (< ou > 50 ou 60 %)
* Progression de |a sténose
e Vasoréactivité cérébrale (réserve?)
 Existence de HITS (monitoring)
* Large plague (< ou > 95 mm? selon logiciel de lifeQmedical)
* Echogénicité de la plaque (type 1 voire 2, ou GSM < 40: Photoshop)
* JBA > 6mm? (logiciel de lifeQmedical)
* > 25% de plaque anéchogene (ou de GSM < 25)
+

 IRM ou Scanner cérébral
* |IRM de plaque



Recommendations for management of asymptomatic
carotid artery disease In ‘average surgical risk’ patients with an

asymptomatic 60-99% stenosis in the pres-

. a b - . . .
Recommendations Class™ | Level ence of clinical and/or imaging characteris-

In ¢ L , tics? that may be associated with an
n ‘average surgical risk’ patients with an

asymptomatic 60-99% stenosis, CEA should increased risk of late ipsilateral stroke, CAS

be considered in the presence of clinical may be an alternative to CEA provided

and/or more imaging characteristics® that documented perioperative stroke/death

rates are <3% and the patient’s life expect-
110,129,132,137

may be associated with an increased risk of

late ipsilateral stroke, provided documented ancy is>5years.

perioperative stroke/death rates are <3%

and the patient’s life expectancy
116

is>5years.
4 Class lla Weight of evidence/opinion is in Should be considered
In asymptomatic patients who have been favour of psafulnac, sfcacy.
deemed ‘high risk for CEA’® and who have Class llb Usefulness/efficacy is less well May be considered
established by evidence/opinion.

Level of Data derived from multiple randomized
evidence A | clinical trials or meta-analyses.

Data derived from a single randomized
clinical trial or large non-randomized

an asymptomatic 60—-99% stenosis in the
presence of clinical and/or imaging charac-
teristics® that may be associated with an

increased risk of late ipsilateral stroke, CAS
Level of

should be considered, provided docu- evidence B

studies.
mented perioperative stroke/death rates
Consensus of opinion of the experts and/
or small studies, retrospective studies,

registries.

are <3% and the patient’s life expectancy
135,136

BESC 2017

is>5years.




Conclusion 2

Et ce que I'on peut fournir,
dans « la vraie vie »!



» Quantification sténose selon NASCET (< ou > 50 ou 60 %)
* Progression de la sténose (en 6 mois)
 \/asoréactivité cérebrale (faisabilité?)
 Existence de HITS (opportuniste plutot gue monitoring!)

* Echogénicité de la plaque (type 1 voire 2, )

* >25% de plaque anéchogene
* Régularité de la plaque (niche?)



Merci de votre attention




