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Carotid Artery Stenting: 

indication 



4-Year Outcomes of the CREST 

HR 1.11 (0.81-1.51) 

Primary Endpoint : 

any stroke, MI, or death within 30 days + subsequent ipsilateral stroke 

Brott TG, et al. N Engl J Med 2010; 363(1):11-23. 

CAS CEA 

7.2% 
6.8% 



Hazard Ratio for Primary Endpoint 
4-Year Outcomes of the CREST 

Brott TG, et al. N Engl J Med 2010; 363(1):11-23. 



Safety of Stenting and CEA by 
Symptomatic Status in the CREST 

• 1,181 asymptomatic & 1,321 symptomatic patients 

• Primary endpoint (periprocedural stroke, MI or death) 

CAS CEA 
HR  

( 95% CI)  

P 

Value 

Asymptomatic 3.5% 3.6% 
1.02  

(0.55-1.86) 
0.96 

Symptomatic 6.7% 5.4% 
1.26 

 (0.81-1.96) 
0.30 

Silver FL, et al. Stroke 2011; 42(3): 675-80. 



Surgery Stenting 
• Restenosis 

• Previous RT 

• Radical Neck 

• CN Palsies 

• Cardiac/Pulm dz 

• Pre-OHS 

• High/Low Lesions 

• Contralateral Occl 

• Elderly 

• String Signs 

• Thrombus 

• Acute Stroke 

• Tortuosity 

• Poor Access 

• Coag/Platelet 

• Severe Ca++ 

• Arch Anatomy 

High Risk Features 



ESCT vs. NASCET measurement 

http://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjNxIywrorKAhXiIqYKHZ7iAfgQjRwIBw&url=http%3A%2F%2Fwww.medscape.com%2Fviewarticle%2F743781_24&psig=AFQjCNE5X-QB7Gsti_GmOCZYrtTC3A_n3Q&ust=1451797789910009


CEA versus Medical Therapy 

ACCF/SCAI/SVMB/SIR/ASITN 2007 Clinical Expert Consensus 

Document on Carotid Stenting J Am Coll Cardiol 2007;49:126–70 

CEA was significantly superior to Medical therapy, irrespective of symptom 

Very high stroke rate on medical 

group: very old story 



Symptomatic 

High-risk 

 

Symptomatic  

Standard-risk 

 

Asymptomatic 

Standard-risk 

 

Asymptomatic 

High-risk 

 

RCT’s:  CAS  vs. OMT 

None None 

None None 

In absence of “head to head” trials vs. OMT, can only infer ability of 
CAS to prevent stroke based on:  

a) registry studies of CAS and  

b) RCT’s comparing it to CEA 

No randomized trial comparing CAS 

vs. OMT across all risk group 



University of Ulsan College of Medicine Asan Medical Center 

Indications for carotid artery 
revascularization 

Indication level Symptomatic stenosis Asymptomatic stenosis 

Proven  
• 70-99% stenosis 

• Periprocedural 
complication risk <6% 

• > 60% stenosis 

• Periprocedural 
complication risk <3% 

• Life expectancy > 5yrs 

Acceptable  
• 50-69% stenosis 

• Periprocedural 
complication risk <6% 

• > 60% stenosis 

• Periprocedural 
complication risk <3% 

• Planned CABG 

Unacceptable  

• <29% stenosis,  

           or 

• Periprocedural 
complication risk > 6% 

• < 60% stenosis 

           or  

• Periprocedural 
complication risk >3% 

• No indication for CABG 

Circulation 2006;113:2021-2030 

   70%          60% 

   50%          60% 
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ESCT group (2,295 pts) 

Stroke risk of asympt patients a/t 
stenosis at 3 years 

Current practice of carotid revascularization 

Asymptomatic stenosis  80%  

    Diameter stenosis 



University of Ulsan College of Medicine Asan Medical Center 
Catheterization and Cardiovascular Interventions 2013; 81:E75–E123 

   50%          70% 



Asymptomatic Carotid Artery 

Stenosis: Is Really Risky?  



SEARCH: High “Residual Risk” despite 
intensive medical management (6.7-yr FU) 

12,000 patients allocated 20 mg vs. 80 mg simvastatin 

Stroke risk almost unchanged (4.2% vs. 4.6%) 

12 064 survivors of myocardial infarction 

Lancet 2010;376: 1658–69 



Intensive Medical Therapy  

Stroke. 2010;41:975-9 

CEA vs. OMT 

Average annual risk 

SMART (OMT) NSQIP data (CEA) 

Stroke rates in CEA and OMT for  

          asymptomatic stenosis is similar 



Average annual risk rates of stroke in patients with 

at least 50% asymptomatic carotid stenosis 

Stroke. 2010;41:e11-e17 

0.34% 



Intensive Medical Therapy  

• Asymptomatic carotid stenosis ( >60%) 

• 199 pts, between Jan 2000 and Dec 2002: Ususal care group 

• 269 pts, between Jan 2003 and July 2007:  Intensive medical therapy group 

 

• Outcome values 

      1. Micro-emboli on TCD 

      2. cardiovascular events 

      3. rate of plaque progression 

      4. baseline medical therapy, before and since 2003  

Arch Neurol. 2010;67(2):180-186 

OMT with Events 



Clinical outcomes 
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Arch Neurol. 2010;67(2):180-186 

Primary endpoint:  stroke, death, 
MI, or carotid endarterectomy 
upon symptom development. 

Microemboli on TCD  Plaque progression/yr  Primary endpoint for 2 years  

Usual care (before 2003)  Intensive medical therapy (since 2003) 

% 

m
m

2
 

% 

P<0.001 P<0.001 P<0.001 
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Arch Neurol. 2010;67(2):180-186 

Primary endpoint:  stroke, death, MI, or carotid 
endarterectomy upon symptom development. 

% % 

P<0.001 

Microemboli at beseline  

No microemboli at beseline  

• Less than 5% of Asymptomatic Carotid  Stenosis patients can benefit from revascularization  

• Only those with microemboli should be considered for endarterectomy or stenting 

P<0.001 

Usual care (before 2003) 

 Intensive medical therapy (since 2003) 



Asymptomatic Carotid Artery 

Stenosis: who is risky?  



Stroke. 2014;45:3720-3724 



Stroke. 2014;45:3720-3724 



Plague change: incidence of regression, 
progression and occlusion in relation to 

baseline stenosis class (8 yrs FU)  

3.8% 76% 2.9% 17% 

Kakkos SK et al. J Vasc Surg 2014;59:956-67 



Kakkos SK et al. J Vasc Surg 2014;59:956-67 

Younger age, high grades of stenosis, absence of discrete white areas in the plaque, 

and taking lipid lowering therapy were independent baseline predictors of increased 

incidence of regression.  

 

High serum creatinine, male gender, not taking lipid lowering therapy, low grades of 

stenosis, and increased plaque area were independent baseline predictors of 

progression. 

incidence of ipsilateral cerebral or retinal 

ischemic (CORI) events in relation to 

changes in severity of stenosis (8 yrs FU)  



70-99% stenosis, stroke rate for 8 yrs 

8-yr Cumulative stroke rate  

p=0.34 

Progression (-) 

Annual stroke rate  

Progression (+) 

p=0.34 

Only 9 (30%) of 30 strokes occurred in progression group 

Kakkos SK et al. J Vasc Surg 2014;59:956-67 



Hirt LS et al Stroke. 2014;45:702-706 

Annual Progression Rate and Ipsilateral Neurological 

Events in Asymptomatic Carotid Stenosis 

Carotid stenosis category distribution 

at baseline and last follow-up 
Independent predictor for events 



Carotid plaque images obtained with 3D 

ultrasound and analyzed on 3D Quantify software 

 Mandani A, et al. Neurology. 2011 ;77:744-50 



18% vs. 2%, p=0.03 20% vs. 2%, p=0.003 

 Mandani A, et al. Neurology. 2011 ;77:744-50 

Stroke/Death/TIA a/t 3 ulcers/microemboli  

≥ 3 ulcers Emboli at baseline 

Carotid stenosis >60% by Doppler ultrasound 



 Topakian R, et al. Neurology. 2011;77:751-8 

Ultrasonic Plaque Echolucency & 

Emboli Signals 

Ipsilateral stroke/TIA Ipsilateral stroke 

Carotid stenosis >60% by Doppler ultrasound 



Mono ML et al. Cerebrovasc Dis. 2012;34:343-50 

HR 95% CI p value 

lipid-rich necrotic core  7.21 1.12-46.28 0.037 

Sonographic 
progression of stenosis 

7.00 1.13-41.34 0.036 

History of stroke 11.03 1.23-99.36 0.032 

Volume of clinically 
asymptomatic ischemic 
brain lesions  

1.14 1.03-1.25 0.008 

Asymptomatic carotid stenosis and  

risk of stroke 



Ultrasonic 

Plaque Features 

ECST % stenosis Plaque heterogeneity 

(Discrete white areas 

within black areas) 

Hypoechoic plaques with 

Gray scale median Hx of contralateral 

TIA or stroke 

Plaque area in mm2 

J Vasc Surg 2010;52:1486-96 



 

 

Radiology . 2012;252:502-508 

MR Imaging –Intraplaque Hemorrhage 



Ann Intern Med 2004;140:237-47 

Cognitive impair/decline a/w severe (>75%) stenosis 



Stroke. 2011;42:2850-4 

Neurocognitive and Neurologic Function 

at Baseline and 3 Months After stenting 

Chronic internal carotid occlusion (n=20) 



J Neurosurg 2012;116:179-84 

Unilateral asymptomatic ICA > 60 % stenosis (N=20)   

Executive & memory function  

after carotid stenting 

• Set shifting  

  -TMTest Part B: -0.75 ± 1.43 vs. -1.2 ± 1.48, p = 0.003 

 

• Processing speed  

  -Digit symbol coding: -0.66 ± 0.85 vs.-0.97 ± 0.82, p = 0.035 

  -Symbol search: -0.24 ± 1.32 vs. -0.56 ±0.77, p = 0.049 

 

• Working memory  

  -Digit span backward: -0.41 ±0.61 vs.-0.58 ± 0.76, p = 0.052  

 

• Both verbal and visual memory  

  -Rey Auditory Verbal Learning Test: 0.35 ± 1.04 vs.-0.22 ±0.82, p = 0.011 

  -Delayed ROC Figure: 0.27 ± 1.26 vs. -0.22 ± 1.01, p = 0.024  

Executive & memory function improved 

after stenting even in patients with ACS  

and normal executive and memory function 



• Ultrasonographic progression 

• TCD: embolus detection 

• Ultrasound : echolucency and neovascularity  

• 3D-ultrasound: ulceration 

• MRI: intraplaque hemorrhage 

• PET: plaque inflammation/cerebral blood flow reserve 

 

 

• History of stroke 

• Neurocognitive/executive/memory dysfunction 

 

 

Identifying high-risk ACS 

Imaging factor    

Clinical factor    



TCD: embolus detection 

USG: Ulceration, echolucency, neovascularity, plaque progression 

MRI: Intraplaque hemorrhage 

PET: Plaque inflammation 

History of stroke 

Neurocognitive/executive/memory dysfunction 



Management of ACS 

Phamacotherapy Diet and Lifestyle 

Patients/plaque  risk evaluation 



• Overall annual risk of stroke was about 1% in more recent 

studies of medically managed asymptomatic carotid stenosis . 

 

• Most patients with ACS (∼ 95%) would be better off with 

intensive medical therapy than with intervention. 

 

• Management should be primarily aimed at reducing the 

overall risk of adverse cardiovascular events in patient with 

ACS rather than on management of the stenosis itself.  

 

• This management strategy should include lifestyle 

interventions, optimized multi-agent pharmacotherapy, and 

intervention in carefully selected individuals. 

Asymptomatic carotid stenosis: 

Think differently 



SPACE-2 Design 

• Prospective, randomized, Multicenter trial 
 

• Three arms: Optimal medical treatment (OMT)( 20%) 

   CAS + OMT (40%)    CEA + OMT(40%) 
 

• 100 certified centers 

• N=3.640 patients with a follow-up of five yrs. (duration 8-9 yrs.) 

• Funding by the German Ministry for Education and Research 
(BMBF, about € 4 Mi) 

International Journal of Stroke, Volume 9, Issue 3, pages E12–E13, April 2014 



Carotid artery 

revascularization: indication 

Symptomatic ≥ 50% 

Asymptomatic ≥ 80% 
(by ESCT,  ≥ 70% by NASCET) 

Asymptomatic: 60-80% needing 

future stroke risk stratification 



Thank you for your attention 


