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Randomised trials in  
asymptomatic carotid stenosis (ACS) 

ACAS 1995; ACST  2004 

 

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

 Perioperative stroke and death: 2.3% 

 

  



Small net benefit after carotid  
endarterectomy for asymptomatic stenosis 

Therefore, a better risk stratification  
for ACS is urgently needed 

Naylor 2009, EJVES 

“Up to 94% of interventions might not benefit the patient” 



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

Modified from Naylor 2009 EJVES 

Outcome improvement over time,  
as a result of medical therapy 



Modified from Naylor 2009 EJVES 

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 

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



Factors associated  
with a high risk of stroke in ACS 

• Clinical characteristics 
 

• Evidence of embolisation 

 

• Lesion characteristics 

 

Stenosis 
      or       characteristics 
Plaque  
  

Silent brain infarction 
 
 
Embolic signals on TCD 



Factors associated  
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) 

 



Factors associated  
with a high risk of stroke in ACS 

• Clinical characteristics: Hypercholesterolaemia 
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Factors associated  
with a high risk of stroke in ACS 

• Clinical characteristics: History of contralateral 
neurological symptoms  

Study     Risk estimate   p      Method 

        (95%CI)           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, 2013)     Cox regression 

* calculated from the published data 



“Embolic” infarction on CT brain scanning 

Discrete subcortical  

Large cortical  Small cortical  

Basal ganglia (non-lacunar) lesions  

Factors associated  
with a high risk of stroke in ACS 



29% (3.6%/year) 

  8% (1%/year) 

Kakkos, J Vasc Surg, 2009 

Ipsilateral stroke-free rate in patients  
with 60-99% (NASCET) ACS ( n=462) in relation 
to “embolic” infarction: 70% of the plaques that 
will produce a stroke are missed 



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

that will produce a stroke are missed 

Marcus HS et al, Lancet Neurol. 2010;7: 663–671.  

Meta-analysis of ACES and Previous Studies 



Factors associated  
with a high risk of stroke in ACS 

• 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 
ACSRS study 

Nicolaides et al. J Vasc Surg 2010 



Factors associated  
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) 

– discrete echogenic plaque components (Nicolaides ,2010) 

– plaque heterogeneity (Sterpetti, 1988) 

– low gray scale median (GSM) (Nicolaides, 2010) 

–  large plaque area (Nicolaides , 2010) 

– juxtaluminal black (echolucent) areas (JBA) (Kakkos, 2013) 

Subjective 

features 

Objective 

features 



Juxtaluminal Black Area (JBA):  
a U/S marker of plaque instability 

A juxtaluminal black (hypoechoic) area  is observed more 

frequently in symptomatic compared to asymptomatic 

carotid plaques (Pedro, EJVES 2002)  



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

Measurement of JBA  
Images transferred to PC for processing 



 Plaque outlines were normalised to a pixel resolution of 20/mm 



Image contouring 

Grey scale   Colour 

 

0-25    black 

25-50    blue 

50-75    green 

75-100   yellow 

100-125       orange 

>125    red 

Discrete plaque white areas 

(DWAs)  

Example of a plaque lacking a large JBA  



Example of a plaque with a large JBA 



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 
mm2 13.6 mm2 



Texture feature extraction 
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ACSRS Study:  

1121 patients  

with  > 50% ACS 

mean follow-up 4 years 



N = 
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Strokes 
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   0.4% 

   1.5% 

   4.1% 

Ipsilateral ischemic stroke in relation  
to JBA size in the ACSRS study 

P< .001 

Kakkos, SVS 2012 

29% of the plaques  
that will produce  
a stroke are missed 



Fatal ipsilateral ischemic stroke in  
relation to JBA in the ACSRS study 

Kakkos, J Vasc Surg, 2013 

P < .001; hazard ratio, 19.6 



Independent predictors of risk   HR 95% CI       P value 

 

JBA (4, 4-8, 8-10, >10) in mm2    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 

Predictors of ipsilateral ischemic  
stroke on Cox Multivariate Analysis  

in ACSRS: risk stratification is possible 
 

GSM and plaque area: Non significant 

Kakkos S et al, JVS, 2013 



Stenosis 70-89% ECST  
(50-82% NASCET) (n=598) and  

predicted annual stroke risk 

Kakkos S et al, JVS, 2013 



Stenosis 90-99% ECST  
(83-99% NASCET) (n=325) and  

predicted annual stroke risk 

Kakkos S et al, JVS, 2013 



Numbers at risk 

Regression               38           28             19             5 

No change              740         455           282         134 

Progression            205         129             87           39 

Effect of changes in stenosis on ipsilateral 
ischemic stroke in the ACSRS study 

p=0.05 

19 strokes 

40 strokes 

Average 

annual stroke 

rate over  

8 years 

1.1% 

2.0% 
progression 

no change 

Kakkos S et al, JVS, in press 

68% of the plaques  
that will produce  
a stroke are missed 



30 

Progression of stenosis added as covariate in a 
proportional hazards model previously published* 
that could predict the risk of future events  
(ACSRS study) 

*Nicolaides et al, J Vasc Surg 2010 

Kakkos S et al, JVS, in press 



 Effective risk stratification methods in asymptomatic 

carotid artery stenosis has been reported in recent 

years, and this has improved the selection of patients 

in need of a carotid intervention. 

 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. 

Conclusions 



Where we go from here? 

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 
 

 



 

Thanks! 


