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“Dear Dr. Laird:

Thank you so much for taking care of Ray.  Since you performed 
the carotid stent procedure his mood is improved, he has more 
energy, and he is thinking more clearly. The change has been 
truly remarkable. Thank you for giving us our old Ray back….”

Is this improved cerebral perfusion or a 
great example of the placebo effect?



Background

• There is a strong link between stroke and cognitive decline

• Studies have shown that many stroke survivors suffer dementia

• Controversy exists as to whether asymptomatic carotid stenosis 
(CS) is an independent risk factor for cognitive decline

• If asymptomatic CS is linked to cognitive decline, then early 
intervention (CEA or CAS) may be appropriate for prevention





• 4006 patients with CS and no history of stroke, TIA, or CEA

• MMSE performed at baseline and annually for 5 years

• Patients evaluated for cognitive impairment (MMSE score < 80) 
and cognitive decline (average decrease by 1 point annually)

• Findings:  carotid stenosis ≥ 75% associated with cognitive 
impairment and decline

Ann Intern Med 2004;140:237-42





Association Between Asymptomatic Carotid 
Stenosis and Cognitive Function

• 8 cross sectional studies and 2 community-based cohort 
studies included

• 763 participants in the carotid stenosis group and 6308 
participants in the non-carotid stenosis group

• All but one study supported the association between 
asymptomatic carotid stenosis and cognitive decline

• Pooled analysis identified older age (2 studies) and cerebral 
hypoperfusion (2 studies) as additional risk factors



Study Limitations

• Small number and size of studies

• Heterogeneity of subjects and methods

• Cognitive function assessed with a variety of different 
neuropsychological test with different sensitivity and specificity 
(no consistent testing methodology)

• Some studies did not have blinded assessment of cognitive 
function



Rationale for Cognitive Decline

• Silent embolization

• Chronic hypoperfusion



Silent Embolization and Cognitive Impairment?

• White matter lesions detected by MRI in patients with CS have 
been associated with increased risk of cognitive decline 

(Prins et al.,2004)

• Several studies found significant associations between CS and 
reduced cognitive function independently of the presence of brain 
lesions detected by MRI

(Johnston et al., 2004; Mathiesen et al., 2004; Romero et al., 2009)

• These findings support the notion that CS by itself is an 
independent marker of poor cognitive performance



Cerebral Hypoperfusion and Cognitive 
Decline?

• As CS becomes severe, patients with inadequate 
collateralization compensate by progressive dilatation of 
intracranial arteries/arterioles in the ipsilateral hemisphere.

• This maintains cerebral blood flow, but a point arises where the 
vessels cannot vasodilate any more: they enter a state of 
impaired/exhausted cerebral vascular reserve (CVR) with 
limited capacity to dilate further

R. Naylor





Cognitive Deterioration in Bilateral 
Asymptomatic Severe Carotid Stenosis

• 159 patients with bilateral 70-99% carotid stenosis

• No previous signs or symptoms of cerebrovascular disease

• Cognitive performance monitored over a 3-year period

• Cerebrovascular reactivity (CVR) as a measure of the brain 
hemodynamic status and carotid IMT monitored

• Cognitive function was evaluated using the Mini-Mental Status 
Examination (MMSE)



Cognitive Deterioration in Bilateral 
Asymptomatic Severe Carotid Stenosis

• Cognitive deterioration during a 3-year period is significantly associated with impairment in CVR
• Maximum cognitive decline with bilateral impaired CVR



If Asymptomatic Carotid Stenosis 
with Cerebral Hypoperfusion
Leads to Cognitive Decline, 

Carotid Revascularization Should 
Improve Things





JACC 2013;61:2503-9



Neurocognitive Improvement After Carotid 
Revascularization

• 61 patients with internal carotid artery occlusion (22) or severe 
stenosis (39) in whom carotid stenting was attempted

• CT perfusion with Diamox stress and a battery of 
neuropsychological tests performed before and 3 months after 
carotid intervention

• MMSE, Alzheimer Disease Assessment Scale-Cognitive subscale (ADAS-Cog), 
verbal fluency, and Color Trails Parts 1 and 2

• Patients divided into 3 Groups:
• Group 1:  (n=8)  abnormal baseline CP in whom CS failed

• Group 2: (n=33) abnormal baseline CP in whom CS was successful

• Group 3: (n=19) normal baseline CP in whom CS was successful

JACC 2013;61:2503-9



Results

• Carotid stenting successful in 14 of 22 occlusion patients (64%) 
and in all 39 severe stenosis patients

• Baseline demographics and NCF similar between groups

• Only in group 2 (abnormal baseline CP in whom CS was 
successful) was there significant improvement in ADAS-Cog, 
MMSE, and Color Trails Test Part1.

• Significant correlation between ipsilateral brain perfusion and 
MMSE also identified

JACC 2013;61:2503-9
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Impact of Carotid Revascularization

• Numerous studies showing cognitive improvement following CS 
and CEA

• Other studies demonstrating the deleterious effects of 
periprocedural embolic events detected on post-procedure MRI 
imaging following CS and CEA 

• Literature review of 22 studies evaluating cognition:
• 8 demonstrated improvements

• 11 had mixed results

• 3 noted declines post revascularization

JACC 2013;61:2510-3



Factors Contributing to Inconsistent Results

• Diversity of the patient population

• Differences in baseline cerebral perfusion status

• Variability of surgical and endovascular techniques (type of 
anesthesia)

• Differences in neuropsychological testing methodology

• Possible learning effect on repeated tests

• Placebo effect

• Procedural emboli, temporary flow interruption

• Timing of repeat neuropsychological testing 



Conclusions

• There is strong evidence to support the notion that asymptomatic 
severe carotid stenosis can lead to cognitive decline

• The most important factor appears to be cerebral hypoperfusion
(severely impaired CVR)  rather than silent embolic events

• There is inconsistent data regarding the benefits of carotid 
revascularization for reversal or prevention of cognitive decline 
(Class III, Level C recommendation in Guidelines)

• The benefits of revascularization need to outweigh the detrimental 
effects of the procedure, including periprocedural embolic events
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