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Abstract: Carotid atherosclerosis has a relevant impact on cerebral blood flow regulation. There is
accruing evidence that hemodynamic impairment related to the presence of a significant carotid lumen
narrowing may predispose to the development of cerebral dysfunctions, including a reduction in cognitive
abilities. In the last years an increasing number of findings showed that carotid stenosis did contribute to
cognitive impairment not only in relation to the occurrence of cerebral ischemic lesions, but also as an
independent risk factor. The principal mechanisms involved are chronic hypoperfusion, microembolization
and cerebrovascular reactivity impairment. Moreover, more recent studies showed alterations of regional
functional connectivity. In this narrative review, we analyzed the relationships between carotid stenosis,
cerebral hemodynamic derangement and cognitive impairment onset and progression, and underlined that
cognitive impairment is the final result of the complex interaction between different elements, including also
collateral circulation, cerebral hemodynamic status, brain connectivity and pro-inflammatory state. Further,
therapeutic approaches, with a specific focus on vascular risk factors correction and on the effectiveness of
surgical or endovascular interventions were discussed. We particularly focused our attention on the concept
of “asymptomatic carotid stenosis”, and how could a cognitive impairment improve after an intervention, and
how this could change the indications to surgical approach. Larger studies and randomized controlled trials
are urgently required to better define time, characteristics and effectiveness of both medical and surgical/

endovascular approaches.
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Introduction

Carotid stenosis has been traditionally considered as
a main determinant for an increased risk of ischemic
cerebrovascular events through thromboembolic and
hemodynamic mechanisms (1).

During the last twenty years, increasing evidence
emphasized the narrow relationship between carotid

stenosis and dementia. Particularly, the association between
cerebral hemodynamic derangement and cognitive
impairment has strengthened the concept that vascular
dementia and Alzheimer’s disease (AD), initially considered
as completely different entities, could be the expression of
common pathophysiological mechanisms. This hypothesis
was initially underlined in neuropathological studies. In
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the “Nun Study”, amyloid angiopathy and periventricular
white matter lesions were found both in AD and in vascular
dementia patients (2). Recent findings confirmed a large
prevalence of both atherosclerosis and arteriolosclerosis
in patients with AD (3,4) and found a correlation between
cerebral atherosclerosis and the typical neuropathological
aspects of degenerative dementias, including neuritic
plaques, neurofibrillary tangles and cerebral amyloid
angiopathy, (5). Further, a narrow relationship between AD
and vascular derangement has been described (6,7). One of
the most investigated aspects about this issue was the role of
carotid stenosis in dementia onset and progression (8).

In this paper, we reviewed the most recent literature on
this topic in an attempt to contribute to a better definition
of the pathophysiologic correlations between carotid
stenosis and cognitive impairment occurrence. Further,
we discussed on possible effects of different therapeutic
approaches, particularly the management of vascular
risk factors and the stenosis correction with surgical and
endovascular procedures.

We present the following article in accordance with the
Narrative Review checking checklist (available at http://
dx.doi.org/10.21037/atm-20-7226).

Methods

We searched PubMed/Medline for case reports, reviews
and original research articles in English language in
the timeframe from January 1%, 1990 to October 1%,
2020. The group of reviewers favoured the inclusion
of papers from the past 10 years, although they did not
exclude highly referenced older reports; the reference
lists of articles identified by this search strategy was
also reviewed, and the working group selected those
references judged to be relevant. We used MeSH major
terms and considered: “carotid stenosis”’[MeSH] or
“cognitive impairment”[MeSH] or “dementia”[MeSH] or
“hemodynamic”[MeSH] or “blood flow, regional”[MeSH]
or “circulation, collateral blood”[MeSH], or “doppler
ultrasound imaging”[MeSH] or “doppler sonography,
transcranial’[MeSH)], alone or in combination.

Part I: association between carotid stenosis and
cognitive impairment

Pathophysiological and epidemiological correlates

The pathological aspects of degenerative dementias are
traditionally referred to amyloid plaques and fibrillary
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tangles deposition. On the other hand, the presence of
cerebral vascular impairment is considered a marker
of vascular dementia that is mainly characterized by a
compromise of subcortical cognitive functions. During
the last years, however, increasing evidences suggested
an association between cerebrovascular diseases and
AD onset and progression. More interestingly, some
studies investigated the possible role of carotid stenosis
in cognitive impairment. In this respect, the evaluation
of cerebral hemodynamics seems to have a role in AD
patients’ assessment (6,7). The first studies about this
topic (9-11) showed a possible link between the two
pathological entities. The results, based on small cohorts
of patients suggested that, in the presence of a significant
carotid stenosis, AD patients had worse performances at
neuropsychological evaluations when compared to patients
without vessel impairment.

It has been postulated that the extent of brain vascular
derangement, considering both carotid atherosclerosis
and the amount of vascular risk factors, can significantly
influence the severity of cognitive impairment (6,12). For
this reason, the opportunity to introduce carotid artery
ultrasound and echocardiography in the diagnostic process
for the assessment of subjects at risk of developing cognitive
impairment has been recommended (13).

Several studies investigated the role of carotid lumen
narrowing on cognitive deterioration, suggesting that a
significant stenosis could be considered as an independent
risk factor for every type of dementia, including AD (14-16).

The Tromse Study (17) supported relevant data on
large cohort of patients with cognitive impairment. By
using an extensive neuropsychological assessment, a more
serious reduction in cognitive performances was detected
among patients with asymptomatic carotid stenosis when
compared to the control group. Further, the presence of
carotid stenosis was a risk factor for cognitive impairment
even in patients without vascular lesions at brain MRI (17).
This last point can be considered as very relevant because
previous studies failed to support specific data on the impact
of cerebral vascular lesions so suggesting that carotid
stenosis could be interpreted as an expression of general
atherosclerosis and not as a direct cause of dementia (18).
On the contrary, the results of the Tromse Study confirmed
the concept that carotid stenosis can be considered as an
independent risk factor for cognitive impairment (17).
Further, a relationship between severity of stenosis and
extent of cognitive deterioration was found. This association
was also confirmed by the results of The Cardiovascular
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Health Study which included more than 4,000 patients (19).
A sub-study of the Framingham project, the Framingham
Offspring Study, specifically evaluated this topic. A sample
of 1,971 subjects was evaluated by neuropsychological
tests, carotid ultrasound and MRI. The presence of carotid
stenosis was significantly associated to poorer cognitive
performances (20).

Possible pathogenetic mechanisms

The contribution of carotid stenosis to cognitive impairment
has been traditionally considered as specifically related to
the occurrence of cerebral ischemic lesions. Under this
light, carotid stenosis has been viewed as a “marker” of
brain atherosclerosis subsequent to the negative effects of
vascular risk factors (14,18). Against this concept, several
studies showed that carotid stenosis can be an independent
risk factor for cognitive deterioration, suggesting its
prominent role in the progression of dementia (18,19). In
the last twenty years, several authors investigated the role
of asymptomatic stenosis, in order to identify candidate
risk factors for pre-symptomatic dementia. Hypertension,
diabetes, dyslipidemia, smoking and other conditions,
including sleep related breathing disorders, predisposing
to vascular diseases, are considered as significant risk
factors for both carotid stenosis and several subtypes of
dementia. The possible pathogenetic mechanism involves
the induction of structural damages at the level of brain and
vascular structures, with the final result of global cerebral
dysfunction and cerebrovascular impairment (6,21). Several
studies found that vascular risk factors have a significant
impact on the onset (22-26) and the progression of cognitive
impairment (27-29). The negative impact of carotid stenosis
on cognitive efficiency may occur with different modalities.
The reduction of cerebral perfusion pressure can induce
a chronic hypoperfusion (21,30,31). Hypoperfusion was
present in a large part of patients with carotid stenosis,
and this fact was demonstrated also by perfusion-weighted
magnetic resonance imaging (32).

The collateral circulation has the function to maintain
an adequate blood flow also in the case of acute vessel
occlusion, and it is fundamental for the penumbra recovery
during ischemic stroke. In chronic stenosis, the activation of
collateral vessels can contribute to contrast hypoperfusion.
This could explain the fact that the degree of stenosis is not
always associated with the presence of hypoperfusion (33).

Recently, several studies showed, with the use of MRI or
digital subtraction angiography, the relevance of collateral
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circles in preserving cognitive functions in patients with
carotid stenosis (34). In the presence of a failure of the
collateral vessels system, blood flow derangement occurs
and it can induce a worsening of cerebral functions,
including cognitive activities. Moreover, the efficiency of
collateral vessels can progressively deteriorate thus exposing
cerebral regions supported by collateral circulation to
a higher risk of developing hypoperfusion and cerebral
ischemic damages or dysfunctions (35).

Moreover, carotid stenosis could contribute directly
to lacunar infarcts and WMLs development (36). The
main mechanism is the microembolization by unstable
or ulcerated plaques (33). The evaluation of plaque
characteristics is a relevant but very often neglected aspect.
In the large majority of studies, carotid lumen narrowing is
definite as “significant” or “non-significant”. The concept
of microembolization is narrowly related to the so-called
“vulnerable plaques”, characterized by a dominant fat
component. Recent studies highlighted the correlation
between cognitive impairment and physical strain in carotid
atherosclerotic plaques. In particular, plaque instability has
been associated to microembolization and white matter
changes (37).

On the other hand, the calcified components seem to
exert a protective role (38-40), though same authors found
a relationship between carotid calcifications and cognitive
impairment in asymptomatic carotid stenosis (41). From
15% to 19% of patients with carotid stenosis have a
documented brain microembolization (42). In patients
with dementia, a significantly higher extent of spontaneous
microembolization with respect to controls has been
demonstrated (43). Microembolization could contribute
to cognitive impairment by inducing ischemic damage
and micro-circle derangement. However, some studies
did not find an increased prevalence of spontaneous
microembolization among demented patients but confirmed
the narrow relationship with carotid stenosis (44). WMLs
are commonly associated with cognitive impairment.
The Rotterdam study showed that lower cognitive scores
characterized patients with major impact of WMLs (45).
WNMLLs are particularly associated with carotid stenosis and
tend to progressively increase (35) From a pathological
point of view, WMLs and silent infarcts may be considered
as a continuum. Also cerebral infarcts and microinfacts
are associated with carotid stenosis, and all these entities
are correlated with cognitive impairment (46). WMLs are
related to a gliotic reaction due to chronic hypoperfusion
while silent infarcts are the results of the occlusion of

Ann Transl Med 2021;9(14):1209 | http://dx.doi.org/10.21037/atm-20-7226



Page 4 of 10

perforating arteries (34).

Another relevant topic about the relationships between
carotid disease and dementia is represented by the role of
cerebral atrophy. Carotid stenosis is a marker of cerebral
atherosclerosis and can be associated to hypoperfusion as
a possible determinant of cerebral atrophy (47) which is a
relevant neuropathological marker of dementia (48). Further,
carotid stenosis could affect cerebral hemodynamics at the
microcircle level. Cerebrovascular reactivity (CVR) is a
peculiar function of cerebral homeostatic mechanisms (49).
In particular, it is an expression of the ability of cerebral
hemodynamic mechanisms to protect the neurovascular
unit (NU) from noxious stimuli as hypo-oxygenation.
NU is a complex brain-vascular interface that regulates
the interaction among endothelium, astrocytes, neurons
and supporting cells (e.g., microglia and oligodendroglia).
Further, it modulates brain regional blood flow (50).
NU derangement could be implied in cognitive
impairment by contributing to AP plaques accumulation
and to the inflammation observed in dementia patients.
Vascular risk factors are the main determinants for NU
derangement by inducing oxidative stress damage in
different districts. Oxidative stress is associated to the
release of proinflammatory cytokines and the activation
of pro-apoptotic pathways with a consequent endothelial
dysfunction, decreased synthesis of nitric oxide and
sympathetic activation. Further, the inflammatory state
is associated with activated microglia and the consequent
AP deposition (51). The AP deposition, associated with
impaired cerebral hemodynamic and chronic hypoperfusion,
contributes to cholinergic dysfunction and neuronal
loss (13,52). Several studies extensively investigated this
topic by using, as a marker of CVR the breath-holding-
index (BHI), an accurate and easy-to-obtain tool to
evaluate NU integrity (52). The results showed that an
association between carotid stenosis and impaired BHI is
significantly associated with the risk of developing cognitive
impairment (29,52). Moreover, as previously reported,
carotid stenosis can contribute to chronic hypoperfusion
and cerebral circulation derangement, which increases the
probability of NU dysfunction. The relationships between
carotid stenosis, hemodynamic impairment and cognitive
deterioration were confirmed both for unilateral and
bilateral stenosis. Balucani er /. (53) demonstrated that
in patients with bilateral carotid stenosis the compromise
of cognitive functions is strictly related to the cerebral
hemodynamic status. A specific relationship was, in
fact found between the more compromised, in terms of
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hemodynamic impairment, hemisphere and the failure in
specific cognitive performances (53).

Moreover, a reduction in CVR has been associated to an
increased intima media thickness and arterial stiffness at the
carotid level. In turn, carotid wall thickness is associated to
chronic hypoperfusion and lower blood flow velocity, while
increased stiffness is associated to the extent of WMLs (54-56).

Finally, brain-vascular dysfunction can lead to an
alteration of regional functional connectivity with the result
of inducing single or multiple cognitive alterations (57).
Some studies showed a relevant reduction of functional
connectivity in the frontoparietal network ipsilaterally
to carotid stenosis and an impairment of the bilateral
interhemispheric functional connectivity (16).

The possible role of inflammation as a possible
mechanism for cognitive dysfunction related to carotid
disease deserves consideration (54). Both atherosclerosis
and amyloid deposits share a pro-inflammatory state
characterized by microglial and astrocytes activation. It is
possible that they have common effectors or activation ways.
In this respect, the pro-inflammatory state at carotid plaques
level could stimulate the production of cytokines, including
inteleukin-1, that are associated to an increased risk of
cognitive impairment (58). Microembolization can damage
the blood-brain barrier with a consecutive activation of
immunity response and a final deposition of amyloid (54).
Chronic hypopertusion could also induce a severe structural
alteration of brain cells (59). All these findings are probably
relevant for the possibility to individuate new targets for
effective treatments.

Based on the existing evidences, it is possible to sustain
that cognitive impairment is the final result of the complex
interaction between different elements, traditionally including
hypoperfusion, silent infarcts and WMLs. The relevance of
collateral circulation and cerebral hemodynamic status, brain
connectivity and pro-inflammatory state deserves further
consideration. Probably, a dominant mechanism able to fully
explain the increased risk of cognitive impairment in subjects
with carotid stenosis does not exist. A failure in cognitive
performances leading to dementia should then be considered
as the results of a synergic and complex interaction among
different factors able to induce unfavorable changes at the
brain level (Figure 1).

Neuropsychological functions impairment in carotid
stenosis

Data about the possible existence of a compromise in
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Figure 1 Proposed mechanisms for the association between carotid stenosis and cognitive impairment.

specific cognitive functions in patients with carotid stenosis
do not allow to reach definitive conclusions. The results
obtained are extremely variable, especially due to the lack
of homogeneity in the choice of the neuropsychological test
batteries. When considering a global evaluation of cognitive
status, the Mini-Mental State Examination (MMSE)
resulted typically impaired in patients with carotid stenosis,
and the extent of scores reduction was narrowly associated
with the degree of stenosis (60). Other studies employed
The Montreal Cognitive Assessment (MoCA) with similar
results (14).

In the Framingham Offspring Study, executive functions
resulted more significantly impaired (20), while other studies
showed a more relevant compromise in learning, memory
or motor/processing speed (33,54). Rao ez al. (36) compared
the different neuropsychological approaches and found
that findings were too contrasting and inhomogeneous
to be correctly interpreted and compared. In general, the
findings about this topic, underline an impact on general
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cognitive functions and some more involvement of memory,
attention, and executive functions but without a specific
domain compromise (34,36,54,61).

Several variables seem to influence the extent and
characteristics of cognitive impairment. Patients with
more severe stenosis usually obtain lower scores at the
neuropsychological evaluation with respect to mild-to-
moderate stenoses (54). This could be partially explained by
the “Spencer Curve” theory: carotid stenosis can negatively
affect cerebral perfusion only when the lumen narrowing is
severe (62).

The plaque characteristics are also associated to the
typology of cognitive functions impairment. Vulnerable
plaques resulted particularly associated with a reduction of
psychomotor speed, attention, and mental flexibility (63).

Finally, the side of stenosis seems to play a significant role.
Different studies showed a direct correlation between the
side of stenosis and the specific neuropsychological functions
impairment. In particular, a failure in test exploring verbal
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functions seems to characterize patients with left stenosis.
On the other hand, a compromise in visuo-spatial abilities
can be found in the presence of right stenosis. It is of interest
to underline that the probability to detect a lateralized
cognitive dysfunction is significantly higher in the presence
of an alteration of CVR, even in asymptomatic subjects (64).
All these neuropsychological alterations in carotid stenosis
presented temporal and spatial correlates in neural activities
characteristics. A recent study employing a resting-state
functional magnetic resonance showed a correlation among
different cognitive tests impairment and the activity of
specific brain areas (as bilateral dorsomedial prefrontal
cortex and hippocampus) evaluated by the amplitude of low-
frequency fluctuations (65).

Part ll: effects of different treatment strategies

The possibility to individuate correctable risk factors for
cognitive impairment is considered as very important
because a relevant quote of conditions involved in promoting
cognitive decline are unmodifiable and not susceptible to any
type of treatment (66). On the contrary, patients with carotid
disease can benefit from pharmacological or interventional
treatments.

Dementia, stroke and carotid stenosis share several
modifiable risk factors including hypertension, diabetes,
dyslipidemia and smoking. Concerning the relationship
between stroke and carotid stenosis, the first therapeutic
approach is based on the correction of the vascular risk
profile. Recent guidelines underlined the relevance
of the “best medical therapy” based on antiplatelet,
antihypertensive and lipid-lowering drugs in addition
to changes in lifestyle. The medical approach should be
recommended as long as possible before reaching the
decision to refer patients to invasive treatments for stenosis
correction (67).

When the medical approaches are not considered
sufficient, as in the case of patients with recent ipsilateral
cerebral ischemic events or practicable, carotid
endarterectomy (CEA) or carotid artery stenting (CAS)
become the first-choice treatments. The possibility of
an invasive approach for subjects with no history of
cerebrovascular disease is particularly controversial and
debated.

Several studies investigated the role of carotid stenosis
surgical or endovascular correction on cognitive outcomes
with a special focus on subjects without a history of
cerebrovascular diseases. Most of them found a substantial
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improvement in cognitive functions, both after CEA and
CAS. In particular, an improvement in executive and motor
tests was associated with CEA (68). Studies regarding
the impact of CAS showed an improvement in the global
cognitive status evaluated by MMSE or MoCA (61,69).

On the other hand, some studies found a worsening in
cognitive functions after stenosis treatment, probably due
to interventional complications, including a reduction in
perfusion pressure or embolization during the procedures
(61,70). Other elements, like the carotid clamping or the
duration of procedures, appear to be less relevant in the
determination of cognitive outcomes.

From a pathophysiologic point of view, the positive effects
of CEA or CAS in reducing the risk of cognitive deterioration
could involve an improvement of cerebral perfusion (71).
Further, the correction of a source of microembolization is
expected to reduce the probability of silent infarcts. Some
studies showed that improvement in CVR ipsilaterally to the
stenosis correction is associated to an increase in cognitive
scores even in symptomatic patients (72).

Carotid stenosis is considered asymptomatic in the
absence of recent ipsilateral cerebrovascular events. The
possibility to consider cognitive impairment as specifically
linked to carotid stenosis, could change the prospective
and approaches to patients. The unfavorable hemodynamic
effects of carotid stenosis could be easily evaluated by
non-invasive instrumental exams as transcranial Doppler
ultrasonography. This approach has proved to be also
effective to detect a threshold of arterial flow velocity
changes that can predict cognitive impairment (73). This
element could prove strategic in the management of carotid
atherosclerosis (74). If cognitive impairment can be shown
to be reversible by revascularization, then a redefinition
of symptomatic carotid stenosis should be considered as a
medical priority. Some insights about this topic are expected
from the results of the CREST-2 study (75).

Conclusions

The preponderance of the evidence suggests an association
between carotid stenosis and cognitive impairment
onset and progression. Recent findings suggest that
revascularization procedures should be considered as
a way to restore hemodynamically-induced cognitive
impairment. However, inconsistencies across studies with
respect to study designs, timelines of post-procedural
cognitive assessments, lack of control groups or diversity
in selection, variability of neuropsychological measures
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weaken the overall findings. Larger studies and randomized
controlled trials are urgently required to better define
time, characteristics and effectiveness of both medical and
surgical/endovascular approaches.
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