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Management of carotid artery stenosis

Tsong-Hai Lee, MD, PhD

EPIDEMIOLOGY OF CAROTID
ARTERY STENOSIS

The incidence of both ischemic and hemorrhagic
stroke is more common in Asians compared to
Caucasian . It is found there is a decreased incidence
of ischemic stroke in Northern America but increased
incidence in Africa, Mongolia and southeast Asia. In the
epidemiological study of carotid artery stenosis (CAS),
Framingham study showed the prevalence of significant
extracranial CAS was 7% in women and 9% in men .
Among all strokes in Caucasian population, 20-30% were
due to extracranial CAS and 5-10% due to intracranial
atherosclerosis **. Northern Manhattan stroke study also
found intracranial atherosclerosis could be seen in 6-10%
of ischemic strokes in white patients, but up to 29%
among African Americans and Hispanics . Intracranial
artery stenosis was more frequently found in Chinese
population than extracranial artery stenosis with the
range of 3.7% - 70.4% of intracranial CAS and 1.5% -
49% of extracranial CAS . Intracranial artery stenosis is
more common in Asian, Hispanic, and African-American
populations. In hospitalized patients with symptomatic
intracranial stenosis, it was only 1% in non-Hispanic
whites, while 50% in Asian populations. Population-
based studies revealed the prevalence of symptomatic
intracranial disease was 1 in 100,000 for whites to 15 in
100,000 for African Americans, but 7% of the population
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aged more than 40 years for Chinese 7. Concurrent
atherosclerosis of extracranial and intracranial arteries
was also common in Asians. It was reported 10% to 48%
in patients with symptomatic cerebrovascular disease,
and 21% of stroke patients had concurrent stenoses in
Hong Kong, 33% in China, 18% in Taiwan, and 48%
of patients with more than 30% extracranial carotid
stenosis had concurrent intracranial stenosis in South
Korea . The study of concomitant atherosclerotic arterial
diseases showed in patients with =50% significant CAS,
the most frequent artery was coronary artery disease
which was found in 68% of patients, while renal artery
stenosis and limb artery stenosis were found in 20% and
21% of patients, respectively . Carotid artery stenosis
of 70% or greater was detected in 37.7% patients with
cerebrovascular disease, 24.5% patients with peripheral
arterial disease, and 11.1% patients with coronary
artery disease "”. Significant extracranial carotid and
vertebral artery disease (ECCVD) identified by duplex
ultrasonography is not uncommon in Chinese patients
with coronary artery disease (CAD), and 22.9% ECCVD
was seen in patients with CAD, comparable with that
reported in white populations "". In our Stroke Registry In
Chang-Gung Healthcare System (SRICHS) from 2008 to
2011 (Fig. 1), we found large artery atherosclerosis (LAA)
occupied 19.5% of total ischemic stroke patients and 3.1%

had concurrent atrial fibrillation .
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Fig. 1.

Flowchart of the study patient selection. Patients with stroke registered in the Stroke Registry of Chang-Gung

Healthcare System from 2008 to 2011 are recruited. Patients who have recurrent strokes during the study period
and who have a history of previous stroke are excluded. The eligible first-ever stroke patients are analyzed
according to stroke subtypes. CE indicates cardioembolism; LAA, large-artery atherosclerosis; LAA + CE,
large-artery atherosclerosis and cardioembolism; ODE, stroke of other determined etiology; SVO, small-vessel
occlusion; TIA, transient ischemic attacks; UDE, stroke of undetermined etiology; ICH, intracerebral hemorrhage.
Reproduced with permission from Liu CH, et al. Angiology 2018.

GENETICS OF CAROTID ARTERY
STENOSIS

Stroke is a multi-factorial disease, and the
underlying genes and pathways are largely unknown. In a
multiancestry genome-wide-association meta-analysis in
521,612 individuals (67,162 cases and 454,450 controls), a
total of 32 stroke risk loci were found and 6 (3 novel) loci
were associated with LAA with EDNRA and LINC01492
showing the association only with LAA Y. Our previous
genome-wide-association study in an independent
Han Chinese population identified 5 single-nucleotide
polymorphisms, including rs2415317, rs934075, rs944289,
rs2787417, and rs1952706 (Fig. 2), at one novel locus on
chromosome 14q13.3 within PTCSC3 (encoding papillary
thyroid carcinoma susceptibility candidate 3) and also two

other genes, HDAC9 and TWISTI, that were associated
with LAA stroke at genome-wide significance "?. As
our previous study on Moyamoya disease (MMD) found
atherosclerosis (32.4%) and thyroid disease (29.7%) were
the leading coexisting diseases in quasi-MMD "V, we
suggest it is possible that PTCSC3 could be a unique gene
for intracranial LAA in Han Chinese. Future studies on the
role of PTCSC3 in the pathogenesis of intracranial LAA
are needed.

CEREBRAL PERFUSION IN CAROTID
ARTERY STENOSIS

Amyloid plaque is suggested to be associated with
dementia. We used [18F]AV-45, a positron emission
tomography (PET) ligand, to bind to extracellular plaques
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Fig.2. Results of genome-wide association analysis shown in chromosomal order for 570,275 SNPs tested for association
in 8 initial samples from 444 patients with LAA stroke and 1,727 controls. The x axis represents each of the SNPs
used in the primary scan. The y axis represents the log10 P value of the trend test. Signals in HDAC9, TWISTI,
and PTCSC3 loci are indicated. LAA, large artery atherosclerosis; SNPs, single-nucleotide polymorphisms.
Reproduced with permission from Lee TH, et al. ] Am Heart Assoc 2016.

(Fig. 3). We found that patients with dementia and
unilateral CAS had a higher global [18F]AV-45 SUVR as
compared with controls, suggesting that amyloid-related
dementia may occur under cerebral hypoperfusion due to
CAS "?.In the study of the association between functional
connectivity and cognitive decline in CAS patients, we
found that the hemispheres ipsilateral to the CAS were
significantly impaired in “degree” and “global efficiency”
which was positively correlated with neuropsychological
performances, whereas these relationships were not

observed in the controls "

. Our study suggests the
analysis of brain connectivity may help to elucidate the
relationship between hemodynamic impairment and
cognitive decline.

Carotid artery stenting could cause a significant

improvement of cerebral blood volume and time-to-peak

in the middle cerebral artery territory in patients with
unilateral CAS. Patients with reversed ophthalmic flow
had better improvement of time-to-peak in both middle
and posterior cerebral artery territories than patients with
forward flow. Cerebral hemodynamics can be reconstituted
within a few days after carotid revascularization,
especially in patients with reversed ophthalmic flow.
However, cerebral hemodynamics with prolonged time-
to-peak in prestenting middle cerebral artery subcortical
area may suggest a high risk of poststenting intracerebral
hemorrhage Y. Carotid artery stenting can also cause
an increment of cerebral blood flow on the stenotic side,
which was found significantly higher in the hemisphere
with impaired cerebral vasoreactivity than that in the
normal hemisphere. There was a significantly positive
correlation between cerebral vasoreactivity impairment

Acta Neurologica Taiwanica Vol 30 No 4 December 2021



126

Fig.3. [18F]AV-45 PET images of demented patients with unilateral carotid artery stenosis (A) and the elderly controls (B).
Reproduced with permission from Huang KL, et al. J Neurol Sci 2012.
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Fig.4. Group-level functional connectivity maps in the sensorimotor network (SMN, upper column) and salience network
(SAL, lower column). Four sets of one-sample SMN and SAL, seeded at left primary motor cortex (M1) and left
insula, respectively. From left to right: carotid stenosis patients before carotid artery stenting (A), 1 month after
stenting (B), 1 year after stenting (C), and healthy controls (HC) (D). Reproduced with permission from Huang
KL, et al. Neuroimage Clin 2018.

and the cerebral blood flow increment “”. Before carotid These functional connectivity alterations were associated
artery stenting, functional connectivity may decrease in with poor cognitive performances but tended to recover
the cerebral hemispheres ipsilateral but increase in that after carotid artery stenting (Fig. 4), and the hyper-
contralateral to CAS, compared with normal controls. connectivity may serve as a compensation for neural
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challenge ®”. The segments in the circle of Willis are not in
a static feature and may be opened or closed after carotid
artery stenting. Some segments of circle of Willis (A1, P1
and PCoA) may be blocked after stenting, and others may
be opened to create a new willisian collateralization, either
for relief of reperfusion pressure or for other hypoperfused

21
areas ",

OUTCOME OF CAROTID ARTERY
STENOSIS

The long-term prognosis of patients with CAS is poor,
and patients may have high risk of further vascular events

or death. Previous study *”

showed the overall 5-year
cumulative rates of mortality, re-stroke and poor outcomes
were 31%,41% and 51%, respectively. The corresponding
rates were 13, 22 and 31% in patients without concurrent
atherosclerosis, but more deaths, re-strokes and poor
outcomes were seen in patients with concurrent
atherosclerosis. Furthermore, ischemic stroke patients
with concurrent stenoses and ischemic heart disease have
an even worse prognosis with 5-year cumulative rates of
mortality, re-stroke and combined poor outcomes 40%,
50% and 83%, respectively *. Our study showed patients
with carotid artery stenosis have the highest mortality
rate among the stroke subtypes if associated with atrial
fibrillation "?.

MANAGEMENT OF CAROTID
STENOSIS.

According to the Taiwan stroke treatment guideline,
symptomatic CAS is advised to receive interventional
treatment, either endarterectomy or stenting, if the stenosis
degree is over 60%, while for asymptomatic stenosis,
interventional treatment is suggested if over 80%. In the
selection of either carotid stenting or endarterectomy
for the treatment of extracranial CAS, the study of long-
term follow-up of carotid stenting versus endarterectomy
over 10 years has revealed there was no significant
difference between patients receiving stenting and those
receiving endarterectomy with respect to the risk of
periprocedural stroke, myocardial infarction, or death and
subsequent ipsilateral stroke in patients with CAS “* or
asymptomatic CAS . Also, the postprocedural ipsilateral
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stroke rate was not different between the two groups.
For intracranial artery stenosis, previous clinical trials
including SAMMPRIS ®” for intracranial CAS, and VAST
@D VISSIT @ and VIST “” for intracranial vertebral
artery stenosis have found a significantly higher rate of
stroke occurrence in patients treated with stenting within
30 days of treatment compared to medical therapy. Based
on SAMMPRIS, the current American Heart Association
guidelines for secondary stroke prevention in patients with
recent stroke or transient ischemic attack that is attributed
to severe stenosis (70%-99%) of a major intracranial
artery, dual antiplatelet therapy for 90 days is suggested
to be more reasonable than interventional treatment .
However, the most recent study, Wingspan Stent System
Post Market Surveillance (WEAVE), suggests that with
experienced interventionalists and proper patient selection
following the on-label usage guidelines, the use of
Wingspan stent for intracranial CAS can demonstrate a
low periprocedural complication rate and excellent safety
profile “” compared to previous clinical trials.
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