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 Background: The aim of this study was to investigate the influence of carotid artery stenting (CAS) on the cognition and 
quality of life of elderly patients with severe stenosis of the internal carotid artery.

 Material/Methods: 65 elderly patients with symptomatic severe stenosis of internal carotid artery were recruited into 2 groups: 
the pharmacotherapy group (n=29) and the CAS group (n=36). Before surgery and 1, 3, 6, and 12 months after 
surgery, Montreal cognitive assessment (MoCA) was used for the evaluation of cognition and WHOQOL-BREF 
was used for the assessment of quality of life.

 Results: At 12 months after surgery, total MoCA score and WHOQOL-BREF score in the pharmacotherapy group was sig-
nificantly reduced when compared with those before surgery (P<0.05). In the CAS group, the total MoCA score, 
scores of attention and delayed recall, and WHOQOL-BREF score increased significantly at different time points 
after surgery when compared with those before surgery (P<0.05). Moreover, in CAS group, the MoCA score and 
WHOQOL-BREF markedly increased gradually over time (P<0.05). Compared with the pharmacotherapy group, 
cognition and quality of life in the CAS group were improved dramatically during the follow-up period (P<0.05).

 Conclusions: Severe stenosis of the internal carotid artery is a cause of cognition impairment, and CAS may improve cogni-
tion and quality of life.
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Background

Carotid artery stenosis due to carotid atherosclerosis is not only 
an independent risk factor of ischemic cerebrovascular disease, 
but is also closely related to the cognition impairment [1]. Mild 
cognition impairment (MCI) is reversible [2], and treatment of 
carotid artery stenosis is likely to attenuate the MCI and con-
trol the development of dementia [3]. Currently, carotid artery 
stenosis due to carotid atherosclerosis is treated with drugs, 
carotid endarterectomy (CEA), and carotid artery stenting (CAS). 
Although CEA has been regarded a the criterion standard in the 
treatment of carotid artery stenosis [4], CAS has been widely 
applied in the treatment of carotid artery stenosis because it 
does not need general anesthesia, is minimally invasive, and 
has definite effectiveness during the progression of techniques 
and materials used for neurological interventions [5,6].

Currently, there is controversy on the influence of CAS on the 
cognition of patients with internal carotid artery stenosis [7–9], 
and in most studies, the cognition was compared before and 
after surgery and there were no control patients treated with 
drugs alone. In the present study, patients with internal carotid 
artery stenosis were divided into a CAS group and a pharma-
cotherapy group according to the therapeutic strategies, and 
were followed up. Patients treated with drugs alone served as 
a control group. Our study aimed to investigate the influence 
of CAS on the cognition and quality of life of elderly patients 
with severe internal carotid artery stenosis.

Material and Methods

Patients

From May 2008 to December 2012, a total of 36 inpatients 
received CAS due to severe internal carotid artery stenosis in 
the Department of Neurology. There were 20 males and 16 fe-
males, with a mean age of 72.1±4.4 years (range: 63–80 years). 
Of these patients, 14 patients presented transient ischemic at-
tack (TIA) and 22 manifested minor stroke. In addition, con-
comitant hypertension was found in 28 patients, diabetes in 
14, hyperlipidemia in 11, smoking in 16, drinking in 12, and 
coronary heart disease in 15.

In the control group, inpatients with severe symptomatic inter-
nal carotid artery stenosis had indications for CAS or CEA, but re-
fused to receive CAS or CEA. Thus, they were treated with drugs 
alone. There were 29 patients in the control group, including 
14 males and 15 females. The mean age was 73.1±5.1 years 
(range: 62–82 years). Of these patients, 11 patients manifest-
ed TIA and 18 showed minor stroke. In addition, hypertension 
was observed in 24 patients, diabetes in 12, hyperlipidemia in 9, 
smoking in 11, drinking in 10, and coronary heart disease in 13.

Inclusion criteria were: 1) symptomatic carotid stenosis and re-
ceived digital subtraction angiography (DSA) of the whole brain; 
2) DSA showed the internal carotid artery stenosis of great-
er than 70%, and patients could cooperate with physicians to 
perform the neuropsychological assessment; and 3) informed 
consent was obtained from patients and/or their relatives.

Exclusion criteria: 1) disturbance of consciousness; 2) patients 
had hemorrhagic cerebrovascular disease; 3) massive infarc-
tion of the cerebral cortex, basal ganglia, thalamus or brain-
stem; 4) concomitant intracranial arterial stenosis of >50% or 
intracranial arterial occlusion; 5) severe stenosis or occlusion 
of the contralateral carotid artery; 6) cerebral vascular mal-
formations and/or aneurysms; 7) cranial CT or MRI showed 
intracranial space-occupying lesions; 8) diagnosed with psy-
chotic disorders after evaluation of mental states (perception, 
thinking, behavior and emotion); (9) systemic severe diseas-
es influencing the cognition and the evaluation of cognition.

All procedures were conducted in accordance with the ethi-
cal standards of the responsible committee on human exper-
imentation and with the Helsinki Declaration as revised in 
1983. Carotid stenosis was diagnosed according to the criteria 
in the North American Symptomatic Carotid Endarterectomy 
Trial (NASCET) [10]. Stenosis degree = (1-diameter of the most 
stenotic vessels/diameter of proximal normal vessels) ×100%

Internal carotid artery stenting

Before surgery, detection of coagulation function, routine blood 
test, electrocardiography, chest X-ray, and heart ultrasonography 
were performed and patients were treated with oral aspirin at 
100 mg/d and oral clopidogrel at 75 mg/d. Patients received no 
food or water for 6 h before surgery. Following focal anesthesia, 
Seldinger technique was used to puncture the right femoral ar-
tery, and an 8F vascular sheath was used, followed by insertion 
of an 8F catheter. Under the guidance of a wire, the catheter 
was inserted to the proximal part of the lesioned vessel. Heparin 
(5000 U) was intravenously injected for systemic heparinization. 
Under the guidance of a road map, a protective umbrella (Spider 
FX, EV3; Angioguard, Cordis; Accunet, Abbott Laboratories) was 
carefully inserted through the stenotic site, and a stent (Precise, 
Cordis; Acculink, Abbott Laboratories) was then inserted along 
the umbrella. After accurately locating the stent, the stent was 
released. The balloon (Viatrac, Abbott Laboratories) was select-
ed according to the degree of stenosis, and then the umbrella 
was expanded, followed by retraction of the umbrella and per-
formance of radiography. After surgery, the arterial sheath was 
indwelt for the natural neutralization of heparin. The electrocar-
diogram was monitored, and the sheath was removed 4 h lat-
er. On the day of surgery, aspirin and clopidogrel were admin-
istered, and the doses were identical to those before surgery. 
Six months later, aspirin treatment was stopped, and treatment 
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with oral clopidogrel at 75 mg/d was continued. All the patients 
were treated with atorvastatin at 20 mg/d, and risk factors of 
stroke were also controlled after surgery.

Treatments in control group

After admission, patients were treated with oral aspirin at 
100 mg/d and clopidogrel at 75 mg/d for 1 month. Then, as-
pirin treatment was stopped, and 75 mg/d clopidogrel treat-
ment continued. All the patients were treated with atorvas-
tatin (20–40 mg/d). The blood LDL-C was reduced to lower than 
1.8 mmol/L (70 mg/dL) or by ³50%, and risk factors of stroke 
were also controlled during the treatments.

Assessments

Assessment of cognition

Montreal cognitive assessment (MoCA) was used for the as-
sessment of cognition [11]. The total score of the MoCA scale 
is 30 and the higher the score, the better the cognition. In the 
evaluation, a score of ³26 was regarded normal, and an addi-
tional 1 point was added when the duration of education was 
£12 years. The assessment of cognition was performed by in-
vestigators who received standard training under the super-
vision of a neuropsychological expert. Cognition assessment 
was done on admission and at 1, 3, 6, and 12 months after 
surgery in the same room by the same investigator.

Assessment of depression and anxiety

The Hamilton Depression Rating Scale (HAMD) [12] was used to 
evaluate the degree of depression on a 5-point scale (0–4), and 
the total score range is 0 to 68. The higher the score, the more 
severe the depression is. A total score of <7 is regarded as nor-
mal, and a total score of 7–17 indicates possible depression. A 
total score of 18–24 can be used for the diagnosis of depression 
and a total score of >24 suggests severe depression. The Hamilton 
Anxiety Rating Scale (HAM-A) [13] was used for the evaluation 
of the degree of anxiety on a 5-point scale (0–4). The total score 
ranges from 0 to 56 and the higher the score, the more severe 
the anxiety is. A total score of <7 is regarded as absence of anx-
iety, a total score of 7–13 indicates possible mild anxiety, a total 
score of 14–20 indicates definite anxiety, and a total score of >20 
indicates severe anxiety. The evaluation with HAMD and HAMA 
was performed in the same manner as in assessment with MoCA.

Evaluation of quality of life

The WHO Quality of Life-BREF (WHOQOL-BREF) (Chinese edi-
tion) was used to evaluate the quality of life. There are 4 do-
mains (physiology domain, psychology domain, social rela-
tions domain, and environmental domain) and 24 items in this 

scale. The higher the score, the better the quality of life is. In 
each domain, the mean score of items is calculated and mul-
tiplied by 4. The resultant score is comparable to the score of 
WHOQOL-100. The total score is the sum of scores from each 
domain. The higher the score, the better the quality of life is.

Detection of blood flow velocity of lesioned vessels

Transcranial Doppler (TCD) was employed to detect the blood 
flow velocity of the carotid artery. The Media Velocity (Vm) at 
the lesioned site was determined on admission and at 1, 3, 6, 
and 12 months after surgery.

Evaluation of stroke recurrence

The TIA and stroke were monitored after surgery, and cranial 
CT/MRI was performed to evaluate the recurrence rate of stroke.

Statistical analysis

Statistical analysis was performed with SPSS version 10.0. 
Quantitative data are expressed as mean ± standard devi-
ation, and qualitative data as proportion (%). The compari-
sons of quantitative data were done with the chi-square test, 
and means were compared with t test between 2 groups and 
1-way analysis of variance, followed by least-significant dif-
ference (LSD) test among groups. A value of P<0.05 was con-
sidered statistically significant.

Results

Comparisons of clinical information at baseline between 
two groups

On the basis of inclusion and exclusion criteria, a total of 65 
patients were recruited into the present study and received 
regular follow-up. None were lost to follow-up. There were 36 
patients in the CAS group and 29 patients in the pharmaco-
therapy group. There were no marked differences in gender, 
age, education level, degree of stenosis, hypertension, coronary 
heart disease, diabetes, abnormal lipid metabolism, smoking, 
drinking, body mass index, or location of lesioned vessels be-
tween the 2 group (P>0.05) (Table 1).

Post-operative findings in CAS patients

In the CAS group, the stent was accurately released 
(Figure 1A, 1B), with a success rate of 100%. The mean de-
gree of stenosis was 81.1±7.5% (range: 70–98%) before sur-
gery. After CAS, the mean degree of stenosis was 10.4±7.2% 
(range: 0–25%). The degree of stenosis was significantly re-
duced after surgery (P<0.01).
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Parameter CAS group (N=36) Control group (N=29) Statistic values

Sex (male/female)-no. 20/16 14/15 x2=0.341; p=0.5591

Age (mean ±SD)  72.1±4.4  73.1±5.1 t=0.814; p=0.4185

Education (mean±SD)  8.1±3.7  8.8±3.4 t=0.786; p=0.4349

Degree of stenosis (%)  81.1±7.5  79.2±3.2 t=–1.273; p=0.2078

Hypertension (n,%)  28 (77.8)  24 (82.8) x2=0.249; p=0.6178

Coronary heart disease (n,%)  15 (41.7)  13 (44.8) x2=0.065; p=0.7981

Diabetes (n,%)  14 (38.9)  12 (41.4) x2=0.042; p=0.8386

Abnormal lipid metabolism (n,%) 11 (30.6)  9 (31.0) x2=0.002; p=0.9668

Smoking (n,%)  16 (44.4)  11 (37.9) x2=0.281; p=0.5963

Drinking (n,%)  12 (33.3)  10 (34.5) x2=0.009; p=0.9224

Body mass index (kg/m2)  26.3±3.1  25.8±3.0 t=–0.656; p=0.5144

Location of lesioned vessels

 Left  20 (55.6)  13 (44.8) x2=0.740; p=0.3898

 Right  16 (44.4)  16 (55.2) x2=0.740; p=0.3898

Right-handed (n,%)  36 (100.0)  29 (100.0)

Table 1. Clinical information of patients in two groups at baseline.

A B

Figure 1.  Internal carotid artery stenosis of 98% before surgery (A) and 8% after surgery (B). Arrow: stenotic site.
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Of 5 patients receiving balloon dilatation and stenting, 3 devel-
oped a transient slowing of heart rate (40~50 beats/min). After 
intravenous treatment with atropine (1.0 mg) for 1–3 min, the 
heart rate returned to normal. Two patients developed reduc-
tion in blood pressure after stenting (70~90/50~60 mmHg), 
which returned to normal after intravenous injection of dopa-
mine hydrochloride for 6–12 h. Other peri-operative complica-
tions were not observed in these patients.

Scores of MoCA, HAMD, HAMA, and WHOQOL-BREF at 
baseline and during follow-up period

At baseline, there were no marked differences in the scores 
of MoCA, HAMD, HAMA, and WHOQOL-BREF (P>0.05). In the 

pharmacotherapy group, the scores of MoCA and WHOQOL-
BREF at month 12 was significantly reduced when compared 
with those at baseline (P<0.05). In CAS group, the total MoCA 
score, scores of attention and delayed recall, and WHOQOL-
BREF score at months 1, 3, 6, and 12 increased significant-
ly when compared with those at baseline (P<0.05), and the 
scores of MoCA and WHOQOL-BREF increased significantly 
over time (P<0.05). In the CAS group, the total MoCA score, 
scores of drawing clock, attention and delayed recall, and 
scores of HAMD, HAMA, and quality of life were significant-
ly improved at 1, 3, 6, and 12 months after surgery when 
compared with pharmacotherapy at the same time points 
(P<0.05) (Table 2).

Groups
MoCA 
score

Line connection 
test

Copy 
cube 

Drawing 
clock

Naming Attention
Sentence 
repeating

Control baseline  24.59±2.51  0.66±0.48  0.79±0.41  2.21±0.73  2.62±0.49  3.97±1.02  1.83±0.38

1 month  24.34±2.41  0.55±0.51  0.72±0.45  1.97±0.78  2.66±0.48  3.93±0.84  1.86±0.35

3 month  24.93±2.34  0.69±0.47  0.69±0.47  2.17±0.71  2.62±0.49  4.03±0.91  1.90±0.31

6 month  24.17±2.36  0.62±0.49  0.66±0.48  1.97±0.73  2.66±0.48  3.97±0.91  1.86±0.35

12 month  23.34±2.51#,*  0.52±0.51  0.66±0.50  1.93±0.70  2.66±0.48  3.62±0.82*  1.79±0.41

CAS baseline  24.17±2.50  0.67±0.48  0.81±0.40  2.33±0.68  2.67±0.48  3.86±0.96  1.81±0.40

1 month  25.58±2.26#,a  0.75±0.44b  0.86±0.35  2.53±0.51a  2.72±0.45  4.31±1.04#  1.86±0.35

3 month  26.86±1.87#,*,a  0.78±0.42  0.83±0.38  2.53±0.51a  2.75±0.44  5.03±0.97#,a  1.92±0.28

6 month  27.75±1.3#,*,a  0.67±0.48  0.92±0.28a  2.56±0.50a  2.61±0.49  5.50±0.65#,a  1.86±0.35

12 month  28.44±1.16#,*,a  0.78±0.42b  0.78±0.46  2.56±0.50a  2.61±0.49  5.81±0.40#,a  1.83±0.38

Groups
Verbal 
fluency

Abstraction
Delayed 

recall
Orientation HAMD HAMA WHOQOL-BREF

Control baseline  0.79±0.41  1.86±0.35  3.52±0.74  5.62±0.62  14.72±4.67  14.34±4.78  55.76±8.65

1 month  0.79±0.41  1.83±0.38  3.72±0.84  5.59±0.63  14.90±4.93  13.17±3.55  54.65±7.10

3 month  0.83±0.38  1.86±0.35  3.79±0.82  5.62±0.62  14.66±4.58  13.66±3.93  54.49±6.30

6 month  0.76±0.44  1.83±0.38  3.59±0.68  5.55±0.63  14.07±4.37  12.93±4.24  54.10±5.89

12 month  0.79±0.41  1.76±0.44  3.41±0.73*  5.48±0.63  13.83±4.03  12.14±3.69#  53.53±5.96#

CAS baseline  0.81±0.40  1.78±0.42  3.11±1.09  5.58±0.65  15.42±4.46  16.42±6.19  54.55±8.95

1 month  0.86±0.35  1.81±0.40  3.56±0.88#  5.58±0.65  11.94±4.13#,a  10.22±3.73#,a  56.26±8.45

3 month  0.92±0.28  1.75±0.44  4.08±0.87#  5.58±0.55  12.03±4.94#,a  10.19±3.61#,a  57.08±7.43#,b

6 month  0.92±0.28b  1.69±0.47  4.53±0.61#,a  5.75±0.50  11.75±5.26#,b  10.44±4.28#,b  58.18±7.45#,a

12 month  0.94±0.23b  1.75±0.44  4.86±0.35#,a  5.78±0.48b  11.50±5.68#,b  11.14±5.11#,b  59.02±6.6#,&,a

Table 2.  Scores of cognition, HAMD, HAMA and WHOQOL-BREF of patients in two groups at baseline and different time points after 
surgery 

# p<0.05 vs. baseline; & p<0.05 vs. month 1 in the same group; * p<0.05 vs month 3 in the same group; a p<0.01; b p<0.05 vs. control 
group.
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Blood flow velocity of stenotic vessels

In both groups, blood flow signals were observed at the internal 
carotid arteries, and Vm of both groups are shown in Figure 2. 
Results showed the Vm of the internal carotid artery was at a 
high level before surgery, but reduced markedly after surgery 
and remained within the normal range. At all time points af-
ter surgery, the Vm was significantly different from that be-
fore surgery (P<0.01). At 1, 3, 6, and 12 months after surgery, 
the Vm remained unchanged in the CAS group (P>0.05). In the 
pharmacotherapy group, the Vm remained at a high level at all 
time points during the follow-up period (P>0.05).

Recurrence of stroke

In the CAS group, there was no recurrence of stroke observed 
during the follow-up period. At 12 months after surgery, cra-
nial MRI did not show asymptomatic cerebral infarction. In the 
control group, 7 (24.1%) patients had stroke recurrence (5 had 
symptomatic cerebral infarction and 2 had asymptomatic ce-
rebral infarction), and the infarct site was consistent with the 
region supplied by the internal carotid artery.

Discussion

Carotid artery stenosis is not only an important cause of isch-
emic cerebrovascular diseases, but is also closely associated 
with cognition impairment [14]. When the ischemic or infarct 
site involves tissues related to cognition, patients may develop 
clinical manifestations of cognition impairment [15]. Especially, 
symptomatic carotid artery stenosis usually causes severe vas-
cular cognition impairment, or even increases the risk for vas-
cular dementia. However, this risk factor is preventable and 
treatable [1,16]. Thus, carotid artery stenosis plays an impor-
tant role in the occurrence and development of vascular de-
mentia [17]. Barnes et al. [18] found that carotid artery stenosis 
could increase the risk for mild cognition impairment and this 
relationship still existed after adjusting for other risk factors. 

Studies [19] have shown that severe carotid artery stenosis 
may cause chronic low perfusion, and the long-lasting insuf-
ficient perfusion may impair the energy metabolism in neu-
rons, causing cognition impairment to various extents [20]. 
After the stenosis is improved, the perfusion increases, and 
the metabolism in cells is subsequently also improved [21]. Of 
these patients in our study, 16 patients (55.2%) in the phar-
macotherapy group and 19 patients (52.8%) in the CAS group 
were diagnosed with mild cognition impairment. Thus, for pa-
tients with severe internal carotid artery stenosis, we should 
emphasize both the prevention of stroke and the cognition.

With the development of the materials for interventional ther-
apy and the neuroimaging techniques, especially the use of 
an embolic protection device in the treatment of cerebral in-
farction [22], CAS treatment of severe carotid artery stenosis 
is widely applied, and it has fewer complications [23]. Previous 
studies have shown that CAS can reduce the risk for stroke 
in patients with symptomatic or asymptomatic carotid artery 
stenosis. However, there is still controversy about the influ-
ence of CAS on cognition in patients with severe carotid artery 
stenosis. Some studies showed CAS may increase the neuro-
psychological score in these patients [24], but other studies 
reported that patients with severe carotid artery stenosis de-
velop cognition impairment after CAS [9,25]. Thus, it is neces-
sary to further investigate the influence of CAS on cognition in 
patients with severe carotid artery stenosis. In previous stud-
ies, the therapeutic efficacy was determined after comparison 
between manifestations before and after surgery, or patients 
receiving coronary stenting served as a control group. In these 
studies, there might be differences in clinical information at 
baseline. In our study, patients with severe carotid artery ste-
nosis who received pharmacotherapy alone were recruited as 
a control group, which assured consistency in the clinical infor-
mation at baseline. Our results showed that in the CAS group, 
clinical symptoms and cognition were improved after CAS. In 
addition, the MoCA score increased over time, suggesting the 
continuation of therapeutic effectiveness.

Figure 2.  Vm (cm/sec) of internal carotid artery 
in the 2 groups (means ±SD). * P<0.01 
vs. before SAA.
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In the present study, our results showed CAS could improve 
cognition of patients with carotid artery stenosis, and the po-
tential mechanisms include: (1) CAS improves cerebral perfu-
sion, and some studies have shown that low perfusion is re-
lated to cognition impairment [26–28]. In the present study, 
vascular reconstruction was performed via stenting, which im-
proves the blood supply to the brain and increases the cere-
bral perfusion. Monitoring of blood flow velocity by using TCD 
showed the hemodynamics of the lesioned vessels was also 
significantly improved, and this improvement remained over 
time. (2) CAS reduces the incidence of asymptomatic cerebral 
infarction; the stent may prevent the shedding of atheroma-
tous plaques, which then reduces the risk for stroke due to 
the shedding of atheromatous plaques [29]. In addition, the 
protective umbrella further reduces the incidence of intra-
operative embolization and decreases the incidence of cere-
bral infarction, which may prevent infarction-induced cogni-
tion impairment.

Patients usually develop negative emotional reactions after 
stroke, and anxiety and depression are the most common 
reactions in psychological stress. Approximately 36% of pa-
tients with stroke have symptoms of anxiety [30], and the in-
cidence of depression is about 20–50% after stroke [31]. CAS 
is an invasive therapy and patients usually have little knowl-
edge about precautions in this therapy as compared to other 
surgeries. As a “surgery”, CAS may cause stress in patients, 
and influence the emotion and psychology of patients to dif-
ferent extents. A previous study [32] has shown that the inci-
dence of anxiety and depression is high before interventional 
therapy, the symptoms of depression and anxiety attenuat-
ed, and the incidence of anxiety and depression reduces after 
surgery. Our findings were consistent with previous reports. 
In the CAS group, the pre-operative incidence of depression 
and anxiety was 25.0% and 55.6%, respectively, which were 
significantly higher than those in the pharmacotherapy group 
(24.1% and 37.9%, respectively). However, after interventional 
therapy, the scores of HAMD and HAMA reduced significantly, 
and were markedly lower than those in the pharmacotherapy 

group. This suggests that negative emotions are improved af-
ter CAS. However, the scores of HAMD and HAMA remained 
unchanged in the pharmacotherapy group. This is ascribed to 
the elimination of stress, improvement of clinical symptoms, 
and low incidence of recurrent stroke, which improves the af-
fective disorder.

With the transition of biological medicine into biological, psy-
chological, and social medicine, a new series of parameters 
have been developed for the accommodation to this new 
medical mode in the evaluation of health using quality of life 
(QOL). Increased QOL has been used as an objective indica-
tor for the drafting, implement, and evaluation of therapeu-
tic efficacy, and as an ultimate goal in rehabilitation. Of scales 
used for evaluation of QOL, WHOQOL-BREF is the most often 
used. WHOQOL-BREF is derived from WHOQOL-100. In the 
WHOQOL-BREF, the 6 domains of WHOQOL-100 are reduced 
to 4 domains (physiology, psychology, social relationship, and 
environment). Studies have shown the favorable reliability 
and validity of WHOQOL-BREF [33–35]. In the present study, 
WHOQOL-BREF was used to evaluate the QOL of patients with 
severe internal carotid artery stenosis at different time points, 
aiming to evaluate the efficacy of interventional therapy and 
pharmacotherapy from the view of patients themselves. Our 
results showed that QOL was significantly improved after CSA.

Conclusions

Severe internal carotid artery stenosis may cause cognition im-
pairment. For older patients with severe symptomatic internal 
carotid artery stenosis, CAS can improve cognition and QOL. In 
the present study, patients having indications for CAS or CEA, 
but refusing to receive surgical interventions, were recruit-
ed as the control group, which assures consistency in clinical 
information between the 2 groups and avoids the influence 
of other factors having effects on cognition. However, sam-
ple size was relatively small in our study, and further studies 
with larger sample sizes are required to confirm our findings.
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