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WHAT THIS PAPER ADDS

Carotid endarterectomy (CEA) is thought to reverse cognitive impairment in patients with high grade internal
carotid artery stenosis by reversing the cerebral perfusion status. However, limited studies have investigated
changes in cerebral perfusion and cognitive function in these patients before and after CEA. Using magnetic
resonance perfusion weighted imaging (PWI) this study reports the correlation between reversion of perfusion
and improvement in cognition in patients who underwent CEA. More patients than expected may benefit from
CEA, including patients with mild cognitive impairment.
Objective: To investigate the influence of carotid endarterectomy (CEA) on cerebral perfusion and cognitive
function in patients with internal carotid artery stenosis (ICA).
Methods: Patients were prospectively enrolled in this study. Shunted patients were excluded. Cerebral perfusion
was measured by magnetic resonance (MR) perfusion weighted imaging (PWI) and diffusion weighted imaging
(DWI) in 46 patients with >65% ICA (31 males, 64.5 � 6.7 years) 1 week before and 6 weeks after CEA. Cognitive
function was assessed using the Mini Mental State Examination (MMSE) and the Montreal Cognitive Assessment
(MoCA) 1 week before and 6 weeks after CEA.
Results: After CEA, perfusion parameters from PWI decreased, including mean transit time (MTT) (21.07 � 7.36
vs. 14.27 � 6.22, p < .0001), time to peak (TTP) (28.69 � 8.54 vs. 23.45 � 4.25, p ¼ .001), arrive time (T0)
(19.89 � 7.32 vs. 15.20 � 3.51, p ¼ .001), and relative cerebral blood volume (rCBV) (11.48 � 3.50 vs.
7.53 � 3.17, p < .0001). A significant improvement was observed in MoCA (20.48 � 1.70 vs. 22.04 � 1.48,
p ¼ .001). Spearman’s rank correlation analysis between TTP and MoCA scores demonstrated a linear
relationship with an excellent correlation coefficient (R ¼ �.893, p < .001). Linear regression indicated that
diabetes was a risk factor for cognitive improvement in patients with ICA (p¼ .014). Further analysis showed that
patients with DM performed worse in MoCA after the procedure (with-DM 21.15� 1.28 vs. non-DM 22.4 � 1.46,
p ¼ .010) while the baselines were similar (non-DM: 20.3 � 1.8 vs. with-DM: 20.9 � 1.4, p ¼ .362).
Conclusion: CEA could improve the cerebral perfusion and the cognitive function in un-shunted ICA patients.
Cerebral reperfusion was an important factor for cognitive improvement. Diabetes had a negative effect on
cognitive improvement after CEA.
� 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Article history: Received 19 September 2014, Accepted 16 March 2015, Available online 29 April 2015
Keywords: Carotid endarterectomy, Carotid stenosis, Cognitive function, Perfusion weighted imaging
INTRODUCTION

Internal carotid artery stenosis (ICA) is known to have the
potential for negative impact on patients’ cognitive func-
tion.1,2 The end stage of cognitive impairment is dementia,
which, to date, has no effective treatment. Therefore,
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delaying the progression of any cognitive impairment
arising from ICA stenosis could provide a strategy for pre-
venting dementia.3e5 Classical treatment for ICA stenosis is
carotid endarterectomy (CEA), which has been proven
effective in preventing future stroke as well as improving
cerebral perfusion.6e9 Although a number of clinical trials
have been conducted to investigate changes in cognitive
function after CEA, it remains unclear whether CEA can
improve cognitive function.10e15 Conflicting results have
been attributed to various factors, including neuropsycho-
logical test methods, follow up schedule, limited sample
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size, and patient related variables such as the co-morbidity
of other disorders, for example hypertension and diabetes.

Cerebral perfusion deficiency caused by hemodynamic
changes and cerebral emboli was shown to have a key role
in the process of cognitive impairment,16 hence, it was
suggested that the improved cerebral perfusion after CEA
could be the main factor in reversal of cognitive impair-
ment. However, studies assessing cerebral perfusion in ICA
patients have been limited because of the lack of an overall
quantitative approach other than cerebral blood flow.17

Brain magnetic resonance imaging (MRI) was shown to be
a potential method for detection of a decrease in cerebral
perfusion in patients with ICA based on perfusion weighted
imaging (PWI).18 By comparison of perfusion parameters in
PWI, cerebral perfusion status can be analyzed compre-
hensively and quantitatively.19 In addition, MR diffusion
weighted imaging (DWI) was also able to show ischemic
lesion size based on the exhibition of cytotoxic cerebral
edema, and this was a good imaging modality for detecting
early ischemic brain lesions after CEA.20 Therefore, changes
in cerebral perfusion after CEA can be comprehensively
evaluated using MRI, including PWI and DWI. A previous
study17 used qMRA, which reflected the cerebral blood flow
(CBF), and suggested that improvement in blood flow was
associated with greater cognitive improvement; however,
use of an inappropriate neuropsychological test weakened
the conclusion from that study. And, in addition, cerebral
perfusion was not completely equal to CBF. As a result,
further study is required, incorporating comprehensive
evaluation of cerebral perfusion and approved neuropsy-
chological scales.

The present study aimed to determine whether
improvement in cerebral reperfusion is the main factor in
cognitive improvement in patients with ICA stenosis. After
CEA in patients with ICA stenosis, changes in cerebral
perfusion were evaluated by MRI and changes in cognitive
function by neuropsychological scales.

PATIENTS AND METHODS

Subjects

Patients diagnosed with ICA stenosis between January
2012 and January 2014 in the Department of Vascular
Surgery, Nanjing Drum Towel Hospital were prospectively
registered in the study. Each patient was screened with
ultrasound for the need to receive revascularization.
Eligibility requirements were (a) patients with symptom-
atic ICA >50% or asymptomatic ICA >70%, measured by
ultrasound according to the non-invasive equivalent of the
North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria;6 (b) no gender or age restrictions;
and (c) patients understood and were willing to partici-
pate in the research.

Exclusion criteria were (a) patients with a history of
psychosis or a score on the Hamilton Depression Rating
Scale (HDRS) > 17;21 (b) patients with Alzheimer’s disease
(AD) or any other concomitant neurological disorder
potentially affecting cognitive function; (c) patients who
had experienced a recent stroke (within 4 weeks, given the
potential impact on cognitive function) or a stroke that had
decreased social function; (d) patients with personal habits
that have a negative impact on cognitive function, such as
alcoholics and drug abusers; (e) patients unable to comply
with the study assessment; and (f) patients having had
surgical procedures that did not comply with the stan-
dardized surgical protocol, including use of a shunt.

Protocol approvals and patient consent

This study was approved by the institutional review board
of the Drum Tower Hospital. All subjects and their care-
givers provided informed consent.

Baseline data

Patient data were collected including demographic charac-
teristics, presenting symptoms, and medical characteristics.
Demographic data were composed of gender, age, and
educational level (lower educational level refers to an ed-
ucation time �6 years; higher educational level refers to an
education time >6 years). The severity of ICA stenosis was
diagnosed by B-mode ultrasonography according to the
NASCET method.6

Surgical procedure

Patients were treated pre-operatively with oral aspirin
(BAYASPIRIN, Bayer, Germany) 100 mg/day for 3 days
before the carotid endarterectomy (CEA), and received
general anesthesia during the operation. The maximum
carotid artery clamp time was 30 minutes. Low molecular
heparin (Clexane, AVENTIS Pharma Specialites, France) was
used at 10000 U/day after the operation, replaced by
aspirin and/or clopidogrel (Plavix, Sanofi-Aventis, France)
after 3 days which was then continued for 6 months.

Cerebral perfusion evaluation

Patients were examined by color Doppler ultrasound ex-
amination 6 weeks after CEA to evaluate the degree of
stenosis of the carotid artery. To determine cerebral
perfusion, MRI was performed 1 week before and 6 weeks
after the operation on a 3.0-T MR system (Achieva 3.0T TX,
Philips, the Netherlands). A standardized protocol was used
in all patients for brain magnetic resonance angiography
(MRA) (see supplementary material). Post processing of
PWI was performed using specific software acquired from
Philips with a semi-quantitative method for evaluating ce-
rebral perfusion.22 The relative cerebral blood volume
(rCBV), relative cerebral blood flow (rCBF), time to peak
(TTP), mean transit time (MTT), and time of arrival (T0)
were calculated (for detailed definition about these pa-
rameters, see supplementary material). A grading system
was used for qualitative assessment of the cerebral perfu-
sion. Baseline white matter changes were assessed semi-
quantitatively by the sum of age related white matter
changes (ARWMC) score as described previously.23 Assess-
ment of the PWI and DWI was performed by two



Table 1. Patient characteristics (N ¼ 46).

Characteristic N ¼ 46
Age, years 64.5 � 6.7
Gender
Male 31 (67.4%)
Female 15 (32.6%)

Degrees of stenosis
Bilateral N ¼ 7 (15.2%)
Stenosis side, % 75e95
Contralateral side, % 65e85

Unilateral N ¼ 39 (84.8%)
Stenotic side, % 65e95
Contralateral side, % 0e50

Side of operation
Left 26 (56.5%)
Right 20 (43.5%)

Lower education level (�6 years) 9 (19.6%)
Smoking 11 (23.9%)
Long-term antiplatelet therapy (>2 months) 14 (30.4%)
Hypertension 30 (65.2%)
Diabetes mellitus 13 (28.3%)
Coronary artery disease 10 (21.7%)
Prior ischemic events
Transient ischemic attack 17 (37.0%)
Minor stroke 4 (8.7%)

Last event to revascularization, days 37.4 � 16.2
Other medical status
Peripheral vestibular disorder 8 (17.4%)
Syncope 7 (15.2%)
Asymptomatic 10 (21.7%)

Time from initial symptoms to
revascularization (months)

2.7 � 1.3

Pre-operation ARWMC scores 3.8 � 2.0
Atrial fibrillation 1 (2.1%)

ARWMC ¼ Age related white matter changes.
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independent researchers who were unaware of the angio-
graphic and clinical outcomes.

Neuropsychological tests (NPTs)

Cognitive function was assessed 1 week before and 6
weeks after the operation. NPTs were performed by two
trained clinical neuropsychologists, who were blinded to
the outcome of the procedure, using the Mini Mental
State Examination (MMSE) and the Montreal Cognitive
Assessment (MoCA). There was an interval of >1 hour
between these two tests to avoid “benefit of study” ef-
fects. The Chinese versions were used for evaluation of
MoCA (Beijing version MoCA) and MMSE. The MoCA was
the version as recommended by Peking Union Medical
College Hospital, and an additional 1 score was given to
each subject who had educational experience of 11 years
or less (�11).

Statistical analysis

All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) for Windows (Release
21.0; SPSS, Chicago, IL, USA). Continuous data are presented
as mean � SD. Discrete data are presented as counts and
percentages. Student t tests were used for continuous data.
Paired continuous data were compared by the Wilcoxon
signed rank sum test. Discrete data were analyzed using
either chi-square tests or Mann-Whitney U tests as appro-
priate. Correlation between perfusion recovery and
improvement of cognitive function was performed by
analysis of Spearman’s rank correlation coefficient. The as-
sociation between cognitive function improvement and
patient characteristics was analyzed by means of multivar-
iate linear regression and expressed as standardized co-
efficients. Characteristic factors included age, hypertension,
diabetes, prior ischemic event, asymptomatic, new lacunar
infarcts, and ARWMC>4. All statistics were performed with
a 0.05 level of significance.

RESULTS

One hundred and sixteen ICA stenosis patients were
screened, of whom 82 were enrolled and received CEA.
Technical success was achieved in 59 patients, with 23
patients excluded for being shunted. Cerebral hyper-
perfusion syndrome (CHS) occurred in one patient 3 days
after the surgery, presenting as intense migraine like
headache on the operated side, which recovered within 24
hours. No post-operative stroke occurred. Six patients
refused the brain MRI after operation and NPTs could not
be performed in seven patients after CEA. Thus, 46 patients
finished this study. Their median educational experience
was 9 years.

Table 1 details the characteristics of the patients included
in the study. The mean operating CEA time was 82 � 18.9
minutes, and the carotid artery clamp time was 11.7 � 3.4
minutes. However, new lacunar infarcts were found in
seven patients after CEA, with the average number in each
patient being 2.03 � 0.29, without symptoms. Six weeks
after the operation, ultrasound examination was performed
to detect technical defects. Blood flow in ICA was present in
all patients, and no stenoses were found (Fig. S1A, B).

Perfusion status evaluation was performed by MRI. First,
in 39 unilateral patients, cerebral perfusion was compared
in the ipsilateral and contralateral sides. Pre-treatment PWI
showed decreased cerebral perfusion in the ipsilateral side
compared with the contralateral side, mainly reflected by
the significant decrease in TTP (p ¼ .048), MTT (p ¼ .02),
and rCBV (p ¼ .01), but there were no significant differ-
ences in rCBF (p ¼ 0.37) and T0 (p ¼ .08) (Table. S1). Pre-
and post-operative MRI examinations were performed. The
differences in PWI and DWI pre- and post-operation sug-
gested that CEA could reverse partly the impaired cerebral
perfusion, mainly reflected in the decreased area of hypo-
perfusion in PWI (Fig. 1, A1, A2) and the decreased
abnormal high signal on the ipsilateral side in DWI after the
procedure (Fig. 1, B1, B2). Comparing the pre-operative and
post-operative perfusion parameters, significant improve-
ment was observed in cerebral perfusion in the ipsilateral
side after CEA (Table 2). Improvement of rCBV, MTT, T0, and
TTP in PWI, consistent with results of DWI, also indicated
that CEA had positive effects on cerebral perfusion
(Table 2).



Figure 1. MRI including DWI and PWI was performed 1 week before and 6 weeks after CEA to evaluate cerebral perfusion. Changes in PWI
pre- (A1) and post-CEA (A2) and in DWI pre- (B1) and post- (B2) CEA are shown. CEA ¼ carotid endarterectomy; MRI ¼magnetic resonance
imaging; PWI ¼ perfusion weighted imaging; DWI ¼ diffusion weighted imaging.
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NPTs including MoCA and MMSE were completed in 46
patients. The total MMSE scores were similar in the pre-
and post-operation groups, but post-operation patients
performed better on the sub-test of “recall” compared with
the baseline (Table 3). In contrast, as shown in Table 4, the
total MoCA score improved significantly from 20.48 to
22.04 (p < .001) after CEA, as well as sub-tests including
“visuo-executive”, “naming,” “attention,” and “abstraction.”
But, interestingly, there was no improvement in “recall” in
MoCA. In sub-tests of MoCA, “verbal fluency” and “orien-
tation” showed the highest pre procedure scores, with
“recall” and “visuo-executive” showing the lowest. After
CEA, sub-tests of “abstraction,” “attention,” and “naming”
in MoCA showed better improvement than other sub-tests
(Fig. S2). The sub-test of “recall” also had the lowest score
in MMSE. Differences in cognitive profile pre- and post-
operation were more apparent in MoCA than MMSE
(Fig. S2).

After evaluating changes in cerebral perfusion and
cognitive function, analysis of Spearman’s rank correlation
coefficient was performed to explore any correlation be-
tween cerebral perfusion recovery and improvement of
MoCA. TTP was selected as a representation of cerebral
perfusion as it had been proved previously to be the best
predictor of early cerebral ischemia.24 The percentage
changes in TTP (pre/post scores, %) and in MoCA (pre/post
scores, %) are shown in Fig. 2. A linear relationship was
found, with an excellent correlation coefficient (R ¼ �.893,
p < .001), between the variation of TTP and MoCA scores
after the procedure. Fig. 2 also shows that the more TTP
Table 2. Change in perfusion parameter in ipsilateral side before
and after CEA.

Perfusion
parameter

Pre-CEA Post-CEA t value p

MTT, s 21.07 � 7.36 14.27 � 6.22 4.24 <.0001
TTP, s 28.69 � 8.54 23.45 � 4.25 3.39 .001
rCBV 11.48 � 3.50 7.53 � 3.17 5.16 <.0001
T0, s 19.89 � 7.32 15.20 � 3.51 3.55 .001
rCBF 0.61 � 0.25 0.53 � 0.22 1.51 .136

CEA ¼ carotid endarterectomy; rCBV ¼ relative cerebral blood
volume; rCBF ¼ relative cerebral blood flow; TTP ¼ time to
peak; MTT ¼ relative mean transit time; T0 ¼ time of arrival.
decreased after the procedure, the better the improvement
in MoCA.

To investigate the influence of characteristic factors on
improvement of MoCA, multivariate linear regression was
performed. Cognitive function improvement (CI) was
defined as “post-operation MoCA score/pre-operation
MoCA score,” then the relationship between the value of
cognition improvement and characteristic factors in each
patient was analyzed. Complication with diabetes was the
only factor which was found to reduce the cognitive func-
tion improvement significantly (standardized coefficients:
-.374, p ¼ .014, Table S2).

Given the results of the linear regression, patients were
divided into two groups based on whether or not they had
diabetes. Ultrasound examination indicated that no re-
stenosis was found after the procedure in either group.
No significant decrease in perfusion parameters was found
in patients with DM. Fig. 3A shows that DM had a nega-
tive effect on cerebral re-perfusion, mainly reflected in
significantly elevated TTP (non-DM 22.54 � 4.22 vs. with-
DM 25.74 � 3.94, p ¼ .023) and significantly elevated
rCBV (non-DM 6.89 � 3.15 vs. with-DM 9.17 � 3.06,
p ¼ .031) after the procedure. There were no significant
differences between non- and with-DM groups in both
pre-operative TTP (non-DM 28.02 � 8.51 vs. with-DM
30.37 � 8.70, p ¼ .407) and rCBV (non-DM
11.67 � 3.38 vs. with-DM 11 � 3.87, p ¼ .567). After
comparing cerebral perfusion between these two groups,
Table 3. Change in MMSE before and after CEA.

Sub-tests Pre-CEA Post-CEA t value p
Orientation/10 9.07 � 0.65 9.15 � 0.79 �0.579 .564
Registration/3 2.83 � 0.38 2.78 � 0.41 0.521 .604
Calculation/5 4.57 � 0.58 4.76 � 0.43 �1.83 0.71
Recall/3 1.85 � 0.60 2.11 � 0.53 �2.22 .028
Naming/2 1.93 � 0.25 1.98 � 0.15 �1.017 .312
Repetition/1 0.89 � 0.31 0.78 � 0.42 1.411 .162
Reading/1 0.87 � 0.34 0.83 � 0.38 0.575 .567
Comprehension/3 2.41 � 0.58 2.57 � 0.50 �1.346 .182
Writing/1 0.78 � 0.42 0.74 � 0.44 0.484 .629
Drawing/1 0.83 � 0.38 0.78 � 0.42 0.521 .604
Total/30 26.02 � 1.36 26.48 � 1.49 �1.538 .128

MMSE ¼ Mini Mental State Examination; CEA ¼ carotid
endarterectomy.



Table 4. Change in MoCA before and after CEA.

Sub-tests Pre-CEA Post-CEA t value p
Visuo-executive/5 2.43 � 0.88 2.80 � 0.78 �2.216 .036
Naming/3 2.02 � 0.65 2.35 � 0.57 �2.57 .012
Calculation/3 2.35 � 0.53 2.41 � 0.54 �0.587 .559
Attention/3 2.20 � 0.62 2.52 � 0.50 �2.77 .007
Verbal fluency/3 2.48 � 0.66 2.52 � 0.66 �0.317 .752
Abstraction/2 1.22 � 0.63 1.54 � 0.55 �2.654 .009
Recall/5 1.87 � 0.65 2.00 � 0.63 �0.973 .333
Orientation/6 5.72 � 0.46 5.70 � 0.51 0.215 .830
Total/30 20.48 � 1.70 22.04 � 1.48 �4.72 <.001

MoCA ¼ Montreal Cognitive Assessment; CEA ¼ carotid
endarterectomy.

Figure 3. Comparison of perfusion parameters in patients with or
without DM (A), and comparison of cognitive evaluation in pa-
tients with or without DM (B). CEA ¼ carotid endarterectomy;
DM ¼ diabetes mellitus; rCBV ¼ relative cerebral blood volume;
TTP ¼ time to peak; MTT ¼ mean transit time; T0 ¼ time of
arrival; MoCA ¼ Montreal Cognitive Assessment; MMSE ¼ Mini-
Mental State Examination.
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a comparison of cognitive function was performed in pa-
tients with or without DM. As expected, patients with DM
performed worse in MoCA after the procedure (non-DM
22.4 � 1.5 vs. with-DM: 21.2 � 1.3, p ¼ .010), while the
baselines were similar (non-DM: 20.3 � 1.8 vs. with-DM:
20.9 � 1.4, p ¼ .362).

DISCUSSION

Cerebral perfusion status in carotid stenosis

The present study demonstrated that CEA can result in
improved cerebral perfusion 6 weeks after the operation.
Post-CEA improvement in cerebral perfusion in symptom-
atic patients has been reported previously,7,25 but
improvement in asymptomatic patients was controversial,
being identified as both significant26 and non-significant.27

Based on the results of the present study, the improved
cerebral perfusion was observed in a general group. Being
asymptomatic had no significant influence on cognitive
improvement, which suggests that CEA could improve ce-
rebral perfusion levels in both symptomatic and asymp-
tomatic patients. Interestingly, in contrast with previous
reports,10,17 CBF in the present study did not increase
Figure 2. Scatter diagram of the percentage changes in TTP values and M
TTP ¼ Time To Peak.
significantly after the operation. This suggests that evalu-
ating cerebral perfusion by CBF only might not be a suitable
option in some cases. The present study was based on non-
shunted patients, so patients with, theoretically, the largest
increase of CBF after CEA were not studied, rendering this
conclusion insufficient. Further study is required to
oCA after the operation. MoCA¼Montreal Cognitive Assessment;
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investigate this issue. Furthermore, in the present study,
PWI was shown to be an optional and comprehensive
method to detect cerebral perfusion improvement in
symptomatic or asymptomatic patients at the early stage (6
weeks) after revascularization.

Neuropsychological changes after CEA

Previously, CEA was found to improve patient performance
in the MMSE test,28 but another study showed that MMSE
was not suitable for detecting post-CEA cognition
improvement.29 Recently, a new neuropsychological test,
MoCA, was developed to replace MMSE in screening mild
cognitive impairment (MCI).30 The Beijing version MoCA
(MoCA-BJ) showed an excellent sensitivity of 90.4% and a
fair specificity (31.3%). Even when the cut off score was
lowered to 22, MoCA-BJ also showed sensitivity (68.7%)
and specificity (63.9%).31 Some studies have demonstrated
the specificity of MMSE as relatively high, as well as the
sensibility of MoCA in patients with cerebral ischemia both
in the English32 and Chinese versions.33 In the present
study, a combination of MMSE and MoCA was chosen to
accurately detect change in patients’ cognitive function.
Consistent with the results of Watanabe et al.,34 different
evaluation results were observed after CEA between MMSE
and MoCA. Different results between these two tests could
partly be explained, according to a previous study,35 by the
different content. The sub-tests of “orientation,” “registra-
tion,” and “calculation,” major proportions in the MMSE
scale, were not significantly damaged in patients with mild
cognitive impairment. MoCA included not only content
evaluated by MMSE, but also focused on test items
including “execution,” “abstraction,” “verbal fluency,” and
“visuo-executive,” which were improved in MoCA after CEA
in the present study.

Cerebral perfusion and neuropsychological changes

Scatter diagram and correlation analysis showed that
improved cognitive function was related to improvement of
cerebral perfusion. A previous study reported that chronic
ischemia caused by bilateral carotid artery ligation signifi-
cantly decreased the cognitive function of rats.36 Whitten
et al.37 also reported that patients with 75% or greater
stenosis of the ICA had significantly greater improvement in
memory and mental abilities after CEA. Therefore, the
improved cerebral perfusion was predicted as the reason
for cognitive improvement in patients with ICA stenosis.
Some previous clinical studies evaluated changes in CBF
resulting from CEA, by single photon emission computed
tomography (SPECT)10 or qMRA,17 and performed neuro-
psychological tests on these patients. They demonstrated
that cognitive function improvement in ICA stenosis pa-
tients was related to CBF improvement. By more compre-
hensive evaluation of cerebral perfusion and use of an
approved scale, the results of the present study proved the
hypothesis that CEA reversed impaired cerebral perfusion
by removing stenosis and, therefore, led to improved
cognitive function.
Patient characteristics and cognitive impairments

Many factors can interfere with cerebral perfusion and
cognitive function, including age, WML, hypertension, dia-
betes, etc., which might be responsible for the conflicting
results of previous studies. In the present study, diabetes
mellitus (DM) was the only factor found to have negative
influence on post-CEA cognition improvement. As DM is
known to be a risk factor for cardiovascular disease, it came
as no surprise that multiple studies have described an as-
sociation between DM and impaired cerebral perfusion on
MRI.38,39 The negative effect of chronic hyperglycemia on
cerebral perfusion has been reported previously.40 Howev-
er, few studies have focused on the influence of DM on
post-CEA cognition improvement. Patients with DM in the
present study displayed a non-significant improvement in
cerebral perfusion status, probably as a result of the micro-
angiopathy caused by DM. On the other hand, hypergly-
cemia can also damage cognitive function.41 Therefore,
according to the present results and those of previous
studies, the negative impact of DM on post-CEA cognition
improvement might arise partly from the negative impact
on cerebral perfusion. However, patients performed equally
in MMSE and MoCA before CEA, so additional factors are
involved. A previous study demonstrated that cognitive
function deteriorated after carotid revascularization
regardless of baseline ARWMC scores.23 However, patients
with ARWMC>4 in the present study benefited from CEA
according to MoCA. This conflict could be explained by the
relatively lower ARWMC scores (only ranging from 5 to 8)
and the different scales compared to previous studies.

Despite the promising results, there are some limitations
to this study. First, the number of patients who participated
was small. Second, some patients might exhibit a “practice”
effect as all patients took the examination twice; it is un-
clear how much this influenced the results. Third, no control
group of non-operated patients was included in the present
study. Further studies are required using not only MoCA
and MMSE but also another scale to allow more detailed
evaluation of patients’ cognitive function.

In summary, the present study indicates that CEA can
improve cerebral perfusion and promote recovery of
cognitive function in non-shunted ICA patients, even at the
early stage (just 6 weeks after CEA). By correlation analysis,
the hypothesis that cerebral perfusion improvement from
CEA is an important factor in the improvement of cognitive
function was confirmed. In addition, this was the first
demonstration of the inconspicuous revised cerebral
perfusion and cognitive function in patients with DM un-
dergoing CEA, which should be noted in future studies.
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