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Abstract

Background: To compare the neuropsychological consequences after carotid artery stenting (CAS)
and extracranial-intracranial by-pass (EC-IC by-pass). Methods: A total of 43 patients referred to
CAS, 32 patients referred to EC-IC by-pass and 43 control subjects were enrolled in the study.
Neuropsychologic testing was performed before and three months after procedure. A paired Stu-
dent t test was used to compare neuropsychologic test scores at baseline and three months after
procedure in each group. Cognitive changes in a three-month follow-up were not normally distri-
buted and compared among/between groups with Kruskal-Wallis test. Results: Three months af-
ter the treatment both the CAS and EC-IC by-pass groups showed improved cognitive performance
compared to baseline, whereas the same improvement wasn’t seen in the control group. The
scores from Activities of Daily Living also improved in all three groups in a three-month follow-up,
and EC-IC group presented a more distinct increase in daily life abilities comparing to the other
two groups. Conclusions: CAS and EC-IC by-pass in patients with a carotid or intracranial stenosis
may result in cognitive improvement three months after surgery.
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1. Introduction

Atherosclerosis of the extracranial and intracranial artery is an important mechanism underlying cerebrovascular
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disease, and has been demonstrated to be associated with stroke [1], cognitive impairment [2] [3] and dementia
[4]. 1t can reduce cerebral perfusion [5] [6], which further causes oxidative stress, mitochondrial dysfunction,
and neuroinflammation [7] [8], and eventually leads to neuropathological changes and cognitive performance
decline. To reduce the risk of stroke, carotid artery stenting (CAS) is performed and has shown to be effective in
preventing from stroke in patients with severe carotid artery stenosis. For patients with intracranial stenosis, es-
pecially caused by intracranial atherosclerotic disease (ICAD), medical intervention is required to reduce the
risk of ischemic stroke due to thromboembolic events, but it does not reduce the risk of ICAD progression, hy-
poperfusion and poor collateral circulation. Therefore extracranial-intracranial (EC-1C) bypass was developed to
reduce the risk of ischemic stroke in patients with impaired cerebral hemodynamics due to occlusive cerebro-
vascular disease. Several studies have shown that restoration of blood flow after CAS or EC-IC by-pass may
improve cognitive function [9]-[12]. Conversely some authors had concerns that revascularization may have a
negative impact on cognition caused by procedural emboli, general anesthesia, or temporary flow interruption
[13]. Further studies are needed to confirm the role of revascularization on cognition. The goal of this retrospec-
tive study was to evaluate cognitive performance in patients following CAS and EC-1C by-pass.

2. Materials and Methods
2.1. Study Patients

Consecutive patients who were referred to neuroendovascular unit for carotid artery stent placement or EC-IC
by-pass from January 2010 to October 2011 participated in the study. The institutional review board approved
the study. The degree of carotid and intracranial stenosis was initially evaluated by CT angiogram (CTA), and
conventional cerebral angiography was followed in anticipation of CAS and EC-IC by-pass. Brain MR perfu-
sion-weighted imaging was performed in all subjects. Inclusion criteria included recent (within 30 days of the
date of procedure) CTA of the head and neck, evidence of an carotid stenosis of more than 70% confirmed with
conventional angiography or severe intracranial major artery stenosis with distinct low perfusion of the relevant
regions, age older than 45 years, and selected by the vascular disease specialist as a suitable candidate for stent
placement or EC-1C by-pass. CAS was performed if the patients had severe symptomatic carotid stenosis >70%
without severe diffused intracranial artery stenosis. The indications for EC-IC bypass surgery were haemody-
namic compromise due to atherosclerotic occlusive cerebrovascular disease which was demonstrated by the
MRI perfusion imaging. Controls were patients with carotid or/and intracranial severe stenosis who declined
vascular surgery due to personal reasons or no surgery was possible due to medical reasons. Exclusion criteria
included evidence of a previous large stroke or cerebral infarction, a history of previous subarachnoid or cere-
bral hemorrhage, intracranial arteritis and cerebral arteriopathy. All patients including controls received aspirin
100 mg and clopidogrel 75 mg daily after the procedure.

2.2. Methods

We collected demographic information and the vascular risk factors of each patient. Neuropsychologic testing
was conducted by a trained research assistant. Global cognitive function was assessed using the Mini-Mental
State Examination (MMSE) and Montreal cognitive assessment (MoCA), self-care abilities were assessed with
Activities of Daily Living (ADLs), and patient’s mood was assessed with the Hamilton Rating Scale for Depres-
sion (HMLD). Both MMSE and MoCA are screening tests for assessing the cognitive state of patients and are
simple to use, sensitive, and valid. From the inclusion into clinical practice they have been proven as reliable
and suitable for the initial assessment of mental status follow-up. The MMSE examines the temporal and spatial
orientation, memory skills (immediate and delayed), attention, oral and written language, and constructional ab-
ilities in two dimensions. The MMSE has eleven tasks where each one scores a number of points, total score is
30 points, and the scale ranges from 0 to 30, so that there are levels of severe cognitive impairment (from 0 to 17
points); medium impairment (from 18 to 23 points); and without impairment (from 24 to 30 points). The MoCA
investigates patient’s skills in 5 domains: visuospatial/executive, naming, memory, attention, abstraction, and
orientation. The total score is the sum of all items, with a maximum score of 30 (best performance). The ADL is
a carer rated instrument consisting of 20 daily-living ability items. For each item, four dimensions on initiation,
organization and effectiveness to carry out a specific task would be measured to give an overall rating. HMLD
assesses depression through 21 questions. The higher the score, the more severe the depression as follows: 0 - 7
no depression; 8 - 13 mild depression; 14 - 18 moderate depression; 19 - 22 severe depression; >23 Vvery severe
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depression. All Assessments were performed before and 3 months after surgery.

2.3. Statistical Analysis

All measurement data are presented as mean + SD or median + quartile as appropriate. Categorical data are giv-
en as counts. Chi-square tests were performed to compare categorical variables such as gender, history and risk
factors in cross tables. One-way ANOVA were performed to compare measurement baseline characteristics. We
used a paired Student t test to compare neuropsychologic test scores at baseline and at three months after proce-
dure in each group. Cognitive assessment score changes in a three-month follow-up were not normally distri-
buted and compared among/between groups with Kruskal-Wallis Test. Differences were deemed statistically
significance if P < 0.05. We performed all statistical analyses with SPSS version 13.0 (SPSS, Chicago, IL).

3. Results

We totally enrolled 118 patients into the study. Of the 118 patients, 43 were performed CAS, 32 were performed
EC-IC by-pass, and 43 conformed to CAS/EC-IC criteria but declined any surgery. No periprocedural adverse
clinical events were noted. Demographics, clinical symptoms and vascular risk factors except for age showed no
significant differences among the CAS, EC-IC by-pass and control groups. There were younger patients in the
EC-IC by-pass group. There were no significant differences in baseline MMSE, MoCA, ADLs and HMLD
scores among the groups (Table 1).

The MMSE and MoCA scores did not significantly change from baseline in the control patients at three-
month follow-up (P = 0.323 and 0.685). In CAS group, the total scores for the MMSE and MoCA increased sig-
nificantly to 26.37 and 23.23 three months after stent placement comparing to the baseline average 25.16 and
21.37 (P < 0.001). As to EC-IC by-pass group, the average MMSE and MoCA scores also increased signifi-
cantly to 26.59 and 24.13 from 25.13 and 21.88 three months after EC-IC by-pass surgery (Table 2). The
changes on the MMSE and MoCA scores from baseline differed significantly among the three groups (Table 3).
Both CAS and EC-IC by-pass groups had improvement on cognitive performance compared to the control group
(Table 4). Comparison of the change scores for the MMSE and MoCA showed no significant differences be-
tween the CEA and EC-IC by-pass groups (P = 0.264 and 0.289 respectively).

Both the ADLs and HMLD significantly improved from baseline in all three groups after three months (Table
2), and EC-IC group presented a greater recovery in daily life abilities comparing to the other two groups (Table
3, Table 4). There were no significant differences in the changes of HMLD scores among three groups (Table 3).

4. Discussion

The principal aim of our investigation was to determine whether patients experienced improved cognition fol-
lowing CAS or EC-IC by-pass. In our study, patients before stent placement had, on average, total MMSE score
of 25.51 and MoCA score of 22.01, with which MoCA was lower than the normal value. The scores for both
MMSE and MoCA increased significantly after stent placement. The same cognitive improvement effect was
also seen in EC-IC by-pass group, whereas there was no significant difference comparing to baseline after three
months in the control group.

CAS is believed to prevent stroke as a less invasive alternative to carotid endarterectomy (CEA) in selected
patients with symptomatic carotid stenosis [14] [15], but its influence on cognitive performance in patients re-
mains controversial [16] [17]. The results in our study agreed with the results from previous reports which have
shown improvements in cognitive function in patients treated with carotid stent placement [18]-[22]. In addition,
the average MoCA score of the patients from all three groups was below the normal value. To data, there has not
been a significant study of the incidence of cognitive dysfunction in patients with carotid artery stenosis. It is
speculative that majority of patients with severe carotid and/or intracranial major artery stenosis experience cog-
nitive impairment to some degree. The possible mechanisms of a cognitive impairment include silent emboliza-
tion and hypoperfusion in brain. Carotid stenting may lead to an increment and restoration in brain perfusion,
and eventually improve patients’ cognitive function. The reports suggesting a potential cognitive deterioration
from CAS were mostly in the earlier introduction of carotid stent before emboli-protection devices (EPDs) were
developed [23] [24]. The post-CAS cognitive dysfunction was thought to be a consequence of microembolic
ischemia or intraprocedural hypoperfusion. In all our CAS patients, a distal filter was deployed during the pro-
cedure, which reduced the risk of stent-related particle emboli and strokes.
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Table 1. Demographics, vascular risk factors and baseline cognitive function in the CAS, EC-IC by-pass and control groups.

CAS (n = 43) EC-IC (n=32) Control (n = 43) Flyf? P
Age 63.26 + 8.353 56.44 +9.098 62.53 £8.192 6.803 0.002
Gender (female/male) 18/25 12/20 25/18 3.754 0.153
Education (yrs) 8.63 + 3.684 9.69 + 3.207 9.23 + 3.265 0.914 0.404
Handedness (right/left) 4172 32/1 41/2 0.134 0.935
Hypertension 34 21 32 1.792 0.421
Cardiac disease 16 11 14 0.208 0.901
Diabetes 12 14 14 2.109 0.348
Stroke 31 18 12 2.466 0.291
Smoke 33 18 13 1.691 0.429
Drink 29 11 9 3.527 0.171
BMI 25.57 +2.736 25.69 + 2.666 25.02 £2.445 0.738 0.480
MMSE 25.16 + 3.866 25.13£3.180 26.14 £ 2.455 1.298 0.277
MoCA 21.37 £5.790 21.88 £4.218 22.74 £3.317 0.980 0.379
HMLD 5.60 + 3.704 5.84 +3.409 6.77 +£3.184 1.342 0.265
ADLs 27.23 + 10.585 29.22 +10.162 27.98 £9.728 0.352 0.704

BMI: body mass index; MMSE: mini-mental state examination; MoCA: Montreal cognitive assessment; ADLs: activities of daily living; HMLD:
Hamilton rating scale for depression.

Table 2. Neuropsychologic test scores at baseline and follow-up.

Baseline 3 months t P

Control MMSE 26.14 + 2.455 26.02 £ 2.335 1.000 0.323
MoCA 22.74 £3.317 22.84 £ 3.177 —0.409 0.685

ADLs 27.98 £9.728 24.53 + 3.686 2.375 0.022

HMLD 6.77 £3.184 5.07 + 2.658 3.907 <0.001

CAS MMSE 25.16 + 3.866 26.37 + 3658 —-5.061 <0.001
MoCA 21.37 £5.790 23.23£5.227 —4.699 <0.001

ADLs 27.23 £10.585 23.37 £7.499 2.267 0.029

HMLD 5.60 + 3.704 3.60 + 3.685 3.631 0.001

EC-IC MMSE 25.13+3.180 26.59 + 2.698 —5.239 <0.001
MoCA 21.88+4.218 2413+ 3.230 —4.962 <0.001

ADLs 29.22 +£10.162 24.09 £ 6.249 4.082 <0.001

HMLD 5.84 +3.409 3.78 +2.779 3.524 0.001

BMI: body mass index; MMSE: mini-mental state examination; MoCA: Montreal cognitive assessment; ADLs: activities of daily living; HMLD:
Hamilton rating scale for depression.

Table 3. Changes of neuropsychologic assessment scores at a 3-month follow up in the CAS, EC-IC by-pass and control

groups.
CAS (n=43) EC-IC (n=32) Control (n = 43) B
MMSE 1.2093 + 1.5669 1.4688 + 1.5859 -0.1163 + 0.7625 <0.001
MoCA 1.8605 + 2.5965 2.2500 + 2.5653 0.0000 +1.3973 <0.001
ADLs —3.8605 + 11.1667 —5.1250 + 7.1018 —3.4419 £+ 9.5026 0.011
HMLD —2.0000 + 3.2450 —2.0625 * 3.3112 —1.6977 £ 2.8497 0.597

BMI: body mass index; MMSE: mini-mental state examination; MoCA: Montreal cognitive assessment; ADLs: activities of daily living; HMLD:

Hamilton rating scale for depression.
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Table 4. Comparison of neuropsychologicassessment changes of both CAS and EC-IC by-pass patients with the controls.

P P
CAS (n = 43) EC-IC (n = 32)
MMSE <0.001 <0.001
MoCA <0.001 <0.001
ADLs 0.084 0.002
HMLD 0.378 0.394

BMI: body mass index; MMSE: mini-mental state examination; MoCA: Montreal cognitive assessment; ADLs: activities of daily living; HMLD:
Hamilton rating scale for depression.

EC-IC bypass surgery has been used to increase the cerebral blood flow and reduce the risk of future strokes
in patients with ischemic cerebrovascular disease [25] [26]. With the cooperative study on EC-IC bypass in 1985
failing to show a benefit from the bypass procedure over medical management for anterior circulation occlusive
disease [27], the bypass procedure was almost abandoned by the mainstream neurosurgeons. Despite the disap-
pointing findings of this study, a subpopulation of patients with ischemic vascular disease and poor hemody-
namic reserve may benefit from EC-IC bypass. Given the above reason, a trail was carried out to re-evaluate the
EC-IC bypass procedure. To our knowledge, there were few studies to explore the cognition changes after
by-pass surgery. Our results showed that cognitive function improved in the patients with intracranial vascular
stenosis and hemodynamic compromise three months after EC-IC by-pass. Besides, EC-IC bypass and CAS did
not have the different outcome on cognitive performance. In our experience, the cognition improvement some-
how was particularly apparent in the patients’ language. But we didn’t include verbal fluency tests in the pa-
tient’s neuropsychologic assessments.

We compared both ADLs and HMLD in all patients in a three-month follow-up. There was a significant im-
provement in instrumental daily living abilities and Hamilton depression scores in all the three groups, mean-
while EC-IC by-pass showed a superior effect on daily life abilities. Except for distinct advantage of EC-IC
by-pass over patients’ living ability, all three treatments including CAS, EC-IC by-pass and medications were
equally effective in improvement of patients’ living function and depression. Activities of daily living and neu-
ropsychiatric amelioration may result from the cognitive improvement, the medication, or the spontaneous al-
leviation during the course of the cerebral ischemia.

There were few studies of the effects of both EC-IC by-pass and CAS on cognitive performance in patients
with carotid and intracranial stenosis. We defined the patients who conformed to CAS/EC-IC by-pass criteria
but declined any surgery as a control group, which greatly avoided the influence of some confounding factors on
the results. But we only assessed neuropsychological function with the global cognitive tests, and some specific
cognitive domains (i.e., attention and language, executive function) were not being evaluated with the pertinent
neuropsychological examinations. Additionally, our study sample was small. Given the limited number of pa-
tients included in the analysis, our results should be considered as preliminary. A future study with larger patient
populations and more specific cognitive assessments would be conducted to confirm these preliminary findings.

5. Conclusion

The present study demonstrated that both CAS and EC-IC by-pass resulted in increased cognitive performance
three months after procedures. Considering the limitation on sample size, further work is needed to confirm our
current findings. With the widespread applying revascularization and increasing population of vascular cognitive
impairment, it is important for randomized, controlled trials evaluating the benefits and risks of the procedures
to include cognitive function assessments. Furthermore, understanding the effect of carotid and cerebral revas-
cularization on cognition might help to reduce the incidence of vascular dementia.
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