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Abstract.
Background: Effect of stenosis of vertebrobasilar artery (VBA) on cognitive function is elusive.
Objective: To investigate association of cerebral hypoperfusion and poor collaterals with vascular cognitive impairment
(VCI) in severe VBA stenosis patients.
Methods: We consecutively enrolled patients with severe VBA stenosis confirmed by digital subtraction angiography who
underwent computed tomographic perfusion (CTP) and cognitive assessments. Patients were divided into poor or good
collaterals groups according to the collateral circulation status, and were grouped into different perfusion groups according to
CTP. Cognitive function was measured by Montreal Cognitive Assessment (MoCA), Clock Drawing Test, Stroop Color Word
Test, Trail Making Test, Digital Span Test, Auditory Verbal Learning Test, and Boston Naming Test scales. The association
of cerebral perfusion and collaterals with VCI were explored.
Results: Among 88 eligible patients, VCI occurred in 51 (57.9%) patients experienced. Poor collateral was present in 73
(83.0%) patients, and hypoperfusion in 64 (72.7%). Compared with normal perfusion patients, the odds ratio with 95%
confidence interval for VCI was 12.5 (3.7–42.4) for overall hypoperfusion, 31.0 (7.1–135.5) for multiple site hypoperfusion,
3.3 (1.0–10.5) for poor collaterals, and 0.1 (0–0.6) for presence of posterior communicating artery (PcoA) compensated for
posterior cerebral artery (PCA) and basilar artery (BA). Additionally, decreased scores of cognitive function tests occurred
in patients with decompensated perfusion or poor collaterals.
Conclusions: Hypoperfusion and poor collaterals were positively associated with cognitive impairment in patients with
severe VBA. However, PcoA compensated for the PCA and BA had a protective role in cognitive impairment development.
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INTRODUCTION

As the population ages, cognitive impairment is
becoming more common and has become one of the
main causes of disability and death in the elderly
[1]. Alzheimer’s disease is the major cause of cog-
nitive impairment. It is characterized by amyloid
plaque deposits from amyloid-� protein aggregation
and neurofibrillary tangles from tau protein hyper-
phosphorylation [2]. Vascular cognitive impairment
(VCI), as the second most common type of cognitive
impairment after Alzheimer’s disease, is defined as a
syndrome ranging from mild cognitive impairment to
dementia brought on by dominant and recessive cere-
brovascular diseases [3]. It has turned into a hotspot
for research because of the characteristics of interven-
tion and its high prevalence. Cerebrovascular stenosis
is established a risk factor for VCI [4]. the most
studies showed that anterior cerebral artery steno-
sis was associated with VCI, which may result in a
deterioration in patients’ executive function, short-
term memory, verbal fluency, spatial structure, and
attention [5, 6]. The plausible mechanism is that
decreased cerebral blood perfusion leads to neuronal
dysfunction [7]. A study with very small sample
size demonstrated that approximate half of elderly
patients with vertebrobasilar artery (VBA) stenosis
might have VCI [8]. However, there was little data
on elucidating effect of stenosis of posterior circula-
tion or VBA on cognitive function in patients with
severe VBA stenosis. We hypothesized that severe
VBA stenosis had a detrimental role in cognitive
impairment development in transient ischemic attack
(TIA) or stroke patients. Therefore, the aim of the cur-
rent study was to evaluate impact of VCI in patients
with severe VBA stenosis on cognitive function
in TIA or stroke patients using neuropsychologi-
cal assessments, cerebral perfusion, and collateral
circulation.

METHODS

Study population

This was a retrospective study. From July 2022 to
May 2023, we consecutively recruited a total of 170
patients with severe VBA stenosis confirmed by dig-
ital subtraction angiography (DSA) who underwent
computed tomographic perfusion (CTP) and cogni-
tive assessments. The study inclusion criteria were as
follows: 1) Age ≥18 years; 2) Symptomatic TIA or
ischemic stroke due to 70%–99% arterial stenosis in

the VBA confirmed by DSA; 3) With no or ≤50%
stenosis in anterior circulation artery. Patients with
following conditions were excluded: 1) Prior cere-
bral infarction, Alzheimer’s disease, epilepsy, severe
leukoaraiosis (Fazekas grade ≥ 2), trauma, tumors,
infections, metabolic disorders, hydrocephalus and
hypothyroidism, which may affect cognitive func-
tion; 2) mental illnesses including depression, anxiety
or schizophrenia; 3) History of endovascular inter-
ventional therapy; 4) History of alcohol or drug abuse;
5) A specific condition that affects cognition; 6)
Refusal to cooperate with the examination. Baseline
clinical characteristics, imaging data and cognitions
scales were collected.

The present study was approved by the Institutional
Review Board of Beijing Tiantan Hospital, Capital
Medical University. All the enrolled patients or their
legal representatives provided written informed con-
sent.

Demographic data

Demographic information collected included: 1)
Gender, age, and years of education; 2) History
of TIA or ischemic stroke, National Institutes of
Health Stroke Scale (NHISS), modified Rankin Scale
(mRS); 3) Vascular risk factors included hyperten-
sion, diabetes, hyperlipidemia, coronary heart disease
and smoking; 4) Evaluation of anxious or depres-
sive situations using the Hamilton Rating Scale for
Depression (HAMD) and Hamilton Rating Scale for
Anxiety (HAMA).

Computed tomographic perfusion (CTP)

CTP was performed using a SIEMENS 128-slice
Dual Source CT Scanner. A double-tube high-
pressure syringe was used to inject iopromide (370
mgI/ml) intravenously at a speed of 8 ml/s. After a 4-
s delay, volume shuttle scanning was performed with
a scanning range of approximately 0–110 mm, layer
thickness of 12 mm, layer spacing of 0.75 mm, tube
current of 200 mA, and tube voltage of 80 kV. We
scanned each layer forty times. After scanning was
completed, we sent the volume data to a workstation
for post-processing (Neuschsoft Medical Company,
Shenyang, China), where it was processed to produce
perfusion images of cerebral blood flow (CBF), cere-
bral blood volume (CBV), mean transit time (MTT),
and time-to-peak (TTP).
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Digital subtraction angiography (DSA)

DSA was performed within 1 week to 1 month
after TIA or stroke under local anesthesia and
multi-parameter monitoring. The modified Seldinger
technique was used to puncture the femoral artery,
and a 5F arterial sheath was inserted. Subsequently,
a 5F single curved catheter guided by a Loach
guide wire was used for cerebral arteriography. Addi-
tionally, we recorded the collateral compensation
pathways, including: 1) Posterior communicating
artery (PcoA) compensated the posterior cerebral
artery (PCA); 2) PcoA compensated both PCA
and basilar artery (BA); 3) Anastomotic branches
between cerebellar arteries and their branches,
including the anastomotic branches formed among
posterior inferior cerebellar artery, superior cere-
bellar artery (SCA), anterior inferior cerebellar
artery (AICA), and the anastomotic branches formed
between AICA and BA; 4) Other compensatory
pathways contained anastomotic branches formed
between the anterior choroidal artery and posterior
choroid artery, anastomotic branches among anterior
spinal artery, vertebral artery, and BA.

DSA is the gold standard for assessing collateral
circulation. According to the ASITN/SIR scale [9],
which is established by the American Society of Inter-
ventional and Therapeutic Neuroradiology/Society
of Interventional Radiology, the degree of collateral
circulation is evaluated as follows: Grade 0: No col-
lateral blood flow to the ischemic area; Grade 1: Only
slow collateral flow to the ischemic peripheral area
with persistent perfusion defects; Grade 2: Rapid col-
lateral blood flow to the ischemic peripheral area with
persistent perfusion defects; Grade 3: Slow but com-
plete blood flow to the ischemic area can be seen in
the late venous period; Grade 4: Blood flow can be
perfused to the whole ischemic area quickly and com-
pletely through the retrograde reperfusion. Grades
0–2 are defined as poor collaterals, while Grades 3–4
are defined as good collaterals. Two qualified neu-
rointerventionists evaluated the radiographs and the
degree of collateral circulation.

Cognitive function assessment

The patient cognitive function was evaluated
within 1 week to 1 month after TIA or stroke using
the following tests: Montreal Cognitive Assessment
(MoCA), Clock Drawing Test (CDT), Stroop Color
Word Test (SCWT), Trail Making Test (TMT), Dig-
ital Span Test (DST), Auditory Verbal Learning Test

(AVLT), and Boston Naming Test (BNT). Cognitive
impairment was defined as MoCA score <26 points
(the cognitive assessment was adjusted for the edu-
cational attainment, one additional point was given
to those patients with less than 12 years of educa-
tion) [10]. For cognitive domain assessment, CDT
was used for evaluating visuospatial and executive
function, SCWT and TMT-B mainly for executive
function, DST and TMT-A mainly for attention,
AVLT for memory, BNT for naming ability[11, 12].
The cognitive assessment for all patients was per-
formed by the same well-trained neurologist blind
to the neuroradiological status in a quiet room. All
patients underwent a separate, calm cognitive evalu-
ation conducted by the same skilled neurologist.

Statistical analysis

Normally distributed continuous variables were
expressed as mean ± standard deviation (SD) and
analyzed using the t-test or one-way analysis of vari-
ance for difference in cognitive function between
groups. Data that did not conform to the normal
distribution were represented by the median and
interquartile range (IQR) and analyzed using the
Mann-Whitney U test. Categorical variables are
shown as frequencies and percentages and ana-
lyzed using the chi-square test or Fisher’s exact test.
Multivariate logistic regression was performed to
Logistic regression analysis was used to analyze the
association of cerebral hypoperfusion and poor col-
laterals with cognitive impairment using the odds
ratio (OR) and 95% confidence interval (CI) adjusting
risk factors including age, sex, smoking, hyperten-
sion, diabetes mellitus, hyperlipidemia, and coronary
artery disease. SPSS 20.0 software was utilized for
statistical analysis. All statistical analyses were two-
sided and the level of significance was α = 0.05.

RESULTS

Baseline characteristics

Of the 170 patients, eligible 88 were finally
analyzed after excluding 18 due to a history of
endovascular interventional therapy, 6 due to recur-
rent stroke, 3 due to subdural effusion, 1 due to
hydrocephalus, 11 due to leukoaraiosis (Fazekas
grade ≥ 2), 43 patients due to comorbid moderate to
severe stenosis in anterior cerebral artery or extracra-
nial vertebral artery (Fig. 1).
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The average age of patients was 61.7 ± 9.5 years
old, with 73 (83.0%) being men. There were 73
(83.0%) patients with poor collaterals, 64 (72.7%)
patients with hypoperfusion, and 51 (57.9%) patients
with abnormal MoCA scores.

Cognitive impairment risk factors in severe VBA
stenosis patients

Based on MoCA scores, patients were divided into
two groups: the VCI group with MoCA < 26 (51
patients) and the non-VCI group with MoCA ≥ 26
(37 patients). There were no significant differences
between the two groups in age, sex, years of educa-
tion, TIA or stroke, NHISS or mRS scores, vascular
risk factors, HAMA or HAMD scores and whether
patients underwent thrombolysis (Table 1).

In the univariate analysis, the following blood flow
parameters were positively associated with cognitive
impairment in patients with severe VBA stenosis: CT
hypoperfusion (p < 0.001), temporoparietal-occipital
lobe hypoperfusion (p = 0.008), cerebellum hypop-
erfusion (p = 0.025), multiple sites hypoperfusion
(p < 0.001), and poor collaterals (p = 0.041). How-
ever, the presence of PcoA compensating PCA
and BA (p = 0.040) was negatively associated with
cognitive impairment in patients with severe VBA
stenosis. In multivariable analysis, as compared with
patients with normal cognition, ORs with 95% CI
for VCI was 12.5 (3.7–42.4) for overall hypoper-
fusion, 7.9 (1.7–37.5) for temporoparietal-occipital
lobe hypoperfusion, 6.0 (1.2–29.4) for cerebellum
hypoperfusion, 31.0 (7.1–135.5) for multiple site
hypoperfusion, 3.3 (1.0–10.5) for poor collaterals,
and 0.1 (0–0.6) for presence of PcoA compensated
for PCA and BA (Table 2).

Profile of cognitive function based on cerebral
perfusion status

Based on the results of dynamic CTP imaging
and the state of local microcirculation in the VBA
area, the qualitative evaluation method was described
detailed in other studies [13, 14]. Three categories of
cerebral perfusion were established: 25 patients in
normal perfusion (NP) group (normal or prolonged
TTP, normal MTT, CBV, and CBF), 31 patients in
compensatory perfusion (CP) group (prolonged TTP
and MTT, normal CBF, normal or elevated CBV), and
32 patients in decompensated perfusion (DP) group
(prolonged TTP and MTT, decreased CBF, normal or
decreased CBV). As compared to those in NP and CP

groups, patients in DP group had lower scores on the
MoCA (p < 0.001), CDT (p = 0.011), SCWT-C test
(p = 0.023), DST (p < 0.001), AVLT (p = 0.002), and
BNT (p = 0.042), which involved the executive func-
tion, attention, memory and naming ability disorders
(Table 3).

Profile of cognitive function based on collateral
circulation status

Participants were classified into two groups using
ASTIN/SIR: 71 patients had the poor collaterals
(ASTIN: 0–2 degree) and 17 had the good collat-
erals (ASTIN: 3–4 degree). As compared to those
with good collaterals, patients with poor collater-
als had lower scores on the MoCA (p < 0.001),
SCWT-C (p = 0.007), TMT-B (p < 0.001), and AVLT
(p = 0.050), which involved executive function and
memory impairment (Table 4).

DISCUSSION

The present study indicated that individuals with
severe VBA stenosis experienced declines across
various cognitive domains, including memory, exec-
utive function, naming skills, and attention. In
patients with severe VBA stenosis, CT hypoperfu-
sion, temporoparietal-occipital lobe hypoperfusion,
cerebellum hypoperfusion, multiple sites hypoperfu-
sion, and poor collaterals were risk factors for VCI,
while the presence of the PcoA compensating the
PCA and BA was a protective factor for VCI. Patients
with hypoperfusion were more likely to experience
worse executive function, attention, memory, and
naming skills. Those with poor collaterals were more
prone to memory loss and executive dysfunction.

Previous studies have indicated that vascular
dementia is traditionally thought to be the second
most common cause of dementia all over the world
(comprising approximately 15% to 20% of clini-
cally diagnosed dementia cases in North America and
Europe and closer to 30% in Asia and some devel-
oping countries) [15]. In the present study focused
on VCI (including mild cognitive impairment and
dementia), approximate 58.0% of patients with severe
VBA stenosis had VCI, which was consistent with
findings from the previous study (53.8%) [16].These
results indicated that severe VBA stenosis is not only
an important risk factor for ischemic cerebrovascular
diseases, but is also closely related to VCI.

Our study showed that patients with CT hypop-
erfusion in the VBA blood supply area responsible
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Fig. 1. Flow chart for patient selection. VBA, vertebrobasilar artery; CTP, computed tomographic perfusion; DSA, digital subtraction
angiography; EVT, endovascular interventional therapy.

for a high percentage of VCI, which affected multi-
ple cognitive domains including executive function,
memory, attention, and naming skill. The plausible
mechanism for the phenomenon was described as
follows. Firstly, it is generally believed that execu-
tive function depends on the frontal cortex. However,
previous research has shown that multiple regions
outside the frontal lobe are involved in executive
function [17], which suggested that cognitive func-
tional area would not follow functional specialization
theory strictly. Secondly, the vascular territory of
the VBA appears linked to various cognitive func-
tions. For instance, damage to the cerebellar posterior
lobe may result in cerebellar cognitive affective syn-
drome, characterized by reduced executive function,
impaired visuospatial skills, and linguistic dysfunc-
tion [18]. Medial temporal lobe damage can lead to
sudden memory loss and long-term cognitive decline
due to its involvement in memory regulation [19]. Iso-
lated brainstem infarction may impair language and
visuospatial skills, affecting crucial pathways link-
ing the limbic system and frontal lobes [20], or alter
serotonin levels, impacting the prefrontal cortex and
impairing executive function, attention, and mem-
ory [21]. Additionally, executive function decline is
considered an early indicator of cognitive impair-
ment that can develop quietly before interfering with

everyday living [22]. The parietal lobe, with exten-
sive connections to the dorsal prefrontal and medial
temporal lobes, is crucial for visuospatial function,
attention, and computing skills [23]. The occipital
lobe, besides its role in visuospatial disruption, is
integral to language processing [24].

This current study revealed higher cognitive
domain impairment in the DP group, compared to
the NP and CP groups, which consistent with a
6.8 times greater risk of cognitive impairment in
decompensated perfusion patients in the previous
research [14]. Severe cerebrovascular stenosis at the
macro level induces cerebral hypoperfusion, leading
to decreased reactivity, reserve capacity, hemody-
namic changes, and micro-embolus formation [25,
26]. Collateral circulation initially compensates, but
when ischemia surpasses compensatory capacity,
decompensated perfusion occurs, causing cognitive
impairment. At the micro level, brain decompensated
perfusion impacts molecular pathways, particularly
in the hippocampus, triggering neuroinflammation,
apoptosis, and blood-brain barrier injury, contribut-
ing to VCI [27]. Chronic cerebral hypoperfusion
activates absent in melanoma 2 (AIM2) inflam-
masome and interleukin-1-�/-18, promoting cell
apoptosis, neuron loss, and further contributing to
cognitive impairment and memory decline [28].
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Table 1
Baseline characteristics of patients with vascular cognitive impairment or not

Overall (n = 88) VCI (n = 51) Non-VCI (n = 37) p

Age, mean ± SD 61.7 ± 9.5 61.8 ± 9.6 61.6 ± 9.3 0.894
Male, n (%) 73 (83.0) 42 (82.4) 31 (83.8) 0.692
Education, mean ± SD 9.4 ± 3.1 9.0 ± 3.2 9.9 ± 2.9 0.218
NHISS, median (IQR) 0 (0–2) 0 (0–2) 0 (0–2) 0.959
mRS, mean ± SD 0.7 ± 0.9 0.7 ± 0.9 0.7 ± 0.9 0.925
HAMA, mean ± SD 1.3 ± 2.0 1.6 ± 2.1 0.9 ± 1.7 0.076
HAMD, mean ± SD 1.4 ± 1.9 1.7 ± 2.1 1.1 ± 1.7 0.147
Stroke risk factors, n (%)

Smoking 47 (53.4) 26 (51.0) 21 (56.8) 0.667
Hypertension 69 (78.4) 38 (74.5) 31 (83.8) 0.432
Diabetes 33 (37.5) 17 (33.3) 16 (43.2) 0.379
Hyperlipidemia 18 (20.5) 11 (21.6) 7 (18.9) 0.564
Coronary artery disease 13 (14.8) 8 (15.7) 5 (13.5) >0.999

Qualified events, n (%) >0.999
TIA 50 (56.8) 29 (56.9) 21 (56.8)
Stroke 38 (43.2) 22 (43.1) 16 (43.2)

Underwent thrombolysis 8 (11%) 2 (3.9) 6 (16.2) 0.065
CTP, n (%)
CT hypoperfusion 64 (72.7) 46 (90.2) 18 (48.6) <0.001
Hypoperfusion site <0.001

No hypoperfusion 25 (28.4) 5 (9.8) 20 (54.1)
Temporoparietal-Occipital lobe 14 (15.9) 9 (17.6) 5 (13.5)

Cerebellum 12 (13.6) 7 (13.7) 5 (13.5)
Brain stem 2 (2.2) 0 2 (5.4)

Multiple sites 35 (39.8) 30 (58.8) 5 (13.5)
Collateral circulation, n (%)
Poor collaterals 73 (83.0) 45 (88.2) 26 (70.3) 0.040
Collateral compensation pathways
PcoA compensated PCA 26 (29.5) 13 (25.5) 13 (35.1) 0.353
PcoA compensated PCA and BA 7 (8.0) 1 (2.0) 6 (16.2) 0.039
Cerebellar arteries and branches 38 (43.2) 24 (47.1) 14 (37.8) 0.513
Other pathways 1 (1.1) 1 (2.0) 0 >0.999

VCI, vascular cognitive impairment; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin
Scale; HAMD, Hamilton Rating Scale for Depression; HAMA, Hamilton Rating Scale for Anxious; TIA,
transient ischemic attack; CTP, computed tomographic perfusion.

Notably, interleukin-1-�’s involvement in inflam-
masome construction suggests a significant role in
VCI [29]. Recent research highlights mitochondrial
autophagy dysfunction as a key factor in persistent
hypoperfusion leading to VCI [30].

We demonstrated a heightened incidence of VCI in
patients with poor collaterals, identified as a cognitive
risk factor. Inconsistencies in previous VCI research
on collateral circulation may stem from variations in
measurement techniques. Zavoreo et al. [31] noted
that secondary collateral compensation correlated
with a higher VCI incidence but better visuospatial
and executive function, while Sussman et al. [32]
identified loss of collateral circulation as an inde-
pendent VCI risk factor. The researchers proposed

that secondary collateral presence often indicates a
more severe hemodynamic abnormality, potentially
explaining these findings.

We also found that, in severe VBA stenosis
patients, PCoA compensating for PCA and BA served
as a protective cognitive factor. Contrary to Suss-
man et al.’s [32] findings, our research revealed that
the presence of PCoA compensating for PCA alone
did not protect cognition, but compensation for both
PCA and BA was protective. This underscores the
importance of the top of BA in preserving cognitive
function, where anatomically, branch vessels (SCA,
PCA, and BA) supply critical brain regions. PCoA
compensating for both PCA and BA not only sug-
gests better collateral compensatory capacity but also
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Table 2
Association of cerebral perfusion and collateral circulation with vascular cognitive impairment in patients

with VBA stenosis

VCI (n = 51) Crude Adjusted†

OR (95%CI) p OR (95%CI) p

CTP, n (%)
CT hypoperfusion 46 (90.2) 9.7 (3.2–29.9) <0.001 12.5 (3.7–42.4) <0.001
Hypoperfusion site
No hypoperfusion 5 (9.8) Ref Ref

Temporoparietal-Occipital lobe 9 (17.6) 7.2 (1.7–31.3) 0.008 7.9 (1.7–37.5) 0.009
Cerebellum 7 (13.7) 5.6 (1.2–25.3) 0.025 6.0 (1.2–29.4) 0.026
Brain stem 0 NA 0.999 NA 0.999

Multiple sites 30 (58.8) 24.0 (6.1–93.8) <0.001 31.0 (7.1–135.5) <0.001
Collateral circulation, n (%)
Poor collaterals 45 (88.2) 3.2 (1.1–9.6) 0.041 3.3 (1.0–10.5) 0.046
PcoA compensated PCA and BA 1 (2.0) 0.1 (0–0.9) 0.040 0.1 (0–0.6) 0.015

VBA, vertebrobasilar artery; VCI, vascular cognitive impairment. CTP, computed tomographic perfusion. †Adjusted
for age, sex, smoking, hypertension, diabetes mellitus, hyperlipidemia and coronary artery disease.

Table 3
Cognitive characteristics of VBA stenosis patients with bad perfusion or not

Cognitive Scale CT perfusion
Normal (n = 25) Compensatory (n = 31) Decompensated (n = 32) p

MoCA 25.2 ± 3.2 23.0 ± 3.4 20.4 ± 4.8 <0.001
CDT 3.5 ± 0.9 3.2 ± 0.7 2.6 ± 1.3 0.011
SCWT-A, s 21.2 ± 2.3 22.4 ± 3.5 26.2 ± 12.9 0.101
SCWT-B, s 48.1 ± 15.1 48.8 ± 14.9 61.6 ± 28.4 0.184
SCWT-C, s 87.7 ± 16.6 94.6 ± 30.6 121.5 ± 51.7 0.023
TMT-A, s 48.8 ± 17.5 48.9 ± 19.2 53.8 ± 30.0 0.941
TMT-B, s 100.3 ± 15.9 118.8 ± 51.2 143.8 ± 74.0 0.149
DST 8.9 ± 1.7 8.6 ± 1.8 6.8 ± 1.9 <0.001
AVLT 6.8 ± 1.5 6.3 ± 2.1 4.8 ± 2.6 0.002
BNT 26.8 ± 2.5 26.7 ± 3.5 25.1 ± 3.5 0.042

VBA, vertebrobasilar artery; MoCA, Montreal Cognitive Assessment; CDT, Clock Drawing Test;
SCWT, Stroop Color Word Test; TMT, Trail Making Test; DST, Digital Span Test; AVLT, Auditory
Verbal Learning Test; BNT, Boston Naming Test.

aligns with a previous study [33] associating poor
blood flow filling in the upper BA with dysfunc-
tion and adverse prognosis after 90 days, indicating
a higher likelihood of cognitive impairment.

This study utilized cognitive scales to categorize
cognition into various domains. The SCWT, a widely
used scale for executive function, comprises three
versions: SCWT-A for visual search speed, SCWT-
B for working memory and visual search speed,
and SCWT-C for working memory, conflict mon-
itoring, and visual search speed—SCWT-C being
the best reflection of executive function [11]. The
TMT, another executive function measure, has TMT-
A reflecting attention and information processing,
while TMT-B mainly reflects executive function [34].
Patients with poor collaterals exhibited lower SCWT-
C and TMT-B scores, indicating impaired executive

function, consistent with prior findings [35]. Fur-
thermore, poor collateral circulation correlated with
lower AVLT scores, suggesting memory impairment,
possibly due to reduced blood supply to the medial
temporal lobe [36].

The study had several limitations that need to be
acknowledged. Firstly, as our analysis was based on
cross-sectional data, we were unable to determine
causality between cerebral hypoperfusion and poor
collaterals and VCI. Secondly, the study included a
small sample size, necessitating larger, multi-center
research for validation. Our findings may not be gen-
eralizable to other ethnicities or races since our study
was conducted solely on participants from a single
research institute. Thirdly, the detailed lipid profile
and the use of statins may influence stroke outcomes
[37], the lack of this observation may be a limitation
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Table 4
Cognitive characteristics of VBA stenosis patients with good col-

laterals or not

Cognitive Scale Poor collaterals Good collaterals p
(n = 71) (n = 17)

MoCA 22.1 ± 4.5 25.2 ± 2.4 <0.001
CDT 3.0 ± 1.2 3.2 ± 1.0 0.663
SCWT-A, s 23.8 ± 9.2 22.1 ± 2.6 0.475
SCWT-B, s 54.9 ± 22.9 46.3 ± 13.6 0.146
SCWT-C, s 105.5 ± 43.3 89.5 ± 10.5 0.007
TMT-A, s 52.4 ± 24.2 43.2 ± 17.3 0.077
TMT-B, s 128.5 ± 61.5 97.9 ± 16.2 <0.001
DST 7.9 ± 2.2 8.4 ± 1.1 0.179
AVLT 5.6 ± 2.2 6.9 ± 2.6 0.050
BNT 26.0 ± 3.5 26.8 ± 2.1 0.372

MoCA, Montreal Cognitive Assessment; CDT, Clock Drawing
Test; SCWT, Stroop Color Word Test; TMT, Trail Making Test;
DST, Digital Span Test; AVLT, Auditory Verbal Learning Test;
BNT, Boston Naming Test.

of the present study. And the retrospective nature of
this study limited assessing if there was an impact
of the cognitive impairment in daily activities, which
needs further study. In summary, severe VBA steno-
sis is linked to a high incidence of VCI, affecting
various cognitive domains including executive func-
tion, memory, attention, and naming skills. Identified
risk factors for VCI include CT hypoperfusion, mul-
tiple sites hypoperfusion, and poor collaterals, while
PCoA compensating for PCA and BA is a poten-
tial protective factor for VCI. These findings aid
early VCI identification by clinicians. The study con-
tributes to understanding cognitive impairment from
vascular stenosis and lays the groundwork for assess-
ing the impact of endovascular treatment on cognitive
performance.
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