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Abstract

Background
Cognitive impairments at the acute stroke phase should not be ignored, and its potential risk factors and
mechanism need to be clinically assessed. Recently, various studies revealed that reduced
cerebrovascular reserve (CVR) predicts cognitive declines such as mild cognitive impairment (MCI) and
dementia. However, the association of CVR in different lobes with cognitive impairment at the acute
stroke phase remains unclear. In this study, we analyzed the correlation between CVR in different lobes
and cognitive impairment at the acute stroke phase in cerebral infarction patients.

Method
This study included 125 subjects: 96 in the acute stroke phase (38 left infarction and 58 right infarction)
and 29 healthy controls with no history of neurological disease. The basic sociodemographic
characteristics of the two groups matched and their cognitive status was assessed by the Montreal
Cognitive Assessment (MoCA). The CVR was assessed by CT perfusion imaging scans, including cerebral
blood �ow (CBF), cerebral blood volume (CBV), time to peak (TTP), and mean transit time (MTT).

Results
The MoCA scores of visuospatial/executive, attention, and orientation in both left and right infarctions
patients signi�cantly decreased. Nevertheless, the MoCA scores for naming, language, and delayed recall
signi�cantly only decreased in left infarction patients. The CBF of right vessels in the frontal lobe and the
MTT of left vessels in the occipital lobe was negatively related to the MoCA scores of left infarction
patients. The CBV of left vessels in the frontal lobe and CBF of left vessels in the parietal lobe were
positively related to the MoCA scores of left infarction patients. The CBF of right vessels in the temporal
lobe was negatively related to the MoCA scores of right infarction patients. Finally, the CBF of the left
vessels in the temporal lobe was positively related to the MoCA scores of right infarction patients.

Conclusions
CVR was closely related to cognitive impairment at the acute stroke phase. Decreasing CVR might be a
potential neuroimaging biomarker to predict cognitive impairment at the acute stroke phase.

Introduction
It has been demonstrated that cerebral infarction often causes cognitive dysfunction, also named post-
stroke cognitive impairment (PSCI), ranging from mild cognitive impairment (MCI) to dementia.
Approximately 23-30% of cerebral infarction patients develop MCI or dementia up to 4 years after
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strokes1,2. The 2016 American Heart Association/American Stroke Association (AHA/ASA) Guidelines
recommended that the cognitive status of stroke patients should be screened during hospitalization in
the acute stroke phase. The early detection of cognitive impairment in the acute stroke phase is the �rst
step to reducing vascular risk factors and improving outcomes3,4. Therefore, cognitive impairments at the
acute stroke phase should not be ignored, and its potential risk factors and mechanism need to be
clinically assessed.

Moreover, CVR re�ects the capacity of the brain to adequately maintain blood �ow when perfusion
pressure decreases. Recently, various studies revealed that reduced CVR can also predict cognitive
declines such as MCI and dementia5,6. CVR might be a potential biomarker to monitor pressure-perfusion-
cognition relationships7. However, at present, the association of CVR with cognitive impairments at the
acute stroke phase remains unclear. Therefore, in the present study, we analyzed the correlation between
CVR in different lobes and cognitive impairments at the acute stroke phase in cerebral infarction patients.

Methods

Subjects
We included 249 patients with new-onset cerebral infarction hospitalized at the Neurology Department in
the Third A�liated Hospital of Anhui Medical University between August 2019 and July 2021. The �rst
onset time of these patients was < 72 h, and they were diagnosed by diffusion-weighted imaging (DWI).
Patients with posterior circulation cerebral infarction, cognitive impairment before the stroke, serious liver
history of kidney and heart diseases, surgical history, allergy to iodine, severe aphasia, and inability to
cooperate with the scale were excluded (Figure 1). Healthy controls without cerebral infarction were also
analyzed. The Ethics Committee of The Third A�liated Hospital of Anhui Medical University (The First
people’s Hospital of Hefei) approved this study [No. 2016(51)]. Informed consent was obtained from all
participants involved in the study. All study procedures were conducted in accordance with the
Declaration of Helsinki.

Assessment of cognitive functions
The Montreal Cognitive Assessment (MoCA) can be used as a brief cognitive screening strategy in acute
stroke settings4,8. Previously, the assessment of cognitive functions by MoCA9 was performed during
hospital treatment in the acute phase of ischemic stroke (�rst four weeks after stroke onset)10. Seven
cognitive scores were calculated: language, naming, attention, abstraction, delayed recall, visuospatial
function, and orientation9. According to the recommended cutoffs, cognitive functions were categorized
as follows: 0 to 19 (severe cognitive impairment), 20 to 24 (mild cognitive impairment), and 25 to 30 (no
cognitive impairment)11.

CVR assessment by CT perfusion imaging scanning
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CT perfusion imaging scanning was performed after a conventional head CT plain scan by a dual-source
CT scanner (Somatom De�nition Flash, Siemens Healthcare, Forchheim, Germany). The scanning
parameters were: tube voltage, 80 kV; tube current, 180 mA; slice thickness, 1.5 mm; pitch, 1.0 mm;
collimation, 64×0.6 mm; matrix, 512×512. The scanning was repeated 30 times with 1.5 s scan time and
4 s intervals. Iohexol 350 mg/mL (50 mL) + saline (40 mL) was intravenously injected into the right
median cubital vein at 6 mL/s using a double tube high-pressure syringe.

To reduce the vascular structure salience, a computer was used to automatically eliminate vascular
pixels. Quantitative evaluation of the CVR was performed using cerebral blood volume (CBV), cerebral
blood �ow (CBF), mean transit time (MTT), and time to peak (TTP).

Statistical analyses
The SPSS package (V.13.0) was used for data analyses with a 0.05 statistically signi�cant level. Baseline
characteristics, such as education, cardiac function, serum triglyceride level, hypertension, diabetes,
smoking status, drinking status, carotid atherosclerosis, atrial �brillation, serum total cholesterol level,
serum high-density lipoprotein level, serum low-density lipoprotein level, homocysteine level, and uric acid
level were analyzed. Classi�ed data were represented as n (%) and continuous data as means ± SDs. A χ2

test was performed on the data that met the parameter test criteria. Results were analyzed for statistical
signi�cance using t-test or Analysis of Variance (ANOVA) followed by Duncan’s multiple range tests. The
association between CVR and CTP was evaluated by linear regression analyses.

Results

Baseline characteristics
At baseline, 96 patients with new-onset anterior circulation cerebral infarction were included in the
observational analyses. Their mean age was 63.93 [standard deviation (SD) 10.05] and 67 participants
(69.79%) were men. According to the lesion location, patients were divided into left and right infarction
groups. The baseline characteristics of participants (96 patients and 29 controls) are shown in Table 1.
No signi�cant differences in baseline characteristics were detected among participants, except for
homocysteine levels.

Cognitive impairment at the acute stroke phase
Cognitive impairment (MoCA score < 25) appeared more in patients with new-onset anterior circulation
cerebral infarction than in controls (56.3 versus 27.6%; p = 0.007). As shown in Figure 2A, the proportion
of mild cognitive impairment (MoCA score: 20 to 24) in patients was similar to controls (20.8 versus
20.7%). However, the proportion of severe cognitive impairment (MoCA score: 0 to 19) was higher (35.4
versus 6.9%). Additionally, the cognitive impairment of the left infarction group did not differ from the
right infarction group (Figure 2B).
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Moreover, no signi�cant differences in the abstraction MoCA score were detected among participants
(Table 2). Compared to controls, the visuospatial/executive, attention, and orientation MoCA scores in
both left and right infarction patients signi�cantly decreased. Nevertheless, the MoCA scores for naming,
language, and delayed recall signi�cantly decreased only in left infarction patients.

Cerebrovascular reserve
The CBF, CBV, MTT, and TTP in different brain areas, including frontal, temporal, parietal, and occipital
lobes, the basal ganglia, and the semioval center were used to assess the CVR of patients with new-onset
anterior circulation cerebral infarction (Table 3). In the frontal lobe of patients, only MTT signi�cantly
increased compared to controls, and the other CVR predictors such as CBF, CBV, and TTP did not differ.

In the temporal lobe of patients, the CBF, CBV, and MTT signi�cantly differed compared to controls.
Interestingly, signi�cant differences for CBF and MTT were detected only in left infarction patients. In
these patients, the left vessels CBF signi�cantly decreased and the MTT signi�cantly increased. However,
the CBF and MTT of right infarction patients were similar to controls. The right vessels CBV signi�cantly
increased in right infarction patients but, for left infarction patients, it was similar to controls.

Regarding the parietal lobe of patients, signi�cant differences were detected for CBF and MTT compared
to controls. For right infarction patients, the CBF in both left and right vessels signi�cantly decreased
compared to controls. The left vessels CBF signi�cantly decreased and the MTT signi�cantly increased in
left infarction patients. MTT of right vessels also signi�cantly increased in right infarction patients.

In the occipital lobe of patients, signi�cant differences regarding CBV and MTT were detected compared
to controls. The left vessels MTT signi�cantly increased in left infarction patients, similar to the right
vessels of right infarction patients. Additionally, compared to controls, the right vessels CBV signi�cantly
increased in right infarction patients but did not differ in left infarction patients.

Moreover, in the semioval center of patients, there were signi�cant differences in CBF and MTT compared
to controls. The left vessels CBF signi�cantly decreased in left infarction patients. A signi�cant increase
was also detected for the MTT right vessels of right infarction patients. Similarly, the left vessels MTT
signi�cantly increased in both right and left infarction patients.

Finally, in the basal ganglia, the left vessels CBF signi�cantly decreased in left infarction patients. On the
other hand, the left vessels MTT signi�cantly increased in the left infarction patients, similar to the right
vessels of right infarction patients. Also, the left vessels TTP signi�cantly decreased in right infarction
patients.

Associations between cognitive impairment and
cerebrovascular reserve
The data from left infarction patients were selected during linear regression analyses to assess the
relationship between cognitive impairment and cerebrovascular reserve. This analysis indicated that the
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right vessels CBF and left vessels CBV in the frontal lobe, the left vessels CBF in the parietal lobe, the left
vessels MTT in the occipital lobe were risk factors and composed the regression equation (p < 0.0001,
Table 4). Especially, the right vessels CBF in the frontal lobe and the left vessels MTT in the occipital lobe
were negatively related to the MoCA scores of left infarction patients. On the other hand, the left vessels
CBV in the frontal lobe and the left vessels CBF in the parietal lobe were positively related to the MoCA
scores of left infarction patients.

The data from right infarction patients was also used in a linear regression analysis to evaluate the
relationship between cognitive impairment and cerebrovascular reserve. The results indicated that the
CBF in the temporal lobe was a risk factor, included in the regression equation (p = 0.010, Table 4).
Especially, the right vessels CBF in the temporal lobe was negatively related to the MoCA scores of right
infarction patients. Besides, the left vessels CBF in the temporal lobe was positively related to the MoCA
scores of these patients.

Discussion
Cognitive function in the acute stroke setting was previously reported to be a predictive factor for PSCI
development4,12. Lee et al (2020) reported that 63.8% of patients presented cognitive impairments from
acute ischemic strokes (28.8% with mild cognitive impairment and 35.0% with severe cognitive
impairment)13. Hence, patients in the acute stroke phase can present a general decline in cognitive
e�ciency. In the present study, we found that the proportion of cognitive impairments at the acute stroke
phase was 56.3% (20.8% mild cognitive impairment and 35.4% severe cognitive impairment) in patients
with new-onset anterior circulation cerebral infarction, consistent with other studies.

The lesion location is also an important determinant for PSCI14. A large cohort of 410 acute ischemic
stroke patients revealed that the left anterior circulation, such as angular gyrus and basal ganglia are the
strategic structures for PSCI15. Addirionally, Weaver et al (2021) analyzed the data of 2950 acute
ischemic stroke patients and concluded that the appearance of infarction in the left frontal lobe, left
temporal lobe, left thalamus and right parietal lobe was closely related to PSCI16. Ni et al (2021) proposed
that the hemodynamics asymmetry makes the left hemisphere more vulnerable to various risk factors
compared to the right hemisphere17. In our study, 63.1 and 51.7% of patients with left and right anterior
circulation cerebral infarction presented cognitive impairment, respectively. The proportion of cognitive
impairment in the left infarction group was only slightly higher than that in the right infarction one. This
might be related to our limited sample size and, as the number of samples increases, this difference
might become more prominent.

The CVR re�ects the capacity of the brain to adequately maintain blood �ow when perfusion pressure
decreases. MTT is the most appropriate prediction parameter to evaluate CVR declines18. Our study
showed that the MTT value in all brain areas (frontal, temporal, parietal, and occipital lobes, basal
ganglia, and semioval center) of patients signi�cantly increased compared to controls. Also, the MTT
increase on the ipsilateral side of the lesion was more signi�cant. Chen et al (2006) reported that MTT
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increases were more likely to appear in the areas with severely reduced perfusion reserves than in those
with moderately reduced or normal perfusion reserves19. CBF is another index to evaluate CVR20. We
detected a signi�cant decrease of CBF in the temporal and parietal lobes, semioval center, and basal
ganglia of patients. The CBF decreased more signi�cantly on the ipsilateral side of the lesion. Besides, we
showed that the CBV in the right occipital lobe of right cerebral infarction patients signi�cantly increased.
Ogasawara et al (2002) considered that the increase of CBV can be an initial indicator of cerebral
perfusion pressure and CVR decreases21. Altogether, these results demonstrated that the CVR decreased
in the patients with new-onset anterior circulation cerebral infarction and this decrease was associated
with the lesion. In the present study, we also found that the MoCA scores of left infarction patients were
negatively related to the CBF in the right frontal lobe and MTT in the left occipital lobe, while they were
positively related to the CBV in the left frontal lobe and CBF in the left parietal lobe. Moreover, MoCA
scores of right infarction patients were negatively related to CBF in the right temporal lobe, while
positively related to CBF in the left temporal lobe. These results indicated that regional CBF might be a
more sensitive marker of cognitive impairment, consistent with other studies. Yin et al (2019) showed
that CBF could be used as a candidate imaging indicator to monitor global cognitive function changes in
patients with cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy22.

Conclusions
Overall, cognitive impairment was associated with CVR in patients with new-onset anterior circulation
cerebral infarction, especially at the acute stroke phase. Finally, decreasing CVR might be a potential
neuroimaging biomarker to predict the cognitive impairment at the acute stroke phase.
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Figure 1

Flow chart of recruitment and exclusion of patients.
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Figure 2

Cognitive impairment at the acute stroke phase. (A) Cognitive impairment appeared more in patients with
new-onset anterior circulation cerebral infarction than in controls (56.3% versus 27.6%, p = 0.007). (B) The
cognitive impairment of the left infarction group did not differ from the right infarction group (p = 0.301).
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