Cerebral Circulation - Cognition and Behavior 4 (2023) 100164

Contents lists available at ScienceDirect

l Cerebral
i ion-

Cerebral Circulation - Cognition and Behavior B

ELSEVIER journal homepage: www.sciencedirect.com/journal/cerebral-circulation-cognition-and-behavior

Arterial spin labelling reveals multi-regional cerebral hypoperfusion in
patients with transient ischemic attack that are unrelated to ischemia
location: A proof-of-concept study

Meaghan Reid ™ %", George S. Tadros ““, Connor C. McDougall ¢, Noaah Reaume ™% "¢,

Brooklyn McDougall >¢, Rani Gupta Sah b’C’Ad’f’h, Meng Wang', Eric E. Smith b.d,fh A
Richard Frayne ", Shelagh Coutts b,c,d,6h, 1 Tolulope Sajobi b1 R. Stewart Longman 5/,
Christopher D. d’Esterre ™', Philip Barber ™5™

@ Department of Medical Sciences, University of Calgary, Calgary, AB, Canada

Y Calgary Stroke Program, Department of Clinical Neurosciences, Foothills Medical Centre, Calgary, AB, Canada

¢ Seaman Family MR Center, Foothills Medical Centre, Calgary, AB, Canada

9 Department of Neurosciences, University of Calgary, Calgary, AB, Canada

€ Department of Mechanical Engineering, Schulich School of Engineering, University of Calgary, Calgary, AB, Canada
f Hotchkiss Brain Institute, Cumming School of Medicine, University of Calgary, Calgary, AB, Canada

8 Department of Psychology, University of Calgary, Calgary, AB, Canada

" Department of Radiology, University of Calgary, Calgary, AB, Canada

! Department of Community Health Sciences, University of Calgary, Calgary, AB, Canada

J Neuropsychology Service, Foothills Medical Centre, Calgary, AB, Canada

ARTICLE INFO ABSTRACT
Keywords: Background and Aims: Patients with transient ischemic attack (TIA) have a substantially increased risk of early
Arterial spin labeling dementia. In this exploratory study, we aim to determine whether patients with TIA have 1) measurable regional

Cerebral blood flow
Cognition

Magnetic resonance imaging
Transient ischemic attack

cerebral hypoperfusion unrelated to the location of ischemia, and 2) determine the relationship of regional ce-
rebral blood flow (rCBF) with their cognitive profiles.

Methods: Patients with TIA (N = 49) and seventy-nine (N = 79) age and sex matched controls underwent formal
neuropsychological testing and MRI. Quantitative arterial spin labelling rCBF maps (mL/min/100 g) were
registered to the corresponding high resolution T1-weighted image. Linear regression was used to determine the
association between demographic, clinical and cognitive variables and rCBF.

Results: Patients with TIA had significantly (p < 0.05) lower cognitive scores in the MMSE, MOCA, ACE-R, WAIS-
IV DS Coding and Trail Making Tests A and B compared to controls. TIA patients had significantly lower rCBF in
the left entorhinal cortex (p = 0.03), right posterior cingulate (p = 0.04), and right precuneus (p = 0.05), after
adjusting for age and sex, that were unrelated to the regional anatomical volume and DWI positivity. Regional
hypoperfusion in the right posterior cingulate and right precuneus was associated with impaired visual memory
(BVMT total, p = 0.05 for both regions) and slower processing speed (TMT A, p = 0.04 and p = 0.01), respectively
after adjusting for age and sex.

Conclusions: TIA patients have patterns of regional hypoperfusion in multiple cortical regions unrelated to the
parcellated regional anatomical volume or the presence of a DWI lesion. Regional hypoperfusion in patients with
TIA may be an early marker conferring risk of future cognitive decline that needs to be confirmed by future
studies.
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1. Introduction

Dementia is poised to become a global health crisis if effective
treatments are not developed soon [1]. It is now generally accepted that
a significant contributor to the failure of therapeutic treatments is that
the diagnosis can only be reliably established late in the disease course,
when neuronal loss and neurosynaptic degeneration have taken hold,
and years after irreversible damage to the brain has occurred. It is also
appreciated, that stroke, including transient ischemic attack (TIA), is a
distinct and important risk factor for dementia, doubling the risk of later
cognitive decline independently of known vascular and lifestyle risk
factors [2,3]. Therefore, the best future strategy appears to consist of
early intervention in the preclinical phase, at a time when the brain is
only minimally affected.

The identification of reliable neuroimaging markers for preclinical
dementia may allow for the identification and implementation of ther-
apeutic and pharmacological interventions in the earliest stages of dis-
ease. The AT (N) framework is an established biological construct of
Alzheimer’s disease (AD) [4], and an extension of the framework pro-
poses the addition of biomarkers of vascular disease (labelled V) con-
sisting of small vessel disease, cortical and sub-cortical stroke [5]. For
instance, it has been proposed that late onset dementia relates to the
regional convergence of Alzheimer disease (AD) pathologies that are
modified by vascular pathologies [6], and the progression of disease
may reflect regional vulnerability contributing to permanent alteration
of connectivity involving the default mode, salience network and limbic
network [7]. Further, reduced cerebral blood flow (CBF) is tightly
coupled to brain metabolism, and therefore abnormalities in blood flow
may indicate synaptic dysfunction and neuronal damage, preceding
brain atrophy and cognitive symptoms [8].

In this exploratory study, we aimed to determine if there is regional
subcortical or cortical hypoperfusion measured by magnetic resonance
arterial spin labeling (ASL) sequence in patients with TIA compared to
controls [3] similar to those reported in mild cognitive impairment
(MCI) and AD [9,10], that is unrelated to the location of the ischemia
and the volume of the anatomical region. Additionally, we aimed to
assess the potential associations of regional hypoperfusion with cogni-
tive performance.

2. Material and methods
2.1. Study population

This study was a prespecified substudy of the PREVENT VCI study, a
prospective longitudinal cohort study of TIA and non-TIA controls [11].
The overarching aims of the PREVENT VCI study are to determine the
relationship of MRI biomarkers, inclusive of cerebral perfusion, with
cognitive outcome. Consecutive participants presenting with first
documented episode of probable TIA [12] in the anterior circulation
(aphasia, motor weakness) or posterior circulation (visual field deficit,
ataxia/vertigo plus one or more of motor, diplopia, hemiataxia) and
control volunteers between the ages of 50-75 years were prospectively
recruited between May 2017 and December 2021 [11] following written
informed consent. Ethics approval was provided by the University of
Calgary Conjoint Health Research Ethics Board (REB13-0240). Patients
with TIA presented to the Emergency Department at the Foothills
Medical center or Calgary Stroke Prevention Clinic urgently. All patients
had been investigated with non-contrast CT and CT angiography as part
of their diagnostic workup, which is commonly performed in the
emergency room before referral to the acute TIA clinic.

TIA was defined according to the National Institute of Neurological
Disease and Stroke criteria [12]. There was a formal review of all cases
by the study’s senior neurologist (PAB) who confirmed the final diag-
nosis of TIA and inclusion into the study. All TIA patients were managed
according to current stroke prevention guidelines. None of the patients
underwent thrombectomy or thrombolysis. Control participants were
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recruited from the community (e.g., hospital and community center
advertisements) and spousal partners. Further inclusion criteria
included: (1) absence of significant impairment in cognitive functioning
or activities of daily living including Mini-Mental State Examination
(MMSE) [13] scores between 24 and 30 and Clinical Dementia Rating
(CDR) 0-0.5 [14]; (2) no depression (Geriatric Depression Scale Score
<6 [15]); and (3) fluent in English. Exclusion criteria included: (1)
previous symptomatic stroke; (2) chronic neurological disease (Parkin-
son’s disease, dementia, seizure disorder, multiple sclerosis) or signifi-
cant head trauma; (3) contraindications to MRI; (4) major depression,
bipolar disorder, schizophrenia, generalized anxiety disorder as defined
by DSM-5 criteria [16]; (5) alcohol or substance misuse according to
DSM-5 criteria, aided by administration of the CAGE questionnaire [17];
and (6) unstable medical conditions that would make cognitive tests
unreliable or impair follow-up. Patients considered to be mimics
(migraine, transient global amnesia), which were defined clinically,
were enrolled in the study as controls. TIA participants who had ASL
images were matched for age (+ 2 years) and sex with up to two
controls.

2.2. Clinical data collection

The study design included a medical evaluation (clinical character-
istics, demographics, medical history and medications). Framingham
risk score (FRS) [18], a common score used to estimate the 10-year
cardiovascular disease (CVD) risk of individuals, was calculated using
the Alberta Heath Services FRS calculator, and a risk level of low (< 10%
10-year CVD risk), intermediate (10-19%), or high (> 20%), was coded
as 1, 2, or 3 for each participant in order to conform to clinical practices
of using the risk levels. A detailed standardized neuropsychological
battery was administered as previously reported [11].

2.3. Image acquisition

Participants underwent MR imaging using a 3.0T Diagnostic MR
Scanner (General Electric Discovery 750), using a standard multi-
channel head coil. Patients with TIA had their imaging within 10 days
of their presentation. A 3D fast-spin-echo pseudo-continuous arterial
spin labeling sequence with background suppression was collected with
the following parameters: post-labeling delay = 2025 ms, field of view
(FOV) = 24.0 cm, repetition time = 4898 ms, echo time = 11.7 ms, slice-
thickness = 4.0, thirty-six 4.0 mm slices with a 0-mm gap, and spiral
acquisition with 660 points and six spiral arms. T1-weighted images
were acquired using a 3D inversion recovery prepared spoiled gradient-
echo sequence (3D; field of view (FOV) = 24 cm; one hundred and
seventy-six 1.0-mm slices with a 0 mm gap; acquisition matrix = 256 x
256; TE = 2.932 ms; TR = 6.7 ms; flip angle = 8°; inversion time (TI) =
650 ms; phase FOV = 85%; reconstructed voxel size = 1 mm isotropic).
A 2D DWI sequence was acquired with an echo planar technique having
an acquisition matrix size = 256 x 256, FOV = 28 cm, twenty-three 3.0-
mm slice with 0-mm gap; TE = 81.7 ms, TR = 8000 ms, flip angle = 90°
A 3D T2-weighted FLAIR sequence was acquired with an acquisition
matrix size = 512 x 512; FOV = 24 cm; thirty-eight 3.0-mm slice with a
0-mm gap; TE = 120 ms, TR = 8524 ms, TI = 2219 ms, flip angle = 90°

2.4. Image processing

Quantitative CBF maps were automatically generated by the MR
scanner from the ASL datasets in CBF units (mL/100 g/min). Quality
control was performed visually to determine image quality (low signal-
to-noise, or high levels of image artifact or image distortion). Adjudi-
cation of the image quality was graded according to neck and head
movement, quality of registration and intensity inhomogeneities by two
researchers (PAB, MR). ASL images were checked for arterial transit
time heterogeneity by calculating the spatial coefficient of variation
(CoV) [19]. All ASL scans were categorized as ‘good’ (CoV < 0.6,
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cerebral blood flow signal predominates artifacts) [19,20].

2.4.1. ASL-T1 registration

Structural T1-weighted images and ASL-CBF images underwent BET
brain extraction using FSL (BET — FSL v2.1) following standardized
orientation. For quantitative analysis, the ASL-CBF images were then
registered to the corresponding T1 images using a linear 12 ° FSL-FLIRT
registration [21]. Regions of interest were segmented from the T1 im-
ages and subsequently masked to the corresponding ASL-CBF image in
T1 space [Fig. 1] [21]. Whole brain white and gray matter of each
hemisphere was segmented with FSL FAST [22]. Specific anatomical
regions of interests were also segmented and investigated. Specifically,
the hippocampus, thalamus and basal ganglia were segmented with FSL
FIRST [23]. The anterior cingulate, entorhinal cortex, posterior cingu-
late and precuneus were segmented with the Desikan-Killiany atlas in
FreeSurfer [24]. The volumes of these ROIs were also measured. These
ROIs were chosen based on a literature review of cerebral blood flow
imaging performed in MCI and AD [9,10]. Whole-brain volume, nor-
malised for subject head size, was measured using SIENAX [25].

2.4.2. White matter hyperintensities and diffusion lesions

White matter hyperintensities (WMHs) were segmented from FLAIR
images using the Lesion Prediction Algorithm (LPA) in the Lesion Seg-
mentation Toolbox implemented in SPM12 (https://www.fil.ion.ucl.ac.
uk/spm). Diffusion lesions were segmented from the DWI images with
ITK-SNAP (Version 3.6.0, www.itksnap.org), a semiautomatic software
application, by a trained researcher (MR) and underwent review by a
stroke neurologist (PAB) [26].

2.5. Statistical analyses

All statistical analysis was performed on STATA IC/15.0 (StataCorp.
2017. Stat Statistical Software: Release 15. College Station, TX: StatCorp
LLC). Two-way two-sample t-tests (o = 0.05) and Chi square tests were
used to compare risk factors (including demographic, medical, depres-
sion and premorbid intellect), cognitive profiles, and regional cerebral
blood flow (rCBF) amongst the TIA and control participants. In our first
objective, backwards stepwise multiple linear regression was used to
analyze the associations between group status (TIA vs control) and rCBF
after controlling for confounding variables, including age, sex, pre-
morbid verbal intellect (NAART IQ), regional anatomical volume,
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WMHs and FRS. Each region was tested in a separate model. To mini-
mize multiple comparisons, it was predetermined to only perform the
multiple linear regression analysis on regions that showed a significant
group difference in CBF [Table 3]. For this objective, regression was
performed to analyze relationships between vascular covariates
(including DWI volume, DWI location, symptomatic hemisphere,
vascular territory involved) and rCBF. In our second objective, a final
regression analyzed the associations between regions of reduced CBF
detected in objective 1 and cognitive scores while controlling for de-
mographic variables, such as group status, age and sex. All data used in
multiple linear regression met the basic required assumptions. Adjust-
ments for multiple comparisons was not performed as objective 2 was
exploratory in determining the potential relationships of regional CBF
and cognitive performance. Dunn-Bonferroni non-parametric tests were
used to compare rCBF between DWI-positive and DWI-negative in TIA
patients and control subjects.

3. Results

Fifty-six (56) TIA patients and 84 control participants were initially
selected. Seven (7) TIA and 5 control participants were subsequently
excluded because they failed to meet image quality control standards
(motion artifact and ASL quality), resulting in a studied sample of 49 TIA
patients and 79 controls.

Demographic, clinical, and vascular factors for both the TIA and
control population are summarized in Table 1. TIA patients had more
extensive white matter hyperintensity (WMH) volume (p = 0.004) and
increased tobacco use (p = 0.023) compared to controls. Of the TIA
patients, 32 (65.3%) had left hemispheric symptoms, 38 (77.6%) had
symptoms referable to the anterior circulation and 11 (22.4%) had
posterior circulation symptoms. TIA patients had no identifiable
vascular occlusion of the extracranial or intracranial vessels on the CT
angiogram. Median time from symptom onset to MRI was 8 days (IQR =
5). DWI positive lesions (median 15.43mm3, IQR 5.74-42.00 mm?) were
detected in fifteen patients (30.6%) and were located in the following
vascular territories: middle cerebral artery (n = 11), the posterior ce-
rebral artery (n = 3) and the anterior cerebral artery territory (n = 1).
Cognitive test scores in patients with TIA and controls are summarized in
Table 2, revealing that patients with TIA had slightly lower scores on the
MoCA and MMSE compared to controls, and slower processing speed
than control subjects.

C Right Thalamus

Right Precuneus

@

Right Posterior Left Entorhinal

Cingulate

Fig. 1. Methodological overview of the analysis of regional cerebral blood flow. a) MR-ASL whole-brain CBF map was co-registered to (b) high resolution T1-
weighted image and segmented anatomical regions and masked to ASL-CBF map shown in (c). Note: only some of the prespecified anatomical regions are shown

(refer to methods section for full details).
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Table 1

Demographic, clinical and imaging data of TIA and control participants
compared with two-way two-sample t-tests (continuous variables), Wilcoxon
rank-sum test (ordinal variables) and Chi-squared tests (proportional variables)
(o = 0.05). Values reported are means and standard deviations unless otherwise
stated.

Descriptive Variables TIA (n = 49) Control (n = 79) p

Age, mean years 68.1 £7.4 67.2 + 6.7 0.47
Sex, n women (%) 19 (38.8%) 42 (53.2%) 0.11
Education, years 144+ 3.3 15.3+£ 29 0.12
Depression, raw CES-D 10.6 + 8.1 9.4 + 8.8 0.44
Premorbid Intellect, NAART 108.2 £+ 10.2 110.6 £ 7.7 0.13
WMH/NBV, median (IQR) 3.1 (0.8-4.8) 2.4 (0.5-2.1) 0.00
NBV, cm’® 1434 + 88.0 1429 + 110.3 0.79
Systolic BP, mmHg 134.2 +19.8 126.6 +17.1 0.03
FRS, raw score 15.67 + 4.30) 13.68 + 0.02

(4.55)
DWI, n (%) 15 (30.6%) 0 0.00
DWI Volume, median 15.4 0 0.00
mm>(IQR) (5.7-42.0)

HDL Cholesterol, mmol/L 1.5 £ 0.09 1.5 £ 0.06 0.93
Diabetes, n (%) 4 (8.2%) 4 (5.1%) 0.48
Tobacco, n (%) 30 (61.2%) 32 (40.5%) 0.02

IQR = interquartile range, WMH = white matter hyperintensities, NBV =
normalized brain volume, FRS = Framingham Risk Score, DWI = diffusion
weighted image lesion.

Table 2
Cognitive test performance comparing TIA and control participants (median,
interquartile ranges and Wilcoxon Rank-Sum tests (a = 0.05)).

TIA (n = 49) Control (n = 79) P

Median IQR Median IQR
MMSE 29.0 27.0-30.0 30.0 29.0-30.0 0.01
MOCA 25.0 23.0-28.0  26.0 25.0-28.0  0.01
ACE-R 92.0 85.0-95.0 95.0 91.0-97.0  0.01
BVMT Total 20.0 16.0-26.0 22.0 17.0-27.0 0.22
BVMT Delayed 9.00 6.0-11.0 10.0 8.0-11.0 0.12
RAVLT 9.00 7.0-12.0 11.0 7.0-13.0 0.14
WAIS-IV DS Coding 53.0 47.5-61.0  62.0 51.0-76.0  0.00
TMT A 339 28.4-44.7 30.0 22.5-37.0 0.01
TMT B 87.4 61.3-99.1  66.7 55.0-91.0  0.03
Verbal Fluency, raw total 6.0 4.0-6.0 6.0 5.0-7.0 0.16

from ACE-R

MMSE = Mini-Mental State Examination, ACE-R = Addenbrooke’s Cognitive
Examination-Revised, BVMT = Brief Visuospatial Memory Test, RAVLT = Rey
Auditory Verbal Learning Test, DS Coding = Digit Symbol Coding, TMT = Trail
Making Test, MOCA = Montreal Cognitive Assessment.

Whole brain CBF measurements in the deep white matter were not
significantly different between TIA and control groups but there were
differences in CBF in the cortical gray matter [Table 3]. Regional CBF
(mL/min/100 g) between the TIA and control participants showed
multiple regions of significant relative hypoperfusion in the TIA group
[Table 3], that included the entorhinal cortex, precuneus and posterior
cingulum, shown in Fig. 2. The volume of these anatomical regions did
not significantly differ statistically between TIA and controls, apart from
the left entorhinal cortex which was smaller in controls (median volume
[IQR]: 2.04 mL [0.44]) than TIAs (2.24 mL [0.68]; p = 0.03). The
presence of a DWI lesion did not have a significant effect on rCBF in the
hypoperfused regions in the TIA cohort (left entorhinal p = 0.691, right
precuneus p = 0.513, right posterior cingulate p = 0.791) [Table S1].

Multiple linear regression analysis showed a significant relationship
between TIA status and regional hypoperfusion in the left entorhinal
cortex (p =-2.58 + 1.18, p = 0.03), right posterior cingulate (p = —3.53
+ 1.71, p = 0.04), and right precuneus (p = -3.61 + 2.00, p = 0.05)
[Table 4] that was independent of regional anatomical volume. There
was no significant relationship between TIA status and CBF in the whole-
brain cortical gray (p = 0.136 and 0.181; for left and right respectively)
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Table 3

Regional cerebral blood flow (mL/min/100 g) of TIA patients and control par-
ticipants (median, interquartile range (IQR) and Wilcoxon Rank-Sum tests (o =
0.05)).

TIA (n = 49) Control (n = 79) P
Median  IQR Median IQR
White Matter Left 37.3 31.1-42.1  37.0 31.9-43.4 091
Right  35.2 29.1-41.3 329 29.3-41.4  0.95
Gray Matter Left 43.5 34.1-48.8 47.4 38.4-55.1 0.04
Right  41.3 32.9-48.3 453 36.2-51.7  0.05
Hippocampus Left 39.8 34.1-42.7 411 35.3-45.6  0.13
Right 38.6 31.8-43.0 40.6 34.1-46.4 0.08
Thalamus Left 40.4 35.8-44.9 42.8 36.5-48.5 0.07
Right  40.8 32.8-46.1 433 36.7-48.6  0.03
Anterior Left 49.4 44.6-56.6  52.6 47.8-60.3  0.07
Cingulate
Right 48.4 43.1-549 517 45.0-57.7  0.10
Entorhinal Left 35.2 31.1-37.5 389 33.4-444 0.01
Cortex
Right  34.2 31.4-41.7 37.4 32.6-42.1 0.16
Posterior Left 46.9 39.2-53.5 51.3 42.7-58.1 0.01
Cingulate
Right  48.8 40.1-55.7  52.0 44.6-59.1  0.01
Precuneus Left 41.7 33.1-51.2  46.9 38.4-56.5  0.03
Right 422 35.2-53.1 485 39.3-58.9  0.01

or white matter (p = 0.891 and 0.840; for left and right respectively)
after adjusting for covariates. DWI volume, DWI location, side, vascular
territory and etiology were not associated with rCBF [Table S2].
Hypoperfusion in the right posterior cingulate and the right precuneus
were associated with a poorer outcome on the BVMT total score (f =
0.11 + 0.057, p = 0.04 and p = 0.096 + 0.048, p = 0.05, respectively),
and the Trail Making A Test (B =-0.25 + 0.12,p = 0.04 and p =-0.26 +
0.10, p = 0.01, respectively). Regional CBF in the left entorhinal cortex
was not associated with memory impairment [Table 5].

4. Discussion

In this study we show that patients with TIA exhibit regional hypo-
perfusion in multiple areas of the brain that included the left entorhinal
cortex, right posterior cingulate and right precuneus, and that hypo-
perfusion in these regions were independent of differences in regional
anatomical volume in these cortical regions. Additionally, this regional
hypoperfusion does not appear to be related to a whole-brain reduction
in blood flow, since there was no difference in CBF in whole-brain gray
or white matter between the two groups. In a cohort of TIA patients
without high-grade intra- or extracranial stenosis, we found that
regional hypoperfusion was not related to the presence of a DWI lesion
(or its anatomical location). Our findings suggest that our cohort of TIA
patients exhibit similar patterns of regional hypoperfusion that have
been reported in AD [27], which may explain the increased risk of
late-life cognitive decline in TIA and minor stroke patients, as these
regions of hypoperfusion were not associated with differences in the
regional anatomical volume of the regions or DWI lesions. Additionally,
we examined the relationship of regional hypoperfusion with cognitive
profiles and found that relative reduction of rCBF in the right posterior
cingulate and right precuneus was significantly associated with poorer
cognitive performance in the visual memory and processing speed do-
mains. The pattern of regional hypoperfusion may have importance in
identifying patients with TIA at greater risk of future cognitive decline.
This hypothesis will need to be explored in the future by determining the
relationship of ASL regional CBF measurements with cognitive decline
and regional anatomical change in volume.

Lower global and regional CBF measured by ASL-MR have been re-
ported in MCI and AD [10]. Furthermore, regional hypoperfusion in the
precuneus and posterior cingulate, which was found in our TIA cohort,
has predicted the conversion of MCI to AD [9]. It has been proposed that
in the preclinical phase of AD dementia, regional accumulation of abeta
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Posterior
Cingulate

Precuneus

Entorhinal
Cortex

Control

Median
(1QR)

52.0 48.8
(44.6-59.1)  (40.1-55.7)

48.5 42.2
(39.3-58.9) (35.2-53.1)

38.9 35.2
(33.4-44.4)  (31.1-37.5)
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Fig. 2. Average cerebral blood flow (mL/min/100 g) acquired from ASL-MR overlaid on the anatomical T1-weighed MR image, showing regional hypoperfusion in
the TIA cohort compared to control (age and sex matched) in the posterior cingulate gyrus, precuneus, and entorhinal cortex.

Table 4

Multiple linear regression analysis to test the associations between TIA group vs.
control and regional cerebral blood flow (mL/min/100 g) after controlling for
age, sex, premorbid verbal intelligence, regional anatomical volume, white
matter hyperintensities, and Framingham Risk Score.

Table 5

Multiple linear regression to analyze the associations between regional cerebral
blood flow (mL/min/100 g) and cognitive scores while adjusting for group and
demographics (control vs. TIA, age, and sex). Only regions that were found to be
significantly associated with TIA status (Table 4) were analyzed. A) left ento-
rhinal cortex, B) right posterior cingulate, C) right precuneus.

rCBF Beta Coefficient Standard Error p
Entorhinal Cortex Left -2.575 1.181 0.03 2) Left Entorhinal Cortex Coutfic standard
Right .0.450 1.214 0.71 ognitive Test Beta Coefficient tandard Error p
Posterior Cingulate Left -2.947 1.728 0.09 BVMT Total 0.0902 0.0928 0.33
Right -3.529 1.713 0.04 RAVLT -0.0106 0.0471 0.82
Precuneus Left -2.877 2.022 0.16 TMT A -0.247 0.180 0.17
Right -3.609 2.000 0.05 TMT B 0.006 0.490 0.99
B) Right Posterior Cingulate
amyloid and tau occurs in vulnerable hypometabolic regions, occurring Cognitive Test Beta Coefficient Standard Error Ld
independently and modified by vascular disease and risk factors [6]. A BVMT Total 0.113 0.0565 0.04
: : RAVLT 0.0474 0.0307 0.12
large population-based study found that lower CBF was independently
: o : - . TMT A -0.249 0.120 0.04
associated with increased risk of dementia seven years following the TMT B -0.303 0.328 0.35
assessment [28]. Additionally, small vessel disease can contribute to -
subcortical damage disconnecting multiple brain regions [29]. This TIA ©) Right Precuneus
8 8 K p 8 . Cognitive Test Beta Coefficient Standard Error p
cohort had a modest decrease on cognitive test scores compared to the
controls, suggesting that this cohort of TIA patients may be in a pre- BVMT Total 0.0956 0.0482 0.05
o ; RAVLT 0.0418 0.0270 0.13
clinical dementia state. TMT A -0.258 0.0945 0.01
This study has several potential limitations. It is possible that TMT B -0.312 0.287 0.28

increased use of antihypertensive medications in the TIA group was
partially responsible for a greater reduction in the CBF in TIA patients.
However, the TIA cohort had marginally higher systolic BP than the
controls which would not likely contribute to dysregulation of the ce-
rebral perfusion pressure in the TIA subjects. In cases of significant
systemic hypotension, the reduction in CBF would likely be global and
not regional. Another potential limitation is the use of CBF maps
generated directly from the MR scanner might have led to partial volume
averaging. However, the effect of partial volume averaging was miti-
gated by obtaining CBF metrics from prespecified anatomical regions
and adjusting for the regional anatomical volume in our multiple linear
regression analyses. Furthermore, the post-labeling delay greater than 2
s used in this study might explain delayed arrival time in patients with
chronic atherosclerosis. However, in this cohort, none of the patients
showed significant intracranial stenosis and therefore, we do not think

BVMT = Brief Visuospatial Memory Test, RAVLT = Rey Auditory Verbal
Learning Test, TMT = Trail Making Test.

this is contributory to our findings. We also appreciate that our approach
was exploratory with respect to evaluating the relationships between
TIA, CBF and cognitive performance that was motivated to help inform
future studies about the potential relationships.

5. Conclusions

In summary, in this exploratory study we show that having a TIA is
associated with multi-regional hypoperfusion, measured by ASL-MRI, in
the left entorhinal cortex, right posterior cingulate and right precuneus,
suggesting the existence of vascular dysregulation in regions known to
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be affected in AD. In this cohort of TIA patients without vascular ste-
nosis, the regions of hypoperfusion were not associated with the regional
anatomical volume of these regions or presence of a DWIL Our study
demonstrates an association between regional hypoperfusion in the
right posterior cingulate and right precuneus with memory and pro-
cessing speed domains. The causes and implications of regional hypo-
perfusion in patients presenting with TIA is currently unknown but the
clinical significance on the future risk of dementia will need to be
explored.
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