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Impact of Brain MRI Markers on Major and Mild Vascular Cognitive
Impairment in CADASIL

Jung Seok Lee, MD, Myeong Ju Koh, MD? Ho Kyu Lee, MD? Jay Chol Choi, MD

Department of Neurology and Radiology”, Jeju National University School of Medicine, Jeju, Korea

Background: Cognitive impairment is the second most common clinical manifestation in cerebral autosomal-dominant
arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL). However, understanding of cognitive impairment
in CADASIL has been hampered by lack of consensus on diagnosis of vascular cognitive impairment (VCI). We used vascular
impairment of cognition classification consensus study principles (VICCCS-1) and protocols (VICCCS-2) to assess the
cognitive impairment in CADASIL. We also evaluated the impact of MRI markers on major and mild VCI in CADASIL.
Methods: We prospectively recruited 64 patients who underwent standardized brain MRI and detailed neuropsychological
test. MRI analysis included number of lacunes, number of cerebral microbleeds (CMB), normalized volume of white-matter
hyperintensities (nWMH), and brain parenchymal fraction (BPF). BPF has been used to measure brain atrophy. The
patients were divided into three groups: those with normal cognition (CADASIL-NC, n=14), those with mild VCI
(CADASIL-mild VCI, n=38), and those with major VCI (CADASIL-major VCI, n=11).

Results: The three groups differed according to age, with the major VCI group being older. The major VCI group had more
lacunes, more CMB, more extensive white matter lesions and lower BPF than NC group. There were no significant
differences between NC and mild VCI groups in BPE. BPF and age were the independent predictors of major VCI. There was
a tendency that women were at higher risk for mild VCI, though it did not reach statistical significance. Women were older
than men, but had lower number of lacunes in mild VCI.

Conclusions: These findings suggest that brain atrophy and age are the main predictors of major VCI in CADASIL.

] Korean Neurol Assoc 40(1):39-46, 2022
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Figure. Brain segmentation. (A) raw brain T1 weighted image (coronal section) (B) estimated total intracranial volume (eTIV, blue color) (C) brain

parenchymal volume (BPV, green color) brain parenchymal fraction (BPF)=BPV/eTIV.
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Table 1. Clinical data of 63 patients with CADASIL
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Demographics
Age, year (SD)
Male, female
Education, year (SD)

Vascular risk factors
Hypertension
Diabetes mellitus
Hypercholesterolemia
Coronary artery disease
Atrial fibrillation
Ever-smoking
Antiplatelet use

Clinical manifestation
Transient ischemic attack
Cerebral infarction
Intracerebral hemorrhage
Headache
Seizure

Psychiatric illness

66.5+£10.6
30 (48.0)
9.5+£5.3

37 (59.0)
10 (16.0)
32 (51.0)
3(5.0)
1(2.0)
21 (33.0)
46 (73.0)

4(6.0)

23 (37.0)
7 (11.0)

26 (41.0)
3(5.0)
5(8.0)

Values are presented as mean+SD or number (%).

CADASIL; cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy, SD; standard deviation.
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Table 2. Characteristics of the CADASIL-normal cognition (NC), CADASIL-mild VCI, and CADASIL-major VCI groups
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$230]| o]24] F5}itHodds ratio [OR], 95% confidence
interval [CI], 3.01, 0.90-10.0; p=0.073). BPF (OR, 95% ClI, 0.64,
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NC* mild vCI® major VCI® p-value Post hoc
Demographic characteristics
Age 64.149.1 64.7+10.9 75.7+5.7 0.005° a, b<c
Male/female 10/4 15/23 5/6 0.155
Education, years 10.3+4.8 9.5+4.7 7.0£5.8 0.200
Ever-smoking 6/8 11/27 4/7 0.673
Medical history
Hypertension 717 22/16 8/3 0.264
Diabetes mellitus 1/13 7/31 2/9 0.422
Hyperlipidemia 6/8 22/16 4/7 0.850
Coronary artery disease 0/14 2/36 1/10 0.286
Atrial fibrillation 0/14 1/37 0/11 0.940
MRI markers
Number of lacunes 2.8+2.4 (0-12, 3) 7.0+6.4 (0-20, 5.5) 12.8+10.6 (3-32, 8) 0.044" a<c
Number of cerebral microbleeds 2.7+4.1 (0-22, 0) 25.9+37.8 (0-157, 10) 27.54€24.4 (0-160, 25) 0.008° a<b,c
nWMH 0.025+0.017 0.030+0.015 0.042+0.017 0.039* a<c
(0.00-0.06, 0.028) (0.00-0.06, 0.030) (0.02-0.07, 0.042)
BPF 0.692+0.048 0.675+0.062 0.596+0.039 <0.001° a, b<c
(0.59-0.77, 0.689) (0.59-0.86, 0.660) (0.53-0.64. 0.600)
Impaired cognitive domain
Memory domain 0(0.0) 25 (66.0) 8 (80.0)
Frontal domain 0(0.0) 27 (71.0) 10 (100.0)
Attention domain 0(0.0) 23 (61.0) 7 (70.0)
Visuospatial domain 0(0.0) 19 (50.0) 7 (70.0)
Language domain 0(0.0) 14 (37.0) 7 (70.0)
Disability and cognitive scores
MMSE 28.8+2.8 (20-30, 30) 26.742.4 (15-30, 27) 21.242.1 (10-26, 21.5) <0.001° a>b>c
SNSB-D 207.2+43.7 (78-272, 212) 151.9+44.7 (62-224, 165.5) 76.7£37.5 (7-129, 88) <0.001° a>b>c
K-IADL 0.0+0.0 (0-0.1, 0) 0.10+0.16 (0-0.7, 0) 0.86+0.23 (0.6-2.9, 1.1) <0.001° a<b<c
Barthel index 99.1£1.9 (95-100, 100) 98.0+3.2 (70-100, 100) 93.3+12.2 (60-100, 91.5) 3.09 a, b>c
NIHSS 0.1+0.1 (0-1, 0) 0.6+0.1 (0-3, 0) 0.3+0.5 (0-1, 0) 0.120
mRS 0.4+0.1 (0-1, 0) 1.0+0.2 (0-4, 1) 2.9+0.3 (1-5, 3) <0.001° a,b<c

Values are presented as mean+SD (range, median) or number (%) unless otherwise indicated.
CADASIL; cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy, VCI; vascular cognitive impairment , MRI;
magnetic resonance imaging, nWMH, normalized volume of white matter hyperintensities; BPF, brain parenchymal fraction; MMSE, mini-mental
state examination; SNSB-D, Dementia version of Seoul Neuropsychological Screening Battery; K-IADL, Korean-Instrumental Activities of Daily
Living; NIHSS, national institutes of health stroke scale; mRS, modified rankin scale, SD; standard deviation.

*p<0.05; °p<0.01; °p<0.001.
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Table 3. Univariate and multivariate odds ratios and 95% confidence
intervals for presence of mild VCI and for major VCI in 63 patients
with CADASIL

Univariate analysis’  Multivariate analysis

mild VCI
Age 0.96 (0.91-1.01)
Female 2.30 (0.82-6.45) 3.01 (0.90-10.0)
BPF 1.07 (0.99-1.17)

major VCI
Age 1.17 (1.05-1.30)° 1.19 (1.00-1.41)°
BPF 0.64 (0.48-0.84)° 0.64 (0.43-0.96)"

1.10 (1.01-1.20)°
1.63 (1.06-2.51)°

Number of lacunes

nWMHs

1.14 (0.97-1.33)
1.76 (0.66-4.65)

VCI; vascular cognitive impairment, CADASIL; cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy,
BPF; brain parenchymal fraction, nWMHs, normalized white matter
hyperintensities.

"Only variables with p<0.2 are presented in the table and were
considered for inclusion in the multivariate models; bp<0.05; p<0.01.

5
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Table 4. Sex differences in cognitive domains and MRI markers in CADASIL patients with mild vascular cognitive impairment (mild VCI)

Male (n=15) Female (n=23) D
Age 60.1+9.6 67.7£10.8 0.031
Impaired cognitive domains
Memory domain 9 (60.0) 16 (70.0) 0.544
Frontal domain 12 (80.0) 15 (65.0) 0.470
Attention domain 9 (60.0) 14 (61.0) 0.957
Visuospatial domain 5(33.0) 14 (61.0) 0.097
Language domain 5(33.0) 9 (39.0) 0.717
MRI markers
Number of lacunes 12.1+6.7 (0-20, 13) 4.3+4.9 (0-16, 2) <0.001
Number of CMB 32.3+44.7 (0-157, 14) 23.2435.9 (0-134,9) 0.723
nWMH 0.027+0.016 (0.00-0.06, 0.023) 0.033+0.015 (0.00-0.06, 0.034) 0.286
BPF 0.652+0.048 (0.59-0.77, 0.633) 0.691+0.066 (0.59-0.86, 0.667) 0.068

Values are presented as mean+SD (range, median) or number (%) unless otherwise indicated.
MRI; magnetic resonance imaging, CADASIL; cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, CMB,
cerebral microbleeds; nWMH, normalized volume of white matter hyperintensities; BPF, brain parenchymal fraction, SD; standard deviation.
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