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Supplementary Methods

Participants

Study participants were recruited from a prospective Taiwan
CADASIL Registry (TCR) cohort. The TCR study sites were the Na-
tional Taiwan University Hospital (NTUH) and the Taipei Veter-
ans General Hospital (VGH-TPE), which are university-affiliated
tertiary medical centers. Individuals with clinical and neuroimag-
ing features suggestive of cerebral small vessel disease (CSVD)
were screened for cysteine-altered NOTCH3 variants. The main
clinical presentations include stroke, cognitive dysfunction, and
gait disturbance, while neuroimaging features suggestive of CSVD
include moderate-to-severe leukoaraiosis, multiple lacunes, and
mixed locations of cerebral microbleeds (CMBs). Patients with
genetically confirmed cysteine-altering NOTCH3 variants were
enrolled and their clinicopathological characteristics, including
age, sex, vascular risk factors, history of stroke, cardiovascular
medications, and type of blood pressure (BP)-lowering drugs,
were documented. Informed consent was obtained from all pa-
tients. The research ethics committees of both hospitals ap-
proved this study (NTUH: No. 201807044RIND; VGH-TPE: No.
2019-02-025A).

Genetic analysis

In Taiwan, the p.R544C variant in exon 11 of NOTCH3 accounts
for more than 70% of cases of CADASIL" For this reason, all en-
rolled patients were initially screened for the NOTCH3 p.R544C
variant. If it was not detected, the analysis of NOTCH3 exons 2
through 24 was performed by Sanger sequencing.’

Blood pressure

From February 2019, each patient enrolled in the TCR was pro-
vided with a standardized automated, home-based sphygmo-
manometer (BP A2 Easy, Microlife AG, Widnau, Switzerland) to
record their BP for at least 90 consecutive days. Instructions for
performing standardized home BP measurements were provided
at enrollment. Patients and their caregivers were asked to record
their systolic BP (SBP) and diastolic BP (DBP) twice a day, once
in the morning (sometimes between 8 av and 12 pm) and again
in the evening (6 pv to 10 pm). An empirical approach was ad-
opted to allow patients to measure their BP only once at a time
and on a flexible schedule, without an exact hour requirement.
Pulse pressure (PP) was calculated by subtracting the SBP from
the corresponding DBP. Average morning and evening BP param-
eters were used if both were recorded. Parameters used in the
analysis included the mean and standard deviation (SD) of the
SBP, DBP, and PP. We also applied the cut-off value based on
the American College of Cardiology/American Heart Association
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(ACC/AHA) guidelines to define hypertension, that is, SBP >130
mm Hg for systolic hypertension and DBP >80 mm Hg for dia-
stolic hypertension.’ Patients recorded BP consecutively for 90
days, and those with available BP records <50% of days were
excluded.

Neuroimaging analysis

All patients with TCR underwent 1.5-T brain magnetic reso-
nance imaging (MRI) upon enrollment. Although patients were
recruited and MRI was performed at two study sites, a harmo-
nized common scanning protocol was defined that included a
high-resolution T1-weighted volumetric scan, T2 and fluid-at-
tenuated inversion recovery (FLAIR)-T2 scans for the evaluation
of white matter lesions (WMLs) and detection of lacunes, and
a susceptibility-weighted sequence for the detection of CMBs.
Follow-up MRI was performed using the same protocol for each
patient at intervals of 1-2 years. All images were sent to NTUH
for visual ratings and quantitative analyses.

Visual rating analyses of CSVD markers were performed in
accordance with the STandards for Reporting Vascular changes
on nEuroimaging (i.e., STRIVE) criteria.* The severity of WMLs in
the periventricular and deep white matter was evaluated on
FLAIR and graded against the Fazekas scale.” The presence and
number of lacunes were evaluated using T1, T2, and FLAIR im-
ages. Enlarged perivascular spaces (EPVS) were visualized on T2-
weighted images, and the severity of EPVS in the basal ganglia
and centrum semiovale were assessed on a 4-point rating scale.’
The numbers and distribution of CMBs were evaluated on sus-
ceptibility-weighted imaging, documented using the Microbleed
Anatomical Rating Scale framework, and classified into lobar and
deep regions.” All visual rating analyses were performed by CHC
and YWC, and any inconsistency was solved with consensus read-
ing. Quantitative analyses of the MRI lesions included mean cor-
tical thickness, brain parenchymal fraction, and WML volume.
The mean cortical thickness and estimated total intracranial vol-
ume (eTIV) were quantified on T1-weighted structural MRI scans
using the pipeline and the output of the FreeSurfer software ver-
sion 7.2.0.° The brain parenchymal fraction, which represents
the overall volume of the brain, was calculated by dividing the
brain segmentation volume by the eTIV. WMLs were segment-
ed using a lesion growth algorithm implemented in the Lesion
Segmentation Tool (LST) toolbox version 3.0.0 (www.statistical-
modeling.de/Ist.html) for Statistical Parametric Mapping.” A FLAIR
sequence was used for lesion segmentation, and a T1 image was
used as a reference for registration. The final segmented lesions
from the output of the LST were visually screened for accuracy,
and the WML volumes were expressed in milliliters. To control
for variations in head size, WML volumes were adjusted for eTIV
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and expressed as the WML proportion (% of eTIV). To account
for the possibility of large infarct or hemorrhagic stroke effects,
we visually checked the FreeSurfer output. If severe distortion
was observed due to a large infarct or intracerebral hemorrhage
(ICH), we used only the data from the unaffected hemisphere.
For the WML volume, the LST output was visually checked. The
gliosis caused by the previous infarct or ICH was manually re-
moved and the WML volume was recalculated.

Outcomes

The clinical outcome was stroke incidence. All enrolled patients
with CADASIL were regularly followed up in the outpatient ser-
vice until November 30, 2022, at a loss to follow-up, or death.
Any incident stroke event was documented and defined as an
acute episode of focal neurological dysfunction lasting more
than 24 hours with corresponding neuroimaging evidence of
cerebral infarction or hemorrhage.

Neuroimaging outcome was the progression of MRI markers
between baseline and follow-up scans. Because the WML and
EPVS scores on the visual rating scale rarely changed over 1-2
years, these two markers were excluded. The number of incident
lacunes and CMB detected on follow-up MRI was divided by
the interval between scans and expressed as the annual change
(n/year). Similarly, annual changes in the proportion of WML,
mean cortical thickness, and brain parenchymal fraction were
calculated. Because the median annual increases in the number
of lacunes and CMBs were O and 1, respectively, any incident
lacunes or increased CMB numbers >2 per year were defined as
meaningful neuroimaging outcomes.

Statistical analyses
Descriptive analyses of clinical demographic characteristics, BP
parameters, and neuroimaging features were performed. A Cox
regression model was used to test the influence of BP parame-
ters on incident stroke and was adjusted for age, sex, hyperten-
sion, and history of stroke. Logistic regression models were ap-
plied to test the association between the BP parameters and any
incident lacune or incident CMB 22 per year, with covariates of
age, sex, hypertension, and baseline lacune or CMB numbers. In
the above models, the mean and SD of SBP, DBP, and PP, as well
as systolic hypertension (90-day mean SBP >130 mm Hg) and
diastolic hypertension (90-day mean DBP >80 mm Hg) were
individually tested as independent variables. For the sensitivity
analysis, we included patients who were initially excluded be-
cause there was no follow-up MRI to test the effects of BP on
incident stroke (clinical outcome).

Furthermore, correlations between BP parameters and annual
changes in neuroimaging markers were plotted as scatterplots
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and tested using unadjusted simple linear regression. A linear
mixed model for repeated measures was used to test the asso-
ciations between the change in WML proportion or mean cor-
tical thickness (dependent variable) and each of the BP param-
eters (independent variable), adjusted for age, sex, hypertension,
study site, and MRI intervals. Due to the skewed distribution and
many zero values for the numbers of lacunes and CMBs, a Pois-
son mixed-effect model (Poisson generalized linear mixed model)
was applied to test the associations between the incident lacu-
nes or CMB number and BP parameters and adjusted for age,
sex, hypertension, study site, and MRI intervals. The significance
level was set at P<0.05. No adjustments were made for multi-
ple comparisons because this was an exploratory analysis. All
analyses were performed with SAS, Version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Supplementary References

1. Lee YC, Liu CS, Chang MH, Lin KP, Fuh JL, Lu YC, et al. Popu-
lation-specific spectrum of NOTCH3 mutations, MRI features
and founder effect of CADASIL in Chinese. J Neurol 2009;256:
249-255.

2. Liao YC, Hsiao CT, Fuh JL, Chern CM, Lee WJ, Guo YC, et al.
Characterization of CADASIL among the Han Chinese in Tai-
wan: distinct genotypic and phenotypic profiles. PLoS One
2015;10:¢0136501.

3. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,
Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high
blood pressure in adults: executive summary: a report of the
American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines. J Am Coll Cardiol
2018;71:2199-2269.

4. Wardlaw JM, Smith EE, Biessels GJ, Cordonnier C, Fazekas F,
Frayne R, et al. Neuroimaging standards for research into small
vessel disease and its contribution to ageing and neurode-
generation. Lancet Neurol 2013;12:822-838.

5. Fazekas F, Chawluk JB, Alavi A, Hurtig HI, Zimmerman RA. MR
signal abnormalities at 1.5 T in Alzheimer's dementia and
normal aging. AJR Am J Roentgenol 1987;149:351-356.

6. Potter GM, Doubal FN, Jackson CA, Chappell FM, Sudlow CL,
Dennis MS, et al. Enlarged perivascular spaces and cerebral
small vessel disease. Int J Stroke 2015;10:376-381.

7. Gregoire SM, Chaudhary UJ, Brown MM, Yousry TA, Kallis C,
Jéger HR, et al. The Microbleed Anatomical Rating Scale
(MARS): reliability of a tool to map brain microbleeds. Neu-
rology 2009;73:1759-1766.

https://doi.org/10.5853/j0s.2023.02880



JoS

Vol. 26 [ No. 1 [ January 2024

8. Fischl B, van der Kouwe A, Destrieux C, Halgren E, Ségonne F, et al. An automated tool for detection of FLAIR-hyperintense
Salat DH, et al. Automatically parcellating the human cere- white-matter lesions in multiple sclerosis. Neuroimage 2012;
bral cortex. Cereb Cortex2004;14:11-22. 59:3774-3783.

9. Schmidt P, Gaser C, Arsic M, Buck D, Forschler A, Berthele A,

https://doi.org/10.5853/j0s.2023.02880 https://j-stroke.org 3





