Supplementary Table 1. Epidemiology and risk factors of acute cerebral small vessel disease (aCSVD)

Ischemic aCSVD Hemorrhagic aCSVD
Lacunar stroke Hypertensive ICH CAA-related ICH
Epidemiology

Incidence The annual incidence of ischemic aCSVD varies among | The annual incidence of ICH ranges from 20 to 30 per 100 000
races and regions, ranging from 13 to 40 per 100 000 | people, increasing with advanced age and varying across
people.[!2] ethnicities and geography and reaching the highest rate of 51.8 per

100 000 person-years in Asian people.l'-3!

Etiology 1) small vessel disease: main etiology Hypertensive angiopathy was the most common cause, followed
2) branch atheromatous disease: 26%. by CAA. CAA is a major cause of ICH among elderly patients.[®!
3) cardioembolism: 10% to 15% More than 50% of primary ICH are associated with hypertension,
4) others: artery-to-artery embolism, microdissection, | and CAA accounts for approximately 30%.!"]
inflammatory arteritis, etc (very small percentage).[* 3!

Prognosis Patients with ischemic aCSVD often have favorable | Hemorrhagic aCSVDs can be life-threatening, with 1-year and

survival and disability outcomes only during the first
few years after a stroke. However, in the long term,
these patients exhibit a similar risk of recurrence and an
even greater risk of cognitive dysfunction than patients

with other stroke subtypes.!® ‘]

S5-year survival rates of 46% and 29%, respectively, leading to a
high prevalence of dependency. Lobar ICH reportedly has a
greater annual risk of recurrence than nonlobar ICH (7.4% vs.

1.3%).010)

Risk factors(® !1-17]

Aging ++ + ++
Smoking + ? ?
Excessive alcohol consumption | + + ?
Hypertension ++ ++ +




Diabetes + + -

ApoE ? ? ++

++: strongly related; +: related; -: unrelated; ?: uncertain/unknown
* The risk factors for aCSVD are still not completely understood. Although some risk factors (e.g., evidence of cardioembolic sources and ischemic heart disease) are
suggested to differ among stroke subtypes, hypertension and diabetes appear equally common in both lacunar and nonlacunar ischemic stroke patients.!!8]

CAA: cerebral amyloid angiopathy; ICH: intracerebral hemorrhage; ApoE: apolipoprotein E.

References:

1. White H, Boden-Albala B, Wang C, Elkind MS, Rundek T, Wright CB, et al. Ischemic stroke subtype incidence among whites, blacks, and Hispanics: the
Northern Manhattan Study. Circulation 2005; 111: 1327-1331. doi: 10.1161/01.CIR.0000157736.19739.D0.

2. Sacco S, Marini C, Totaro R, Russo T, Cerone D, Carolei A. A population-based study of the incidence and prognosis of lacunar stroke. Neurology 2006; 66:

1335-1338. doi: 10.1212/01.wnl.0000210457.89798.0e.
3. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, case fatality, and functional outcome of intracerebral haemorrhage over

time, according to age, sex, and ethnic origin: a systematic review and meta-analysis. Lancet Neurol 2010; 9: 167-176. doi: 10.1016/S1474-4422(09)70340-0.

4. Wardlaw JM, Smith C, Dichgans M. Mechanisms of sporadic cerebral small vessel disease: insights from neuroimaging. Lancet Neurol 2013; 12: 483-497.
doi: 10.1016/S1474-4422(13)70060-7.

5. Regenhardt RW, Das AS, Lo EH, Caplan LR. Advances in Understanding the Pathophysiology of Lacunar Stroke: A Review. JAMA Neurol 2018; 75:
1273-1281. doi: 10.1001/jamaneurol.2018.1073.

6. Gross BA, Jankowitz BT, Friedlander RM. Cerebral Intraparenchymal Hemorrhage: A Review. JAMA 2019; 321: 1295-1303. doi: 10.1001/jama.2019.2413.

7. European Stroke Initiative Writing C, Writing Committee for the EEC, Steiner T, Kaste M, Forsting M, Mendelow D, et al. Recommendations for the

management of intracranial haemorrhage - part I: spontaneous intracerebral haemorrhage. The European Stroke Initiative Writing Committee and the Writing
Committee for the EUSI Executive Committee. Cerebrovasc Dis 2006; 22: 294-316. doi: 10.1159/000094831.
8. Norrving B. Long-term prognosis after lacunar infarction. Lancet Neurol 2003; 2: 238-245. doi: 10.1016/s1474-4422(03)00352-1.

9. Portegijs S, Ong AY, Halbesma N, Hutchison A, Sudlow CL, Jackson CA. Long-term mortality and recurrent vascular events in lacunar versus non-lacunar



10.

I1.

12.

13.

14.

15.

16.

17.

18.

ischaemic stroke: A cohort study. Eur Stroke J 2022; 7: 57-65. doi: 10.1177/23969873211062019.

Poon MT, Fonville AF, Al-Shahi Salman R. Long-term prognosis after intracerebral haemorrhage: systematic review and meta-analysis. J Neurol Neurosurg
Psychiatry 2014; 85: 660-667. doi: 10.1136/jnnp-2013-306476.

Larsson SC, Wallin A, Wolk A, Markus HS. Differing association of alcohol consumption with different stroke types: a systematic review and meta-analysis.
BMC Med 2016; 14: 178. doi: 10.1186/512916-016-0721-4.

Jolink WMT, Wiegertjes K, Rinkel GJE, Algra A, de Leeuw FE, Klijn CIM. Location-specific risk factors for intracerebral hemorrhage: Systematic review
and meta-analysis. Neurology 2020; 95: ¢1807-e1818. doi: 10.1212/WNL.0000000000010418.

Morotti A, Paciaroni M, Zini A, Silvestrelli G, Del Zotto E, Caso V, et al. Risk Profile of Symptomatic Lacunar Stroke Versus Nonlobar Intracerebral
Hemorrhage. Stroke 2016; 47: 2141-2143. doi: 10.1161/STROKEAHA.116.013722.

Lioutas VA, Beiser A, Himali J, Aparicio H, Romero JR, DeCarli C, et al. Lacunar Infarcts and Intracerebral Hemorrhage Differences: A Nested Case-Control
Analysis in the FHS (Framingham Heart Study). Stroke 2017; 48: 486-489. doi: 10.1161/STROKEAHA.116.014839.

Liu J, Rutten-Jacobs L, Liu M, Markus HS, Traylor M. Causal Impact of Type 2 Diabetes Mellitus on Cerebral Small Vessel Disease: A Mendelian
Randomization Analysis. Stroke 2018; 49: 1325-1331. doi: 10.1161/STROKEAHA.117.020536.

Carpenter AM, Singh IP, Gandhi CD, Prestigiacomo CJ. Genetic risk factors for spontaneous intracerebral haemorrhage. Nat Rev Neurol 2016; 12: 40-49. doi:
10.1038/nrneurol.2015.226.

Cheng Y, Valdes Hernandez MDC, Xu M, Zhang S, Pan X, An B, et al. Differential risk factor profile and neuroimaging markers of small vessel disease
between lacunar ischemic stroke and deep intracerebral hemorrhage. Ther Adv Neurol Disord 2024; 17: 17562864241253901. doi:
10.1177/17562864241253901.

Jackson CA, Hutchison A, Dennis MS, Wardlaw JM, Lindgren A, Norrving B, et al. Differing risk factor profiles of ischemic stroke subtypes: evidence for a
distinct lacunar arteriopathy? Stroke 2010; 41: 624-629. doi: 10.1161/STROKEAHA.109.558809.



Supplementary Table 2. Differentiation of several concepts

Terminology | Definition Explanation

Acute Ischemic aCSVD defines the ischemic | ®  This is a clinical concept of a stroke
ischemic stroke events occurring in the past few subtype involves symptoms and
cerebral small | weeks, with imaging changes in the imaging features

vessel disease | territory of small arteries and arterioles | ®  Assessment of the parental artery

(ischemic compatible with the clinical symptoms. using conventional examination is
aCSVD) We propose that the imaging criterion to required for diagnosis.
diagnose ischemic aCSVD is the|* A synonym of lacunar stroke or
presence of a recent small subcortical ischemic stroke due to small artery
infarct (RSSI, see below) without disease

obvious stenosis of ipsilateral parental | ©  Transient ischemic attack is not
arteries detected on conventional included in ischemic aCSVD.

angiography. Some determined causes
should be excluded, such as embolism

and inflammatory arteritis.

RSSI A RSSI  describes neuroimaging | ®  One of the imaging features of CSVD
evidence of a recent infarction (around 3 proposed in the Standards for
weeks) in the territory of one perforating Reporting  Vascular Changes on
artery, with imaging features and clinical Neuroimaging (STRIVE)P!
symptoms consistent with a lesion.[!] e To distinguish from covert lesions,

clinical symptoms corresponding to
RSSI were emphasized in STRIVE-2[!
* A maximal axial lesion diameter of 20

mm is still a size criterion for RSSI

Lacunar Lacunar stroke or acute lacunar infarct | ® A concept proposed by Miller Fisher in

stroke/acute | describes ischemic strokes presenting 198203

lacunar with lacunar syndromes (such as pure | * One of the stroke subtypes in

infarct motor stroke, pure sensory stroke, Oxfordshire =~ Community  Stroke
sensori-motor ~ stroke, and  ataxic Project (OCSP) classification. In
hemiparesis) with an infarct lesion size OCSP, patients were allocated to
ranging from relatively large (15 to 20 different subgroups according to
mm) to very small (3 to 4 mm). 3] Most symptoms and signs.[*

lacunar strokes are thought to be caused
by intrinsic disease of a single

perforating artery.

Ischemic Ischemic stroke due to small artery | ©  One of the stroke subtypes in Trial of

stroke due to | occlusion represents patients with Org 10172 in Acute Stroke Treatment

small artery | traditional lacunar syndromes and lack (TOAST) classification

occlusion of evidence of cerebral cortical | ®  Diagnosis is based on clinical features
dysfunction. The diameter of the lesion and work-up results.!

is less than 15 mm as evaluated by CT or | ®  Some patients with aCSVD (branch

MRI. There is an absence of obvious atheromatous disease [BAD]-related




stenosis of the ipsilateral parental stroke patients, see below) may be
arteries (no more than 50%), or potential categorized  into  large  artery
cardiac sources of embolism. atherosclerosis subgroup or stroke of
undetermined etiology using TOAST
classification.
BAD It is a pathological concept referring to | ®  BAD is one of the critical mechanisms
an occlusion or stenosis at the orifice of of ischemic aCSVD which involves
the perforating artery due to the large artery atherosclerosis. [7]
atheromatous plaque within the parental
artery, a junctional plaque or a
microatheroma. [
Cerebral CMIs are small subcortical or tiny | ©  Whether CMI is one of the subtypes of
microinfarct | cortical ischemic lesions. Larger CMIs aCSVD is undetermined.
(CMI) (0.5 to 4.0 mm) can be detected using
conventional structural MRI and as
hyperintense  lesions on  diffusion
weighted imaging (DWI). Most of them
are asymptomatic and suggested to
increase the risk of cognitive decline.!®
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Supplementary Figure 1. Heterogeneous pathogenesis of acute cerebral small vessel disease (aCSVD).
Schematic illustration showing the predilection of different small vessels (dots) and lesion sites affected by
various pathological processes. Plaque distributions near perforating arteries in branch atheromatous
disease are shown in the yellow frame. Ischemic aCSVD and hypertensive intracerebral hemorrhage (ICH)
often lead to subcortical lesions, while cerebral amyloid angiopathy (CAA)-related ICH usually manifests

as lobar hematoma. (Figure created with biorender.com.)
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Supplementary Figure 2. Classification of cerebral small vessel disease (CSVD) imaging features and
their relationship with clinical manifestations. Some CSVD lesions can present with acute stroke
symptoms (red), whereas others accumulate covertly and result in neurodegenerative symptoms (yellow).
The nature of CSVD can lead to both ischemic (blue frame) and hemorrhagic (red frame) consequences.

PVS: perivascular space; ICH: intracerebral hemorrhage.
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Supplementary Figure 3. An example of vessel wall imaging that helps to differentiate two etiologies
of acute ischemic cerebral small vessel disease. Diffusion-weighted imaging and conventional magnetic
resonance angiography revealed similar lesions in two patients. Curved multiplanar reconstruction of vessel
wall imaging and transverse view of the parental artery revealed a normal vessel wall in patient A and an
atherosclerotic plaque in patient B (arrow). Therefore, the infarct lesions of patient A and B were presumed
to be caused by intrinsic cerebral small vessel disease (of lipohyalinotic origin) and branch atheromatous

disease (of atherosclerotic origin) respectively.




Supplementary Figure 4. Representative cases of acute ischemic cerebral small vessel disease lesions
with different morphological fates. An acute infarction in the left corona radiata showed cavitation with a
hemosiderin rim adjacent to the lesion (yellow arrow) after 14 months of follow-up (A). A left basal ganglia
infarction evolved into white matter hyperintensity after 14 months (B). An acute infarction on the right

pons became almost invisible at 13 months after stroke (C).
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