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Abstract

We aimed to explore the relationship between multiple hypointense vessels and cognitive function in patients with single
subcortical infarction (SSI) and the role of SSI with different etiological mechanisms in the above relationship. Multiple
hypointense vessels were measured by the number of deep medullary veins (DMVs), DM Vs score, and cortical veins (CVs)
score. The Montreal Cognitive Assessment (MoCA), the Shape Trail Test (STT), and the Stroop Color and Word Test
(SCWT) were assessed to evaluate cognitive function. SSI was dichotomized as branch atheromatous disease (BAD) and
cerebral small vessel disease (CSVD)-related SSI by whole-brain vessel-wall magnetic resonance imaging. We included a
total of 103 acute SSI patients. After adjustments were made for related risk factors of cognitive function, the SSI patients
with higher DMVs score were more likely to have longer STT-B (P=0.001) and smaller STT-B-1 min (P=0.014), and
the SSI patients with higher CVs score were more likely to have shorter STT-A (P=0.049). In subgroup analysis, we
found that the negative relationship between DMVs scores and cognitive function and the positive relationship between
CVs scores and cognitive function were significantly stronger in BAD patients. We provided valuable insights into the
associations between DMVs, CVs, and multi-domain cognitive impairment in SSI patients, which underscored the neces-
sity to further study the dynamic alterations of venules and their specific influence on post-stroke cognitive impairment.

Keywords Cortical Veins - Deep Medullary Veins - Cognitive Impairment - Vessel-wall Magnetic Resonance Imaging -
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Introduction

The etiologies of single subcortical infarction (SSI) with-
out stenotic parental artery are diverse. According to pre-
vious studies [1, 2], the two main etiological types of SSI
are cerebral small vessel disease (CSVD) related SSI and
branch atheromatous disease (BAD). CSVD-related SSI
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is characterized by lipohyalinosis and fibrinoid degenera-
tion, so-called lacunar infarction in clinical practice. The
pathology characteristic of BAD can be categorized into
three conditions (Fig. 1) [2], including carrier artery plaque
blocking the origin of a branch artery, carrier artery plaque
extending into the branch artery, and obstruction at the ori-
gin of branch artery by microatheroma. On the other hand,
about 30% of patients with lacunar infarction (including the
presence of prior lacunar stroke or SVD) will have cognitive
impairment in the following 4 years [3]. Moreover, we have
found that BAD patients perform worse than CSVD-related
SSI patients in multiple cognitive domains [4]. However,
the potential risk factors that contribute to the differences in
cognitive function between the two subtypes of SSI remain
unclear.

Changes in draining veins after cerebral ischemia are
better understood due to the application of susceptibility-
weighted imaging (SWI) [5]. In acute ischemic stroke,
increased concentration of deoxyhemoglobin leads to
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Fig. 1 Schematic drawing show-
ing the arterial pathologies in
different etiological types of
single subcortical infarction.

(A) lipohyalinosis and fibrinoid
degeneration of distal small
artery; (B) carrier artery plaque
blocking the origin of a branch
artery; (C) obstruction at the ori-
gin of branch artery by microath-
eroma; (D) carrier artery plaque
extending into the branch artery

decreased signal intensity of vessels in SWI [6]. Therefore,
the sign of multiple hypointense vessels may involve deep
medullary veins (DMVs) and cortical veins (CVs) [7]. A
recent study showed that the DM Vs score is a new imaging
biomarker for identifying cognitive impairment in CSVD
patients [8]. Nevertheless, little is known about whether the
alterations of DMVs and CVs are associated with cognitive
impairment in patients with SSI, and how the alterations of
DMVs and CVs affect cognitive function in SSI patients
with different etiological mechanisms.

In CSVD patients, the stenosis or occlusion of veins could
lead to venous hypertension and retrograde venous blood
flow, and these changes might be related to the destruction
of blood-brain barrier and brain white matter microstruc-
ture, and the patients might finally present with cognitive
decline. Therefore, we aimed to explore the relationship
between multiple hypointense vessels (measured by the
number of DMVs, DM Vs score, and CVs score) and cogni-
tive function in patients with SSI. Besides, we used whole-
brain vessel-wall imaging (WB-VWI) to distinguish the
two subtypes of SSI [9], which is available for visualizing
the lenticulostriate artery (LSA) lumen and middle cerebral
artery (MCA) vessel wall in one image setting, to further
investigate whether the poorer cognitive function of BAD
patients compared with that of CSVD-related SSI patients is
related to the number of DMV's, DM Vs score, or CVs score.
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Method

Patients

We prospectively collected acute SSI patients admitted to
our hospital from August 2018 to May 2022. This study was
approved by the institutional review board of our hospital.
Signed informed consent was obtained from all participants
(or their legally authorized representatives) in the study. The
inclusion criteria were: (1) SSI in the LSA territory (basal
ganglia, internal capsule, and corona radiata) identified by
diffusion-weighted imaging (DWI); (2) finished SWI and
WB-VWI within 14 days of symptom onset. The exclusion
criteria were: (1) previous history of stroke or transient isch-
emic attacks; (2) previous history of depression, cognitive
impairment, or other cerebral pathology; (3) patients with
>50% stenosis of the ipsilateral MCA or internal carotid
artery confirmed by computed tomography angiography; (4)
patients with non-atherosclerotic vasculopathy (e.g. dissec-
tion, vasculitis, and moyamoya disease); (5) patients with
evidence of cardioembolism confirmed by transthoracic
echocardiography and Holter monitoring (or 24-h electro-
cardiographic), such as atrial fibrillation, patent foramen
ovale, valvular heart disease, infective endocarditis, and
dilated cardiomyopathy; (6) patients with epileptic seizures,
sepsis, decreased renal function, electrical imbalance, or
other metabolic conditions that can influence the cognitive
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assessments. Flowchart for patient selection is shown in
Fig. 2.

Clinical Information and Cognitive Assessments

The demographic characteristics and vascular risk factors of
the study patients were recorded, including age, sex, educa-
tion year, smoking, drinking, hypertension, diabetes melli-
tus, hyperlipidemia, time from symptom onset to admission,
infarct volume, and lesion location. The National Institutes
of Health Stroke Scale (NIHSS) was assessed to measure the
severity of neurological deficits. The Beijing version of the
Montreal Cognitive Assessment (MoCA), the Shape Trail
Test (STT), and the Stroop Color and Word Test (SCWT)
were assessed to evaluate cognitive function during hospi-
talization. A detailed introduction to these cognitive scales
can be seen in our previous study [4].

Imaging Protocol

All the study patients finished magnetic resonance imag-
ing (MRI) examinations on a research-dedicated 3.0-Tesla

Patients with single subcortical infarction in the LSA
territory and finish MRI within 14 days of symptom

onset enrolled (n=121)

scanner (MAGNETOM Trio, Siemens, Erlangen, Germany)
using a 32-channel head coil. The protocol included conven-
tional T1-weighted, T2-weighted, fluid-attenuated inversion
recovery imaging, DWI, SWI, WB-VWI, and Three-dimen-
sional time-of-flight magnetic resonance angiography.
Imaging parameters for SWI were TR/TE=28/20 ms; 72
slices with a slice thickness of 2 mm; voxel size=0.6 %

0.6, 2 mm?; scan time =6 min. The imaging parameters of
other sequences were provided in our previous study [10].

Classification of BAD and CSVD-related SSI

To visualize the MCA vessel wall and LSA lumen in one
image setting, WB-VWI images were used to generate
multi-planar reconstruction and coronal minimum intensity
projection (minlIP). SSI was classified into BAD (a culprit
plaque positioned proximal to the LSA origin) and CSVD-
related LI (the plaque positioned distal to the LSA origin or
no plaque) based on WB-VWI. A demonstration of the clas-
sification method has been published previously [9].

Vv

Exclusion criteria:

Previous history of stroke or TIA (n=3)

Patients with > 50% stenosis of the ipsilateral MCA
or internal carotid artery (n=1)

Patients with non-atherosclerotic vasculopathy (n=2)

Patients with evidence of cardioembolism (n=2)

Vv

Included patients (n=113)

3 patients with poor MRI quality and 7 patients couldn’t

complete cognitive assessments further excluded

V

103 patients included in the analysis

Fig. 2 Flowchart for patient selection. LSA, lenticulostriate artery; MRI, magnetic resonance imaging; TIA, transient ischemic attacks; MCA,

middle cerebral artery
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Assessment of CSVD MRI Markers

According to the standards for reporting vascular changes
on neuroimaging (STRIVE) criteria proposed by Wardlaw
et al. [11], the four MRI markers of CSVD were defined
as follows: (1) Lacunes were defined as small (3-15 mm)
round or ovoid subcortical lesions, of cerebrospinal fluid
signal intensity on T1, T2, and fluid-attenuated inver-
sion recovery (FLAIR), usually with a hyperintense rim
on FLAIR; (2) White matter hyperintensity (WMH) was
defined as abnormal hyperintensity of the deep white mat-
ter or periventricular white matter on FLAIR images. In
the present study, a Fazekas score of >2 in deep white
matter and/or a Fazekas score of 3 in periventricular white
matter [12] were regarded as the presence of WMH; (3)
Cerebral microbleeds (CMBs) were defined as homoge-
neous rounded lesions (2—10 mm in diameter) of signal loss
on SWI; (4) Enlarged perivascular spaces (EPVSs) were
defined as small (< 3 mm) dot-like or linear hyperintensities
on T2-weighted imaging in the basal ganglia or centrum
semiovale. The presence of moderate to severe EPVSs in
our study was identified by finding > 10 EPVSs in unilateral
basal ganglia. A CSVD compound score ranging from 0 to
4 was established, depending on the presence or absence (1
or 0) of each CSVD MRI marker.

Measurement of DMVs and CVs

To measure DMVs and CVs, the SWI phase images were
processed by minlIP with a slice thickness of 10 mm. We
counted the number of DMVs in a region of interest of
60 mm _ 10 mm located in periventricular white matter
of the affected hemisphere for each patient (Fig. 3b) [13].
Besides, we also semiquantitatively assessed DMVs using
a scoring method ranging from 0 to 18, which consisted of
six regions including bilateral frontal, parietal, and occipital
regions (Fig. 3h) [14]. A four-point score [8, 14] (ranging
from 0 to 3) was used to evaluate DMVs of each region
based on their continuity and visibility (Fig. 3c-f). There-
fore, a score of 0 indicated prominent DMVs and a score of
18 indicated the absence of DM Vs.

Asymmetric cortical vein (ACV) was defined qualita-
tively as larger or more cortical veins of the affected hemi-
sphere compared to those of the unaffected hemisphere on
SWI minIP. The draining veins of MCA territories [15] were
divided into eight regions: (1) insular cortex (Ins); (2) ante-
rior MCA cortex (M1); (3) MCA cortex lateral to the insular
cortex (M2); (4) posterior MCA cortex (M3); (5) anterior
MCA territories immediately superior to M1(M4); (6) lat-
eral MCA territories immediately superior to M2 (M5); (7)
posterior MCA territories immediately superior to M3 (M6);
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and (8) deep white matter. Each region was scored 1 if ACV
was present and 0 if not. The total score of CV ranged from
0 to 7 (regions were scored except for deep white matter),
a score of 0 indicated normal SWI, while a score of 7 indi-
cated extensive dilatation of CVs (Fig. 3i and j).

Image Analysis

Two trained investigators (TY and YY'Y), who were blinded
to the patient’s clinical data, reviewed and analyzed all the
images with commercial software (OsiriX MD, Pixmeo
SARL, Bernex, Switzerland). Cohen’s kappa coefficient of
the inter-rater reliability was 0.85 for classifying the SSI.
Intraclass correlation coefficients of the inter-rater reliabil-
ity were 0.95 for the total CSVD score, 0.78 for the number
of DMVs, 0.75 for the DMVs score, and 0.80 for the CVs
score.

Statistical Analysis

Patients were dichotomized according to the median of the
number of DMVs, DMVs score, or CVs score. Continu-
ous variables were described as mean + standard deviation
(SD) or median [interquartile range (IQR)], while categori-
cal variables were presented as frequencies and propor-
tions. For normally distributed data, continuous variables
were compared using #-test. For skewed data, continuous
variables were compared using the Mann-Whitney U test.
Categorical variables were compared using Chi-square or
Fisher exact test. A generalized linear model was used to
assess the association between multiple hypointense ves-
sels and cognitive function in SSI patients. In generalized
linear models, the covariates and factors were selected
based on univariable analyses (P <0.1) and clinical signifi-
cance. In subgroup analysis, we stratified analyses by the
different etiological mechanisms of SSI to assess the asso-
ciation between multiple hypointense vessels and cogni-
tive function. In the generalized linear model and subgroup
analysis, STT-A and STT-B were transformed using the
natural logarithm to improve normality. Statistical signifi-
cance was defined as two-sided P < 0.05. All statistical tests
were conducted using SPSS version 26.0 (IBM, Armonk,
NY, USA).

Results

Among the 103 SSI patients, the mean age was 54.26 +9.715
years and 84 (81.6%) were male. The SSI patients were
dichotomized at the median: (1) smaller number of DMVs
group (n=62) and bigger number of DMVs group (n=41),
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Fig.3 Demonstration of the mea-
surement of multiple hypointense
vessels. (a), (b): A 48-year-old
male, a subcortical infarction

of the left cerebral hemisphere
on diffusion weighted imaging
(DWI), and deep medullary veins
(DMVs) counting; (c¢) to (f):

A schematic illustration of the
four-point DMVs score: Grade 0
indicates each vein is continuous
and with prominent visibility;
Grade 1 indicates each vein is
continuous, but at least one vein
with inhomogeneous signal;
Grade 2 indicates at least one
vein is not continuous and with
faint visibility, presenting with
spot-like hypointensities; Grade
3 indicates no vein is continuous;
(g), (h): A 61-year-old male, a
subcortical infarction of the left
cerebral hemisphere on DWI,
and his DM Vs score is 14; (i),
(j): A schematic illustration of
cortical veins (CVs) score, CVs
of the right cerebral hemisphere
are present in more numerous or
larger in the regions of M1, M3,
and M4 than in the left cerebral
hemisphere, and the patient’s
CVs score is 3 (R=right, L=Ileft)

grade 1

median=35; (2) low DMVs score group (n=67) and high
DMVs score group (n=36), median=13; (3) low CVs
score group (n=65) and high CVs score group (n=38),
median=1. SSI patients with a bigger number of DMVs
were more likely to be male (p=0.018) and had shorter time
of STT-B (p=0.023), compared with those with a smaller
number of DMVs (Table 1). SSI patients with high DMVs
score had longer time of STT-B (p=0.008) and smaller STT-
B-1 min (p=0.035), compared with those with low DMVs
score (Table 1). SSI patients with high CVs score were
more likely to be male (p=0.008), smokers (p=0.010), and
drinkers (p=0.013), compared with those with low CVs
score (Table 2).

Association Between the Number of DMVs and
Cognitive Function in SSI Patients

The number of DMVs was not associated with STT-B (3
coefficient, -0.102; 95% confidence interval [CI], -0.279 to
0.075; P=0.216), after adjusting for the male sex, infarct
volume, NIHSS score, and lacunes (Table 3).

Association Between the DMVs Score and Cognitive
Function in SSI Patients

The DM Vs score was positively associated with STT-B (3

coefficient, 0.223; 95% CI, 0.097-0.349; P=0.001) and
negatively associated with STT-B-1 min (3 coefficient,
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Table 1 Baseline characteristics in different number of DMVs and DM Vs score groups

number of number of p DMVs DMVs p
DMVs<5 DMVs>5 score<13 score> 13
(n=62) (n=41) (n=67) (n=36)
Demographics
Age (years) 54.61+9.563 53.73+10.035 0.654 54.12+9.740 54.53+9.799 0.840
Male sex 46 (74.2%) 38 (92.7%) 0.018 57 (85.1%) 27 (75.0%) 0.209
Education (years) 9 (9-16) 9(9-12) 0.546 12 (9-12) 9 (9-15) 0.688
Clinical variables
Smoking 35 (56.5%) 24 (58.5%) 0.834 39 (58.2%) 20 (55.6%) 0.795
Drinking 25 (40.3%) 21 (51.2%) 0.276 29 (43.3%) 17 (47.2%) 0.701
Hypertension 34 (54.8%) 28 (68.3%) 0.172 40 (59.7%) 22 (61.1%) 0.889
Diabetes mellitus 21 (33.9%) 11 (26.8%) 0.450 21 (31.3%) 11 (30.6%) 0.934
Hyperlipidemia 18 (29.0%) 9 (22.0%) 0.424 19 (28.4%) 8 (22.2%) 0.500
BAD 46 (74.2%) 25 (61.0%) 0.156 44 (65.7%) 27 (75.0%) 0.329
Time, onset to admis- 2 2 0.488 2.00 2.00 0.851
sion (days) (1-4) (1-4) (1.00-4.00) (1.25-4.00)
NIHSS score 4 (2-6) 2 (1-5) 0.070 4 (2-6) 3 (1-6) 0.210
Radiological data
Infarct volume (cm®)  1.475 1.06 0.087 1.21 1.615 0.571
(0.7475-2.55) (0.38-2.375) (0.64-2.04) (0.60-2.82)
Lesion location 0.621 0.847
Internal capsule 21 (61.8%) 13 (38.2%) 22 (62.9%) 13 (37.1%)
Putamen and 28 (63.6%) 16 (36.4%) 30 (68.2%) 14 (31.8%)
pallidum
Other location 13 (52.0%) 12 (48.0%) 15 (62.5%) 9 (37.5%)
>1 Lacunes 26 (41.9%) 25 (61.0%) 0.059 35 (52.2%) 16 (44.4%) 0.451
>1 CMBs 25 (40.3%) 18 (43.9%) 0.718 29 (43.3%) 14 (38.9%) 0.666
Moderate to severe 37 (59.7%) 22 (53.7%) 0.546 41 (61.2%) 18 (50.0%) 0.273
EPVSs
WMH 14 (22.6%) 15 (36.6%) 0.122 22 (32.8%) 7 (19.4%) 0.150
Total CSVD score 1.5 2.0 0.278 3.00 2.75 0.165
(1.0-3.0) (1.0-3.0) (2.00-4.00) (1.00-3.30)
Cognitive data
MoCA score 24.50 24.00 0.824 25.00 23.50 0.546
(19.75-27.00) (21.00-27.00) (21.00-27.00) (20.25-27.00)
Visuospatial/executive 4 4 0.774 4.00 3.50 0.567
function 2-5) (3-5) (2.00-5.00) (2.00-4.75)
Naming 3(2-3) 3(3-3) 0.128 3(3-3) 3(2-3) 0.396
Attention 6 (5-6) 5(5-6) 0.405 6.0 (5.0-6.0) 5.5 (5.0-6.0) 0.716
Abstraction 1.0 (1.0-2.0) 2.0 (0.5-2.0) 0.927 2(1-2) 1(1-2) 0.074
Language 2(2-3) 3(2-3) 0.675 2.0 (2.0-3.0) 2.5(2.0-3.0) 0.854
Delayed memory 3.00 2.00 0.970 2 3 0.471
(1.00-3.25) (1.00-4.00) (1-4) 2-4)
Orientation 6.0 (5.0-6.0) 6.0 (5.5-6.0) 0.298 6 (5-6) 6 (5-6) 0.649
STT-A, s 74.50 76.00 0.509 66.00 81.00 0.053
(57.75-110.50) (53.00-89.00) (53.00-89.00) (62.25-118.50)
STT-B, s 194.50 145.00 0.023 153.0 208.0 0.008
(136.25-265.25) (115.50-206.50) (119.0-222.0) (147.5-297.0)
STT-B-1 min 8.00 10.00 0.056 10 8 0.035
(5.75-12.00) (8.00-13.00) (8-13) (5-12)
Stroop-A (time), s 32.0 32.0 0.780 32.0 33.0 0.618
(27.0-42.0) (26.5-40.0) (27.0-39.0) (27.5-41.5)
Stroop-A (correct) 50 (49-50) 50 (50-50) 0.121 50 (50-50) 50 (49-50) 0.147
Stroop-B (time), s 55.00 60.00 0.511 57.00 59.50 0.931
(45.75-73.00) (42.00-80.50) (45.00-74.00) (38.00-74.25)
Stroop-B (correct) 49 49 0.566 49.00 48.00 0.815

(46-50)

(45-50)

(46.00-50.00)

(45.25-50.00)
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Table 1 (continued)

number of number of p DMVs DMVs p
DMVs<5 DMVs>5 score <13 score> 13
(n=62) (n=41) (n=67) (n=36)

Stroop-C (time), s 101.00 104.00 0.973 103.00 102.50 0.953
(80.75-137.75) (76.50-135.00) (80.00-127.00) (74.75-139.25)

Stroop-C (correct) 47.00 47.00 0.951 47.00 47.00 0.709

(43.75-49.00) (40.50-50.00)

(43.00-49.00) (37.25-49.00)

DMVs, deep medullary veins; BAD, branch atheromatous disease; NIHSS, National Institutes of Health Stroke Scale; CMBs, cerebral micro-
bleeds; EPVSs, enlarged perivascular spaces; WMH, white matter hyperintensity; CSVD, cerebral small vessel disease; MoCA, Montreal

Cognitive Assessment; STT, Shape Trail Test

-1.461; 95% CI, -2.627 to -0.294; P=0.014), after adjusting
for age, education year and NIHSS score (Table 3).

Association Between the CVs Score and Cognitive
Function in SSI Patients

When adjusting for age, male sex, smoking, drinking, and
lacunes, the CVs score was negatively associated with
STT-A (B coefficient, -0.154; 95% CI, -0.307 to 0.000;
P=0.049) (Table 4).

Subgroup Analysis

In subgroup analysis, we further explored the role of SSI
with different etiological mechanisms in the association
between multiple hypointense vessels and cognitive func-
tion (Table 5). The effect of DM Vs score on STT-B (regres-
sion coefficient, 0.241; 95%CI, 0.093—0.390; P=0.001) and
STT-B-1 min (regression coefficient, -1.520; 95%CI, -2.900
to -0.140; P=0.031) was significantly stronger in patients
with BAD. Besides, the effect of CVs score on STT-A
(regression coefficient, -0.215; 95%CI, -0.391 to -0.038;
P=0.017) was also significantly stronger in patients with
BAD.

Discussion

In the present study, the SSI patients with discontinuous or
less visible DMVs in bilateral cerebral hemisphere (higher
DMVs score) were more likely to have poorer cognitive func-
tion. Besides, the SSI patients with extensive dilatation of CVs
(higher CVs score) were more likely to have better cognitive
function. In subgroup analysis, we found that the negative rela-
tionship between DM Vs scores and cognitive function and the
positive relationship between CVs scores and cognitive func-
tion were significantly stronger in BAD patients.

Arterial and venous circulation of the brain are struc-
turally and functionally integrated. With the growing age,
alterations of arteries and capillaries could damage brain
function by cerebral blood flow (CBF) dysregulation,

ischemia, metabolic clearance disturbance, and disruption
of the blood-brain barrier [ 16]. Meanwhile, there is increas-
ing evidence suggesting that changes in brain venous cir-
culation are also important in the balance of homeostasis.
Our study demonstrated that DMVs score was negatively
associated with cognitive function of SSI patients, mainly in
the domains of executive function and memory reflected by
STT-B (the longer the time consumed for STT-B, the poorer
the executive function and memory) and STT-B-1 min (the
bigger the number that patient correctly connect within
the first one minute, the better the executive function and
memory) [17]. Consistent with the study of Xu et al., CSVD
patients with higher DMVs score were more likely to have
cognitive impairment [8]. There are two potential reasons
why the discontinuous or less visible DMVs (manifest as
an increase in the DMVs score) have a close relation with
cognitive decline. From the perspective of arterial circula-
tion, the decreasing CBF caused by aging and hypertensive
arteriolosclerosis may result in hemodynamics disorder,
chronic hypoperfusion, hypometabolism, reduction of oxy-
gen extraction fraction, and eventually decreased visibility
of DMVs on SWI [18]. In terms of veins, the changes in
DMVs’ visibility and continuity may reflect a neurodegen-
erative disease called venous collagenosis, which could
increase the venous pressure by venous wall thickening,
venous stenosis, and even occlusion [19, 20]. In the course
of the above alterations in DMVs, the CSVD burden also
changed accordingly, such as leukoaraiosis associated with
venous collagenosis [18], the rupture of small veins result-
ing in CMB [21], and cerebral microinfarct resulting from
venule occlusion [22], and all of these changes might lead
to cognitive impairment with SSI patients [23-26]. In our
study, the median of total CSVD score in the low DMVs
score group and high DMVs score group were 3 and 2.75
(Table 1), respectively, which reflected the heavy CSVD
burden in SSI patients, despite the four CSVD markers did
not show significant differences between groups.

We also found that CVs score was positively associ-
ated with the cognitive function of SSI patients, mainly
in domains of language and attention reflected by STT-A
(the longer the time consumed for STT-A, the poorer the

@ Springer



Translational Stroke Research

6970 (0°05—0°9%) 061 (0°05—$°S+) 0°'8% (3001100) g-doong
119°0 96L°0TF0T8'8S Y91°CCF 08019 s ‘(oum) g-doong
998°0 (0s-09) 0S (0s-09) 05 (131100) y-doong
81070 (ST'5€-6L°57) 00°0€ (00°€-0062) 00°€€ s ‘(oun) y-doong
€000 (€1-8) 11 (T1-9) 8 uru [-g-L1S
¥00°0 (0S°€61-SL€IT) 00°SH1 (0$'$92-00"€€1) 00°861 S ‘d-LLS
100°0 (SL'¥8-SL'LY) 00°6S (00°€11-00°€9) 00°€8 S ‘V-LLS
S01°0 (00'9-6L°S) 00°9 (00°9-00°5) 009 uonRIuSLI)
9270 D¢ (e-Dtc Kzowdwr pake[2q
80070 0'¢000¢ 0¢-s107T ogengue]
#00°0 (TDe (D1 UonoeNsqy
78€°0 9-9¢ 999 uonuANY
8+0°0 (9¢ (t0¢ SurweN
1€€°0 (9 (i 7 uonouNy 0ANNOAX0/[ETEdSONSIA
€500 (0'82-0720) 0'ST ($'92-0'61) 0°tC 21008 VDOIN
BIEp 9ATIUS0D)
¥ST0 (1Dt (c0)¢ 21098 JASD 8101
0¥t'0 (%L'€0) 6 (%8°0¢) 0T HAM
LSE0 (%T'€9) T (%8°€S) s¢ SSAJH 21043 0} AJeISPOIA
9LE0 (%t'LY) 81 (%5°8€) T SAND 1<
L8070 (%5°09) € (%1°¢) 8T saunoe 1<
(%0'9¢) 6 (%0'%9) 91 uonEed0[ YO
(%t'9¢) 91 (%9°€9) 8T umpifred pue usweing
(%T'8¢) €1 (%8°19) 1T s[nsdes [euroju]
0860 EOENooﬁ EOE@A
0by0 (SL10'T-SL1S°0) $6€'1 (S€LT-5L9°0) 1T'1 (o) sunjoA joreyu]
ejep ﬁ.mo_woﬁo%mam
9TH'0 ($T'$-00'1) 00°€ (00'9-007) 00°€ 21098 SSHIN
£€6°0 e e (sAep) uoIssIpe 03 JASUO UL,
7€6°0 (%t'89) 9T (%T'69) St avd
986°0 (%€'92) 01 (%T'92) L1 erwoprdpodAy
TTL0 (%6'82) 11 (%€TE) 1T smIy[ew sajeqel(q
856°0 (%5°09) €2 (%60°09) 6¢€ uorsus)edAH
€100 (%5°09) €T (%1s¢) €T Sunjuuq
0100 (%L'€L) 8T (%L'Ly) 1€ Supjowrg
moﬁbmﬁw\/ EUME:U
0€€0 (ST'S1-00'6) 00°C1 (0021-006) 00°6 (s1eak) wonEONPY
80070 (%L+6) 9¢ (%8°¢L) 8% XS OB\
¥90°0 1626F056°1S 0LL'6F0T9°SS (s1eak) o8y
soryderdowaq
d (8€=1) [ <3108 SAD (S9=1u) [ >21008 SAD

sdnoi3 a100s SAD JUAIYIP UI SONSLIA)ORILYD duI[esey ¢ d|qeL

pringer

As



Translational Stroke Research

Table 2 (continued)

38)

CVs score> 1 (n

=65)

(n

104.00 (86.50-138.50)

47.0 (40.5-49.0)
CVs, cortical veins; BAD, branch atheromatous disease; NIHSS, National Institutes of Health Stroke Scale; CMBs, cerebral microbleeds; EPVSs, enlarged perivascular spaces; WMH, white

CVsscore<1

0.165
0.066

97.00 (72.75-134.50)
48.0 (44.0-50.0)

Stroop-C (time), s

Stroop-C (correct)

matter hyperintensity; CSVD, cerebral small vessel disease; MoCA, Montreal Cognitive Assessment; STT, Shape Trail Test

language and attention) [17]. The two main factors for
prognosis with ischemic stroke patients are collaterals and
ischemia tolerance, which could compensate for ischemic
injury and contribute to favorable clinical outcomes [27].
On the one hand, good collaterals and asymmetric CVs may
indicate the misery perfusion of ischemic penumbra [27].
A study from Korea suggested that acute ischemic stroke
patients with hypointense vessel sign on gradient echo
imaging had better outcomes as this imaging marker implied
ischemic penumbra [28]. Additionally, Parka et al. reported
that large cerebral artery occluded patients with extensive
asymmetric CVs on SWI had a good clinical outcome at
3 months [29]. On the other hand, ischemia tolerance is a
neuroprotective mechanism associated with the preserva-
tion of microvascular perfusion during stroke [30]. A previ-
ous study showed that repetitive hypoxic preconditioning
stimuli can induce long-term tolerance against the sustained
ischemic injury of the retina [31]. Thus, ischemia tolerance
might play a critical role in patients with poor collaterals
but have a good clinical prognosis despite the underlying
mechanism remains unclear. From our point of view, the
higher the CVs score, SSI patients were more likely to have
a good cognitive outcome.

In our study, the relationship between DMVs and CVs
scores, and cognitive function was significantly stronger
in patients with BAD than those with CSVD-related SSI.
The infarctions were hypothesized to be larger in BAD
than in CSVD-related SSI based on the vascular lesions of
BAD being located proximally along the perforator artery
in comparison to those of CSVD-related SSI [32]. In BAD
patients, the bigger subcortical ischemic lesions might affect
more DMVs located in the periventricular white matter and
more strategic regions, leading to more serious cognitive
decline. Besides, with the progression of atherosclerosis,
BAD patients might have better ischemia tolerance due to
some transient and nonfatal ischemic insults before the fatal
ischemic attack, and a timely treatment to save penumbra
tissue could contribute to a favorable cognitive outcome.
However, the above hypothesis needs to be confirmed in
further research.

There are some limitations that merit consideration. The
DMVs and CVs scores were qualitatively but not quantita-
tively assessed, further study should use quantitative measures
(e.g. quantitative susceptibility mapping) for accurate evalua-
tion. Follow-up data on SWI and cognitive function were not
provided in the present study, hence some of the results might
lack convincing explanations. The study included a high pro-
portion of male patients, and we need to enroll more female
patients in future studies to confirm the reliability of our con-
clusions. This is a cohort study in a single center, our findings
need to be confirmed in other samples.

@ Springer
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Table 3 Associations between the number of DMVs, DM Vs score, and cognitive function in SSI patients

STT-B STT-B-1 min

[ coefficient (95% CI) P [ coefficient (95% CI) 3
Model 12 -0.102 (-0.279 to 0.075) 0.261
Model 2° 0.223 (0.097-0.349) 0.001
Model 3¢ -1.461 (-2.627 to -0.294) 0.014

DMVs, deep medullary veins; SSI, single subcortical infarction; STT, Shape Trail Test; NIHSS, National Institutes of Health Stroke Scale; CI,
confidence interval

# Model 1: the association between STT-B and number of DM Vs; data were adjusted for male sex, infarct volume, NIHSS score, and lacunes
® Model 2: the association between STT-B and DM Vs score; data were adjusted for age, education year, and NIHSS score

¢ Model 3: the association between STT-B-1 min and DM Vs score; data were adjusted for age, education year, and NIHSS score

Table 4 Associations between CVs score and cognitive function in SSI patients®
CVsscore<1

CVs score> 1

[ coefficient (95% CI) p 0 coefficient (95% CI) P
Naming Ref 0.124 (-0.116 to 0.364) 0.310
Abstraction Ref 0.302 (-0.008 to 0.612) 0.056
Language Ref 0.310 (-0.043 to 0.663) 0.085
STT-A Ref -0.154 (-0.307 to 0.000) 0.049
STT-B Ref -0.093 (-0.246 to 0.059) 0.231
STT-B-1 min Ref 1.265 (-0.108 to 2.638) 0.071
Stroop-A (time) Ref -2.649 (-6.546 to 1.248) 0.183

CVs, cortical veins; SSI, single subcortical infarction; STT, Shape Trail Test; CI, confidence interval

# Data were adjusted for age, male sex, smoking, drinking, and lacunes

Table 5 Association of multiple hypointense vessels with cognitive function between SSI patients with different etiological mechanisms

BAD CSVD-related SSI

Regression coefficient (95% CI) P Regression coefficient (95% CI) P
Model 1* 0.241 (0.093-0.390) 0.001 0.154 (-0.086 to 0.394) 0.208
Model 2° -1.520 (-2.900 to -0.140) 0.031 -1.190 (-3.420 to 1.040) 0.294
Model 3¢ -0.215 (-0.391 to -0.038) 0.017 -0.006 (-0.253 to 0.265) 0.962

SSI, single subcortical infarction; BAD, branch atheromatous disease; CSVD, cerebral small vessel disease; NIHSS, National Institutes of

Health Stroke Scale; CI, confidence interval; DM Vs, deep medullary veins; CVs, cortical veins

# Model 1: the association between STT-B and DM Vs score, adjust for age, education year, and NIHSS score

® Model 2: the association between STT-B-1 min and DM Vs score, adjust for age, education year, and NTHSS score

¢ Model 3: the association between STT-A and CVs score, adjust for age, male sex, smoking, drinking, and lacunes

In conclusion, we provided valuable insights into the
associations between DMVs, CVs, and multi-domain cog-
nitive impairment in SSI patients, and some of their associa-
tions were more pronounced in BAD patients. Our findings
underscore the necessity to further study the dynamic altera-
tions of venules and their specific influence on post-stroke
cognitive impairment.
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