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Background: Multiple sclerosis (MS) is a chronic autoimmune disease of the central nervous system 
(CNS). Recent studies have shown that different forms of vascular abnormalities may be related to the 
pathogenesis of MS. Susceptibility-weighted imaging (SWI) can directly image intracranial venules. The 
aim of this study was to investigate the association between deep medullary veins (DMVs) and the degree of 
neurodegeneration in patients with MS.
Methods: In this prospective cross-sectional study, 34 patients with MS and 30 age-matched healthy 
controls (HCs) were recruited. The count and score of DMVs, which can reflect the visibility and continuity 
of DMVs were evaluated based on SWI. The differences between the group with a high DMV score (DMV 
>10) and the group with a low DMV score (DMV ≤10) were assessed. The association of DMV change 
with neurodegeneration neuroimaging markers [including amount and volume of white matter lesion 
(WML), degree of cortical atrophy, whole-brain atrophy, and deep gray matter (DGM) atrophy] and clinical 
Expanded Disability Status Scale (EDSS) were observed in patients with MS.
Results: It was found that compared with controls, patients with MS (n=34) had a significantly lower 
DMV count (P<0.001) and a significantly higher DMV score (P<0.001). The low- and high-DMV score 
groups differed significantly in terms of EDSS (P=0.048) and neurodegeneration neuroimaging indicators, 
including WML volume (P=0.015), brain parenchymal fraction (BPF) (P=0.047), thalamic fraction (P=0.036), 
and caudate fraction (P=0.015). In the correlation analysis of the MS group, DMV count was negatively 
correlated with the number of WMLs (r=−0.535; P=0.001) and the WML volume (r=−0.416; P=0.014) but 
positively correlated with the neuroimaging measurements reflecting the degree of whole-brain atrophy 
and DGM atrophy. Furthermore, the DMV score was positively correlated with EDSS (r=0.450; P=0.008), 
number of WMLs (r=0.490; P=0.003), and WML volumes (r=0.635; P=0.001) but negatively correlated with 
the neuroimaging measurements reflecting the degree of whole-brain atrophy and DGM atrophy.
Conclusions: Reduced DMV visibility and continuity could reflect the severity of neurodegeneration in 
patients with MS. DMV count and score may be imaging indicators for assessing the severity of MS.
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Introduction

Mult ip le  sc leros i s  (MS)  i s  an  immune-mediated 
inflammatory demyelinating and neurodegenerative disease 
of the central nervous system (CNS), with relapsing-
remitting forms being the most common clinical condition 
(1,2). MS generally occurs among individuals 20–30 years of 
age, with a male-to-female ratio of 1:3. Clinical symptoms 
include sensory deficits, autonomic dysfunction, and ataxia. 
The etiology and pathogenesis of MS remain unclear, and 
the risk factors include genetic factors, low vitamin D levels, 
low sunlight exposure, Epstein-Barr virus infection, and 
cigarette smoking (3,4). In addition, MS is one of the major 
disabling diseases among young adults. Unfortunately, there 
is no cure for immune-mediated attacks on the CNS among 
patients with MS, and these can result in demyelination 
and recurring T-cell response (5). Therefore, effectively 
assessing the severity of the disease and further guiding 
clinical treatment decisions is critical (6).

Vascular and blood flow disturbances are key elements 
in pathological process of MS. Evidence of venous 
involvement in patients with MS can be traced back to the 
pathological studies of Charcot and Bourneville in the mid-
19th century (7-9). In 1916, histologist James W. Dawson 
was the first to describe periventricular lesions with a 
finger-like pattern along the central vein, which is now 
referred to as Dawson’s fingers (10). In the 1980s, Adams 
et al. pioneered the demonstration of vasculitis within the 
walls of the veins and small veins near active MS lesions (11).  
Recent evidence suggests that vascular components may 
be the initiating triggers for neuronal pathology and 
subsequent neurological manifestations of the disease (12).

Magnetic resonance imaging (MRI) is a powerful tool 
for confirming the diagnosis of MS and monitoring disease 
progression (13). Conventional MRI has been used to 
confirm the diagnosis and determine efficacy of disease-
modifying therapies (DMTs) via the imaging of new or 
enlarged lesions (14). Susceptibility-weighted imaging (SWI) 
has been widely and successfully used for CNS assessment 
and has become a standard component of most brain MRI 

protocols. SWI can be considered an upgrade of conventional 
T2*gradient echo (GRE) sequences since SWI improves the 
capability of T2*GRE to detect blood and calcium within the 
CNS (15). Another advantage of SWI is the display of tiny 
intracerebral veins and the accurate reflection of changes in 
deoxygenated hemoglobin content (16).

In the examination of deep medullary veins (DMVs), 
SWI is capable of noninvasively and visually imaging 
cerebral veins and assessing venous fluid oxygenation (12). 
SWI is now recognized as a sensitive method for imaging 
small intracranial veins and is able to visualize DMVs on 
3-T MRI (17). However, studies on the correlation between 
DMVs and neurodegeneration in MS remain limited. There 
is an urgent need for further attention and research in this 
area, as clarifying the relationship between cerebral venules 
and neurodegeneration may provide valuable insights into 
disease grading and identifying new therapeutic targets.

Therefore, the aim of this study was to assess the changes 
in the DMVs in patients with MS using SWI, to compare the 
neuroimaging between groups with low versus high DMV 
scores, and to determine whether DMV metrics correlate with 
the neuroimaging markers that reflect neurodegeneration. We 
present this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-1108/rc).

Methods

Participants

Clinical and imaging data of 34 patients with MS admitted 
to the Department of Neurology of the First Affiliated 
Hospital of Harbin Medical University between March 
2023 and April 2024 were collected.

The inclusion criteria for patients with MS were as 
follows: (I) diagnosis of definite MS according to the 2017 
revised McDonald criteria (18); (II) age >18 years but  
<60 years without contraindications to 3-T MRI examination; 
and (III) availability of a 3-T dataset on the same MRI 
system and standardized MS imaging protocol. Meanwhile, 
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MS patients admitted to the First Ward of the 
Department of Neurology, the First Affiliated Hospital 

of Harbin Medical University from March 2023 to 
April 2024 (n=42)

(1)	Diagnosis of definite MS according to the 2017 
revised McDonald criteria

(2)	18< age <60 years
(3)	Without contraindications to 3.0T MRI examination

Total enrolled inpatients 
with MS (n=34)

DMV count

High DMV score  
group (n=15)

DMV score

Low DMV score 
group (n=19)

Exclude
•	With a history of clinical recurrence of 

MS within the last 6 months (n=1);
•	Use of corticosteroid shock therapy 

within 4 weeks before MRI scan (n=1);
•	With a history of NMOSD, ADEM, ID, 

and other neurological disorders (n=6)

Include

DMV assessment

Figure 1 Flowchart of patient enrollment. MS, multiple sclerosis; MRI, magnetic resonance imaging; NMOSD, neuromyelitis optic 
spectrum disorder; ADEM, acute disseminated encephalomyelitis; ID, idiopathic myelitis; DMV, deep medullary vein.

the exclusion criteria were as follows: (I) patients with a 
history of clinical recurrence of MS within the previous 
6 months; (II) use of corticosteroid shock therapy 
within 4 weeks prior to the MRI scan (to avoid transient 
confounding effects of MRI); and (III) patients with a 
history of neuromyelitis optic spectrum disorder (NMOSD), 
acute disseminated encephalomyelitis (ADEM), idiopathic 
myelitis (ID), or other neurological disorders.

Clinical data on the day of MRI examination, such as 
age, gender, disease duration, and type of DMT were 
collected from patients. All patients with MS underwent a 
complete neurological examination and were assessed for 
overall neurological disability by a trained neurologist using 
the Expanded Disability Status Scale (EDSS) (19). This 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
Human Research and Ethics Committee of the First 
Affiliated Hospital of Harbin Medical University (No. 
2021JS34). All participants signed informed consent form 
before participating in the study. The process of enrollment 
of patients is shown in Figure 1.

To compare the imaging data between patients with 
MS and healthy controls (HCs), 30 age- and sex-matched 
healthy individuals were recruited during the same period.

Image acquisition

All participants underwent the same whole-brain MRI 
scanning protocol on a 3-T MR scanner (Ingenia Elition; 
Philips Healthcare, Best, the Netherlands) with a 32-channel 
phased-array head coil. The MRI sequence included the 
following: (I) three-dimensional (3D) T1-weighted imaging 
(T1WI) [field of view (FOV) =268 mm × 268 mm, matrix 
=256×256, slice thickness =0.9 mm, time of echo (TE)/time 
of repetition (TR) =3.1 ms/6.9 ms]; (II) 3D T2-weighted 
fluid-attenuated inversion recovery (T2-FLAIR) (FOV 
=268×268 mm, matrix =256 × 256, slice thickness =1.15 mm, 
TE/TR =3.1/6.9 ms); and (III) SWI performed under a 3D 
flow-compensated GRE sequence with 100 consecutive 
layers (slice thickness =2 mm, FOV =230 mm × 180 mm, 
matrix =576×251, TE/TR =9.8 ms/51 ms). Magnitude and 
phase images were also acquired.
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DMV assessment

The procedures of DMVs evaluation were divided into two 
parts: venous visibility and morphological alterations.

(I)	 The details of the visibility evaluation of DMVs are as 
follows: the visibility of DMVs on SWI was assessed 
based on the DMV count according to the method 
described by Ao et al. (17). A two-dimensional (2D) 
minimum-intensity projection map with a layer 
thickness of 6 mm was derived from consecutive slices 
of SWI in the region contoured from the ventricle 
floor to the superior roof of the corpus callosum 
(Figure 2). Additionally, a region of interest (ROI) 
of 60 mm × 10 mm was placed in the periventricular 
white matter (WM) between the frontal and occipital 
horn in each cerebral hemisphere. Veins that 
traversed perpendicularly to the lateral ventricular 
and crossed the ROI were counted via visual 
inspection, and the number of DMVs was defined as 
the average count of both hemispheres.

(II)	 The details of the evaluation for the semiquantitative 
continuity of DMVs are as follows: evaluation 
was conducted according to the semiquantitative 
visual scoring system for DMVs designed by Zhang  
et al. (20). The continuity evaluation was assessed 

based on the DMV score. DMVs were observed at 
five consecutive slices of the SWI phase images from 
the level of the ventricles immediately above the 
basal ganglia to the level of the ventricles that had 
immediately disappeared. Based on the anatomical 
structure of the DMVs, six regions, including the 
bilateral frontal region, parietal region, and occipital 
region were separated on the above five slices, and 
the characteristics of the DMVs were then evaluated 
in each region, respectively. Separately, the DMVs 
in each brain region were assessed semiquantitatively 
and scored according to their continuity and visibility 
(Figure 3). The following four-grade scoring scheme 
was used for the assessment of DMVs: all DMVs 
having a continuous and homogeneous signal was 
scored as 0, at least one DMV with an uneven but 
continuous signal was scored as 1, at least one DMV 
with a discontinuous alignment was scored as 2, and 
no continuous DMVs was scored as 3. The DMV 
score was calculated by adding together the scores 
(0 to 3) of the six brain regions. Therefore, the final 
DMV was scored on a scale of 0–18. Patients were 
divided into two groups based on the median DMV 
score: a low-DMV score group and a high-DMV 
score group.

A B

Figure 2 An example of SWI-based assessment of DMV counts in a 32-year-old male. SWI showing normal DMVs. (A) Loss-of-position 
selection of a 6-mm-thick section parallel to the corpus callosum. (B) Minimum-intensity projection of SWI and DMV count ROI on 3-T 
MRI. The white rectangular frames represent the ROI placed in the periventricular white matter in each cerebral hemisphere. The DMV 
count of the patient was 20. SWI, susceptibility-weighted imaging; DMV, deep medullary vein; ROI, region of interest; MRI, magnetic 
resonance imaging.
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Global cerebral image segmentation

Statistical Parametric Mapping 12 (SPM 12) and CAT12 
toolbox were run on R2022b MATLAB (MathWorks, 
Natick, MA, USA) to automatically segment gray matter 
(GM), WM, and cerebrospinal fluid (CSF) based on 3D 
T1WI. The scans and segmentation plots of all participants 
were visually inspected for scan quality (e.g., noise, artifacts, 
and tissue contrast) and segmentation quality. WM 
hyperintensities (WMHs) were automatically set to WM 
mode, which automatically corrects for misclassifications 
associated with T1 low-signal lesions (21). The 3D T1WI 
involved surface and thickness estimation and cortical 
thickness estimation, which were performed using a 

projection-based thickness method. Total intracranial 
volume (TIV) was calculated as the sum of GM, WM, and 
CSF volume. GM fraction (GMF) and WM fraction (WMF) 
were considered to be the ratios of GM and WM volumes 
to TIV, respectively. Brain parenchymal fraction (BPF) 
was the proportion of brain tissue volume equal to the 
following: (GM + WM)/TIV.

A WM lesion (WML) was defined as an abnormally high 
signal in periventricular WM or deep WM on T2-FLAIR. 
The raw data were transferred to the ISP workstation 
(Intellispace Portal version 10.1, Philips Healthcare) for 
image postprocessing, in which a semiautomatic edge 
detection contouring technique based on local thresholding 
was combined with 3D FLAIR sequences to manually 

Grade 0
Grade 1

Grade 2 Grade 3

Figure 3 DMV visual score of SWI phase images. An example of the four-point DMV score in parietal region: grade 0, all veins have a 
continuous and had homogeneous signal; grade 1, all veins are continuous, but one or more veins have an inhomogeneous signal; grade 
2, one or more veins are not continuous and have a punctate low signal; and grade 3, no veins are continuous. The white rectangular 
frames represent the position of the DMV scoring at the right parietal region. DMV, deep medullary vein; SWI, susceptibility-weighted 
imaging.
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outline and calculate the WML volume and WML count 
(the diagnostic criterion was the long axis of the lesion 
being at least 3 mm in length). The visual manual correction 
process included the following: (I) the correction of non-
WM area being labeled as WML and (II) the correction of 
the WML area not properly labeled as WML or normal-
appearing WM falsely labeled as WML.

Reliability of the radiological assessments

The assessment of all DMV images was performed under 
double-blind review by two neuroradiologists (Y.S. and 
Y.C. with 3 and 10 years of experience, respectively) 
who were completely unaware of the clinical data of the 
enrolled patients. Furthermore, any disagreements were 
resolved via discussion with a third neuroradiologist. The 
intraclass correlation coefficient (ICC) was used to assess 
the reliability of the DMV counts and DMV score in  
10 randomly selected scans.

Statistical analysis

Categorical variables are described as frequencies and 
percentages, and comparisons between groups were tested 
with the Chi-squared test. Continuous variables were tested 
with the Shapiro-Wilk test to verify the normality of data 
distribution, and normally distributed continuous data are 
described as mean and standard deviation (SD), with the 
comparison between groups being tested by the Student 
t-test. Nonnormally distributed data are reported as the 
median and interquartile range (IQR), with the comparison 
between groups being tested by the Mann-Whitney tests. 
The false-discovery rate (FDR) method was used to perform 
multiple comparison correction. Pearson and Spearman 
correlation tests were used to determine the correlation 
between DMVs count/score and number of WMLs, WML 
volume, whole-brain atrophy, deep GM (DGM) atrophy, 
and the EDSS in patients with MS. Age and gender were 
further adjusted for via partial correlation analysis. The final 
WML volumes were natural log-transformed to normalize 
skewness. Statistical significance was defined as a two-sided 
P value <0.05. All statistical analyses were performed with 
SPSS 26.0 (IBM Corp., Armonk, NY, USA).

Results

Participant characteristics

A total of 34 patients with MS [including 30 with relapse-

remitting MS (RRMS) and 4 with secondary progressive 
MS (SPMS)] (mean age 36.21 years; 79% female) and  
30 HCs (mean age 31.57 years; 63% female) were included 
in this study. The demographic and basic clinical and 
imaging characteristics of patients with MS and HCs group 
are summarized in Table 1 and Figure 4. Between patients 
with MS and HCs, there was no significant difference in 
gender (P=0.153) or age (P=0.073). The median disease 
duration in the MS group was 3.25 years, the median EDSS 
was 1.25, the median number of WMLs was 27, and the 
mean WML volume was 0.91±0.09.

Visibility and semiquantitative evaluation of DMVs

Compared to the HC group, the MS group had significantly 
reduced DMV visibility (P<0.001) and significantly 
higher DMV score (P<0.001). The brain tissue structure 
segmentation study showed that WMF, GMF, BPF, and 
cortical thickness were significantly reduced in patients 
with MS as compared with HCs (all P values <0.001). 
Moreover, the proportion of DGM structures (including the 
hippocampus, thalamus, caudate, putamen, and pallidum) in 
both cerebral hemispheres was significantly reduced in the 
MS group as compared with the HC group (P<0.001).

The ICCs between the observers were 0.82 for the DMV 
score and 0.88 for the DMV count.

Clinical and imaging characteristics of patients with MS 
in the low- and high-DMV score groups

Patients were divided into low- and high-DMV score 
groups based on a median DMV score of 10. The basic 
characteristics of patients with MS in the low-DMV score 
group (DMV score ≤10; IQR, 8–10) and high-DMV 
score group (DMV score >10; IQR, 11–13) are presented 
in Table 2. Patients with a high DMV score had a higher 
EDSS (P=0.048) and WML volume (P=0.015). In addition, 
the high-DMV score group had a lower BPF (P=0.047), 
thalamus fraction (P=0.036), and caudate fraction (P=0.015). 
There were no significant differences in age or disease 
duration between patients with a high DMV score and 
those with a low score.

Correlation of DMV counts with neuroimaging markers of 
neurodegeneration

In patients with MS, the DMV count was moderately 
negatively correlated with the number of WMLs (r=−0.535; 
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Table 1 Demographic, clinical, and MRI characteristics of patients with MS and HCs

Variables Patients with MS (n=34) HCs (n=30) t value/z value Adjusted P value

Gender, female 27 [79] 19 [63] – 0.153

Age (years) 36.21±1.49 33.5 (25.0, 37.0) z=−2.164 0.073

Disease duration (years) 3.25 (1.00, 8.50) – – –

EDSS 1.25 (0.00, 3.13) – – –

Imaging characteristics

DMV count 10.97±0.57 14.45±0.60 t=−4.224 <0.001**

DMV score 10.00 (8.75, 12.00) 6.50 (4.00, 9.25) z=−4.464 <0.001**

WML count 27 (14, 50.75) – – –

WML volume (mL) 0.91±0.09 – – –

Tissue segmentation

GMF 0.427±0.005 0.464±0.005 t=−5.164 <0.001**

WMF 0.329±0.005 0.357 (0.350, 0.365) z=−4.266 <0.001**

BPF 0.756±0.009 0.828 (0.812, 0.847) z=−4.938 <0.001**

Cortical thickness (mm) 2.261±0.016 2.384±0.012 t=−5.919 <0.001**

DGM measurements

Thalamus fraction 0.0050±0.0002 0.0069±0.0001 t=−6.620 <0.001**

Hippocampus fraction 0.0041±0.0001 0.0047±0.0001 t=−5.600 <0.001**

Caudate fraction 0.0037 (0.0034, 0.0040) 0.0042±0.0001 z=−4.314 <0.001**

Putamen fraction 0.0045±0.0001 0.0057±0.0001 t=−5.603 <0.001**

Pallidum fraction 0.0002 (0.002, 0.0003) 0.0003 (0.0003, 0.0004) z=−3.075 0.002*

Data are presented as mean ± SD, median (IQR), or n [%]. *, P<0.05, **, P<0.001. The adjusted P value was calculated by the FDR multiple 
comparison correction method. MRI, magnetic resonance imaging; MS, multiple sclerosis; HC, healthy control; EDSS, Expanded Disability 
Status Scale; DMV, deep medullary veins; WML, white matter lesion; GMF, gray matter fraction; WMF, white matter fraction; BPF, brain 
parenchymal fraction; DGM, deep gray matter; SD, standard deviation; IQR, interquartile range; FDR, false-discovery rate.
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Figure 4 Results of the comparative analysis of 34 patients with MS and 30 HCs. (A) Comparison of DMV count and DMV score between 
patients with MS and HCs. (B) Comparison of GMF, WMF, and BPF between patients with MS and HCs. ***, P<0.001. MS, multiple 
sclerosis; HC, healthy control; DMV, deep medullary vein; GMF, gray matter fraction; WMF, white matter fraction; BPF, brain parenchymal 
fraction.
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Table 2 Demographic, clinical, and MRI characteristics of patients with MS in the low- and high-DMV score groups

Variables DMV score ≤10 (n=19) DMV score >10 (n=15) t value/z value Adjusted P value

Gender, female 16 [84.2] 11 [73.3] – 0.503

Age (years) 34.42±2.133 38.47±1.947 t=−1.366 0.272

Disease duration (years) 3.00 (1.00, 6.00) 6.00±1.168 z=−1.272 0.293

EDSS 1.00 (0.00, 1.50) 2.93±0.603 z=−2.421 0.048*

Imaging characteristics

WML count 26.84±4.580 50.87±8.422 t=−2.649 0.050

WML volume (mL) 0.666±0.091 1.218±0.114 t=−3.774 0.015*

Tissue segmentation

GMF 0.436±0.006 0.415±0.009 t=1.907 0.11

WMF 0.339±0.007 0.317±0.007 t=2.229 0.061

BPF 0.775±0.012 0.732±0.014 t=2.360 0.047*

Cortical thickness (mm) 2.279±0.017 2.239±0.029 t=1.232 0.283

DGM measurements

Thalamus fraction 0.0055±0.0003 0.0043±0.0004 t=2.632 0.036*

Hippocampus fraction 0.0042±0.0001 0.0041±0.0001 t=0.698 0.525

Caudate fraction 0.0039±0.0001 0.0035 (0.0033, 0.0036) z=−3.049 0.015*

Putamen fraction 0.0049±0.0002 0.0040±0.0003 t=2.656 0.055

Pallidum fraction 0.0002 (0.0002, 0.0003) 0.0002 (0.0002, 0.0003) z=−0.265 0.811

Data are presented as mean ± SD, median (IQR), or n [%]. *, P<0.05. The adjusted P value was calculated by the FDR multiple comparison 
correction method. MRI, magnetic resonance imaging; MS, multiple sclerosis; DMV, deep medullary vein; EDSS, Expanded Disability 
Status Scale; WML, white matter lesion; GMF, gray matter fraction; WMF, white matter fraction; BPF, brain parenchymal fraction; DGM, 
deep gray matter; SD, standard deviation; IQR, interquartile range; FDR, false-discovery rate.

P=0.001) and WML volume (r=−0.416; P=0.014); DMV 
count was moderately positively correlated with the WMF 
(r=0.439; P=0.009) and BPF (r=0.430; P=0.011) but was 
significantly positively correlated with cortical thickness 
(r=0.621; P<0.001); DMV count was moderately positively 
correlated with hippocampal fraction (r=0.470; P=0.005) 
and caudate fraction (r=0.631; P=0.023) but was significantly 
positively correlated with thalamus fraction (r=0.730; 
P<0.001) and putamen fraction (r=0.573; P<0.001). There 
was no significant correlation between DMV count and 
EDSS, GMF, or pallidum fraction in patients with MS (all 
P values >0.05). Figure 5 shows some of the more significant 
results of the correlation analysis for DMV count. Age and 
gender were further adjusted for via partial correlation 
analysis. Table 3 shows all the results of the correlation 
analysis for DMV count.

Correlation between DMV score and neuroimaging 
markers of neurodegeneration

In the MS group, the DMV score showed a moderate 
positive correlation with EDSS (r=0.450; P=0.008) and 
a moderate and significant positive correlation with the 
number of WMLs (r=0.490; P=0.003) and WML volume 
(r=0.635; P=0.001). In patients with MS, DMV score had 
a slight and negative correlation with cortical thickness 
(r=−0.352; P=0.041) and WMF (r=−0.356; P=0.039); a 
moderate and negative correlation with BPF (r=−0.427; 
P=0.012), caudate fraction (r=−0.562; P=0.001), and 
putamen fraction (r=−0.529; P=0.001); and significant and 
negative correlation with thalamus fraction (r=−0.615; 
P<0.001). There was no significant correlation between 
DMV score and GMF, hippocampus fraction, and pallidum 
fraction (all P values >0.05). Figure 5 shows some of the 
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Figure 5 Results of correlation analyses in 34 patients with MS. (A-C) DMV count was negatively correlated with WML count (r=−0.535; 
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Table 3 Correlation analysis of DMV count and score with neuroimaging markers of neurodegeneration and EDSS score in patients with MS

Neuroimaging marker
DMV count DMV score

Correlation Adjusted correlation† Correlation Adjusted correlation†

WML count −0.535** −0.504 0.490** 0.513**

WML volume −0.416* −0.472 0.635** 0.618**

EDSS −0.163 −0.370 0.450** 0.445**

GMF 0.332 0.360 −0.336 −0.205

WMF 0.439** 0.456** −0.356* −0.405*

BPF 0.430* 0.455** −0.427* −0.338

Cortical thickness 0.621** 0.674** −0.352* −0.442*

Thalamus fraction 0.730** 0.726** −0.615** −0.610**

Hippocampus fraction 0.470** 0.511** −0.181 −0.114

Caudate fraction 0.631** 0.658** −0.562** −0.580**

Putamen fraction 0.573** 0.656** −0.529** −0.586**
†, the adjusted correlation results are the partial correlations adjusted for the linear effects of age and sex. *, P<0.05; **, P<0.01. DMV, deep 
medullary vein; EDSS, Expanded Disability Status Scale; MS, multiple sclerosis; WML, white matter lesion; GMF, gray matter fraction; 
WMF, white matter fraction; BPF, brain parenchymal fraction.

more significant results of the correlation analysis for DMV 

score. Age and gender were further adjusted for via partial 

correlation analysis. Table 3 shows all the results of the 

correlation analysis for DMV score.

Discussion

The principal findings of this study were as follows: patients 
with MS had decreased visibility of DMVs, increased 
DMV score, and significant brain tissue atrophy and DGM 
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atrophy as compared to HCs. Among patients with MS, 
the high-DMV score group had increased WML volume, 
a higher EDSS, and more pronounced cerebral and DGM 
atrophy. DMV count or score correlated with neuroimaging 
markers reflecting the degree of neurodegeneration (WML 
number and volume; cortical thickness; WMF; BPF; and 
hippocampus, thalamus, caudate, and putamen fraction) and 
EDSS.

DMVs are located in the WM, with the vast majority 
being distributed in the head and body of the caudate 
nucleus or next to the body of the lateral ventricle, and 
ultimately drain into the deep venous system via the 
subventricular veins (16). SWI allows for the detailed 
visualization of DMVs under noninvasive conditions and 
does not require the use of exogenous contrast agents. In 
this study, the evaluation of DMVs was mainly divided 
into two parts: DMV count was used to evaluate visibility 
directly, and DMV score was used to evaluate the continuity 
of DMVs. Given that alterations in the number and 
continuity of DMVs may reflect different pathological 
mechanisms (22), we comprehensively assessed DMVs 
based on the method of counting and scoring DMVs, which 
has been widely applied in the study of a variety of diseases 
(17,20,23-25). Visual assessment and several automated 
segmentation methods have been used in the investigation 
of cerebral veins. However, when evaluating the DMVs, 
we adopted the simple and reliable visual counting method 
due to the regular arrangement of DMVs perpendicular 
to the ventricles and their minimal anatomical variation. 
Previous studies have reported reduced visibility of the 
periventricular WM venous vascular system in patients with 
MS on SWI (26,27), which remains largely consistent with 
our findings. Zeng et al. also demonstrated that the mean 
scores of internal cerebral veins (ICVs) and their major 
tributaries are decreased in patients with MS, with DMVs 
being progressively diminished and shortened in patients 
with a longer course of disease (28).

The reduced visibility of DMVs and morphological 
changes further support the close relationship between 
MS and vasculature, and we related this observation to 
other research findings to analyze the causes of altered 
DMVs in MS. First, diffuse abnormalities of the cerebral 
veins may be associated with extensive parenchymal injury. 
The decreased neuronal function, poor oxygen uptake 
in diseased tissues, and decreased venous deoxygenated 
hemoglobin level can lead to loss of venous visibility in SWI 
(26,28) and positron emission tomography (29). Patients 

with MS have significantly reduced intracerebral oxygen 
utilization, cortical GM oxygen utilization, and blood flow. 
Second, proinflammatory cytokines can lead to endothelial 
dysfunction, increasing the expression of vascular 
endothelial growth factor and its receptors during the early 
inflammatory phase of the lesion, promoting the production 
of vascular adhesion molecules, and ultimately leading to an 
accelerated inflammatory cycle, loss of neuronal and glial 
cells, and angiogenesis or remodeling (30).

In our study, there was a statistically significant 
difference in the volume of periventricular and deep WMLs 
in patients with MS and high DMV scores as compared 
to those with low scores. There was a negative correlation 
between DMV count and WML number and volumes but a 
positive correlation between DMV score and WML count 
and volume, which suggests the presence of more severe 
intracranial lesion loads in patients with more pronounced 
DMV injury. This is in agreement with the previous 
findings of Sinnecker et al. (31). WML is usually thought to 
be caused by arteriolar-related injury (32), whereas DMVs 
are most likely a relatively minor cause of WML generation. 
The increased WML count and volume in patients with 
MS may be due to increased local water content resulting 
from impaired drainage of interstitial fluids or focal 
inflammatory cellular activity (33). Vos et al. (34) found 
that the abundance of Virchow-Robin spaces containing 
infiltrating white blood cells was associated with diffuse 
and focal WM abnormalities on MRI in the autopsy of 
patients with MS. Gao et al. (35) have suggested that venous 
collagen disease causes venous insufficiency by dilating the 
veins, leading to vasogenic edema. The pathophysiological 
changes of venous occlusion are known to lead to increased 
cerebral venous pressure, accelerated development of 
interstitial edema, increased CSF production, and decreased 
absorption and rupture of venous structures (36). In 
addition, ischemia, which is usually secondary to endothelial 
dysfunction and impaired autoregulation, leads to impaired 
drainage of interstitial fluid draining along the perivascular 
space (35,37), which may also be a principal cause for the 
increased abundance of WMLs.

It was also found that patients with MS had significantly 
lower WMF, GMF, BPF, and cortical thickness as 
compared to HCs; moreover, significant atrophy was 
found in the DGM of bilateral cerebral hemispheres, 
which is consistent with some previous studies (38-40). In 
addition, we associated DMV metrics with brain tissue and 
subcortical GM morphometry on this basis and found a 
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positive correlation between DMV count and WMF, BPF, 
cortical thickness, and the proportion of partial DGM in 
patients with MS. DMV score was negatively correlated 
with WMF, BPF, cortical thickness, proportion of partial 
DGM in patients with MS, indicating that MS brain 
parenchymal, cortical, and DGM atrophy is most likely 
associated with DMV damage. In a study in of community 
cohort comprising 1,056 participants, a lower DMV count 
was significantly associated with lower GM, WM, and 
hippocampal volumes (26). However, our results did not 
indicate a correlation between DMV count and GMF, 
which could also be due to the relatively small number of 
patients or the difference in study methods.

The association of local atrophy of the cortex and DGM 
with damage to the DMVs may be explained by the fact that 
cerebral atrophy leads to a reduction in brain metabolism, 
which in turn reduces the level of deoxyhemoglobin in 
the DMVs. Notably, we also found that thalamic volume 
reduction exhibited the strongest correlation with altered 
DMV count and score. There is a growing body of evidence 
suggesting that the thalamus is one of the most damaged 
subcortical DGM regions in patients with MS (38,41) and 
that the atrophy of the subcortical DGM in MS begins in 
the earliest clinical stages.

To our knowledge, research on the correlation between 
intracranial small venous injury and brain and DGM 
atrophy in MS is limited. Our study suggests that reduced 
visibility and continuity of DMV may be closely associated 
with early brain atrophy, and subsequent longitudinal 
studies should be conducted to investigate the temporal 
relationship and pathophysiological mechanisms related to 
the changes in DMVs and brain tissue atrophy. In this study, 
EDSS, which reflects the severity of physical disability in 
MS, showed a moderately correlation with DMV score, 
suggesting that DMV impairment may substantially reflect 
the severity of physical disability in patients with MS.

Certain limitations to this study should be acknowledged. 
First, as we employed a cross-sectional design, the 
temporal relationship and causality between DMVs and 
neurodegeneration in MS could not be determined. Due 
to the small number of patients with SPMS among the 34 
patients with MS, it was not possible to further analyze 
the differences in DMVs between the SPMS and RRMS 
populations, and future studies should enroll more patients 
with other subtypes. Finally, further prospective, large-
sample, and multicenter-cohort studies are needed to 
validate our findings.

Conclusions

This study investigated the association between DMV 
metrics and neuroimaging markers of neurodegeneration 
in MS, demonstrating that both DMV count and DMV 
score may be potential imaging indicators for assessing the 
severity of brain tissue injury in patients with MS. This may 
be beneficial for effectively evaluating the severity of the 
disease and for guiding clinical treatment decisions.
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