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Background: Perivascular space (PVS) is associated with neurodegenerative and neuroimmune diseases. 
Multiple sclerosis (MS) is traditionally a neuroimmune disease. However, studies show neurodegeneration 
also plays a vital role in MS. At present, most studies conclude severer PVS in MS is an imaging marker of 
neuroinflammation, while a 7T MRI study suggests that PVS in MS is associated with neurodegeneration. 
Methods: In this study, 82 MS patients (n=82) and 32 healthy controls (n=32) were enrolled. The following 
indexes were measured: the number, size and distribution of PVS, the PVS score, corpus callosum index (CCI), 
corpus callosum area (CCA), the ratio of the corpus callosum to the cranium (CCR), aligned third ventricle 
width (a3VW), and unaligned third ventricle width (u3VW). 
Results: The PVS score (4 vs. 3, P=0.041), PVSs number (103.280±45.107 vs. 87.625±30.139, P=0.035), 
and enlarged perivascular spaces (EPVSs) number (9 vs. 1, P<0.001) of MS patients were significantly higher 
than in the healthy controls. PVSs number (23.5 vs. 13) and EPVSs number (1 vs. 0) in the basal ganglia 
(BG), and EPVSs number (3 vs. 0) in centrum semiovale (CSO) of MS patients were significantly higher 
than in the healthy controls, P<0.001. In MS patients, PVS was correlated with age and hypertension but 
not to the extended disability status scale (EDSS) score and other clinical data. In MS patients, PVS score 
was correlated with CCA (rs=0.272; P=0.013) and the CCR (rs=0.219; P=0.048), and PVSs number was 
correlated with CCA (rs=0.255; P=0.021), the correlation disappeared after adjusting hypertension and age. 
In MS patients in remission, PVSs number was correlated with CCA (rs=0.487; P=0.019), CCR (rs=0.479; 
P=0.021), and PVS score was correlated with CCA (rs=0.453; P=0.03). After adjustment of hypertension and 
age, the total number of PVSs was correlated with CCA (rs=0.419; P=0.049).
Conclusions: The PVS load in MS patients was heavier than healthy people, especially in BG and CSO. 
PVS was not correlated with EDSS in MS patients. The PVS of MS patients was associated with CCA and 
CCR, and PVSs number was independently related with CCA in MS patients in remission.
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Introduction 

Perivascular spaces (PVS) refer to the tissue spaces formed 
by accompanying and wrapping the small arteries and veins 
through the brain parenchyma at the microvascular levels 
and are composed of single or double layers of pia mater. 
PVS is filled with interstitial fluid rather than cerebrospinal 
fluid. PVS is a kind of normal anatomy. Generally, it is 
not visible (1). PVS is part of the blood-brain barrier and 
plays an essential role in brain fluid drainage, material 
transportation, and immune regulation. It may be one 
of the most important pathways for soluble proteins and 
leukocytes to enter the central nervous system (CNS) (2). 

At present, there are many studies on PVS and 
CNS diseases. Previous studies revealed that aging (3), 
hypertension (4), cerebrovascular disease, neurodegeneration 
(such as Alzheimer’s disease, dementia, etc.) (5,6), and 
neuroimmune inflammation [such as multiple sclerosis (MS), 
neuromyelitis optica, etc.] could all lead to the expansion 
of the PVS, thus enlarged perivascular spaces (EPVS) are 
formed, which can be displayed on magnetic resonance 
imaging (MRI). 

MS is traditionally a chronic immune-mediated 
inflammatory demyelinating disease of the CNS. However, 
in past studies, it has been revealed that the occurrence and 
development of disability in MS patients are contradictory 
to the neuroinflammatory lesions shown by MRI. That 
is, there is “clinico-radiological paradox (7,8)”. The 
disease also has prominent neurodegenerative features, 
and it has a stronger correlation with clinical disability, 
but the correlation of the disease with neurodegeneration 
and neuroinflammation is unclear (9). Brain atrophy is a 
quantifiable MRI neurodegenerative index of MS (10). 

PVS is associated with both neurodegenerative diseases 
and neuroimmune diseases. However, MS is a disease 
with both neuroinflammation and neurodegeneration. At 
present, most clinical studies on PVS and MS believe that 
PVS in MS is only related to neuroinflammation (11-16). A 
7T MRI study also suggests that the occurrence of PVS in 
MS is associated with neurodegeneration (17). 

This study aims to analyze and verify the PVS image 
characteristics in MS and determine the correlation between 
PVS and neurodegeneration in MS. 

We present the following article in accordance with the 
MDAR checklist (available at https://dx.doi.org/10.21037/
qims-21-705).

Methods 

Subjects 

In this study, we retrospectively collected and analyzed the 
data of 82 patients (n=82) diagnosed with MS treated at the 
Second Hospital of Hebei Medical University from 2017 
to 2020, and 32 healthy volunteers who received physical 
examinations at the hospital at the same time were enrolled 
as the control group (n=32). The MS groups consisted of 
24 patients with an initial neurological event (INE), 47 
relapsing-remitting (RR), 11 progressive MS patients. The 
study was conducted in accordance with the Declaration of 
Helsinki (as was revised in 2013). The study was approved 
by Ethics Committee of the Second Hospital of Hebei 
Medical University (No. 2021-R433) and informed consent 
was taken from all the patients.

MS patients met the following inclusion criteria: (I) 
patients aged 15–65 years old; (II) patients who met the 
2017 edition of the McDonald MS diagnostic criteria and 
completed a 3T MRI examination. Exclusion criteria: (I) 
patients with neuromyelitis optica spectrum disorders 
(NMOSD), acute disseminated encephalomyelit is 
(ADEM), idiopathic myelitis (IM), and patients with other 
neurological histories; (II) patients with aphasia, deafness, 
and mental disorders that affected investigation; (III) 
patients with poor image quality. 

The inclusion criteria of healthy volunteers were as 
follows: (I) subjects without a nervous system disease; (II) 
subjects without evidence of a pathological MRI; (III) 
subjects without a contraindication for an MRI examination. 

Clinical data acquisition 

Clinical information was collected from patients, including 
age, gender, hypertension, diabetes, hyperlipidemia, 
smoking and drinking history. The extended disability status 
scale (EDSS) was used to evaluate the physical condition 
of MS patients at the time of the MRI examination, where 
EDSS <3 indicates mild disability, and EDSS ≥3 indicates 
severe disability. 

MRI scheme 

MRI images were collected using a 3.0T superconducting 
MRI scanner produced by Philips equipped with an 
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8-channel head quadrature coil. Axial scanning with T1 
weighted (T1WI), T2 weighted (T2WI), and T2-FLAIR 
sequences, and sagittal scanning with T1 weighted (T1WI) 
sequences were performed. Scan parameters: T1WI: 
repetition time (TR) 190 ms, echo time (TE) 2 ms; T2WI: 
TR 5,000 ms, TE 110 ms; T2WI: FLAIR TR 7,000 ms, TE 
140 ms; the slice thickness was 6 mm, the interslice gap was 
5 mm; and field of view (FOV) was 230 mm × 230 mm. 

MRI interpretation and analysis 

MRI images were interpreted and analyzed by two 
neuroimaging doctors blinded to the clinical information 
using the Radiant software. 

PVS interpretation and scoring 
PVS is generally defined as round, oval, or linear lacuna 
with clear edges on MRI, which is located in the area 
supplied by the perforating artery, with an isointensive 
cerebrospinal fluid (CSF) signal (hypointensive signal on 
T1, hyperintensive signal on T2, FLAIR isointensive signal 
but usually without a hyperintensive signal edge). Generally, 
the maximum diameter is <3 mm. For the lesions that meet 
the above criteria but whose maximum diameter was ≥3 mm,  
PVS was diagnosed only when it had a typical vascular 
shape and followed the direction of the perforating artery. 
Because of the quality of the MRI image, interpretation 
was mainly based on the T2 image (example: PVS on MRI, 
Figure 1). 

The number and distribution of PVS were recorded. 
When measuring the size of PVS, for circular PVS, the 
diameter was measured. For elliptic PVS, the short diameter 
was measured. For linear PVS, the maximum diameter of its 
minor axis was measured. PVS with a diameter >2 mm was 
defined as EPVSs. 

PVS was scored according to the literature published 
by Potter et al. (18). For the centrum semiovale (CSO) 
and basal ganglia (BG), each hemisphere was evaluated 
and scored separately. Then, when the hemispheres were 
asymmetric, the side with a higher score was scored. The 
PVS scores were 0 (none), 1 (1–10 PVSs), 2 (11–20 PVSs), 3 
(21–40 PVSs), and 4 (>40 PVSs). According to the presence 
of PVS, the score was 0 (without PVS) or 1 (with PVS) for 
the midbrain and hippocampus. As PVS can be seen in the 
anterior commissure of healthy subjects and patients, the 
anterior commissure layer was not involved in the scoring. 
The final PVS score was the sum of the scores of the four 
regions. Theoretically, the PVS score may be 0–10 (example: 
PVS of different brain regions, see Figure 2). 

Measurement of brain atrophy 
Commonly used imaging evaluation methods of brain 
atrophy in clinic are as below: (I) linear measurement, which 
is easy to obtain and reliable; (II) area measurement that can 
indirectly reflect the brain volume by measuring the area of 
each part of the brain; (III) volume measurement, accurate 
but difficult to obtain. People could choose these methods 
according to their needs in clinic or in research.

Figure 1 PVS on MRI. The green arrow indicates a typical PVS. The cavity pointed by the red triangle has a high signal edge, not PVS. 
PVS, perivascular space; MRI, magnetic resonance imaging.
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The following two-dimensional quantitative indexes of 
brain atrophy were measured and recorded: 

(I) Corpus callosum area (CCA) and corpus callosum 
index (CCI): measured on the median sagittal 
image. The area of the corpus callosum was 
obtained by outlining it. The CCI was measured by 
hand. The calculation method is to divide the sum 
of the anterior-to-posterior length of the genu (aa'), 
the length of the splenium (bb'), and the height of 
the body of corpus callosum (cc') by the length of 
the corpus callosum (ab), and the formula is: (aa' + 
bb' + cc')/ab. 

(II) The ratio of the corpus callosum to cranium (CCR): 
first, the sagittal area was measured. On the median 
sagittal image, the dura mater was drawn to outline 
its intracranial contour, and the dura was shown as 
a bright line close to the skull intima on the MRI 
image. In the region in which the dura cannot be 
seen, the inner edge of the skull was outlined along 

the substantial part of the brain. Because the inside 
of the skull at the bottom of the anterior fossa 
is not visible, the edge of the brain was directly 
sketched. This line passed directly through the 
pituitary fossa. The inferior margin of the cranial 
cavity is defined as the line connecting the anterior 
and posterior margins of the foramen magnum. 
CCR = corpus callosum area/median sagittal area. 

(III) Width of the third ventricle: the lower border of 
the corpus callosum was used as the anatomical 
marker to reconstruct the image, and the width of 
the third ventricle was measured before and after 
reconstruction; that is, the unaligned third ventricle 
width (u3VW) and the aligned third ventricle 
width (a3VW). The width of the third ventricle was 
measured at the midpoint of its long axis. 

Among these indexes, the numerical values of CCI, 
CCA, and CCR were negatively correlated with the degree 
of brain atrophy, and the numerical values of u3VW and 

Figure 2 PVSs in different brain regions. (A) CSO-PVS; (B) BG-PVS; (C) midbrain PVS; (D) hippocampus PVS. The green arrows indicate 
PVSs. CSO, centrum semiovale; PVS, perivascular space; BG, basal ganglia.

A

C

B

D



1008 Liu et al. PVS in MS is associated with brain atrophy

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(2):1004-1019 | https://dx.doi.org/10.21037/qims-21-705

a3VW were positively correlated with the degree of brain 
atrophy (example: measurement of brain atrophy, see 
Figure 3). 

Statistical analysis 

Statistical analysis was conducted using the statistical 
software SPSS 21.0. For descriptive statistical results, the 
Kolmogorov-Smirnov test and visual histogram inspection 
were used to evaluate the normality of continuous variables. 
Normally distributed continuous variables were expressed 
as mean ± standard deviation (x±SD), and non-normally 
distributed continuous variables were expressed as the 
median and interquartile range (M, IQR). Categorical 
variables were expressed as percentages (%) and compared 
using the chi-squared and Fisher’s exact tests. Continuous 

variables were evaluated using an independent sample t-test 
or Mann-Whitney U test. Univariate and multivariate 
logistic regression were used to analyze the correlation 
between PVS and the disability degree of MS. Pearson/
Spearman correlation analysis and partial correlation 
analysis were used to analyze the correlations of PVS and 
brain atrophy. The inter-observer agreement was calculated 
through the Cohen κ value and intraclass correlation 
coefficient (ICC). P<0.05 was considered statistically 
significant. 

Results

Comparison of general clinical data

A total of 82 MS patients and 32 healthy controls were 

Figure 3 Measurement of brain atrophy. (A) Measurement of CCA (green line) and median sagittal area (red dot line); (B) CCI = (aa' + bb' 
+ cc')/ab; (C) U3VW (green line) and a3VW (red line) are measured on the horizontal plane; (D) the third ventricle width (d) is measured at 
the midpoint of its length. CCA, corpus callosum area; CCI, corpus callosum index; U3VW, unaligned third ventricle width.
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enrolled in this study. In the MS group, the average age 
was 37.8±14.1 years old, among whom 35 patients were 
males. In the healthy control group, the average age was 
38.3±12.8 years old, among whom nine patients were males. 
The differences in age, gender, hypertension, diabetes, 
hyperlipidemia, smoking, and drinking between the two 
groups were not statistically significant (P>0.05 for all,  
Table 1).

MS patients contained 59 acute attack MS patients 
and 23 MS patients in remission. The differences in all 
clinical data between the two groups were not statistically 
significant (P>0.05 for all, Table 2).

Characteristic analysis of PVS

The PVS score (4 vs. 3, P=0.041), the total number of PVS 

(103.280±45.107 vs. 87.625±30.139, P=0.035), and the 
total number of EPVS (9 vs. 1, P<0.001) of MS patients 
were significantly higher than the healthy controls. For 
the distribution of PVS, the number of PVSs in the BG 
of MS patients (23.5 vs. 13, P<0.001) was significantly 
higher than the healthy controls, and the number of PVSs 
in the CSO of MS patients was higher than the healthy 
controls (46.5 vs. 43, P=0.18), but the difference was not 
statistically significant. For the distribution of EPVS, the 
CSO-EPVS (3 vs. 0, P<0.001) and BG-EPVS (1 vs. 0, 
P<0.001) in the MS group were higher than the healthy 
control group (Table 3). 

The difference of the PVS load was not statistically 
significant between the acute attack MS patients and MS 
patients in remission (Table 4).

There were excellent inter-reader agreements for 

Table 1 Comparison of general clinical data between the MS group and healthy control group 

Clinical data MS group (n=82) Control group (n=32) P value

Age, years 37.8±14.1 38.3±12.8 0.851

Gender, male 35 (42.7%) 9 (28.4%) 0.151

Hypertension 18 (22%) 5 (15.6%) 0.449

Diabetes mellitus 6 (7.3%) 2 (3.6%) 1.000

Hyperlipidemia 4 (4.7%) 0 (0%) 0.575

Smoking 15 (18.3%) 1 (3.1%) 0.073

Drinking 4 (4.9%) 0 (0%) 0.575

Admission due to EDSS 2.5 [2–4] – –

Duration of disease (months) 13.5 (1–51.75) – –

MS, multiple sclerosis; EDSS, extended disability status scale.

Table 2 Comparison of general clinical data between the acute attack MS group and the remission MS group

Clinical data The acute attack MS group (n=59) The remission MS group (n=23) P value

Age, years 39±14.3 34.7±13.3 0.221

Gender, male 23 (39.0%) 12 (52.2%) 0.278

Hypertension 13 (22.0%) 5 (21.7%) 0.977

Diabetes mellitus 4 (6.8%) 2 (8.7%) 1.000 

Hyperlipidemia 3 (5.1%) 1 (4.3%) 1.000 

Smoking 8 (13.6%) 7 (30.4%) 0.066

Drinking 3 (5.1%) 1 (4.3%) 1.000 

Duration of disease (months) 7 (0.7–78.0) 30 (4.5–70) 0.108

MS, multiple sclerosis.
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the identification of PVS (ICC =0.97, P<0.001), EPVS  
(ICC =0.995, P<0.001), and PVS score (kappa =1, P<0.001).

Comparison of brain atrophy indexes

The CCI (0.447±0.105 vs. 0.502±0.060, P=0.001), CCA 
(5.382±1.380 vs.  6.147±1.114 cm2, P=0.006), CCR 
(0.037±0.009 vs. 0.043±0.007, P=0.006) of MS patients 
were lower than those of healthy controls, but the u3VW 
(4.404±2.711 vs. 3.024±0.928 mm, P=0.006) and a3VW 
(4.428±2.687 vs. 3.035±0.953 mm, P=0.005) of MS patients 
were significantly higher than those of the healthy control 
group (Table 5).

The difference of all brain atrophy indexes was not 
statistically significant between the acute attack MS patients 
and MS patients in remission (Table 6).

Correlation analysis of PVS with brain atrophy and MS 
disability

Univariate binary logistic regression analysis revealed that the 
severity of disability was not correlated with the number, size, 
distribution of PVS in acute MS patients. After controlling 
for gender, age, hypertension, recurrence frequency, and 
duration of disease, the severity of disability remained 
uncorrelated with the number, size, distribution of P VS. 

Univariate logistic regression analysis revealed that CCI 
(OR: 0.495; 95% CI: 0.296–0.828; P=0.007), CCA (OR: 
0.677; 95% CI: 0.479–0.957; P=0.027), CCR (OR: 0.515, 
95% CI: 0.303–0.849, P=0.009), u3VW (OR: 1.437; 95% 
CI: 1.051–1.963; P=0.023), and a3VW (OR: 1.487; 95% 
CI: 1.084–2.038; P=0.014) were associated with the severity 
of disability, and, after controlling for gender and age, CCI 

Table 3 Comparison of PVS between the MS group and healthy control group

PVS MS group (n=82) Control group (n=32) P value

PVS load

PVS score 4 [3–4] 3 [3–4] 0.041

Total number of PVSs 103.280±45.107 87.625±30.139 0.035

Total number of EPVS 9 (4.75–17) 1 (0.25–2.75) <0.001

PVS distribution

CSO-PVS 46.5 (27.75–63.5) 43 (34.25–60.5) 0.18

BG-PVS 23.5 [15–36] 13 [7.25–16] <0.001

Midbrain PVS 0 (0–1) 0 (0–0) 0.64

Hippocampal PVS 1.5 (0–6) 2.5 (0–4.75) 0.892

EPVS distribution

CSO-EPVS 3 [1–6] 0 (0–1) <0.001

BG-EPVS 1 (0–3.25) 0 (0–0) <0.001

Midbrain EPVS 0 (0–0) 0 (0–0) 0.068

Hippocampal EPVS 0 (0–1) 0 (0–0) 0.068

MS, multiple sclerosis; PVS, perivascular space; EPVS, enlarged perivascular space; CSO, centrum semiovale; BG, basal ganglia.

Table 4 Comparison of PVS between the acute attack MS group and the remission MS group

PVS load The acute attack MS group (n=59) The remission MS group (n=23) P value

PVS score 4 [3–5] 4 [3–4] 0.574

Total number of PVSs 106.3±51.5 102.1±42.8 0.703

Total number of EPVS 7 [4–13] 11 [5–18] 0.135

MS, multiple sclerosis; PVS, perivascular space; EPVS, enlarged perivascular space.
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(OR: 0.479; 95% CI: 0.284–0.808; P=0.006), CCA (OR: 
0.619; 95% CI: 0.423–0.906; P=0.013), CCR (OR: 0.466; 
95% CI: 0.274–0.792; P=0.005), u3VW (OR: 1.446; 95% 
CI: 1.055–1.981; P=0.022), and a3VW (OR: 1.499; 95% CI: 
1.090–2.061; P=0.013) were still associated with the severity 
of disability (Table 7).

Correlation between PVS and brain atrophy

In MS patients, the PVS score (rs=0.352; P=0.01), the total 
number of PVSs (rs=0.353; P=0.001), and the total number 
of EPVSs (rs=0.258; P=0.019) were correlated with age, and 
the PVS score (rs=0.296; P=0.007) and total number of PVSs 
(rs=0.289; P=0.008) were associated with hypertension, but 
not with recurrence times, duration of disease, EDSS scores, 
and other clinical data. In MS patients, the PVS score was 
correlated with CCA (rs=0.272; P=0.013) and CCR (rs=0.219; 
P=0.048). The total number of PVSs was associated with 
CCA (rs=0.255; P=0.021), and had a positive correlation 
tendency with CCR (rs=0.201; P=0.071), u3VW (rs=–0.199; 
P=0.073), and a3VW (rs=–0.201; P=0.071). In the healthy 
control group, the PVS score was only correlated with males 
(rs=0.437; P=0.012) and not correlated with other clinical 

data and brain atrophy. The total number of PVSs and 
EPVSs were not associated with the general clinical data and 
brain atrophy. After adjustment of hypertension and age, this 
correlation disappeared (Table 8).

In patients with acute attack MS, the total number of 
PVS (age: rs=0.401, P=0.002; hypertension: rs=0.303, 
P=0.02), the total number of EPVS (age: rs=0.359, P=0.005; 
hypertension: rs=0.261, P=0.046), PVS score (age: rs=0.349, 
P=0.007; hypertension: rs=0.300, P=0.021) were related to 
age and hypertension rather to other clinical factors and 
brain atrophy indexes. In MS patients in remission, the 
total number of PVSs was correlated with CCA (rs=0.487; 
P=0.019), CCR (rs=0.479; P=0.021), and PVS score was 
correlated with CCA (rs=0.453; P=0.030). After adjustment 
of hypertension and age, the total number of PVSs was 
correlated with CCA (rs=0.419; P=0.049) (Table 9).

Discussion

The PVS load of MS patients is heavier, which is usually 
considered an imaging marker of MS inflammatory 
response

The present study revealed that, compared with healthy 

Table 5 Comparison of brain atrophy indexes between the MS group and healthy control group

Brain atrophy indexes MS group (n=82) Control group (n=32) P value

CCI 0.447±0.105 0.502±0.060 0.001

CCA, cm2 5.382±1.380 6.147±1.114 0.006

CCR 0.037±0.009 0.043±0.007 0.001

u3VW, mm 4.404±2.711 3.024±0.928 0.006

a3VW, mm 4.428±2.687 3.035±0.953 0.005

MS, multiple sclerosis; CCI, corpus callosum index; CCA, corpus callosum area; CCR, ratio of the corpus callosum to the cranium; a3VW, 
aligned third ventricle width; u3VW, unaligned third ventricle width.

Table 6 Comparison of brain atrophy indexes between the acute attack MS group and the remission MS group 

Brain atrophy indexes The acute attack MS group (n=59) The remission MS group (n=23) P value

CCI 0.445±0.103 0.451±0.113 0.832

CCA, cm2 5.446±1.358 5.219±1.451 0.507

CCR 0.038±0.009 0.036±0.009 0.422

u3VW, mm 4.063±1.525 5.279±4.452 0.212

a3VW, mm 4.093±1.538 5.286±4.390 0.215

MS, multiple sclerosis; CCI, corpus callosum index; CCA, corpus callosum area; CCR, ratio of the corpus callosum to the cranium; a3VW, 
aligned third ventricle width; u3VW, unaligned third ventricle width.
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controls, the PVS load of MS patients was heavier. That is, 
the PVS score was higher, the number and diameter were 
larger, and the PVS load of BG and CSO was especially 
heavy.

At present, inconsistent results of the frequency, number, 
volume, and significance of PVS in MS have been published. 
First, Achiron and Faibel found a high PVS load in a group 
of newly diagnosed MS patients, and it is considered that 
it may be a neuroradiological marker reflecting the early 
inflammatory changes of MS (11). Most neuroimaging 
studies on PVS in MS patients have consistently 
revealed that the number (12,13,17) and size (14)  
of PVS in MS patients were higher than those in healthy 
controls. However, an Arab study failed to replicate these 
findings (15). The most consistent site of PVS with MS was 
the CSO (11,13,16,17). Our previous study found that the 
incidence of PVS in the BG was the highest in MS patients. 
Compared with the control group, EPVS seemed to be 
more common at atypical sites in MS patients (19). The 
results of the present study revealed that PVS scores and 
the number and size of PVS in MS patients were higher 
than those in healthy controls. That is, the PVS load was 
higher in MS patients than in healthy controls. The number 
of PVSs in the BG of MS patients was significantly larger 
than in healthy controls. The number of PVSs in the CSO 
was larger than in healthy controls. The number of PVSs in 
the CSO and BG was larger than in healthy controls. PVSs 
are a pathway for cerebral lymphatic drainage between 
the periarterial space and the lymphatic system, and are 
implicated in the case of blood-brain barrier abnormality 

and inflammation. During the onset of MS, the immune-
inflammatory cells are widely distributed in the PVS, and 
inflammatory activity leads to cell infiltration and edema, 
which may lead to PVS enlargement, thus increasing the 
number and volume of PVS on MRI. Macrophages carrying 
MHC-II antigens can capture foreign antigens entering the 
brain in PVS, which are treated locally by lymphocytes or 
transported to local lymph nodes (20,21). The macrophages 
contained in PVS have contact with the circulating T 
lymphocytes (22) which the immune response starts from. 
T cell activation begins at the periphery of the lymphoid 
compartment and then reaches the CNS circulating 
in the PVS (14). Once the large number of activated 
macrophages and T and B lymphocytes accumulate in PVS, 
a comprehensive immune response can be generated there. 
This perivascular accumulation of cells could be due to the 
resultant overflow of immune response, or the stimulating 
antigens being confined to cells in the PVSs. In addition, 
the endocytosis of perivascular macrophages can cause an 
immune response in PVS and identify endogenous serum 
proteins (IgG, complement C9, IgM) in P VS. The high 
PVS load of MS revealed in this study may be related to the 
inflammatory reaction of P VS. Furthermore, the high PVS 
load in the CSO and BG may indicate that perivascular 
macrophages and stimulating antigens at this site have 
more significant effects and more active immune-mediated 
responses. Studies have shown that the PVS load of MS 
patients in the acute attack stage (11,14) and remission  
stage (12) were higher than that of the healthy control 
group. However, there was still a lack of reports on the 

Table 7 Correlation analysis of PVS with brain atrophy linear indexes and the severity of disability in MS 

Variables
Univariate analysis Multivariate analysis

P value OR 95% CI P value OR 95% CI

PVS score 0.452 0.843 0.54–1.316 0.344* 0.775 0.458–1.313

Total number of PVSs 0.898 1.001 0.989–1.013 0.874* 1.001 0.987–1.016

Total number of EPVS 0.283 0.97 0.917–1.026 0.41* 0.973 0.913–1.038

CCI 0.007 0.495 0.296–0.828 0.006# 0.479 0.284–0.808

CCA, cm2 0.027 0.677 0.479–0.957 0.013# 0.619 0.423–0.906

CCR 0.009 0.515 0.303–0.849 0.005# 0.466 0.274–0.792

u3VW, mm 0.023 1.437 1.051–1.963 0.022# 1.446 1.055–1.981

a3VW, mm 0.014 1.487 1.084–2.038 0.013# 1.499 1.090–2.061

*, after controlling for gender, age, hypertension, recurrence frequency and duration of disease; #, after controlling for gender and age. MS, 
multiple sclerosis; PVS, perivascular space; EPVS, enlarged perivascular space; CCI, corpus callosum index; CCA, corpus callosum area; 
CCR, ratio of the corpus callosum to the cranium; a3VW, aligned third ventricle width; u3VW, unaligned third ventricle width.
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Table 8 Correlation analysis of PVS and brain atrophy linear indexes in the MS group and healthy control group

Variables rs/P

MS group (n=82) Control group (n=32)

PVS score
Total number  

of PVS
Total number  

of EPVS
PVS score

Total number  
of PVS

Total number  
of EPVS

Age rs 0.352 0.353 0.258 0.059 0.26 −0.173

P 0.001 0.001 0.019 0.748 0.151 0.344

Gender rs 0.129 0.122 0.118 0.437 0.128 0.097

P 0.249 0.273 0.29 0.012 0.485 0.597

Hypertension rs 0.296 0.289 0.128 0.281 0.252 -0.005

P 0.007 0.008 0.253 0.12 0.165 0.979

Recurrence times rs −0.075 −0.145 −0.117 – – –

P 0.501 0.193 0.297 – – –

Duration of disease (months) rs −0.046 −0.128 −0.219 – – –

P 0.683 0.252 0.148 – – –

EDSS rs −0.094 −0.129 −0.016 – – –

P 0.399 0.25 0.889 – – –

CCI rs 0.033 0.176 0.049 −0.185 −0.071 −0.07

P 0.767 0.113 0.66 0.309 0.701 0.704

CCA, cm2 rs 0.272 0.255 0.058 0.088 0.021 −0.066

P 0.013 0.021 0.607 0.633 0.91 0.722

CCR rs 0.219 0.201 −0.006 −0.05 −0.078 −0.055

P 0.048 0.071 0.956 0.784 0.672 0.766

u3VW, mm rs −0.073 −0.199 0.032 0.016 0.145 0.056

P 0.517 0.073 0.778 0.932 0.429 0.76

a3VW, mm rs −0.097 −0.201 0.001 0.043 0.173 0.022

P 0.387 0.071 0.995 0.816 0.345 0.904

CCI* rs 0.089 0.156 0.087 −0.200 −0.106 −0.221

P 0.433 0.168 0.044 0.289 0.577 0.241

CCA, cm2* rs 0.177 0.173 0.098 0.061 0.031 −0.237

P 0.117 0.126 0.386 0.747 0.872 0.207

CCR* rs 0.147 0.119 0.058 −0.072 −0.116 −0.273

P 0.193 0.291 0.607 0.704 0.543 0.144

*, partial correlation analysis after adjusting for age and hypertension. MS, multiple sclerosis; PVS, perivascular space; EPVS, enlarged 
perivascular space; EDSS, extended disability status scale; CCI, corpus callosum index; CCA, corpus callosum area; CCR, ratio of the 
corpus callosum to the cranium; a3VW, aligned third ventricle width; u3VW, unaligned third ventricle width.
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Table 9 Correlation analysis of PVS and brain atrophy linear indexes in the acute attack MS group and the remission MS group 

Variables rs/P

The acute attack MS group (n=59) The remission MS group (n=23)

PVS score
Total number 

of PVS
Total number  

of EPVS
PVS score

Total number  
of PVS

Total number  
of EPVS

Age rs 0.349 0.401 0.359 0.387 0.278 −0.129

P 0.007 0.002 0.005 0.068 0.198 0.557

Gender rs −0.045 −0.069 −0.168 −0.278 −0.197 −0.105

P 0.734 0.601 0.205 0.2 0.368 0.633

Hypertension rs 0.300 0.303 0.261 0.262 0.238 −0.175

P 0.021 0.02 0.046 0.226 0.273 0.424

Recurrence times rs −0.082 −0.081 −0.151 0.015 −0.140 0.109

P 0.535 0.540 0.253 0.946 0.523 0.621

Duration of disease (months) rs −0.035 −0.127 −0.161 −0.171 −0.178 0.037

P 0.792 0.337 0.224 0.436 0.418 0.869

EDSS rs −0.002 −0.131 −0.189 −0.266 −0.173 −0.26

P 0.990 0.321 0.153 0.220 0.431 0.231

CCI rs −0.017 0.077 0.102 0.146 0.372 −0.098

P 0.896 0.560 0.444 0.505 0.080 0.656

CCA, cm2 rs 0.213 0.149 0.032 0.453 0.487 0.058

P 0.105 0.260 0.808 0.030 0.019 0.791

Ratio of corpus callosum to cranium rs 0.178 0.083 −0.03 0.325 0.479 −0.046

P 0.179 0.533 0.822 0.130 0.021 0.835

u3VW, mm rs −0.106 −0.103 0.075 −0.069 −0.33 0.006

P 0.425 0.437 0.571 0.753 0.124 0.979

a3VW, mm rs −0.110 −0.098 0.039 −0.140 −0.337 −0.024

P 0.407 0.459 0.77 0.525 0.116 0.914

CCI* rs 0.077 0.079 0.122 0.127 0.314 0.117

P 0.567 0.557 0.365 0.584 0.166 0.614

CCA, cm2* rs 0.144 0.075 0.031 0.313 0.419 0.301

P 0.286 0.581 0.818 0.166 0.049 0.185

Ratio of corpus callosum to cranium* rs 0.118 0.005 −0.012 0.279 0.414 0.259

P 0.381 0.971 0.928 0.220 0.062 0.257

*, partial correlation analysis after adjusting for age and hypertension. MS, multiple sclerosis; PVS, perivascular space; EPVS, enlarged 
perivascular space; EDSS, extended disability status scale; CCI, corpus callosum index; CCA, corpus callosum area; CCR, ratio of the 
corpus callosum to the cranium; a3VW, aligned third ventricle width; u3VW, unaligned third ventricle width.
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comparison of PVS between the two groups. This study 
found that the number and size of PVS in patients with 
MS in remission did not differ from those in the acute 
phase. This might be because the expansion of the PVS 
in the acute attack phase was not compensated in the 
remission phase, so there is still the possibility of identifying 
more PVS, therefore it didn’t reflect the continuation of 
inflammatory activity.

This study revealed that, in MS patients, the PVS 
score and total PVS number were correlated with age and 
hypertension; the number of EPVS was related to age 
and not gender. There was no correlation between the 
PVS score, the total number of PVS, and the number of 
EPVS with the EDSS score, recurrence times, and disease 
duration. In acute attack MS patients, the total PVS 
and EPVS number, PVS score were related to age and 
hypertension. In MS patients in remission, the total PVS 
number was correlated with CCA, CCR, and PVS score 
was correlated with CCA. Previous studies revealed that the 
correlation between PVS and MS clinical features showed 
that the results were not consistent. Although a minority of 
prior studies indicated that PVS was significantly correlated 
with age (17), course of disease (13,17), and gender (16), 
other studies have not found this correlation (11,14). 
Most of the studies did not report that PVS was associated 
with MS physical disability (11,14,17) or transition 
to a progressive type (13). Current studies have not 
demonstrated that PVS could be used as an imaging marker 
for the severity of MS. This is consistent with the results of 
this study.

The severity of brain atrophy in MS patients was more 
severe, and there was a correlation between PVS and MS 
brain atrophy

Brain atrophy in MS occurs in the early stage of the 
disease, which can be found in all clinical stages of MS and 
develops gradually with the appearance of inflammatory 
lesions. Brain atrophy in MS represents a destructive and 
irreversible pathological process (23,24). Brain atrophy is 
widely considered an effective, sensitive, and repeatable 
indicator of neurodegenerative changes in MS (3). 

The present study revealed that the severity of brain 
atrophy in MS patients was higher than in healthy controls. 
CCI, CCA, CCR, u3VW, and a3VW were associated with 
the severity of disability in MS patients. Brain atrophy 
in MS may reflect inflammation-induced axonal loss and 
subsequent Wallerian degeneration and post-inflammation 

neurodegeneration. This may be partly due to the failure 
of myelin regeneration. The mechanism of brain atrophy 
in MS remains unclear. It is generally considered to be the 
result of extensive axonal transection and demyelination (25). 
CCI, CCA, and CCR are effective measurement indicators 
of corpus callosum atrophy, and corpus callosum atrophy 
is an effective biomarker of MS (26). A previous study has 
revealed that CCA and CCI were related to EDSS (27).  
This is consistent with the results of this study. The volume 
of brain parenchyma decreased; that is, the atrophy of 
the cortex and medulla, which was accompanied by the 
corresponding increase of the space volume of the CSF. The 
third ventricle width (3VW) has been considered a reliable 
marker for quantifying central brain atrophy using MRI or 
transcranial ultrasound (28). Some studies have revealed 
that the accuracy of the 3VW in MS measured by the plane 
survey was similar to that of the semi-automatic volume 
measurement of the third ventricle. The enlargement of 
the third ventricle was associated with atrophy of adjacent 
structures (especially the thalamus), which may be an 
indirect indicator of thalamic atrophy in MS (29). There 
are different results on the correlation between 3VW and 
EDSS. Previous studies revealed that central brain atrophy 
was not related to the EDSS score (30,31). Another study 
observed that central brain atrophy in MS patients was 
correlated with the EDSS score (32). The results of this 
study support that 3VW is associated with EDSS in MS 
patients.

The present study revealed that in MS patients, PVS 
was correlated with age and hypertension. Previous studies 
indicated that PVS was significantly associated with age, 
suggesting that PVS may be a manifestation of brain 
aging. With the decline of brain clearance function and 
the atrophy of brain parenchyma, the PVS load increases. 
Hypertension is a risk factor for PVS, and the mechanism 
may be that when blood pressure suddenly rises beyond the 
limit of cerebral vascular self-regulation, the cerebrovascular 
fluid leaks into PVS through the blood-brain barrier; thus, 
the number and volume of PVSs that can be detected 
increase (33,34).

This study revealed that the PVS scores of MS patients 
were correlated with CCA and CCR, and the total 
number of PVSs was correlated with CCA. However, 
after adjustment of hypertension and age, this correlation 
disappeared. Analysis in subgroups shown that the total 
number of PVSs was correlated with CCA and CCR, 
and PVS score was correlated with CCA in MS patients 
in remission, after adjustment of hypertension and age, 
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the correlation of the total number of PVSs and CCA 
remained. It was shown that PVS in MS might be related to 
brain atrophy to a certain extent, and PVS may be related 
to the neurodegeneration of MS. In previous studies, 
Kilsdonk et al. revealed in their 7T MRI study that a higher 
EPVS count was associated with supratentorial brain 
atrophy rather than whole-brain atrophy (17). Other studies 
using low field MRI (i.e., 1.5T or 3T) failed to repeat this 
finding. The corpus callosum is a transverse nerve fiber 
bundle that connects the two hemispheres of the brain and 
provides communication between the two hemispheres, 
mainly consisting of myelinated nerve fibers. CCA in MS 
is considered to be the result of focal demyelination and 
axonal injury, but it is also considered to be the result of 
Wallerian degeneration and distal demyelination of deep 
white matter to axon transection after inflammation (27). A 
study pointed out that CCA and CCI were more sensitive 
and specific than MRI measurements of craniocerebral 
volume, and they were relatively fast and simple, and 
the CCR may further adjust the differences among  
individuals (35). A previous study revealed that CCA was 
associated with whole-brain atrophy and gray matter 
atrophy in MS and associated with white matter lesions 
in MS; that is, the lesions of gray matter and white 
matter in MS all affected corpus callosum (36). CCA is 
disproportionately low in MS, which shows a larger effect 
than other atrophy indexes, and the degree of CCA was 
significantly higher than other common global atrophy 
indicators [such as brain parenchymal fraction (BPF), gray 
matter fraction (GMF), and white matter fraction (WMF)], 
and the corpus callosum may be a sensitive tool for 
monitoring the destructive aspects of the disease. This may 
be the reason why this study could repeat this result with 
low field intensity and a two-dimensional brain atrophy 
measurement index.

The damage of lymphoid pathways is a risk factor 
for the development of neurodegenerative diseases. In 
neurodegenerative diseases, the decrease of the waste 
clearance function of PVS and the accumulation of 
neurotoxic substances promote each other, resulting in 
the occurrence and progress of the disease (37). Among 
the various causes of progression in Alzheimer’s disease, 
extracellular Aβ protein accumulation, neuroinflammation, 
oxidative stress, and apoptosis play major roles (38). 
However, current studies on brain atrophy in MS suggest 
that the pathogenic factors of MS brain atrophy change 
with the progress of the disease. In the early stage of the 
disease, brain atrophy is mainly the result of inflammatory 

changes, and in the late stages of the disease, the causes 
of brain atrophy are rarely inflammatory changes and 
mostly neurodegenerative changes. Inflammation may be 
an important factor of whole brain tissue loss in the early 
stage of the disease [clinically isolated syndrome (CIS)]. 
With the progress of the disease, other mechanisms are 
partially independent of inflammatory demyelinating 
lesions in white matter, such as activation of microglia in 
normal-appearing white matter (NAWM), meningitis, iron 
deposition, oxidative stress, and diffuse axonal injury (39). 
A biopsy study also confirmed that even in the absence 
of inflammation, atrophy might continue (40). The level 
of iron in NAWM of patients with progressive MS was 
significantly lower (41). Iron is essential for myelin synthesis 
and neurogenesis, and iron deficiency in normal tissues 
may further promote diffuse axonal loss and CNS atrophy 
in MS. Bocheng et al. revealed that in the animal model 
of ischemia of the ventricle, the ferritin level around the 
ventricle of mice in the deep cervical lymph node (DCLN) 
resection group was higher than in the DCLN preservation 
group (42). Because DCLN is considered to be downstream 
of the lymphatic system, this result indicates that the 
function of the lymphoid system may be related to iron 
excretion, and PVS is an important part of the lymphoid 
system. Zhou et al. revealed that the local iron deposition 
in normal brain tissue in the elderly was related to the 
function of the lymphoid system, and iron deposition may 
further lead to dysfunction of the lymphoid system (43). 
In summary, it is assumed that, in the early stages of MS, 
the inflammatory immune cells enter the PVS, which may 
lead to the increase of PVS, and with the progress of the 
disease, the degenerative lesions in MS develop gradually. 
On the one hand, its degenerative mechanism may lead 
to the impairment of PVS clearance function, leading to 
the expansion of PVS, while on the other hand, atrophy of 
brain parenchyma stretches the PVS to expand. 

Limitations

The present study has certain limitations. First, brain 
atrophy in MS patients was affected by the stage of the 
disease (although this study shown no difference between 
brain atrophy indexes of acute attack MS patients and 
MS patients in remission), further researches are needed 
to study the association of PVS in MS patients with 
brain atrophy and disease severity/disease progression. 
The correlation between PVS and inflammatory and/or 
degenerative changes in MS still needs to be verified and 
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replicated. Second, in this study, a manual method was used 
to interpret PVS, which may cause bias in interpretation. 
Finally, this study is a retrospective study, and in the 
collection process, patients with incomplete clinical data or 
imaging data may be included. 

Conclusions

In summary, the PVS load in MS is heavier than the 
healthy control group; that is, the PVS score is higher, the 
number and diameter are larger, and the increased load of 
PVS is mainly in the BG and CSO. In MS patients, PVS is 
correlated with age, hypertension, CCA, and CCR, but not 
with the EDSS score and disease duration.
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