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Introduction
Perivascular spaces are small interstitial fluid-filled 
compartments around arterioles and venules penetrat-
ing the brain parenchyma, considered to play a critical 
role in the lymphatic clearance pathway and immune 
regulation within the central nervous system.1 When 
dilated and readily visible on T2-weighted magnetic 
resonance imaging (MRI), these structures are 

referred as enlarged perivascular spaces (EPVS).1 
Although they can also be observed in healthy indi-
viduals,2,3 EPVS are a well-recognized marker of 
perivascular space dysfunction, as their presence has 
been associated with vascular risk factors (VRFs), 
such as advancing age, hypertension, and other fea-
tures of cerebral small vessel disease (CSVD).4 From 
a physiopathological point of view, widening of the 
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brain perivascular spaces in CSVD is likely to result 
from fluid drainage obstruction and liquid stagnation 
secondary to hypoxia, inflammation, vascular remod-
eling, and endothelial dysfunction.5 However, the 
exact sequence of event leading to MRI visible EPVS 
in CSVD and other brain disorders is yet to be 
determined.

Accumulating evidence suggests a higher EPVS bur-
den in multiple sclerosis (MS), but their exact clinical 
and pathophysiological significance remains contro-
versial.6 While previous studies have inconsistently6 
associated EPVS with active MS neuroinflamma-
tion7,8 and brain volume loss,9 recent findings suggest 
a potential link between EPVS and vascular comor-
bidities. In fact, we have recently described that in 
MS patients with vascular comorbidities, an increased 
count of EPVS in the centrum semiovale (CSO) is 
associated with a lower percentage of MS-specific 
perivenular lesions.10 Furthermore, a post-mortem 
MRI-pathology correlation study observed that EPVS 
did not colocalize at the anatomical level with com-
mon MS pathological features, such as perivenular 
demyelination and immune cell infiltration, but rather 
with small arterial blood vessels.11

By addressing these research gaps, we aimed to better 
characterize EPVS as a clinically relevant imaging 
biomarker in MS, by investigating its cross-sectional 
association with several clinical and MRI features of 
neuroinflammation and neurodegeneration in a large 
multicentric cohort of patients with MS.

Methods

Study population
Patients with a diagnosis of clinically isolated syn-
drome (CIS), relapsing–remitting (RRMS), secondary 
progressive (SPMS), or primary progressive (PPMS) 
MS, according to the 2017 McDonald criteria12 were 
enrolled between October 2016 and March 2023 from 
three academic research hospitals: Erasme University 
Hospital (Brussels, Belgium), Saint-Luc University 
Hospital (Brussels, Belgium), and Lausanne University 
Hospital (Lausanne, Switzerland). Study approval was 
given from an ethical standard committee on human 
experimentation in each hospital, and written informed 
consent was obtained from all subjects.

The inclusion criteria were the following: (1) 
age ⩾ 18 years, availability of 3-Tesla (3T) (2) 
T2-weighted turbo spin echo (TSE), for the EPVS 
assessment, and (3) three-dimensional (3D) 

segmented T2*-weighted echo-planar imaging (EPI), 
for central vein sign (CVS) assessment. Exclusion 
criteria included suboptimal MRI image quality due 
to motion artifact.

MRI acquisition protocol
MRI studies were performed on four 3T MRI scan-
ners: Philips Ingenia scanners (Philips Medical 
Systems, The Netherlands—Erasme University 
Hospital), Siemens Skyra or Prisma scanners 
(Siemens AG, Germany—Lausanne University 
Hospital), and General Electric Signa Premier (GE 
Healthcare, Waukesha, Wisconsin, USA—Saint-Luc 
University Hospital). However, 3T MRI protocol 
included a T2-weighted TSE for the EPVS assess-
ment and a submillimeter isotropic 3D-segmented 
T2*-weighted EPI sequence13–15 for the detection of 
both CVS and paramagnetic rim lesions (PRL). 
Cortical lesion (CL) assessment was performed on 3D 
double inversion recovery (DIR)16 or 3D-synthetic 
DIR (generated from T1/T2 images)17 and 3D 
T1-weighted magnetization-prepared rapid gradient 
echo images (MPRAGE).16,18 Additional MRI meth-
ods are detailed in the Supplementary Methods and 
Supplementary Table 1.

Image processing and biomarker assessment
Given that raters were partially involved in the recruit-
ment of cases, all images were de-identified before 
analysis.

EPVS were assessed according to previously pub-
lished guidelines.19 We used a validated four-point 
visual rating scale (0 = no EPVS, 1 = < 10 EPVS, 
2 = 11–20 EPVS, 3 = 21–40 EPVS, and 4 = > 40 
EPVS) to score EPVS on the axial T2-TSE images at 
the level of the centrum semiovale (CSO-EPVS) and 
the basal ganglia (BG-EPVS). T2-FLAIR images 
were used to differentiate EPVS from hyperintense 
lesions or lacunes.20 Depending on the distribution in 
our cohort and a previously published threshold,3,21 
we further dichotomized EPVS scores as “high” and 
“low” based on a ⩾ 2 EPVS score threshold which 
allowed a balanced group sizes.

Brain-predicted ages were calculated using BrainageR 
software v2.1 (https://github.com/jamescole/brain-
ageR) as previously described.22,23 This software 
takes as input raw, unprocessed MPRAGE images, 
and then performs image normalization and segmen-
tation via SPM12 (https://www.fil.ion.ucl.ac.uk/spm/
software/spm12/) to generate volumes for gray 
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matter, white matter, and cerebrospinal fluid. The 
vectorized images are then applied to a Gaussian 
Process Regression model to predict brain age. Based 
on the brain-predicted age, the brain-predicted age 
difference (brain-PAD) was finally calculated by sub-
tracting the chronological age from the brain-pre-
dicted age of each subject. A positive brain-PAD 
indicates « accelerated » brain aging compared to the 
chronological age, whereas a negative value suggests 
a « delayed » brain aging.

For the CVS analysis, the percentage of perivenular 
lesions across all eligible brain lesions24 was deter-
mined in each participant, hereafter termed “propor-
tion of CVS-positive lesions.” In this specific study, 
the proportion of CVS-positive lesions was consid-
ered as surrogate biomarker of microischemic lesion 
burden since a higher proportion of CVS-negative 
microangiopathic MRI lesions corresponds to a lower 
proportion of CVS-positive demyelinating lesions.10 
For PRL analysis, both the total PRL number and the 
PRL 0–4 versus > 4 categories were established in 
each subject. The categories were based on a previ-
ously proposed clinically meaningful threshold of 
four PRL per patient,25 and on the distribution of our 
cohort data. For CL analysis, the total CL number was 
used. The CVS, and PRL and CL assessments were 
performed following previously published guidelines 
and methods; see Supplementary Methods for 
details.16,24,26,27

Brain volumes normalized to intracranial volume and 
total white matter T2-hyperintense lesion volume 
(hereafter, “T2 lesion load”) were also computed; see 
the Supplementary Methods for details.

In each individual, EPVS, CVS, PRL, and CL analy-
sis were independently assessed by two trained inves-
tigators (F.G. and M.P. for EPVS assessment, S.B. 
and F.G. for CVS assessment, P.M. and M.A. for PRL 
assessment, A.S. and S.B. for CL assessment), each 
unaware of the other’s analysis. In case of discrepan-
cies, the scans were jointly reviewed by the two 
investigators to reach a consensus.

Clinical assessment
Demographic and clinical data were recorded for each 
patient. The MS disability (Expanded Disability 
Status Scale (EDSS)) and severity (Multiple Sclerosis 
Severity Scale (MSSS)) scales were obtained from 
experienced MS clinicians at the time of the research 
MRI scan. The presence/absence of the following 
VRFs for CSVD was recorded for each patient:28–30 

(1) arterial hypertension (AHT), that is, established 
diagnosis and treatment with at least one antihyper-
tensive drug; (2) Type 1 or Type 2 diabetes (diabetes), 
that is established diagnosis and treatment with at 
least one antidiabetic drug; (3) smoking, current or 
former; (4) obesity (BMI ⩾ 30 kg/m²); and (5) hyper-
cholesterolemia, that is, established diagnosis and 
treatment with at least one hypolipemic drug. A cumu-
lative VRFs score was then calculated.

Statistical analysis
Demographic, clinical, and MRI comparisons were 
assessed with independent sample Student’s t, Mann–
Whitney U test, chi-square or Fisher’s exact tests, 
when appropriate. The Benjamini–Hochberg proce-
dure was applied to control the false discovery rate 
(FDR) across all tested hypotheses when correcting 
for multiple comparisons.

The interrater reliability for EPVS, CVS, PRL, and 
CL assessment was explored on a per-patient level 
using the one-way random model intraclass correla-
tion coefficient (ICC).31

The association between the EPVS categories 
(dependent variable) and all significant clinical and 
MRI variables from univariate tests (independent 
variables) were further explored using logistic bino-
mial regression models. To compare model fit, a 
likelihood ratio test was conducted to evaluate 
whether the addition of predictors significantly 
improved the model.

To exclude any possible influence of the different 3T 
scanners on the results, we repeated all analyses add-
ing “MRI center” as covariate.

The relative importance of all significant clinical and 
MRI variables from univariate tests was finally 
explored fitting a random forest model to predict 
EPVS categories. The random forest model was 
implemented using the randomForest R package with 
500 trees, and the dataset was randomly split into 
training (70%) and testing (30%) sets for model train-
ing and evaluation, respectively. Model performance 
was measured by the area under the receiver operat-
ing characteristic curve (AUC) and mean decrease 
Gini (MDG) importance measure.

Statistical analyses were performed with IBM SPSS 
Statistics (version 29.0.1.0) and RStudio (version 
2023.06.1 + 524). Statistical significance was consid-
ered when p-value was less than 0.05.

https://journals.sagepub.com/home/msj
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Results

Demographic and clinical data
In total, 207 patients (63% female) with MS were 
included in this analysis (6% CIS, 55% RRMS, 26% 
SPMS, and 13% PPMS).

The ICC interrater agreement for EPVS, CVS, PRL, 
and CL assessment was 0.877 (p < 0.001), 0.995 
(p < 0.001), 0.998 (p < 0.001), and 0.986 (p < 0.001), 
respectively.

EPVS rating scores at the level of CSO and BG are 
described in Table 1. No EPVS rating score of 0 was 
observed. A high CSO-EPVS score was found in 
38.2% (low CSO-EPVS score in 61.8%). Since a high 
BG-EPVS score was found only in 6.3% (low 
BG-EPVS score in 93.7%), further analyses focused 
on CSO-EPVS only. Clinical and MRI features of 
patients with high and low EPVS scores are reported 
in Tables 2 and 3, respectively.

When we tested the influence of the different 3T 
scanners on EPVS score detection rate, after correct-
ing by age and sex, we did not find an association 
between a high CSO-EPVS score and “MRI center” 
(Supplementary Table 2).

EPVS is associated with microischemic lesion 
burden
When cases with high CSO-EPVS score were com-
pared to those with low CSO-EPVS score, the median 
proportion of CVS-positive lesions was lower in the 
first group (67% vs 78%, p < 0.001; Table 3 and 
Figure 1). This was confirmed by the regression 
model where, after adjusting for age, a high CSO-
EPVS score was associated with a lower proportion 
of CVS-positive lesions (odds ratio (OR) 0.98, 95% 
confidence interval (CI) 0.96–0.99; p = 0.024). The 
addition of AHT and hypercholesterolemia as addi-
tional predictors did not significantly improve the 
model (deviance difference = 3.93, df = 2, p = 0.14). 
Also, after adding “MRI center” as covariate, a high 
CSO-EPVS score was still associated with a lower 
proportion of CVS-positive lesions (Supplementary 
Table 3).

EPVS is not associated with MS inflammatory 
activity nor clinical disability and severity
No differences were found in cases with high CSO-
EPVS compared to those with low CSO-EPVS score 
for all the demyelinating inflammatory biomarkers 
studied (presence of ⩾ 1 MS relapse in the previous 
year, p = 0.40; presence of MRI gadolinium-enhancing 
lesions, p = 0.58; number of PRL, p = 0.81; presence 
of > 4 PRL, p = 0.72; number of CL, p = 0.61; presence 
of CSF-restricted oligoclonal bands at diagnosis, 
p = 0.58). Similarly, clinical disability (EDSS; p = 0.77) 
and severity (MSSS; p = 0.56) scores did not differ 
between MS cases with a high CSO-EPVS versus 
those with a low CSO-EPVS score (Tables 2 and 3).

EPVS is associated with brain volumes and 
brainage
Lower median normalized whole brain (0.633 vs 
0.729; p = 0.011) and gray matter (0.355 vs 0.400; 
p = 0.002) volumes were found in cases with high 
CSO-EPVS compared to those with low CSO-EPVS 
scores (Table 3). After controlling for age, AHT, and 
hypercholesterolemia, patients with a high CSO-
EPVS score had a reduced whole brain (OR 0.01, 
95% CI: 0.0003–0.5; p = 0.02) and gray matter (OR 
0.0004, 95% CI: 0.0000004–0.4; p = 0.03) volume 
compared to patients with a low CSO-EPVS score.

An older brain-predicted age was found in cases with 
a high CSO-EPVS compared to those with a low 
CSO-EPVS score (58 vs 50 years; p < 0.001; Table 3 
and Figure 2). To assess whether brain-predicted age 
contained information beyond chronological age, the 
brain-PAD was assessed in each patient. After con-
trolling for age, AHT, and hypercholesterolemia, the 
multivariate regression model revealed a significant 
association between a positive brain-PAD and high 
CSO-EPVS score (OR 1.05, 95% CI 1.01–1.09; 
p = 0.021). After adding “MRI center” as covariate, a 
high CSO-EPVS score was still associated with 
higher positive brain-PAD (Supplementary Table 4).

Random forest for EPVS prediction
When all significant clinical and MRI variables asso-
ciated to CSO-EPVS scores (Tables 2 and 3) were 

Table 1.  EPVS rating score at the level of the centrum semiovale (CSO-EPVS) and the basal ganglia (BG-EPVS).

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

CSO-EPVS, n (%) – 128 (61.8) 61 (29.5) 15 (7.2) 3 (1.4)
BG-EPVS, n (%) – 194 (93.7) 11 (5.3)   2 (1.0) –

https://journals.sagepub.com/home/msj
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combined in a random forest model, the variable 
importance analysis revealed that the most important 
predictors for high EPVS score were brain-PAD, fol-
lowed by normalized whole brain volume, age, per-
centage of CVS-positive lesions, and normalized gray 
matter volume, while the cumulative number of 
VRFs, hypercholesterolemia, and AHT showed the 
least importance (Table 4).

Discussion

In this cross-sectional multicenter academic study, we 
explored the role of EPVS as a clinically relevant 
imaging biomarker in MS, by investigating their rela-
tionship with several clinical and MRI markers of 
neuroinflammation and neurodegeneration. We found 
that EPVS in MS were more frequently observed in 
the CSO and were associated with brain microangi-
opathy more than brain inflammation since a lower 
proportion of CVS-positive lesions was found in 

patients with higher EPVS rating score and no asso-
ciations were found with any of the clinical and MRI 
inflammatory demyelinating features explored. 
Moreover, a higher EPVS burden correlated with 
lower whole brain and gray matter volumes—and 
with an older brain-predicted age—suggesting a 
potential role of EPVS as a surrogate marker of neu-
rodegeneration in MS.

Accumulating evidence has shown a high EPVS bur-
den in patients with MS,6 but the exact clinical and 
pathophysiological significance of this MRI bio-
marker in the disease remains a matter of debate. 
Given the role of perivascular spaces in leukocyte 
trafficking and modulation of immune responses,32,33 
it has been suggested that EPVS in MS may reflect 
perivascular inflammation during the formation of 
demyelinating lesions.8,34 However, in agreement 
with recent evidences from the literature,6,11 our mul-
ticenter study did not show any difference in terms of 
acute (i.e. contrast-enhancing and T2 lesion load) and 

Table 2.  Clinical data in patients with high and low CSO-EPVS score.

Characteristic CSO-EPVS

High (n = 79) Low (n = 128) p Adjusted p 
(FDR)

Women, n (%) 50 (63.3) 79 (62.2) χ² n.s. n.s.

Age, years, mean (range) 49 (20–75) 44 (22–73) Student’s t, p = 0.003 p = 0.02

Disease phenotype, n (%)

  -  CIS 3 (3.8) 9 (7.0) Fisher n.s. n.s.

  -  RRMS 46 (58.2) 68 (53.1) χ² n.s. n.s.

  -  SPMS 20 (25.3) 33 (25.8) χ² n.s. n.s.

  -  PPMS 10 (12.7) 18 (14.1) χ² n.s. n.s.

EDSS, median (range) 2.5 (0–7.0) 2.5 (0–7.5) Mann–Whitney n.s. n.s.

MSSS, median (range) 4.27 (0.13–9.08) 4.35 (0.05–9.84) Mann–Whitney n.s. n.s.

⩾ 1 relapse in the previous 
year, n (%)

8 (26.7) 25 (35.2) χ² n.s. n.s.

Disease duration, years, 
median (range)

8.8 (0–41.9) 6.3 (0–39.9) Mann–Whitney, 
p = 0.025

n.s.

OCBs presence at diagnosis 
(n = 164), n (%)

55 (87.3) 85 (84.2) χ² n.s. n.s.

AHT, n (%) 17 (21.8) 11 (8.9) χ² p = 0.01 p = 0.048

Diabetes, n (%) 5 (6.4) 5 (4.1) χ² n.s. n.s.

BMI ⩾ 30 kg/m2, n (%) 11 (16.7) 9 (9.5) χ² n.s. n.s.

Smoking, n (%) 24 (45.3) 28 (39.4) χ² n.s. n.s.

Hypercholesterolemia, n (%) 20 (26.3) 16 (13.2) χ² p = 0.021 n.s.
Cumulative no. of VRFs, 
median (range)

1 (0–5) 0 (0–4) Mann–Whitney 
p = 0.005

p = 0.03

AHT: arterial hypertension; BMI: body mass index; CIS: clinically isolated syndrome; EDSS: expanded disability status scale; 
EPVS: enlarged perivascular spaces; FDR: False Discovery Rate; MSSS: multiple sclerosis severity score; OCBs: CSF-restricted 
oligoclonal bands; PPMS: primary progressive multiple sclerosis; RRMS: relapsing–remitting multiple sclerosis; SPMS: secondary 
progressive multiple sclerosis; VRFs: vascular risk factors.
Significant p values (p<0.05) are highlighted in bold.
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more chronic/smoldering (i.e. PRL and CL counts) 
inflammatory activity in patients with MS and high 
compared to low EPVS scores.

In agreement with these findings, and confirming 
our previous results in a smaller MS cohort,10 here 
we show that higher EPVS scores are associated 
with a significant decrease in the percentage of 
MS-specific perivenular lesions. We also found a 
significant correlation of the patient’s cumulative 
number of VRFs with the EPVS burden. More spe-
cifically, older age, hypertension, and hypercholes-
terolemia were all associated with higher EPVS 
scores, all of which are well-defined risk factors for 
CSVD.35 Vascular comorbidities are prevalent in 
MS and are associated with higher MRI microangi-
opathic brain lesion load.36,37 The pathophysiology 
underlying brain white matter lesion formation in 
CSVD is believed to reflect several mechanisms, 
including brain hypoperfusion, reduced vascular 
reactivity, and tissue hypoxia, mostly occurring at 
the arteriolar side of the microcirculation.37–39 
Conversely, most focal inflammatory demyelinating 
lesions in MS develop around small parenchymal 

veins.40 Our results showing that the percentage of 
CVS-positive lesions in MS decreases in the pres-
ence of higher EPVS burden are in line with previ-
ous studies10,41,42 and point toward an EPVS role in 
microangiopathic more than demyelinating inflam-
matory processes in MS. As suggested by a recent 
post-mortem MRI-pathology study,11 EPVS in MS 
are a marker for arterial disease rather than inflam-
matory perivenular demyelination since they colo-
calize with histopathological signs of arteriolar 
damage.11 Even though age and other VRFs are 
classically associated to CSVD,35 and the percent-
age of CVS-negative microangiopathic lesions 
increases with age,43 our analyses clearly showed 
that the association between EPVS and microangio-
pathic CVS-negative lesions burden in MS is inde-
pendent from age and other VRFs.

In agreement with previous evidence,9,44 we found 
that EPVS in MS are more frequently found at the 
level of the CSO, while in CSVD non-MS patients, 
EPVS are generally most prominent in the BG.45 
Altogether, these results suggest that the physiopa-
thology of microangiopathy in MS may be different 

Table 3.  MRI data in patients with high and low CSO-EPVS score.

Characteristic CSO-EPVS

High (n = 79) Low (n = 128) p Adjusted p 
(FDR)

% CVS-positive lesions, 
median (range)

67 (23–100) 78 (0–100) Mann–Whitney, 
p < 0.001

p = 0.01

Number of PRL, median 
(range)

1 (0–31) 1 (0–82) Mann–Whitney 
n.s.

n.s.

Cases with > 4 PRLs, 
n (%)

12 (15.4) 22 (17.3) χ² n.s. n.s.

Number of CL, median 
(range)

3 (0–101) 4 (0–92) Mann–Whitney 
n.s.

n.s.

T2 lesion load, cm3, 
median (range)

6.64 (0.13–60.5) 5.12 (0.00001–40.2) Mann–Whitney 
n.s.

n.s.

Presence of Gd-
enhancing lesions, n (%)

14 (17.7) 19 (14.8) χ² n.s. n.s.

Normalized whole brain 
volume, median (range)

0.633 (0.423–0.781) 0.729 (0.484–0.833) Mann–Whitney 
p = 0.011

p = 0.048

Normalized gray matter 
volume, median (range)

0.356 (0.240–0.437) 0.400 (0.272–0.474) Mann–Whitney 
p = 0.002

p = 0.02

Normalized thalamic 
volume, median (range)

0.008 (0.005–0.011) 0.008 (0.005–0.011) Student’s t n.s. n.s.

Brain-predicted age, 
years, mean (range)

58 (28–84) 50 (27–79) Student’s t, 
p < 0.001

p = 0.01

CL: cortical lesion; CVS: central vein sign; EPVS: enlarged perivascular spaces; FDR: False Discovery Rate; Gd: gadolinium; PRLs: 
paramagnetic rim lesions.
Significant p values (p<0.05) are highlighted in bold.
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from the one of classical CSVD,46 and that the chronic 
MS inflammatory milieu could facilitate the arteriolar 
damage through oxidative stress and pro-atherogenic 
Th1 immune response.46,47 Future studies focusing on 
glymphatic system48 might help to better understand 
the perivascular dysfunction in MS.

Previous studies have shown that in MS, the presence 
of VRFs is associated with accelerated brain volume 
loss and steeper cognitive decline.36,49 In this context, 
brain-predicted age calculation by machine learning 
analysis has been extensively investigated in recent 
years as a marker of accelerated brain aging.50 In MS, 
an increase in brain-predicted age is related to higher 
disability51 and cognitive decline52 and may also be 
predictive of future disability progression.51,53 Here, 
we show a positive association between EPVS burden 
and accelerated brain aging (expressed by higher pos-
itive brain-PAD), independently from age and other 
VRFs. Moreover, and in agreement with one previous 
ultra-high field MRI study,9 we report a significant 
decrease in the whole brain and gray matter volumes 
in MS patients with a high EPVS score. Altogether, 
our findings suggest that brain microangiopathy plays 
a significant role in MS-related neurodegeneration. 
Even though we can hypothesize that EPVS in MS 
could also be secondary to focal ex vacuo atrophy and 
demyelination of adjacent brain tissue,45,54 higher 
EPVS burden has been inconsistently6 associated 
with lower brain volume measures,9 and a recent 
meta-analysis55 did not identify a significant (nega-
tive) correlation between EPVS and brain volume. 
Phenomena beyond mere tissue loss, such as micro-
angiopathy and other vascular-related factors, may 
contribute to the observed association between EPVS 
and accelerated brain aging in our cohort, highlight-
ing the complex interplay between vascular pathology 
and neurodegeneration in MS.

This study has some limitations. First, EPVS were vis-
ually assessed and ordinally scored on 2D slices, which 
could have led to an underestimation of EPVS score 
compared to the quantification on 3D approach. 
Interrater reliability was reasonable (ICC of 0.88), but 
future studies should ideally use 3D acquisitions for 
taking advantage of recently developed algorithms56,57 
for automated quantification of EPVS exact number 
and volume. Second, the availability of cognitive scales 
would have allowed a more accurate evaluation of 
EPVS clinical impact. Third, given the cross-sectional 
design of the study, we did not dispose of longitudinal 
data necessary to provide information on the relevance 
of EPVS for predicting future MS physical or cognitive 
disease progression. In addition, our study adopted an 
exploratory approach rather than a confirmatory one, 
as we did not predefine the associations under investi-
gation. Moreover, we missed an age-matched control 
group that would have strengthened our findings. 
Finally, when comparing our findings with the ones of 
Wuerfel et al.,8 one should consider that this study 
included a large number of well-treated patients with 
an overall stable disease course.

Figure 1.  Percentage (%) of CVS-positive lesions in 
patients with MS and a high versus low CSO-EPVS rating 
score. (a) Upper panel: 66-year-old SPMS patient with 
AHT, showing prominent enlarged perivascular spaces 
(red magnified box) on T2-weighted images (CSO-EPVS 
rating score = 3), and typical MS perivenular (arrows) but 
also non-perivenular (arrowheads) lesions on FLAIR* 
images (% of CVS-positive lesions = 66%). Lower panel: 
50-year-old RRMS patient without any VRFs for CSVD 
showing only few enlarged perivascular spaces on T2-
weighted images (CSO-EPVS rating score = 1) and a high 
percentage of MS typical perivenular lesions (arrows) on 
FLAIR* images (% of CVS-positive lesions = 100%). (b) 
Lower % of CVS-positive lesions (adjusted by age) in 
cases with a high CSO-EPVS compared to those with a 
low CSO-EPVS score.
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In conclusion, EPVS are frequent in MS and are asso-
ciated with lower proportion of perivenular 
MS-specific lesions, with accelerated brain atrophy 
and brain aging. Our findings indicate that EPVS in 
MS can serve as surrogate biomarker of coexisting 
microangiopathic disease and are likely to contribute 

to neurodegeneration in patients with MS. Future lon-
gitudinal studies should concentrate on exploring the 
potential prognostic value of EPVS in MS and 
whether pharmacological interventions may reduce 
MS microangiopathic burden with an impact on clini-
cal and MRI measures of neurodegeneration.

Figure 2.  Brain-PAD of patients with MS and a high versus low CSO-EPVS rating score. (a) Examples of how brain 
structures relates to CSO-EPVS rating score and brain-PAD, with axial slices of T2-weighted images and 3D T1-
weighted MPRAGE. (b) Higher positive brain-PAD (adjusted by age) in cases with a high CSO-EPVS compared to those 
with a low CSO-EPVS score. (c) Significant association between a positive brain-PAD and high CSO-EPVS score, after 
controlling for age, AHT, and hypercholesterolemia.
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