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A B S T R A C T

Purpose: Brain interstitial fluid plays an important role in the excretion of metabolic waste products into the
cerebrospinal fluid through perivascular spaces (PVS). To investigate the normal function of PVS in healthy
elderly individuals, we assessed the relationship between PVS and white matter hyperintensity (WMH) on MRI in
two locations.
Methods: This study included 296 healthy individuals aged ≥60 years without a history of brain disease who
underwent brain MRI. The severities of PVS and WMH were assessed on the location-specific classification in the
basal ganglia (BG-PVS) or centrum semiovale (CSO-PVS), and in the deep or periventricular WMH.
Results: The severity of BG-PVS was significantly associated with the severities of deep and periventricular
WMHs. In contrast, the severity of CSO-PVS was inversely associated with the severity of deep WMH and was not
significantly associated with that of periventricular WMH. The multivariate odds ratios of severe deep WMH for
BG-PVS and CSO-PVS were 1.18 (95% CIs: 1.01–1.38) and 0.68 (0.54–0.86), respectively, compared with none
deep WMH.
Conclusions: CSO-PVS looks different from BG-PVS in their relationship with deep WMHs. Therefore, CSO-PVS
might play an essential role in the normal interstitial fluid drainage system, not as a biomarker of arterio-
sclerosis.

1. Introduction

Brain fluid dynamics have been elucidated in this century. In par-
ticular, studying the glymphatic pathway through the perivascular
spaces (PVS) surrounding cerebral arteries and veins contributes to our
understanding of the mechanisms of brain interstitial fluid homeostasis
[1–3]. Concretely, brain interstitial fluid plays an important role as a
water cooling system and a sink for drainage of the neurotoxic com-
pounds such as amyloid-ß or phosphorylated tau in cooperation with
cerebrospinal fluid [4]. However, this reciprocal fluid exchange in the
subarachnoid and interstitial spaces via the PVS has been primarily
observed near the cortical surface and not in the deep subcortical white

matter regions [4,5]. Accordingly, the function of PVS in the deep white
matter has not been completely elucidated, although dilated PVS are
believed to be associated with aging, arteriosclerosis and several vas-
cular risk factors. [6–14] On the other hand, white matter hyper-
intensity (WMH) on magnetic resonance imaging (MRI) is also reported
to be representative of changes associated with aging and small vessel
diseases, such as disruption of the blood-brain barrier, perivascular
damage, and amyloid angiopathy [8,12,15,16]. The presence and se-
verity of WMH have been reported to be strongly associated with di-
lated PVS, although both dilated PVS and WMH on MRI might be dif-
ferent in function and mechanism by location, i.e. basal ganglia,
periventricular lesion or deep white matter around the centrum
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semiovale [8,11,13,15,17–19]. Therefore, we evaluated the location-
specific association between PVS and WMH in the healthy elderly in-
dividuals to elucidate the mechanisms of interstitial fluid homeostasis
in aging brains.

2. Material and methods

2.1. Study population

The study design and protocol were approved by the ethics com-
mittee for human research at our institute. The clinical data collection
has been described in detail in our prior publication [20]. In brief, 1079
consecutive healthy Japanese underwent a brain MRI examination be-
tween March 2015 and February 2017 at our health screening center
for the purpose of a brain check-up. The inclusion criteria for this study
required participants to be 60 years of age or older and have no past
medical history of brain disease, specifically stroke. Among 304 in-
dividuals aged ≥60 years, 8 subjects who had a medical history of
cerebrovascular disease were excluded from this study. Finally, 296
individuals (age range, 60–83 years; 222 men and 74 women) met our
inclusion criteria. The clinical data collected at the time of the MRI
included the participant’s age, height, weight, systolic blood pressure
(SBP), diastolic blood pressure (DBP), smoking habits, and medical
history of hypertension, dyslipidemia, diabetes mellitus, stroke, and
chronic heart disease, for 222 individuals. The estimated glomerular
filtration rate (eGFR) was calculated by considering the patient's age,
gender, and serum creatinine level, using the Modification of Diet in
Renal Disease Study Group formula: eGFR (mL/min/1.73 m2) = 186.3
× (serum creatinine [mg/dL]) -1.154 × age (years) -0.203 × (0.742, if
female). The cutoff point used for eGFR was 60 mL/min/1.73 m2. The
cutoff points for SBP and DBP were 130 mmHg and 85 mmHg, re-
spectively. Body mass index (BMI) was calculated as the weight in
kilograms divided by height in meters squared (kg/m2). The cutoff
point for BMI was 25.0 kg/m2.

2.2. MRI data assessment

Of 296 individuals, 124 underwent a brain MRI using a 3-tesla (T)
MRI scanner (MAGNETOM Skyra, Siemens AG, Muenchen, Germany),
and 172 underwent an MRI using a 1.5T MRI scanner (MAGNETOM
Avanto, Siemens AG, Muenchen, Germany). The sequences used for the
routine brain check-up were conventional axial images with slice
thickness by 5 mm of T1-weighted, T2-weighted, FLAIR, and T2*-
weighted gradient-recalled echo sequences. PVS were defined as round,
oval, or linear-shaped lesions with a smooth margin and were classified
into those around the centrum semiovale (CSO-PVS) or the basal
ganglia (BG-PVS). CSO-PVS and BG-PVS were assessed on T2-weighted
images after narrowing the window width from 1500 to 250 for 3T MRI
and from 1150 to 200 for 1.5T MRI and after changing the window
level from 600 to 450 for 3T MRI and from 500 to 300 for 1.5T MRI
(Fig. 1A-C). The severity of PVS was classified based on the number of
MRI-visible PVS into the following 3 grades: Grade 0: invisible or sparse
(PVS ≤ 10), Grade 1: moderate visible (10< PVS ≤ 30), and Grade 2:
abundant visible (PVS> 30), as reported previously [20]. Cohens’
kappa coefficients for the inter-rater agreement were 0.81 for CSO-PVS
and 0.83 for BG-PVS, respectively. Additionally, PVS were simply as-
sessed using the classification of visible (Grade 1 or 2) or invisible
(Grade 0). The severities of WMH were also assessed on a fluid-atte-
nuated inversion recovery (FLAIR) sequence after being classified into
periventricular and deep WMH based on their location, according to the
Fazekas rating scale, as follows: Grade 0: absent, Grade 1: cap-like
periventricular WMH and small focal deep WMH, Grade 2: periven-
tricular WMH encircling lateral ventricles and small confluent deep
WMH, Grade 3: irregular periventricular WMH extending into large
confluent deep WMH, respectively (Fig. 1D, E) [21]. The presence and
number of cerebral microbleeds were evaluated on T2*-weighted

gradient-recalled echo sequences after categorization as lobar (cortical-
subcortical area) or deep (basal ganglia, thalami, brainstem) (Fig. 1F).

2.3. Statistical analysis

At first, the relationships between PVS and WMH were assessed in
each location. The ORs and 95% CIs for the presence and severity of
PVS and WMH were calculated by logistic regression analyses.
Multivariate analyses were adjusted for age, eGFR, BMI, SBP, DBP,
smoking habits, and medical history of hypertension, dyslipidemia,
diabetes mellitus, and chronic heart disease, as these are known ar-
teriosclerosis risk factors. In addition, to investigate the effects of sex
difference, age-adjusted and multivariate ORs were analyzed after
stratification by the sex. Missing data were treated as deficit data that
did not affect the prevalence of other variables. Statistical significance
was assumed at a probability value (P) of< 0.05 in a Fisher's exact test.
All statistical analyses were performed using R software (version 3.3.2;
R Foundation for Statistical Computing, Vienna, Austria; http://www.
R-project.org).

3. Results

3.1. Clinical characteristics

Among the 296 healthy individuals without stroke, the mean
age± standard deviation (SD) was 66.1±5.9 years old. Other mean
clinical values were SBP of 123.0±15.1 mmHg, DBP of 74.3± 9.0
mmHg, eGFR of 64.0± 22.0 mL/min/1.73 m2, and BMI of 23.5± 3.3
kg/m2. Table 1 shows the clinical characteristics in each grade of
periventricular and deep WMH. Among the participants who had
medical histories of hypertension, dyslipidemia and diabetes mellitus,
90%, 89% and 72% underwent medical treatments. The percentage of
participants with hypertension tended to be higher for higher grades of
deep WMH (31% in Grade 0, 41% in Grade 1 and 55% in Grade 2–3) or
periventricular WMH (32% in Grade 0, 46% in Grade 1 and 65% in
Grade 2–3). The other clinical variables did not have any significant
relationships with the grade of WMH. CSO-PVS was observed in 86% of
the all participants, whereas BG-PVS was observed in 70%.

3.2. Relationships between PVS and WMH

Of 108 individuals without deep WMH, 101 (94%) had MRI-visible
CSO-PVS and 60 (56%) had MRI-visible BG-PVS. Of 175 individuals
without periventricular WMH, 155 (89%) had MRI-visible CSO-PVS and
108 (62%) had MRI-visible BG-PVS. Table 2 shows the relationship
between the presence of WMH and the grade of PVS. As the grade of
BG-PVS increased, the presence of periventricular and deep WMHs in-
creased gradually. Abundant MRI-visible BG-PVS had the highest
multivariate OR (1.60, 95% CI: 1.28–1.99, P<0.001) for the presence
of periventricular WMH. In contrast, MRI-visible CSO-PVS had the
lowest multivariate OR (0.70, 0.54–0.89 for Grade 1 and 0.87,
0.76–1.00 for Grade 2) for the presence of deep WMH compared with
invisible CSO-PVS (i.e., Grade 0). Similarly, as shown in Table 3, the
frequency of MRI-visible CSO-PVS gradually decreased as the grade of
deep WMH increased (Grade 0, 93.5%; Grade 1, 89.5%; Grade 2–3,
71.0%). The multivariate OR of severe deep WMH for MRI-visible CSO-
PVS was 0.68 (95% CI: 0.54–0.86, P<0.001), compared with none or
mild deep WMH. Although the age-adjusted OR of severe periven-
tricular WMH for MRI-visible CSO-PVS was 0.85 (0.73–0.98, P =
0.029) compared with that of none or mild periventricular WMH, there
was not a significant relationship after adjusting for multivariate ar-
teriosclerosis risk factors. The multivariate ORs of deep or periven-
tricular WMH for MRI-visible BG-PVS were approximately 1.2–1.3 and
were statistically significant.

Lobar cerebral microbleeds were found in 9 individuals, and deep
cerebral microbleeds were found in 13 individuals. Compared to the
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274 individuals without cerebral microbleeds, the 13 individuals with
deep cerebral microbleeds had a significantly higher prevalence of
visible BG-PVS and severe periventricular and deep WMHs (Table 4).
There was no significant association between the prevalence of cerebral
microbleeds and the grade of CSO-PVS.

In males, the inverse relationship between CSO-PVS and deep WML
became stronger (Tables 5 and 6). The multivariate OR of abundant
MRI-visible CSO-PVS for the presence of deep WMH in males were 0.83
(0.71–0.97, P = 0.021), and that of severe deep WMH for MRI-visible
CSO-PVS was 0.60 (0.45–0.81, P<0.001). However, there was no

significant relationship in females.

4. Discussion

In the present study, more than 90% of healthy individuals aged 60
years or older without deep WMH on MRI had a considerable number of
MRI-visible CSO-PVS, while elderly individuals with deep WMH had
significantly fewer CSO-PVS as shown in Fig. 2. Additionally, we con-
firmed that MRI-visible BG-PVS were significantly associated with the
presence and severity of periventricular and deep WMHs. Unlike BG-

Fig. 1. Perivascular space, white matter hyperintensity and cerebral microbleed. A 61-years healthy man underwent a 3-tesla brain MRI. He was assessed as Grade 1
of perivascular space in the centrum semiovale (CSO-PVS, A) and Grade 2 perivascular space in the basal ganglia (BG-PVS, B), after changing the window level and
width from the original T2-weighted images (C). The severity of deep white matter hyperintensity (WMH) was evaluated as Grade 2 (D) and that of periventricular
WMH was evaluated as Grade 2 (E) on the FLAIR images. Two deep cerebral microbleeds (white arrowhead) were detected on the T2*-weighted gradient-recalled
echo image (F).

Table 1
Clinical characteristics.

Deep white matter hyperintensity Periventricular hyperintensity

Grade 0 Grade 1 Grade 2–3 P Grade 0 Grade 1 Grade 2–3 P

Total number (n=296) 108 105 83 175 62 59
Male (n=222) 90 (83.3%) 75 (71.4%) 57 (68.7%) 0.035 138 (78.9%) 49 (79.0%) 35 (59.3%) 0.011
Smoker (n=46) 21 (24.1%) 18 (24.0%) 7 (11.7%) 0.118 33 (24.8%) 9 (19.6%) 4 (9.3%) 0.086
Hypertension (n=91) 27 (31.0%) 31 (41.3%) 33 (55.0%) 0.015 42 (31.6%) 21 (45.7%) 28 (65.1%) <0.001
SBP ≥130 mmHg (n=73) 23 (25.8%) 25 (30.1%) 25 (38.5%) 0.243 35 (25.0%) 20 (39.2%) 18 (39.1%) 0.066
DBP ≥85 mmHg (n=22) 6 (6.7%) 6 (7.2%) 10 (15.4%) 0.171 10 (7.1%) 8 (15.7%) 4 (8.7%) 0.195
Dyslipidemia (n=63) 22 (25.3%) 22 (29.3%) 19 (31.7%) 0.678 32 (24.1%) 16 (34.8%) 15 (34.9%) 0.219
Diabetes mellitus (n=32) 16 (18.4%) 11 (14.7%) 5 (8.3%) 0.232 21 (15.8%) 9 (19.6%) 2 (4.7%) 0.096
CHD (n=21) 6 (6.9%) 8 (10.7%) 7 (11.7%) 0.546 12 (9.0%) 2 (4.3%) 7 (16.3%) 0.187
CKD (n=120) 57 (67.9%) 34 (50.0%) 29 (52.7%) 0.054 78 (61.9%) 25 (59.5%) 17 (43.6%) 0.128
BMI ≥25.0 (n=68) 24 (27.0%) 22 (26.2%) 22 (33.3%) 0.590 37 (26.2%) 15 (29.4%) 16 (34.0%) 0.573

SBP: systolic blood pressure, DBP: diastolic blood pressure, CHD: chronic heart disease.
CKD: chronic kidney disease, which was considered present if the estimated glomerular filtration rate was< 60 mL/min/1.73 m2, BMI: body mass index.
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PVS, CSO-PVS is normally visible in healthy elderly individuals on the
conventional T2-weighted sequence both of the 1.5T and 3T MRI. These
findings are novel but do not conflict with the current understanding of
PVS [8,11,13,15,17–19]. Recent articles reported that only BG-PVS, not
CSO-PVS, had a significant association with deep WMH in the in-
dividuals with cerebral microbleeds or lacunar infarction [8,11,13,18].
This location-specific discrepancy in the relationship between PVS and
WMH leads us to believe that the functions and mechanisms of CSO-
PVS quite differ from those of BG-PVS. Our hypothesis is supported by

recent reports that the anatomical structures of PVS are different be-
tween the basal ganglia and deep white matter around the centrum
semiovale [12,22]. Additionally, we previously reported that MRI-
visible CSO-PVS did not penetrate the subarachnoid space on the brain
surface and was not winding or branching like the BG-PVS [23]. The
superficial arteriole passing through the brain surface has a smaller
flow volume and lower pulse pressure wave amplitude than the lenti-
culostriate artery passing through the basal ganglia. Based on the
Tsunami wave model [24], the impact of arterial pulsation, which is the

Table 2
Risks of perivascular spaces for the presence of white matter hyperintensity.

Deep white matter hyperintensity

absence presence A-OR 95% CI P M-OR 95% CI P

108 188
Perivascular space in the centrum semiovale
Grade 0 7 35 reference reference
Grade 1 38 41 0.73 (0.62–0.87) < .001 0.70 (0.54–0.89) 0.005
Grade 2 63 112 0.86 (0.77–0.96) 0.009 0.87 (0.76–1.00) 0.043

Perivascular space in the basal ganglia
Grade 0 48 40 reference reference
Grade 1 43 88 1.25 (1.09–1.42) < .001 1.18 (0.99–1.40) 0.065
Grade 2 17 60 1.37 (1.18–1.59) < .001 1.08 (0.87–1.34) 0.479

Periventricular hyperintensity
absence presence A-OR 95% CI P M-OR 95% CI P
175 121

Perivascular space in the centrum semiovale
Grade 0 20 22 reference reference
Grade 1 51 28 0.84 (0.70–1.01) 0.063 1.20 (0.92–1.57) 0.180
Grade 2 104 71 0.91 (0.82–1.02) 0.103 1.05 (0.91–1.21) 0.484

Perivascular space in the basal ganglia
Grade 0 67 21 reference reference
Grade 1 86 45 1.14 (0.98–1.32) 0.085 1.10 (0.90–1.35) 0.338
Grade 2 22 55 1.58 (1.38–1.82) < .001 1.60 (1.28–1.99) < .001

A-OR: age-adjusted odds ratio for the presence of white matter hyperintensity.
M-OR: multivariate odds ratio for the presence of white matter hyperintensity.

Table 3
Risks of white matter hyperintensity for the presence of a visible perivascular space.

Perivascular space in the centrum semiovale

invisible# visible" A-OR 95% CI P M-OR 95% CI P

42 254
Deep white matter hyperintensity
Grade 0 7 101 reference reference
Grade 1 11 94 0.86 (0.68–1.10) 0.224 0.74 (0.54–1.01) 0.055
Grade 2–3 24 59 0.67 (0.56–0.80) < .001 0.68 (0.54–0.86) 0.001

Periventricular hyperintensity
Grade 0 20 155 reference reference
Grade 1 9 53 0.94 (0.79–1.11) 0.451 1.05 (0.84–1.31) 0.685
Grade 2–3 13 46 0.85 (0.73–0.98) 0.029 0.93 (0.78–1.12) 0.457

Perivascular space in the basal ganglia
invisible# visible" A-OR 95% CI P M-OR 95% CI P
88 208

Deep white matter hyperintensity
Grade 0 48 60 reference reference
Grade 1 22 83 1.29 (1.12–1.49) < .001 1.35 (1.14–1.60) < .001
Grade 2–3 18 65 1.26 (1.09–1.44) 0.002 1.18 (1.01–1.38) 0.036

Periventricular hyperintensity
Grade 0 67 108 reference reference
Grade 1 13 49 1.16 (1.03–1.30) 0.014 1.21 (1.06–1.38) 0.006
Grade 2–3 8 51 1.21 (1.08–1.35) < .001 1.17 (1.03–1.33) 0.015

A-OR: age-adjusted odds ratio for the presence of white matter hyperintensity.
M-OR: multivariate odds ratio for the presence of white matter hyperintensity.
invisible#: perivascular space Grade 0.
visible": perivascular space Grade 1–2.
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main driving force of the bulk flow of cerebrospinal fluid in the PVS
[25,26], might be larger in the basal ganglia (i.e., BG-PVS) rather than
that in the centrum semiovale (i.e., CSO-PVS). Therefore, BG-PVS was
proposed as an imaging biomarker related with hypertensive arterio-
pathy or arteriosclerosis [18], whereas CSO-PVS was related with cer-
ebral amyloid angiopathy, which is associated with amyloid-β deposi-
tion at the cerebral capillaries [6–9,13,14,20]. However, there was no
significant relationship between CSO-PVS and lobar cerebral micro-
bleeds in this study, because of the low prevalence of cerebral micro-
bleeds. Therefore, we have to build another hypothesis about the in-
verse relationship between and CSO-PVS and deep WMH. A possible
lymphatic drainage of cerebral interstitial fluid to cerebrospinal fluid
via PVS has been studied for> 100 years ago by Cushing and Cserr, el
al [27,28]. According to the latest concept of the glymphatic pathway,
cerebrospinal fluid from the subarachnoid space is driven into the brain
parenchyma through the PVS of penetrating arteries on the brain

surface, and interstitial fluid in the white matter is drained towards the
ventricles through the white matter tracts or PVS of deep cerebral veins
[3]. Mechanisms are still far from understood, but PVS in the white
matter might work as a glymphatic efflux via the space between the
white matter fibers or venous PVS rather than glymphatic influx via the
arterial PVS. On the other hand, recent accumulated evidence suggests
that deep WMH has several etiologies, such as arterial endothelial da-
mage, demyelination, glial scarring, ischemia, inflammation and per-
meability change with leakage of solute in the blood-brain barrier
[12,16]. Therefore, deep WMH related to dysfunction of the astrocyte
barrier might induce the disruption of perivascular structures such as
the endothelial basement membrane, pericytes, leptomeninges, par-
enchymal basement membrane and astrocyte endfeet [29].

Our study has several limitations. First, we were unable to de-
termine a causal relationship between CSO-PVS and deep WMH be-
cause this study used a cross-sectional design. The progression of deep

Table 4
Prevalence of white matter hyperintensity (WMH) and MRI-visible perivascular spaces (PVS) with or without a cerebral microbleed (CMB).

Lobar CMB Deep CMB Non-CMB P1 P2 P3

9 13 274
Perivascular space in the centrum semiovale 0.166 0.446 0.258
Grade 0 1 (11.1%) 3 (23.1%) 38 (13.9%)
Grade 1 4 (44.4%) 1 (7.7%) 74 (27.0%)
Grade 2 4 (44.4%) 9 (69.2%) 162 (59.1%)
Perivascular space in the basal ganglia 0.097 0.627 0.014
Grade 0 4 (44.4%) 1 (7.7%) 83 (30.3%)
Grade 1 3 (33.3%) 4 (30.8%) 124 (45.3%)
Grade 2 2 (22.2%) 8 (61.5%) 67 (24.5%)
Deep white matter hyperintensity 0.076 0.312 0.004
Grade 0 7 (77.7%) 1 (7.7%) 167 (60.9%)
Grade 1 0 5 (38.5%) 57 (20.8%)
Grade 2–3 2 (22.2%) 7 (53.8%) 50 (18.2%)
Periventricular hyperintensity 0.003 0.350 < .001
Grade 0 5 (55.5%) 1 (7.7%) 102 (37.2%)
Grade 1 1 (11.1%) 3 (23.1%) 101 (36.9%)
Grade 2–3 3 (33.3%) 9 (69.2%) 71 (25.9%)

P1; probability value of lobar CMB vs. deep CMB.
P2; probability value of lobar CMB vs. non-CMB.
P3; probability value of deep CMB vs. non-CMB.

Table 5
Risks of perivascular spaces for the presence of white matter hyperintensity in males.

Deep white matter hyperintensity

Absence Presence A-OR 95%CIs P value M-OR 95%CIs P value

90 132
Perivascular space in centrum semiovale
Grade 0 5 27 reference reference
Grade 1 35 27 0.69 (0.57–0.83) < 0.001 0.63 (0.48–0.82) < 0.001
Grade 2 50 78 0.84 (0.73–0.95) 0.007 0.83 (0.71–0.97) 0.021
Perivascular space in basal ganglia

Grade 0 43 29 reference reference
Grade 1 32 64 1.31 (1.13–1.52) < 0.001 1.21 (0.99–1.48) 0.067
Grade 2 15 39 1.36 (1.15–1.61) < 0.001 1.12 (0.89–1.41) 0.332

Periventricular hyperintensity
absence presence A-OR 95%CIs P value M-OR 95%CIs P value
138 84

Perivascular space in centrum semiovale
Grade 0 15 17 reference reference
Grade 1 44 18 0.79 (0.65–0.97) 0.023 1.21 (0.87–1.68) 0.255
Grade 2 79 49 0.90 (0.79–1.02) 0.090 1.05 (0.90–1.23) 0.527

Perivascular space in basal ganglia
Grade 0 57 15 reference reference
Grade 1 65 31 1.16 (0.98–1.38) 0.084 1.14 (0.90–1.46) 0.279
Grade 2 16 38 1.64 (1.40–1.92) < 0.001 1.62 (1.25–2.10) < 0.001

A-OR: age-adjusted odds ratio for the presence of white matter hyperintensity.
M-OR: multivariate odds ratio for the presence of white matter hyperintensity.
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WMH in CSO-PVS should be examined in a longitudinal cohort study.
Second, the prevalence of cerebral microbleeds in our healthy elderly
participants without cerebrovascular disease was 7.4%, which was too
low for statistical analysis. However, the prevalence of cerebral mi-
crobleeds in elderly subjects without cerebrovascular disease was re-
ported to be between 5% and 6% [30]. Third, we evaluated the severity
of PVS and WMH using visual scales and not quantitative volumetric
techniques. However, a quantitative method for counting PVS has not
been established, and visual semi-quantitative assessment is still the
standard method. Fourth, we mentioned about sex differences in the
association between PVS and WMH, regardless of unidentified me-
chanisms. Because only 25% of the participants were female, we con-
sidered that the sample size of female might be too small for statistical
analysis. Finally, the influence of magnetic field strength of MRI could
not be ignored. Indeed, the frequency of invisible CSO-PVS on 3T MRI
was 6.5%, which was significantly lower than that on 1.5T MRI (19.8%)
in this study. Therefore, we investigated the association between PVS

and WMH after stratification by the magnetic field strength, but there
was no particular trend observed.

5. Conclusions

Different mechanisms may account for PVS according to their ana-
tomical distribution. BG-PVS was significantly increased in elderly in-
dividuals with deep and periventricular WMHs. Conversely, CSO-PVS
was significantly decreased in elderly individuals with deep WMH. The
inverse relationship between CSO-PVS and deep WMH may provide
valuable information for future studies of mechanisms of the glym-
phatic pathway. Specifically, PVS in the white matter might play an
essential role as the brain’s interstitial fluid drainage system, not as the
biomarkers of arteriosclerosis and cerebral amyloid angiopathy.

Table 6
Risks of white matter hyperintensity for the presence of a visible perivascular space in males.

Perivascular space in centrum semiovale

invisible# visible" A-OR 95%CIs P value M-OR 95%CIs P value

32 190
Deep white matter hyperintensity
Grade 0 5 85 reference reference
Grade 1 9 66 0.81 (0.61–1.06) 0.120 0.64 (0.45–0.92) 0.015
Grade 2–3 18 39 0.63 (0.51–0.77) < 0.001 0.60 (0.45–0.81) < 0.001

Periventricular hyperintensity
Grade 0 15 123 reference reference
Grade 1 8 41 0.90 (0.75–1.09) 0.293 0.99 (0.77–1.27) 0.923
Grade 2–3 9 26 0.81 (0.69–0.96) 0.016 0.95 (0.77–1.18) 0.649

Perivascular space in basal ganglia
invisible# visible" A-OR 95%CIs P value M-OR 95%CIs P value
72 150

Deep white matter hyperintensity
Grade 0 43 47 reference reference
Grade 1 17 58 1.30 (1.12–1.52) < 0.001 1.34 (1.11–1.61) 0.002
Grade 2–3 12 45 1.31 (1.12–1.53) < 0.001 1.22 (1.03–1.44) 0.019

Periventricular hyperintensity
Grade 0 57 81 reference reference
Grade 1 9 40 1.21 (1.06–1.37) 0.004 1.23 (1.07–1.43) 0.005
Grade 2–3 6 29 1.17 (1.04–1.32) 0.009 1.13 (0.99–1.29) 0.066

A-OR: age-adjusted odds ratio for the presence of white matter hyperintensity.
M-OR: multivariate odds ratio for the presence of white matter hyperintensity.
invisible#: perivascular space Grade 0.
visible": perivascular space Grade 1–2.

Fig. 2. Perivascular space and white matter hyperintensity on T2-weighted image. These images show the representative cases for an inverse relationship between
PVS in the centrum semiovale (CSO-PVS) and deep WMH. There were more abundant visible CSO-PVS on the left side. Grades of the CSO-PVS and deep WMHs were 2
and 0 in A, 1 and 1 in B, 1 and 2 in C, and 0 and 2 in D, respectively.
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