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ABSTRACT

BACKGROUND AND PURPOSE: Perivascular spaces are potential spaces found between brain blood vessels and surrounding leptome-
ninges that have been associated with cardiovascular risk factors and dementia, but less is known about their relationship to atheroscle-
rosis. We tested the hypothesis that perivascular spaces are associated with atherosclerosis.

MATERIALS AND METHODS: Participants from the Northern Manhattan Study who remained stroke-free were invited to participate in
an MR imaging substudy. Parenchymal hypointensities of �3 mm identified on brain axial T1-weighted MR imaging were scored as
perivascular spaces. A semiquantitative score was created to express the degree of brain involvement. Generalized linear models were
used to assess statistical associations with carotid plaque as a surrogate marker of atherosclerosis.

RESULTS: The studied sample included 706 participants (mean age, 72.6� 8.0 years; 60% women, 61% Hispanic, 68% with hypertension,
19% with diabetes, and 57% with high cholesterol). The perivascular spaces score ranged from 0 to 19 with 52% of the sample having a
perivascular spaces score of �4. In unadjusted analysis, perivascular spaces were associated with age (� � 0.01 per year, P � � .001),
non-Hispanic black race-ethnicity (� � 0.16, P � .02), hypertension (� � 0.24, P � � .001), and carotid plaque (� � 0.22, P � .001). In
multivariable analysis, only age (� � 0.01, P � .02), hypertension (� � 0.17, P � .01), and carotid plaque (� � 0.22, P � � .001) remained
independently associated with perivascular spaces.

CONCLUSIONS: Perivascular spaces weremore frequently found in older participants, in thosewith hypertension, and in the presence of
carotid plaque. These results suggest that mechanisms leading to atherosclerosis might also lead to an increased number of perivascular
spaces. These results need confirmation in prospective studies.

ABBREVIATIONS: PVS� perivascular spaces; HTN� hypertension

Perivascular spaces in the brain have been described for more

than a century, but their pathologic significance has not been

settled.1,2 A definition of PVS can be summarized as a potential space

between blood vessels created by surrounding leptomeninges as they

travel through the CSF space and penetrate the brain parenchyma,

acting as an isolating sheath from the CSF compartment.3 Among

some physiologic functions attributed to PVS are the trafficking of

inflammatory cells to and from the brain and drainage of interneuronal

fluid to the systemic circulation through the lymphatic system.4,5

When these spaces dilate, they can be observed directly in

postmortem brain sections or on brain MR imaging or CT.6

Pathologic and radiologic studies that have evaluated the signifi-

cance of PVS have yielded conflicting results. In some cases, PVS

have been described as an age-related phenomenon without

pathologic associations, while in others, they are more frequently

found in individuals with disease.7-9 The reasons underlying these

discrepancies are various, including the heterogeneous popula-

tions studied and differing study methods. The importance of

correctly identifying PVS and understanding their pathophysiol-

ogy is highlighted by their association with a worse cardiovascular

profile, cerebral small-vessel disease (leukoaraiosis), and worse

cognition.10,11 Whether PVS are biomarkers of cardiovascular

risk-factor severity and indicators of a pathophysiologic process

or simply innocent bystanders remains to be clarified.

If PVS are more frequent in individuals with cardiovascular risk

factors, then atherosclerosis should be more prevalent in those with

PVS. However, this hypothesis has not been tested. In addition, few
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community-based studies have examined the prevalence of PVS in

the general population or their association with vascular risk factors

and atherosclerosis.6,11 We examined the prevalence and correlates

of PVS in the urban Northern Manhattan population that includes

Hispanic white and non-Hispanic black individuals known to be at

greater risk of stroke than non-Hispanic whites.12

MATERIALS AND METHODS
The Northern Manhattan Study includes a prospective popula-

tion-based cohort of participants enrolled from the Northern

Manhattan neighborhood between 1993 and 2001 by using ran-

dom digit dialing. An overall response rate was 68% as previously

described.13 Eligible participants were stroke-free at baseline,

aged 40 years or older, and had resided in Northern Manhattan

for at least 3 months in a household with a telephone. Between

2003 and 2008, all surviving participants remaining stroke-free

were invited to participate in an MR imaging substudy. Partici-

pants were eligible if they were older than 55 years of age and had

no contraindication to MR imaging. For this analysis, only sub-

jects with MR images in DICOM format were included because

the software used did not support other formats. All participants

signed written informed consent, and the study was approved by

the local institutional review board.

Data were obtained from participants (99%) or proxies by

using standardized data-collection instruments. Participants self-

identified their ethnicity as Hispanic or non-Hispanic and race as

white, black, or other. Standard techniques were used to measure

blood pressure, height, weight, and fasting glucose levels. “Hyper-

tension” was defined as a systolic blood pressure of 140 mm Hg or

a diastolic blood pressure of �90 mm Hg, physician diagnosis, or

self-report of a history of hypertension or antihypertensive use.

“Diabetes mellitus” was defined as fasting blood glucose of �126

mg/dL or self-report of such a history or insulin or hypoglycemic

use. “Dyslipidemia” was defined as total cholesterol of �200

mg/dL or use of cholesterol-lowering medications. Smoking was

categorized as never, former, and current smoker (within 1 year).

“History of cardiac disease” was defined as self-report of atrial

fibrillation, myocardial infarction, angina, or coronary artery by-

pass grafting. Carotid plaque in any of the carotid artery segments

(the common carotid artery, bifurcation, and internal carotid ar-

tery) was assessed by high-resolution B-mode carotid sonography

(LOGIQ 700; GE Healthcare, Milwaukee, Wisconsin) using a

standardized sonography imaging protocol with excellent inter-

and intrareader reliability, as previously described.14 It was de-

fined as an area of focal wall thickening �50% greater than the

surrounding wall thickness and coded as “present” or “not.”

Imaging was performed on a dedicated 1.5T research MR im-

aging system (Philips Healthcare, Best, the Netherlands) by using

a standardized protocol. The MR imaging sequences used in the

current study were axial FLAIR and axial T1. The 3D T1 image

had a section thickness of 1.5 mm with no gap, a TE of 2.1 ms, a TR

of 20 ms, and a flip angle of 20°. The FLAIR images were acquired

in the multi-section turbo spin-echo mode with an FOV of 250

mm, a rectangular FOV of 80%, an acquisition matrix of 192 �

133 scaled to 256 � 256 in reconstruction, a 3-mm section thick-

ness with no gap, a TE of 144 ms, a TR of 5500 ms, an inversion

recovery delay of 1900 ms, and a flip angle of 90°.

Parenchymal hypointensities observed in 3D axial T1 with an

effective diameter of �3 mm and an absent FLAIR hyperintensity

were considered to represent perivascular spaces (Fig 1). Due to

the large number of small hypointensities observed in some cases, we

used a semiquantitative score to express the degree of brain involve-

ment per section: 0 � no voids observed in the region, 1 � 1–3 voids,

and 2 � �4 voids. The supratentorial brain was divided into 12

sections: 1 section for the white matter of each lobe (ie, frontal, tem-

poral, parietal, and occipital) and 4 sections in the basal ganglia. The

brain stem and the cerebellum were considered as 1 separate region

(14 sections, with a possible score ranging from 0 to 28; Fig 2). Intra-

rater reliability was assessed in a 10% random sample and was found

to be excellent for the PVS score (rating by J.G., first author; intraclass

correlation coefficient � 0.90).

Statistical Analysis
Differences among participants studied in this analysis versus

those excluded were evaluated with Student t tests for continuous

variables and �2 tests for categoric variables. The main outcome

variable was the PVS score, but we also used the median of the

PVS distribution to categorize the presence of PVS for secondary

analysis. We built separate generalized linear models with the

continuous PVS score as the outcome and sample demographic,

clinical, and ancillary characteristics as the predictor variables. In

a secondary analysis, we evaluated the continuous PVS score by

anatomic region to see whether the association differed by loca-

tion and the dichotomized PVS score to evaluate the effect size of

predictors on the prevalence of PVS by using odds ratios. We used

Poisson distributions to fit the continuous PVS score (count) dis-

tribution and binomial distributions for the dichotomized PVS

score to obtain the odds ratios and their 95% confidence intervals.

A P value �.05 was considered statistically significant by using

type III effects in the generalized linear models. A random sample

of 10% was used to assess intrareader reliability by using an intra-

class correlation coefficient or � value, depending on the type of

variable measured. The analysis was performed with SAS soft-

ware, Version 9.2 (SAS Institute, Cary, North Carolina).

RESULTS
Population Characteristics
Of 1290 participants who underwent brain MR imaging, we rated

PVS in 706 participants (limited to data available in the DICOM

format). The sample mean age was 71.6 � 8.0 years, 60% were

women, 61% were Hispanic, 20% were non-Hispanic black, and

19% were non-Hispanic white. Hypertension was present in 68%;

diabetes, in 19%; hypercholesterolemia, in 57%; smoking, in 52%

(36% were former smokers and 16% current smokers); and a

history of cardiac disease, in 16%. There were no advanced

plaques (those producing hemodynamic stenosis of �40%)

among subjects included in this study. Small, nonstenotic carotid

plaque was found in 55% of the participants. Those individuals

included in this analysis were slightly older and more likely to be

non-Hispanic black and less likely to have dyslipidemia (Table 1).

Perivascular Spaces Score
The PVS score ranged from 0 to 19, with 52% of the sample having

a PVS score of �4 (median � 4; Fig 3, Table 1)., The percentage of
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participants with PVS scores of �4 increased with age. It was 39%

in those between 55 and 64.9 years, 48% in those 65–74.9 years, 55%

in those 75–84.9 years, and 57% in those 85 years or older. The

proportion of participants who had nonstenotic carotid plaque and a

PVS score of �4 was 55% compared with 40% in those without

carotid plaque. In unadjusted analysis, the PVS score was higher with

older age (��0.01, P�� .001), black race (��0.16, P� .02), HTN

(�� 0.24, P �� .001), and the presence of carotid plaque (�� 0.22,

P � .001). It was lower in participants who reported taking antihy-

pertensive medications (� � �0.19, P � .04), antihyperglycemics

(� � �0.23, P � .008), and cholesterol-lowering drugs (� � �26,

P � .003). Being male was marginally associated with a lower PVS

score (� � �0.11, P � .06).

No associations were noted between the PVS score and systolic

blood pressure, diastolic blood pressure, pulse pressure, dyslipi-

demia, low-attenuation lipoprotein cholesterol levels, diabetes,

current or former smoking, body mass index, or history of cardiac

disease. In multivariable analysis, age (� � 0.01, P � .02), HTN

(� � 0.17, P � .01), and the presence of carotid plaque (� � 0.22,

P � � .001) were significant predictors of a higher PVS score

(Table 2), while taking cholesterol-lowering medications was a

predictor of lower PVS scores (� � �0.23, P � .01). Using the

same variables in a multivariate model

with binomial distribution to predict the

prevalence of PVS (ie, PVS score �5) re-

produced the same independent associ-

ation of PVS with age (OR, 1.03; 95% CI,

1.06 –1.05), HTN (OR, 1.58; 95% CI,

1.05–2.38), the presence of carotid

plaque (OR, 1.71; 95% CI, 1.18 –2.47),

and taking cholesterol-lowering medi-

cations (OR, 0.65; 95% CI, 0.44 – 0.94).

Perivascular Spaces by Anatomic
Region
Analysis of the PVS scores demonstrated

variation in the degree of involvement

by anatomic region. While �73% of

participants had PVS in either the sub-

cortical white matter or basal ganglia,

only 18% of the sample had infratento-

rial lesions. Using the same multivari-

able model used for the global PVS

scores, we found important differences

in the PVS score by anatomic locations

(Table 2). Perivascular scores in the sub-

cortical white matter were more fre-

quent in women than in men. They were

not associated with HTN or hypercho-

lesterolemia but were associated with

the presence of carotid plaque. The basal

ganglia PVS were more frequent in those

with a history of cardiac disease and less

frequent in the context of dyslipidemia.

The infratentorial PVS score was greater

among current smokers and hyperten-

sive participants. The effect estimates for

the association of carotid plaque with

the infratentorial PVS score had the same magnitude as in other

anatomic regions but did not reach statistical significance.

DISCUSSION
Our study demonstrates that PVS were more frequent in older

participants, in the presence of HTN, and in those with carotid

atherosclerotic plaques. Carotid plaque was found to be among

the strongest and most consistent predictors of PVS, suggesting a

biologic link between PVS and atherosclerosis, though we cannot

evaluate causality in this observational study. It seems unlikely

that the development of PVS causes atherosclerosis, but the bio-

physics are poorly understood. For example, it is not known

whether a tendency to form PVS might influence the response of

an arterial tree to variations in blood flow or wall shear stress that

might encourage local atherosclerotic plaque formation. It also

seems unlikely that small, nonstenotic carotid plaques observed in

our study had an impact on cerebral hemodynamics that might

have affected PVS formation because flow is not thought to be

altered until the degree of stenosis reaches �80%.15 Even in the

case of carotid stenosis of �80%, it is unlikely that dampening

of cerebral blood flow underlies the association between PVS

FIG 1. A, Multiple hyperintensities appear in both caudate heads and the corona radiata white
matter tracts, suggestive of perivascular spaces. B, Small voids (hypointensities) can be observed
in the lateral margins of both putamina. C, Example of multiple perivascular spaces high in the
medial frontal convexity. D, A small perivascular space is observed in the pons.
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and HTN.16,17 The association of PVS with carotid plaque may

represent a shared association with atherosclerotic risk factors.

Another explanation may be that PVS are an epiphenomenon

of the presence of atherosclerosis in other vessels. Other pos-

sible mediators in the development of PVS may be arterial

stiffness and pulse-wave reflection, because both increase with

age and atherosclerosis. Increased arterial stiffness in large ar-

teries can be associated with increased

pulsatility to richly vascularized or-

gans, such as the brain.18,19 In turn,

greater pulsatility in brain penetrator

arteries could lead to PVS as a conse-

quence of atherosclerosis and aging.16

This hypothesis requires further

investigation.

Hypertension seems to be one of the

most consistent cardiovascular risk fac-

tors associated with the presence and

number of PVS.10,20,21 In a similar pop-

ulation-based MR imaging study of de-

mentia and stroke-free participants, the

presence and severity of PVS were asso-

ciated with HTN.10 Additionally, the se-

verity of their PVS score was associated

with other markers of small-vessel dis-

ease such as white matter hyperintensi-

ties and male sex. Other studies, though

from more selected populations, have

also reproduced the association of PVS

and HTN.20,21 The reasons underlying

this association are difficult to explain

with cross-sectional data, but it is plau-

sible that an increase in intraluminal

pressure might lead to greater extravasa-

tion of fluid through the small arteries

into these spaces. This hypothesis is sup-

ported by rat experiments in which sus-

tained HTN led to increased permeabil-

ity of endothelial cells and fluid-induced

damage to surrounding brain paren-

chyma.22 Due to the close proximity of

PVS to brain parenchyma, elevated pul-

satility in these areas could lead to en-

largement of perivascular spaces.16 Also,

small penetrating arteries receive their

flow from large arteries, with a large

drop in caliber that might expose the

smaller vessels to greater pulsatility and

mechanical forces. For example, from an

average MCA diameter of 3.0 mm, the

diameter of lenticulostriate arteries

drops to 0.5– 0.9 mm.23,24 Furthermore,

a bifurcation angle between 70 and 110°

is associated with increased wall shear

stress in the branching vessel (the lentic-

ulostriate arteries leave the MCA at an

angle of approximately 90°).25 This

greater angle could partially explain why one of the most common

anatomic locations of PVS is the basal ganglia, at the origin of the

lenticulostriates.10,26-28

However, other factors might be involved. The association of

HTN with PVS has not always been reproduced, and the brain

stem is the least affected region, even though a similar drop in

diameter occurs from the basilar artery to small penetrators.6,27,28

FIG 2. Division used to score perivascular spaces by anatomic regions. R indicates right; L, left; A,
anterior; P, posterior; F, frontal; T, temporal; P, parietal; O, occipital; CE, cerebellum; BS, brain stem.

Table 1: Characteristics of the studied sample compared with the NOMAS MRI subsample
NOMAS MRI Study
Included Sample
(n = 706)

NOMAS MRI Study
Excluded Sample
(n = 585) P Valuea

Age (yr) 71.6� 8.0 69.4� 9.9 �.01
Female sex (%) 60.4 60.5 .95
Ethnicity (%)
Non-Hispanic white 15.9 13.5 �.01
Non-Hispanic black 20.3 13.7
Hispanic 61.1 71.1

Hypertension (%) 68.5 64.6 .15
Diabetes (%) 18.9 20.0 .61
Hypercholesterolemia (%) 56.6 63.2 .02
Current smoking (%) 15.9 16.2 .86
Previous cardiac disease (%) 16.3 16.9 .77
Carotid plaque (%) 55.0 55.5 .85
Perivascular spaces score
Mean 5.0 Not applicable Not applicable
Median 4.0
25th percentile 2.0
50th percentile 4.0
75th percentile 7.0

Note:—NOMAS indicates the Northern Manhattan Study.
a Two-tailed t test was used to obtain P values for age differences, while the �2 test was used for all other
comparisons.
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An alternate explanation for the predisposition of the basal ganglia

to develop PVS might be the existence of the more complex, dou-

bled-layered microstructure of the PVS compartments in this region

compared with the cortex.29 More studies are needed to assess this

hypothesis.

The prevalence of PVS in our sample increased with age after

adjusting for other covariates; this finding suggests that PVS

might be a manifestation of aging. The high prevalence of PVS in

older individuals compared with the lower prevalence in younger

groups supports this finding.10,30 However, PVS are also found in

children, in whom their presence has been associated with behav-

ioral and neurologic symptoms.9,31 Perivascular spaces associated

with neuropsychiatric abnormalities in children are most likely of

a different etiology than those of middle-aged and older individ-

uals with cardiovascular risk factors. While serotonin has been

invoked to explain the relationship between PVS and migraine in

children, inflammation has been cited as the leading process in the

presence of PVS in patients with multiple sclerosis and other brain

inflammatory processes.7,31-33 Although low-attenuation lipo-

protein cholesterol levels were not associated with PVS, taking

cholesterol-lowering medications was a strong negative predictor

of PVS in this study. We found that taking antihypertensive or

hypoglycemic medications was also associated with a lower PVS

score. These findings taken together might suggest that control-

ling vascular risk factors leads to a reduction in PVS prevalence. A

role of inflammation in the development of PVS is also possible in

adults with cardiovascular risk factors. The link between PVS and

inflammation will be pursued in our cohort in the future.

The analysis of PVS by brain anatomic areas revealed consis-

tent findings across all locations for most of the included variables

except smoking. Current smoking was associated with greater in-

fratentorial PVS scores. Rather than suggesting a biologic rela-

tionship of smoking with PVS in the posterior circulation, this

association might represent misclassification of small infarcts as

PVS in the brain stem and cerebellum. Although PVS are present

in the brain stem, the occurrence of infarcts is considered more

likely.23,28,34 The lack of a significant association between carotid

plaque and infratentorial PVS might be related to the lower prev-

alence of PVS in this region.

This study has noteworthy limitations. Our study included a

stroke-free, unselected population with a high prevalence of car-

diovascular risk factors, but it may not be generalizable to other

nonurban US populations and further studies are needed in other

groups. Using axial images as the only plane for measuring PVS

diameters could underestimate the volumes of thin, vertically ori-

ented voids of �3 mm, but the use of FLAIR to look for evidence

of gliotic changes suggestive of infarction minimizes misclassifi-

cation. The lack of prospective data hampers inferences about the

FIG 3. Distribution of PVS scores in the studied sample.

Table 2: Adjusted � coefficientsa of predictors of the overall perivascular space scores and by anatomic regions

Overall Score

Perivascular Space Score by Anatomic Region

Subcortical White
Matter Basal Ganglia Infratentorial

� Coefficient P Value � Coefficient P Value � Coefficient P Value � Coefficient P Value
Age 0.01 .02 0.008 .15 0.01 .02 0.02 .19
Male sex �0.11 .12 �0.21 .01 0.05 .52 �0.35 .08
Race
White Ref Ref Ref Ref
Black 0.004 .96 0.11 .37 �0.07 .51 �0.47 .12
Hispanic �0.11 .17 �0.06 .57 �0.15 .10 �0.20 .40

Body mass index �0.004 .53 �0.004 .61 �0.003 .64 �0.008 .63
Smoking
Never Ref Ref Ref Ref
Former 0.02 .35 0.05 .55 �0.05 .52 0.35 .07
Current 0.08 .78 0.14 .20 �0.04 .61 0.76 .001
Hypertension 0.17 .01 0.11 .20 0.20 .02 0.59 .008
Antihypertensive medications �0.11 .09 �0.13 .13 �0.09 .24 �0.28 .24

Diabetes 0.03 .71 0.06 .51 �0.003 .96 �0.04 .88
Hypoglycemic medications �0.18 .19 �0.19 .10 �0.03 .79 �0.31 .40

Hypercholesterolemia �0.12 .21 0.01 .93 �0.14 .02 �0.16 .38
Cholesterol-lowering
medications

�0.24 .02 �0.22 .08 �0.22 .08 �0.76 .04

History of cardiac disease 0.07 .32 �0.02 .81 0.15 .05 0.26 .23
Carotid plaque 0.22 �.001 0.29 �.001 0.16 0.02 0.22 .21

Note:—Ref indicates reference group.
a Coefficients were adjusted for all other demographic variables plus medications to treat hypertension, diabetes, and hypercholesterolemia.
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cause of PVS. More important, it remains unknown whether PVS

have a role as a biomarker for identifying individuals at high risk

of developing cerebrovascular disease that would require a differ-

ent diagnostic and treatment approach. Additional limitations to

this study include the survivor bias of the MR imaging cohort and

a lack of data on the inter-rater reliability of our PVS scoring

system, though the intrarater reliability was high.

CONCLUSIONS
In this population-based race/ethnically diverse sample, we found

that PVS were associated with age and several vascular risk factors

and were strongly related to carotid plaque. Prospective data are

needed to confirm the importance of these subclinical MR imag-

ing findings in relation to cardiovascular risk, dementia, and

other clinical outcomes.
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