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BACKGROUND AND PURPOSE: Virchow-Robin spaces (VRSs) are CSF spaces that accom-
pany blood vessels as they perforate the brain substance. Dilatation of VRS is associated with
microangiopathy. Microvascular disease has a major etiologic and pathogenetic role in demen-
tias. To our knowledge, no investigators have looked at the relationship between dilated VRS on
MR imaging and cerebral microvascular disease. The aim of our study was to test the
hypothesis that dilatation of VRS is associated with subcortical vascular dementia.

METHODS: We recruited 75 patients with Alzheimer’s disease (n � 35), ischemic vascular
dementia (n � 24), or frontotemporal dementia (n � 16) and 35 healthy volunteers. We
assessed deep white matter and periventricular hyperintensities and the severity of VRS
dilatation, as scored on MR images. Statistical group comparisons and multiple regression
analyses were performed to quantify the relationship between imaging features and diagnoses.

RESULTS: White matter lesions were more common in patients with ischemic vascular
dementia than in those with Alzheimer’s disease or healthy volunteers (P < .01). VRS scores
were significantly higher in patients with vascular dementia than in patients with AD (P <
.001), patients with FTD (P < .01), or healthy volunteers (P < .001). VRS scores accounted for
29% of the variance in the regression model, and scores for periventricular hyperintensity
accounted for 2%.

CONCLUSION: VRS dilatation is common in diseases associated with microvascular abnor-
mality and can be used as a diagnostic tool to differentiate vascular dementias from degener-
ative dementias.

Virchow-Robin spaces (VRSs) are perivascular
spaces that surround the perforating arteries that
enter the brain. The spaces are normally microscopic,
but when dilated, they may be seen on MR images.
Even in the normal brain, some VRSs are usually
seen in the area of the substantia innominata at the
level of the anterior commissure, and a small number
of dilated spaces may also be seen in the basal ganglia
(BG) in up to 60% of individuals (1). VRSs can be
identified by a combination of their typical location

and their signal intensity characteristics. They are
classically described as isointense to CSF on images
obtained with all pulse sequences (1–4), and they are
round or linear depending on the imaging plane (5),
although their characteristics may vary from this pat-
tern for a number of reasons. First, the small size of
the VRS makes partial-volume effects common;
therefore, measured signal intensities seldom equal
those seen in pure CSF, although the changes in
signal intensity between sequences are closely corre-
lated (6). In addition, T1-weighted images with sub-
stantial flow sensitivity may show high signal intensity
due to inflow effects (1). Even if we allow for these
effects, the measured signal intensity in the VRS
often slightly differs from that of true CSF. This
finding has been attributed to the fact that VRS
around intracerebral arteries may represent intersti-
tial fluid trapped in the subpial or interpial space (6).

Many pathologic states result in abnormal dilata-
tion of VRS, with increased numbers of spaces visible
on MR imaging. These are seen particularly along the
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course of the penetrating striothalamic arteries in the
BG, the external and extreme capsule and also along
the course of penetrating arteries in the centrum
semiovale and the ventral mesencephalic tegmentum
(4, 7–21).

Pathologic dilatation of VRS is most commonly
associated with arteriolar abnormalities that arise due
to aging, diabetes, hypercholesterolemia, smoking,
and hypertension and other vascular risk factors. This
dilatation forms part of a histologic spectrum of ab-
normalities, which include old, small infarcts (type 1
changes); scars from small hematomas (type 2 chang-
es); and dilatations of VRS (type 3 changes) (22). The
presence of these abnormalities on histologic exami-
nation is believed to result from moderate-to-severe
microangiopathy characterized by sclerosis, hyalino-
sis, and lipid deposits in the walls of small perforating
arteries 50–400 ı̀m in diameter (22, 23). As the se-
verity of the microangiopathy increases, microvessels
demonstrate increasingly severe changes, with arterial
narrowing, microaneurysms and pseudoaneurysms,
onion skinning, mural calcification, and thrombotic
and fibrotic luminal occlusions (22–24) Although mi-
crovascular disease is common, few reliable surrogate
imaging markers of its presence have been described.
The extent and severity of deep white matter (WM)
and periventricular hyperintensity on T2-weighted
images have been widely studied as potential surro-
gate markers for small-vessel disease. However, the
correlation between these abnormalities and clinical
characteristics, such as diagnosis, vascular risk factor,
or neuropsychological deficit, is often poor (25–32).

Therefore, the purpose of this study was to test the
hypothesis that abnormal dilatation of VRS is a po-
tential surrogate marker of microvascular disease in
patients with dementing illness.

Methods

Subjects were recruited from four health districts as part of
a prospective study of neuropsychological, clinical, and imaging
features associated with dementing illness in the elderly. All
participants provided informed consent. The research was ap-
proved by our local research ethics committees.

Subjects
Between 1997 and 2000, 23 recruited 75 consecutive patients

with ischemic vascular dementia (IVD, n � 24), Alzheimer’s
disease (AD, n � 35), or frontotemporal dementia (FTD, n �
16) from our cerebral function unit (a tertiary dementia refer-
ral unit), neurology department. All patients underwent de-
tailed neurologic evaluation, neuropsychological assessment,
MR imaging, and single photon emission CT with technetium-
99m hexamethylpropyleneamine oxime at initial presentation.

IVD Group.—Patients with a clinical diagnosis of IVD ful-
filled the National Institute of Neurological Disorders and
Stroke–association Internationale pour la Recherche et
l’Enseignement en Neurosciences criteria for possible IVD
(33). Thirteen patients had a Hatchinski ischemic score of �7
(mean � standard deviation [SD], 9.01 � 1.66). The remaining
11 patients had a score of 3.96 � 1.42. All patients had a clinical
neurologic and neuropsychological deficit compatible with the
clinical profile of IVD. None fulfilled the criteria for probable
AD (34), the criteria for FTD (35, 36), or the criteria for Lewy

body dementia (37). The diagnosis of IVD was carefully reeval-
uated every 6 months over a follow-up of 1–3 years. Equivocal
cases were not included in the study.

AD Group.—All patients had neuropsychological deficits
typical of AD, and all fulfilled the National Institute of Neu-
rological and Communicative Diseases and Stroke–Alzhei-
mer’s Disease and Related Disorders Association criteria for
probable AD (34). All patients who fulfilled clinical criteria for
IVD, Lewy body disease (37), or FTD (35, 36) were excluded
from this group regardless of whether or not they fulfilled
criteria for AD.

FTD Group.—All patients fulfilled established criteria for
FTD (35, 36), with a profound breakdown in personality and
social conduct. On neuropsychological testing, these patients
had significant frontal-lobe impairment with preserved visuo-
spatial functions. All patients had a Hatchinski ischemic score
of �3. Results of neurologic examination were normal or
showed frontal-lobe release phenomena.

Control Subjects.—All control subjects came from the same
four geographic areas. Some were spouses or partners of pa-
tients in the study, and some were recruited by means of
advertisement.

Neuroimaging
Patients and control subjects were imaged by using a 1.5-T

unit (ACS-NT, Power Track 6000 gradient subsystem; Philips
Medical Systems, Best, the Netherlands) and a birdcage head
coil receiver. The imaging protocol included the following axial
sequences: 1) fluid-attenuated inversion recovery (FLAIR, TR/
TE/TI � 11,000/140/2600, section thickness � 3.0 mm, no
intersection gap), 2) T1-weighted inversion recovery (TR/TE/
TI � 6850/18/300, section thickness � 3.0 mm), 3) variable-
echo, fast spin echo (TR/TE1/TE2 � 5500/20/90, section thick-
ness � 3.0 mm), and 4) high-resolution 3D T1-weighted fast
field-echo (TR/TE � 24/18, section thickness � 0.89 mm, flip
angle � 30°). For all sequences, the matrix was 256 � 256, and
the FOV was 230 � 230 mm. Variable-echo and inversion
recovery images were acquired with the same orientation and
geometry as the FLAIR images. Inversion recovery images
were reconstructed and viewed as real images in all cases.

Image Analysis
Deep WM and Periventricular Hyperintensities.—An experi-

enced neuroradiologist (A.J.) blinded to the patient or subject
group conducted all image analyses. Interobserver and Intraob-
server variation the rating scale that we used was previously
established in a group of 60 elderly patients with or without
AD, FTD, IVD. The weighted Cohen � values were 0.52–0.89
(good to excellent) for all components of the scale (32).

Images were transferred to a stand-alone personal com-
puter workstation and viewed by using software (E Film
Medical Ltd, Toronto, Ontario, Canada). Assessments was
performed on matched T1-weighted inversion recovery and
T2-weighted FLAIR images by using a scoring system based
on the Schelten scale, which has four subscales (38). On the
first subscales, frontal, parietal, and occipital periventricular
hyperintensity was scored as follows: 0 for none, 1 for �5
mm thick, and 2 for �5 mm thick (total score of 0 – 6). On
the other subscales, abnormalities in the deep WM hyperin-
tensity (frontal, parietal, temporal, occipital), BG (lentiform
and caudate nuclei, thalamus, internal capsule), and brain-
stem (cerebellar WM, midbrain and pontine reticular for-
mations, medulla) were scored as follows: 0 for none; 1 for
five or fewer � 3 mm, 2 for six or more � 3 mm, 3 for five
or fewer 4 –10 mm, 4 for six or more 4 –10 mm, 5 for �11
mm, and 6 for confluent (total scores of 0 –24).

Our scoring system differed from the original in that deep
WM hyperintensity in the lentiform nucleus were treated as
a single group and not split into lesions of the putaminal and
globus pallidus. This change was made because of poor
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repeatability of this aspect of the original scoring system in
our practice.

Virchow-Robin Spaces.—Visualization of dilated VRSs was
clearly improved by the use of heavily T1-weighted inversion
recovery sequences compared with T2-weighted or high-reso-
lution gradient-echo T1-weighted sequences. This improve-
ment was confirmed by measuring contrast-to-noise ratios
(CNRs) for enlarged VRSs for each sequence in a group of five
subjects. CNR was calculated relative to WM as follows:
CNR � (SVRS � SWM)/N, where SVRS is the mean signal
intensity in the VRS, SWM is the mean signal intensity in
normal WM, and N is the background noise calculated as the
width of the distribution of signal intensities in pure WM.

Calculated CNRs were 64.1 for inversion recovery, 24.8 for
fast field-echo, 19.1 for variable-echo second-echo, and 1.9 for
variable-echo first-echo imaging. On the basis of these findings,
the VRS scores were based principally on the appearances seen
on inversion recovery images (Fig 1). VRS were scored sepa-
rately in the centrum semiovale (0 � none, 1 � less than five
per side, 2 � more than five on one or both sides), the
mesencephalon (0 � absent, 1 � present), and the subinsular
region lateral to the lentiform nucleus (0 � none, 1 � less than
five on either side, 2 � more than five on one or both sides).
VRS in the BG were scored by using two scoring schemes
(Table 1), the first of these (BG scheme 1) reflected the
anatomic distribution of BG VRSs, and the second (BG
scheme 2) reflected the distribution and number.

BG scheme 1 was as follows: 0 � VRS present only in the
substantia innominata and fewer than five VRSs on either side,
1 � more than five VRS in the substantia innominata on either
side or any VRS in the lentiform nucleus, and 2 � VRS in the

caudate nucleus on either side. BG scheme 2 was as follows:
0 � VRS present only in the substantia innominata and fewer
than five VRSs on either side, 1 � VRS only in the substantia
innominata or more than five dilated VRS on either side, 2 �
fewer than five in the lentiform nucleus on either side, 3 � five
to 10 VRSs in the lentiform or fewer than five in the caudate
nucleus on either side (Fig 2), 4 � more than 10 in the
lentiform nucleus and fewer than five in the caudate nucleus on
either side, 5 � more than 10 in lentiform nucleus and more
than five in the caudate nucleus on either side (Fig 3).

When individual spaces were seen to extend through multi-
ple images, these were counted as a single image (Fig 4). In
cases of severe microvascular disease, the BG contains not only
dilated VRS but also small cystic spaces, which may be due to
lacunar infarction. It was not possible to confidently differen-
tiate between dilated VRS and these small lacunae infarcts. In
these cases, scores of 2 and 5 were allocated in BG schemes 1
and 2, respectively.

Two neuroradiologists (A.J., T.F.P.) who were blinded to
the diagnosis independently performed the scoring. One week
later, they repeated the scoring process in a subgroup of 50
patients to establish intraobserver reliability. The order of the
subjects was randomized in both scoring sessions to eliminate
training effects.

Cerebral Atrophy.—Cerebral atrophy was measured by using
the technique Thacker et al described (39). The assessment was
performed on inversion recovery images, and the technique
provided an age- and head size–corrected index of prosence-
phalic atrophy beyond that expected with normal age-related
loss. Age correction was not performed because the intention
was to examine the relationship between atrophy and VRS
dilatation.

Data and Statistical Analysis
Interobserver and intraobserver variability for the VRS scor-

ing schemes was assessed by using the Wilcoxon matched pairs
test to examine the hypothesis that the scores represent differ-
ent populations, and a weighted Cohen � test was used to
quantify the level of agreement.

Statistical tests were performed to identify differences in scores
between groups. We compared the control, AD, FTD, and IVD
groups to test the hypothesis that indicators of microvascular
disease are associated with subcortical vascular dementia. Differ-
ences between the ages of the subjects were compared by using
analysis of variance with a posteriori Tukey test to allow us to
identify between-group differences. All other variables were as-

FIG 1. Matching axial MR images show severe (grade 5) dilatation of the VRS (matrix � 256 � 256, FOV � 230 � 230 mm): A,
T2-weighted variable echo (TR/TE1/TE2 � 5500/20/90); B, T1-weighted high-spatial-resolution T1-weighted 3D gradient echo (TR/TE �
24/18, section thickness � 0.89 mm, flip angle � 30°); and C, inversion recovery (TR/TE/TE � 6850/18/300). Calculated CNRs for VRS
versus WM are 64.1 for inversion recovery, 24.8 for fast field-echo, 19.1 for the variable-echo second-echo imaging.

TABLE 1: Adjusted Cohen � scores for each component of the VRS
scoring system

Component
Intraobserver

1
Intraobserver

2 Interobserver

BG
Scheme 1 0.97 0.89 0.91
Scheme 2 1.0 0.96 0.98

Centrum semiovale 0.78 0.82 0.84
Subinsular 0.89 0.91 0.90
Mesencephalon 0.94 0.84 0.82

Note.—Intraobserver and interobserver variability assessed by using
the Wilcoxon matched-pairs test.
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sessed by using the Kruskal-Wallis test with a posteriori Mann-
Whitney U test to allow identification of between-group differ-
ences. Significance levels for the analysis of variance and Kruskal-

Wallis test were set at P � .05. Significance levels for a posteriori
tests were set at P � .01 to reduce the risks of type 1 errors.

Multiple regression analyses, with a forward stepwise

FIG 2. Axial inversion recovery MR images (TR/TE/TI � 6850/18/300, matrix � 256 � 256, FOV � 230 � 230 mm) show grade 3 VRS
dilatation (arrows).

FIG 3. Axial inversion recovery MR images (TR/TE/TI � 6850/18/300, matrix � 256 � 256, FOV � 230 � 230 mm) show extensive
VRS dilatation (arrows) throughout the BG (grade 5).
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method, were performed to identify the proportion of inter-
group variance, which can be accounted for by individual vari-
ables. Variables included in the model were sex, age, diagnosis,
periventricular hyperintensity score, BG hyperintensity score,
deep WM hyperintensity score, VRS score from BG scheme 2,
and VRS score in the centrum semiovale. The relationship
between atrophy and diagnosis was tested by using an analysis
of variance with a posteriori Tukey test to allow for the iden-
tification of between-group differences. The relationship be-
tween atrophy and VRS scores (BG scheme 2 and centrum
semiovale) was tested by using regression analysis for each of
the groups. The potential diagnostic sensitivity and specificity
of the score from BG scheme 2 for IVD and of the score in the
centrum semiovale for FTD were calculated at each of the
available thresholds.

Results

VRS Scoring System
Interobserver and intraobserver variation in the

VRS scoring systems was minimal, with no significant
differences between scores. Cohen � values demon-
strated excellent agreement between scoring sessions
for each observer (Table 1). Interobserver variation
was also minimal, with no significant differences be-
tween observers and with excellent agreement on
each component of the scoring systems. The lowest
levels of agreement were seen for the scoring system
applied to the centrum semiovale and the mesenceph-
alon. Cohen � scores for the BG and subinsular re-
gions were high, reflecting failure of agreement in
only one or two cases in the test dataset (Table 1).

Patients and Control Subjects
We enrolled 35 healthy volunteers (11 men, 24

women) aged 72.8 � 6.56 years). Patients with de-
mentia consisted of 35 patients with AD (18 men, 17
women) aged 61.6 � 7.01 years, 16 patients (10 men,
six women) with FTD aged 63.2 � 9.24 years, and 24
patients (14 men, 10 women) with IVD aged 64.5 �
7.35 years. Healthy volunteers were significantly older
than the patients in the AD, FTD, and IVD groups
(P � .05); this finding reflected the fact that younger
individuals responded less frequently than older indi-
viduals to recruitment advertisements. Because VRS
and WM lesions increase with age (2), age was in-
cluded as a specific variable in the logistic regression
analysis, although the older age of the healthy volun-
teers was expected to reduce the significance of any
observed group differences in the comparisons of
control and patient groups.

Table 2 shows the scores and statistical results for
scores in WM lesions and VRSs. Significant group
differences were seen in all components of the Schel-
tens score, with the exception of the infratentorial
component. Each of these findings reflected a trend
to higher scores in the IVD group. Significant group-
to-group differences were observed on a posteriori
tests; scores of periventricular hyperintensity, BG hy-
perintensity and overall scores were significantly
greater in patients with IVD than in control subjects.
Scores for the WM hyperintensities, periventricular
hyperintensities, and total scores were significantly
higher in patients with IVD than in those with AD.

Significant group differences were also seen in
VRS scores in both the BG and the centrum semi-
ovale (Table 2). Scores from BG schemes 1 and 2
were significantly higher in those with IVD than in
patients with AD (P � .001), patients with FTD (P �
.01), and healthy volunteers (P � .005 and P � .001,
respectively). VRSs in the centrum semiovale were
significantly more frequent in patients with FTD than
in control subjects (P � .01).

Multiple regression analysis in patients with de-
mentia showed that the VRS score from BG scheme
2 acted as an independent predictive factor, account-
ing for 29% of the variance in the regression model.

FIG 4. Axial Inversion recovery MR images (TR/TE/TI � 6850/
18/300, matrix � 256 � 256, FOV � 230 � 230 mm) show the
VRS (arrows) as linear structure passing through several sections
(A–C) in the imaging volume.
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The VRS score in the centrum semiovale accounted
for a further 9%, and the Scheltens score for periven-
tricular hyperintensity accounted for another 2%.

Table 3 shows the sensitivity and specificity val-
ues that would have been obtained in the current
dataset if the BG scheme 2 VRS score had been
used as a diagnostic marker, and it shows the effect
of selecting different cutoff values on the identifi-
cation of IVD from FTD and AD. Table 4 shows
the sensitivity and specificity values that would
have been obtained if the centrum semiovale VRS
score had been used to differentiate patients with
FTD from those with AD and IVD.

Cerebral Atrophy
Measures of cerebral atrophy corrected for head

size significantly differed between groups (P � .001).
Pairwise comparison showed greater atrophy in the
FTD and AD groups compared with control subjects
(P � .0001 and P � .001, respectively); these findings
are in keeping with those of previous studies (39).
BG-VRS2 score was not significantly correlated atro-
phy in any of the groups. VRS score in the centrum
semiovale was significantly and positively correlated

with atrophy in patients with FTD (R2 � 0.43, P �
.01) and in those with IVD (R2 � 0.24, P � .05).

Discussion
VRSs are potential perivascular spaces covered by

pia that accompany arteries and arterioles as they
perforate the brain substance. Deep in the brain, the
VRS are lined by the basement membrane of the glia
limitans peripherally, while the outer surfaces of the
blood vessels lie centrally. These pial layers form the
VRS as enclosed spaces filled with interstitial fluid
and separated from the surrounding brain and CSF
(6, 40). Dilatation of VRS results in fluid filled
perivascular spaces along the course of the penetrat-
ing arteries.

Abnormal dilatation of VRS is clinically associated
with aging, dementia, incidental WM lesions, and
hypertension and other vascular risk factors (2, 5).
Pathologically, this finding is most commonly associ-
ated with arteriosclerotic microvascular disease,
which forms a spectrum of severity graded from 1 to
3 on the basis of histologic appearances (22, 24).
Grade 1 changes include increased tortuosity and
irregularity in small arteries and arterioles (22) Grade

TABLE 2: WM-lesion and VRS scores

Result

Group Control AD

FTD vs
IVD

Control
(n � 35)

AD
(n � 35)

FTD
(n � 24)

IVD
(n � 16)

P
Value

Vs
AD

Vs
FTD

Vs
IVD

Vs
FTD

Vs
IVD

Scheltens score
Total 9.03 (7.31) 9.28 (5.24) 10.75 (8.02) 14.3 (10.1) �.05 NS NS �.01 NS �.01 NS
Deep WM total 5.14 (4.09) 5.26 (3.87) 5.65 (4.21) 9.26 (6.98) �.05 NS NS NS NS �.01 NS
PVH 2.66 (1.94) 2.95 (2.16) 3.14 (3.02) 5.02 (4.26) �.05 NS NS �.01 NS �.01 NS
BG 0.77 (2.30)* 0.72 (1.89) 0.63 (1.28) 1.74 (2.15) �.01 NS NS �.01 NS NS NS
Infratentorial 0.46 (0.74) 0.37 (0.64) 0.32 (0.30) 0.45 (0.61) NS NS NS NS NS NS NS

BG
Scheme 1 0.86 (0.88) 0.82 (0.88) 1.06 (0.80) 1.92 (0.83) �.005 NS NS �.005 NS �.001 NS
Scheme 2 1.46 (1.20) 1.29 (1.26) 2.0 (1.12) 3.92 (0.99) �.001 NS NS �.001 NS �.001 �.01

Centrum semiovale 0.51 (0.85) 0.74 (0.60) 1.33 (0.70) 1.03 (0.39) �.01 NS �0.01 �.01 NS NS NS
Subinsular 0.96 (1.95) 0.47 (0.51) 0.67 (0.72) 1.17 (0.39) NS NS NS NS NS NS NS
Mesencephalic 0.51 (0.51) 0.65 (0.49) 0.73 (0.46) 0.92 (0.28) NS NS NS NS NS NS NS

Note.—Differences in ages were compared by using ANOVA (at P � .05) with an a posteriori Tukey test (at P � .01). Other variables were assessed
by using the Kruskal-Wallis test (at P � .05) with an a posteriori Mann-Whitney U test (at P � .01) to identify between-group differences. NS � not
significant. Data in parentheses are total number of patients in each group. The score is the SD of the measurement.

TABLE 3: Sensitivities and specificities based on BG2 cutoff values
as indicators of vascular dementia

Comparison

BG2 VRS Score

�2 �3 �4

IVD vs AD and FTD
Sensitivity 0.67 0.54 0.25
Specificity 0.70 0.87 1

IVD vs AD
Sensitivity 0.67 0.54 0.25
Specificity 0.89 0.93 1

IVD vs FTD
Sensitivity 0.67 0.54 0.25
Specificity 0.76 0.93 1

TABLE 4: Sensitivities and specificities based on centrum-semiovale
cutoff values as indicators of vascular dementia

Comparison

Centrum Semiovale
VRS Score

�0 �1

FTD vs AD and IVD
Sensitivity 0.81 0.38
Specificity 0.27 0.25

FTD vs AD
Sensitivity 0.81 0.38
Specificity 0.39 0.50

FTD vs IVD
Sensitivity 0.81 0.38
Specificity 0.45 0.33
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2 changes include progress sclerosis, hyalinosis, lipid
deposits, and regional loss of smooth muscle in the
vessel wall associated with lacunar spaces that are
histologically seen to consist of three subtypes. Type 1
lacunes are small, old cystic infarcts; type 2 are scars
of old hematomas; and type 3 are dilated VRS (41).
Grade 3 microangiopathy represents the most severe
stage and is especially related to severe chronic hy-
pertension. Typical changes described in lower grades
are accompanied by fibrotic thickening vessel wall
with onion skinning, loss of muscularis and elastic
lamina, and regional necrosis in the vessel walls. The
brain parenchyma contains multiple lacunae, and dif-
fuse abnormality of myelin is present in the deep
hemispheric WM.

Several mechanisms for abnormal dilatation of
VRS have been suggested (42, 43). These include
mechanical trauma due to CSF pulsation or vascular
ectasia (2, 44), fluid exudation due to abnormalities of
the vessel wall permeability (45, 46), and ischemic
injury to perivascular tissue causing a secondary ex
vacuo effect (47).

In the Western world, IVD is seen in 8–10% of
cognitively impaired elderly subjects (48) and com-
monly associated with widespread small ischemic or
vascular lesions throughout the brain, with predomi-
nant involvement of the BG, WM, and hippocampus
(48). Several groups have shown that a severe lacunar
state and microinfarction due to arteriolosclerosis
and hypertensive microangiopathy are more common
in individuals with IVD than in healthy control sub-
jects, and they have emphasized the importance of
small vascular lesions in the development of dementia
(19, 21, 48, 49).On CT or MR imaging, WM lesions
are commonly used as potential biomarkers of vascu-
lar abnormality. Many groups have suggested that
simple scoring schemes for WM lesion load and dis-
tribution are useful in the diagnosis of vascular de-
mentia (50–53). Although WM lesions are more se-
vere in patients with vascular dementia (32, 50, 54–
57), they are more prevalent in all groups with
dementia than in healthy control subjects.

Dilation of VRS provides a potential alternative
biomarker of microvascular disease. To our knowl-
edge, the relationship between dilated VRS identified
on MR imaging and the diagnostic classification and
other imaging features of dementing illnesses have
not be studies. Our results show that a VRS score on
BG scheme 2 of �2 achieves a sensitivity of 67% and
specificity of 70% in differentiating IVD from AD or
FTD, whereas a score of �4 decreases the sensitivity
to 25% but improve the specificity to 100%. Multiple
regression analysis in patients with dementia showed
that the score on BG scheme 2 acted as an indepen-
dent predictor accounting for 29% of the variance in
the regression model, but the Scheltens PVH score
accounted for only an additional 2%. VRS BG
scheme 2 is simple, quick to perform, and highly
reproducible.

VRSs in the centrum semiovale were significantly
more frequent in patients with FTD than in control
subjects (P � .01). This finding is not associated with

increases in BG VRS and is closely correlated with
measures of forebrain atrophy, suggesting that these
changes are probably representative of atrophy,
which is more marked in this patient group than in
those with other dementing conditions (39).

We believe that the findings outlined here have
considerable potential importance in the investiga-
tion of brain diseases in the aging population. How-
ever, our study had clear limitations. We believe our
study represents the first of its type, and the samples
were relatively small. We deliberately selected pa-
tients with early-onset dementia who are conse-
quently young compared with a population with
mixed dementias. This approach reflects clinical prac-
tice in which new therapeutic measures are primarily
targeted at young patients with clear clinical syn-
dromes who have less evidence of mixed etiologic
contributions. Of note, our control population was
significantly older than those with dementia. This
difference reflected local recruitment problems but is
a potential source of bias in the study. However, in
practice, one would anticipate that an older healthy
population has an increased incidence of microangio-
pathic changes, which would be expected to decrease
the significance of the findings described here. Fur-
thermore, aging did not appear as an independent
significant correlate of VRS dilatation in the multiple
regression analysis. Another potential criticism is re-
lated to the identification of dilated VRS. In most
cases in which the number of lesions is relatively
small, it is possible to be confident that this finding
represents VRS because their linear structure can be
seen passing through several sections in the imaging
volume (Fig 4). In more severe cases (grade 5 in BG
scheme 2), the lesions were often so numerous that
this structural feature could not be identified with
confidence. Results of previous histologic studies sug-
gest that, in many of these cases, the lesions scored
represent an admixture of dilated VRS and small
(type 1) lacunes. We have taken a pragmatic ap-
proach to this, including all of the lesions in the
scoring system because existing pathologic evidence
suggests that these lesions share common etiologic
mechanisms.

Conclusion
Semiquantitative estimation of the number and dis-

tribution of dilated VRS appears to hold promise as a
surrogate marker of cerebral microvascular disease.
Previous pathologic studies have shown that VRS
dilatation is common in diseases associated with mi-
crovascular abnormality, and our findings suggest that
MR imaging evidence of VRS dilatation may aid in
the differentiation of vascular dementias from degen-
erative dementias. We provide a simple, subjective
scoring system that is adequate, quick to apply, and
highly reproducible. The diagnostic sensitivities and
specificities are sufficient to suggest clinical value in
their use, although a combination with other indica-
tors (e.g., measurements of atrophy) may be confi-
dently expected to provide further improvement. The
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pattern of distribution (i.e., vertex vs. BG) may rep-
resent different etiologies of VRS dilatation and pro-
vide additional information in individual cases.
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