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BACKGROUND AND PURPOSE: The distinctive hyperintensity of multiple sclerosis (MS)
lesions on T2-weighted brain MR images is well recognized. However, Virchow-Robin spaces
(VRSs), especially in early MS, have not been described. Our purpose was to determine the
frequency of VRSs in recent-onset MS.

METHODS: Brain MR imaging was performed in 71 patients (mean age, 26.8 years; range,
20–41 years; 47 women, 24 men) within 3 months of MS onset. Proton density–, T2-, and
T1-weighted images were obtained. Age-and sex-matched control subjects (mean age, 27.2 years;
range, 22–41 years; 38 women, 22 men) who underwent brain MR imaging as a part of headache
evaluation, and findings that were interpreted as normal served as controls. On high-convexity
images (axial sections above the upper corpus callosum border), VRSs were identified as small
(<2-mm diameter) sandlike areas isointense to CSF. VRSs were graded 0–3.

RESULTS: VRSs were visualized in high-convexity white matter in 55% of patients and 7% of
control subjects (P < .001). In patients, 15% of VRSs were grade 1 (fewer than four), 23% were
grade 2 (four to seven), and 62% were grade 3 (more than seven). In control subjects, all
identified VRSs were grade 1. Among patients with and those without VRSs, age at onset,
neurologic disability, and specific functional system involvement or mono- versus polysymp-
tomatic involvement at onset did not differ.

CONCLUSION: VRSs were more frequent in patients with recent-onset MS than in control
subjects. The sandlike appearance of VRSs may be a neuroradiologic marker that reflects early
inflammatory changes in MS.

Virchow-Robin spaces (VRSs) are pia-lined exten-
sions of the subarachnoid space around perforating
arteries and emerging veins as they penetrate the
brain parenchyma and enter or leave the brain on its
surface (1). Deeper in the brain, the VRSs are lined
by the basement membrane of the glia limitans pe-
ripherally, while the outer surfaces of the blood ves-
sels lie centrally. These pial layers form the VRSs as
enclosed spaces filled with fluid that is separated from
the CSF by the pia of the subarachnoid space (2).

VRSs frequently are detected as small foci with
signal intensity equal to that of CSF at brain MR
imaging with all pulse sequences. They are present in
the anterior perforated substance—around the ante-
rior commissure at the level of the inferior third of
the basal ganglia—on both sides. Infrequently, VRSs

are seen in the high-convexity white matter extending
into the centrum semiovale and follow the route of
penetrating cortical arterioles (3, 4). The artery itself,
contained within the VRSs, is not identifiable on MR
images because it is smaller than 0.4 mm, which is
beyond the resolution of the machine and because the
associated perivascular space is much larger.

That VRSs smaller than 2 mm in diameter are
found in patients of all ages and that they probably
represent normal anatomy has been reported. Heier
et al (4) reported that they appear in 23% of healthy
subjects younger than 20 years, in 33% of those aged
21–40 years, in 28% of those aged 41–60 years, in
33% of those aged 60–80 years, and in 18% of those
older than 80 years. High-convexity spaces are less
common and appear in only 13% of the healthy pop-
ulation, compared with lenticulostriate VRSs, which
occur in 35% of examined subjects. In healthy per-
sons aged 21–40 years, high-convexity VRSs were
reported to occur only in 7% (4). The most common
causes associated with enlarged VRSs (�2 mm in
diameter) were age, hypertension, dementia, and in-
cidental white matter lesions (4, 5).
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On MR images, the lesions of multiple sclerosis
(MS) are hyperintense relative to brain parenchyma
on long-TR images (both short and long TEs) and
hypointense on T1-weighted images. VRSs are isoin-
tense relative to CSF on images obtained with all
pulse sequences.

We have observed multiple high-convexity VRSs,
which simulate a sandlike appearance, on brain MR
images in several patients during the first episode of
neurologic symptoms suggestive of MS. In the present
study, we systematically evaluated the incidence of
VRSs and the possible correlation between their pres-
ence in early MS with various clinical disease parame-
ters. The aim was to improve our understanding of
MS pathogenesis and facilitate MR imaging–based
classification of VRSs that reflects the distinct disease
stages and prognosis.

Methods

Patients and Subjects
We retrospectively assessed MR images in 71 consecutive

patients (mean age, 26.8 � 9.2 years, range, 20–41 years; 47
women, 24 men) within 3 months of the first onset of neuro-
logic symptoms suggestive of MS. At the time of MR imaging,
all patients had a diagnosis of probable MS according to the
Poser criteria (6), and they had positive brain MR images
according to Fazekas criteria (at least four focal lesions involv-
ing the white matter or three lesions if one was periventricular
in location) (7). A patient’s data were included in the final
analysis only if the diagnosis of definite MS was confirmed
later. All patients underwent thorough neurologic examina-
tions and follow-up for at least 1 year.

Sixty age- and sex-matched control subjects (mean age,
27.2 � 8.4 years; range, 22–41 years; 38 women, 22 men) with
headaches underwent neurologic examination and brain MR
imaging as a part of the evaluation of their headaches, and they
had no abnormal findings with both. MR imaging was per-
formed in the control subjects with the same MR imaging
protocol used in the patients with MS. Images were evaluated
for the presence of VRSs, and the VRSs were graded.

MR Imaging

Brain MR imaging was performed with a 2.0-T magnet
(Elscint; Haifa, Israel). Imaging sequences consisted of the
following: 1) T1-weighted spin-echo sequence in the sagittal
and axial planes (550/12 [TR/TE]) performed before and after
the injection of gadolinium-based contrast material and 2) a

long TR–dual-TE sequence in the axial and coronal planes (5
500/16, 128/1; 256 � 256 matrix; 24 � 24-cm field of view). The
MR images covered the brain from the level of the foramen
magnum to the high convexity of the scalp, and each examina-
tion resulted in the acquisition of 44 sections (3-mm section
thickness, no gap) with each technique. Measurements were
obtained on long-TR images (T2 weighted) of the high-con-
vexity brain regions; these were defined as all axial sections
above the upper border of the corpus callosum, depicted on the
mid sagittal brain section (Fig 1). Contrast agent enhancement
was used to exclude small enhancing lesions related to MS.

Definition of VRSs

VRSs were identified according to the following criteria: 1)
punctuate areas that were isointense to the CSF on images
obtained with all pulse sequences, 2) areas that were smaller
than 2 mm in diameter, 3) areas conforming to the path of
penetrating arteries, and 4) areas that had no mass effect (4, 8).
The appearance of the VRSs was recorded only on high-
convexity section s that did not include the lenticulostriate area.
MS lesions were identified as areas that were hyperintense
relative to the brain parenchyma on both long-TR images
(short and long TEs) and hypointense on T1-weighted images.
They were excluded from the quantification.

Quantification of VRSs

To obtain maximal differentiation between VRSs and small
MS lesions, which could also be isointense relative to CSF, only
VRSs with a diameter smaller than 2 mm were included in the
quantification. Two raters (A.A., M.F.) used a modification of
the scale developed by Heier et al (4), which was as follows:
grade 0, no VRSs identified; grade 1, fewer than four VRSs
identified; grade 2, four to seven VRSs identified; and grade 3,
more than seven VRSs identified.

Statistical Analysis

Data are presented as the mean � the SD. The Fisher exact
test was used to compare the groups. The Spearman correla-
tion test was used to analyze the correlation between the
presence of VRSs and various clinical parameters. All tests
were two tailed, and a P value of .05 or less was considered to
indicate a statistically significant difference. For the calculation
of the interrater agreement index, we used the following equa-
tion (9, 10): [1 � (Xa � Xb)] � [(Xa � Xb)/2], where Xa and
Xb are the measurements obtained by two raters in evaluating
images from the same examination. The data were analyzed by
using the SAS statistical software package.

FIG 1. Midsagittal brain sections depict
the anatomic level of the high-convexity
images. VRSs were identified within these
images.

A, Upper border of the corpus callosum.
B, Upper level of the brain.
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Results
The VRSs resembled small isointense sandlike grains

within the white matter on T1- and T2-weighted im-
ages (Fig 2). The appearance of VRSs in consecutive
high-convexity T2-weighted images is demonstrated
in Figure 3.

VRSs were visualized in 39 (55%) of 71 patients

with probable MS and in four (7%) of 60 control
subjects. This difference was statistically significant
(P � .001). Interrater agreement for VRSs estimates
was 98% for grade 1 assessments, 96% for grade 2
assessments, and 98% for grade 3 assessments.

The distribution of VRSs in the group with MS
(n � 39) was as follows: grade 1, six (15%); grade 2,

FIG 2. Axial high-convexity MR images
show grade 3 VRSs with a sandlike ap-
pearance.

A, T2-weighted image (5500/128).
B, T1-weighted image (550/12).

FIG 3. Consecutive axial high-convexity
T2-weighted MR images (5500/128) show
VRSs. Image in A is most superior; image
in D, most inferior.
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nine (23%); and grade 3, 24 (62%). In control subjects,
all high-convexity VRSs were grade 1. Among patients
with MS, no differences were found between patients
with and those without identified VRSs in relation to
age of onset, neurologic disability, specific functional
system involvement, and monoversus polysymptom-
atic involvement at onset. These findings suggested
that patients with VRSs (55%) did not differ in these
clinical parameters from patients without identified
VRSs (45%).

In patients with MS no correlations were found
between the grade of VRSs and age of onset, neuro-
logic disability, specific functional system involve-
ment, mono- or polysymptomatic involvement, or
number of contrast-enhancing lesions at onset.

Discussion

We evaluated the frequency and grade of VRSs
demonstrated on MR images obtained in the white
matter of the high cerebral convexity during the onset
of MS. VRSs were identified in 55% of patients with
MS during the onset of the disease and in only 7% of
age- and sex-matched healthy subjects. To our knowl-
edge, this is the first report in the literature involving
the study VRSs in a population with MS. Specifically,
grade 3 (more than seven) VRSs were present in 34%
of patients with MS during disease onset, and they
were not present in the control subjects. The in-
creased number of small (�2-mm-diameter) VRSs,
which had a sandlike appearance within the high
convexity of the brain, did not correlate with any of
the clinical or demographic disease parameters at
disease onset. This lack of correlation is not surpris-
ing, becuase most MR imaging parameters are not
correlated with clinical parameters at disease onset.
An evaluation of whether the presence of VRSs at
onset has prognostic implications on the future devel-
opment of MS is important.

VRSs are considered to be immunologic spaces in
which macrophages bearing major histocompatability
complex class II antigens can trap foreign antigens
entering the brain and either process them locally to
lymphocytes or convey them to local lymph nodes (11,
12). Thus, the role of the VRSs is associated with the
transport of soluble factors between the extracellular
fluid of the brain and the CSF, as was demonstrated
with ultrastructural studies and intracerebrally in-
jected tracer substances (13). Consequently, a full-
blown immune response can be generated within the
VRSs once large numbers of activated macrophages
and T and B lymphocytes accumulate locally. Find-
ings of immunocytochemical studies confirm the pres-
ence of mononuclear perivascular phagocytic cells in
the VRSs; it was shown in animal experiments that
cervical drainage blockade resulted in the distension
of VRSs caused by protein-rich fluid (14). In addition,
immunologic reactions can occur within the VRSs by
perivascular macrophages and endocytosis (11), and
endogenous serum proteins (immunoglobulin G,
complement C9, immunoglobulin M) were identified

in the VRSs (15). These findings have important
clinical implications regarding experimental and
pathologic autoimmune dysfunction within the brain,
because they suggest that blood-borne macromolecular
components of the immune cascade gain passive wide-
spread entry to the CNS parenchyma and perivascular
spaces. This passive entry could provide an access for
potential autoimmune antibodies and autoreactive T
cells to initiate an immune response against CNS
peptides. Also, it can explain the occurrence of an
inflammatory process within the brain, even in the
absence of overt blood-brain barrier derangement or
disruption.

In MS, the typical demyelinating lesions are char-
acteristically situated around veins or on pial or
ependymal surfaces. Cuffs of inflammatory cells in
VRSs are prominent features of acute MS plaques
(16). This perivascular accumulation of cells may sim-
ply reflect an overflow of the immune response, or it
raises the possibility that the stimulating antigen is
confined to cells in the periventricular space. The
continuous exposure of VRSs perivascular phago-
cytes to blood-borne potential antigens may be the
route through which an autoimmune cascade is trig-
gered. The leakiness of vessels in the subarachnoid
space during the inflammatory process of demyelina-
tion suggests increased permeability and widespread,
rapid entry of inflammatory cells from the blood to the
CNS. This process can account for the high levels of
immunoglobulin G within the CSF in patients with MS
(17, 18) and explain the involvement of complement
activation in mediating oligodendrocyte damage (19).

In the animal model of MS with both acute and
chronic experimental autoimmune encephalomyelitis,
the initial pathologic finding detected was an in-
creased number of inflammatory cells in the sub-
arachnoid space; this finding was followed by the
detection of the cells in the VRSs before the animals
had any neurologic impairment. These stages pre-
ceded perivascular infiltration of inflammatory cells
in the parenchyma (12, 20).

In other inflammatory diseases involving the white
matter, such as canine globoid cell leukodystrophy
and sarcoidosis, inflammatory infiltrates consisting of
macrophages and lymphocytes were present within
the VRSs (21–23). In CNS cryptococcosis in patients
with AIDS, enlarged VRSs were present as an earlier
manifestation at brain MR imaging (24), and immuno-
cytochemical stains demonstrated clusters of macro-
phages containing cryptococci within the VRSs (25).
Similarly, in early lacunar infarcts and in mucopoly-
saccharidosis, fatty macrophages were present in en-
larged VRSs (26, 27), whereas in diffuse carcinoma-
tous leptomeningeal metastases, extensive involve-
ment of the subarachnoid space with tumor cells was
associated with dense neoplastic infiltration of the
VRSs (28). The findings of all these studies support
the important role of VRSs as important immuno-
logic sites in which macrophages react to foreign
antigens (11).
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Conclusion
We suggest that the increased number of VRSs,

which resemble sandlike grains on high-convexity
brain MR images, is the result of the local brain
inflammation that is characteristic of MS. During the
early phase of the disease, inflammatory cells that
contribute to the active process of demyelination pen-
etrate the VRSs. Their appearance could serve as an
additional neuroradiologic marker in the diagnosis of
the disease.
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