
Introduction

We often see foci of cerebrospinal fluid (CSF) signal
intensity in the basal ganglia on MRI in patients without
neurological deficits. In general, such foci, found in the
anterior perforated substance and basal ganglia in all
age groups, are considered to be enlarged Virchow-Ro-
bin (V-R) spaces. However, the characteristics of the
dilated V-R space and the mechanism of its dilatation
are not well understood. To ascertain the location of the
dilated V-R space histopathologically and to explore the
mechanism of its dilatation, we looked at these foci
using pathological examination and MRI.

Materials and methods

Pathological study

We used tissue blocks obtained from two human brains in which
dilated V-R spaces were observed. These brains were those of a
woman aged 67 years who had had a subarachnoid haemorrhage,
and of a man aged 61 years who had had heart failure. There were
six 5-mm-thick tissue blocks (four from the woman and two from
the man), which were cut in the coronal plane. They were fixed
with 10% formaldehyde solution and embedded in paraffin. We
obtained 10 contiguous sections from each block (for a total of
60 sections). Sections 7 mm in thickness were stained with haema-
toxylin and eosin for histological examination. On photo-
micrographs, we measured the diameter of a total of 74 arteries
without sclerotic changes, within 54 dilated V-R spaces.

MRI study

We looked at 64 foci of CSF signal intensity in the anterior perfo-
rated substance and putamen of 13 men and 15 women ranging in
age from 26 to 70 years (mean 58.0 ± 12.1 years). These patients
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Abstract We performed a histo-
pathological study of two human
brains to look at dilated Virchow-
Robin (V-R) spaces in the anterior
perforated substance and putamen.
We measured the diameter of 74 ar-
teries in 54 dilated V-R spaces. In
28 patients without neurological
deficits we ascertained the char-
acteristic location of dilated V-R
spaces in the anterior perforated
substance and basal ganglia on MRI,
measuring the distance from 64 foci
of cerebrospinal fluid signal in-
tensity to the centre of the mamillary
body on 1 mm thick images.
In the histopathological study, the

mean diameter of the arteries was
39.0 ± 36.0 mm. Dilatation of the
V-R space was observed from the
end of the indentation of the pial
membrane towards the brain surface
along the perforating artery. In the
MR images, the mean distance from
the dilated V-R space to the mamil-
lary body was 10.0 ± 4.5 mm. The
V-R space was confined to a fixed
level in the lower part of the basal
ganglia, and not found near the brain
surface.
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had no neurological deficits but had sought treatment for headache
or vertigo. We looked at well-demarcated foci with CSF signal in-
tensity of which the smallest diameter was more than 2 mm but less
than 5 mm. Using a 1.5-T superconductive system, we obtained
images, using three-dimensional Fourier transformation-spoiled
gradient-recalled acquisition in the steady state (3DFT-SPGR)
with the following parameters: field of view 16±18 cm, relaxation
time 26 ms, echo time 4.5 ms, flip angle 35 °, matrix 256 ´ 192 ´ 120,
slab thickness 120 mm, one excitation. We measured the distance
from the centre of the mamillary body to the centre of each focus,
using a 1-mm-thick axial image parallel to the plane including the
anterior and posterior commissures.

Results

In the pathological study, the widest portion of the V-R
space included small-diameter arteries: mean (n = 74)
39.0 ± 36.0 mm (Fig. 1). The cavity of the dilated V-R
space was covered by a pial membrane we took to be the
inner pial layer (Fig. 2). The dilatation of the V-R space
extended from the end of the pial membrane, with an
indentation towards the brain surface (Fig. 3). No pa-
thological changes were observed in the parenchyma
surrounding the dilated V-R space, and no sclerotic
changes in the arteries within it.

In the imaging study, the majority of the well-demar-
cated foci were in the anterior perforated substance the
lower part of the putamen (Fig. 4). The mean distance
from the centre of the 64 foci to the centre of the ma-
millary body was 10.0 ± 4.5 mm (Fig. 5). Although such
foci were often present at a fixed level deep to the sur-
face of the brain, none were seen near the surface.

Discussion

Although the term Virchow-Robin space refers to the
extension of the subarachnoid space accompanying a

vessel penetrating the cerebral cortex, in the recent
anatomical literature, within the brain parenchyma the
small arteries are surrounded by the inner and outer pial
layers which are invaginated to the level of the capil-
laries. Deeper in the brain, the outer layer is connected
with the inner at the arterioles, and these pial layers
form the pial space as an enclosed space [1]. In the sub-
arachnoid space, the vessels are covered with the ara-
chnoid membrane, but the latter does not follow the
vessels on their intracerebral course.

In our pathological study, we found that the greater
part of the dilated V-R spaces included small arteries.
The mean diameter of these arteries was about 40 mm,
while that of proximal portion of a lenticulostriate ar-
tery was almost 300 mm. The dilatation of the V-R space
was observed to extend from the end of the indentation
of the pial membrane at the arteriole towards the brain
surface. The pial layer constituted the wall of the dilated
V-R space. This membrane we thought to be the inner
pial layer, because there was no membrane between it
and the glia limitans. We therefore suggest that the full
length of the V-R space does not dilate uniformly;
rather, it probably begins to dilate at the end of the pial
membrane accompanying the intracerebral vessels.

According to the recent literature dealing with large
V-R spaces, the foci in the inferior third of the anterior
perforated substance and basal ganglia are invariably
perivascular spaces around branches of lenticulostriate
arteries. However, in the upper two thirds, cavities in
brain specimens a usually found to be lacunar infarcts.
These tend to give high signal or to have high-signal
edges on proton-density images and tend to be rela-
tively large usually 5 mm or more in diameter [2]. In
other descriptions, MRI routinely demonstrated small
foci of CSF signal intensity, a large V-R space, on either
side of the anterior commissure at the level of the in-
ferior third of the basal ganglia [3].

The greater part of the foci with CSF signal intensity
were in the lower part of the putamen and the anterior
perforated substance, in our images, and we found none
near the brain surface. The centre of the large V-R
spaces was invariably confined to a fixed level in the
basal ganglia, at least 4 mm from the mamillary body.
These findings corroborate the characteristic histo-
pathological tendency of the V-R space to dilate from
the end of the pial membrane accompanying the in-
tracerebral vessels.

It is not clear why the pial space, as an enclosed
space, should dilate. Heier et al. [3] reported that age
(an index of atrophy), hypertension, dementia and in-
cidental white-matter lesions were significantly asso-
ciated with large V-R spaces [3]. However, in their
multiple logistic regression analysis, only age remained
significant, and large V-R spaces were interpreted as
possibly a natural phenomenon in the ageing brain [3].
Braffman et al. [4] did not observe any pathological
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Fig.1 Diameter of arteries within dilated Virchow-Robin spaces
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Fig.2 a Coronal section of the brain of a woman aged 67 years
demonstrates a dilated Virchow-Robin space in the right putamen
(arrowhead). b A photomicrograph demonstrates this space cov-
ered by the pia. It contains small arteries about 10 mm in diameter
(haematoxylin and eosin; original magnification ´ 40). c Photo-
micrograph of another dilated Virchow-Robin space. This is cov-
ered by a single cell layer (large arrowhead), thought to be the in-
ner pial layer. Another cell layer (small arrowhead), close to the
small artery, is thought to be the outer pial layer. No ischaemic
change is seen in the surrounding parenchyma (haematoxylin and
eosin; original magnification ´ 100)

Fig.3 a Photomicrograph of the proximal part of a lenticulostriate
artery 250 mm in diameter does not demonstrate dilatation of the
Virchow-Robin space (haematoxylin and eosin; original magnifi-
cation ´ 40). No arteriosclerotic changes are observed. b The
Virchow-Robin space is not dilated around an artery 100 mm in
diameter (original magnification ´ 100). c Photomicrograph
showing dilatation of the Virchow-Robin space around an arter-
iole. A single cell layer (thought to be the inner pial layer) covering
the cavity arises at the arteries about 10 mm in diameter (arrow-
head) (original magnification ´ 100)



changes in the parenchyma surrounding the dilated
perivascular spaces, and Jungreis et al. [2] suggested that
dilated V-R spaces are indeed benign normal variants.
The loosening of the adventitia of the blood vessels
from the surrounding brain tissue was attributed by
Hughes [5] to spiral pro elongation of small in-
tracerebral arteries under the pulsation of elevated
blood pressure [5]. Awad et al. [6] reported that vascular
ectasia and dilated perivascular spaces reflect skrinkage
or atrophy of the brain parenchyma around blood ves-
sels and result in an extensive network of tunnels filled
with extracellular water.

Spiral elongation of blood vessels and brain atrophy
could cause the V-R space to dilate. However, if these
factors were the main causes of dilatation, the full
length of the network of the space should dilate uni-
formly. Our histopathological and MRI studies suggest
that some other factor may play a part. Zhang et al. [7]
found that the pial membrane surrounding the me-

tarteriole was fenestrated. On the other hand, with re-
gard to drainage of the interstitial fluid in the brain,
Krisch et al. [1] reported that with intracerebral injec-
tion of horseradish peroxidase, the intercellular com-
partment (the subpial space, between the vessel and the
outer pial layer) was continuously labelled; they sug-
gested that interstitial fluid drained through the inter-
cellular compartment. Bradbury et al. [8] also noted
that the perivascular space was the drainage route of
interstitial fluid.
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Fig.4 a Axial T1-weighted im-
age of a woman aged 65 years.
A well-demarcated focus of
CSF signal intensity (arrow-
head) is seen in the lower part
of the left putamen. This
wedge-shaped area has no mass
effect. b Axial T1-weighted
image in a man aged 61 years.
Several small foci (arrowheads)
are seen on both sides in the
lower putamen; they are round
and well-demarcated

b

Fig.5 Distance from the centre of the large Virchow-Robin (V-R)
space to the mamillary body

Fig.6 Diagram of the relationships of the pial membrane and the
dilated Virchow-Robin space. A dura mater B outer C inner
arachnoid layers D outer E inner pial layer F glia limitans G fe-
nestrae H pial space I intercellular compartment



We speculate that the interstitial fluid may gradually
leak from the intercellular compartment to the pial
space around the metarteriole through the fenestrae in
the brain parenchyma (Fig. 6). Therefore, the Virchow-

Robin space would be likely to dilate around a small
artery, and the dilatation to be observed within a fixed
level in the basal ganglia on MRI.
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