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Perivascular spaces were described by Pestalozzi, and sub-
sequently by Virchow in 1851 and Robin in 1859 year [1].
Virchow described VRS as the spaces between the adventi-
tia and the lamina propria of cerebral blood vessels, which
are currently regarded as the layers of pia mater. Robin
confirmed Virchow's observations, but, unlike the former
author, regarded VRS as closed canals located within the
vascular walls. Both investigators coincidentally described
the spaces which today are considered to correspond with
perivascular spaces [2].

Virchow-Robin spaces (VRS) are currently defined as the
spaces surrounding arterial blood vessels penetrating the
brain tissue. The spaces are surrounded by the pia mater
and filled with interstitial fluid, but they do not commu-
nicate directly with the subarachnoid space. Kwee et al.
[3] distinguished 3 types of VRS. Type I includes the spaces
arranged along the lenticulostriate arteries entering the
basal ganglia through the anterior perforated substance.
Type II includes the spaces situated along the spinal per-
forating arteries, penetrating the cerebral cortex in the
superficial region of the brain and entering the white mat-
ter. Type III is observed in the midbrain.

Virchow-Robin spaces surround blood vessels. Their walls are formed by prolongations of the
pia mater and they have no communication with the subarachnoid space. VRS are often seen as
well-delineated foci of cerebrospinal fluid signal on MR images. They are often located at the basal
ganglia level, aggregating around anterior brain commissure. They are also found in the midbrain,
hemisphere white matter and insular cortex. In spite of the fact, that VRS are described in usual
radiological practice, there is no uniform definition of the dilated and normal forms of VRS. In this
paper, we present the etiology, pathogenetic aspects and current opinions concerning Virchow-
Robin spaces, based on the literature data and own clinical cases.

perivascular spaces © Virchow-Robin spaces * magnetic resonance imaging
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Location-related differences in VRS structure are impor-
tant. As demonstrated by electronic microscopy studies, the
pia mater on the brain surface is arranged along the course
of blood vessels in the subarachnoid space, separating the
perivascular spaces from the interstitial space (below the
pia mater) and from the subarachnoid space [4]. It has also
been confirmed by MRI, in which quantitative measure-
ments demonstrated differences between signal intensities
of the fluid filling VRS and the cerebrospinal fluid (CSF)
[6]. Within the cerebral cortex, VRS are located between a
single layer of the pia mater and the arterial walls, whereas
in the basal nuclei they are surrounded by a double layer
of the pia mater, separating them from the subarachnoid
space [6].

In CT, VRS are round, oval or linear in shape and are vis-
ible as point-like foci of low density, equal to attenuation
of the CSE, showing no enhancement after contrast admin-
istration. However, dilatation of the perivascular spaces is
usually difficult to demonstrate by CT [7].

In MRI, VRS are most frequently visualized in the basal
nuclei of the brain, forming agglomeration around the ante-

59


https://core.ac.uk/display/161629237?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Review Article

© Pol J Radiol, 2009; 74(1): 59-64

2008-04-04

Figure 1. Normal Virchow-Robin spaces in the high-convexity white matter (A), creating typical “tailed” structures at the lateral ventricles level (B).

In most cases VRS are localized in the basal ganglia (C), they are rarely seen in the brainstem (D).

rior commissure and in the midbrain, white matter of the
cerebral hemispheres, the insular cortex and the internal
capsule (Figure 1A-C) (8). They are visible less frequently
in the thalamus, dentate nuclei, corpus callosum or cingu-
lated gyrus. VRS are present also in other cerebral regions
(Figure 1D); Gross et al. [9] described dilated VRS observed
in a microscopic study in the medulla oblongata.

In T1- and T2-weighted MR images, VRS are usually visu-
alized as multiple, well-delineated cyst-like structures
isointense with cerebrospinal fluid. Comparative imaging
and pathologic studies by Elster et al. [10] provide evidence
indicating that hyperintense foci observed in MRI in the
midbrain region correspond to perivascular areas of the
penetrating arterial branches. In FLAIR sequences, VRS are
completely suppressed. Additionally, in 25% of cases dis-
crete reduction of signal intensity can be observed in the
cerebral tissue surrounding dilated VRS. In DWI studies no
definite signs of diffusion are observed within the perivas-
cular spaces [11].

Fine VRS up to 2 mm in diameter are present in healthy
subjects of all age groups [3]. Elster et al. [10] found them
in the midbrains of 32/157 (20%) subjects. In contrast, in
a study by Groeschel et al. [2] who examined 125 healthy
subjects aged 1-30 years, VRS were visible in all cases; in
children aged 2-16 years they were found with high fre-
quency, reaching 80%.

Increased occurrence of VRS, often exceeding 2 mm in
diameter, has been described in elderly subjects. Increased
frequency of VRS dilatation with age was demonstrated in
healthy subjects by Inglese et al. [12], whereas Rouhl et al.
[13] suggest that the presence of dilated VRS correlates sig-
nificantly not only with age, but also with hypertension,
small lacunar infarcts and focal lesions of the white matter.

Two mechanisms potentially responsible for age-related
dilatation of VRS are considered. The first concept is based
on presumption that the ventricular system and subarach-
noid space dilate with age, with consequent dilatation of
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Figure 2. Multiple normal and single dilated VRS in the insular region
in T2-weigthed image (A) and in FLAIR sequence (B).

perivascular spaces as the anatomic continuation of these
structures. The second mechanism takes into account
atherosclerotic changes common in elderly patients, even
those without hypertension. Blood vessels become wider
and more tortuous, which can explain increased amount of
perivascular interstitium containing vacuoles and eventual
dilatation of perivascular spaces [14].

,Dilatation”, ,accentuation”, or ,enlargement” of perivascular
spaces are the terms often used in the descriptions of MRI
results. The correctness of this terminology is disputable, as
no uniform criteria concerning the size of normal and dilat-
ed VRS have been developed to date. According to Groeschel
et al. [2], the presence of VRS in MR images is a normal phe-
nomenon. The authors demonstrated that visualization of
perivascular spaces is dependent on imaging technique and
is increased in high-resolution MR sequences. Therefore,
they claim that the main criterion of VRS dilatation should
be the shape rather than size of these spaces. According
to this opinion, the structures with segmental dilatation,

Figure 3. Frat criblé — multiple dilated perivascular spaces in the
basal ganglia in T2-weighted image (A). In FLAIR image (B)
hyperintense periventricular vascular infarction lesions are
also seen.

irregular, ,expanded”, can be classified as dilated, whereas
those with smooth and regular outlines should be classified
as normal (Figure 2A,B). Additionally, to distinguish between
enlarged VRS as an anatomic variants and as pathological
signs, the condition of surrounding cerebral tissue and clini-
cal presentation should be taken into consideration [2].

Multiple, dilated VRS present in the basal nuclei are
referred to as ,etat criblé” (Figure 3). In such cases, the
arteries are dilated with wall sclerotization, and the peri-
vascular tissue demonstrates gliosis zones extending along
degenerated axons (Figure 4) [8].

Cyst-like VRS dilatations develop as a result of obstructed
interstitial fluid outflow. In exterme cases, giant dilatation
of Virchow-Robin spaces within the basal nuclei or the mid-
brain may cause compression of the aqueduct or ventricle
IIT and symptomatic hydrocephalus, requiring treatment [8].
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Figure 4. Dilated perivascular spaces could be surrounded by a gliosis
zone well recognized in FLAIR images.

Figure 5. Enlarged perivascular spaces in the basal gangliain a
HIV-infected patient with cryptococcosis.

The literature includes several publications concerning
giant cystic widening of Virchow-Robin spaces. Salzman et
al. [15] described 37 cases of such abnormality. The changes
were most frequently observed in the thalamo-mesence-
phalic region. In 9 cases, mass effect and hydrocephalus
requiring surgical intervention was observed. Rohlfs et al.
[13] reported two cases of VRS dilatation with giant tumor-
mimicking cyst-like lesions located in the basal nuclei,
accompanied by hydrocephalus.

Dilatation of perivascular spaces is in most cases diag-
nosed accidentally in imaging studies performed for
other reasons. Initially it was associated with hyperten-
sion, dementia, epilepsy or migraine. However, no sig-

Figure 6. Prominent Virchow-Robin spaces in the corpus callosumin a
child with Hurler type mucopolysaccharidosis.

Table 1. Syndromes and disorders associated with dilatation of
perivascular spaces, modified according to Groeschel et al. [2].

Etiology Syndromes and disorders
Mucopolysaccharidoses
(Lowe) Oculocerebrorenal
Metabolic/congenital syndrome

(Steinert) Myotonic dystrophy
Coffin-Lowry syndrome

CADASIL
Migraine
Vascular dementia

Vascular

Cryptococcosis
Neurocysitcercosis
Multiple sclerosis

Inflammatory

Eotodermal dysplasias
Frontonasal dysplasia
Jouber't syndrome

Neuroectodermal

Neoplastic Acute lymphoblastic leukemia

Parkinson disease
Chronic alcoholism
Traumatic brain injury

Miscellaneous

nificant correlations between VRS dilatation and clini-
cal symptoms have been demonstrated [7]. Non-specific
symptoms include headaches; in a study by Salzman et
al. [15] this symptom was observed in 50% of the exam-
ined patients.

It has not been elucidated definitely whether VRS dilata-
tion has any effect on brain function. Mathias et al. [16]
failed to observe remodeling of cerebral cortex areas in
fMRI performed in two patients with marked cyst-like
dilatation of perivascular spaces. Also neuropsychiatric
examinations revealed no abnormalities, only in tractog-
raphy the diffusion tensor was found to be decreased in
the investigated area. Similarly, Akter et al. [17] did not
observe Wallerian degeneration of adjacent neural tracts
in patients with VRS dilatation in diffusion tensor imag-
ing. In contrast, Maclullich et al. [18], in a study of a large
group of healthy subjects aged 65-70 demonstrated a cor-
relation between VRS dilatation and deterioration of cogni-
tive functions.

62



© Pol J Radiol, 2009; 74(1): 59-64

tachmacka | et al — Virchow-Robin spaces — an anatomic variant. ..

Table 2. Clinical symptoms observed in the course of mucopolysacchridoses, modified according to Barkovich [22].

Gene .
Syndrome mapping Extra-CNS symptoms Neurological symptoms
Dwarfism, facial deformation, hepatosplenomegaly, Severe mental impairment. deafness
MPS IH Hurler 4p16.3 bone defects, cardiac abnormalities, corneal h p ! '
e ydrocephalus
opacification
MPS IS Scheie 4p16.3 Abnormalities similar to IH, but less significant Absent
MPS IH/S. 4p16.3 Phenotype intermediate between Hurler and Scheie Mild mental impairment, deafness, arachnoid cysts
Hurler/Scheie types
MPSII Xq28 Phenotype similar to Hyrler type without corneal Mental impairment, deafness, hydrocephalus
Hunter A (severe) opacification
MPS I
Hunter B Xq28 Course slower thanin Il A, no corneal opacification Normal mental development
(mild)
MPS I Facial features thickening, mild bone and interstitial Pronounged (NS symptoms - severe
. 17q11-21 " psychodegradation, behavioral changes, muscular
Sanfilippo A, B, C,D organ abnormalities . 7
weakness, seizures, pyramidal signs
MPS IV Bone deformation, odontoid hypoplasia, atlanto-axial Normal intelligence level, cervical spinal cord and
. 16q24.3 . o . . S
Morquio A subluxation, dwarfism, mitral insufficiency nerve root compression, hearing impairment
MPS IV s likei | | opacificati | retardation. deaf
Morquio B 16q24.3 ymptoms like in type IV A, late corneal opacification Mental retardation, deafness
MPSVI . ) I I ' .
Dysostosis multiplex, corneal opacification, Normal intelligence level, spinal cord compression,
Maroteaux- 5q13-q14
L hepatosplenomegaly hydrocephalus
amy
MF;lSyVII 7921-g22  Phenotype similar to MPS IH, later corneal opacification Mental retardation, hydrocephalus

Dilatation of VRS can be associated with a number of
pathologic processes. Cumurciuc et al. [19] observed
increased occurrence of dilated VRS in patients with cere-
bral autosomal dominant cerebral arteriopathy with sub-
cortical infarcts and leucoencephalopathy (CADASIL). The
authors found no correlations between VRS dilatation and
ischemic or hemorrhagic lesions, but emphasized their cor-
relation with age and/or vascular wall damage associated
with the pathology. Also Rouhlfs et al. [13] believed that the
presence of dilated VRS could be a sign of small cerebral
vessel pathology and a good predictor of development of
clinically asymptomatic ischemic foci, whereas Inglese et
al. [12] suggested that VRS dilatation might also be an early
consequence of traumatic changes.

Dilatation of VRS can also be observed in inflammatory
diseases — dilated, filled with fungal tissue and mucoid dis-

charge perivascular spaces are one of the typical symptoms
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