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Introduction

The perivascular spaces (PVSs) of the brain are small fluid-
filled cystic spaces that surround the walls of vascular 
structures (arteries, arterioles, veins, and venules) along their 
course across the brain parenchyma. The term Virchow-
Robin space was coined after the German pathologist 
Rudolf Virchow and the French anatomist Charles Philippe 
Robin who first identified and confirmed the existence of 

such spaces (1,2). The physiologic function of these spaces 
is not fully understood but they are considered equivalent 
to the systemic lymphatic pathways, which help in draining 
interstitial fluid from the extracellular spaces within the 
brain parenchyma (glymphatic system), including removal 
of solutes and clearing metabolic waste and may play an 
immunological role as well (3-5). With the advancements 
in imaging techniques, they have been noted to occur in 
nearly all individuals. Usually found bilaterally, they are not 
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always symmetric (6,7). The structure, size, and histology 
of these spaces also vary based on the location and the 
surrounding vascular structures (artery vs. vein) (8,9). These 
PVSs are in direct communication with the subpial space 
and are present at specific locations of the brain. The PVSs 
are often associated with aging, vascular, and neurological 
conditions. Dysfunctional PVSs can sometimes grow in 
size and form giant PVSs (>15 mm) occurring in around 
1.6% to 3% of the population (3,9). These giant PVSs, 
also known as tumefactive PVSs, cavernous dilatations, or 
Poirier’s type IIIb expanding lacunae, can often be mistaken 
on imaging for other vascular, neoplastic, infective, or 
immunologic lesions. This misdiagnosis can lead to 
unnecessary workup and treatment. Here, we discuss a case 
of giant PVS and also review the normal appearance of PVS 
and its differential diagnosis. We present the following case 
in accordance with the CARE reporting checklist (available 
at https://pcm.amegroups.com/article/view/10.21037/pcm-
22-3/rc).

Case presentation

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or 
national research committee(s) and with the Helsinki 
Declaration (as revised in 2013). Written informed consent 
was obtained from the patient for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

A 70-year-old conscious, well-oriented female presented 

in the emergency department with a complaint of acute 
onset dizziness with difficulty in ambulation. She had 
intermittent vertigo for several years but was never 
investigated for the same. Clinical examination did not 
show any neurological deficit. Her medical history was 
positive for diabetes and hypertension. There was no 
relevant surgical history. A computed tomography (CT) 
scan of the head without intravenous contrast showed a 
circumscribed, lobulated, multiseptated cystic appearing 
lesion with cerebrospinal fluid (CSF) density in the right 
parietal subcortical region (Figure 1). In the absence 
of prior imaging, the differential diagnosis of cystic 
encephalomalacia or neoplasm and follow-up with contrast 
magnetic resonance imaging (MRI) of the brain was 
suggested. The patient was discharged after her symptoms 
improved with conservative management with meclizine. 
She then underwent MRI of the brain without and with 
contrast after 2 weeks, which showed a circumscribed, 
multiseptated, non-enhancing cystic lesion in right parietal 
subcortical white matter (Figures 2,3). There were a few 
other smaller but similar non-enhancing lesions adjacent to 
the larger structure. There was no associated mass effect or 
perilesional edema. The overlying cortex was unremarkable. 
The imaging findings were consistent with giant PVS and 
the possibility of neoplasm was discarded. Patient has no 
symptoms related to intracranial neoplasm and has been 
stable since then.

The article will also briefly discuss the review of 
literature which was performed in January 2022 using the 
PubMed/MEDLINE and Google Scholar search engines 
with the following search terms: Giant perivascular space, 

A B

Figure 1 Coronal (A) and axial (B) view on non contrast CT scan of the brain demonstrating a heterogeneous irregular cystic space (arrows) 
in the white matter underlying the right parietotemporal cortex. CT, computed tomography.
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Figure 2 Different MRI sequences demonstrating the appearance of PVS. Coronal (A), saggital (B), and axial (C) view on T1-weighted 
sequence of brain. Coronal (D), saggital (E), and axial (F) view on T1 fat saturated post contrast MRI sequences of the brain demonstrating 
multiple small cystic spaces (arrows) in the white matter underlying the right parietotemporal cortex coalescing into a single giant cavity 
suggestive of a giant PVS. PVS, perivascular space; MRI, magnetic resonance imaging.

A B C

Figure 3 Axial view on (A) T2 weighted, (B) diffusion weighted image, and (C) T2-FLAIR MRI sequences demonstrating a multicavitary 
cystic lesion (arrows) in the white matter underlying the right parietotemporal cortex with surrounding perilesional satellite lesions in the 
adjacent cortex. FLAIR, fluid attenuated inversion recovery; MRI, magnetic resonance imaging.
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cystic neoplasm, complete recovery, dilated perivascular 
spaces. All original research articles, meta-analysis, case 
reports, and review articles were included from 1986 to 
2022. All the studies that came up using the mentioned 
keywords were included. Exclusion criteria were as follows: 
(I) studies where the diagnoses was not clearly established; 
(II) studies in which imaging findings were not mentioned; 
and (III) studies published before 1986. Literature search 
was performed by SB and DG and was verified by all the 
authors.

Discussion

The PVSs are generally small (<2 mm) and can be seen 
in the MR images of all age groups and are typically 
asymptomatic (10). The detection rate of PVSs at the MRI 
is also influenced by the techniques used, viz., heavier T2-
weighted imaging, thinner sections, higher-field strength 
resulting in better spatial resolution, contrast, and better 
visualization of VR spaces, thus leading to an increase in the 
prevalence of the same (9,11-16). The presence of enlarged 
PVSs (>5 mm) has been found and correlated with different 
physiological and pathologic neurological conditions such 
as aging, arteriosclerosis, hypertension, mild cognitive 
impairment (MCI), dementia, Alzheimer disease, and 
Parkinson’s disease (17-22). Around 2–3% of healthy 
individuals show enlarged PVSs in their MR images (19,20). 
The proposed mechanisms that may lead to the formation 
of dilated PVS are alterations in permeability of the wall of 
the vessels, perivascular demyelination, fibrosis/obstruction 
of lymphatic drainage pathways, or ex-vacuo dilatation 
secondary to brain atrophy (23-27). It also hypothesized 
that fenestrations in the pial layers that surround these 
vascular structures might lead to excessive collection of 
interstitial fluid in these spaces leading to the enlargement 
of the PVSs. This might explain the preferential occurrence 
of giant PVSs in the mesencephalo-thalamic region where 
the vasculature is surrounded by two layers of pia mater (27). 
Sometimes they get markedly dilated, almost resembling 
other cystic pathologies like infectious processes or, benign 
or malignant neoplasms. At times the PVS (as a solitary 
lesion or a group of multiple contiguous spaces) become 
fairly large and the ones that are 15 mm or larger are 
termed as giant/tumefactive PVSs (28,29).

There are three subtypes of dilated PVSs, classified 
according to their anatomical location. Type I PVS are the 
most common and found along the lenticulostriate arteries 
as they pass through the anterior-perforated substance to 

enter the basal ganglia. Type II lesions are located around 
perforating medullary arteries as they course from the 
cortical gray matter into the cerebral white matter. Type III 
lesions are seen in the mesencephalic region surrounding the 
penetrating branches of the collicular, thalamo-perforating, 
and other accessory collicular arteries (8-10,30-32).  
A new location for PVS has been recently described in the 
white matter of the anterior superior temporal lobe and is 
now recognized as the fourth category. Although PVSs are 
most commonly found around the lenticulostriate arteries 
(type I), the giant PVSs occur most commonly as type III 
lesions, located in the mesencephalo-thalamic region (30-32).

On MRI, the PVSs appear as sharply defined cystic 
structures with variable shapes (oval, round or tubular) that 
are more often found in groups than singly. The signal 
intensities of the PVS appear to be visually identical to 
those of CSF. However, on actual measurement, the signal 
intensities of the PVS are lower than the CSF-containing 
structures (8,9). This difference in signal intensity can be 
attributed to the fact that the fluid in PVS is entrapped 
and by partial volume effects as the fluid in the PVS with 
an in-house vessel is lesser than a similar volume cell. 
PVSs, being communicating compartments, show no 
restriction in diffusion on diffusion-weighted images. 
These spaces do not enhance with contrast material. The 
surrounding brain parenchyma usually exhibits normal 
signal intensity, especially in patients with small to 
moderate-sized spaces (2–5 mm) (33,34). However, PVSs 
that are found in white matter often show some perilesional 
hyperintensities, especially on T2 weighted images and on 
FLAIR sequence images. A study showed that abnormal 
white matter hyperintensities can be found in nearly 
30% of the elderly population and some of these lesions 
are debated to be due to the presence of dilated PVSs 
(26,35,36). Occasionally, the PVS can become significantly 
big in size and develop a complex cystic structure that 
may put forth a variety of differentials like infectious and 
parasitic cysts, neuroepithelial cysts, cystic neoplasms, 
cystic lacunar infarctions, and deposition disorders like 
mucopolysaccharidosis (37-39). Salzman et al. (28) studied 
and reviewed 37 patients with giant VR spaces and reported 
that most often these appear as clusters of variably sized 
cysts in the mesencephalo-thalamic region and cerebral 
white matter. Their study showed that most patients 
present with headaches, however, patients may also present 
with other non-specific neurological symptoms including 
dizziness, loss of memory, visual problems, seizure, syncope, 
poor balance, and poor concentration. However, studies 
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have shown that clinical features are not always correlated 
to the imaging findings, and many asymptomatic patients 
maybe incidentally found to have giant PVSs on imaging 
done for other indications (34,40,41). Giant PVSs in the 
mesencephalo-thalamic region may cause compression 
of the third ventricle or the Sylvian aqueduct leading to 
the development of hydrocephalus (29,42). Occasionally, 
even mildly dilated PVSs, which are not large enough 
to be labeled as giant/tumefactive PVS, may cause  
hydrocephalus (42). In addition to the classic appearance 
of multiple, variably sized, oval, circumscribed, CSF-filled 
cysts, PVSs are best distinguished from cystic neoplasms by 
lack of contrast enhancement and stability in appearance 
over time (23).

Dilated PVSs, especially the giant (tumefactive) ones 
can be confusing on the MR images and mimic a variety of 
different pathologies viz., infectious, vascular, congenital, 
and neoplastic processes with cystic appearances. Also, 
PVSs can act as a conduit for the spread of infections, 
inflammatory diseases, and neoplasms (23). Hence, it 
is important to recognize and comprehend the typical 
clinical and imaging appearances of these pathologies as 
well in order to suggest the correct diagnosis. The MRI 
characteristics of common differentials of dilated PVS are 
discussed.

Chronic vascular or inflammatory lesions can be 
confused with dilated PVS especially if they are seen in 
areas typical for PVS. Lacunar infarcts due to blockade 
of the corresponding penetrating arteries may cause 
confusion with a PVS in the basal ganglia, thalamus, pons, 
and periventricular white matter. The chronic infarcts are 
the ones that cause greater confusion with dilated PVS as 
they present with a central cystic area (encephalomalacia). 
However, they tend to be asymmetric, wedge-shaped 
lesions which are usually >5 mm and show a hyperintense 
rim on the T2/FLAIR images (43). Cystic periventricular 
leukomalacia and porencephalic cysts may occur due to 
prenatal or perinatal hypoxic/ischemic events and present 
as cavitary cystic lesions in the periventricular white matter 
and mimic PVSs (44). They usually show abnormal signals 
on the T2/FLAIR images with the porencephalic cysts 
communicating with the ventricular system/subarachnoid 
space. These features are helpful in differentiating 
them from dilated PVS. Finally, chronic multiple 
sclerosis presents with lesions in the white matter of the 
periventricular and juxtacortical region (45). The clinical 
presentation along with the perilesional hyperintense T2/
FLAIR signal are generally helpful in distinguishing from 

PVS. In the acute stage, MS lesions are isointense or mildly 
hypointense to brain parenchyma on T1-weighted images 
with enhancement being dependent on the degree of 
inflammation (46).

Infectious lesions like neurocysticercosis, toxoplasmosis, 
cryptococcus can present as cystic lesions in the brain with 
cysticercosis being the most common and the other two 
occurring in immunocompromised individuals particularly 
those with HIV. Neurocysticercosis, initially show up as 
simple cysts at the junction of gray-white matter and basal 
ganglia region, looking like a dilated PVS, but as they 
progress through the different stages (colloidal, granular, 
and nodular) the lesion shows hyperintensity of the cyst 
content with rim enhancement and perilesional edema and 
finally the lesions appear shrunken with calcifications (47).  
Toxoplasmosis usually occurs within basal ganglia and 
corticomedullary junction showing the typical “target 
sign” with multiple peripherally or ring-enhancing lesions, 
sometimes with intrinsic T1 shortening (48). Cryptococcosis 
is caused by Cryptococcus neoformans (an opportunistic 
fungus) and usually starts as a meningeal infection with 
little inflammation, mainly due to the immunocompromised 
state of the host per se and the immunosuppressive effect of 
the organism’s capsule itself. The infection tends to spread 
along the PVS, distending the latter with the capsular 
mucoid material, leading to dilated PVS on the MRI and 
may enlarge to form gelatinous pseudocysts (49-51). The 
meningeal exudate or subsequent meningeal adhesions may 
lead to the formation of hydrocephalus. The hyperintense 
images of these lesions on T2-weighted MR and FLAIR 
help to differentiate them from normal PVS. Contrast 
enhancement is rarely seen (52). The mucoid/gelatinous 
nature of the cyst content restricts on the diffusion-
weighted images.

Giant PVS can present with unusual conformations and 
mass effects and get mistaken for a benign or low-grade 
cystic neoplasm like pilocytic astrocytoma, dysembryoplastic 
neuroepithelial tumor (DNET), multinodular and 
vacuolating neuronal tumor (MVNT), ganglioglioma, or 
pleomorphic xanthoastrocytoma (28,38,39). The findings of 
solid components within the cystic areas with a possibility 
of enhancement with contrast, surrounding edema, and 
contents that usually are not isointense with CSF favor a 
neoplasm over PVS. The DNETs are slow growing WHO 
grade I benign tumors typically involving medial temporal 
lobes and presenting with complex partial seizures which 
on imaging usually have a “bubbly” cystic appearance with 
somewhat widespread T2/FLAIR signal abnormality and 
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minimal contrast enhancement (53). MVNT is a mixed 
glial neuronal benign lesion presenting with seizures in 
nearly a third of the patients and on imaging are seen as 
a group of tiny cystic and nodular subcortical lesions that 
exhibit abnormal signals on T2/FLAIR images and rarely 
show contrast enhancement (54-56). Sometimes all the 
typical findings might not be seen and the differentiation 
between giant PVS and cystic brain tumors may become 
perplexing and a follow-up MRI may be of help to resolve 
the dilemma.

Benign cystic lesions like neuroglial cysts, arachnoid 
cysts, and neurenteric cysts can mimic dilated PVS. 
Neuroglial cysts are congenital epithelial lined lesions 
formed from the sequestration of the embryonic neural 
tube elements in the developing white matter and can be 
located at any site of the neuroaxis (57,58). Arachnoid cysts 
are extra-axial CSF-filled diverticular structures arising 
from the arachnoid membranes (59). Neurenteric cysts 
are congenital endodermal lesions commonly seen in the 
posterior fossa of the cranial cavity (60). Finally, choroidal 
cysts can arise from arachnoid or neuroepithelium and are 
seen at the level of the choroidal fissure (61). On imaging, 
these benign cysts share many features with dilated PVSs 
but can be easily differentiated from the latter by their 
location and usually solitary nature.

In conclusion, PVSs are normally occurring spaces found 
at specific locations and help in clearing the interstitial 
fluid in the brain. The presence of the PVSs may act as a 
biomarker to detect the presence of various vascular and 
neurological conditions. Dysfunctional PVSs might grow in 
size and become giant PVSs that can be confused with other 
potentially serious neurological conditions. While some 
patients may be asymptomatic and incidentally diagnosed, 
others can present with headaches, signs of increased 
intracranial pressure due to obstructive hydrocephalus, 
and other non-specific neurological symptoms. Knowledge 
of the location and characteristic appearance can help 
clinicians to correctly identify PVSs and differentiating 
it from its mimics on imaging to avoid any unnecessary 
workup or treatment.
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