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The cerebral vasculature represents a major component of 
the brain, constituting 25–30% of the total brain volume (1) 
and providing essential support to the cells of the nervous 
system. The blood vessels penetrating or leaving the 
brain parenchyma present unique anatomical properties, 
including the presence of a fluid-filled perivascular 
compartment, known as perivascular space (PVS) or 
Virchow-Robin space. PVS physiological function is still 
not completely understood, but is thought to be related 
to the cerebrospinal/interstitial fluid circulation and the 
clearance of cerebral waste products. In fact, in recent years, 
PVS have been described as main pathways in clearance 
system models of the brain (2), and numerous studies 
reported the association between PVS alterations and 
several neurological diseases.

As PVS follow the course of the penetrating blood 
vessels and have a tubular shape, they appear on magnetic 
resonance imaging (MRI) as lines or dots, based on the 
orientation of the PVS with respect to the image acquisition 
plane (parallel or perpendicular, respectively), and have 
a signal intensity similar to the cerebrospinal fluid (i.e., 
hypointense on T1-weighted images and hyperintense 
on T2-weighted images). PVS cross-sectional diameter 
is usually less than 2 mm and on MRI they are most 
commonly seen in the centrum semiovale and basal ganglia 

(3,4). Thanks to the improved resolution and signal-to-noise 
ratio, modern MRI scanners and sequences currently allow 
to visualize PVS in practically all individuals, including 
healthy young adults (5). It is important to emphasize that 
these PVS do not necessarily represent a pathological 

finding. 
In rare occasions, however, large PVS with size even 

higher than 15 mm, can be found in certain brain regions as 
solitary lesion or in clusters on neuroimaging data [both on 
computed tomography (CT) and more clearly on MRI] (6). 
This rare entity has been defined “giant tumefactive PVS” 
and, due to its size and configuration, can be associated with 
mass effect in the brain and also mistaken for other types of 
lesions such as brain cysts or cystic neoplasms (6). 

In their article, Cheraya et al. described and discussed 
an interesting case of giant PVS: the patient, a 70-year-old 
woman with history of diabetes and hypertension, presented 
to the emergency department with acute onset of dizziness 
and difficulty in ambulation (7), a relatively uncommon 
symptom compared with those reported in previous case 
reports of giant PVS (6,8). In fact, patients with giant PVS 
usually present with nonspecific symptoms not necessarily 
attributable to the giant PVS, the most common of which is 
headache (6,8). 

Cheraya et al. additionally reported the neuroimaging 
data acquired on this patient, including CT and multiple 
MRI sequences, describing the radiological characteristics 
of this case of giant PVS: the lesion was located in the white 
matter underlying the right parietal cortex, and appeared 
as a circumscribed, multiseptated, non-enhancing cystic 
lesion, with signal intensity similar to cerebrospinal fluid 
and no mass effect (7). The location of the giant PVS in 
this patient is also relatively uncommon, as giant PVS have 
been described more frequently in the mesencephalo-
thalamic region (6,8). The pathophysiological reason for 
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this preferential occurrence is unclear, but it is possible that 
lesions in this location might be more likely associated with 
symptoms or hydrocephalus, which lead the patients to seek 
medical attention, compared with giant PVS in the white 
matter and centrum semiovale, which might instead be 
more frequently silent.

In the case described by Cheraya et al. (7), the fluid-
attenuated inversion recovery (FLAIR) MRI sequence 
showed only a minor perilesional hyperintense area, as was 
also described for other similar cases of elderly patients 
with giant PVS in the white matter (6). On the other hand, 
younger patients with giant PVS in the white matter tend to 
have more diffuse and extended areas of abnormal FLAIR 
signal (i.e., not limited to the perilesional region), and this 
was hypothesized to be secondary to gliosis or spongiosis (6). 
These observations suggest that the mechanisms leading to 
the formation of giant PVS might differ not only based on 
the location of the lesion, but also based on the age of the 
patients. 

The etiology of giant PVS is unknown, but several 
hypotheses have been proposed. For example, recent studies 
have shown that PVS dilation is associated with vascular 
accumulation of amyloid-β in the overlying cortex (9), 
which could possibly lead to impairment of the perivascular 
clearance and engorgement of fluid in PVS with subsequent 
dilation. Another hypothesis suggests that altered vascular 
permeability might lead to the enlargement of PVS 
induced by the accumulation of blood-derived products 
and subsequent obstruction of PVS, as shown in preclinical 
and pathological studies (9,10). It is also possible that the 
dilation of PVS might be consequent to ex-vacuo dilation 
secondary to brain atrophy (11) and/or the mechanical stress 
caused by high blood pressure on the arterioles and their 
periarterial compartment, as hypertension is associated with 
higher PVS burden, especially in the basal ganglia (12-14). 
Further studies are required to elucidate the mechanisms 
underlying the dilation of PVS in humans. 

Convenient ly,  Cheraya  e t  a l .  summar ized  the 
neuroimaging characteristics that could facilitate the 
correct diagnosis of giant PVS and described how to 
discriminate them from common differentials, such as 
lacunes, neurocysticercosis, and cystic neoplasms (7), which 
is particularly important for the appropriate management 
of the patient and the clinical outcome. In fact, giant PVS 
are typically benign and, if the MRI characteristics allow 
the diagnosis of giant PVS, biopsy sampling is not required, 
even in case with perilesional abnormal hyperintense signal 
on T2-weighted FLAIR images. While asymptomatic 

cases do not need surgical treatment, cystic dilation of PVS 
causing hydrocephalus and/or mass effect may prompt 
a surgical intervention. Specifically, cerebrospinal fluid 
diversion is recommended in patients presenting with 
symptomatic hydrocephalus, which is often caused by 
giant PVS located within the midbrain which can obstruct 
the cerebral aqueduct (15). On the other hand, patients 
experiencing focal symptoms related to mass effect may 
be treated with cyst drainage and fenestration, which can 
lead to improvement or full resolution of symptom (15). 
Nonetheless, the giant PVS and symptoms can recur, and 
in that case a shunt placement should be considered as 
therapeutic option (15). For asymptomatic cases, periodic 
clinical visits and MRI are recommended, as in some 
cases giant PVS can slowly expand over time and cause 
hydrocephalus and/or symptoms (15). 

In conclusion, the case report by Cheraya et al. describes 
both by a clinical and neuroradiological point of view a rare 
case of giant tumefactive PVS, with important information 
that could assist clinicians in the correct diagnosis of this 
entity and its differentiation from lesions with similar 
appearance on neuroimaging. This study adds to the series 
of previous case reports on giant PVS and helps the further 
clinical and imaging characterization of this uncommon 
lesion.

Acknowledgments

Funding: This article was supported by NIH grants R01-
AG070825 and RF1-MH123223.

Footnote

Provenance and Peer Review: This article was commissioned 
by the editorial office, Precision Cancer Medicine. The article 
did not undergo external peer review.

Conflicts of Interest: The author has completed the ICMJE 
uniform disclosure form (available at https://pcm.
amegroups.com/article/view/10.21037/pcm-22-27/coif). 
The author reports receiving support from NIH grants 
R01-AG070825 and RF1-MH123223 to study perivascular 
spaces on magnetic resonance imaging in humans. 

Ethical Statement: The author is accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

https://pcm.amegroups.com/article/view/10.21037/pcm-22-27/coif
https://pcm.amegroups.com/article/view/10.21037/pcm-22-27/coif


Precision Cancer Medicine, 2022 Page 3 of 3

© Precision Cancer Medicine. All rights reserved. Precis Cancer Med 2022;5:31 | https://dx.doi.org/10.21037/pcm-22-27

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Zlokovic BV, Apuzzo ML. Strategies to circumvent 
vascular barriers of the central nervous system. 
Neurosurgery 1998;43:877-8.

2.	 Iliff JJ, Wang M, Liao Y, et al. A paravascular pathway 
facilitates CSF flow through the brain parenchyma and the 
clearance of interstitial solutes, including amyloid β. Sci 
Transl Med 2012;4:147ra111.

3.	 Barisano G, Lynch KM, Sibilia F, et al. Imaging 
perivascular space structure and function using brain MRI. 
Neuroimage 2022. [Epub ahead of print]. doi: 10.1016/
j.neuroimage.2022.119329.

4.	 Osborn AG, Barisano G. Scalp, Skull, and Meninges. In: 
Imaging Anatomy Brain and Spine. Osborn AG, Salzman 
KL, Anderson JS, et al. eds. 1st edition. Elsevier Health 
Sciences, 2020:18-25.

5.	 Barisano G, Sheikh-Bahaei N, Law M, et al. Body 
mass index, time of day and genetics affect perivascular 
spaces in the white matter. J Cereb Blood Flow Metab 
2021;41:1563-78.

6.	 Salzman KL, Osborn AG, House P, et al. Giant 
tumefactive perivascular spaces. AJNR Am J Neuroradiol 
2005;26:298-305.

7.	 Cheraya G, Bajaj S, Sharma S, et al. Giant perivascular 
spaces in brain: case report with a comprehensive literature 
review. Precis Cancer Med 2022;5:29.

8.	 Woo PY, Cheung E, Zhuang JT, et al. A Giant 
Tumefactive Perivascular Space: A Rare Cause of 
Obstructive Hydrocephalus and Monoparesis. Asian J 
Neurosurg 2018;13:1295-300.

9.	 Perosa V, Oltmer J, Munting LP, et al. Perivascular space 
dilation is associated with vascular amyloid-β accumulation in 
the overlying cortex. Acta Neuropathol 2022;143:331-48.

10.	 Montagne A, Nikolakopoulou AM, Zhao Z, et al. Pericyte 
degeneration causes white matter dysfunction in the mouse 
central nervous system. Nat Med 2018;24:326-37.

11.	 Kwee RM, Kwee TC. Virchow-Robin spaces at MR 
imaging. Radiographics 2007;27:1071-86.

12.	 Sepehrband F, Barisano G, Sheikh-Bahaei N, et al. 
Volumetric distribution of perivascular space in relation to 
mild cognitive impairment. Neurobiol Aging 2021;99:28-43.

13.	 Martinez-Ramirez S, Pontes-Neto OM, Dumas AP, et al. 
Topography of dilated perivascular spaces in subjects from 
a memory clinic cohort. Neurology 2013;80:1551-6.

14.	 Francis F, Ballerini L, Wardlaw JM. Perivascular spaces 
and their associations with risk factors, clinical disorders 
and neuroimaging features: A systematic review and meta-
analysis. Int J Stroke 2019;14:359-71.

15.	 House P, Salzman KL, Osborn AG, et al. Surgical 
considerations regarding giant dilations of the perivascular 
spaces. J Neurosurg 2004;100:820-4.

doi: 10.21037/pcm-22-27
Cite this article as: Barisano G. Neuroimaging aspects and 
clinical significance of giant perivascular spaces in the brain. 
Precis Cancer Med 2022;5:31.

https://creativecommons.org/licenses/by-nc-nd/4.0/

