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ABSTRACT

Background: Giant perivascular spaces (PVSs) are very rare condition in the brain and can be associated
with neurological symptoms. It often enlarges and causes obstructive hydrocephalus which requires surgical
intervention. However, the growth velocity has never been investigated.

Case Description: Here, we report a woman in her early eighties with giant PVSs eventually followed up 17
years. She presented with dizziness and mild headache for a week and her neurological examination showed no
abnormality. Her brain magnetic resonance imaging (MRI) showed a multiple cystic lesion, 28 mm in maximum
diameter as a whole, in the left mesencephalothalamic region. There were no solid part, rim enhancement, or peri-
lesional intensity change suggesting edema or gliosis. Smaller PVSs were also seen in bilateral-hippocampi, basal
ganglia, white matter, and left frontal operculum. Retrospectively, five MRI studies over 17 years were analyzed
using a 3-D volumetric software and found a very slow growth of the lesion, from 6.54 ml to 9.83 ml indicating
gain of 0.1752 ml (2.68%) per year.

Conclusion: This is the first report verifying a gradual enlargement of giant PVSs in a natural course. The
prospective 3-D volumetric analysis on PVSs may elucidate the true nature of these lesions.
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INTRODUCTION

Perivascular spaces (PVSs) or Virchow-Robin spaces are pial-lined structures surrounding
the vessels filled with interstitial/extracellular fluid. They are believed to serve as a lymphatic
drainage pathway in the brain and play a significant role in the immune system in the brain.>!21%
With advancing age, they are found more frequently by magnetic resonance imaging (MRI)."*7]

PVSs are more commonly seen in three locations.>!) Type 1 PVSs, most common, are
surrounding lenticulostriate arteries entering the basal ganglia through the anterior perforated
substance. Type II is found in subcortical white matter along perforating medullary arteries
which penetrate the high-convexity gray matter. Type III appears in the midbrain/cerebral
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peduncle and surrounds the penetrating branches of the
paramedial mesencephalothalamic arteries. However, PVSs
can be seen in any part of brain, such as temporal lobe,
insula, and hippocampus. These PVSs sometimes become
dilated very large as a single cyst or cluster of cysts of
various sizes. When the size of PVSs is larger than 1.5 cm, it
is called giant or tumefactive PVSs and occasionally causing
mass effect.'%!l These giant PVSs are often misdiagnosed
as cystic neoplasm, non-neoplastic neuroepithelial cyst, or
parasitic cyst. Here, we present a rare case of giant PVSs in
the mesencephalothalamic region with 17 years follow-up
showing gradual enlargement of the cyst.

CASE REPORT

An woman in her early eighties was referred to the
department of neurosurgery, Izumi Regional Hospital,
Japan from a neurologist on June 2020. She was a known
case of cystic brain lesion since 2003. She presented with
mild headache and dizziness for a week. The patient’s
history included diabetes and hypertension over 20 years.
No abnormality was found on neurological examination
including eye movement or cerebellar function.

MRI on June 2020 showed a cluster of cystic lesion, 28 mm
in diameter as whole, in the left mesencephalothalamic
region [Figure la]. The lesion was extended from the
pontomesencephalic junction to the dorsal surface of
pulvinar of thalamus. The cysts’ content was hypointense
on TI-weighted and fluid-attenuated inversion recovery
(FLAIR) MRI and hyperintense on T2-weighted MRI
[Figure 1b-g]. There was no hyperintensity on FLAIR
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surrounding the lesion suggesting edema or gliosis. The
similarity of MR intensity of cyst content to cerebral fluid on
all MR sequences, lack of perilesional edema, and absence of
gadolinium enhancement strongly suggested this lesion to be
asymptomatic giant PVSs. Smaller PVSs were seen in other
brain regions including bilateral-hippocampi, basal ganglia,
white matter under convexity gray matter, and left frontal
operculum [Figure 2a-d]. T2-weighted and FLAIR MRI
also showed age-matched brain atrophy and hyperintensity
in periventricular and subcortical white matter suggesting
leukoaraiosis. Brain and neck MR angiography showed no
particular abnormality (figure not shown). Retrospective
review of the medical record and image archives found
four previous MR studies on September 2003, May 2014,
February 2016, and July 2017 [Figure 3a-e] in our and other
hospitals due to chronic headache and uneasiness caused
by suggestion of brain tumor by a previous attending.
3D volumetric analysis of the giant PVSs using Synapse
Vincent software (Fuji film, Tokyo) showed a very slow
enlargement, 6.54 ml in September 2003-9.83 ml in June
2020. It has grown with slope of linear function: y (ml) =
0.1752x+6.0012 (x: year-2000), R*= 0.9072 [Figure 3f].

The patient is now scheduled to have another MRI study 2
years later for early detection of symptomatic enlargement
including obstructive hydrocephalus resulting from
aqueductal stenosis.

DISCUSSION

Giant PVSs or tumefactive PVSs are very rare lesion in the
brain commonly found in mesencephalothalamic region

gl :
Figure 1: Magnetic resonance image (MRI) of giant perivascular spaces (PVSs) (arrows). (a) Axial T2-weighted image (T2WI) at the level of
midbrain. (b-e) Axial images at the level of thalamus. (b) TIWI, (c) T2WI, (d) postgadolinium T1WI, (e) fluid-attenuated inversion recovery
image. (f) Coronal T2WI. (g) Sagittal T2ZW1.
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in the territory of the paramedical mesencephalothalamic
artery and in the cerebral white matter.'"!! Headache is
the most common presentation of giant PVSs. Other
clinical presentation including oculomotor palsy, trochlear

Figure 2: Enlarged PVSs in other locations. >¢: Part of the giant
PVSs in the mesencephalothalamic region. (a) Right hippocampus
(arrows). (b) Bilateral basal ganglia (boxes) and left hippocampus
(arrow). (c) Bilateral basal ganglia (boxes) and left frontal operculum
(arrowhead). (d) Subcortical white matter (circles).

nerve palsy, ataxia, and long tract signs, varies according
to their mass effect and location.'*”'! In addition,
obstructive hydrocephalus was seen in about half of these
mesencephalothalamic giant PVSs.[:0]

Pathologies mimicking giant PVSs include pilocytic
astrocytomas, gangliogliomas, pleomorphic
xanthoastrocytomas, and intraparenchymal

schwannoma.”#1%11 The absence of solid part, rim
enhancement, surrounding edema, or gliosis and identical
intensities of cyst content to cerebral fluid on all MR
sequences denied the possibility of neoplasm in our case.

Some rare infectious process results in multiple cyst
formation." Actually, measurement of serous antibodies
for 12 species of parasite was ordered by a previous
attending 3 years ago. All the titers were negative but a
single pseudopositivity for strongyloidiasis. The absence of
rim enhancement, or surrounding edema, change in signal
intensity of cysts’ content denied the possibility, too.

Although some giant PVSs must have grown to be
symptomatic, no interim change was seen on repeat MRI in
17 cases in which follow-up MRI was studied 4.1 + 3.7 (mean
+ SD) years after the initial scan in Salzmanns series.!"!
There were only two literatures which described the growth

1 y=0.1752x+ 6.0012

R?=0.9072
0 & LI T
S o * 0A O
S S NN N
¢ $ S5 $

Figure 3: Chronological changes in the volume of the giant perivascular spaces. (a) September 2003: 6.54 ml. (b) May 2014: 8.05 ml.
(c) February 2016: 8.19 ml. (d) July 2017: 8.79 ml. (e) June 2020: 9.83 ml. (f) 3D volumetric analysis showing steady and slow growth with

gentle slope of linear function: y (ml) = 0.1752x+6.0012, R*=0.9072.
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of the giant PVSs after surgical intervention. Fujimoto et al.
reported a man with mesencephalic PVSs which had grown
very large to manifest oculomotor and trochlear nerve palsies
14 years after the successful third ventriculostomy for the
hydrocephalus.”! Mascalchi et al. reported a case in which
the mesencephalic PVSs demonstrated new neurological
symptoms due to an increase of the number and size of
the lesions 4 years after a successful ventriculoperitoneal
shunting for symptomatic hydrocephalus.! Contrary,
Al Abdulsalam et al. reported that the size of the lesion
decreased following CSF diversion.!

The exact etiology of giant PVS enlargement remains
unknown, although several possible mechanisms have been
suggested in the literature."*!! Increased CSF pulsation due
to ventricular obstruction, an abnormality of arterial wall
permeability or obstruction of interstitial fluid drainage
pathways has been suggested as contributing factors. Aging
and underlying disease condition could be a factor in the
pathogenesis of growth of giant PVSs.

This is the first ever reported case showing very gradual
enlargement of giant PVSs in a natural course. It has grown
steadily by 0.1752 ml/year over 17 years from initial of 6.54
ml. The volume increase rate was 2.68%/year.

Data accumulation of 3-D volumetric analysis may elucidate
the true nature of the giant PVSs, which may support to
predict the symptomatic growth of incidentally found PVSs.

CONCLUSION

We demonstrated the very slow but steady growth of
giant PVSs in the mesencephalothalamic region based on
longitudinal MRI follow-up. Data accumulation of 3-D
volumetric analysis may elucidate the true nature of the giant
PVSs, which may support to predict the symptomatic growth
of incidentally found PVSs.
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