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Answer: Tumefactive Virchow Robin Space

Please see the attached article with fabulous illustration and some eye popping
VR cases. At least look at the pictures.
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Giant Tumefactive Perivascular Spaces

Karen L. Salzman, Annhe G . Oshorn, Paul House, J. Randy Jinkins, A dam Ditchfield,
James A. Cooper, and Roy O. Weller

BACKGROUND AND PURPQOSE: The brain perivascular spaces (FVSs) are pial-lined, inter-
stiial fluid-filled structures that accompany penerating arteries, When enlarged, they may
cause mass effect and can be mistaken for more ominous pathologic processes. The purpase of
this study was to delineate the broad clinical and imaging spectrum of this unusual condition.

METHODS: Thirty-seven cases of giant PYSs were identified from 1988 to 2004 and were
retrospectivaly reviewed. Clinical data collected included patient demographics, presenting
symptoms, and follow-up. Histopathologic data were reviewed when available. Images were
evaluated for size and location of the giant PVSs, associated mass effect, hydrocephalus,
adjacent white matter changes, and contrast enhancement.

RESULTS: There were 24 men and 13 women with an age range of 686 years, (mean 46
years). The mast common presenting feature was headache (15 patients). Thirty-two cases had
multilocular clusters of variably sized cysts, Five lesions were unilocular, All lesions had signal
intensity comparable to CSF and did not enhance. The most common location for the giant
PVSs was the mesencephalothalamic region (21/36). Fourteen werelocated in thecerebral white
matter; two werein thedentate nuclai. Nine giant mesencephalothalamic PYSs had associated
hydrocephalus, which required surgical intervention,

CONCLUSION: Giant tumefactive PVYSs most often appear as clusters of variably sized cysts
that are iscintense relative to CSF and do not enhance. They are most common in the
mesencephalothalamic region and may cause hydrocephalus. Although they may have striking

mass effect, giant PYSs should not be mistaken for neoplasm or other diseases.

The perivascular spaces (PVSs) of the brain, also
known as ¥V irchow-R obin spaces, are pial-lined inter-
stitial fluid (ISF)-filled structures that accompany
penetrating arteries and arterioles for a variable dis-
tance as they descend into the cerebral substance
(103). Recent studies have shown that the PV Ss are
surprisingly complex entities with significant variabil -
ity in both ultrastructure and possible function. Rou-
tinely, P¥ Ssin many areas of the brain can be iden-
tified on MR images obtained in patients of all ages
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(4). Occasionally the PY Ss may become strikingly
enlarged, causing mass effect and assuming bizarre
configurations that may be mistaken for a more om-
inous disease, such as a cystic neoplasm (Figure 1).
W hile scattered cases of giant tumefactive PY Ss have
been reported (503), no large series of these lesions
has been presented. The purpose of this study is to
delineate the broad clinical and imaging spectrum of
giant tumefactive perivascular spaces to further char-
acterize this unusual lesion.

M ethads

We performed a retrospective review of all cases of giant
PV Ss referred for imaging consultation or treated at our insti-
hition over a 16-vear neriod sbannina 19588 to 040 M og cases
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Fizc 1. Coronal anatomic diagram depicts multiple bilateral
giant perivascular spaces (PY3s) in the mesencephalothalamic
region. There are fenestrations of the giant PW3s, which may
allow accumulation of interstitial fluid between the vessel and pia
or within the interpial space causing enlargement of the PWSs.
Mote the mass effect upon the third ventricle with associated
obstructive hydrocephalus. Graphic courtesy of James Cooper,
WD and AMIRSYS, Inc (35).

All patients were imaged with MR imaging using a variety of
1.5T MR imaging units. Typical pulse sequences included T1-
weighted spin-echo images, fast spin-echo T2-weighted images,
proton densityDdeighted (PD) images, and fluid attenuated
inversion recovery (FLAIR) images. Patients’ MR imaging
examinations included either a PD or FLAIR sequence. G ad-
olinium-enhanced T1-weighted imaging was also performed in
most patients (34/36). Two studies were perfor med without the
use of contrast medium. Ten patients underwent CT performed
with 5-mm axial sections.

Images were evaluated to determine the size of the giant
PV Ss, establish whether cysts were unilateral or bilateral, and
ascertain whether cysts were solitary or clustered. Images were
also assessed for the appearance of associated focal or gener-
alized mass effect, hydrocephalus, adjacent white matter
changes, and presence of contrast enhancement.
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TABLE 1: Presenting symptoms

Headache

Dizziness

Dementia

Visud changes
Pos-traumatic evauation
Cranial nevuropathy
Seizure

Syncope

Stroke

Memory problems

Poor balance and concentrati on
M 5 33

—
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sion, There were 27 unilateral lesions and 10 bilateral
lesians.

Clinical Findings:

Completeclinical data were available in 33 patients
with a partial history available in the remaining four
patients. The most common presenting symptom was
headache, presentin 15/33 patients. O ther presenting
features included dizziness, dementia, visual changes,
post-traumatic evaluation, seizure, syncope, stroke,
memory problems, cranial neuropathy and poor bal-
ance and concentration. O ne additional patient had a
6th nerve palsy which was found to be related to
diabetic neuropathy and resolved on follow-up imag-
ing. O ne patient who presented with visual changes
was ultimately diagnosed with uveitis, which was
treated and resolved (Table 1).

Imaging Findings

CT was performed in 10 of 37 patients. All giant
PV Sswere low-attenuation lesions, isoattenuated rel -
ative to CSF, which showed no enhancement follow-
ing contrast medium administration. No calcifications
or other associated abnormalities were identified.

All giant P¥Ss were isointense relative to CSF
signal intensity on all MR images regardless of pulse
sequence. Contrast-enhanced images were available
in 35/37 cases and showed no enhancement. Diffu-
sion-weighted (DW) imaging was available in eight of
37 cases and showed no diffusion restriction.

Lesions were subdivided by location (Table 2).
There were 21 patients with lesions involving the
midbrain or thalamus {mesencephalothalamic area)
(Fig 2) and 14 lesions predominately involved the
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TABLE 2 Lesion location and foll ow-up

Age  Sex  GiantPVS Location  Biopsy  Follow-up Imaging

eS| 4] Thd armus N 2 yeds

76 ] Thd arrus M M

56 F Thd armus M 4 years

&% 4] Thd armus M 12 years

) [+] Thd armus M 2 yexs

42 F Thd armus M M

49 F Thd armus M 7oyeas

) [+] Midbran A 1 year

=7 il Midbran b I+l

44 F Midbran I I

73 [+ Midbran IS IS

40 il Midbran b I+l

28 Kl Midbran I I

E=) ] Midbrainfons N 1 year

47 F Tha arrus i dbrain M 9 yerrs

62 ] Thd arrusfidbrain I I

46 ] Thd amusfidbrain N I

s 1] Tha arrus i dbrain M 1 year

72 F Tha amusBasal I 10 yesars
Gandia

41 1] Basd Gandia M 1 year

47 Kl Basd Gangdia I I

15 [+] White M ather M 7 yeaxs

70 il White M ather I+l I+l

62 F White M ather I I

37 [+ White M ather IS 1 year

&8 il White M ather I+l I+l

56 F White M ather I I

44 F White M ather M 1 year

21 1] Wi te: M atter i 6 years

* 4] White M ather M 2 yeds

553 F White M ather IS IS

4G F White M ather I+l I+l

X F White M ather I I

40 F White M ather IS IS

10 1] Wi te: M atter M 3 years

17 ] Cerebdlum M M

6 ] Cerebellum M M

matter cases were bilateral. White matter lesions
were located in the subcortical white matter (8/14),
hemispheric white matter (4/14), or both (2/14). M ost
white matter lesions involved the frontal lobe (8/14)
with other areas of involvement including the parietal
lobe (3/14), temporal lobe (2/14), and occipital lobe
(1/14). There was involvement of the cingulate gyrus
subcortical white matter in four cases and three cases
had involvement of the corpus callosum. In these

cases, the gray matter was stretched over the giant
DWW C= i Y
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the cerebellar dentate nuclei. In one case, the lesions
were hilateral, There was no associated signal intensity
alteration in the adjacent brain parenchyma (Fig 7).

Qurgcal and Pathologc Findings

Surgery was performed in 12 patients. In seven
cases, biopsy was performed. H istopathologic results
in most cases (6/7) disclosed a pialdined cyst with no
evidence of neoplasm or infection. One patient with a
midbrain lesion had a layer of pia and arachnoid on
the outer aspect of the tissue but no pial lining. This
patient had a small fragment, approximately 1 mm
cubed, of the cyst lining sent to the pathology depart-
ment. It was fixed in formalin, embedded in paraffin,
and stained with hematoxylin and eosin, hematoxylin
van Gieson for collagen, and by immunocytochemis-
try for glial fibrillary acidic protein (GFAP) for astro-
cytes Figure 8. Figure 8A shows the cyst lining con-
sists of a very thin layer of gliotic brain tissue coated
on its outer aspects by collagenous material related to
the pia arachnoid on the surface of the midbrain. No
lining of pia matter was identified on the inner cyst
surface. The brain tissue lining the cyst was exten-
sively gliotic as shown in the GFAP preparation (Fig
8B). Close examination of the cells in the brain tissue
lining the cyst shows that it is mainly composed of
astrocytes (Fig 8C). The absence of a lining of pia
matter is only to be expected in this case, as the cyst
was very large and it is unlikely that the thin ddlicate
lining surrounding a vessal would be stretched to this
extent. When there is less extensive enlargement of
perivascular spaces, the lining of pia matter may remain.

Two patients had a ventriculoperitoneal shunt
placed, and the size of the giant PV Ss was stable in
each case. Anocther patient had a cystoperitoneal
shunt placed, and there was a decrease in the size of
the giant PYS from 10 cm to 5 cm. In this case, the
patient's headache also improved. H owever, the fluid
reaccumulated after the patient had a minor trau-
matic insult, and the giant PV S enlarged to near-
presentation size. One patient underwent PV S drain-
age followed by ventriculoperitoneal shunt placement
after the PV S returned to its original size. Five pa-
tients underwent a third ventriculostomy; three of
these patients also had a biopsy of the cyst wall.

Follow-up MR imaging was available in seventesn
patients from 112 years after the initial diagnosis. No
interim change was seen on repeat MR imaging in
any case,
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Fiz 2. Axial T2-weighted (A), postcontrast axial T1-weighted (B), and postcontrast coronal T1-weighted (C) images obtained in a
46-year-old man with headaches show a nonenhancing multiloculated cystic mass in the right midbrain, thalamus, and right medial
temporal lobe. The cysts follow CSF signal intensity on all pulse sequences and do not enhance. Follow-up imaging 13 years later
showed no change. Biopsy proved pial-lined giant perivascular spaces.

Fiz 3. Coronal postcontrast T1-weighted image obtained in a
S6-year-old woman with headaches shows a nonenhancing
unilocular giant perivascular space (black arrow) in the left thal-
amus with compression and displacement of the third ventricle
fwrhite arrow). Mote associated hydrocephalus. Surgery dis-
closed a smooth walled cyst with no abnormality in the adjacent
brain. The patient initially undenwent a cyst fenestration with a
decrease in the size of the PVS. Four months later, there was
reaccumulation of fluid and the FVS enlarged to its original size.
Aventriculoperitoneal shunt was then placed  which relieved the
hydrocephalus. Follow-up studies showed no change in cyst
Size over 4 years.

was to delineate the classic imaging appearance of
giant PV Ss in an effort to prevent misdiagnosis and
unnecessary biopsy.
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CSF, and demonstrate no enhancement following
contrast medium administration (4, 6, 8, 9). When
PY Ss become enlarged, they are known as giant
PV Ss, [davernous dilatation,[Cor Poirier's Type IIIb
(éxpanding lacunas(15, 10, 11).

Giant PV Ss are expanded PV Ss that occur along
the penetrating vessels, most commonly in the mes-
encephalothalamic region in the territory of the para-
medial mesencephalothalamic artery and in the cere-
bral white matter (4, 7, 10). They differ from typical
PV Ss in that they are larger in size and may have
associated focal mass effect. In addition, white matter
giant PV Ss may have associated T2 and FLAIR signal
intensity alteration in the adjacent white matter.

Patients usually present with nonspecific findings
that are not attributable to the giant PV Ss. In our
series, headache was the most common presenting
feature and occurred in approximately 50% of our
patients, Other presenting complaints included dizzi-
ness, dementia, visual changes, post-trauma, seizure,
syncope, memory problems, poor balance, and poor
concentration. Several studies have found that the
clinical features of patients with this type of lesion do
not correlate with the imaging findings or have been
found incidentally at autopsy (9,12014). However,
widespread dilatation of the PV Ss has been reported
in association with dementia and parkinsonism {15,
16). Some authors have correlated large convexity
and white matter PY Ss with increasing age (4). Oth-
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Fiz 4. Sagittal Tl-weighted (A), adal FLAIR (B), and coronal T2-weighted (C) images obtained in a 7 1-year-old man with dementia
show extensive involvement of the hemispheric and subcortical white matter with multilocular giant perivascular spaces. The coronal

image shows the marked asymmetry of the lesions. Mote the scattered focal white matter changes surrounding some of the lesions
{black arrows) seen best on the FLAIR image. Case courtesy of Anthony Doyle, MD.

Fiz 5 Sagittal T1-weighted (A), axial FLAIR (B), and axial T2-weighted (C)images obtained in a 46-year- old woman with a visual field
defect show extensive involvement of the corpus callosum and cingulate gyrus (A, white arrow) with extension to the subcortical white
matter of the parietal and occipital lobes. There is slight increased signal intensity surrounding the lesions, best seen on FLAIR image
(B, white arrows). The gray matteris stretched and displaced over the multiloculated giant perivascular spaces. Case courtesy of Leena
Walanne, MD.
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shunt surgery (19). FLAIR imaging typically shows
complete signal intensity suppression without abnor-
malities in the adjacent parenchyma. In a few re-
ported cases, small foci of high signal intensity adja-
cent to the cystic spaces have been identified (20).
Qur study shows that giant PY Ss that occur in the
white matter may have surrounding signal intensity
abnormality seen on T2-weighted or FLAIR images,
as seen in half of our cases. Lesions with adjacent
white matter changes can be divided into two groups.
In elderly patients in our series, the white matter
changes surrounding the dilated PV Ss were discrete
areasof abnormal T2 and FLAIR hyperintense signal
intensity abnormality. One possible theory is that this
associated signal intensity alteration may represent
advanced chronic ischemic change related to mass
effect of the PY Ss (5). Another possibility is that
dilated PYSs may result from chronic mechanical
stress caused by high blood pressure on the brain
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Fiz 7. Images obtaned in a G-year-old
boy with a history of minor trauma. Axial
T1-weighted (A), coronal T2-weighted (B),
axial FLAIR (C) and postcontrast coronal
T1-weighted (D) images show multilocu-
lated giant perivascular spaces in the left
dentate gyrus. There is mild focal mass
effect upon the fourth ventricle {white ar-
row). The clustered cysts follow CSF on all
pulse seqguences.

weighted images occurs in more than 30% of the
neurologically healthy elderly population (9, 22, 23).
Histopathologic study with MR imaging correlaton
has indicated that many of these lesions are PV Ss (8,
24 [26). One author found that PV Ss greater than 2
mm were found in 67 (8%) of 816 patients (4).

Giant PV Ss (up to 2[3 cm in diameter) have been
reported to occur as a normal variant (4, 27). The
precise etiology of these enlarged PV Ss is unknown.
Spiral elongation of the penetrating blood vessels has
been suggested as one possible cause of this phenom-
enon (24). Increased CSF pulsatons, the ex vacuo
phenomenon, or an abnormality of arterial wall per-
meability have also been cited as contributing factors
(9, 13, 28, 29).

E xperimental studies suggest that the periarterial
spaces are the routes by which interstitial fluid (ISF)
drains from brain tissue (30). In humans, amyloid ]
beta (A ) appears to be entrapped within the drain-
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Fiz 8. Images obtained in a 35-year-old man with headache who underwent a biopsy and a third wentriculostomy procedure. Axial
T1-weighted MR image (A) shows the giant perivascular space in the left midbrain. A section through the cyst wall (B) shows red- stained
collagenin the leptomeninges on the outer aspect of the cyst wall coating the underlying brain tissue that forms the bulk of the cyst wall,
Mo lining of pia matter is present on the inner aspect of the cyst. (Hematoxylin van Gieson stain, original magnification 2 20) There is
extensive gliosis in the cyst wall as demonstrated by the numerous brown stained fibrillary processes within the brain tissue (C)
fImmunocytochemistry for GFARP, original magnification 3 20) A high- power view (D) of the cyst wall near the pia arachnoid outer coating
{top of picture). Reactive astrocytes are seen toward the bottom of the illustration. Mo neurons were identified. (Hematoxylin and eosin
stain, original magnification 3 40)

tery is fenestrated, accumulation of brain interstitial appearance isvirtually pathognomonic of giant PV Ss.
fluid between the vessel and pia or within the inter- An extensive differential diagnosis is superfluous and
pial space causes the PV Ss to enlarge (27). We found biopsy unnecessary (14).

that giant PV Ss are most common in the mesen-
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have associated mass effect, they should not be mis-
taken for neoplasm or other disease,
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