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A variety of developmental and 
acquired intracranial cysts are 
frequently encountered on imag-
ing. Knowledge of their imaging 
characteristics, localization, and 
clinical behavior improves diagnos-
tic accuracy. In this first part of a 
two-part series, we review non-neo-
plastic, developmental cystic lesions, 
including prominent perivascular/
Virchow-Robin spaces, epidermoid, 
dermoid, colloid cyst, arachnoid 
cyst, and Rathke cleft cysts. Epidemi-
ologic and pathophysiologic features, 
clinical presentation, diagnosis, and 
radiologic characteristics for each 
will be discussed.

Prominent Perivascular 
(Virchow-Robin) Spaces 

Perivascular spaces (PVS) are not 
true lesions. As the name implies, they 
are a result of blood vessels penetrat-
ing the brain parenchyma attaining 
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a peripheral pial and arachnoid 
covering; thus, they contain variable 
amounts of cerebrospinal fluid (CSF) 
in a potential small subarachnoid 
space.1 These are not specific to one 
age group and the incidence has been 
reported to increase with age.1 Peri-
vascular spaces are potential conduits 
for leptomeningeal spread of tumors 
and infections.2 Prominent or giant 
PVS exceeding 15 mm can be seen 
in the inferomedial temporal lobes, 
pons, and deep nuclei.1 Most large 
PVSs are found incidentally; however, 

they may be seen in patients suffering 
from headache and other neurological 
symptoms (Figure 1). 

A knowledge of the imaging appear-
ances and typical locations of these 
cyst-like structures should avoid raising 
unnecessary concerns. Magnetic reso-
nance imaging (MRI) is the preferred 
modality to confirm giant PVS, but they 
can also be diagnosed with computed 
tomography (CT.) On both modalities 
these structures behave similarly to 
CSF and show no contrast enhance-
ment in the wall.1,3 

Editor’s note: This is the first part of a two-part series. The second part will appear in the September/October 2022 issue of 
Applied Radiology.

Figure 1. Giant perivascular space in a middle-aged patient presenting with vertigo. 
Incidental large unilocular CSF-intensity cystic region in the deep left cerebral 
hemisphere on axial T2 (A). (B) Postcontrast axial T1 shows the PVS following CSF signal 
and without contrast enhancement. 

A B

Applied Radiology 21July / August 2022 Applied Radiology 21



REVIEW Non-neoplastic Cystic Lesions of the Central Nervous System, Part 1: Developmental CystsREVIEW

Epidermoid Cysts 
Epidermoid cysts account for 

approximately 1-2% of all intracranial 
tumors.4 Men and women are affected 
equally, with peak incidence in the 
third and fourth decades. They result 
from displacement of ectodermal 
elements during neural tube closure.5 

These tumors are usually located in 
the parasellar region and cerebello-
pontine angle and less frequently in 
the suprasellar cistern, cerebral and 

cerebellar hemispheres. Epider-
moids expand slowly with benign 
histopathologic features. Malignant 
transformation of epidermoid is 
extremely rare. Most patients become 
symptomatic during adulthood.4 Signs 
and symptoms generally result from 
mass effect on adjacent structures 
and include headache, cranial nerve 
deficits, and seizures. 

Extradural epidermoids are less 
frequent than intradural ones, usual-
ly occur in the temporal bones, and 

appear as well-defined lesions with 
scalloped margins. Epidermoids are 
hypodense on CT, similar to or slight-
ly higher than CSF, with minimal to 
no peripheral enhancement. Up to 
25% of epidermoids show calcifica-
tion on CT. Findings on MRI depend 
on maturation of the cysts but gen-
erally epidermoids are hypointense 
on T1 images and hyperintense on 
T2 images.6 Distinguishing epider-
moid from arachnoid cysts can be 
challenging with CT; MRI is more 

Figure 2. Epidermoid in an adult 
presenting with headache. (A) axial 
T2, (B) axial FLAIR, (C) coronal 
postcontrast T1, and (D) DWI show a 
large, complex, nonenhancing lesion 
with diffusion restriction lesion filling 
the fourth ventricle.
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Figure 3. Dermoid in an adult 
presenting with headache and 
dizziness. (A) axial fat-suppressed 
T2 shows a typical, extra-axial, fat-
containing dermoid in the medial 
right middle cranial fossa (arrow). 
(B) coronal postcontrast T1 shows 
intrinsically T1 hyperintense fat 
droplets (arrows) in the sylvian 
fissure and cerebral convexity sulci, 
indicating rupture and spillage of 
contents into the subarachnoid 
space.

Figure 4. Colloid cyst in an adult 
presenting with headache, 
dizziness, and blurring of vision. (A) 
axial CT shows a round, cystic lesion 
with hyperdense content between 
the foramina of Monro (arrow). 
(B) Axial DWI shows no diffusion 
restriction whereas (C) axial FLAIR 
shows hyperintense contents 
representing proteinaceous 
material. Notice the transependymal 
CSF flow capping the anterior horn 
of the right lateral ventricle on 
FLAIR (arrowhead), concerning for 
early obstruction. (D) Sagittal T1 
postcontrast image shows typical 
location of colloid cyst in the roof of 
the third ventricle anteriorly.
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useful, as epidermoids are brighter 
than CSF on fluid attenuation inver-
sion recovery (FLAIR) and, unlike 
arachnoid cysts, which demonstrate 
facilitated diffusion owing to their 
cystic nature, epidermoids typically 
have reduced diffusion on diffusion 
weighted imaging (DWI) with low 
apparent diffusion coefficient (ADC) 
values (Figure 2). 

Dermoid Cysts
Intracranial dermoids are rare, 

accounting for 1% of all intracranial 
lesions.7 Men are affected more com-
monly than women, and patients are 
younger than those with epidermoids 

at presentation. Unlike epidermoids, 
these lesions tend to occur in the 
supratentorial midline or parame-
dian locations. The typical location 
for a dermoid is in the suprasellar 
cistern or in the temporosylvian 
region.7 Most patients with dermoids 
are asymptomatic. Symptoms usually 
result from mass effect on adjacent 
structures or chemical meningitis 
upon rupture of the cyst and leakage 
into the subarachnoid space. 

Dermoid cysts have characteristic 
imaging appearances. They present as 
well-defined, lobulated midline lesions 
on CT with fat density and calcification 
in the wall. Contrast enhancement is 
uncommon in dermoids. Lesions are 

hyperintense on T1 images with signal 
void that corresponds to calcification. 
Dermoids do not show enhancement 
with gadolinium on MRI. Dermoid sig-
nal varies from hypo- to hyperintense 
on T2 images (Figure 3). Classically, 
when a dermoid ruptures, fat droplets 
will appear scattered in the subarach-
noid spaces and/or intraventricularly, 
best seen as hyperintense on T1 imag-
es; chemical meningitis can result in 
leptomeningeal enhancement.

Colloid Cysts
Colloid cysts are benign growths 

that occur primarily in the wall of 
the third ventricle. These cysts are 
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Figure 5. Arachnoid cyst in four 
different patients. Representative 
T2 images with extra-axial cysts in 
(A) medial left middle cranial fossa, 
(B) left anterior cranial fossa, (C) 
posterior fossa, (D) sellar/suprasellar 
regions.
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the result of abnormal folding of the 
neuroepithelial paraphysis during 
development.8 Colloid cysts are lined 
by columnar epithelium that secretes 
mucin. They account for up to 2% of 
all primary brain tumors,8 typical-
ly present between the third and 
fifth decades of life, and are more 
common in men.9

Asymptomatic colloid cysts are 
seen incidentally on imaging. Al-
though benign, they can cause acute 
obstruction of the foramen of Monro, 
leading to hydrocephalus and hernia-
tion, especially after acute intracystic 
hemorrhage (Figure 4). Symptomatic 

colloid cysts present with severe 
headaches and vomiting and may also 
cause seizures, especially in cases 
diagnosed in the first two decades of 
life.10 Patients might also present with 
intermittent headaches that tend to 
improve when supine.9

Colloid cysts can be seen on CT 
and MRI. On CT, they are easily seen 
as well-defined, hyperdense, round 
lesions, but they can also be subtle 
when they are small hypodense or 
isodense lesions (Figure 4). Their 
intensity on MRI is dependent on their 
contents. Colloid cysts typically appear 
hyperintense on T1 and hypointense 

to isointense on T2 when compared to 
brain tissue. Colloid cysts may not be 
well seen on FLAIR sequences because 
of the dark signal of the cyst blending 
with adjacent CSF.11 The DWI signal 
also varies with the contents of the 
cyst (Figure 4). 

Arachnoid Cysts 
Arachnoid cysts are non-neoplas-

tic intracranial lesions that contain 
cerebrospinal fluid (Figure 5). These 
cysts are lined by arachnoid cells 
and have a prevalence of 1.4% in the 
adult population. The prevalence of 

Figure 6. Rathke cleft cysts. (A, B) in 
an adult with pituitary enlargement 
incidentally detected on a head CT 
obtained for trauma. (A) Coronal 
T2 shows intrasellar cytic lesion of 
heterogeneously low signal intensity 
(arrow) whereas (B) sagittal T1 
image shows predominately high 
signal intensity. (C, D) MRI in an adult 
with a history of paresthesia shows 
a suprasellar cystic lesion of high 
signal intensity on both (C) T2 and (D) 
T1 images.
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these cysts is slightly higher, 2.6%, 
in the pediatric population. While 
most arachnoid cysts are considered 
developmental, some may develop 
subsequent to head injury and in-
fection.12 Arachnoid cysts have been 
reported in various locations of the 
brain, including but not limited to 
the cerebral convexities, posterior 
fossa and, most commonly, the mid-
dle cranial fossa.13

Most patients with arachnoid 
cysts are asymptomatic. Symptoms 
may arise depending on the loca-
tion and size of the cyst and in the 
event of complications such as acute 
intracystic hemorrhage. Symptoms 
most often consist of headache but 
may also include seizures or focal 
neurological deficits.14 

Arachnoid cysts are seen on CT 
and MRI as well-defined, extra-axial 
entities that are isodense/isointense 
to CSF.10 Fluid–fluid level can be seen 
in hemorrhagic cysts. Arachnoid 
cysts typically do not enhance.15 

Rathke Cleft Cysts 	
Rathke cleft cysts are non-neo-

plastic lesions that originate from 
remnants of the Rathke pouch. 
Owing to their epithelial origin, they 
are lined by columnar or cuboidal 
epithelium.16 They typically con-
tain gelatinous fluid but can also 
contain hemorrhagic, mucinous, or 
inflammatory contents.17 Rathke cleft 
cysts are the most common lesions 
found incidentally in the sella and 
parasellar region, with an estimated 
incidence up to 11% postmortem.16

Most Rathke cleft cysts are usu-
ally asymptomatic. When they are 
symptomatic, headache is the most 
common presenting symptom, but 
others may include visual distur-
bances resulting from compression 
of the optic chiasm. Hormonal 
disturbances may occur as a result of 
pituitary and hypothalamic com-
pression.18 Hormonal abnormalities 
may include hyperprolactinemia, 

cortisol deficiency, diabetes insip-
idus, syndrome of inappropriate 
antidiuretic hormone secretion, and 
hypogonadism.17

On CT, the density of Rathke cleft 
cysts varies according to their con-
tents. Cysts may appear hyperdense, 
isodense, or hypodense.19 These 
noncalcified lesions have well-de-
fined margins and typically do not 
show contrast enhancement.20 Their 
typical appearance on MRI reflects 
high proteinaceous content with T1 
hyperintensity and T2 hypointensity 
(Figure 7).18 However, the signal in-
tensity varies with the nature of the 
fluid contents.19,20 Intracystic hem-
orrhage may result in hyperintense 
signal on both T1 and T2 imaging. On 
postcontrast MRI, there should be no 
nodular enhancement, a feature that 
may differentiate these benign cysts 
from craniopharyngioma. Rarely, 
curvilinear enhancement is seen in 
the wall of the cyst.19 

Conclusion
Intracranial cysts are seen in a 

broad spectrum of pathology with 
overlapping anatomic and imaging 
characteristics. However, proper 
knowledge of their clinical presenta-
tion, anatomic location, and imaging 
appearances, particularly on MRI, 
can help narrow the differential diag-
nosis and facilitate patient care. 
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