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ABSTRACT

Epidermoid cysts (ECs) are benign, slow-growing, congenital tumors. Intracranial ECs usually localize in extra-axial spaces, particularly in the cerebel-
lopontine angle or in the parasellar region. Their occurrences in the fourth ventricle or intradiploic location are exceptionally rare. We present the
imaging findings in two patients with atypical localization of ECs. Magnetic resonance imaging (MRI) findings for the first case revealed an intraven-
tricular EC, and the second case demonstrated an EC that invaded into the intradiploic spaces and the calvarium. Conventional MRI, including T1 and
T2 weighted imaging (T1WI and T2WI), may not always differentiate ECs from other cystic intracranial lesions. In addition to conventional MRI findings,
diffusion-weighted imaging (DWI) and fluid attenuation invention recovery (FLAIR) sequences play an important role in the differentiation of ECs from
other intracranial cystic lesions, thereby reflecting the contents of the lesions. In conclusion, we recommend the use of FLAIR and DWI sequences in
addition to conventional MRI sequences for the differential diagnosis of the atypical localized epidermoid tumors. (JAREM 2015; 5: 134-8)
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INTRODUCTION

Epidermoid cysts (ECs) are benign, slow-growing, congenital
lesions arising from epithelial remnants during the neural tube
closure between the 3 and 5" week of gestation (1). Pathologi-
cally, the wall of the tumor comprises keratinizing squamous epi-
thelium and fibrous connective tissue. The cyst is filled with cho-
lesterol crystals, keratin, protein, debris, and cerebrospinal fluid
(CSF) (2). ECs commonly occur in the cerebellopontine angles,
suprasellar, and parasellar regions. In contrast, ECs in the fourth
ventricle or intradiploic locations are very rare, accounting for less
than 5% of all intracranial ECs (3). Because of the locations, fourth
ventricle ECs may cause a mass effect on brainstem structures;
intradiploic space ECs may invade the calvarium, meninges, and
adjacent brain parenchyma. The margins of the tumor should be
revealed for appropriate surgical management. In these two rare
cases, we discuss the diagnostic importance of fluid attenuation
invention recovery (FLAIR) and diffusion-weighted imaging (DWI)
for the atypical localized ECs.

CASE PRESENTATIONS

CASE 1

A 47-year-old female was admitted to our hospital with a his-
tory of long-standing headache. In the last 2 years, the patient
complained of dizziness during walking and did not undertake
any activities such as sports or dancing. Upon physical exami-
nation, there were no neurological deficits. Laboratory findings
were within normal limits. Magnetic resonance imaging (MRI) was
performed on a 1.5-Tesla clinical MR system (Siemens Medical
System, Magnetom Essenza, Germany). Conventional MRI find-
ings (includes T1IWI and T2WI) showed T1WI hypointense and
T2WI hyperintense cystic lesions with sizes of 50 x 33 mm lo-
cated in the fourth ventricle, which protruded toward the fora-
men Luschka and extended to the left cerebellar hemisphere
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(Figures 1a, b). The lesion shifted the medulla oblongata to the
right side. Despite its size and mass effect on the brain stem, no
significant vasogenic edema was evident. On conventional MRI,
the lesion appeared isointense to CSF and was not enhanced
after contrast infusion. On FLAIR imaging, the lesion appeared
heterogeneously hyperintense relative to CSF (Figure 1c). Unlike
conventional MRI, FLAIR imaging indicated that the nature of
the lesion was not purely cystic. Because of the hyperintensity on
FLAIR imaging, we decided to perform DWI to understand if the
lesion is solid or cystic. Echo-planar DWI and apparent diffusion
coefficient (ADC) mapping were performed, and ADC values (the
main quantitative parameter obtained from DWI) were calculat-
ed on a computer workstation. On echo-planar DWI sequences,
the lesion was highly hyperintense relative to CSF and adjacent
cerebral parenchyma (Figure 1d), whereas the lesion appeared
distinctly hypointense relative to CSF and adjacent cerebral pa-
renchyma on ADC mapping (Figure 1e). The mean ADC value of
the lesion was 1127 x 10¢ mm?2/s, adjacent cerebral parenchyma
was 915 x 107 mm?/s, and CSF was 3150 x 107 mm?/s. The range
of the lesion ADC values were observed between CSF and ce-
rebral parenchyma values. These quantitative values explained
that the content of the lesion was not purely cystic. All radiologi-
cal findings were suggestive of EC as a diagnosis. Intraoperative
findings and histological examination of the resected lesion re-
vealed a typical stratified squamous epithelium containing kera-
tinaceous debris findings consistent with the findings for EC. The
patient recovered well following surgery and had no neurological
sequelae. A follow-up MRI after 6 months revealed no residual
tumor or evidence of tumor recurrence. The patient provided her
informed consent for the publishing of data.

CASE 2
A 74-year-old female patient was referred to our hospital with a
1-year history of left proptosis with painless swelling of the up-
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per and lateral bulbar conjunctiva. In the last 6 months, the pa-
tient complained of limited left eye movement, particularly lateral
movement. Laboratory findings were within normal limits. Com-
puted tomography (CT) (Aquilion 64; Toshiba, Japan) showed the
destruction of the left temporal bone and sphenoid wing by an
extracerebral, hypodense, intradiploic tumor. In bone window, the
CT scan revealed erosions in both inner and outer table of the cal-
varium and compression on the left temporal lobe and left lateral
rectus muscle (Figures 2a, b). MRI was performed on a 1.5-Tesla
clinical MR system (Magnetom Essenza 1.5T; Siemens, Erlangen,
Germany). On conventional MRI examination, the mass was dem-
onstrated to be homogenously hypointense on TTWI and hyperin-
tense on T2WI with a size of 26 x 18 mm (Figures 2c, d). The lesion
was not enhanced after contrast administration. On conventional
MRI findings, the content of the lesion was purely cystic, but FLAIR
imaging showed heterogenously hyperintense (compared with
CSF) lesion (Figure 2e). This indicated that the nature of the lesion
was not purely cystic. Because of the hyperintensity on FLAIR im-
aging, we decided to perform DWI to explain solid or cystic nature
of the lesion. Echo-planar DWI and ADC mapping were performed
and ADC values (the main quantitative parameter obtained from
DWI) were calculated. On echo-planar DWI sequences, the lesion
showed diffusion restriction compatible with highly hyperintense
relative to CSF and adjacent cerebral parenchyma (Figure 2f),
whereas the lesion appeared distinctly hypointense relative to CSF
and adjacent cerebral parenchyma on ADC mapping (Figure 2g).
The mean ADC value of the lesion was 1072 x 10° mm?/s, adjacent
cerebral parenchyma was 895 x 10¢ mm?2/s, and CSF was 2850 x
10¢ mm?/s. The ADC value of the lesion was between CSF and
cerebral parenchyma. These quantitative values explained that the
content of the lesion was not purely cystic. All radiological findings
were suggestive of EC as a diagnosis. Intraoperative findings and
histological examination of the resected lesion revealed typical
stratified squamous epithelium containing keratinaceous debris
findings consistent with the findings for an EC. The patient recov-
ered well following surgery and had no neurological sequelae. A
follow-up MRI after 6 months revealed no residual tumor or evi-
dence of tumor recurrence. The patient provided her informed
consent for the publishing of data.

DISCUSSION

Intracranial ECs are benign, congenital tumors that arise from
displaced epithelial remnants that remain after the neural tube
closure, accounting for approximately 1% of the intracranial tu-
mors (4). The most common intracranial locations of ECs are cer-
ebellopontine angle, parasellar region, and suprasellar cistern.
They may occur less frequently in the lateral or fourth ventricle,
intradiploic space, cerebellum, and brainstem (5, 6). In the litera-
ture, few cases of ECs located in the fourth ventricle and intra-
diploic space have been reported because of the low incidence
of ECs. ECs generally remain asymptomatic for long periods of
development; however, they become symptomatic in the later
periods secondary to expansile overgrowth or rupture.

In some cases, expansile overgrowth may cause rupture, and
the leakage of cyst contents produces chemical irritation of the
leptomeninges or ependyma (7). Most of the symptoms mainly
depend on the location and the mass effect of the lesion rather
than the natural course of the disease (8).
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Our first patient presented with a history of long-standing head-
ache, which could be attributable to the local effects of the tumor.
The local effects of the fourth ventricle ECs may cause obstruc-
tive symptoms such as increased intracranial pressure because
of the blockage of the CSF flow. The other important symptom
is related to the mass effect on the brainstem. Similar to our pa-
tient, these patients complain of long lasting headaches, vertigo,
dizziness, and mental disorders (1, 9). Our second patient com-
plained about the limitation of the left eye movements, which
could be related to the local effects of the tumor. Intradiploic
ECs may erode the inner and the outer layer of the calvarium
causing a mass effect on the adjacent structure. In the second pa-
tient, a tumor in the intradiploic space of the sphenoid wing may
cause compression on the lateral rectus muscle to restrict the
eye movements. In both cases, all the symptoms disappeared
after total surgical resection of the lesions. In the pre-operative
period, determining the localization and nature of the lesion is
important in improving the success rate of surgery. Therefore,
in combination with conventional MRI, FLAIR and DWI imaging
provide additional information about the localization and nature
of the lesion.

In general, the typical MRl appearance of cystic lesions is hypoin-
tense on T1WI and hyperintense on T2WI, which is similar to CSF
intensity. On conventional MRI (T1WI and T2WI), typical epider-
moid and arachnoid cysts share similar T1 and T2 signals and is
not enhanced after contrast administration; thus, the differentia-
tion between them requires FLAIR and DW imaging. Also, epi-
dermoid tumors usually exhibit poor contrast from surrounding
CSF, and it is difficult to reveal the contour of the lesion on con-
ventional MRI (10).

MR signals depend on the cholesterol and keratin contents of
EC; generally, the cholesterol in an epidermoid is in a solid state
and appears hypointense on T1WI (1, 2). In some cases, atypic
ECs seem to be iso- or hyperintense on T1WI because of their
high protein content; on T2WI, the signal intensity decreases with
increasing protein concentration (2).

Conventional MRI plays an important role in planning of a surgi-
cal approach and FLAIR imaging provides additional information
about the lesion by suppressing the signal of the surrounding
CSF and intensifying the long-T2 quality of the lesions. In our
cases, all epidermoid tumors showed significantly hyperintense
signals relative to CSF from which the lesions certainly could be
discriminated, although they also showed unclear tumor mar-
gins. FLAIR imaging does not show ECs as hyperintense as in
T2WI. Instead, they are seen in intermediate intensity between
brain parenchyma and CSF; with this extra information, we are
having suspicion about the nature of the lesions (11). In our cas-
es, epidermoid tumors are minimally hyperintense relative to the
brain parenchyma in FLAIR imaging.

DWI based on the random diffusion (Brownian motion) of water
molecules in tissues is increasingly being used to investigate in-
tracranial pathologies. The main parameter obtained from DWI
is the ADC. The main factors affecting the ADC values are tissue
architecture, molecular interactions, and cellular density. Thus,
ADC is altered by various physiological and pathological condi-
tions of organ systems (11).
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Figure 1. a-e. A 47-year-old woman with EC of the fourth ventricle. Axial TIWI of the brain shows hypointense cystic lesion located in the fourth
ventricle protruding toward the foramen Luschka and extends to the left cerebellar hemisphere (white arrows) (a). Coronal T2WI shows hyperintense
cystic lesion (arrow) with a shifted medulla oblongata to the right side (b). Axial FLAIR images show heterogenously hyperintense lesion relative
to CSF with unclear tumor margins (arrow) (c). DWI with b=1,000 mm?/s clearly shows a well-defined hyperintense mass in the fourth ventricle
protruding towards the foramen Luschka and extends to the left cerebellar hemisphere (d). On the ADC map, the tumor is hypointense (arrow). The
ADC value within the mass is 1127 x 10¢ mm?/s (e)

The low ADC values of ECs result from the dense keratinous and
proteinaceous content of the cyst, which limits the motion of the
free protons causing hyperintensity on DWIs (12). The hyperin-
tensity of ECs in DWI is affected by ADC values as well as T2
values and proton density. It is reported that the ADCs of epider-
moid tumors were similar to those of brain tissue, whereas the
ADCs of cystic lesions were similar to those of CSF (13).

In our cases, all epidermoid tumors appeared sharply hyperin-
tense relative to the brain and CSF. The fact that the mean ADC
of epidermoid tumors was 1127 x 10 mm?/s and 1072 x 10

mm?/s, respectively, higher than the brain parenchyma, implies
more active diffusion in the epidermoid tumors than in the brain
parenchyma. In the literature, DWI sequences greatly aided in
the evaluation of the postoperative patients. On conventional
MRI, postoperative changes in the surgical cavity usually make
the detection of residual tumor or recurrence more difficult (9). In
our cases, post-surgical follow-up MRI studies, including DW and
FLAIR imaging, showed no residual tumor or recurrence.

Although ECs involving the fourth ventricle are extremely rare,
they should be considered in the differential diagnosis of the
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Figure 2. a-g. A 74-year-old woman with EC in the intradiploic space of the sphenoid wing. Axial non-enhanced CT image of the brain shows a
hypointense lesion (arrow) with regular contour in the diploic space of the sphenoid wing that invades the left temporal lobe and the lateral rectus
muscle (a). Axial non-enhanced CT image in bone windows shows erosion of both inner and outer table of the calvarium (b). On axial TTWI, the
lesion is homogenously hypointense (arrow) (c). On axial T2WI, the lesion is homogenously hyperintense (arrow) (d). Axial FLAIR images shows
heterogenously hyperintense lesion relative to CSF (arrow) (e). DWI with b=1,000 mm?2/s clearly shows a well-defined hyperintensity mass in the
sphenoid wing (f). On the ADC map, the lesion is hypointense (arrow). The ADC value within the mass is 1072 x 10 mm?/s (g)

intraventricular tumor, particularly in the fourth ventricle. The
differential diagnosis includes the following: arachnoid cyst, li-
pomatous hamartoma, dermoid cyst, and cystic neoplasms (14).
Intradiploic epidermoids are to be differentiated from dermoid
cysts, eosinophilic granulomas, cholesterol granulomas, and
hemangiomas on CT and MR images. Aneurysmal bone cysts, fi-
brous dysplasia, and eosinophilic granuloma are also included in
the differential diagnosis of expansile lytic lesions in young adults
and children (15). Radiologically, dermoid cyst contents usually
resemble fat on CT and MRI, whereas the contents of an epider-
moid cyst resemble CSF similar to our patients.

In treatment options, total surgical excision is recommended.
The dense attachment to surrounding structures is one of the
major problem to surgical treatment. Extensive lesions, incom-
plete initial resection, and limited initial exposure are considered
as the primary causes of recurrence. Even with advance surgical
techniques, the total surgical resection rates are not more than
30% (16).

CONCLUSION

Differentiation of ECs from other intracranial cystic lesions is im-
portant for an appropriate surgical management. When added to

conventional MRI findings, DW and FLAIR imaging become useful
functional imaging tools for the epidermoid tumors and give more
information regarding the nature and invasion of the lesions and
for monitoring the therapeutic outcome after surgical resection.
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