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Case Report

MR Imaging Features of Clear-Cell Meningioma with
Diffuse Leptomeningeal Seeding

Whal Lee, Kee-Hyun Chang, Gheeyoung Choe, Je G. Chi, Chun-Kee Chung, Il Han Kim, Moon Hee Han,
Sun-Won Park, Sang June Shin, and Young Hwan Koh

Summary: Clear-cell meningioma is a rare disease entity
showing a more aggressive nature, clinically, than those of
other subtypes of meningioma. It occurs in younger per-
sons and commonly in the spinal canal. The recurrence
rate has been reported to be as high as 60%. We present
a case of clear-cell meningioma in a 17-year-old man in
whom initial MR imaging showed localized leptomeningeal
enhancement that had progressed into the entire subarach-
noid space after surgical resection of the primary tumor.

Clear-cell meningioma is a recently described
histologic subtype of meningioma (1), which shows
unusual clinical aggressiveness despite its benign
histologic nature (2). Metastasis and recurrence are
more frequent in clear-cell meningioma than in oth-
er subtypes of meningioma (1). The patients’ ages
are younger than those of other subtypes of menin-
gioma and the common sites are the spinal canal
and the posterior fossa (2). We report a clear-cell
meningioma with diffuse leptomeningeal seeding
in a 17-year-old man and review the previous
literature.

Case Report
A 17-year-old man presented with seizure. Initial brain MR

imaging showed a 3-cm dural-based mass in the left parietal
convexity. The mass was isointense on a T1-weighted MR im-
age, hyperintense on a T2-weighted image, and strongly en-
hanced with a contrast-enhanced T1-weighted image. Mild
communicating hydrocephalus and localized leptomeningeal
enhancement around the ipsilateral sylvian fissure was noticed
also (Fig 1A). Meningioma was diagnosed, and gross total re-
section of the main mass was performed. The area of the left
sylvian fissure, showing the leptomeningeal enhancement, was
not exposed during the operation. Pathologic examination re-
vealed that the tumor was composed of monotonous round
cells with a fine nuclear chromatin and perinuclear halo of
clear cytoplasm (Fig 1B). Collagen bundles were scattered in
the tumor; however, whorls of meningothelial cells were noted
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only occasionally. Mitoses were noted up to six per ten high-
power fields in the most active area. Neither nuclear pleomor-
phism nor tumor necrosis was present. Brain parenchymal in-
vasion was absent. Immunohistochemical studies showed no
expression of vimentin, epithelial membrane antigen, glial fi-
brillary acidic protein, or p53 in the tumor cells. Clear-cell
meningioma and metastatic clear-cell carcinoma were consid-
ered as a differential diagnosis on a pathologic basis. Metas-
tasis workup revealed no primary focus including the kidneys,
and the tumor cells did not express cytokeratin immunohisto-
chemically. Therefore, the mass was diagnosed as clear-cell
meningioma.

Seven months later, the patient complained of headache. Fol-
low-up brain MR imaging showed markedly increased com-
municating hydrocephalus and increased diffuse leptomenin-
geal enhancement along the surface of both cerebral
hemispheres and the pons, and around the basal cisterns (Fig
1C). No parenchymal abnormality, including the primary tu-
mor site, was noticed. Ventriculoperitoneal shunt was per-
formed and the hydrocephalus disappeared. Another 7 months
later, the patient complained of another seizure and coccygeal
pain. The third brain MR series showed homogeneous en-
hancement of almost the entire subarachnoid space, including
the basal cisterns and the fourth ventricle (Fig 1D). MR im-
aging of the spine, performed during the same imaging session,
also showed diffuse leptomeningeal enhancement along the en-
tire spinal cord (Fig 1E). No parenchymal abnormalities in the
brain and the spinal cord, however, were noted. These findings
suggested diffuse leptomeningeal seeding of previously existing
clear-cell meningioma. In the CSF exam, RBC was more than
1012/mm3, WBC was 259/mm3 and protein was 2155 mg/dL.
Clinical symptoms and signs of infection, such as fever and
elevated ESR or CRP, were not noticed. Total laminectomy and
dural biopsy at the L4–5 level were performed. When the dura
was opened, gelatinous material gushed out. Pathologic ex-
amination revealed infiltration of monotonous round cells, with
clear cytoplasm in the meningeal fibrous tissue. Immunohis-
tochemical studies revealed no expression of cytokeratin, epi-
thelial membrane antigen, vimentin, or CD-68 (macrophage
marker) in the tumor cells. Because the cytologic and histo-
logic features were the same as those of the cerebral clear-cell
meningioma, leptomeningeal seeding of clear-cell meningioma
was confirmed.

Seven months after lumbar surgery, the patient underwent
radiation therapy to the whole brain and the whole spine, with
a radiation dose of 3960 to 5400 cGy and 3600 to 4500 cGy,
respectively. Two months after the radiation therapy, brain MR
imaging showed marked decrease of the leptomeningeal en-
hancement (Fig 1F). Currently, the patient has mild headaches
and seizures, which are controlled with medication.

Discussion
The clear-cell meningioma is a meningioma vari-

ant in the new World Health Organization classi-
fication of tumors of the central nervous system
(1). It is rare and potentially aggressive clinically
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FIG 1. MR imaging findings of clear-cell meningioma with diffuse leptomeningeal seeding in 17-year-old man.
A, Initial contrast-enhanced T1-weighted axial MR image shows 1 3 3-cm, strongly enhancing mass at left parietal convexity (arrow)

associated with localized leptomeningeal enhancement in ipsilateral sylvian fissure (small arrows). Mild hydrocephalus is noted also.
Mass was isointense on T1-weighted image and slightly hyperintense on T2-weighted image (not shown).

B, Photomicrograph of cerebral tumor. Tumor is composed of back-to-back monotonous round cells with clear cytoplasm and fine
nuclear chromatin. (hematoxylin & eosin stain, 3 200).

C, Contrast-enhanced T1-weighted axial MR image obtained 7 months later shows extension of leptomeningeal enhancement into
subarachnoid space around anterior portions of left frontal and parietal lobes and perimesencephalic cistern (small arrows). Hydroceph-
alus was greater. Round low intensity in left posterior temporal calvarial region is owing to susceptibility artifact secondary to previous
surgery (arrow).

D, Contrast-enhanced T1-weighted sagittal MR image obtained another 7 months later shows more diffuse enhancement of almost
entire subarachnoid space. Hydrocephalus disappeared after placement of ventriculoperitoneal shunt (not shown).

E, Contrast-enhanced T1-weighted sagittal MR image of whole spine taken at same time as D shows diffuse leptomeningeal en-
hancement along surface of whole spinal cord and nerve roots (small arrows).

F, Contrast-enhanced T1-weighted sagittal MR image 2 months after radiation therapy shows marked decrease of diffuse enhancement
of subarachnoid space compared with that of Figure D.

in that it may recur, spread locally, and even me-
tastasize, despite its bland histologic appearance
(3). Cytologically, clear-cell meningioma has a
whorled, syncytial architecture and spindled-to-po-
lygonal, bland-appearing nuclei. In contrast to the
more classic meningioma, the clear-cell variety has
vacuolated cytoplasm (4). Mitoses are rare in pri-
mary tumors. Immunohistochemistry shows that
tumor cells are positive for vimentin and epithelial
membrane antigen (1). Clear-cell meningioma is
histologically unique but should be differentiated
from other similar clear cell tumors of the central
nervous system, such as metastatic renal cell car-
cinoma, hemangioblastoma, oligodendroglioma,

germinoma, pleomorphic xanthoastrocytoma, lipid-
rich glioblastoma, and clear-cell ependymoma (3, 5).

We reviewed 28 cases of clear-cell meningioma
reported in the previous literature (1–11) and our
one case. Mean age of previously studied patients
was 29.8 years and ranged from 22 months to 67
years. There were 13 male patients, 14 female pa-
tients, and two of unknown gender, suggesting no
sex predilection. Of the 29 cases of clear-cell me-
ningioma, 14 (48%) were spinal-intradural, six
were supratentorial, four arose in the cerebellopon-
tine angle, two were tentorial, one was on the skull
base, and one was centered on the foramen mag-
num. A brain parenchymal clear-cell meningioma
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was reported also (6). Two of the spinal clear-cell
meningiomas were reported as nondural-based
masses (1, 7). In reviewing the previous reports on
the radiologic aspects, most primary clear-cell
meningiomas did not show any different features
from those of conventional meningiomas. Nonethe-
less, nondural-based or parenchymal tumors may
not be so rare in clear-cell meningioma, considering
that only 29 cases of clear-cell meningioma have
been reported. The most interesting aspect of clear-
cell meningioma is the high recurrence rate. Zor-
ludemir et al (1) reported that clear-cell meningi-
oma showed 61% recurrence, including 15% local
discontinuous spread and 8% widespread cranial to
spinal metastasis in their 13-case series (1). There
was another report of clear-cell meningioma that
showed an extensive infiltrative growth pattern and
high recurrence rate (9). We found 14 recurrences
in 23 clear-cell meningiomas described in the lit-
erature. The overall recurrence rate was 60.9%; the
recurrence rate of intracranial clear-cell meningio-
ma was 80% (8/10), whereas that of spinal clear-
cell meningioma was 46% (6/13). The patterns of
recurrent tumor were: local recurrence in seven
cases; nodular mass, probably seeding through the
CSF space, in four cases; diffuse leptomeningeal
seeding in two cases, including our case; and lo-
cally infiltrative growth in one case. There was a
report of clear-cell meningioma that showed ex-
traspinal and retropleular extension but no recur-
rence after gross total resection (1).

There was no report regarding the long-term re-
sult of clear-cell meningioma except one by Zor-
ludemir et al (1). In that report, of the six patients
who had been followed more than 5 years, three
patients died of tumor at 1 month, 27 months, and
12 years, respectively, after diagnosis. Two of the
remaining three patients had been alive with dis-
ease for 8 years and 13 years, respectively. The last
patient had been alive with no evidence of disease
for 7 years. All of the previous six patients expe-
rienced recurrence of tumor once or twice.

Treatment of choice in clear-cell meningioma is
surgical removal. Radiosurgery and radiotherapy
have been considered generally as a treatment op-
tion in recurring cases.

Extensive contrast enhancement of the entire cis-
ternal spaces on MR imaging suggestive of exten-
sive CSF seeding, as seen in our case, appears to
be rare and, to our knowledge, has not been re-
ported previously. The gelatinous material found
during lumbar surgery probably was responsible
for the enhanced CSF space on MR imaging (Fig
1D–E).

The meningioma associated with leptomeningeal
enhancement on the preoperative neuroimaging

study may suggest clear-cell meningioma, even
though leptomeningeal seeding has been reported
in other types of meningioma (12, 13).

Histologic parameters do not predict recurrence,
because cellular anaplasia is lacking and growth
fraction is low in most clear-cell meningioma. Neu-
roimaging findings of localized leptomeningeal en-
hancement associated with meningioma, as seen in
the first MR imaging of our case (Fig 1A), may be
the predictable finding of clear-cell meningioma.

Conclusion
Clear-cell meningioma is a histologically unique,

rare subtype of meningioma that has a higher re-
currence rate than typical meningiomas. Its recur-
rence occurs through either local recurrence or CSF
seeding.

Neuroimaging findings typical of meningioma,
but accompanied with leptomeningeal enhance-
ment, may suggest clear-cell meningioma. Clear-
cell meningioma must be followed up carefully be-
cause of its aggressive behavior, even when benign
histologic results are obtained.
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