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ological characteristics of this rare tumor1,6,7,16,17). Because of the 
paucity of reported cases, the radiological features of sclerosing 
meningioma are not well documented. It is a little known that 
calcification is more frequently observed on computed tomog-
raphy (CT) images comparing to other meningioma subtypes6).

Therefore, the aim of this study was to investigate the clinical 
and radiological characteristics of sclerosing meningioma by per-
forming a systematic analysis of cases of this rare tumor subtype.

MATERIALS AND METHODS

We retrospectively evaluated patients who had been surgical-
ly treated for a meningioma from 2006 to 2014. A total of 851 
cases were histologically confirmed as a meningioma, and 21 of 
these with the sclerosing subtype were included in this study. 
The patients’ clinical, radiological, histopathological, and surgi-
cal records were obtained from our electronic database and were 

INTRODUCTION

Sclerosing meningioma was first described in 1989 as a dis-
tinctive histological subtype of meningioma1). The histopatho-
logical features of sclerosing meningioma indicate that it is a 
meningioma with abundant collagenous tissues within exten-
sive hyalinized areas and scattered small foci of classic meningi-
oma histology4). Sclerosing meningioma is often misdiagnosed 
as a nonbenign meningioma or other malignant neoplasm be-
cause it tends to exhibit more severe peritumoral edema and 
greater invasion into the brain parenchyma compared with oth-
er conventional meningiomas1,6). However, because of its rarity 
and lack of clinical information, sclerosing meningioma is not 
included in the current World Health Organization (WHO) clas-
sification and is categorized into one of the other morphological 
variation subtypes4).

Only a few reports have discussed the clinical and histopath-
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reviewed in detail. The median age of the patients (10 men, 11 
women) was 55 years (range, 23–75 years).

Preoperative 1.5- or 3.0-T magnetic resonance (MR) imaging 
was performed, and T1-weighted, T2-weighted, and contrast-
enhanced T1-weighted images were obtained for all patients. 
Preoperative CT scans were obtained from 16 patients. All im-
aging studies were reviewed retrospectively by 2 observers (1 
neuroradiologist and 1 neurosurgeon). They evaluated the fol-
lowing radiological features : attenuation (high, isodense, low), 
calcification, bony destruction, and hyperostosis (absent versus 
present) in CT images, and T1- and T2-weighted signal intensi-
ty (high, isodense, low), enhancement pattern (homogeneous 
versus heterogeneous), and peritumoral edema (absent versus 
present) in MR images.

Histopathological investigations were performed by a neuro-
pathologist.

RESULTS

Illustrative case 
A 75-year-old man visited the outpatient clinic with a chief 

complaint of gradually deteriorating dizziness. Preoperative MR 
images revealed a 4-cm round mass in the cerebellum, which 
had very low signal intensity in T2-weighted images and ap-
peared as a heterogeneously enhancing lesion after contrast ad-
ministration (Fig. 1A, B). Despite the large tumor size, definite 
peritumoral edema was absent. A preoperative CT scan showed 
a high-attenuation lesion with diffuse and scattered calcification 
(Fig. 1C). The primary preoperative radiological diagnosis was 
an extra-axial tumor such as a meningioma. However, an ex-
tremely rare tumor such as a melanocytoma could not be exclud-
ed because of the peculiar hypointensity in T2-weighted images.

In the intraoperative findings, the tumor had an entirely avas-
cular nature and clear margin from the brain parenchyma. How-
ever, the tumor was very tough and hard, and could not be re-
moved with surgical scissors or an ultrasonic aspirator at full 
power. Finally, the tumor was removed totally by using an elec-
tromagnetic field system (Fig. 1D).

The final histopathological diagnosis was WHO grade I scle-
rosing-type meningioma. Detailed microscopic analysis showed 

an absence of components such as increased cellularity, small 
cells with a high nuclear : cytoplasm ratio, prominent nucleoli, 
uninterrupted patternless growth, and necrosis. Mitosis and 
brain invasion were not identified, and the Ki-67 labeling index 
was 0.2%.

Summary of all cases
The details of the clinical, histopathological, and radiological 

data of all consecutive 21 patients are summarized in Table 1. 
Histopathological examination of the 21 tumors showed that 18 
were diagnosed as a pure sclerosing-type meningioma, and 3 were 
diagnosed as mixed type meningioma with meningothelial, tran-
sitional, and psammomatous types each.

Sixteen of the 21 patients had received preoperative CT scans, 
and all of these scans showed higher attenuation in the tumor 
than in the normal parenchyma. Calcification was observed in 
CT scans of 11 (69%) of the 16 patients. Bony destruction and 
hyperostosis of the adjacent bone were observed in 3 and 2 pa-
tients, respectively.

These sclerosing meningiomas exhibited distinguishing ra-
diological characteristics in MR images, especially T2-weighted 
images (Fig. 2). In 15 of the 21 patients (71%), distinctive very low 
signal intensity appeared as a dark color in T2-weighted images. 
In 6 patients, only isodense signal intensity was found in T2-
weighted images. In 5 of these 6 patients, the tumor exhibited a 
homogeneous enhancement pattern resembling a conventional 
meningioma, whereas the 15 tumors with dark signal intensity 
in T2-weighted images exhibited heterogeneous enhancement 
in 9 patients (60%) and homogeneous enhancement in 6 (40%). 
In most of the tumors with heterogeneous enhancement, the pat-
tern of enhancement was similar to that of the illustrative case; 
this pattern resulted from the stronger peripheral enhancement 
in contrast to the weak enhancement in the inside of the tumor. 
In 10 patients (48%), there was a clear tumor margin without 
peritumoral edema. Among the other 11 patients with perile-
sional edema, 7 tumors exhibited small amount of peritumoral 
edema and 4 exhibited moderate to severe peritumoral edema.

Eight of 21 patients underwent subtotal resection (STR), 12 
patients did gross total resection (GTR), and another patient did 
near total resection. Six of 8 STR patients got adjuvant gamma 

Fig. 1. Illustrative case. A and B : Preoperative MR images revealed 4 cm size round mass in cerebellum which was very low signal intensity on T2-
weighted image without peritumoral edema and heterogeneously enhancing lesion after contrast administration. C : Preoperative CT scan showed 
high attenuated lesion with diffuse and scattered calcification. D : Intraoperative photograph shows entirely avascular nature with yellowish color and 
clear margin to brain parenchyme. Because the tumor was very tough and hard, the tumor was removed totally by using an electromagnetic field 
system.

A B C D
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Fig. 2. T2-wheighted MR images of all patients with sclerosing meningioma except for the illustrative case. Among 21 patients, 15 patients (71%) 
have their distinctive very low signal intensity which seemed to be nearly dark color on T2-weighted images whereas isodense signal intensity on T2 
images was found in only 6 patients. Furthermore, the majority of sclerosing meningioma revealed absent or minimal extent of peritumoral edema. 
Moderate to severe peritumoral edema found in only 4 patients.
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knife surgery (GKS) for residual tumor.
All 21 tumors were diagnosed as WHO grade I benign menin-

gioma. Brain invasion was found in only 4 patients (19%), and 
the Ki-67 labeling index was ≤2% for all but 4 patients.

DISCUSSION

Many studies have reported relationships between radiologi-
cal characteristics of primary brain tumors such as oligoden-
droglioma, astrocytoma, neuroma and meningioma and their 
subtypes and, by extension, their molecular subtypes2,10,14,19,20). 
Similarly, a few studies have revealed a close relationship be-
tween the radiological features and the subtype of meningio-
ma3,8,9,15). Kaplan et al.8) investigated the distinguishing imaging 
findings of 4 subtypes of meningioma (angioblastic, fibroblastic, 
meningothelial, and transitional) and reported differences in the 
signal intensity of the tumor according to subtypes. They intro-
duced correct histological subgrouping of these tumors based 
on the MR signal intensity characteristics was possible in 80%. 
Maiuri et al.13) investigated correlation of pathologic feature of 
several types of meningioma and MR findings. They concluded 
that T2-weighted image are more useful to predict the charac-
teristics of meningioma and meningioma hyperintense on T2 
are usually soft and more vascular while hypointense tumor on 
T2 have more hard consistency and large amount of collagen 
stroma. Also, Several suptypes of meninigioma have been re-
vealed about their characteristic radiological feature as micro-
cystic meningioma15). Most of the cases in the series by Paek et 
al.15) showed distinguishing radiological feature of microcystic 
meningioma markedly high signal intensity with severe peritu-
moral edema in T2-weighted images. 

There are few reports about sclerosing meningioma because 
of its rarity. As noted above, the tumor has not been categorized 
in the current WHO classification of meningioma, and is instead 
categorized as one of the other morphological variation subtypes. 
Most reports on sclerosing meningioma have focused on the 
pathological findings. Kim et al.11) reported that the pathologi-
cal features of sclerosing meningioma include cellular elonga-
tion and a paucicellular collagenous whorl-like pattern. Im et 
al.7) reported that the pathological characteristics of sclerosing 
meningioma include extensive collagen deposition and an in-
termingled small population of spindle-shaped or round cells 
with clear cytoplasmic halos, which give a ‘fried egg’ appearance, 
with a typical meningothelial whorl pattern. They also reported 
that at least 70% of the total tumor volume should comprise col-
lagen bundles for a meningioma to be diagnosed as the scleros-
ing variant7).

A noticeable finding of this study was the peculiar radiological 
characteristics in MR images, especially T2-weighted images. 
To our knowledge, no previous reports have summarized the ra-
diological characteristics of sclerosing meningioma. Even if the 
very low signal intensity in T2-weighted images is not a pathog-
nomonic feature of sclerosing meningioma, 71% of the cases (15 

of 21 patients) in our series had a markedly low intensity, and 
rest of them showed nearly a dark signal in T2-weighted images 
(Fig. 2). Elster et al.3) reported that the fibroblastic or transition-
al element of meningioma appears hypointense in T2-weighted 
images. This low signal intensity of meningioma in T2-weight-
ed images is considered to reflect the psammomatous calcifica-
tion and abundant acellular collagen-rich portion. Sclerosing 
meningioma is known to have a markedly higher proportion of 
collagen bundles and calcification than other meningioma sub-
types. Thus, the sclerosing subtype may be characterized by 
marked hypointensity in T2-weighted images.

A few reports have shown that a characteristic feature of scle-
rosing meningioma is brain invasion5,7,16). However, in our series, 
only 4 (19%) of 21 cases involved brain invasion. The preva-
lence of peritumoral edema, which is often misdiagnosed as a 
non-benign meningioma or other malignant neoplasm, was not 
much higher (52%) in our series, but rather small extent in more 
than half of sclerosing meningioma with peritumoral edema1,6).

About half (10 of 21 cases) of the sclerosing meningiomas in 
our study showed a heterogeneous enhancement pattern that 
resulted from the strong peripheral enhancement in contrast to 
the weak enhancement of the inside of the tumor. However, clas-
sic meningiomas usually exhibit a homogeneously enhanced pat-
tern. Considering that this heterogeneous enhancement was de-
tected more frequently in the cases of sclerosing meningioma 
with a dark signal in T2-weighted images, the heterogeneous en-
hancement pattern seems to be closely related to the histological 
characteristics of the psammomatous calcification and abun-
dant acellular collagen-rich portion in sclerosing meningioma.

Attenuation exhibited by meningiomas observed in CT scans 
varies in tumor characteristics such as consistency, cellularity, 
and invasiveness. Stevens et al.18) reported that the hard consis-
tency of a meningioma is related to the high attenuation ob-
served in CT scans. The very dense collagenous meningioma-
like sclerosing type tends to exhibit high attenuation in CT 
scans1,6,16). All 16 patients in our series with a preoperative CT 
scan exhibited high attenuation in their tumors.

Only 12 of 21 patients underwent GTR, while 8 patients un-
derwent STR. Tumors of STR cases located relatively more on 
skull base than GTR cases, 4 at sphenoid ridge, 1 at tuberculum 
sellae, and 1 at cerebellopontine angle. The rest of the 2 patients 
had tumors convexity and falx, respectively. As described above, 
low signal of sclerosing meningioma on T2-weighted image re-
flects psammomatous calcification and abundant acellular col-
lagen-rich7). The histopathological character could make scle-
rosing meningioma firm and hypovascular as our illustrative case. 
Therefore especially during resection of meningioma which has 
these characteristics on skull base, surgeon cannot resect tumor 
resolutely nearby important neurovascular structures. However, 
GTR might be not obligatory if intraoperative neurovascular in-
jury was strongly possible. Because sclerosing meningioma is 
histopathologically benign, WHO grade 1. Although outcome 
after adjuvant gammaknife radiosurgery specifically for scleros-



589

Radiological Characteristics of Sclerosing Meningioma | H Kang, et al.

ing meningioma has never been reported, adjuvant GKS for re-
sidual tumor could be considered for sclerosing meningioma 
same as other meningiomas12).

CONCLUSION

Although these peculiar radiological characteristics are not 
unique to sclerosing meningiomas, we propose that character-
istics of markedly hypointensity on T2-weighted image and 
heterogenous enhancement may be helpful for distinguishing 
this type of meningioma from other subtypes. These findings 
from the detailed analysis of 21 cases may provide insights into 
the nature of this rare tumor.
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