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a b s t r a c t 

Meningioma morphology is diverse. Although unlisted in the WHO classification, scleros- 

ing meningioma is a rare variation featuring an extremely low signal intensity on MRI T2- 

weighted imaging. About 50 cases of sclerosing meningiomas, including spinal tumors, have 

been reported; however, cases with an accompanying large peritumoral cyst remain unre- 

ported. Here, we first report a rare case of sclerosing meningioma with a large peritumoral 

cyst and review relevant literature. 
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Introduction 

Meningiomas demonstrate remarkable morphological variety
and current WHO classification guidelines for central nervous
system (CNS) tumors (updated in 2021) divide them into var-
ious subtypes [1] . Although unlisted in these classification
schema, other subtypes of meningioma that show different
histopathological patterns, such as oncocytic [2] , mucinous [3] ,
and sclerosing meningiomas, have been reported [4] . 

Sclerosing meningioma is one such rare variation, com-
prising 2.5% of total cases [5] . Although not fully delineated
because of rarity, about 50 cases, including spinal tumors, have
been reported [4 –11] . Ordinary meningioma subtypes, estab-
lished and listed in the WHO classification, sometimes accom-
pany peritumoral cysts [12] ; however, no case of sclerosing
meningioma accompanying a sizeable peritumoral cyst has
yet been published. 

Here, we first report a case of a benign fibrous tumor with
a large peritumoral cyst that was eventually diagnosed as a
sclerosing meningioma. 

Case presentation 

A 53-year-old man with no previous medical history presented
to a clinic with a headache and was diagnosed with a brain tu-
mor in the right parietal region. He was conscious and clear,
with no apparent paralysis or sensory disturbance, but with
narrowing of the left lower visual field quadrant. The maxi-
mum diameter of the tumor was 5 cm, with overall high den-
sity (without calcification) on computed tomography (CT), iso
intensity on magnetic resonance imaging (MRI) T1-weighted
imaging (WI), uniformly very low intensity on T2WI, and high
contrast on gadolinium-based contrast-enhanced MRI ( Fig. 1 ).
The tumor also showed very low intensity on diffusion WI af-
ter T2 blackout effect. The tumor was separate from the ven-
tricles, accompanied by a large cyst anteriorly, and the signal
intensity of cystic contents differed from cerebrospinal fluid.
As the cyst wall was uncontrasted, the cyst was deemed a
peritumoral cyst around which edematous changes were ob-
served. The tumor was in contact with the dura mater con-
vexity and the cerebral falx, but there were no findings sug-
gestive of an obvious attachment nor was there a dural tail
sign. Furthermore, 4D time-resolved angiography using key-
hole (4D-TRAK) MRI did not show tumor staining or feeding
vessels, suggesting low vascularity. Blood data was unremark-
able, including tumor markers, and contrast-enhanced CT of
the trunk showed no mass lesions that could be the primary
tumor. Although narrowing the preoperative diagnosis was
difficult, we decided on a policy of excision for pathological
diagnosis and therapeutic purposes for a symptomatic tumor
with a significant mass effect. 

The tumor was very hard and fibrous, with almost no hem-
orrhaging or noticeable feeding vessels during the incision
( Figs. 2A and B ). The tumor was not adherent to the sur-
rounding brain and was easily detached, suggesting an extra-
parenchymal tumor. Although the tumor was in contact with
the falx cerebri, it detached easily and this minimal attach-
ment allowed for total removal of the tumor and attached falx
(Simpson grade I) ( Figs. 2C and D ). Postoperative MRIs revealed
a diminished cyst, amelioration of the edema, and no residual
lesions ( Fig. 3 ). 

Histologically, there was a monotonous proliferation of
sparse bundles of spindle-shaped cells with thick eosinophilic
collagenous interstitium, accompanied by degenerated ves-
sel walls and areas of low cell density with some edema-
tous degeneration ( Fig. 4 ). The spindle-shaped cells lacked nu-
clear atypia and there were no mitotic figures or necrosis. Al-
though there was a minimal meningioma component, elon-
gated spindle cells had proliferated within the abundant col-
lagenous stroma and whorl formations were seen in these;
this area was focally weakly positive for EMA. Other immuno-
histochemical findings were as follows: vimentin ( + ), proges-
terone receptor (nuclear-, cytoplasmic + ), CD68 (-), CD34 (-),
STAT-6 (-), desmin (-), αSMA (-), Actin/HHF (-), S-100 (-), GFAP (-),
Olig2 (-), NeuN (-), c-kit (-), MDM2 (-), pankeratin (-), MIC2/CD99
(-), β catenin nuclear transfer (-), p53 (-), and Ki-67 ( < 1%). No
lesions were found in the dura (resected falx cerebri). From
these data, plus the aid of several outside experts in pathol-
ogy, we arrived at a diagnosis of sclerosing meningioma and
treated the tumor as equivalent to WHO grade 1. 

The postoperative course was good, with no additional
treatment required, and the patient remains free from recur-
rence at 2 years of follow-up. We obtained written, informed
consent concerning publication and handled clinical informa-
tion anonymously in accordance with the principles of the
Declaration of Helsinki and the “Act on the Protection of Per-
sonal Information” in Japan. 

Discussion 

We experienced a rare case of sclerosing meningioma with a
peritumoral cyst that was initially difficult to diagnose. Re-
garding preoperative diagnosis, the imaging findings of un-
usually low intensity on T2WI, a large peritumoral cyst, and
no dural tail sign made narrowing the diagnosis challenging.
As for pathology, a lack of viable tumor components positively
suggestive of meningioma and fragile immunostaining fur-
ther complicated classification efforts. Nevertheless, outside
experts in brain tumor pathology, plus crucial clues of whorl
formations and weak EMA positivity, facilitated the final diag-
nosis. 

Sclerosing meningioma is a rare variation; according to
the previous report, 21 out of 851 meningioma cases were
histopathologically proven as sclerosing meningioma, with
a calculated rate of about 2.5% of all meningiomas [5] . Its
crucial pathological features are a scarcity or absence of vi-
able tumor components in the meningothelial cells of mas-
sively sclerotic lesions and that pauci-cellular collagenous
tissue with spindle cells show immunohistochemical stain-
ing patterns that differ from conventional meningothelial
cells [7] . In the present case, finding a tiny fraction of viable
meningioma cells from massively degenerated tumor com-
ponents was challenging and immunohistochemical findings
were not indicative of fibrous histiocytoma, solitary fibrous tu-
mor/hemangiopericytoma, myogenic tumor, or conventional
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Fig. 1 – Preoperative CT and MRI. Preoperative images are shown. The tumor ( ∗), demonstrating markedly low signal 
intensity on MRI T2WI and accompanied by a peritumoral cyst (arrowheads) anteriorly with marked edema (A). CT, 
revealing a high-density lesion without calcification (B) and iso intensity on MRI T1WI (C) with good enhancement by 

gadolinium-based contrast-medium in axial (D), sagittal (E), and coronal sections (F). The tumor, touching the falx cerebri, 
but a dural tail sign is absent (arrows). The lesion, showing low intensity on DWI (G), and cystic contents with signal 
intensity differing from cerebrospinal fluid on FLAIR coronal section (H). The SSS is patent; no tumor staining or feeding 
vessels are visible on 4D-TRAK MRI (I). 
Abbreviations: CT: computed tomography, DWI: diffusion weighted image: FLAIR: fluid-attenuated inversion recovery; MRI: 
magnetic resonance imaging; SSS: superior sagittal sinus; TRAK: time-resolved angiography using keyhole; WI: weighted 

image. 
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Fig 2 – Intraoperative findings. The tumor (areas enclosed by the dotted line), extremely solid and with clear boundaries (A). 
The tumor, with almost no blood flow (B) and a minimal attachment to the falx cerebri (C, arrowheads), was removed, 
including the attached falx (D). 

Fig. 3 – Postoperative MRI. Resolved tumor, completely excised, and cyst, which disappeared with minimal edematous 
changes, on T2WI (A) pre-(B) and post-(C) enhanced T1WI, and FLAIR coronal section (D). 
Abbreviations: FLAIR: fluid-attenuated inversion recovery; MRI: magnetic resonance imaging; WI: weighted image. 
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Fig. 4 – Pathological findings. H&E staining, revealing a monotonous proliferation of spindle-shaped cells with thick 

eosinophilic collagenous interstitium (A) and low cell density areas with edematous degeneration (B). The tumor, positive 
for vimentin (C) with an MIB-1 labeling index (Ki-67) of less than 1% (D). 
Abbreviation: H&E: hematoxylin and eosin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

meningiomas. However, we finally found a minimal menin-
gioma component that stained strongly positive for vimentin,
focally weakly positive for EMA, and negative for GFAP, CD34,
progesterone receptor, and S-100; those findings were compat-
ible with reported sclerosing meningioma. Thus, even if most
of the tumor component is degenerated or non-viable, there
may still be characteristic findings suggestive of meningioma
and, thus, persevering in diagnosis is essential. 

Typical sclerosing meningiomas show extremely low sig-
nal intensities on MRI T2WI and have intratumoral calcifica-
tions [5] . Although calcification was absent, an MRI revealed
unusually low intensity on T2WI in the present case. Gen-
erally, meningiomas with hypointensity on T2WI tend to be
hard [13] and, since sclerosing meningioma has a more promi-
nent fraction of collagen bundles and psammomatous calci-
fication than other subtypes [5] , very low signal intensity is
expected. Indeed, intraoperative findings showed that the tu-
mor was very firm and mostly fibrous, with pathology reveal-
ing a high degree of collagen fiber hyperplasia. In addition, a
lack of clear dural attachment and dural tail signs, plus the
absence of apparent feeding arteries on 4D-TRAK, were atypi-
cal for conventional meningiomas. In this regard, the imaging
findings were consistent with sclerosing meningioma. We ex-
cised the cerebral falx because of a putative attachment but
no tumor was found pathologically, implying that the tumor
may have originated from elsewhere. There are no previous
reports concerning the dural attachment or the origin of scle-
rosing meningioma cells except for a report of a sclerosing
meningioma in the deep sylvian fissure [6] . They speculated
that the meningioma arose from the arachnoid membrane
or the Virchow-Robin space, but the exact origin of the tu-
mor was unclear. While recent molecular profiles of menin-
giomas have revealed that differing molecular backgrounds
lead to different clinical courses [14 ,15] , no molecular infor-
mation on sclerosing meningiomas, including our case, are
reported. Although rare, further accumulation of cases with
molecular evaluation is warranted to explore tumor origins. 

In comparison to previous reports, this case had the unique
presence of a sizeable peritumoral cyst. Although the precise
mechanism remains unclear, brain edema proceeds peritu-
moral cyst formation [16] , taking approximately 36 months
from edema onset to form cysts [17] . Sclerosing menin-
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giomas exhibit more severe peritumoral edema than conven-
tional meningiomas [5] , and their slow-growing nature allows
enough time to produce cysts. Based on these hypotheses,
it would be unsurprising to see cyst formation in sclerosing
meningiomas, yet there are no reports of sclerosing menin-
gioma cases with prominent peritumoral cysts. Overall, ap-
proximately 10% of CNS tumors, including benign, malignant,
and metastatic, have accompanying cysts [16] , and the inci-
dence of meningiomas with cyst(s) (cystic meningiomas) is
reported to be 3.5%-9.6% among all meningiomas [12 ,18 –20] .
These numbers include intra-tumoral degenerative cyst for-
mation and the proportion of peritumoral cysts similar to
the present case accounted for 9.3%-19.5% of cystic menin-
giomas [12 ,18 ,19] . Thus, meningiomas with apparent peritu-
moral cysts are rather rare, with a calculated rate of about 1%
of all meningiomas, a rarity that could simply explain the lack
of cyst-associated sclerosing meningioma reports [4 –11] . Re-
gardless, the presence of a peritumoral cyst is no reason to
exclude sclerosing meningioma from differential diagnosis. 

We experienced a rare benign fibrous tumor with a large
peritumoral cyst, which eventually led to the diagnosis of scle-
rosing meningioma. Sclerosing meningiomas are an impor-
tant differential diagnosis when the lesion shows very low sig-
nal intensity on T2WI and is accompanied by a peritumoral
cyst. 

Patient consent 

We obtained written, informed consent concerning publica-
tion and handled clinical information anonymously in accor-
dance with the principles of the Declaration of Helsinki and
the "Act on the Protection of Personal Information" in Japan. 
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