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Clinical History 

A 56-year-old woman experienced progres
sive dementia for several years. She had no 
focal neurologic findings. As part of an evalu
ation for Alzheimer disease a computed to
mography (CT) scan of the head was obtained 
(Fig. 1 ), following which magnetic resonance 
imaging (MR) was performed (Figs. 2A-2D). 

Additional MR scans are shown (Figs. 2E-
21). The patient died from a probable myocar
dial infarction before surgery could be per
formed. Coronal brain sections (Fig. 3) from a 
post-mortem examination limited to the head 
disclosed meningioma. Histologic features of a 
transitional-type meningioma were present 
(Fig. 4). 

Discussion: Intracranial Meningioma 

General 

Meningioma is the most common primary 
nonglial intracranial neoplasm, representing 
15%-20% of all primary brain tumors. It has 
a peak incidence in the fifth and sixth decades, 
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with a 2:1 preponderance in females ( 1 ). It is 
generally benign and surgically treatable, with 
a local recurrence rate of 20 to 30% (2) (Foot
note A). 

Location 

Meningiomas are thought to arise from ar
achnoid cap cells and are most commonly 
located at sites of arachnoid granulations along 
the dura, particularly near venous sinuses. Ten 
to fifteen percent originate in the posterior 
fossa or spinal canal. Approximately 90% are 
supratentorial. Twenty-five percent are para
sagittal, 20% arise along the convexity , and 
40% are anterior basal (including sphenoid 
ridge, olfactory groove, and diaphragma sel
lae). Less common intracranial locations in
clude the cerebellopontine angle, clivus, fora
men magnum, cerebral ventricles, and pineal 
region (3). 

Sphenoid ridge meningiomas may be either 
rounded or flat and extend into the anterior or 
middle cranial fossa (3) . The tumor in this case 
is large and globular, arising from the sphenoid 
ridge (Figs. 1 A, 2E, and 2H) and extending into 
both the anterior and middle cranial fossae 
(Figs. 1 C and 2A-2F). Sphenoid meningiomas 
with medial extension may also involve the 
optic nerve, encase the supraclinoid carotid 
artery (Fig. 2G), and invade the cavernous 
sinus (Footnote A). Sphenoid ridge meningio
mas arising more laterally (pterional) often 
present en plaque, can demonstrate extensive 
hyperostosis, and may invade through the 
bone into the overlying temporalis muscle 
(Footnote A). 
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Fig. 1. A, Coronal head CT scan without contrast shows a hyperdense globular mass with focal calcifications (outlined arrows) 
arising from a thickened sphenoid wing. 

8, Bone window (same level as in A) demonstrates alteration of bony architecture with thickening and hyperostosis of the 
lesser and greater sphenoid alae. Calcification within the mass is more evident (outlined arrows). 

C, Postcontrast axial scan shows a homogeneously enhancing well-circumscribed mass with a surrounding low-density rim 
representing a fluid-filled cleft (single-white arrows). Left frontal horn compression and displacement as well as white matter 
edema (double white arrows) are also seen. 

A 8 c 
Fig. 2. A, Axial noncontrast Tl-weighted MR scan (TR = 600 msec, TE = 20 msec) demonstrates a well-delineated globular 

left frontal mass that is isointense to gray matter. A low-intensity rim, the CSF cleft (small single black arrows), surrounds the 
mass. A thin, intermediate signal fibrous capsule (black arrowheads) is interposed between the fluid-filled cleft and the adjacent 
displaced cortex (open black arrows). Note the presence of punctate and curvilinear flow voids (curved black arrows) within 
(dural vascular supply) and around the mass (pial arterial supply, draining veins). 
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Fig. 2.-Continued. 8, Axial balanced MR scan (TR = 2800 msec, TE = 30 msec) at the same level as A shows the mass is 
moderately but inhomogeneously hyperintense. The surrounding fluid-filled cleft (small single white arrows) is hyperintense 
compared to cerebrospinal fluid in the lateral ventricles while the fibrous capsule (white arrowheads) is relatively hypointense to 
the displaced gray matter (open white arrows). Edema (double white arrows) is present in the adjacent white matter. Focal 
intraparenchymal hyperintensities represent encephalomalacic changes (large single white arrows). 

C, Axial T2-weighted MR scan (TR = 2800 msec, TE = 80 msec) at the same level as A and 8 shows the tumor mass is 
primarily isointense with cortex . The heterogeneous signal within the mass is more apparent on this sequence. The fluid-filled 
cleft (small single white arrows) surrounding the mass is clearly identified. The fibrous capsule (white arrowheads) now appears 
even more hypointense than on the balanced scan (B). The displaced gray-white interface (open white arrows) is seen as are 
focal parenchymal encephalomalacic changes (large single white arrows) and minimal white matter edema (double white arrows). 

D, Postcontrast Tl WI shows the mass enhances strongly but inhomogeneously. 
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Scans(£-/) show features of meningiomas. Sagittal Tl-weighted (TR = 600 msec, TE = 20 msec) scans without contrast(£ 
and F) demonstrate the tumor arising from the sphenoid wing (£, wide black arrow represents the enostotic spur) and extending 
into both anterior and middle cranial fossae. The fibrous capsule that often separates meningiomas from adjacent brain is also 
clearly seen (£, white arrowheads). An underlying fluid "cleft" (£ and F, small single black arrows) surrounds the tumor. Note the 
adjacent intraparenchymal cyst (£, double black arrows) and encephalomalacia (F, large single white arrows). Prominent 
peripheral vessels (pial arterial supply, draining veins) and a central vascular pedicle are indicated by the curved arrows. 

G, Coronal postcontrast Tl-weighted scan through the cavernous sinus shows tumor invasion with encasement of the internal 
carotid artery. Note that signal void (outlined arrow) corresponding to the calcification seen in Figure lB. More anterior scans 
demonstrate the fibrous capsule (Hand /, white arrowheads), the fluid-filled cleft (Hand /, small single black arrows) surrounding 
the tumor, and the adjacent intraparenchymal cyst (Hand/, double black arrows). Note the displaced gray-white matter interface 
(Hand /, open arrows). The left lesser and greater sphenoid alae are thickened by the enhancing tumor. A small dural "tail " is 
seen in I (long white arrow). 
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Pathology 

Dural Attachment 

The tumor in this case has a typical broad 
dural attachment. Meningiomas can also be 
pedunculated (with a narrow dural attachment) 
or flat ("meningioma en plaque") (1, 3). Tumors 
with no apparent dural attachment may be 
located in the lateral ventricles, diploic spaces, 
and even in the paranasal sinuses (3). 

Histology 

Three types of "classic" meningiomas are 
generally described: Meningothelial (syncytial), 
fibroblastic , and transitional (1). Fibroblastic 
tumors consist of thin, spindle-shaped cells in 
a dense collagen matrix. Syncytial tumors con
sist of sheets of contiguous polygonal cells with 
fibrous trabeculae delineating lobules. Micro
cystic changes and nuclear vesicles are fre
quent in this histologic type. Transitional tu
mors, exemplified by our case, represent a 
mixture of both fibroblastic and synctial char
acteristics. Central lobules of polygonal cells 
surrounded by concentric whorls of elongated 
cells are seen (Figs. 4A and 48). This subtype 

A B 
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frequently contains psammoma bodies (con
centric lamina of calcium salts). A fourth cat
egory, angioblastic meningioma, was formerly 
used to describe what are now recognized as 
several different types of tumor including 
highly vascular meningiomas, hemangioperi
cytomas, and hemangioblastomas (3). 

Local Effects 

The effects of meningiomas on surrounding 
brain tissue include mass effect, displacement 
of the gray-white interface, edema, and peri
tumoral encephalomalacic changes (Footnote 
A). The tumor illustrated here compressed the 
lateral ventricles and caused subfalcine hernia
tion (Figs. 2A-2D, 2G-21, and 3A-28). 

Edema associated with meningiomas may 
be either focal (Figs. 1 C, 28, and 2C, double 
white arrows; Fig. 4C) or holohemispheric (4). 
Various etiologies have been proposed. The 
edema may be secondary to compressive is
chemia with compromise of the blood-brain 
barrier, venous mechanical obstruction, ele
vated hydrostatic pressure within the tumor 
(secondary to hemorrhage or rich vascularity), 
or a secretory-excretory phenomenon within 

Fig. 3. A, Coronal pathologic brain section wi th tumor in situ demonstrates the surrounding cerebrospinal fluid cleft (small 
single black arrows), fibrous capsule (white arrowheads), and intraparenchymal cyst (double black arrows). A large vessel in the 
centra l vascular pedicle and a prominent surface vessel are indicated by curved black arrows. Also note the displaced gray-white 
interface (open black arrows), ventricular compression, and m idline shif t. 

8 , Coronal pathologic brain section with tumor removed demonstrates the fibrous capsule (white arrowheads) , which separated 
the intraaxial cyst from the CSF cleft surrounding the tumor. (The fibrous capsule on the MR scans is also indicated by 
arrowheads). Encephalomalacic changes (large single black arrows) and mass effect are present. This section most closely 
corresponds to scan in Figure 21. 
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Fig. 4. A and B, High-power photomicrograph of the tumor, hematoxylin and eosin stain. Lobules of polygonal shaped 
meningioma cells (long black arrows) surrounded by whorls of elongated spindle-shaped meningioma cells (double arrowheads) 
and interdigitating connective tissue (small triple arrows) are characteristic of transitional meningioma. Note bland cytologic 
appearance of the tumor nuclei (long curved arrows). 

C, High-power photomicrograph of the edematous area seen on MR (Figs. 28 and 2C, double white arrows) shows two small 
venules and markedly edematous white matter with a few reactive astrocytes. 

D, Low-power photomicrograph shows the meningioma (seen on the right) displacing ("buckling") and compressing otherwise 
normal brain (seen on the left). Note the prominent arachnoid-lined cerebrospinal fluid cleft (small single arrows) between the 
tumor and adjacent brain. 

E, High-power photomicrograph (from same area of brain indicated by the large single white arrows in Fig. 2F) shows 
microcystic encephalomalacic changes (large white arrows) and edema with reactive astrocytosis in the brain adjacent to the 
tumor. 

F, Low-power photomicrograph shows confluent areas of cyst formation (double black arrows; same as Figs. 2E and 2H) in 
adjacent brain. 
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the tumor cells (4). In order for edema to 
penetrate into the white matter, there must be 
disruption of the arachnoid and pia mater as 
well as the cortical gray matter (4). It has been 
postulated that focal edema results from pres
sure necrosis while more extensive edema is 
vasogenic in origin (5). 

In contrast to intraaxial neoplasms, menin
giomas are extraaxial masses and as such char
acteristically displace the gray-white matter 
junction that appears to "buckle" around the 
growing tumor (Figs. 2A-C, 2H, 21, and 3A, 
open arrows; Fig. 4D) (6). 

Vascularity 

Nearly three-quarters of all meningiomas re
ceive their primary vascular supply from dural 
vessels. They may also parasitize pial supply 
from internal carotid artery branches (7, 8). 
Meningiomas are characteristically supplied by 
a prominent central vascular pedicle with fan
like radiations of smaller vessels and a more 
peripheral plexus of pial vessels that supplies 
the surface (Figs. 2A, 2E-2F, and 3A, curved 
arrows). There is no blood-brain barrier within 
the neoplastic tissue and there are open, tor
tuous gasp junctions between the vascular 
endothelial cells (9). 

Secondary Features 

Meningiomas demonstrate both mesenchy
mal and epithelial characteristics. Mesenchy
mal differentiation may lead to xanthomatous, 
lipoblastic, myxoid, chondroblastic, and osteo
blastic features. Epithelial differentiation is 
manifested by papillary formation, desmoso
mal attachments between cells (these intercel
lular junctions are characteristic of epithelium) 
and tumor markers such as carcinoembryonic 
antigen (10). These tumors may also demon
strate pigmentation with melanin, related to 
neural crest derivation (1 ). Calcium in psam
moma bodies is a characteristic of transitional 
meningiomas. 

Central necrosis may occur in any type of 
meningioma whether benign or malignant. 
Gross intratumoral cystic degeneration and 
spontaneous hemorrhage are both relatively 
rare. When present, intratumoral cysts are usu
ally small (Fig. 4E) and peripherally located 
(Footnote A). Large cysts (Fig. 4F) are second
ary to degenerative changes or the confluence 
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of microcysts. Peritumoral cysts, separated 
from the meningioma by a distinct "capsule", 
may be lined with arachnoid cells and filled 
with cerebrospinal fluid (CSF) (Fig. 4D), sug
gesting blockage of CSF drainage secondary 
to arachnoid adhesions around the tumor. 
Cysts within the adjacent brain may also occur 
(Figs. 2E, 2H, 21, and 3A, double black arrows). 
These intraparenchymal cysts are typically li
ned with glial or connective tissue and may 
represent an astrocytic reaction to the tumor 
( 11 ). Frank encephalomalacic changes, prob
ably due to pressure necrosis, can sometimes 
be seen (Figs. 28-C, 2F, and 38, large arrows). 

Osseous Changes 
A distinguishing feature of meningiomas is 

the frequent presence of associated osseous 
changes. These include corticated pressure 
erosion by the tumor mass, bone destruction, 
and hyperostosis (Footnote A) . The areas most 
frequently affected are the skull base and an
terior half of the calvarial vault. On pathologic 
specimens, the medullary spaces of bone are 
often filled with clumps of tumor cells. It has 
been postulated that the tumor cells directly 
produce more bone; the osteoblastic activity 
associated with certain meningiomas would 
support this theory (1). 

The osteolytic changes associated with me
ningiomas may be related to more rapid tumor 

Fig. 5. Coronal pathologic brain section in another case. 
This sphenoid-wing meningioma underwent sarcomatous de
generation and directly invates the adjacent brain parenchyma. 
Note loss of an identifiable brain-tumor interface (compare 
with Figs. 3A and 36) (From the Rubinstein Collection ; De
partment of Neuropathology, Armed Forces Institute of Pa
thology, Washington, DC). 
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growth. Thickening of the inner table of the 
skull, which has also been noted, has not been 
associated with tumor invasion but rather is a 
reactive change. There is a tendency for the 
dura to detach from the bone, which impairs 
blood supply through Volkmann 's canals and 
stimulates deposition of subperiosteal bone. A 
nipple-like boss may be left along the inner 
table of the skull ( 1 ). This enostotic spur or site 
of focal hyperostosis at the vascular pedicle 
site is highly suggestive of meningioma (Figs. 
2E and 5, wide black arrow). This identifies its 
point of origin from the dura (Footnote A). 

Our case demonstrates both osteoblastic 
and osteolytic bony changes. The normal ar
chitecture of the sphenoid bone has been de
stroyed and replaced by regions of less orga
nized hyperostosis (Figs. 18 , 2H, and 21). 

Brain-Tumor Interface 

Another important feature of meningiomas 
is the brain-tumor interface. Most meningio
mas are easily separable from brain at surgical 
resection by an intervening connective tissue 
capsule (12) . Our case demonstrates this find-
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TABLE I : Common features of meningiomas 

Age 

Gender 

Location 

Densi ty on CT 

Intensity on MR 

Enhancement 

1. Postcontrast CT 

2. Postcontrast MR 

Osseous changes 

Local effects on surround

ing brain 

Secondary fea tures 

Brain-tumor interface 

Vascular supply 

Histology 

Peak in fifth and sixth decades 

Female predi lection 

Supratentorial, convex ity. bas-

isphenoid; abutting a dural 

surface 

Hyperdense 

lsointense to gray matter on 

Tl and T2Wl 

Homogeneous intense en

hancement. 

Intense enhancement, often 

more heterogeneous than on 

CT; adjacent dural enhance

ment common 

Bone destruction, hyperostosis 

Peritumoral edema. displaced 

gray-white interface, mass 

effect, encephalomalacia 

Calcified psammoma bodies; 

xanthomatous, lipoblastic, 

myxoid , chondroblastic, or 

osteoblastic changes 

CSF cleft, vascular or connec

t ive tissue capsule 

Dural vessels supply center; 

pial vessels supply periphery 

Meningothelial (syncy tial), 

transitional, fibroblastic 

Fig. 6. Anatomic diagram sum
marizes the pathologic findings in a 
typical basisphenoid meningioma. 
The lobular tumor extends into the 
anterior and middle cranial fossae, in
vading the cavernous sinus and en
casing the supraclinoid carotid artery . 
Fluid-filled cleft = small single arrows; 
fibrous capsule = arrowheads; dis
placed cortex = open arrows; paren
chymal encephalomalacic changes = 
single large arrows ; focal intraparen
chymal cyst = double arrows; vessels 
= curved arrows (both the central 
vascular pedicle and peripheral pial 
vessels-arteries and dra ining 
veins-are shown). Sphenoid hype
rostosis with an enostotic spur (wide 
black arrow) is also depicted. 
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ing (Fig. 3, arrowheads). Meningiomas are 
often surrounded by a pool of CSF in an area 
of focal pressure atrophy, possibly due to local 
obstruction of normal drainage. A fibrous or 
venous vascular capsule (Figs. 3A, 38, and 6, 
arrowheads) may also be present overlying the 
CSF "cleft" (13). 

Imaging 

Computed Tomography 

Meningiomas generally appear as well-cir
cumscribed lobular lesions. Most have homo
geneous high density on nonenhanced CT 
scans, 25 to 33% are isodense, approximately 
1% are hypodense , and some cases demon
strate mixed attenuation . CT detects calcifica
tion in 15%-20%. Most meningiomas dem
onstrate moderate to intense enhancement fol
lowing contrast administration (Footnote A). 
The degree of enhancement is dependent both 
on tumor vascularity and extracellular accu
mulation of contrast (9). This case is hyper
dense on nonenhanced CT scans (Fig. 1 A) with 
focal areas of calcification (Figs . 1 A-1 B, out
lined arrows) and enhances on postcontrast 
examination (Fig. 1 C). 

Peritumoral edema is seen in 60 % of menin
giomas (14). In our case, minimal edema is 
present and is seen as low density within the 
white matter adjacent to the tumor (Fig. 1 C, 
double white arrows); occasionally edema may 
spread throughout the hemispheric white mat
ter. 

Associated bony changes are seen in ap
proximately 15%-20% of meningiomas (Foot
note A). Our case demonstrates destruction of 
the lesser and greater sphenoid alae that have 
been replaced with regions of less organized 
hyperostosis (Fig. 1 B). 

MR Imaging 

Meningiomas typically appear isointense 
with gray matter on both T1- and T2-weighted 
images and enhance intensely with contrast 
(Figs. 2A- 2D) (13). While imaging studies can 
not reliably predict meningioma histology, 
those with a high proportion of calcifications 
and fibrous changes most likely demonstrate 
lower signal intensities on T2WI than do highly 
cellular or vascular meningiomas (15). 
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lntratumoral inhomogeneities are often seen 
on MR imaging (Figs. 2B-2D). Calcifications 
usually appear as focal areas of hypointensity 
on T1- and T2-weighted MR images (Fig. 2G, 
outlined arrow). Other causes of low signal 
intensity on T1 WI include central necrosis, 
pseudocysts, vascular spaces, and infre
quently, cystic degeneration and bony meta
plasia (16, 17). Spontaneous intratumoral hem
orrhage is uncommon; it occurs more fre
quently in the highly vascular meningiomas 
(1) . Xanthomatous, lipoblastic, myxoid, chon
droblastic, and osteoblastic changes can also 
account for focal signal heterogeneities (Foot
note A). 

Certain pathologic features are better re
flected on MR images than on CT. The dis
placed gray-white interface is more clearly 
demonstrated (Figs. 2A-2D, 2H, and 21, open 
arrows). Peritumoral edema appears as a hy
pointense region on T1 -weighted images and 
a hyperintense region on T2WI that surrounds 
the tumor and extends into the white matter 
tracts (Figs. 28 and 2C, double white arrows) . 
Adjacent encephalomalacic changes are also 
clearly seen (Figs. 28, 2C, and 2F, large single 
white arrows). 

Multiplanar MR imaging demonstrates origin 
of the tumor from the sphenoid ridge on cor
onal and sagittal images (Figs. 2E and 2H). 
Invasion of the cavernous sinus with encase
ment of the supraclinoid carotid artery is easily 
identified (Fig. 2G). 

Meningiomas are generally well-circum
scribed with a surrounding low-intensity rim on 
MR images. This particular tumor is sur
rounded by a CSF cleft, seen in the pathologic 
specimen (Fig. 3A, small single black arrows), 
that appears as a low-intensity rim on T1 WI 
(Figs. 2A, 2E-2F, and 2H-21, small single black 
arrows) and is hyperintense on T2WI (Figs. 2B-
2C, small single white arrows). The punctate 
regions of signal void within the low-intensity 
rim most likely represent marginal blood ves
sels seen in cross section (Figs. 2A, 2E, 2F, 
and 3A curved black arrows). The adjacent 
slightly hyperintense rim on T1 WI (Fig. 2A, 
black arrowheads; Figs. 2E, 2H, and 21, white 
arrowheads) that is hypointense on T2WI (Figs. 
2B-2C, white arrowheads) represents the fi
brous connective tissue capsule (Fig. 3, white 
arrowheads) that separates the tumor from the 
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overlying intraparenchymal cyst (Figs. 2E, 2H, 
21, and 3A, double black arrows). Most menin
giomas have a characteristic surrounding low
intensity rim on T1-weighted MR images that 
is indicative of a CSF cleft, a venous capsule, 
or a combination of both (13). However, some 
meningiomas do invade the brain parenchyma 
(Fig. 5) and may thus lose this characteristic 
MR finding (18). 

The associated osseous changes are less 
well-defined with MR than with CT. Regions 
where the bony cortex is infiltrated and med
ullary spaces are filled with clumps of tumor 
cells may be seen on MR as abnormally in
creased intensity of the bony cortex that blends 
in with the normal high intensity of the diploic 
spaces. The normal cortical-medullary inter
face becomes obliterated resulting in an amor
phous appearance of the affected bone (Figs. 
2H, and 21) (19). 

A feature that is suggestive of, though not 
specific for, meningiomas is adjacent dural 
enhancement in the form of a "dural tail." Dural 
thickening around meningiomas has been 
noted in up to 60% of cases (20). In our case, 
the tumor shows some faint adjacent dural 
enhancement (Fig. 21, long white arrow). While 
thickened dura may occasionally represent ac
tual tumor invasion (21), nonneoplastic reac
tive changes consisting of loose connective 
tissue proliferation, hypervascularity, and vas
cular dilatation are common (22). 

Summary 

This case shows many of the imaging fea
tures classically associated with meningiomas. 
The illustrations show common location, 
shape, and local effects as well as enhancement 
characteristics. Hyperostosis and bone destruc
tion, a fluid "cleft" surrounding the extraaxial 
mass, gray-white interface displacement, and 
secondary intraparenchymal changes are cor
related with gross pathology findings . These 
key features are summarized in Table 1 and 
the composite anatomic diagram (Fig. 6). 
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