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CASE SUMMARY
A 57-year-old man with a signifi-

cant history of previously diagnosed 
small meningioma following a minor 
trauma presented with progressive, 
1-week history of right upper and right 
lower-extremity weakness. On phys-
ical examination the patient had right 
shoulder abduction 3/5, deltoid 4/5, 
bicep 4/5 and triceps 3/5. The patient 
had subjective sensory deficits in the 
right upper and lower extremities, mild 
dysarthria and pronator drift. The initial 
workup, including brain MRI examina-
tion, was to rule out an ischemic event. 
On subsequent evaluation the patient 
was found to have a lump on the cranial 
vertex, which he reported was present 
for many years.

IMAGING FINDINGS
Coronal and parasagittal noncon-

trast CT images in soft tissue and 
bone window (Figure 1) showed a 
large, dural-based, partially calcified 
extra-axial mass causing remodeling 
and hyperostosis of the frontal and 

FIGURE 1. Coronal and parasagittal noncontrast CT images in (A) soft tissue and (B) bone 
window show a large, dural-based, partially calcified extra-axial mass causing remodeling 
and hyperostosis of the frontal and parietal skull at the vertex. The largest portion causes 
significant mass effect on the left central sulcus and a smaller soft tissue component (red 
asterisk) is noted along the outer cortical table at the vertex.
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parietal skull at the vertex. The largest 
portion caused significant mass effect 
on the left central sulcus and a smaller 
soft tissue component along the outer 
cortical table at the vertex. 4D-CTA 
sequential dynamic images without 
and with bone subtraction (Figure 
2) showed hypertrophied superficial 
temporal and occipital arteries feeding 
the meningioma on the arterial phase. 
They also revealed occlusion of the 
middle segment of the superior sagittal 
sinus with extensive collateral cortical 
vein hypertrophy, indicating a long 
standing process. 

T1- and T2-weighted, pre- and post-
contrast MR images (Figure 3) showed 
an avidly enhancing extra-axial mass 
with surrounding vasogenic edema 

centered at the left central sulcus but 
also extending to the right of midline. 
Finally, sequential right external carotid 
artery angiogram (Figure 4) revealed 
the hypertrophied superficial temporal 
artery supplying the outer portion of the 
tumor and the hypertrophied right mid-
dle meningeal artery feeding the central 
tumor tissue with early blushing and 
delayed retention of contrast. Sequen-
tial right external carotid artery angio-
gram images following sub-selective 
embolization of the right middle menin-
geal artery showed diminished flow in 
the middle meningeal artery and of the 
tumor blush. Superficial temporal artery 
remained visible. A gross pathologic 
image (Figure 5) showed a 6 × 6 × 4 cm 
multilobulated mass protruding through 

the meninges with a tan to white and 
solid surface. 

DIAGNOSIS
Meningioma, WHO grade I, with 

intracranial, intraosseous and extracra-
nial components

DISCUSSION
Meningiomas are the most com-

mon extra-axial intracranial tumor and 
the most common non-glial tumor.1,2    
They are most common after the 5th 
decade of life and twice as common 
in the female as in the male popula-
tion.2 Meningiomas are slow-growing 
tumors arising from arachnoid cap 
villi and histologically 90% represent 
WHO Grade I lesions,2,3 While often 

FIGURE 2. 4D-CTA sequential dynamic images (A) without and (B) with bone subtraction show hypertrophied superficial temporal (red asterisk) 
and occipital arteries (blue star) feeding the meningioma on the arterial phase. The venous phase image shows occlusion of the middle segment 
of the superior sagittal sinus with extensive collateral cortical vein hypertrophy (yellow asterisk) indicating a longstanding process.
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incidental and asymptomatic, menin-
giomas can present with symptoms sec-
ondary to mass affect, direct invasion, 
or CSF outflow obstruction.2  They are 
most commonly located in the parasag-
ittal cerebral convexity, lateral hemi-
sphere convexity, and the sphenoid 
wing. They can also occur in the middle 
cranial fossa, olfactory groove, orbit, 
ventricles, cerebellopontine angle, and 
spine among others.2 Rarely, cases of 
primary intraosseous meningioma have 
also been reported.2,3

On CT, meningiomas are round 
or elongated dural-based extra-axial 
lesions which are typically hyperdense 
relative to grey matter (70-75%). CT 
is especially useful in the evaluation 

of calcification which can be seen in 
25% of tumors, as well as in the iden-
tification of hyperostosis and bone 
destruction. Approximately 15% of 
meningiomas feature cyst formation.4 

On MRI, meningiomas are typically 
isointense with gray matter on T1- and 
T2-weighted images but occasionally 
hypointense areas due to calcification 
can be seen. These tumors typically 
feature avid postcontrast enhancement 
and a dural tail is seen 60% of the time. 
On angiography “sunburst” vascularity 
with dural and pial feeding vessels and 
a prolonged dense vascular blush are 
typical.4 

Differential diagnosis for extra-ax-
ial dural based mass lesions includes 

metastatic disease, hemangioperi-
cytoma, lymphoma, solitary fibrous 
tumor, and Rosai-Dorfman Dis-
ease, among others. Many of these 
meningioma mimics feature lower 
T2-weighted signal intensity and do 
not result in hyperostosis. These fea-
tures which along with the individual 
patient’s clinical history can be a clue 
into distinguishing these lesions from 
meningioma.4

Preoperative meningioma embo-
lization is a well-established safe 
option which can decrease intraoper-
ative blood loss. The most commonly 
targeted feeder is the middle menin-
geal artery followed by the occipital 
artery and superficial temporal artery.5 
Consideration for preoperative embo-
lization is recommended for hyper-
vascular tumors >3-4 cm with at least 
50% of blood supply from accessible 
branches of the external carotid artery, 
in eloquent locations and with exten-
sive calcifications.5 4D-CTA imaging 
is a noninvasive method which may  
be helpful in the evaluation of the 
degree of tumor vascularity, demon-
stration of hypertrophied external 
carotid artery feeders, and visualiza-
tion of dural sinus invasion/occlu-
sion. This technique can help narrow 
the differential diagnosis and can 
also be helpful in identifying cases 
which may benefit from preoperative 
embolization to minimize intra-oper-
ative bleeding. Embolization-related 
complications are uncommon (2.9%) 
but include parent vessel dissection, 
thromboembolic stroke, nerve palsy, 
and scalp infarction.5

CONCLUSION
Meningiomas are the most com-

mon benign intracranial tumor which 
are generally slow growing and can be 
asymptomatic or present secondary to 
mass affect. On imaging, these tumors 
are classically extra-axial featuring a 
dural tail, hyperostosis, homogenous 
avid contrast enhancement and calcifi-

FIGURE 3. (A) Sagittal T1-weighted precontrast (B) axial T1-weighted precontrast (C) sag-
ittal T1-weighted postcontrast and (D) axial T2-weighted MR images show avidly enhancing 
extra-axial mass with surrounding vasogenic edema (red asterisk) centered at the left cen-
tral sulcus but also extending to the right of midline.
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FIGURE 4. (A) Sequential right external carotid artery angiogram images show the hypertrophied superficial temporal artery supplying the 
outer portion of the tumor (red asterisk) and the hypertrophied right middle meningeal artery (yellow asterisk) feeding the central tumor tissue 
with early blushing (red star) and delayed retention of contrast (yellow star). (B) Sequential right external carotid artery angiogram images fol-
lowing subselective embolization of the right middle meningeal artery (yellow asterisk) show diminished flow in the middle meningeal artery 
and of the tumor blush. Superficial temporal artery remains visible (red asterisk).

FIGURE 5. Gross pathologic image shows 
6 x 6 x 4 cm multilobulated mass protruding 
through meninges with a tan to white and 
solid surface. The bone flap (black asterisk) 
measures 12 x 11 x 0.7 cm with an outer 
surface that is gray to tan and irregular. 
The bone flap inner lining is roughened with 
multiple areas of deformation.

cation. Less commonly meningiomas 
can be intra-osseous. Prior to resection 
of large tumors 4D-CTA may be help-
ful to evaluate the need for preoperative 
embolization of external carotid artery 
feeding vessels to minimize intraopera-
tive bleeding during surgical resection. 
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