
CLINICAL PICTURE: 

A 40 years old female patient presented clinically with manifestations of increased intracranial pressure, long tract 
manifestations, ponto-medullary cranial nerve palsies. and cerebellar manifestations. Hearing was intact. 

RADIOLOGICAL FINDINGS: 

Figure 1. Postcontrast MRI T1 images showing a densely enhanced cerebellopontine angle meningioma, Notice the 
wide base attachment, the enhanced meningeal tail, and the moderate compression of the brain stem. A CSF cleft is 
also evident. 
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Figure 2. Postcontrast MRI T1 images showing a densely enhanced cerebellopontine angle meningioma, Notice the 
wide base attachment, the enhanced meningeal tail, and the moderate compression of the brain stem. A CSF cleft is 
also evident. 

Figure 3. Postcontrast MRI T1 images showing a densely enhanced cerebellopontine angle meningioma, Notice the 
wide base attachment, the enhanced meningeal tail, and the moderate compression of the brain stem. A CSF cleft is 
also evident. 

   

  



Table 1. MRI appearance of the various types of meningiomas 

Thus based on the correlation between histology and MR imaging appearance of meningiomas, it has been concluded 
that meningiomas significantly hyperintense to cortex tend to be primarily of syncytial or angioblastic type, whereas 
meningiomas hypointense to cortex tend to be primarily of fibrous or transitional type. Heterogeneous appearance of 
meningiomas in T2-weighted pulse sequence can be due to tumor vascularity, calcifications, and cystic foci. 

Table 2. MRI characteristics of meningiomas 

 

Figure 4. The meningioma (syncytial subtype) is hyperintense on the 
MRI T2 images 

Type Comment 
Fibroblastic 
meningiomas 

Fibroblastic meningiomas are composed of large, narrow spindle cells. The distinct feature is the 
presence of abundant reticulum and collagen fibers between individual cells. On MR imaging, 
fibroblastic meningiomas with cells embedded in a dense collagenous matrix appear as low signal 
intensity in Tl-weighted and T2-weighted pulse sequences. 

Transitional 
meningiomas 

Transitional meningiomas are characterized by whorl formations in which the cells are wrapped 
together resembling onion skins. The whorls may degenerate and calcify, becoming psammoma 
bodies. Marked calcifications can be seen in this histologic type. MR imaging of transitional 
meningiomas thus also demonstrates low signal intensity on Tl- weighted and T2-weighted images, 
with the calcifications contributing to the low signal intensity. 

Syncytial 
meningiomas 

Syncytial (meningothelial, endotheliomatous) meningiomas contain polygonal cells, poorly defined 
and arranged in lobules. Syncytial meningiomas composed of sheets of contiguous cells with 
sparse interstitium might account for higher signal intensity in T2-weighted images. Microcystic 
changes and nuclear vesicles can also contribute to increased signal intensity. 

Angioblastic 
meningiomas 

Angioblastic meningiomas are highly cellular and vascular tumors with a spongy appearance. 
Increased signal in T2-weighted pulse sequence of these tumors is due to high cellularity with 
increase in water content of tumor. 

Pathological 
type 

T2 MRI appearance 



Table 3. MRI characteristics of meningiomas 

 The dural tail or "dural flair" 

The dural tail is a curvilinear region of dural enhancement adjacent to the bulky hemispheric tumor. The finding was 
originally thought to represent dural infiltration by tumor, and resection of all enhancing dura mater was thought to be 
appropriate. However, later studies helped confirm that most of the linear dural enhancement, especially when it was 
more than a centimeter away from the tumor bulk, was probably caused by a reactive process. This reactive process 
includes both vasocongestion and accumulation of interstitial edema, both of which increase the thickness of the dura 
mater. Because the dural capillaries are "nonneural," they do not form a blood-brain barrier, and, with accumulation 
of water within the dura mater, contrast material enhancement occurs. 

  

Figure 5. Dural tail enhancement with meningioma. (a) Diagram illustrates the thin, relatively curvilinear enhancement 

Fibroblastic Hypointense on the T2 images because of the existence of dense collagen and fibrous tissue 
Transitional Hypointense on the T2 images because of the existence of densely calcified psammoma bodies 
Syncytial Hyperintense on the T2 images because of the existence of high cell count, microcysts or significant 

tissue oedema 
Angioblastic Same as the syncytial type. Blood vessels appear as signal void convoluted structures 

MRI feature Description 
Vascular rim The peripheries of meningiomas are supplied by branches from the anterior or middle cerebral 

arteries that encircle the tumour and form the characteristic vascular rim 
Meningeal tail The tail extends to a variable degree away from the meningioma site and probably represents a 

meningeal reaction to the tumour 
Hypointense cleft Hypointense cleft between the tumour and the brain that probably represents blood vessels or a 

CSF interface 

 

 



that extends from the edge of a meningioma. Most of this enhancement is caused by vasocongestion and edema, rather 
than neoplastic infiltration. The bulk of the neoplastic tissue is in the hemispheric extraaxial mass; nonetheless, the 
dural tail must be carefully evaluated at surgery to avoid leaving neoplastic tissue behind. (b) Photograph of a resected 
meningioma shows the dense, "meaty," well-vascularized neoplastic tissue. At the margin of the lesion, there is a 
"claw" of neoplastic tissue (arrowhead) overlying the dura mater (arrows) that is not directly involved with tumor. 

DIAGNOSIS: CEREBELLOPONTINE ANGLE MENINGIOMA 

DISCUSSION: 

Lesions that arise within or involve the internal auditory canal (IAC) can be considered together with lesions affecting 
the cerebellopontine angle (CPA) cistern. This group of lesions consists of neoplastic and cystic masses arising from 
normal or ectopic structures in the CPA region and also inflammatory and vascular processes that affect the CPA and 
IAC cisterns and the cranial nerves located there. In addition to lesions specific to this region, any intraaxial or 
extraaxial process that involves subarachnoid cisternal spaces in general can also be seen here. 

 Vestibulocochlear schwannoma 

Vestibulocochlear schwannoma (VCS) is a benign, slowly growing neoplasm that arises from Schwann cells in the 
nerve sheath of the vestibulocochlear nerve. This tumor can affect other cranial nerves, but has a predilection for the 
eighth nerve, and in particular the vestibular portion of the nerve, which has led to the preferred use of the term VCS 
rather than the well-known synonym, acoustic neuroma [2]. The majority of intracranial schwannomas affect the 
vestibular portion of the eighth nerve, and only a minority affect the cochlear portion. 

VCS is a common tumor, accounting for approximately three fourths of all CPA masses and approximately one tenth 
of all intracranial tumors [3,4]. Patients with VCS usually present in the fourth to sixth decades. The most common 
symptom is progressive unilateral SNHL, often accompanied by tinnitus [5]. Vestibular symptoms of vertigo and 
dizziness are less common, which is curious given that most of these tumors arise from the vestibular portion of the 
nerve. This phenomenon may be because of a lesser susceptibility of the nerve to the effects of compression or because 
of the central nervous system's better ability to compensate for unilateral vestibular denervation [6]. Very large tumors 
in the CPA also may present with symptoms of cerebellar dysfunction or neuropathy of the lower cranial nerves. 

VCS is associated with neurofibromatosis type 2 (NF-2) [7], and this condition should be suspected when VCS is 
bilateral or is discovered in a child or young adult. The presence of NF-2 should also heighten the radiologist's 
awareness of possible associated lesions, including meningiomas and ependymomas. Malignant degeneration of VCS is 
rare and is associated with NF-1 [8]. Melanotic schwannoma is another malignant variant of VCS that may arise from 
melanocytes that share their neural crest origin with Schwann cells [9]. 

MRI is the preferred imaging modality for detecting and describing VCS, unless MRI is contraindicated. [10]. On 
unenhanced T1WI, schwannomas appear isointense to brain and can usually be detected as masses that displace the 
normal CSF signal. After contrast administration, schwannomas typically show uniform enhancement, although 
heterogeneity may be seen when areas of internal cystic or hemorrhagic change are present [11].  

VCSs typically are centered near the porus acusticus and classically are described as having an elongated 
intracanalicular component and bulbous CPA cisternal component that result in an “ice cream cone” configuration 
(Fig. 1). Small lesions that are 15 mm or less may be contained entirely within the IAC and have a tubular shape [12]. 
Large lesions that are 30 mm or greater typically have a dominant CPA component. VCSs usually are solid but may 
show cystic or hemorrhagic change, particularly in large or rapidly growing tumors [13] (Fig. 2). 

DIAGNOSIS: 

DISCUSSION 



Contrast-enhanced MRI is considered widely to be the first-line imaging technique for VCS evaluation, because of the 
sensitivity afforded by the intense enhancement that these tumors typically manifest, even in small lesions [14]. High-
resolution T2 FSE imaging is, however, a supplemental noncontrast technique that can provide exquisite imaging of the 
CSF and nerves in the CPA and IAC. On T2 FSE, VCSs appear as nodules or filling defects against the background of 
bright CSF (Fig. 3). This technique allows for detection of tumors as small a few millimeters and can provide 
adjunctive information that is useful in surgical planning, such as identifying from which nerve component the tumor 
arises, defining the exact extent of the tumor boundaries, and whether there is a CSF cap at the fundus of the IAC. In 
the proper clinical setting, T2 FSE can serve as an inexpensive screening technique for patients with uncomplicated 
SNHL [15]. 

 Meningioma 

Meningiomas are neoplasms that arise from arachnoid cap cells, dural fibroblasts, or arachnoid membrane [16]. The 
latter accounts for lesions in the CPA region. These tumors typically are benign and well circumscribed and are 
epidemiologically and histologically similar to meningiomas that occur elsewhere in the cranial vault. 

The incidence of meningioma in the CPA region is a distant second to VCS, accounting for approximately 5% to 10% 

 

Figure 6. Vestibulocochlear schwannoma. Axial T1-weighted MR imaging with 
contrast in patient with progressive SNHL shows an intensely enhancing 
schwannoma that nearly fills the IAC. The bulbous rounded portion of the 
tumor proximally projects into the CPA. 

  

Figure 7. Vestibulocochlear 
schwannoma. (A) Axial T1-weighted 
MR imaging without contrast. Intrinsic 
high T1 signal in the posteromedial 
portion of the CPA tumor represents 
subacute blood products as a result of 
hemorrhage in this schwannoma. (B) 
Postcontrast image demonstrates 
typical intense enhancement in the 
remainder of the tumor. 

  

Figure 8. Vestibular schwannoma. (A) 
Axial T1-weighted postcontrast image 
of the IAC. Enhanced image 
demonstrates a nodule of intense 
enhancement, corresponding to a small 
intracanalicular schwannoma. (B) 
Axial high-resolution T2 FSE MR 
image clearly demonstrates the tumor 
nodule, which originates from the 
inferior vestibular branch of the eighth 
cranial nerve. 



of CPA masses [17,18]. Depending on their location, CPA meningiomas may present with cranial neuropathy, 
cerebellar dysfunction, or other symptoms resulting from local mass effect. Rarely, a meningioma that is limited to the 
IAC may mimic clinically a VCS [19]. 

On noncontrast CT, meningiomas may be isointense or hyperintense, and unlike schwannomas, may show calcification 
in up to one fourth of lesions [20]. The presence of hyperostosis on CT also suggests a diagnosis of meningioma. On 
MRI, meningiomas show T1 signal that is roughly similar to brain and may be hyperintense or hypointense on T2WI. 
The hallmark imaging features of meningioma include extra-axial dural-based location, intense enhancement, 
hyperostosis, and calcification (Fig. 8). The dural origin of these tumors typically results in a hemispheric mass with a 
broad dural margin that forms an obtuse angle against the adjacent bone compared with the spheroid or nodular mass 
with acute angle typically seen in VCS [21,22]. The presence of a “dural tail” also favors the diagnosis of meningioma, 
although this sign is not totally specific [23]. A CPA meningioma also may extend into the IAC and differentiation 
between meningioma and VCS may be difficult (Fig. 9). 

 Epidermoid and other cystic and congenital masses 

 Epidermoid cyst 

Epidermoid cyst (EC), also known as congenital cholesteatoma or epidermoid tumor, is caused by congenital rests of 
ectoderm in the CPA cistern. EC also can occur in the ventricles, petrous bone, tympanic cavity, skull base, and 
calvarium [24]. The squamous epithelium in these rests of ectoderm gives rise to accumulations of desquamated keratin 
debris. This keratinaceous material grossly has a glistening, pearly appearance that has led to this lesion called “the 
beautiful tumor” [25]. Patients with epidermoid typically present with symptoms in young or middle adulthood. 

EC shows CT density that is similar to or slightly greater than that of CSF. On MR imaging, EC appears fairly 
homogeneous, with signal characteristics that are similar to CSF. On T1WI, EC is hypointense but usually slightly 
brighter than CSF, giving rise to the term “dirty CSF.” In contrast to other CPA region tumors, EC does not enhance. 
EC is characteristically very hyperintense on T2WI and in some cases may be indistinguishable from CSF. When 
conventional MR imaging sequences are indeterminate, diffusion-weighted imaging can be useful and greatly increases 
the conspicuity of the lesion (Fig. 6). 

  

Figure 9. Meningioma. (A) Axial CT at 
bone algorithm of a patient with a 
temporal bone meningioma (M) 
centered over the petrous bone at the 
posterior floor of the middle cranial 
fossa. The hyperostotic bony changes 
(arrows) are characteristic for 
meningioma. (B) Postcontrast T1-
weighted MR image shows 
characteristic enhancement. 

 

Figure 10. CPA meningioma. Axial high-resolution T2 FSE scan shows a broad 
dural-based extra-axial mass in the prepontine and CPA cisterns (M), with 
extension into the IAC (arrow). 



 Arachnoid cysts (AC) 

Arachnoid cysts (AC) are simple loculated CSF collections that form as a result of a congenital focal defect or 
duplication of the arachnoid membrane [26]. ACs can be seen in any location where the arachnoid membrane is found, 
but the some of the more common locations include the middle cranial fossa, sylvian cisterns, and hemispheric 
convexities. Less common locations include the CPA cisterns, suprasellar cistern, and cisterna magna. The imaging 
features of AC are those of a large uniform CSF collection with smooth rounded margins. AC appears isodense to CSF 
on CT and isointense to CSF on T1WI and T2WI, showing no contrast enhancement. AC may appear similar to EC. 
Mass affect on adjacent brain or mild remodeling of adjacent bone often are present (Fig. 7). When the cyst wall 
cannot be seen, differentiation between a simple enlarged CSF space and a small AC can be difficult. 

 Dermoid cyst (DC) 

Dermoid cyst (DC) is similar to EC in that it is the result of a congenital ectodermal inclusion, but differs in that it 
includes tissues from all three ectodermal layers. DCs may contain fat, dermal appendages (including hair and teeth), 
and calcification. DCs may rupture, resulting in spread of contents in the subarachnoid space and causing a chemical 
meningitis. 

 Lipomas 

Lipomas are congenital hamartomatous lesions that are distinct from DCs. Lipomas are masses of ectopic fat that 
probably form as a result of fatty maldevelopment of primitive meningeal mesodermal tissues [27]. Intracranial 
lipomas most commonly are seen at the midline, often in association with callosal or other midline anomalies, but can 
also occur in the CPA region [28]. Lipomas located within the IAC have been described [29]. Both DCs and lipomas on 
MRI show characteristic hyperintense fat signal on T1WI. Lipomas tend to be smaller and more homogeneous (Fig. 8). 
DCs often contain heterogeneous elements, including calcification, which is best appreciated CT. DC typically has 
greater mass effect and may rupture, producing a characteristic appearance of scattered fat droplets in the CSF space. 

  

Figure 11. Epidermoid. (A) Axial T1-
weighted image of the CPA region in a 
35-year-old male with worsening 
vertigo. An epidermoid cyst is present 
(E), displacing the adjacent pons and 
cerebellum. The mass appears 
hyperintense relative to CSF. (B) Axial 
high-resolution T2 FSE MR imaging 
allows identification of the 
vestibulocochlear nerves and 
demonstrates anterior displacement of 
the cochlear branch (arrow) by the 
epidermoid cyst. The mass shows T2 
signal identical to CSF. 

 

Figure 12. Arachnoid cyst. Axial T1-weighted MR images through the CPA 
cistern demonstrate a homogeneous CSF-signal collection () that causes mild 
mass effect on the adjacent brain structures. The cyst wall is incompletely 
perceptible. 



 Malignant and inflammatory meningitides 

Any process that affects the meninges and subarachnoid spaces generally can affect the CPA and IAC cisterns. Spread 
of malignancy to the subarachnoid space and CSF results in carcinomatosis and may be seen in patients with primary 
CNS malignancy, adenocarcinoma (especially breast and lung), lymphoma, melanoma, leukemia, or other metastatic 
malignancy [30]. Infectious meningitis, particularly tuberculous and fungal meningitis, results in focal meningeal 
disease that is most prominent in the basilar cisterns. Noninfectious inflammatory conditions also cause localized 
meningeal changes, including sarcoidosis, histiocytosis, idiopathic hypertrophic pachymeningitis, and postoperative 
meningeal reaction [31–34]. 

Meningeal disease is evaluated best with contrast-enhanced MR imaging. Abnormal enhancement may appear as 
multiple nodular deposits or as focal or diffuse leptomeningeal or pachymeningeal thickening [35,36] (Fig. 9). A solitary 
meningeal deposit may mimic meningioma [37]. In general, when a focal meningeal process is discovered in the CPA or 
IAC, the remainder of the intracranial contents and spinal axis should be examined to evaluate for possible 
involvement. 

 Glomus tympanicum paraganglioma 

Glomus tympanicum paraganglioma (GTP) is tumor of glomus cells, or paraganglia, that reside in the inferior 
temporal bone. GTP is a subtype of paraganglioma that is localized to the glomus formations of the glossopharyngeal 
(Jacobson's nerve) that are found near the cochlear promontory. Paragangliomas, which are located in the jugular 
foramen, the proximal carotid sheath, and carotid bifurcation, are referred to as glomus jugulare, glomus vagale, and 
carotid body tumor, respectively; the unique features of these lesions are not included in this discussion. When a large 
glomus jugulare extends into the middle ear, the term “glomus jugulotympanicum” is used. 

GTP is three times more common in women than men, usually presenting in middle age. Patients typically present with 
pulsatile tinnitus, conductive hearing loss, or inner ear symptoms. Large jugulotympanicum tumors also may present 
with multiple lower cranial neuropathies. On otologic examination, GTP appears as a vascular retrotympanic mass. 

Small GTP tumors are seen readily on thin-section CT. The lesion appears a nodule of soft tissue at the medial wall of 

  

Figure 13. Lipoma. (A) Axial T1-
weighted MR image shows a CPA mass 
(arrow) with intrinsic T1 
hyperintensity that is characteristic of 
lipoma. (B) Axial T1-weighted MR 
imaging with fat suppression confirms 
the fatty nature of the mass. 

  

Figure 14. IAC metastasis. (A) Axial T2 
FSE image of the temporal bone in an 
elderly woman with acute onset 
hearing loss. Ill-defined thickening of 
the nerves in the IAC is seen. (B) Axial-
enhanced T1-weighted image shows 
enhancement in the IAC as a result of 
carcinomatous implant. Bilateral IAC 
and additional cisternal enhancement 
were also present (not shown). 



the middle ear, classically located at the cochlear promontory (Fig. 10). Larger tumors fill the middle ear, but typically 
do not cause bone erosion and tend to spare the ossicles. Glomus tumors show intense enhancement on MR imaging 
because of their vascular nature. MR imaging plays a critical role in defining the extension of GTP intracranially and 
into the skull base, inasmuch as the surgeon can appreciate only the tympanic part of the tumor on otoscopy. 

SUMMARY 

Meningiomas constitute between 13% and 19% of intracranial tumors. They are the most common tumors of nonglial 
origin. These tumors most often occur in patients between the ages of 40 and 70 years. They are twice as common in 
females. Meningiomas usually arise from the arachnoid, and there is a predilection for occurrence near arachnoid 
granulations. Deep within the adult brain, the most frequent sites of occurrence are from the tuberculum sellae, 
suprasellar and parasellar regions, sphenoid ridge, and tentorial incisura and the cerebellopontine angle. 
Intraventricular tumors are also described. These arise from the tela choroidea or from meningeal cell rests in the 
choroid plexus. They usually arise within the lateral ventricles and are more common on the left. 

One of the keys to diagnosis of meningiomas is to recognize their extraaxial location. On CT, meningiomas usually 
appear as homogeneous hyperdense masses. Approximately 20% of meningiomas show some calcification, which is 
psammomatous in nature. About 10% of meningiomas are heterogeneous in density, which may reflect numerous 
intratumoral blood vessels or intratumoral cysts or cysts adjacent to the tumor. These usually occur in the angioblastic 
type. The vast majority of tumors show contrast enhancement, and peritumoral edema is common.  

On MR imaging, meningiomas are isointense to gray matter in the majority of cases or mildly hypointense to gray 
matter on Tl-weighted images. Heavily T2- weighted images show that these tumors are either isointense (50%) or 
mildly hyperintense (40%) to gray matter. MR imaging is particularly helpful in delineating the extra-axial location of 
these tumors. It may show a cerebrospinal fluid cleft between the tumor and adjacent brain or directly visualize the 
displaced dural margins or pial vessels. A broad-based dural margin is frequently visible,the tentorial incisura is 
frequently thickened. 

 Addendum 

 A new version of this PDF file (with a new case) is uploaded in my web site every week (every Saturday and 

  

Figure 15. Glomus tympanicum 
paraganglioma. (A, B) Axial and 
coronal CT in a 36-year-old woman 
with pulsatile tinnitus and 
retrotympanic mass on otoscopic 
examination. A small soft-tissue mass is 
present at the medial wall of the middle 
ear overlying the lower portion of the 
cochlear promontory (arrows). 

SUMMARY 
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