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CHAPTER

NON-VESTIBULAR SCHWANNOMA TUMOURS 
OF THE CEREBELLOPONTINE ANGLE

105

Simon K.W. Lloyd and Scott A. Rutherford

INTRODUCTION
Lesions of the cerebellopontine angle (CPA) are uncom-
mon, making up 6–10% of intracranial tumours; 80–90% 
are vestibular schwannomas (VS), with the remaining 
10–20% a heterogenous mixture of predominantly benign 
pathologies, although malignant also occur.1–9 Pathology 
may arise from any of the anatomical structures that are 
found within or adjacent to the CPA. Table 105.1 summa-
rizes the types of pathology that may occur. Meningiomas 
and epidermoid cysts are the commonest non-vestibular 
schwannoma tumours of the CPA, making up approxi-
mately 10% and 6% respectively in this location.

SYMPTOMS AND SIGNS OF 
NON-VS CPA TUMOURS
Lesions of the CPA cause damage to the neurological struc-
tures traversing the CPA and it is not usually possible to 
differentiate between different pathologies based on symp-
toms and signs. Most present with audiovestibular com-
promise in the form of sensorineural hearing loss, tinnitus 
or vertigo.7, 10, 11 Other cranial nerves may also be affected 
resulting in altered facial sensation, facial weakness, 

twitching or spasm and lower cranial nerve weakness 
depending on the position and nature of the lesion.

Larger tumours also cause brainstem compression that 
may result in ataxia, headache, hydrocephalus and, in the 
extreme, may compromise brainstem reflexes, particularly 
respiratory drive. Onset of symptoms and signs is usually 
insidious.

It is important to note that the majority of patients with 
these clinical features have no tumour but have other non-
neoplastic pathology such as ischaemic disease, migraine 
or other neurological conditions.

IMAGING OF NON-VS CPA TUMOURS
Where symptoms and signs are often unhelpful in differ-
entiating between CPA pathologies, modern radiological 
techniques have, in contrast, revolutionized the diagno-
sis of CPA pathology. This paradigm shift in the ability 
to diagnose and differentiate between CPA pathologies 
has resulted in fundamental philosophical changes in the 
management of CPA pathology with conservative man-
agement and stereotactic radiosurgery becoming increas-
ingly popular in the management of such lesions.

Magnetic resonance imaging (MRI) is the gold standard 
imaging modality. It provides excellent definition of soft 
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tissue structures. Axial and coronal T1-weighted imaging 
with gadolinium enhancement and T2-weighted imag-
ing are widely used. Fat suppression in conjunction with 
gadolinium-enhanced imaging is also extremely helpful. 
Diffusion-weighted imaging (DWI) MRI has been intro-
duced in the last decade and is also helpful, particularly in 
identifying epidermoid tumours. 

High-resolution axial and coronal computed tomogra-
phy (CT) is often a useful adjunct to MRI and provides 
excellent definition of bony structures. 

Table 105.2 summarizes the radiological characteristics 
of the common CPA pathologies.

Other forms of imaging may also be helpful. This includes 
MR angiography and traditional angiographic imaging. 

TABLE 105.2 Table showing the imaging characteristics of the common pathologies affecting the CPA

Lesion CT
CT + 
contrast

MRI 
T1- weighted

MRI 
T2-weighted

MRI + 
Gadolinium Special features

Vestibular 
schwannoma

→ + ↓ ↓/↑ + ‘Ice cream cone’; heterogeneous enhancement 
if cysts

Meningioma ↑ + →/(↑) →/↓/(↑) + ‘Dural tail’ on post-contrast imaging; may be 
calcified

Epidermoid ↓ − ↓ ↑ − Bright on DWI b1000 trace; internal structure 
may be visible on T1-W and T2-W MRI; close 
to CSF on T1-W and T2-W MRI; not CSF signal 
on FLAIR MRI

Lipoma ↓/fat − ↑/fat ↑/fat − Complete saturation on T1 fat saturation MRI; 
chemical shift artefact on T2-W MRI

Arachnoid cyst ↓/CSF − ↓/CSF ↑/CSF −

Glomus tumour →/↑ + ↓ ↑ + ‘Salt and pepper’; T1-W MRI, bright 
haemorrhagic foci; T2-W MRI, dark flow voids

Choroid plexus 
tumour

→/↑ + →/↓ →/↑ + May be calcified; MRI may not distinguish 
papilloma from carcinoma; children > adults 

↓, hypodense (CT)/hypointense (MRI) to brain; →, isodense (CT)/isointense (MRI) to brain; ↑, hyperdense (CT)/hyperintense (MRI) to brain; +, enhance-
ment; −, no enhancement; CSF, cerebrospinal fluid; DWI, diffusion-weighted imaging; FLAIR, fluid-attenuation inversion recovery.

TABLE 105.1  Differential diagnosis of non-vestibular schwannoma lesions of the cerebellopontine angle

Benign Malignant

Lesions arising from the CPA • Meningioma
• Epidermoid cyst 
• Arachnoid cyst
• Trigeminal schwannoma
• Facial schwannoma
• Lower cranial nerve schwannoma
• Lipoma
• Dermoid cyst
• Tuberculoma
• Sarcoid granuloma
• Neurenteric/enterogenous cyst 
• Trigeminal ganglioneuroma
• Solitary fibrous tumour
• Melanocytoma
• Lipomatous glioneurocytoma
• Benign glandular peripheral nerve sheath tumour
• Neurocytoma

• Metastases (breast, gall bladder, 
nasopharynx, parotid)

• Malignant melanoma
• Lymphoma
• Neuroectodermal tumour
• Malignant peripheral nerve sheath tumour
• Haemangiopericytoma

Temporal bone lesions 
involving the CPA

• Cholesterol granuloma
• Glomus jugulare 
• Haemangioma

• Squamous cell carcinoma
• Chondrosarcoma
• Chordoma
• Endolymphatic sac tumours 

(Papillary adenoma/adenocarcinoma)
• Plasmacytoma

Intra-axial lesions involving 
the CPA

• Low grade glioma (Ependymoma/Astrocytoma) 
• Choroid plexus papilloma
• Glioependymal cyst
• Lipomatous hamartoma
• Cysticerosis
• Haemangioblastoma
• Plasma cell granuloma

• High grade glioma (Glioblastoma/Malignant 
astrocytoma)

• Medulloblastoma
• Meningosarcoma
• Choroid plexus carcinoma
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These are particularly helpful in delineating vascular lesions 
such as glomus tumours.

BENIGN LESIONS ARISING 
FROM THE CPA

Meningiomas
DEFINITION AND PATHOLOGY

Meningiomas arise from clusters of epithelial cells that are 
present at the tips of arachnoid villi that are concentrated 
in the walls of venous sinuses, in their tributary veins 
and at the cranial nerve exit foramina.11, 12 They may be 
well circumscribed or, more rarely, en plaque when their 
growth pattern results in a flat lesion. Bony infiltration via 
Haversian canals can occur and may result in hyperos-
tosis that is demonstrable radiographically. They displace 
or surround cranial nerves and blood vessels rather than 
invading them. Nevertheless, they can become strongly 
adherent to these structures.10, 12

Histologically, meningiomas may be graded from 1 to 3 
according to the WHO grading system.10–16 Grade  1 
tumours make up 81% and are described as classical. 
Grade 2 tumours make up 15% and are described as atyp-
ical. Grade 3 tumours make up the remaining 4% and 
demonstrate malignant features including the ability to 
metastasize either haematogenously or via CSF.17 Grade 1 
and 2 tumours are regarded as benign. Meningiomas 
often contain ‘psammoma bodies’, spherical calcifications 
responsible for a sandy appearance of the tumour surface.

Most tumours are regarded as being idiopathic with the 
exception of those associated with neurofibromatosis type 
1 and type 2. Twenty per cent of adolescents with menin-
giomas have some form of neurofibromatosis.13 Some 
authors have suggested an endocrine aetiology based on 
high concentrations of progesterone receptors, moderate 
numbers of androgen receptors and a low level of oes-
trogren receptors within meningiomas. A recent meta-
analysis of the influence of hormone replacement therapy 
on development of meningiomas in women suggests that 
there is an association.18 There may also be an association 
with androgen use in males.19 Irradiation to the head is 
also associated with an increased risk of meningiomas.

EPIDEMIOLOGY

Meningiomas account for approximately 10–20% of all 
intracranial neoplasms. The incidence increases with age, 
the average age at the time of diagnosis of posterior fossa 
meningiomas being approximately 43 years.13 Between 
5% and 10% of all meningiomas arise in the CPA and 
are more common in middle-aged females. Second to ves-
tibular schwannomas, meningiomas are the most common 
neoplasm found in the CPA, constituting roughly 10% of 
lesions in this location.10–12

CLINICAL PRESENTATION

Meningiomas differ from vestibular schwannomas in 
their clinical presentation. Audiovestibular symptoms 

are common but are often less marked and of shorter 
duration in patients with meningiomas compared with 
vestibular schwannomas.2, 4, 7, 10, 12, 14, 20–23 Hearing loss 
is present in 41–80% of patients. This is usually senso-
rineural in nature but may be conductive if the middle 
ear is involved.24 Tinnitus is present in about 15–60% of 
patients and dysequilibrium is a presenting symptom in 
20–60% of patients. Other cranial nerve symptoms and 
signs tend to be more common with meningiomas than 
with vestibular schwannomas, occurring in up to 30% 
of patients. Fifth and seventh nerve symptoms are pres-
ent in up to 20–60% and 10–50% of patients respec-
tively.4,  7,  10,  12, 14, 22, 23 Cerebellar signs are reported in 
about 30–90% of patients.7, 12, 14, 21–23

DIAGNOSIS

CT scans usually reveal a durally based homogenous 
tumour that is either iso- or slightly hyperintense. They 
avidly take up contrast.10, 11 Peri-tumoural oedema may 
also be demonstrated, as may bony erosion, hyperostosis 
and intra-tumoral calcification. CT is superior to MRI 
in evaluating bone involvement and calcification of the 
tumour and is also helpful in demonstrating extension 
into the middle ear.11, 13

The gold standard imaging modality for demonstrat-
ing meningiomas is, however, MRI. T1-weighted imaging 
shows a homogenous iso- or hypointense tumour relative 
to brain parenchyma that is durally based. They take up 
gadolinium although they often enhance less avidly than 
vestibular schwannomas (Figure 105.1). With gadolinium, 
a dural tail is seen in around 60% of tumours. It has not 
been established whether the changes are neoplastic or 
represent reactive changes in the meninges adjacent to 
the tumour.11, 13, 14 They are very variable in intensity on 

Figure 105.1 T1-weighted axial MRI scan with gadolinium 
enhancement showing a large right CPA meningioma.
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T2-weighted imaging.10, 11, 13, 14 Again, MRI may identify 
significant peri-tumoral brain oedema.

The natural history of untreated meningiomas is gener-
ally benign. A systematic review by Sughrue et al. have 
demonstrated that, over a 4 year period, 50% demonstrate 
growth. Half of these increase in size by less than 10% per 
annum.25

TREATMENT

For selected cases, particularly for those patients with 
severe co-morbidities, advanced age or small tumours, 
observation with serial MRI has become increasingly 
popular. This reflects the generally benign natural his-
tory of meningiomas. This type of management is, 
however, less effective for meningiomas compared to 
vestibular schwannomas that demonstrate growth in 
only 20–30% of cases.

For large or symptomatic tumours, the treatment of 
choice for meningiomas is surgical excision and the ideal 
is complete resection of tumour together with involved 
dura and affected underlying bone. Although complete 
macroscopic clearance has been described in up to 91% of 
CPA meningiomas,26 complete resection is not always pos-
sible, particularly if there is extensive bony involvement or 
strong adherence to neurovascular structures or brain.27 
The extent of resection may be graded using the Simpson 
criteria.28 This and the histological grade of the tumour 
determines recurrence rates. For example, for Simpson 
grade I tumours, the recurrence rates for WHO grades 1 
and 2 respectively are 12% and 41%.16 Table 105.3 sum-
marizes the Simpson criteria together with the 10-year 
recurrence risk for each grade.

Surgical approach is determined by hearing status and 
the size and location of the tumour, including involvement 
with neurovascular structures as well as local preferences. 
The retrosigmoid approach is the standard neurosurgical 
approach to the posterior fossa and offers the possibil-
ity of hearing preservation in appropriate cases.20, 26, 29, 30 
The translabyrinthine approach offers direct access to the 
CPA and may offer lower mortality and improved facial 
nerve outcome compared to the retrosigmoid approach, 
but sacrifices residual hearing.3, 30–32 A combined translab-
yrinthine-retrosigmoid approach can be used for tumours 
greater than 3–4 cm. The transcochlear approach offers 

anterior exposure to facilitate resection of tumours 
extending into the region of the clivus, Meckel’s cave and 
the petrous portion of the internal carotid artery, and may 
be used in combination with a trans-tentorial approach if 
required.30, 32 The middle fossa approach may also be used 
for tumours within the internal auditory canal that have a 
small CPA component.

Several authors have investigated the potential role of 
radiotherapy as a primary treatment modality and for 
recurrent or residual tumours.33, 34 A number of types 
of  radiotherapy have been used. Historically, external 
beam radiotherapy was used but this achieved relatively 
poor control rates of around 85%.35, 36 Latterly, fraction-
ated stereotactic radiotherapy and stereotactic radiosur-
gery have been used. For WHO grade 1 tumours, these 
techniques produce growth control rates of 86–99% 
although control becomes less likely with increasing 
tumour volume.34, 37, 38 Similarly, brachytherapy with 
iodine-125 seems to be of value in both recurrent and pri-
mary skull base meningiomas.39

Medical therapies including hormone therapies, temo-
zolomide, hydroxyurea, alpha-interferon, mifepristone 
and COX-2 inhibitors are currently being investigated but 
results to date have generally been disappointing.13, 40, 41 
Targeted chemotherapy aimed at blocking specific growth 
factors or intracellular signalling pathways are currently 
under investigation.42

Epidermoid cysts
DEFINITION AND PATHOLOGY

Epidermoids or primary cholesteatomas are keratinous 
cysts that originate from inclusion epithelial cells trapped 
during neural tube closure between the third and fifth 
weeks of gestation. In the CPA, they are thought to origi-
nate from transplantation of epithelial cell rests by the 
laterally migrating optic and otic capsules or develop-
ing neurovasculature.2, 11, 43 They are distinguished from 
dermoids by the absence of skin adnexal components. 
They increase in size slowly by the accumulation of kera-
tin and cholesterol produced by the desquamation of the 
squamous epithelial lining of the cyst and their growth 
rate is similar to that of normal skin and not the expo-
nential growth seen with most neoplasms.2, 11, 43 They 
insinuate around neurovascular structures, irritating 
rather than displacing them, and they fill the cisterns 
from which they arise following the line of least resis-
tance.10, 43, 44 Thirty to 40% of epidermoids occur in the 
CPA but they can be found elsewhere in the brain.2, 11, 43 
Macroscopically, these tumours have a soft texture and 
a pearly white colour. Microscopically, they are avascu-
lar tumours lined by stratified squamous epithelium that 
surrounds a mass of keratinous debris and, frequently, 
cholesterol crystals.10, 43

EPIDEMIOLOGY AND AETIOLOGY

Epidermoids account for 0.2–1.8% of all intracra-
nial  neoplasms and constitute 5–9% of tumours in the 
CPA.2, 11, 43, 45 They may be slightly more common in 

TABLE 105.3 Table summarizing the Simpson criteria for 
completeness of tumour removal

Simpson 
grade Completeness of resection

10-year 
recurrence28

I Complete removal including 
underlying bone and associated 
dura

5–9%

II Complete removal and coagulation 
of dural attachment

15–19%

III Complete removal without resection 
of dura or coagulation

12–29%

IV Subtotal resection 19–40%
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males than in females. They are not associated with any 
other congenital abnormalities.43

CLINICAL PRESENTATION

Because of their slow growth, CPA epidermoids may 
be asymptomatic for years.2, 7, 43 As with meningiomas, 
hearing loss is less common than with vestibular schwan-
nomas, occurring in 50–80% of cases.4, 7, 43, 46–48 Fifth 
and seventh nerve symptoms occur in 30–50% of cases. 
Cerebellar signs or signs of increased intracranial pressure 
may also occur. 4, 7, 43, 46–48 Lower cranial nerve symptoms 
and signs are more rare. 4, 7, 43, 46–48 Spontaneous meningi-
tis without surgery has been reported and an intracranial 
epidermoid should be suspected in a patient with repeated 
episodes of aseptic meningitis.49 Malignant transforma-
tion of epidermoids into squamous cell carcinoma has 
been reported and present with more severe and rapidly 
progressive symptoms.50, 51

DIAGNOSIS

As with other types of CPA pathology, MRI is the imaging 
modality of choice.11 On T1-weighted imaging, the lesions 
are heterogenous and of low signal showing no enhance-
ment with gadolinium, although granulations around the 
cyst may enhance. T2-weighted imaging is particularly 
helpful and shows a high signal homogenous lesion that is 
lobulated, conforming to the shape of the cistern in which 
it has developed (Figure 105.2).11 Large epidermoids com-
press adjacent brain. In addition, FLAIR or DWI is usu-
ally diagnostic with the lesion having high signal. This 
is very helpful in differentiating epidermoid cysts from 
arachnoid cysts.52

CT may also be used and shows a lesion with similar 
signal to CSF. There are not usually any changes within 
the adjacent bone. CT is often, therefore, not particularly 
helpful. Atypical MRI and CT appearances have been 
reported.53, 54 

TREATMENT

Microsurgery is the treatment of choice with the retrosig-
moid approach being the standard approach, although the 
translabyrinthine and middle fossa approaches may be used 
if required.4, 7, 46–48 The goal of surgery is decompression of 
the cyst and, if possible, removal of the capsule. The interior 
of the tumour can be easily removed using suction or curet-
tage. The capsule can, however, be very difficult to remove 
because of the way that epidermoids engulf neurovascular 
structures, and total removal is  associated with a signifi-
cantly higher morbidity and mortality.4, 7, 43, 46–48 A com-
parison of recent major series shows a rate of total removal 
of between 0% and 97%. Most authors advocate subtotal 
removal of the tumour rather than compromising neurovas-
cular function. Surgery may be repeated but is often only 
required every decade or more.4, 7, 43, 46–48 Post-operative 
aseptic meningitis may occur in up to 40% of cases and is 
almost unique to this condition. This complication may be 
avoided by the use of prophylactic steroid use and minimal 
intra-operative spillage of tumour. If it occurs, the patient 
should be treated with antibiotics and steroids. 

Even in modern series, recurrence rates of up to 35% 
have been reported.4, 7, 43, 46–48 Serial imaging of any recur-
rence should be performed and a conservative approach 
taken, given that tumours may not become symptomatic 
during the patient’s normal life span.

Arachnoid cysts
DEFINITION AND PATHOLOGY

Arachnoid cysts are congenital malformations of the 
arachnoid and are histologically characterized by a cyst 
wall that resembles arachnoid55 and a cystic space filled 
with CSF or xanthochromic fluid.

EPIDEMIOLOGY

Arachnoid cysts make up approximately 1% of all intra-
cranial lesions and the CPA represents the second most 

(a) (b)

Figure 105.2  Axial MRI scans showing a large left CPA epidermoid. (a) T1-weighted scan without gadolinium enhancement. 
(b) T2-weighted scan.
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common location after the Sylvian fissure. The aetiology 
remains unknown, but abnormal CSF flow, trauma or 
inflammation have been proposed.56

CLINICAL PRESENTATION

Eighty-five per cent of cysts are asymptomatic. 
Symptomatic cysts present with symptoms similar to other 
CPA lesions, with gradual onset of cranial nerve dysfunc-
tion especially of the VIIIth cranial nerve.56–60 Sudden sen-
sorineural hearing loss has been reported61 and there have 
been a number of reports of hemifacial spasm.62, 63 They 
may also present with symptoms of brainstem and cerebel-
lar compression, and syringomyelia has been described.64

DIAGNOSIS

MRI is the primary diagnostic imaging modality. The 
cysts are heterogeneous in their appearance but they 
have the same signal as CSF, being hypointense on 
T1-weighted images and hyperintense on T2-weighted 
images (Figure  105.3). No enhancement is seen.10, 56, 60 
The cyst wall is smooth and round and the cysts compress 
or displace adjacent structures. Erosion of adjacent bone 
may also be seen.44 They may be confused with epider-
moid cysts and diffusion weighted imaging is helpful in 
differentiating these two pathologies. Only 2% of them 
demonstrate growth.

TREATMENT

Asymptomatic cysts require no treatment and should be 
followed by serial MRI scans. For symptomatic cysts, 
microsurgical decompression and fenestration via the 
retrosigmoid approach is the most commonly recom-
mended procedure,10, 11 although some authors have 
described an endoscopic approach.65, 66 Sporadic reports 
of cyst recurrence after inadequate fenestration exist 
and some authors advocate complete cyst resection.60 

Others  suggest cystoperitoneal shunts but these appear 
to be less effective than fenestration.56, 60

Lipomas
DEFINITION AND PATHOLOGY

CPA lipomas are likely to be congenital malformations and 
not actual neoplasms.67–70 They may result from the failed 
dissolution and aberrant differentiation of the meninx prim-
itiva, the mesenchymal derivative of neural crest,67,  70,  71 

which contains mature adipose cells accompanied by a 
varying degree of fibrovascular tissue. Blood vessels and 
nerves pass directly through them and are not displaced.

EPIDEMIOLOGY

These are rare tumours with an incidence of 0.08% in 
autopsy cases.71, 72 They make up approximately 0.05–
0.1% of CPA tumours,11, 44, 67, 71, 73–78 although this may 
be an underestimate given that they may be mistaken for 
vestibular schwannomas.71, 79 It is thought that only 9% of 
intracranial lipomas are found in the CPA, with interhemi-
spheric lipomas being the most common.70 A male prepon-
derance has been reported by several authors.73, 79, 80 Mean 
age at diagnosis is around 50 years.80 Bilateral tumours 
have also been described.71

CLINICAL PRESENTATION

They present clinically with similar symptoms to other 
more frequent CPA tumours like vestibular schwanno-
mas,11, 67, 71, 73–75, 77, 79–81 although the onset of symptoms 
may be more insidious. Hearing loss is the most com-
mon presenting symptom followed by tinnitus and diz-
ziness.71–73, 76, 79, 80 Reports regarding their effect on the 
facial nerve vary in the literature, with some series show-
ing no effect on facial nerve function and others suggest-
ing that up to 9% of cases have facial nerve weakness.73 

(a) (b) (c)

Figure 105.3  An intracanalicular right sided lipoma. (a) Very high signal intensity on axial non-contrast enhanced, T1-weighted imag-
ing. (b) Hypointense on axial T1-weighted following fat suppression. (c) No enhancement following administration of gadolinium.
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Other reported symptoms include hemifacial spasm82, 83 
and trigeminal neuralgia.68, 84, 85 Weakness of other cra-
nial nerves (with the exception of the vestibulocochlear 
nerve) has not been reported.

DIAGNOSIS

On MR imaging, lipomas have the same imaging charac-
teristics as subcutaneous fat with high intensity on non-
enhanced T1-weighted MRI studies, with progressive iso- to 
hypointensity with increasing T2 weighting. They produce 
no signal with fat suppression sequences.75, 77, 80, 86, 87 The 
latter is extremely useful in differentiating lipomas from 
other CPA pathology (Figure 105.4). Furthermore, lipo-
mas have also been said to display the MRI phenomenon 
of chemical shift and this may assist further in confirming 
the diagnosis. This phenomenon consists of a ring of low 
signal intensity at the posterior edge of the mass because 
of mis-registration of the fatty tissue at the interface with 
soft tissue and cerebrospinal fluid.71

Most of the literature suggests that CPA lipomas rarely 
grow,11, 71–73, 78–80 with only one documented case of a CPA 
lipoma demonstrating growth in the current literature.71 It 
has, however, been hypothesized that CPA lipomas might 
fluctuate in size, depending on the patient’s weight.71 This 
is not a consistent finding in the literature, however.80

TREATMENT

Because they are very unlikely to grow, conservative man-
agement has become the mainstay of management with 
some authors suggesting that long-term follow-up is not 
required.80 Surgical removal has, however, been performed 
in cases with symptoms related to compression phenomena, 
mostly of the cranial nerves67, 71–73, 79 or in cases of mis-
diagnosis.78 In many of these cases, total removal of the 

lipoma has been very difficult and surgery has been asso-
ciated with significant post-operative morbidity.67, 71–73, 79 
This is because CPA lipomas tend to be adherent to cra-
nial nerves and the brainstem, making dissection challeng-
ing.71, 73, 78 Most authorities therefore recommend subtotal 
removal if surgery is indicated. Both the translabyrinthine 
and retrosigmoid approaches have been described.11, 67, 71

Non-vestibulocochlear cranial 
nerve schwannomas
Schwannomas are the commonest neoplasm of cranial 
nerves and may develop on the V, VII or lower nerves. 
Symptoms reflect the nerve involved. Overall, they con-
stitute 2–3% of all CPA tumours. Microscopically, non-
vestibular schwannomas cannot be distinguished from 
vestibular schwannomas.

Facial schwannomas
DEFINITION AND PATHOLOGY

Facial nerve schwannomas (FNS) are rare benign tumours 
of the Schwann cell sheath of the facial nerve. Tumour 
may develop at any point along the course of the nerve 
from the CPA to the muscular branches in the face. Single 
or multiple segments of the nerve can be involved although 
the latter is more common.88 The CPA is involved in 22 to 
46% of cases depending on the series reviewed.88, 89 

EPIDEMIOLOGY

FNS tend to present in the fourth or fifth decades of life88 
and have a male preponderance.90 

CLINICAL PRESENTATION

In a meta-analysis of 427 patients, the commonest present-
ing symptoms were facial weakness and hearing loss occur-
ring in 63% and 51% of cases respectively.91 Facial weakness 
tends to be more common with tumours involving the extra-
cranial segments of the nerve, especially the geniculate and 
labyrinthine segments. It can be of variable severity and may 
be transient or progressive or recurrent.92, 93 The proportion 
of patients showing deterioration of facial function follow-
ing diagnosis ranges from 21% to 38% depending on the 
series.88, 94 Audiovestibular symptoms are more common 
with tumours involving the CPA and internal auditory canal 
(IAC),95 although conductive hearing loss may occur if the 
middle ear is involved.

DIAGNOSIS

The gold standard diagnostic tool for the identification 
of a FNS is T1-weighted MRI with gadolinium enhance-
ment. This allows identification of multiple segments of 
the facial nerve, a feature that is highly suggestive of FNS. 
Nevertheless, it may be extremely difficult to differenti-
ate FNS from other pathologies, particularly if the radio-
logical changes are confined to the CPA or the IAC as the 

Figure 105.4 Axial T1-weighted MRI scan showing a right petrous 
apex cholesterol granuloma.
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appearance can be identical to that of a vestibular schwan-
noma. It may also be difficult to differentiate FNS from 
other rarer pathologies such as haemangiomas. All CPA 
tumours should therefore have at least one scan with gado-
linium to ensure that there is no adjacent VII nerve enhance-
ment to suggest an FNS rather than a VS.

Tumour growth (> 2 mm) has been reported to occur in 
14% to 31% of patients.88, 94 

TREATMENT

In the absence of significant tumour growth, significant 
brainstem compression or deterioration of facial function 
to grade 4 or worse, most clinicians recommend conser-
vative management. Over half of tumours are therefore 
managed conservatively, at least initially.88, 94, 96 

In those patients not managed conservatively, most 
undergo surgical excision although stereotactic radiother-
apy may also be considered.

For those having surgery, the approach depends on the 
segment of nerve involved but most often requires a trans-
labyrinthine or transotic approach if the CPA is involved. 
If there is serviceable hearing a combined transmastoid/
middle fossa/retrosigmoid approach may be considered. 
Facial nerve grafting with great auricular or sural nerves 
is carried out following tumour removal. The possibility 
that a CPA tumour could be an FNS rather than a VS 
should always be considered. Fascicle preservation surgery 
has also been described with successful preservation of 
facial function.97 Bony decompression of the tumour may 
also be considered under certain circumstances and may 
avoid deterioration in facial function.

The indications for radiotherapy are, as yet, unclear. 
A single case report of treatment with stereotactic frac-
tionated radiotherapy has shown that tumour growth can 
be controlled and facial function not worsened by this 
modality of treatment.98 

Trigeminal schwannomas
Tumours tend to involve either the ganglion or the nerve 
root, or both. Fifth nerve symptoms tend to dominate over 
VIIIth nerve dysfunction and the patients present with 
facial pain or numbness.10 Other symptoms of an expand-
ing CPA tumour may also be present. CT scans demon-
strate enlargement of Meckel’s cave or foramen lacerum 
and the tumours tend to be hypo- or isodense and show 
contrast enhancement. On MRI, the tumours appear iso- 
or hypointense on T1-weighted images and isointense on 
T2-weighted images and show bright enhancement as 
with other schwannomas. Tumour removal is possible 
through combined posterior, middle fossa or infratempo-
ral fossa approaches.10, 99 Endoscopic transnasal removal 
of tumours involving the middle fossa and infratemporal 
and pterygopalatine fossae has also been described.100 The 
use of stereotactic radiosurgery has also been reported.101

Lower cranial nerve schwannomas
Lower cranial nerve schwannomas account for less than 
1% of all CPA lesions.45 They develop within the jugular 

foramen and may extend intracranially or extracranially, 
often developing a dumbbell shape. Symptoms reflect the 
nerve involved but may also result in audiovestibular dys-
function or clinical features of brainstem compression 
if large. Their imaging characteristics are those of any 
cranial nerve schwannoma. Treatment is by conservative 
management unless there is significant brainstem com-
pression, in which case surgical resection may be under-
taken. The decision to proceed is easier if there has already 
been loss of lower cranial function. Approaches include 
retro sigmoid, transcochlear and infratemporal fossa 
approaches depending on the position of the tumour.102, 103 
Growing tumours with good lower cranial nerve function 
may be treated with stereotactic radiosurgery.

Miscellaneous tumours
Dermoids are midline cysts and rarely invade the CPA lat-
erally. They contain skin adnexal components, contrary 
to epidermoids.45 

Choroid plexus papillomas are rare tumours, repre-
senting less than 1% of intracranial neoplasms. They are 
derived from the epithelial cells of the choroid plexus and 
demonstrate the structure of the normal choroid plexus 
when benign. Most often affecting children, they typi-
cally arise in the lateral ventricles. In adults, the primary 
site is the fourth ventricle. Malignant forms are very rare. 
They may produce signs of a CPA tumour, and signs of 
raised intracranial pressure are almost always present. 
Evaluation of CPA choroid plexus papillomas is by CT, 
MRI and angiography. Their prognosis is excellent when 
total surgical extirpation is possible. When surgery is not 
possible, radiotherapy has been evaluated, but results are 
variable.104, 105 

Enterogenous cysts106 are midline cysts that have very 
rarely been reported within the CPA. They may mimic 
arachnoid cysts, lipoma, epidermoids or cystic vestibular 
schwannomas on MRI.45 They are usually symptomatic 
and treatment is usually by complete excision.

Neurenteric cysts are cysts derived from notochordal gas-
trointestinal or respiratory cell rests. They are very rare in 
the CPA and are usually treated with surgical resection.107

Inflammatory disease such as autoimmune or idiopathic 
pachymeningitis can occur in the CPA and may produce 
symptoms of CPA pathology due to compression of CPA 
structures by hypertrophied dura. Similarly, granuloma-
tous diseases, such as tuberculosis and sarcoidosis, may 
affect the CPA.

The vertebral and basilar arteries and some of their 
branches pass through the CPA and aneurysms of the ves-
sels, although not true neoplasms, may cause a mass effect 
on adjacent neural structures.10, 44, 45

MALIGNANT LESIONS 
ARISING FROM THE CPA
Metastatic lesions from either intracranial or extracra-
nial sources account for around 1% of CPA tumours. 
Sources of extracranial origin are breast, prostate, lung, 
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melanoma, thyroid and gynaecological tumours.45 They 
usually have similar signal characteristics to schwanno-
mas on MRI (Figure 105.5). Diagnosis may be aided by 
lumbar puncture and CSF cytology. Solitary metastases 
may be treated with surgical resection or with stereotactic 
radiosurgery.

Melanomas of the CPA are very rare and may occur as 
either primary or metastatic tumours, the latter being the 
most common. Again, they often have similar signal to 
schwannomas on imaging. Prognosis is poor.108

CPA lymphomas are rare and occur as an extra-axial 
lymphoma, as extension from an intra-axial lymphoma, 
or as a leptomeningeal lymphoma presenting as a CPA 
lesion. Aggressive removal is not necessary, but radiother-
apy to the lesion should be performed.109

BENIGN TEMPORAL BONE 
LESIONS INVOLVING THE CPA
Lesions originating from the structures of the skull base, 
especially the temporal bone, may reach the CPA by direct 
extension.

Cholesterol granulomas
Cholesterol granulomas arise from the apex of the 
petrous bone and may enlarge to reach the posterior 

fossa and produce nerve dysfunction (Figure 105.4).44 
Symptomatic cases may be decompressed via a transmas-
toid or endoscopic transnasal approach depending on its 
position.110

Glomus tumours (paragangliomas)
Large jugular foramen paragangliomas (Fisch type D) 
may present in the CPA by extension from the jugular 
foramen. Very rarely, primary CPA paragangliomas have 
been reported.111 They are usually benign but locally 
aggressive, and destroy the petrous bone to enlarge to 
the CPA. Symptoms include pulsatile tinnitus, headache 
or VIIIth nerve symptoms. Examination may reveal a 
red pulsatile mass behind the tympanic membrane with 
a conductive hearing loss. Arteriography should be per-
formed to demonstrate the extent of the tumour and the 
nature of blood supply. CT appearances are of a well-
defined tumour with adjacent bone erosion and marked 
enhancement after contrast injection. They produce a 
characteristic ‘salt and pepper’ image on both T1- and 
T2-weighted MRI images because of intratumoral haem-
orrhages (Figure 105.6). Glomus tumours enhance inten-
sively after gadolinium administration. Indications for 
treatment include brainstem compression and significant 
tumour growth with around 40% demonstrating growth 
following diagnosis.112 Radiotherapy effectively con-
trols growing tumours in 90–100% of cases and surgery 
has become less common as a result.113–115 It is usually 
reserved for patients with significant brainstem compres-
sion, radiosurgery failure and those patients who already 
have lower cranial nerve compromise as post-operative 
cranial nerve deficits are common with unacceptably 
high morbidity.

MALIGNANT TEMPORAL BONE 
LESIONS INVOLVING THE CPA
Squamous cell carcinoma of the temporal bone accounts 
for 0.3% of head and neck malignancies. They are 
aggressive malignancies that invade adjacent struc-
tures.116, 117 Lymph node metastases occur in 20%. 
Invasion of the carotid canal, cervical node involvement 
and poorly differentiated histology are poor prognos-
tic factors. For cases that are operable, radical en bloc 
resection with preservation of the carotid artery, selec-
tive neck dissection and post-operative radiotherapy is 
recommended.116, 117 It has a disease specific survival 
ranging from 19% to 48%.

Chondromas and chondrosarcomas are extremely rare 
and develop from embryonic cartilaginous remnants 
enclosed in the bones of the skull base.44, 118 Both lesions 
are usually treated surgically.

Chordomas are very rare midline tumours arising 
from notchordal remnants around the vertebral axis. 
Intracranially they occur at the clivus although pri-
mary intradural chordomas have been reported. Whilst 
they are malignant they are generally fairly indolent in 

Figure 105.5 Axial T1- weighted MRI scan with gadolinium 
enhancement showing a left CPA metastasis.
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their behaviour. Treatment is difficult but extended endo-
scopic endonasal approaches in combination with open 
approaches have increased the chances of complete resec-
tion. This is not always possible, however, particularly if 
the tumour extends into the inferior clivus.119, 120 Resection 
should be followed by radiotherapy with proton beam 
therapy becoming increasingly the modality of choice. 
Recurrence rates are high.

Endolymphatic sac tumours are rare low-grade adeno-
carcinomas of the endolymphatic sac.121, 122 Twenty per 
cent are sporadic but most are associated with Von Hippel 
Lindau Disease (4% of patients with this condition have 

endolymphatic sac tumours).123 They are slow grow-
ing but locally destructive and rarely metastasize. Their 
presentation is similar to that of other CPA lesions. CT 
shows bony destruction centred on the endolymphatic 
sac. They have heterogenous increased signal on both T1 
and T2-weighted imaging with patchy enhancement with 
gadolinium (Figure 105.7). Treatment is by wide local 
resection via retrolabyrinthine, translabyrinthine or ret-
rosigmoid approaches. Cure can be achieved in 90% of 
moderate sized tumours but large tumours are difficult to 
cure. There may be late recurrence. Adjuvent radiotherapy 
may also reduce recurrence.

(a) (b)

(c)

Figure 105.6 MRI scans showing a left Type D glomus jugu-
lare. (a) Coronal T1-weighted gadolinium enhanced 
scan. (b) Axial T1-weighted gadolinium enhanced scan. 
(c) Angiogram demonstrating tumour blush on contrast 
injection.

(a) (b)

(c)
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BENIGN AND MALIGNANT INTRA-
AXIAL LESIONS INVOLVING THE CPA
Rarely, intra-axial or intra-ventricular tumours invade the 
CPA. Diagnosis is difficult but subtle image signs, such as nar-
rowing of the cisterns and oedema at the site of tumour ori-
gin, as well as the history of the patient, are sometimes helpful.

Primary central nervous 
system neoplasms
As few as 0.3–2% of the lesions in the CPA originate 
from primary brain tissue. Presenting symptoms may 

be typical of a CPA lesion, but an intra-axial lesion 
may be suspected because of the rate of progression of 
symptoms and the degree of non-acoustic cranial nerve 
symptoms.45 The most common types of primary cen-
tral nervous system tumours are medulloblastomas, 
astrocytomas, ependymomas and other gliomas of the 
brainstem.124 It may not be possible to distinguish these 
lesions from vestibular schwannomas by CT although 
MRI may demonstrate their intra-axial status more 
reliably. Stereotactic biopsy has an accuracy rate of 
about 75% in these patients. Treatment regimens include 
surgery, radiotherapy or a combination of both and in 
some cases chemotherapy.

Figure 105.7 MRI scans showing a left endolymphatic sac adenocarcinoma. (a) Axial T1- weighted MRI scan with gadolinium enhance-
ment. (b) CT scan.

BEST CLINICAL PRACTICE

 ✓ All skull base pathology is best managed in a multidisci-
plinary setting with a core team including otolaryngology, 
neurosurgery and neuroradiology.

 ✓ Consider diagnoses other than vestibular schwannoma 
when scans are not typical and hearing loss is not the 
predominant symptom. All patients should have MR 
imaging with contrast and, if necessary, fat suppression 
sequences.

 ✓ Carotid angiography is helpful for certain pathologies, for 
example glomus jugulare tumours. Pre-operative emboliza-
tion can reduce morbidity. 

 ✓ The aim of surgery should be complete removal pathology 
but not at the expense of function. Stereotactic radiotherapy 
or radiosurgery are effective alternatives to surgery for some 
forms of growing tumour and may be used in combination 
with surgery in some situations.

FUTURE RESEARCH

Current understanding of the natural growth pattern of non-
acoustic CPA tumours and the consequences of watchful wait-
ing is insufficient. Future areas of research should include:

 ➤ assessment of the efficacy of subtotal surgical excision with 
adjuvent radiotherapy compared with radical excision

 ➤ treatment strategies for residual and recurrent tumours
 ➤ possible alternatives to surgical treatment (e.g. chemother-

apy or brachytherapy)
 ➤ possible markers of tumour growth.

(b)(a)
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