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ABSTRACT

We describe a 71-year-old woman who complained of a 1-year history of

double vision when looking to the left, numbness over the right cheek, inter-

mittent tinnitus, and gradually increasing unsteadiness when walking. Computed

tomography and magnetic resonance imaging revealed a cholesterol granuloma at

the right pyramidal apex anterior to the internal auditory canal and a slight

compression of the brainstem on the ipsilateral side. For surgical removal we used

the transtemporal approach instead of the trans-sphenoidal approach to obtain

better control over the internal carotid artery. To avoid the problems of stenting,

the resulting dead space was obliterated with fat. We discuss the essential

preoperative imaging, controversies in choosing the appropriate surgical approach,

and developments in treatment.
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The petrous apex is a truncated pyramid

forming the medial portion of the temporal bone.

The base is bounded by the bony labyrinth and the

internal carotid artery (ICA) anteriorly. Its superior

surface is formed by the middle cranial fossa,

Meckel’s cave, and the ascending ICA. Its posterior

surface is formed by the posterior cranial fossa and

Dorello’s canal transmitting cranial nerve VI. Its

inferior surface is formed by the jugular bulb and the

inferior petrosal sinus. The petrous apex is marrow-

filled in 84%, pneumatized in 9%, and sclerotic in

7% of temporal bones.1
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The petrous apex cannot be examined di-

rectly; therefore, imaging plays a primary role in the

evaluation of lesions in this area. Most petrous apex

lesions are readily characterized as either surgical

(neoplastic lesions, inflammatory complications of

air cell disease) or as incidental nonoperative find-

ings (asymmetric fatty marrow, trapped fluid).2

A cholesterol granuloma is a foreign body

giant cell reaction to cholesterol deposits, with

associated fibrosis and vascular proliferation. The

primary pathogenic mechanism in the development

of cholesterol granulomas within the temporal bone

seems to be occlusion of the air cell system.3

Obstruction of these cells leads to decreased intra-

cavity pressure, mucosal inflammation and edema,

angiogenesis, and subsequent rupture of blood ves-

sels. Stagnate hemorrhagic contents undergo catab-

olism to hemoglobin breakdown products. The

subsequent accumulation of cholesterol crystals

serves as a strong irritant to surrounding tissue

and serves to repeat and intensify the cycle.4

Cholesterol granulomas may occur anywhere

within the pneumatized spaces of the temporal

bone.3 Cholesterol granulomas of the petrous apex

are uncommon because the petrous apex is pneu-

matized in only 30% of temporal bones.5 The

prevalence of acoustic neuromas is estimated to be

30 times that of cholesterol granulomas of the

petrous apex, an incidence of less than 0.6 cases

per million population per year.6,7

Discernment of pathologic processes in this

area and evaluation of their extent are critical in

diagnosis and preoperative planning. Petrous apex

lesions may remain undetected for extended periods

because patients often complain of vague or indis-

tinct symptoms that delay diagnosis. Headaches,

atypical facial pain, mixed hearing loss, vertigo,

Eustachian tube dysfunction, and middle ear effu-

sion, while common otoneurologic complaints, may

be the initial manifestations of an extensive petrous

apex lesion.8

Clinical manifestations can be well explained

by involvement of the structures contained within or

adjacent to the apex. Compression or irritation of

the Gasserian ganglion of the trigeminal nerve

causes deep aural and retro-orbital pain. Diplopia

results from similar compromise of the abducens

nerve. Facial nerve dysfunction is less common,

except in advanced lesions. Hearing loss and ves-

tibular complaints may be caused by involvement of

the eighth cranial nerve in the internal auditory

canal or by direct extension of the process into the

bony labyrinth.9

CASE REPORT

A 71-year-old woman presented at our outpatient

department with a 1-year history of double vision

when looking to the left, intermittent tinnitus, and

numbness over the right cheek. She gradually be-

came unsteady but denied having rotatory vertigo.

She had undergone varicose vein surgery twice.

Examination confirmed a mild right abdu-

cent nerve palsy and hypesthesia along the distri-

bution of the maxillary division of the right

trigeminal nerve. The pure tone audiogram as well

as the tympanogram were normal for the patient’s

age.

Magnetic resonance imaging (MRI) revealed

a 3� 2-cm homogenous mass with a high fat signal

between the infrasellar skull base and the right

pyramidal apex anterior to the internal auditory

canal. There was evidence of slight compression of

the brainstem on the ipsilateral side (Fig. 1). A

subsequent computed tomography (CT) scan

showed bony destruction of the right petrous pyr-

amid up to the vestibular labyrinth. The inner ear

was intact. The mass was posterior and directly

adjacent to a prominent horizontal part of the

ICA (Fig. 2). A provisional diagnosis of a choles-

terol granuloma was made.

A transtemporal approach was performed to

access and remove the lesion. A 10-cm preauricular

incision extending to the parietal region was used to

explore the cranial bone and to remove a 4� 6-cm

bony window placed above the root of the zygoma

(two thirds of the window anterior and one third

posterior to the root of the zygoma). The middle
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fossa dura was elevated, and the middle meningeal

artery, greater superficial petrosal nerve, and ICA

were identified. The lesion in the petrous pyramid

was easily identified by the presence of dark material

within the mass (Fig. 3).

The mass was removed piecemeal under mi-

croscopic and endoscopic control using suction and

cutting instruments. The resultant cavity was oblit-

erated using abdominal fat and fascia. The patient’s

temporal bone graft was replaced without the need

for fixation by plates. Postoperatively, the patient

recovered uneventfully with improved function of

the right abducent nerve. Her postoperative audio-

gram showed no significant change from preoper-

ative levels.

After 6 months the T2-weighted MRI

showed organized fatty tissue at the former location

of the cholesterol granuloma (Fig. 4).

DISCUSSION

The petrous portion of the temporal bone lies in a

complicated anatomic position and has critical rela-

tionships to important neural and vascular struc-

tures. Consequently, lesions arising within or

spreading to the petrous apex can result in severe

clinical sequelae.

At our institution we routinely use a

combination of high-resolution CT and MRI to

Figure 1 T2-weighted axial MRI shows the hypodense

cholesterol granuloma (cg) involving the right petrous apex

posterior to the internal carotid artery (ica). MRI, magnetic

resonance imaging; sphs, sphenoid sinus.

Figure 2 Axial CT scan showing the bony destruction

caused by the cholesterol granuloma (cg) of the right

petrous apex. CT, computed tomography, internal carotid

artery (ica).

Figure 3 Intraoperative photograph shows the choles-

terol granuloma (dark mass) exposed through the trans-

temporal approach. ica, internal carotid artery.
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investigate intracranial lesions. The combination of

both imaging modalities has facilitated the diagno-

sis of different petrous apex lesions. These lesions

can be classified as either cystic or solid lesions.

Cholesterol granulomas are by far the most com-

mon cystic lesions found in the petrous apex.10

Cholesterol granulomas are expansile and erosive

on CT, with well-defined margins. On CT, how-

ever, it is difficult to distinguish them from other

lesions, such as epidermoids and mucoceles.11 In

contrast, MRI shows cholesterol granulomas with

greater specificity. These lesions are high intensity

in T1- and T2-weighted sequences.12 Areas of

interspersed low-signal intensity related to hemosi-

derin or granulation tissue may be enhanced with

contrast media.11 Preoperatively, detailed analysis of

MRI and CT scans is mandatory to define the

anatomy of the jugular bulb, facial nerve, sigmoid

sinus, bony labyrinth, and posterior wall of the

sphenoid and ICA.

The treatment strategies for cholesterol gran-

ulomas of the petrous apex include drainage and

complete excision of the capsule or procedures to

drain the cyst.13 Complete surgical removal is rarely

indicated because the lesion lacks an epithelial

lining. Multiple surgical approaches have been de-

scribed for treating these lesions. The choice of

surgical approach depends on location, extension

of the lesion, the anatomy of surrounding struc-

tures, and the degree and quality of hearing.6

The trans-sphenoidal approach14 provides

drainage into the paranasal sinus system and pre-

serves hearing. In our case, however, the dissection

would have been severely limited laterally by the

ICA. The approach also places the optic nerve at

risk and has been associated with a high rate of

recurrence for this lesion.15 Both the translabyrin-

thine16 and the transcochlear17 routes would have

provided a wide exposure but would have destroyed

hearing. The infralabyrinthine,18 subcochlear,19 and

middle fossa20 approaches allow cochlear function

to be preserved in exchange for more limited ex-

posure and increase the risk of stricture of the

drainage pathway. A high jugular bulb precludes

infralabyrinthine access, and poor development

of hypotympanic air cells obscures a subcochlear

approach.21

In our patient we discussed the trans-sphe-

noidal versus the middle fossa (transtemporal)

approach to access the lesion. We would have

preferred the trans-sphenoidal approach so that

the process could be drained. Imaging revealed

only a 5� 3-mm bony window at the posterior

wall of the left sphenoidal sinus immediately adja-

cent to the septum intersphenoidale, which inserts

in front of the ICA (Fig. 2). Therefore, to reach the

cholesterol granuloma, we chose the safer trans-

temporal approach. Although the transtemporal

approach requires a degree of temporal lobe retrac-

tion that may cause complications, including seiz-

ures in elderly patients, in our hands most patients

tolerate this procedure well with minimal morbid-

ity. Our patient made a full recovery and was

ambulant within 3 days of the procedure.

Drainage of the cholesterol granuloma

through the transtemporal approach into the mas-

toid cells may prove difficult to establish, primarily

due to the difficulty encountered in placing the stent

and maintaining its patency.21 We obliterated the

resulting dead space after endoscopic aspiration of

the granuloma and removal of the surrounding

epithelium using abdominal fat to avoid the

need for drainage into the mastoid cells with the

Figure 4 T2-weighted axial MRI obtained 6 months after

surgery shows organized fatty tissue at the right petrous

apex posterior to the ica (arrow). ica, internal carotid artery;

sphs, sphenoid sinus.
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potential for obstruction of the drainage pathway.

MRI can readily differentiate between the fat used

for obliteration and a recurrence of the cholesterol

granuloma.

One criticism of the middle fossa approach is

the reduced surgical exposure.14 We found that the

use of endoscopy to complement the operating

microscope allows adequate visualization of the

petrous apex and overcomes the narrow field en-

countered in this approach. The developments

in skull base instruments available to the neuro-

otologist have facilitated the removal of lesions in

this intricate anatomic location.
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Commentary

This is a case report of the successful treat-

ment of a petrous apex cholesterol granuloma

through a middle fossa approach, with a compara-

tive analysis of the various approaches. It underlines

the advantages of the former approach compared

with alternative drainage procedures. The authors

choose to obliterate the cavity with fat. Contempo-

rary fat-suppression techniques easily identify fat on

magnetic resonance imaging, but fat does create a

bright hyperintense signal that could mimic features

of a cholesterol granuloma on T1-weighted imag-

ing. We prefer to obliterate the cavity with muscle.1

Kadir Erkmen, M.D.1

Ossama Al-Mefty, M.D.1
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Commentary

The management of petroclival cholesterol

granulomas remains controversial. Although some

authors have recommended drainage of the cyst

through a trans-sphenoidal approach or infralaby-

rinthine approach, I and others have recommended

direct excision through a subtemporal-transzygo-

matic or preauricular subtemporal-infratemporal

approach.1,2 In the past 8 years, I have performed

endoscope-assisted microsurgical resection, which

has reduced the extent of exposure needed.

Using a direct approach, I have had only one

recurrence of an extensive lesion during the past

20 years. However, there is a risk of injury to the

petrous internal carotid artery, whose wall may be

inflamed because of the tumor cyst. In such cases

(�4%), I have successfully repaired the artery with

sutures.

Many of these lesions remain unchanged over

the years. The indications for treatment are pro-

gressive growth of the lesion or the appearance of

cranial nerve palsies. Older patients should still be

considered for drainage procedures, especially if the

cyst can be drained through a trans-sphenoidal

approach.

Laligam N. Sekhar, M.D.1
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