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Cholesterol granulomas of the petrous apex; endonasal endoscopic approach
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Abstract. Cholesterol granulomas of the petrous apex; endonasal endoscopic approach. Objective: Cholesterol granu-
lomas are benign lesions that sometimes occur on the petrous apex (PA). We report our experience using an endoscopic
endonasal approach to remove PA cholesterol granulomas.

Material and methods: A retrospective patient chart analysis was conducted at a tertiary care university hospital.
Results: Four patients (3 females, 1 male) were included in this study. Patients’ ages ranged from 27 to 78 years. Computed
tomography (CT) and magnetic resonance imaging (MRI) for diagnosis and computer-assisted navigation were performed.
The most common symptom was abducens nerve palsy. The largest granuloma measured 5 x 2 cm and was located on
the left side.

An endoscopic endonasal approach was chosen and navigation was applied (3/4 patients) to identify the optimal area for
opening the granuloma. No complications occurred, and patients were free from recurrence during the follow-up period.
Conclusion: The endoscopic endonasal approach to PA cholesterol granulomas is feasible and safe. Intra-operative
navigation is recommended to identify the position of the internal carotid artery and determine the safest area for opening
the granuloma without damaging the artery. Another advantage of this approach is an easier follow-up through diagnostic

nasal endoscopy.

Introduction

In general, cholesterol granulomas of the petrous
apex (PA) are uncommon lesions, but they comprise
up to 60% of benign lesions that occur in this
specific region. The etiology remains unclear,
although two major hypotheses attempt to explain
their development. One theory proposes that
occlusion of pneumatised air cells results in
negative pressure. This vacuum-like state causes
extravasation of intravascular fluid into the mucosa
of the air cells. Due to edema, the mucosa sub-
sequently breaks down, leading to hemorrhage into
the air cells." Through hemoglobin degradation,
cholesterol crystals form causing a granulomatous
inflammatory reaction in repetitive cycles. This
theory is also known as the “obstruction-vacuum”
hypothesis.’

A second more recent theory called the “exposed
marrow” hypothesis proposes that the bone marrow-

filled cavities of the PA are eroded through
pneumatization and expansion of the air cells. This
causes hemorrhage into the air cells and, through
degradation of mainly hemoglobin, an inflam-
matory reaction occurs and cyst formation is per-
petuated.” On computed tomography (CT) scans,
PA cholesterol granulomas appear as expansive
and erosive lesions with clear margins. On mag-
netic resonance imaging (MRI), they appear hyper-
intense on both T1 and T2 sequences (Figure 1).
Since contrast media is not enhanced in the lesion,
it can be differentiated from neoplastic disease. The
most common differential diagnosis would be a
cholesteatoma.'

Surgical drainage is the therapy of choice and,
because of the topographic relationship to the
sphenoid sinus, transnasal endoscopic approaches
that are directly targeted towards the lesion are
appropriate and less traumatic compared with
classical transcranial / transpyramidal approaches.?
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Figure 1
A: T1-weighted MRI showing the hyperintense lesion at the petrous apex. The white arrow indicates the surgical approach and position
of the safest and most suitable opening of the granuloma.
B: T2-weighted image with a hyperintense lesion depicting the wall of the granuloma.
C: Axial CT image in a soft tissue window showing the topographic relationship to the horizontal portion of the internal carotid artery.
D: Axial CT image in a bone window, providing information about bone thickness/erosion for planning the surgical access.



Endonasal endoscopy: cholesterol granulomas

The position of the internal carotid artery (ICA)
might be a limitation, but with the help of CT / MRI
fusion computer-assisted navigation (CAS), the
artery can be identified and the safest area for
opening the granuloma can be located.* We report
our experience with the endoscopic endonasal
approach to PA cholesterol granulomas.

Material and methods

A retrospective analysis of patients treated by an
endoscopic transnasal approach for cholesterol
granulomas of the PA at the ENT-University Hospital
Graz between 1997 and 2012 was conducted. The
surgical approach is described. Furthermore, the
following parameters were determined: symptoms,
lesion size, side the lesion is located on, intra-
operative complications, post-operative complica-
tions, recurrence, and follow-up time.

The study was approved by the Institutional
Review Board of the Medical University of Graz.

Results

Four patients (3 females, 1 male) were included in
this study. Patients’ ages ranged from 27 to 78 years.
CT and MRI for diagnosis and computer-assisted
navigation were performed.

The major symptom (in 3 patients) was abducens
nerve palsy (Table 1). The largest granuloma
measured 2 x 5 cm and was located on the left side
(Table 1).

An endoscopic endonasal trans-sphenoidal
approach was chosen and computer-assisted
navigation was applied (3/4 patients) to identify the
optimal area for opening the granuloma. After
classical ethmoidectomy, the sphenoid sinus was
opened maximally to gain wide exposure of the
lateral wall of the sinus. After identifying the granu-
loma and ICA by navigation, the mucosa covering

265

the lateral sphenoid wall was incised and a superior
and inferior mucosal flap was created. After the
bone was exposed, it was thinned out with a
diamond burr. Then the bone was resected using a
curette and the wall of the granuloma was incised,
allowing the viscous brownish cholesterol-
containing fluid to drain. The cystic cavity was
rinsed with saline solution until no more fluid could
be drained. Then, the opening was enlarged with
circular cutting punches under navigational control
so as to not injure the ICA, and the mucosal flap
created earlier was folded into the cavity to achieve
a good marsupialisation and prevent stenosis of the
opening, which could possibly lead to recurrence.
Finally, hemostyptic carboxymethylcellulose (CMC)
foam was applied.

Post-operatively, no complications occurred and
patients were free of symptoms; particularly, the
abducens nerve palsies diminished. Patients were
free from recurrence within the follow up period
(mean, 6 months), and the final endoscopic follow-
up control showed patency of the opening to the
former granuloma and complete epithelialization.

Discussion

The endoscopic endonasal approach to PA choles-
terol granulomas is described in the literature.”"
Summarizing these publications, the endoscopic
transnasal drainage of PA cholesterol granulomas
seems feasible by approaching the lesion directly
and with less complications than infra-(trans)-
cochlear/infra-(trans)-labyrinthine, transpyramidal
or transcranial approaches. Also, larger lesions up
to 5 cm in diameter, as in the present study, can
safely be treated surgically. The major symptom in
3 out of 4 cases in the present study was abducens
nerve palsy. Thus, PA cholesterol granulomas are
an important differential diagnosis, particularly if
other neurological deficits are absent. Paluzzi et al.'

Table 1
Epidemiologic data, symptoms, side of lesion location, and size of the defect
Patient Gender Age at OR  |Symptoms Side Size
1 f 78 Abducens palsy L 5%2 cm
2 f 51 Abducens palsy L 2x1.5 cm
3 f 60 Abducens palsy, diplopia, vertigo R 2.2x1.4 cm
4 m 27 Cephalea R 2.1x1.8 cm

f: female; m: male; L: left; R: right; OR: operation.
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published a series of 17 PA cholesterol granuloma
patients treated using an endoscopic endonasal
approach. They established an algorithm regarding
which modified endonasal approach should be used
according to the position of the ICA based on a
V-angle. The vertex of this angle was the most
lateral point of the contralateral nostril at the
piriform aperture. The medial leg was the most
medial edge of the cholesterol cyst, and the lateral
leg was the lacerum segment of the ICA where it is
not accessible for lateralization Apart from an
endoscopic approach, where smaller lesions extend
medially into a pneumatized sphenoid sinus, they
described a transclival approach for larger lesions
(V-angle =5°). Here, the paraclival ICA can be
lateralized to gain some additional room for
manipulations. For lateral lesions expanding
inferior into the PA, they proposed an infrapetrous
approach (V-angle <5°). Here, in addition to the
ICA, the vidian nerve and the Eustachian tube are
at risk during transpterygoid dissection. In the
majority of their patients, however, these structures
remained unharmed. Georgalas et al.”” described a
series of 4 cases of cholesterol granulomas that
were safely drained via an endoscopic endonasal
approach. In contrast to the present study, we do
not think that resection of the middle turbinate is
necessary for wider access since the exposure of the
sphenoid, as in unilateral pituitary approaches,"” is
wide enough. Scopel et al.’ described an endonasal
vs. infracochlear approach in their anatomic study,
concluding that the transnasal approach provides a
wider access to the PA while protecting critical
structures like the vestibular apparatus and cochlea.
Here, it is especially superior to the translabyrin-
thine approaches. One critical structure is the ICA;
the relationship of the PA lesions to the ICA is
crucial for surgical planning. In our experience,
computer-assisted navigation is beneficial during
surgery, as well as pre-operatively when the ap-
proach is planned on the three-plane reconstruc-
tion." In cases where the sphenoid sinus and PA are
not well pneumatized, image guidance is helpful
when drilling through the bone. Nevertheless, an
open approach should be chosen in diploic sphenoid
sinuses. Under image guidance, the exact position
of the carotid can be verified and the safest area of
opening the granuloma can be determined for
drainage. Furthermore, the drainage into the nose is
possibly more favorable than drainage into the
middle ear as in translabyrinthine approaches.* After
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having identified the ICA on navigation, opening of
the granuloma cyst should be antero-lateral of the
carotid and superior to its horizontal portion in the
cavernous sinus. On MRI, the liquid portions of the
granulomas are well depicted; therefore, if the
opening is wide and drainage is guaranteed, the
cyst walls of the granuloma do not need not to be
resected.

If the mucosa around the circumference of the
drainage is preserved and elevated from the bone as
a flap, sufficient marsupialisation of the cavity of
the granuloma is provided, and in our opinion
stenting is not necessary.

A limitation of the endoscopic transnasal approach
would be granulomas located far to the lateral side
without topographic relation to the sphenoid sinus.
Here, open approaches should be used. For
medially-located cholesterol granulomas of the PA
topographically related to the sphenoid sinus, we
prefer the endoscopic endonasal approach. When
available, we recommend the additional use of
intra-operative navigation since it facilitates pre-
operative planning and enables tailor-made modifi-
cations of the endoscopic approach according the
individual patient’s anatomy and pathology. Intra-
operatively, it also allows identification of critical
structures like the ICA, avoiding damage to these
structures.

Conclusion

We present our series of endoscopically-drained PA
cholesterol granulomas. In patients with (isolated)
abducens nerve palsy, these granulomas are an
important differential diagnosis. The endoscopic
endonasal approach to PA cholesterol granulomas
is feasible and safe in experienced hands, even for
larger lesions. Intra-operative navigation is recom-
mended to identify the position of the ICA and de-
termine the safest area for opening the granuloma
without damaging the artery. Another advantage of
this approach is an easier follow-up through diag-
nostic nasal endoscopy.
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