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Abstract

Recently, petrous apex cholesterol granulomas (CGs) have been treated via the endoscopic endonasal
transsphenoidal approach (EEA) using a silicone tube, to prevent drainage route occlusion. Occlusion of
the drainage route has led to problems with recurrence. The aim of this report is to describe the use of
a surgical technique to prevent drainage route occlusion. In surgical technique, the posterolateral wall
of the sphenoid sinus was opened by EEA. After cyst debridement, a vascularized nasoseptal flap with a
width of approximately 4 cm was inserted into the lumen with a silicone T-tube with a diameter of 7 mm.
This technique was used in two patients: the first patient during the second operation after recurrence fol-
lowing occlusion of the drainage route, and the second patient during the first operation. Opening of the
cyst wall was confirmed endoscopically in both patients 12-24 months after surgery, even after removal
of the T-tube. In conclusion, the use of a pedicled nasoseptal flap with a silicone tube is useful to prevent

CG recurrence, by paranasal cavitization of the cystic cavity.
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Introduction

Cholesterol granuloma (CG) of the petrous apex arises
due to an inflammatory reaction to the byproducts of
eroded marrow cavities secondary to chronic obstruc-
tion of air cells within the petrous apex.'? Various
approaches have been used for the drainage and
permanent aeration of the petrous apex, such as the
transsphenoidal approach, middle fossa approach, and
transpetrous approach, with the aim of preventing CG
recurrence. However, the recurrence rate of petrous
apex CG remains high, at up to 60%.%

The endoscopic endonasal approach (EEA) has
recently been developed as a minimally invasive
surgery for petrous apex CGs. In fact, 11 cases of
EEA to treat petrous apex CGs have been reported to
date, in which a silicone tube was used to prevent
drainage route occlusion. Occlusion of the drainage
route has led to problems with recurrence. Here,
we report a surgical technique that can be used to
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prevent drainage route occlusion: EEA using a pedi-
cled nasoseptal flap in addition to a silicone T-tube,
for more reliable patency of the drainage route.

Surgical Technique

After entering the nasal cavity and resecting the
middle turbinate, we made a vascularized nasoseptal
flap measuring approximately 4 cm wide and
resected the anterior wall of the sphenoid sinus.
Then, the posterolateral wall of the sphenoid sinus
was opened and cyst debridement was performed.
After that we overlaid the vascularized nasoseptal
flap into the drainage lumen with a silicone T-tube
measuring 7 mm in diameter.

Results

I. Case 1

A 36-year-old woman presented with vertigo, left
otorrhea, and left hearing disturbance, which she
had experienced for 3 years, 1 year, and 8 months,
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respectively. She had no history of head trauma or
surgery. Although she denied any recent history of
otitis media, she reported occasional episodes of
this condition during high school. These episodes
were treated medically with no complications. A
neurological examination revealed left conductive
hearing impairment; no other cranial nerve deficits
were detected.

Computed tomography (CT) of the petrous bone
and skull base performed on admission showed an
expansile mass in the left petrous apex with bone
remodeling of the clivus and skull base (Fig. 1A).
Magnetic resonance imaging (MRI) revealed a large
left petrous apex mass abutting the sphenoid sinus
(Fig. 1B). The preoperative diagnosis was CG. The
patient was referred to our institution from another
medical center for surgery via a transcranial approach,
such as the anterior transpetrosal approach; however,
an EEA was planned to achieve permanent drainage.

Endoscopic drainage of the granuloma was performed
through the right naris. The middle turbinate was
resected, and a wide sphenoidotomy was performed,
providing access to a large sinus. The inferior poste-
rolateral wall of the sphenoid sinus, i.e., the clivus,

Fig. 1 Case 1, first operation. A: Computed tomography
(CT) scan shows bone erosion caused by expansile
mass in the left petrous apex. B: T.-weighted magnetic
resonance imaging (MRI) reveals a hyperintense mass
in the left petrous apex. C: After removing the inferior
posterolateral wall of the sphenoid sinus and cutting
the cyst wall, a brownish fluid, typical of CG, flowed
out. D: After debridement of the granuloma, the dura
of the posterior fossa (asterisk) was identified through
the fenestration (solid line). CG: cholesterol granuloma,
IC: internal carotid artery, SS: sphenoid sinus.

was removed, revealing a large, dark, fluid-filled cyst
in the petrous apex (Fig. 1C). The cyst was opened,
drained, and widely marsupialized, and the dura
of the posterior fossa was identified through the
fenestration, measuring 15 mm in diameter (Fig.
1D). A drainage tube was not inserted because of
the wide fenestration. The postoperative course was
uneventful and the symptoms of vertigo, otorrhea,
and hearing disturbance improved.

Two months after the operation, however, fiber-
scopic examination revealed reocclusion of the
cyst fenestration. MRI revealed a scar occluded at
the fenestration site and reaccumulation of fluid
in the cyst (Fig. 2A). The patient underwent a
second endoscopic operation, through the right
naris, for the placement of a drainage tube with
a pedicled nasoseptal flap. The drainage port was
obstructed by thick granulation tissue adjacent to

T-tube

Drainage
route

Fig. 2 Case 1, second operation. A: Preoperative
T,-weighted magnetic resonance imaging (MRI) reveals
obstruction by a scar (asterisk) at the fenestration site
and reaccumulation of fluid in the cyst. The nasoseptal
flap was partially overlaid (B), and a modified silicone
T-tube (arrow) was placed in the drainage port (C). D, E:
The schema and the T-tube. F: Two years after surgery,
patent cyst fenestration was confirmed by fiberscopic
examination after T-tube removal.
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the left internal carotid artery (ICA). The granulation
tissue was removed after checking the location of
the ICA using a navigation system (StealthStation,
Medtronic, Inc., Tokyo), and the cyst was reopened.
To prevent recurrence, a vascularized nasoseptal flap
was elevated and overlaid around the drainage port.
A modified silicone T-tube (RD-T drain, CREATE
MEDIC Co., Yokohama, Kanagawa) was cut to 4 cm
in length and placed into the cyst cavity with the
flap (Fig. 2B-E). The postoperative course after the
second operation was uneventful. Two years later,
the T-tube was removed, and fiberscopic examination
showed that the orifice of the cyst was preserved
and covered with mucosa (Fig. 2F).

II. Case 2

A 34-year-old woman visited a nearby hospital
for headache. She had no otological complaint, and
neurological examination was normal. MRI of the
head demonstrated a large lesion (36 x 22 mm)
with high signal on T;- and T,-weighted images in
the left petrous apex, expanding into the posterior
fossa (Fig. 3A). There was evidence of bony erosion
on CT scan. Imaging also showed right maxillary
sinusitis. She was referred to our department for
EEA, and we planned the same procedure as in
Case 1 for this patient.

The lesion was approached by EEA using an image
guidance system (StealthStation, Medtronic, Inc.). A
1.5-cm stoma was created to allow the drainage of
the CG in the petrous apex (Fig. 3B). After complete
debridement of the cyst, a vascularized nasoseptal
flap was elevated and overlaid around the drainage
route (Fig. 3C). A modified silicone T-tube (RD-T
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drain, CREATE MEDIC Co.) was cut to 3 cm in length
and placed with the flap to secure the drainage
route (Fig. 3D). The patient recovered uneventfully
and was discharged 7 days after the procedure.
Her headache resolved completely within the first
week of the postoperative period. The diagnosis
of CG was confirmed histologically and the T-tube
was removed 6 months after surgery. Fiberscopic
examination demonstrated complete opening of the
cyst, and the orifice was covered with the nasoseptal
flap (Fig. 3E). At the 1-year follow-up, MRI showed
no recurrence (Fig. 3F) and the patient reported
significant improvement of her headache.

Discussion

In 1983, a CG was first reported in the peritoneum.?
In 1947, Waltner and Karatay described a large CG
involving the mastoid cavity and petrous apex.”
Subsequently, various authors reported cholesterol
cysts of the petrous apex as a distinct clinical
entity.®” CGs of the petrous apex are uncommon
because a minority of temporal bones (30%) show
pneumatization of the petrous apex.?

The treatment of symptomatic petrous apex CGs
is a surgical drainage and permanent aeration, to
prevent recurrence.® Various surgical approaches,
including the transsphenoidal approach, middle
cranial fossa approach, and lateral-transtemporal
approach, have been used for the drainage of
petrous apex CGs. The transpetrous approach
includes infralabyrinthine, infracochlear, transc-
ochlear, and translabyrinthine approaches.!®” The
transsphenoidal approach was first described

Fig. 3 Case 2. A: T;-weighted
magnetic resonance imaging
(MRI) reveals a hyperintense
mass in the left petrous apex.
B: A stoma created to allow
drainage of the CG in the
petrous apex. The septal
flap was partially overlaid
(C) and a modified silicone
T-tube (arrow) was placed
in the drainage port (D).
E: Patent cyst fenestration
was confirmed after T-tube
removal by fiberscopic exami-
nation 1 year after surgery.
F: T,-weighted MRI reveals
no recurrence of the lesion
in the left petrous apex. CG:
cholesterol granuloma, SS:
sphenoid sinus.
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by Montgomery in 1977, and the EEA was first
reported by Fucci et al. in 1994.112)

The transsphenoidal approach has several advan-
tages: it is technically less challenging and leads to
better preservation of the function of the acoustic
and facial nerves compared with other approaches.
Patients treated by the transsphenoidal approach can
be followed on an outpatient basis using a fiberscope
and, where necessary, drainage of the cyst can be
re-established.™ In addition, this approach can be
used to create large drainage routes. However, the
approach is hampered by the complex anatomical
structure, with limited indication in a patient
showing sufficient drainage space medial to the
ICA, and inferior to the pituitary gland. Therefore,
the approach should be used with a navigation
system to check the locations of critical neighboring
structures.'?

Some cases of EEA for the treatment of petrous
apex CGs have been reported since Fucci et al.
first reported the technique in 1994. We reviewed
13 cases of petrous apex CGs treated by EEA with
regard to the technique and drainage route occlusion
(Table 1).8-11.1315.1619) Sjljcone tubes were placed in
two cases, and the sphenoid mucosa was preserved
in one case, to prevent occlusion of the drainage
route.®'V In these cases, the drainage route was not
occluded. However, in 10 patients, in whom the
drainage route was not secured using a silicone
tube or mucosal flap, 5 (50%) presented reaccumu-
lation by occlusion (4 cases) or stenosis (1 case) of

the drainage route.®!%151%9 The time until occlusion
or stenosis ranged from 3 months to 2 years. This
implies that a silicone tube or mucosal covering
can prevent occlusion of the drainage route. In
Case 1, solely opening the drainage route resulted
in occlusion after the first operation. The time until
occlusion was 2 months, which is the shortest
period reported to date. Therefore, a vascularized
nasoseptal flap was overlaid to prevent scarring
and subsequent occlusion, and a modified silicone
T-tube was used to secure the drainage stoma.
Because drainage routes become occluded at high
rates despite wide fenestration, they should be
covered with a drainage tube and/or vascularized
mucosa, if possible.

The detailed description of the combination of
a silicone tube and a vascularized nasoseptal flap
has not been previously reported, to the best of
our knowledge. The benefit of this combination
is the more reliable prevention of drainage route
occlusion because a vascularized flap could prevent
granulation at the drainage site. The usefulness of a
vascularized flap in the middle fossa approach was
reported by Kusumi et al.'” Paluzzi et al. reported
the mucoperiosteal miniflap in 4 cases of 17 petrous
apex CGs, and permanent aeration was achieved.?
Furthermore, we used a T-shaped silicone tube,
rather than a straight silicone tube. The T-tube has
the advantage of hooking on its horizontal part
and preventing the tube from dropping out of the
cavity by gravity. The period until tube removal is

Table 1 Features of petrous apex cholesterol granulomas reported in literature and in the present case

Age . Reocclusion (O) Time until
(years) Sex Intervention or restenosis (S) reocclusion or restenosis

Fucci et al. (1994)" 36 F Tube - -
Griffith and Terrell (1996)¥ 34 M - (@] 3 months

24 M - (0] 3 months
Michaelson et al. (2001)'® 13 F - - -
DiNardo et al. (2003)*® 62 F - S 12 months
Oyama et al. (2007)* 28 F - — -
Georgalas and Kania (2008)*” 30 M - 0] Not reported

13 M Mucosa - -

34 F - (0] 2 years

58 M - - -
Samadian et al. (2009)? 28 F Tube - -
Jaberoo et al. (2010)' 53 M - - -

32 F - - -
Present case 36 F - (0] 2 months

F: female, M: male.

Neurol Med Chir (Tokyo) 55, April, 2015



Petrous Apex Cholesterol Granuloma 355

determined based on mucosa covering confirmed
by fiberscopic examination. In our cases, the period
ranged from 6 months to 2 years.

Conclusion

We have described a surgical technique that can be
used to prevent drainage route occlusion, and applied
this technique to two cases of petrous apex CG. The
use of a pedicled nasoseptal flap in addition to a
silicone tube is useful to prevent occlusion of the
cyst, by paranasal cavitization of the cystic cavity.
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