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OBJECTIVES: Petrous bone cholesteatoma is a rare pathologic entity and may be a difficult surgical challenge because of potential involvement
of the facial nerve, carotid artery, dura mater, otic capsule and superior petrosal or lateral sinus. The objective of this article is to present the endo-
scope-assisted surgery for petrous bone cholesteatoma.

MATERIALS and METHODS: Eight patients (nine ears) who underwent endoscope-assisted petrous bone surgery for cholesteatoma. Pure tone
audiogram, magnetic resonance imaging were performed at preoperatively, and at approximately 12 months postoperatively.

RESULTS: Endoscope assisted surgery was performed in 8 patients and 9 ears. Of these patients, 6 were male and 2 were females. Median age was
19,5 (range 7-52) years. Hearing was able to preserved in 8 ears (8/9). Recurrence disease was observed one ear in long term follow up (1/9). In
another one patient, cholesteatoma pearl was removed in the office.

CONCLUSION: Endoscope-assisted surgery can allow removal of cholesteatoma of petrous apex with preserving hearing. It also provides to re-
move the cholesteatoma via transmastoid approach for perilabyrinthine space as “minimally invasive surgery” instead of middle fossa approach
that is standard surgical procedure. In apical and peri-labyrinthine cholesteatomas, endoscopes allow to preserve hearing with middle fossa
approach instead of trans-otic/ trans-labyrinthine/trans-cochlear approach.
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INTRODUCTION

Congenital or acquired petrous bone cholesteatoma (PBC) is used to describe an epidermoid cyst of the petrous portion of the tem-
poral bone ™. It may extend along the other portion of the temporal bone and may be asymptomatic if the tympanic membrane
is initially intact. However, in the advanced stage of the disease, complications such as hearing loss, facial paralysis, headache, and
dizziness can be seen. Surgical treatment may be difficult because of the cochlea, facial nerve, dura mater, otic capsule, and internal
carotid artery adjacent to this region.

Various surgical techniques have been described according to the disease location, spread of the pathology, and preoperative
hearing status 7. The approach should be adapted to each situation, taking into account the extent and location of the disease,
anatomic variation and the status of hearing, and facial nerve function © 9. The recurrence rates ranged from 17% to 70%, with high
rates of postoperative complications including hearing loss and facial nerve weakness .

Sanna et al. " have classified PBCs into five groups: supralabyrinthine, infralabyrinthine, infralabyrinthine-apical, massive, and api-
cal PBC. Besides, these terms describe both the extent and the location of the lesion. Moffat et al. ® proposed a new classification
system in which supralabyrinthine-apical and massive labyrinthine-apical type were added to the Sanna’s classification. These clas-
sification systems aim to decide the safe surgical technique.
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Recently, endoscope-assisted ear surgery has become increasing-
ly popular because of a detailed visualization of middle ear cavity
and hidden anatomic areas of the temporal bone. Thus, endoscopy
instruments have opened a new era in traditional ear surgery. This
study aimed to describe the detailed our endoscope-assisted surgi-
cal technique in PBC and to report its follow-up outcomes.

MATERIALS AND METHODS

A retrospective chart review was conducted with the approval of
the Institutional Review Board of Istanbul University School of Med-
icine (IRB No. 1424-291576) on patients who underwent the endo-
scope-assisted petrosectomy for PBC by the author between March
2011 and January 2016 at our tertiary institution. An informed con-
sent form was obtained from each patient or parents of those under
18 years of age. All patients’ preoperative symptoms, examination
findings, pure tone audiograms (PTA), magnetic resonance imaging
(MRI) and computed tomography findings and surgical reports, post-
operative course details were obtained. The patients were evaluated
at the end of first year in the postoperative period. Control MRI in-
cluding diffusion-weighted images were obtained to detect the pos-
sible recurrence of the disease. Facial nerve functions were assessed
by means of the House-Brackman grading system, and PTAs were
performed 1'%,

Surgical Technique

Endoscope-assisted middle fossa approach: This approach was
used in patients with apical and massive cholesteatoma but service-
able hearing levels. After performing 5x4 cm craniotomy, geniculate
ganglion and greater petrosal nerve were identified. Epidermoids
were removed with assistance of endoscope to visualize inferior as-

Figure 1. a-d. High-resolution temporal computed tomography shows pe-
trous cholesteatoma (arrow) (a), T2 weighted magnetic resonance imaging
shows hyperintense lesion in the petrous apex. Petrous part of the internal
carotid artery is surrounded by the cholesteatoma (arrow) (b), Endoscopic
view through middle fossa shows cholesteatoma and internal carotid artery
(c), Instrument of endoscopic sinus surgery that is ostium seeker is used to
remove cholesteatoma (d).

pect of the cochlea, medial surface of petrous part of internal carotid
artery, and petrous apex, rigid 0° and 45° endoscopes (2.7 mm wide,
18 cm in length) (Karl Storz, Tuttlingen, Germany) and a connected
HD camera system (Karl Storz, Tuttlingen, Germany) were used. Be-
cause standard ear surgery instruments were inadequate for this sur-
gery, epidermoid removal from infralabyrinthine and medial surfaces
of the carotid arteries were carried out by instruments of the endo-
scopic sinus surgery (Figure 1).

Endoscope-assisted transmastoid supralabyrinthine approach: If
the cholesteatoma entered in supralabyrinthine and perilabyrinthine
space, transmastoid approach was preferred. After performing canal
wall-down mastoidectomy, incus and malleus were removed. Cho-
lesteatoma and epidermoid that were located in the middle ear were
removed by oto-microscope. Supralabyrinthine spaces and internal
acoustic canals could not be able to be visualized by oto-microscope,
since superior semicircular canal restricted the access to these ar-
eas. Therefore, rigid 45° and 70° endoscopes (2.7 mm wide, 18 cm in
length) (Karl Storz, Tuttlingen, Germany) and a connected HD camera
system, (Karl Storz, Tuttlingen, Germany) were again used to visualize
and remove the cholesteatoma from medial and superior surface of
the superior semicircular canal and internal acoustic canal (Figure 2).
Hence, middle fossa approach was not necessary in these patients.
Geniculate ganglion and labyrinthine segment of the facial nerve
were identified with the assistance of the nerve integrity monitoring
(NIM-Response® 2.0, Medtronic, Dublin, Ireland) to avoid the injury.
Angled instruments and suction were also used with the endoscope.
Perilabyrinthine defect was obliterated with temporal fascia graft.

RESULTS

Eight patients who underwent endoscope-assisted surgery for PBC
were included in the study. One of those patients had bilateral sur-
gery; therefore, nine ears were evaluated. Of these patients, six were
male and two were females. The median age was 19.5 (range 7-52)
years.

Physical examination revealed intact tympanic membrane in four
patients. Of these patients, three of them presented with facial pa-
ralysis, and one had persistent headache and vertigo. Preoperative
PTAs of four ears were in normal hearing levels. Remaining five ears
presented with purulent otorrhea and mild-to-moderate conductive
hearing loss (CHL). Physical examination of the patients revealed attic
cholesteatoma in three patients (four ears) and marginal perforation
and mesotympanic cholesteatoma in one patient (Table 1).

Endoscope-assisted middle fossa approach was performed in four
patients. Of these patients, three had supralabyrinthine-apical, and
one had massive PBC. In-patient with massive cholesteatoma that
was extending to medial part of the internal carotid artery, infralab-
yrinthine, and supralabyrinthine space, hearing was not being able
to be preserved. In this patient, the cochlear lumen was exposed by
removing the lesion (Figure 3). In the remaining three patients, cho-
lesteatomas were removed with hearing preservation.

Canal wall-down mastoidectomy with tympanoplasty was per-
formed in four pediatric patients (in five ears). They had acquired
cholesteatoma. All cases had similar pathologies and were as follows.
The epithelium was filling mastoid cavity and the epitympanum.The
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Table 1. Demographic data and preoperative symptoms of the patients

Patients no. Age (years) Gender Pathologic side Preoperative symptoms Preoperative findings

1 4 Male Left Facial paralysis for 4 years Normal tympanic membrane, HB grade 5 Facial
paralysis, normal hearing

2 44 Female Left Facial paralysis for 3 years, vertigo Normal tympanic membrane, HB grade 6 facial
paralysis, normal hearing

3 52 Female Right Headache, vertigo Normal tympanic membrane, normal facial nerve
functions, normal hearing

4 25 Male Right Facial paralysis for 6 months, vertigo Normal tympanic membrane, HB grade 4 facial
paralysis, normal hearing

5 13 Male Left Otorrhea, hearing loss Attic perforation, cholesteatoma, moderate CHL

6 13 Male Left Otorrhea, hearing loss Marginal perforation on posterosuperior portion
of TM, whitish lesion behind the anterior portion
of TM, mild CHL

7 14 Male Right Otorrhea, hearing loss Attic perforation, cholesteatoma, moderate CHL

8 (Left ear) 7 Male Left Otorrhea, hearing loss Attic perforation, cholesteatoma, moderate CHL

8 (Right ear) 7 Male Right Otorrhea, hearing loss Attic perforation, cholesteatoma, moderate CHL

HB: House-Brackman; TM: Tympanic membrane; CHL: Conductive hearing loss

Table 2. Patients’ features of diseases, management, and follow up

According to Postoperative

Moffat-Smith audiogram/ Postoperative

Patients classification Surgical Preoperative ossiculoplasty facial nerve Recurrence

No. for PBCs approach audiogram method function disease

1 Massive labyrinthine-  Middle fossa, Normal Total hearing loss HB grade 5 paralysis Limited recurrence disease

apical endoscope-assisted (same as preoperatively) at postoperative 4™ year,
observation

2 Supralabyrinthine- Middle fossa, Normal Normal HB grade 6 paralysis No recurrence at 5" year

apical endoscope-assisted (same as preoperatively)

3 Supralabyrinthine- Middle fossa, Normal Normal Normal No recurrence at 3" year

apical endoscope-assisted

4 Supralabyrinthine- Middle fossa, Normal Normal HB grade 2 Paralysis No recurrence at 2" year

apical endoscope-assisted (preoperative Grade 4)

5 Supralabyrinthine Transmastoid, BCT: 15 dB BCT: 12dB Normal Cholesteatoma pearl was
perilabyrinthine ACT:52dB ACT:32 dB/ observed at 2" year. It was
endoscope-assisted Incus interposition removed under local anesthesia

6 Supralabyrinthine Transmastoid, BCT:2dB BCT: 3dB Normal No recurrence at 2™ year
perilabyrinthine ACT:32dB ACT: 25 dB/
endoscope-assisted Incus interposition

7 Supralabyrinthine Transmastoid, BCT:0dB BCT:0dB Normal No recurrence at 18" month
perilabyrinthine ACT:45 dB ACT:31dB/
endoscope-assisted Type lll stapes

columella
tympanoplasty

8 Supralabyrinthine Transmastoid, ABR: Wave BCT:2dB Normal No recurrence at 18" month

(Left perilabyrinthine V was ACT: 25 dB/

ear) endoscope-assisted observed Bone cement

at 60 dB reconstruction

8 Supralabyrinthine Transmastoid, ABR: Wave BCT:2dB Normal No recurrence at 1% year

(Right perilabyrinthine V was ACT: 23 dB/

ear) endoscope-assisted observed Bone cement

at40 dB reconstruction

BCT: Bone Conduction Threshold; ACT: Air Conduction Threshold; HB: House-Brackman
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perilabyrinthine space where between labyrinth, internal acoustic
canal and middle fossa dura, was invaded by the cholesteatoma. Pe-
trous apex and internal carotid canal were not involved. Cholestea-
toma or epithelium located around the perilabyrinthine space was
removed with endoscope assistance, and those around the mastoid
antrum and epitympanum were removed with an oto-microscope.
Ossiculoplasty was performed including incus interposition, bone
cement reconstruction, and type lll stapes columella tympanoplasty
for hearing rehabilitation (Table 2). The open mastoid cavities were
obliterated with inferiorly based periosteal flap to reduce the volume
of the cavities in these cases.

DISCUSSION

Petrous apex has difficulties in surgical approach because important
structures such as facial nerve, labyrinth, and carotid artery restrict
access. Various techniques such as middle fossa, translabyrinthine,
transotic, infratemporal fossa, and supralabyrinthine approaches
have been reported for the management of the PBC. Infratemporal
fossa approach that was used to preserve hearing was described by
Fisch in 1977 3. However, it requires craniotomy, compression on im-
portant neurological structures, and afford hardly access . Although
translabyrinthine or transcochlear approaches sacrifice hearing, they
allow best access to and a wide exposition of the pathology. On the
other hand, some studies have showed that hearing function may
be preserved in modified translabyrinthine approach. Nevertheless,
these reports have also announced that complete neurosensory hear-
ing loss was encountered as an unsatisfactory result in postoperative
period of their case series '>'7), On the other hand, another notion has
been suggested that radical removal of pathologic tissue must be the
target of the surgical treatment, and the surgeon should not hesitate
to remove the otic capsule to accomplish it when the contralateral ear
is normal "', Recently, some studies have described “minimally inva-
sive cholesteatoma removal”that were aimed to preserve hearing and
facial nerve functions for treatment of the PBC ' 1,

Sanna M. et al. presented an algorithm for PBC surgery. If there is ser-
viceable hearing without any evidence of a fistula in the basal turn
of the cochlea, middle fossa combined with transmastoid approach
was recommended depending on the extension of the disease in
supralabyrinthine cholesteatoma. However, hearing preservation is
usually not possible in infralabyrinthine-apical and massive PBC with
standard transotic and transcochlear approaches . In the literature,
the rates of hearing preservations in most studies were usually un-
desirable and reported between 17% and 33% 8229, but Senn et
al. presented that hearing was preserved in 18 (87%) of 21 patients
with PBC in postoperative period "?. Our hearing preservation rate
was 89% (8/9) in PBC, but there were only four cases with apical and
infralabyrinthine cholesteatoma.

Endoscope has become an extremely popular instrument. It has
been used alone or in assistance to a microscope in the ear sur-
gery. Since, the petrous apex contains hidden anatomic areas and
the presence of major structures such as internal carotid artery and
facial nerve, endoscopes are very useful to visualize this area. Mat-
tox et al. presented endoscope-assisted surgery of petrous apex in
five cases. Of these cases, four had cholesterol granuloma and one
had cholesteatoma 2%, Presutti et al. presented endoscope-assisted
petrosectomy in nine patients. Of these patients, six had cholestea-

toma, two had cholesterol granuloma, and one had low-grade tumor
21, Kojima H. et al. presented a case of endoscope-assisted surgery
via the middle cranial fossa approach for a petrous cholesteatoma
originating from a supralabyrinthine portion and extended to me-
dial portion surrounding the cochlea and internal carotid artery. A
70° rigid endoscope was used to visualize the internal carotid artery
and the inferior surface of cochlea. Cholesteatoma was successful-
ly removed with preservation of hearing 2. lannella et al. reported
combined microscopic and endoscopic approach for giant PBC 23,
Kumral et al. presented that endoscope-assisted surgery allows to
remove residual cholesteatoma around the carotid artery, dura and
facial nerve in the petrous apex resulting in less invasive surgery and
less recurrence in blind spots 24,

In our surgical technique, we did not need middle cranial fossa ap-
proach in supralabyrinthine cholesteatoma, because we were able
to visualize this space and remove the cholesteatoma with angled
endoscopes through transmastoid approach. In three out of four
patients with infralabyrinthine and apical cholesteatoma, we were
able to preserve residual hearing with endoscope-assisted middle
fossa approach instead of transotic/transcochlear/trans-labyrinthine
approaches. We were able to access and remove the cholesteatoma
in infralabyrinthine and apical portion of the petrous apex with an-
gled endoscopes. Although, middle cranial fossa approach has some
disadvantages such as morbidity of craniotomy and temporal lobe
retraction, we think that preserving the hearing is an important
achievement.

In our experience, endoscope-assisted surgery in the petrous apex
has some advantages. Residual hearing can be preserved; middle
and inner ear structures are preserved to avoid balance and hearing
problems. Obliteration of the surgical area or making blind sac of ex-
ternal ear canal is not necessary. Nevertheless, there are also disad-
vantages of the endoscopic surgery. One-handed surgery is a disad-
vantage for surgical manipulation. Using angled instruments can be
more difficult with two-dimensional view of monitor. Bleeding and
fogging obscure the endoscopic vision, and it needs experience of
endoscopic surgery.

CONCLUSION

Endoscope-assisted surgery can allow removal of cholesteatoma of
petrous apex with preserving hearing. It also provides to remove the
cholesteatoma via transmastoid approach for perilabyrinthine space
as“minimally invasive surgery”instead of middle fossa approach that
is standard surgical procedure. Thus, complications of craniotomy
can be avoided. On the other hand, in apical and infra labyrinthine
cholesteatoma, endoscopes allow to preserve hearing with middle
fossa approach instead of trans-otic/trans-labyrinthine/transcochle-
ar approach. In conclusion, endoscope-assisted surgery can be a safe
and minimally invasive method in PBC.
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