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ABSTRACT

Conventional cochlear implantation (Cl) is challenging in patients with coincidental anatomical
or inflammatory middle ear pathologies. Performing subtotal petrosectomy (STP) simultaneously
with Cl allows to effectively overcome aforementioned problems. The aim of this study is to
describe the benefits of simultaneous STP for our Cl patients, review its indications, and analyze
short-term outcomes. We describe five cases of successful Cl using STP method, the indications
for operation were advanced otosclerosis, vestibular schwannoma, chronic mastoiditis, cholestea-
toma and previous implant bed infection. Five patients had a follow-up of 7-16 months. We
had minor complications, which did not require medical intervention. We provide analysis of
surgical strategy, postoperative complications and auditory performance of those patients. In
this study, we found clear advantages of STP for our selected Cl candidates. These were better
exposure in cases with modified anatomy, radical eradication of the underlying disease and
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reduction of the secondary infection risk.

Introduction

Subtotal petrosectomy (STP) is partial exenteration of
the temporal bone, which consists of blind sac closure
of external acoustic canal (EAC), canal wall down mas-
toidectomy with complete removal of EAC skin, tym-
panic membrane and middle ear mucosa and/or
disease, exenteration of the mastoid cells, removal of
tympanic bone and, finally, obliteration of the surgical
cavity with abdominal fat [1]. There are four most
important indications for STP: (a) elimination of
recurrent infection by drilling out all air cell tracts and
removal of large cholesteatomas; (b) removal of large
tumors without intradural extensions; (c) isolation of
the middle ear and mastoid from external environment
to prevent intracranial spread of infection due to
exposed dura and inner ear fluids; (d) allowing coch-
lear implantation (CI) in difficult cases [1].

The importance of simultaneous STP in CI has
been highlighted in recent literature [1-6]. Candidates
for CI may coincidentally have various middle ear
inflammatory pathologies or challenging anatomical
conditions, which make conventional CI very difficult
to undertake. Previously, different techniques have
been proposed to overcome aforementioned problems

in candidates for CI [7-11]. For instance, canal wall
down mastoidectomy has been used in combination
with CI for patients with chronic otitis media with or
without cholesteatoma [12]. Middle fossa approach has
been used to bypass the middle ear cavity [11].
However, all of those methods carry potential risks
for post-implantation complications, ranging from
electrode extrusion to life-threatening secondary
postoperative meningitis [4,13]. Performing STP in
combination with CI allows to avoid aforementioned
problems, because it provides wide exposure of ana-
tomical landmarks, enables definitive eradication of
underlying disease and leads to full isolation of surgical
cavity from the environment. The latter significantly
reduces potential for infectious complications [3].

The aim of this study was to describe the benefits
of simultaneous STP for our CI patients, review its
indications, and analyze short-term outcomes.

Patients and methods

This retrospective study was conducted following the
principles stated in the Declaration of Helsinki. We
describe five cases of patients who underwent CI with
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simultaneous STP  at the Department of
Otorhinolaryngology at our clinic between July 2017
and December 2018. Mean age of the patients was
52.8 years (range 1-75 years), three males and two
females. Mean follow-up was 11.4 months (range,
7-16 months). Data collection included clinical indi-
cations, imaging findings, surgical features and post-
operative complications. All patients underwent
otological examination and preoperative audiological
assessment, including pure-tone average (PTA; aver-
age of 0.5-1-2-4kHz) and word recognition test
(WRS). All patients underwent both gadolinium-
enhanced magnetic resonance imaging (MRI) and
high resolution computed tomography (HRCT) of the
temporal bone. This study was performed with the
approval of the Ethics Committee.

Results

Patients’ demographic and clinical data are summar-
ized in Table 1. The profile of used cochlear implants
is summarized in Table 2.

Description of cases

Patient 1 was referred to our department with bilat-
eral profound hearing loss due to advanced otoscler-
osis. He has previously wundergone multiple
stapedoplasties on the left side. He had been using
hearing aids in both ears, but speech discrimination
became unsatisfactory during last years. HRCT scan
revealed otosclerotic lesions bilaterally and ossification
of the basal turn (BT) of both cochleas (Figure 1). CI
with simultaneous STP was undertaken on his left
side for hearing rehabilitation. Left ear was selected
due to more severe impairment of hearing. STP was
considered in order to get full exposure of cochlea, to
determine the course of its BT and to locate round
window (RW) in an attempt to perform cochlear drill

opening of the scala vestibuli (SV) using separate
cochleostomy was undertaken and electrode array was
inserted into the latter. Postoperatively, patient devel-
oped mild disequilibrium which resolved spontan-
eously within 3 d. There were no other complications
and follow-up has been uneventful so far. At the
moment, patient uses CI on the left and conventional
hearing aid on the right with WRS 81% at the level
of 60 dB.

Patient 2 was referred to our department with
intracochlear schwannoma on the left side and sus-
pected vestibular schwannoma in the right cerebello-
pontine angle (CPA). She was suffering from bilateral
sensorineural hearing loss (SNHL), tinnitus, dizziness
and headaches for many years. By the time of admis-
sion, she had had profound hearing loss in her left
ear for 7 years. She received radiotherapy (28 Gy) for
the vestibular schwannoma at the right CPA 8 months
earlier. After radiotherapy, her residual hearing on
the right quickly deteriorated (Figure 2). MRI T1 with
gadolinium enhancement revealed two lesions: the
first enhancing lesion located along the left BT of the
cochlea and at the vestibule (indicating left intraco-
chlear vestibular schwannoma) and the second
enhancing mass positioned at the right CPA (Figure
3). Our treatment and hearing rehabilitation plan
consisted of two stages. First, we performed STP and
cochlea drill-out on the left in order to remove intra-
cochlear tumor and tumor from the vestibule. The
intracochlear part of the tumor was found both in ST
and vestibuli. Entire BT was opened, all tumor masses
removed, taking care to preserve modiolus.
Retrograde drilling of the SV opened vestibule and
enabled to remove its tumor content. Surgery was
continued by inserting electrode into ST of the
remaining cochlea. The electrode array was sealed

Table 2. Cochlear implant profile.

! . . Speech
out and to insert the electrode into scala tympani Patient Manufacturer Model Electrode processor
(ST). However, RW was found to be ossified intrao- 1 Cochlear 512 CA CP910

p T1: . 2 Med-el Synchrony Mil200 Medium Sonnet
peratively. A.fter fh‘llhng in the area of expected RW’ 3 Med-el Synchrony Mil200  Standard (flex28)  Sonnet
the ST was identified. The latter was followed anteri- 4 Med-el Synchrony Mil200 Standard (flex28) Sonnet
orly and was found to be obliterated. Therefore, 2 Cochlear c512 CA CP1000
Table 1. Demographic and clinical data of the patients.

No. Gender Age Audiology Indication Complication Follow-up (months)
1 Male 59 BSNHL* Advanced otosclerosis Balance disorder 16
2 Female 54 BSNHL Vestibular schwannoma Balance disorder 13
3 Male 65 BSNHL Chronic mastoiditis Periocular hematoma 14
4 Female 75 BSNHL Cholesteatoma Balance disorder 7
5 Male 11 BSNHL Previous implant bed infection and Hematoma of abdominal wound 7

device removal

*BSNHL: bilateral sensorineural hearing loss
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Figure 1. (A) HRCT showing bilateral cochlear otospongiosis and so-called halo effect (arrows). (B) 3 D reconstruction of MRI
images shows complete obliteration of the basal turn of the scala tympani, but patent lumen of the scala vestibuli. That finding
was confirmed intraoperatively.
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Figure 2. PTAs of the Patient 2 with intracochlear schwannoma in the left and vestibular schwannoma at the level of right CPA.
(A) PTA before radiotherapy, (B) PTA 8 months after radiotherapy, showing quick deterioration of the hearing and development of
almost complete deafness.
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Figure 3. (A) Preoperative MRI T1 sequence with gadolinium enhancement showing tumor at the right CPA, but also contrasting
small lesions along basal turn of the left cochlea and vestibule. (B) Postoperative CT scan showing electrode array in the left coch-
lea after subtotal petrosectomy and large craniotomy for translabyrinthine approach removal of tumor from the right.

with temporal muscle fascia and covered with bone
pate. Histopathological analysis confirmed the diagno-
sis of vestibular schwannoma. Nine months after the
first surgery, translabyrinthine approach was under-
taken to remove tumor from the right CPA.
Histological investigation again showed vestibular
schwannoma. Therefore, genetic testing of blood sam-
ples was undertaken to prove the diagnosis of neuro-
fibromatosis 2 (NF2). However, the latter was not
confirmed despite two separate set of genetic analyses.
Postoperatively, the patient developed severe balance
disorder due to bilateral complete loss of the vestibular
function. The patient has been using CI for 4 months
and by the time is only able to distinguish single
sounds and can not understand speech without lipread-
ing. Her WRS is as little as 11% at the level of 60 dB.

Patient 3 was referred to our department with
bilateral sensorineural deafness. He had previously
undergone mastoidectomy on the right due to mas-
toiditis in another hospital, which resulted in com-
plete deafness. He had also lost hearing from his left
ear for unknown reason. HRCT scan showed typical
post-mastoidectomy findings on the right. The treat-
ment plan consisted of STP on the right for eradica-
tion of any inflammatory mastoid cells, followed by
immediate CI. The operation was performed as a sin-
gle-stage surgery because there was no active infection
in the affected mastoid. Postoperatively, the patient
developed small periocular hematoma which absorbed
within a matter of days. Otherwise, the postoperative
course was uneventful. At the moment, the patient is
active user of CI and communicates effectively. His
WRS is 70% at the level of 60 dB.

Patient 4 was admitted to our clinic with bilateral
cholesteatoma and bilateral profound SNHL. Treatment

plan consisted of bilateral eradication of the cholestea-
toma using STP, followed by unilateral CI. During sur-
gery, significant erosion of the BTs of both cochleas
was observed with exposure of membranous labyrinth.
The latter explains her complete bilateral deafness. The
CI was performed on the left: the electrode was
inserted into ST and cochlea was sealed and recon-
structed with bone pate. Postoperatively, the patient
experienced severe imbalance, vertigo and nausea.
These symptoms relieved within 1 month. Patients’
postoperative WRS score is 12% at the level of 60 dB.

Patient 5 was 11 years old boy who was referred to
our department for the reimplantation. He had under-
gone for bilateral CI 6 years prior to admission due to
congenital profound bilateral SNHL. The right coch-
lear implant was removed 8 months after the first sur-
gery due to infectious sequelae. He also experienced
skin necrosis over the implant, which required excision
of the necrosis and transposition skin flap. In order to
prevent further infectious complications, reimplanta-
tion was performed via STP. Postoperatively, the
patient developed hematoma of the abdominal wound,
which absorbed spontaneously without any treatment.
The first 7 months of follow-up have been otherwise
uneventful. WRS with his right year is 0% at the level
of 60 dB.

Discussion

CI is an acknowledged method for hearing rehabilita-
tion in patients with severe to profound SNHL with
relatively low complication rate [2]. In difficult situa-
tions, such as malformed or ossified cochlea, middle
ear or intralabyrinthine tumors, chronic suppurative
otitis media (CSOM), cholesteatoma and radical



cavity from previous surgeries and its postoperative
secondary infections, it is recommended to perform
simultaneous STP [1-6]. This surgical approach pro-
vides an excellent exposure of the cochlea during CI
and enables total isolation of surgical cavity from the
outside environment, preventing secondary infectious
complications. In this study, we describe clinical data
and indications for STP as a part of CI in our first
five patients, which are discussed in detail further.

Cochlear ossification

Far-advanced or retrofenestral forms of otosclerosis
may cause profound SNHL by narrowing the cochlear
lumen with distortion of the basilar membrane and
by lytic enzymatic activity in the perilymph [14].
Conventional CI in patients with severe SNHL as a
result of otosclerosis may present a difficulty to the
surgeon due to otospongiotic cochlea and possible
obliteration of its lumen [5]. The latter could make
finding the RW and identifying the BT of the cochlea
through narrow posterior tympanotomy very chal-
lenging. Undertaking STP in those cases enables eas-
ier identification of important landmarks, provides
wide exposure of the entire cochlea, helps to locate
the RW area and the BT. Moreover, in case of severe
ossification of the cochlea, STP is the only method to
provide adequate exposure needed for safe cochlear
drill-out. Without good exposure, the latter can be
dangerous due to close proximity of the cochlea to
the internal carotid artery and the jugular bulb. In
our patient with advanced otosclerosis, electrode
insertion into ST was planned despite preoperative
evidence of its obliteration on imaging. Therefore,
STP was performed to get maximum exposure for
cochlear drill-out. Intraoperatively, the decision was
re-evaluated due to significant cochlear ossification
and electrode was inserted into SV. In this case, bene-
fits of STP were not fully executed because SV inser-
tion could also have been achieved through facial
recess during conventional CI as well.

Intracochlear tumors

Intralabyrinthine schwannomas are a rare subgroup
of benign tumors of the 8th cranial nerve [15].
Several strategies have been proposed to perform CI
in those patients, including insertion of the electrode
through the tumor without its removal [16].
Application of such approach assumes that intraco-
chlear tumor is slow-growing and its removal avoids
the need for cochlear drill-out and will potentially
give better hearing outcome. However, up to 15% of
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patients may show progressive growth of the intraco-
chlear tumor [17]. Therefore, we made a decision to
remove the tumor prior to implantation. In addition,
vestibular schwannomas in NF2 patients show more
rapid tumor growth and aggressive course of disease
compared to sporadic schwannomas [18].

STP enabled full exposure of the cochlea and to per-
form safe drill-out procedure for intracochlear tumor
removal. CI was simultaneously performed and elec-
trode was inserted into partially drilled cochlea. That
was the only way to provide hearing rehabilitation to
this patient, because she rapidly lost hearing in the
right ear after radiotherapy for vestibular schwannoma
in the right CPA. Due to failure of radiotherapy and
loss of hearing, the translabyrinthine approach was
performed to remove schwannoma from the right
CPA. Translabyrinthine approach was preferred due to
unserviceable hearing and the size of the tumor (3 cm).
Combining translabyrinthine approach with CI was
not considered because cochlear nerve was not pre-
served. The patient has low WRS score probably as a
consequence of too aggressive cochlea drill-out proced-
ure. One of the possibilities to preserve more cochlea
would have been pushing tumor out in a retrograde
way from the medial turn. Another option to rehabili-
tate hearing is this patient is auditory brainstem
implantation, because cochlear nerve is still intact in
the left. However, CI was our first choice because lit-
erature shows its superiority over auditory brainstem
implantation regarding hearing results [19].

Chronic otitis media

Performing STP in situations with underlying CSOM
and other associated problems (e.g. prior radical cav-
ities, cholesteatoma and adhesive otitis) allows to
obtain an aseptic field with no underlying disease,
which is fundamental for favorable long-term out-
comes in all implantable auditory devices including
CIL. We, therefore, chose to perform CI with simultan-
eous STP in our patients 3 and 4.

In patient 3, as there were several mastoid cells pre-
served, it carried a high risk to put the implant and the
electrode into chronically inflamed area, which might
have led to following labyrinthitis and meningitis.

In case 4, the patient with bilateral cholesteatoma, it
was decided to perform STP simultaneously with CIL
Though some recommend staging the surgery due to
the risk of recurrence of cholesteatoma, it is not neces-
sary in inactive cases where STP provides a wide
exposure and enables definite removal of the disease.
Radical removal of all mastoid cell tracts and underly-
ing disease, as during STP, provides definitive solution
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and effectively prevents potential recurrences and mul-
tiple unnecessary reoperations [2,3]. Unfortunately,
this patient gained very low WRS postoperatively. We
suggest that bad performance of the cochlear implant,
in this case, may be related to possible postoperative
cochlear ossification due to its erosion by underly-
ing disease.

Reimplantation after failed primary Cl

In our 5th case, we described a deaf child who
required reimplantation after removal of previous
cochlear implant due to implant bed infection. The
infection and explantation of the previous cochlear
implant took place 8 months after CI, which indicates
possible ascending infection. Therefore, the conven-
tional cochlear reimplantation was not performed in
fear of new infectious complications. Reimplantation
was performed many years later in combination with
STP. The latter leads to isolation of the mastoid cavity
from the external environment and is the most effect-
ive way to prevent further ascending infections. The
only downside of this case is that there was significant
time gap between explantation and reimplantation,
which has negative impact on the outcome of hearing,
causing low WRS score.

Conclusions

In this study, we found clear advantages of STP for
our selected CI candidates. Advantages of the STP
include maximum exposure in cases of difficult anat-
omy, full and safe eradication of the underlying disease
and minimizing possibility for secondary infectious
complications. All our patients had different indica-
tions, including advanced otosclerosis and cochlear
ossification, intracochlear schwannoma, CSOM, bilat-
eral cholesteatoma with cochlear erosion and reim-
plantation after failed primary CI due to infection. We
had minor complications, which did not require med-
ical intervention. Longer follow-up is needed to con-
firm that STP is safe and efficient method for CI
candidates with abovementioned problems.
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