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Abstract

Objective. To present our data evaluating the feasibility of simultaneous cochlear implant-
ation with resection of acoustic neuroma.

Methods. This paper describes a case series of eight adult patients with a radiologically sus-
pected acoustic neuroma, treated at a tertiary referral centre in Newcastle, Australia, between
2012 and 2015. Patients underwent cochlear implantation concurrently with removal of an
acoustic neuroma. The approach was translabyrinthine, with facial nerve monitoring and elec-
trically evoked auditory brainstem response testing. Standard post-implant rehabilitation was
employed, with three and six months’ follow-up data collected. The main outcome measures
were: hearing, subjective benefit of implant, operative complications and tumour recurrence.
Results. Eight patients underwent simultaneous cochlear implantation with resection of acous-
tic neuroma over a 3-year period, and had 25-63 months’ follow up. There were no major com-
plications. All patients except one gained usable hearing and were daily implant users.
Conclusion. Simultaneous cochlear implantation with resection of acoustic neuroma has been
shown to be a safe treatment option, which will be applicable in a wide range of clinical scen-
arios as the indications for cochlear implantation continue to expand.

Introduction

Clinicians are faced with an increasing assessment and management burden regarding
patients presenting with acoustic neuroma."” Many of these tumours may be small and
asymptomatic, leading to management dilemmas, particularly given the potential for sur-
gery or radiotherapy to cause deafness in the ipsilateral ear. The move towards ‘watchful
waiting” with serial imaging reduces treatment morbidity, but carries the risk of progres-
sive hearing loss in addition to tumour growth.

Cochlear nerve function is usually considered to be significantly compromised by
acoustic neuroma. Nevertheless, previous case studies have explored the use of cochlear
implantation after acoustic neuroma removal following promontory stimulation to ensure
an intact cochlear nerve.>* This can be effective, but carries the risk of progressive coch-
lear ossification in the weeks to months following surgery, which potentially renders suc-
cessful implantation impossible. Other studies have described the successful technique of
inserting a cochlear implant during the same operation as the removal of an acoustic
neuroma from the ipsilateral ear.”™®

This study aimed to confirm the feasibility of combining simultaneous cochlear implant-
ation with resection of acoustic neuroma, and to develop a management algorithm for the
reliable application of this technique. We hypothesised that, in selected cases, the protocol
of ‘simultaneous cochlear implantation with resection of acoustic neuroma’ (termed
‘SCIRAN’ by the authors) would enable simultaneous tumour removal and cochlear implant-
ation without increasing morbidity, thus permitting the rehabilitation of binaural hearing.

Materials and methods
Patient population

After obtaining approval from the Hunter Area Health Service Ethics Board, we con-
ducted a retrospective review of prospectively collected data from consecutive patients
undergoing simultaneous cochlear implantation with resection of acoustic neuroma at
our centre between October 2012 and December 2015.

Indications for treatment

Patients were considered for simultaneous cochlear implantation with resection of acous-
tic neuroma based on the rationale that there was a realistic chance that adequate tumour
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Table 1. Patient demographics and indications for surgery, with tumour size and location

Pt Age Tumour size

no. (years) Sex Indication (mm)* Tumour locationt

1 72 Male Bilateral hearing loss 15 IAC & CPA

2 68 Female Bilateral hearing loss 11 IAC & CPA

3 56 Female Large tumour abutting brainstem 13 IAC & CPA

4 52 Female Tinnitus 5 IAC

5 66 Female Tinnitus 7 IAC

6 63 Male Patient not wanting observation 16 IAC & CPA

7 50 Female Large tumour abutting brainstem 16 IAC & CPA

8 16 Male Bilateral acoustic neuroma, NF2, large tumour 29 IAC & CPA (near-total

abutting brainstem

resection)

*Maximal dimension of tumour. tLocation determined based on pre-operative imaging. Pt no. = patient number; IAC = internal auditory canal; CPA = cerebellopontine angle; NF2 =

neurofibromatosis type 2

removal for the clinical situation would not damage the coch-
lear nerve. Although the decision incorporated tumour size
and location, strict criteria were not defined and the decision
was instead based on the experience of the surgeon. Indeed,
we do not consider there to be a maximum tumour size to pre-
clude implantation, as the decision will be based on anatomical
nerve integrity and the presence of electrically evoked auditory
brainstem responses (ABRs) at the completion of tumour
resection. Indications for inclusion are included in Table 1.

Involvement of the patient in the treatment discussions was
critical given the importance of patient commitment to
rehabilitation, the residual hearing loss with tumour removal,
and the possibility of cochlear nerve loss which would pre-
clude implantation. Following discussion with the surgeon,
each patient’s primary concern was listed as the ‘indication’
for surgery, though in reality the decision to proceed was
often multifactorial.

We included patients with both incidental and symptom-
atic tumours, and patients’ wishes were paramount in the
final decision for surgery. Patients who could not undergo
simultaneous cochlear implantation with resection of acoustic
neuroma because of the lack of a functional cochlear nerve
after tumour removal were excluded. All patients undergoing
a combined procedure during the time period were included.

In Australia, patients need to meet very strict criteria to be
eligible for a cochlear implant funded by the public health sys-
tem, while those with private cover are able to access an
implant without meeting such stringent criteria. In cases
where we felt the patient would benefit from the procedure
but they were not able to access the financial support for the
implant, implant companies were approached to assist in
donating the implant for research purposes.

Operative technique

All cases were performed by the senior author (RE), with the
involvement of a second ENT surgeon (KK) in three cases and
a single neurosurgeon (RF) in four cases. The surgical proced-
ure involved a translabyrinthine approach, with facial nerve
monitoring and electrically evoked ABR testing. The full
operative protocol is outlined in Table 2. Illustrations of the
operative field and electrode placement for intra-operative
monitoring are provided in Figures 1 and 2.

The stimulating electrode for electrically evoked ABR test-
ing was placed either in the round window niche or in the
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Table 2. Protocol for simultaneous cochlear implantation with resection of
acoustic neuroma

Pre-operative

- Full discussion of options & risks

- Cochlear implant centre consultation

- Surgical consent

Intra-operative

- Facial nerve electrode insertion

- Scalp electrode insertion for cochlear nerve integrity monitoring via
electrically evoked ABR testing

- Wide saucerisation with sigmoid sinus compression preserving
Bill’s island

- Chorda-facial recess drilled to visualise stapes & round window niche

- Eustachian tube obliteration

- Cochleostomy performed

- Stimulating electrode placed in basal turn of cochlea

- Initial electrically evoked ABR testing performed

- Bone removal to provide 270° exposure of IAC

- Dural incision & mobilisation of tumour

- Removal of IAC & CPA components of tumour

- Facial & cochlear nerves either dissected off tumour from fundus to
porus, or preserved behind capsule of tumour with aid of direct facial &
cochlear nerve stimulation

- Confirmation of cochlear nerve integrity by repeat electrically evoked
ABR testing

- Cochlear implantation

Post-operative

- Regular neurosurgical observations, supine nursing, IV antibiotics,
anti-emetics & analgesics as required

- Examination for complications including facial nerve paralysis & CSF leak

- Follow up at 3-6 months, & hearing outcomes assessment with audiology
& speech perception testing

- Imaging with CT or MRI

ABR = auditory brainstem response; IAC = internal auditory canal; CPA = cerebellopontine
angle; IV =intravenous; CT = computed tomography; MRI = magnetic resonance imaging

basal turn of the cochlea. The position of this electrode was
checked repeatedly throughout the procedure, and particularly
prior to any electrically evoked ABR testing. A separate stimu-
lating electrode was used to help identify the cochlear nerve in
the cerebellopontine angle.
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Fig. 1. View of operative field, with demonstration of monitoring technique.
CPA = cerebellopontine angle
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Fig. 2. Electrode placement for intra-operative monitoring. EABR = electrically evoked
auditory brainstem response testing

Outcome measures

Any intra-operative or post-operative complications were
recorded. Patients were reviewed immediately after surgery,
and at three months and six months post-operatively.
Post-operative hearing assessment was carried out by an audi-
ologist according to Sydney Cochlear Implant Centre proto-
cols, and included speech discrimination evaluation and
scoring with the Category of Auditory Performance 7 system.’
Tumour residual was assessed with either computed tomog-
raphy (CT) or 1.5 Tesla magnetic resonance imaging (MRI)
at six months’ follow up in all but one patient.

Results

A total of eight patients (five female, three male) underwent
simultaneous cochlear implantation with resection of acoustic
neuroma at our centre between October 2012 and December
2015. All patients had acoustic neuromas apart from one
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(patient number 2) who had an internal auditory canal men-
ingioma. Patients’ ages ranged from 16 to 72 years.

Two patients underwent simultaneous cochlear implant-
ation with resection of acoustic neuroma for bilateral profound
hearing loss, two underwent the procedure primarily for tin-
nitus suppression and four chose to undergo the surgery for
tumour resection (Table 1). Importantly, these indications
represent the primary indication from the patients’ point of
view following an informed discussion with the surgeon. In
reality, the decision was multifactorial and included weighing
up the risks of observing the tumour with those of removal.

There were no intra-operative complications. Patient num-
ber 8 underwent a subtotal excision, while all other patients
underwent a total tumour excision. Follow-up duration ranged
from 25 to 63 months. Two patients suffered from vertigo at
the initial post-operative visit and one from tinnitus, though
both of these symptoms had almost resolved at one month.
One patient suffered facial nerve neuropraxia, which had
fully resolved by one month.

Seven patients reported subjective benefits in their hearing
following the procedure, and became continuous users of their
implant (Table 3). Formal audiology results as available are
displayed in Table 3; however, because of changes in post-
operative management algorithms at our centre during the
trial period and challenges in measuring speech discrimination
in single-sided deafness cases, full audiological outcomes are
not available.

One patient received no aural percept from her implant,
despite preserved intra-operative electrically evoked ABR
potentials. She elected for implant removal at six months,
and it was replaced with a bone-anchored hearing aid with
good effect. One patient (with neurofibromatosis type 2
(NF2)) experienced gradual deterioration of his initially good
auditory percept, and became a non-user of the cochlear
implant over two years; this seemed to correlate with regrowth
of the tumour residual after initial subtotal removal.

For patients who underwent simultaneous cochlear
implantation with resection of acoustic neuroma because of
their preference rather than a hearing indication, there were
no improvements in their hearing post operatively. However,
the tumour could be resected with hearing preservation in
all patients who underwent surgery for this indication.

Discussion

The burden of acoustic neuroma is rising, with the tumour
reported as being found in 0.2 per cent of asymptomatic
patients undergoing a cerebral MRL"* Most commonly, an
acoustic neuroma is identified on MRI in a patient with asym-
metrical sensorineural hearing loss. On occasion, an acoustic
neuroma is identified during evaluation for cochlear implant-
ation in a patient who is bilaterally deaf. During initial discus-
sions regarding tumour treatment options, presenting
complaints such as hearing loss are frequently set aside.
Nevertheless, these benign tumours present a significant man-
agement challenge; if left untreated, many tumours will ultim-
ately lead to deafness in the ipsilateral ear, while hearing can
also be adversely affected by the various treatment modalities
available." A particular challenge arises when the acoustic
neuroma affects the only hearing ear.

In recent years, there has been a trend towards the conser-
vative management of acoustic neuromas, particularly in
patients with small asymptomatic tumours.'’ In a series of
patients who underwent conservative management, between
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Table 3. Hearing outcomes for our series of patients

S Roberts, B Levin, H Sanli et al.

Post-implantation

Pt PTA Best pre-op CUNY or BKB Post-implantation daily Category of Auditory
no. (dB HL)* discrimination results results’ processor use (hours) Performance 7 score
1 100 Hearing aid - BKB =29% 86% +10 7
2 89 Hearing aid - CUNY =53%, 100% +10 7
CNC=2%
3 40 CUNY =97%, CNC =48% No auditory percept N/A N/A
unaided (bilateral)
4 120 99% +10 5
5 30 90% (at 55 dB) 73% +10 5
6 42.5 CNC =54% 5-6 5
7 475 37% (CNC = 88%) 9 5
8 45 CVC=47% 0% 10 4 - dropped to 0 over 2 years

*At 0.5, 1, 2, 4 kHz. "Direct input for single-sided deafness. Pt no. = patient number; PTA=pure tone audiometry; pre-op = pre-operative; CUNY = City University of New York Sentence Test;
BKB = Bamford-Kowal-Bench Sentence Test; CNC = consonant-nucleus-consonant test; N/A=not available; CVC = consonant-vowel-consonant test

50 and 58 per cent of tumours exhibited no growth, and 51 per
cent did not affect hearing, though progression to definitive
treatment occurred in 20-25 per cent of pati(:‘:nts.10 Factors
predictive of rapid tumour growth have proved difficult to elu-
cidate, and rapid tumour growth can occur at any stage."'’

Unfortunately, with these high rates of progression to
definitive treatment, there is ensuing damage to the cochlea
or cochlear nerve in the interim, and the loss of subsequent
options to restore hearing.'' High attrition rates have been
reported in studies that evaluated conservative management,
with hearing loss more likely to occur in patients who do
not undergo regular review (as in patient 5).'° When follow-up
duration is long enough, many patients will show hearing loss
in the ipsilateral ear, even with small tumours that do not
grow."!

The mechanisms of hearing loss in acoustic neuroma could
include nerve compression or invasion, or impairment of the
blood supply to the cochlear nerve or cochlea itself.'""
After long-term follow up in patients with small tumours of
negligible growth, many of those affected will still lose hearing,
and this phenomenon has been postulated to be caused by a
subtle reduction in cochlear blood flow."' Faster growing
tumours are known to impair hearing more than slow-growing
tumours, and it is unclear whether this is due to compression
of the cochlear blood supply at a more rapid rate than that at
which collaterals develop or the compression of the nerve dir-
ectly, or whether these represent a more aggressive subgroup
of tumours invading the cochlear nerve."'

Histological studies have revealed that the degree of audi-
tory and vestibular dysfunction produced is independent of
the number of nerve fibres destroyed, and thus ‘conduction
block’ and cochlear functional changes have been implicated.'
Examination of chronically compressed cochlear nerves reveals
abnormalities in myelin sheaths and preservation of micro-
vessels, but with hypertrophy and hyperplasia consistent
with mild to moderate reduction of endoneurial blood
flow."? The reduction in blood flow may contribute to VIIith
‘nerve block’ and, as such, there is potential for hearing
improvement after removal of the pressure imposed by an
acoustic neuroma.'” Occlusion of the internal auditory artery
or its branches within the internal auditory canal is another
proposed mechanism, potentially causing ischaemic damage
to the cochlear nerve or the cochlea."” Histological studies
from the cochlea reveal significant levels of inner and outer
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hair cell loss, cochlear neuronal loss, and increased endolymph
and perilymph precipitate when compared to the opposite
ear. Lower internal auditory canal pressures have been corre-
lated with better pre-operative hearing levels, supporting the
concept of early intervention.

Results from studies of hearing preservation surgery out-
comes may guide us in terms of patient selection for simultan-
eous cochlear implantation with resection of acoustic
neuroma. Hearing outcomes rather than cochlear nerve func-
tion are primarily reported in the hearing preservation surgery
literature, and vary widely between 2 and 93 per cent, gener-
ally with higher rates in more recent reports.'> Favourable
results have been demonstrated in cases of large tumours,
tumours with intracanalicular extension, tumours with pro-
longed physical association with the cochlear nerve, and
more medial tumours.'®™"” Tumour recurrence rates following
nerve-conserving surgery are improving, reaching as low as
0.5-0.7 per cent in recent reports.

Mechanisms of intra-operative hearing loss are labyrin-
thine, neural and vascular.’' If a clear plane between the
tumour capsule and the facial or cochlear nerve is identified,
this correlates with a better chance of preserving the nerves.
If, however, there are extensive adhesions, the cleavage plane
should be developed in the vestibular nerve-tumour interface
or the capsule-tumour interface, to optimise the chances of
retaining nerve function, as this represents the ‘sub-perineural’
space.”> Meticulous efforts to reduce pressures in the internal
auditory canal may lead to better hearing outcomes, including
sharp proximal to distal dissection of cranial nerves, careful
drilling in the internal auditory canal and minimisation of
nerve manipulation.'>*'

As early as 17 hours after translabyrinthine surgery, there is
diffuse haemorrhage in all cochlear partitions. After two
weeks, the haemorrhages are less manifest, but hyalinisation
is seen within the spiral ligament. Specimens examined from
4 to 11 years exhibit total cochlear ossification, with near-total
loss of spiral ganglion cells.”> Despite these findings, some
spiral ganglion cells survive for years after damage to the
otic capsule, and patients will continue to respond to electrical
stimulation by an intra-cochlear electrode. Cochlear implant-
ation can be effective following this approach, but should be
undertaken as quickly as possible to minimise the risk of coch-
lear fibrosis and ossification, which will take place in the short
to medium term.”’


https://doi.org/10.1017/S0022215120000705

The Journal of Laryngology & Otology

Facial nerve monitoring is well established in acoustic neur-
oma resection and provides real time information to the
surgeon. It has been shown to correlate with excellent
facial nerve outcomes following surgery.”* Advances in coch-
lear nerve monitoring yield significant hope of improving
cochlear nerve outcomes as well.

The first technology used for cochlear nerve monitoring
was brainstem auditory evoked potentials; this improved out-
comes, but had the disadvantages of time delay, and false posi-
tives related to anaesthesia, hypothermia or irrigation.**
Electrocochleography is a ‘near field” technique that relies on
electrode placement on the promontory, and has been used
with success in some centres.”* The major drawback is insensi-
tivity to changes in the proximal portion of the nerve, and per-
sistence of electrocochleography action potentials has been
documented 25 minutes after cochlear nerve section.”!
Cochlear nerve action potentials are a newer technology
used in some units and represent a ‘near field measurement
of cochlear nerve function.?* Thus, there are significantly
shorter latency periods with more ‘real time’ information
available, which has been shown to correlate with post-
operative hearing outcomes.** This technique has the technical
disadvantage of difficulties in finding space to place the
recording electrode in large tumours. Electrically evoked
ABRs have not been extensively studied in acoustic neuroma
surgery, but have been routinely used for many years by our
group (at the Sydney Cochlear Implant Centre) using the
cochlear implant itself at completion of (non-tumour)
implantation surgery.'>*

Overall, no technology has proved completely effective in
ensuring the integrity of the cochlear nerve intra-operatively,
and this area is in need of further research. Our current proto-
col is to perform intra-operative cochlear nerve monitoring in
all tumour surgical procedures to examine the integrity of the
cochlear nerve pre- and post-tumour resection. Only patients
with retained electrically evoked ABRs are candidates for
immediate implantation.

Other technologies used for hearing rehabilitation in acous-
tic neuroma patients include bone conduction implants and
auditory brainstem implants. Bone conduction implants have
been used in patients with single-sided deafness, with positive
effects on speech reception and significant subjective benefit.*®
Problems include pain, headache, skin irritation or infection,
and background noise amplification.”® Sound lateralisation is
present, but localisation is poor.”” Auditory brainstem
implants have been used in patients in whom cochlear nerve
function has not been preserved. In this situation, the hearing
outcomes are not as good as a cochlear implant in a patient
with single-sided deafness, nor one with an acoustic neuroma
in the only hearing ear; nevertheless, it represents a reserve
option if simultaneous cochlear implantation with resection
of acoustic neuroma is not possible.”

Cochlear implantation in patients with single-sided deaf-
ness may improve: sound and speech perception, the likeli-
hood of developing or regaining auditory and verbal
language abilities, tinnitus, and educational outcomes.*®
Binaural hearing increases the ability to localise sound and
interpret speech in the face of background noise, and has
been shown to improve quality of life indicators. Several stud-
ies have demonstrated improvements in speech understanding
and localisation, tinnitus reduction, and enhanced quality of
life through employing cochlear implantation to gain binaural
hearing, and large studies are currently underway to evaluate this
treatment option further.”®° Bilateral cochlear implantation has
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been shown to be cost effective when compared to many other
medical procedures.”®

Cochlear implantation following acoustic neuroma surgery
has been documented in multiple case reports and series, with
reasonable success reported.3’4 In most of these cases, the
authors made use of promontory stimulation in the weeks
post-operatively, to ensure that cochlear nerve function
remained at a level conducive to cochlear implant insertion.
Interestingly, in some cases where promontory stimulation
was initially negative, the test repeated at a later date became
positive, potentially due to the resolution of intra-operative
bleeding and post-operative oedema.* As such, the test should
be repeated at six to eight weeks, as cochlear implantation may
still be possible even when cochlear nerve function appears
impaired during the operation.* While there has been some
concern regarding the long-term loss of cochlear implant
function because of cochlear nerve scarring over time, the
results of long-term follow up of over five years have been
promising.* Where there is doubt as to the functionality of
the cochlear nerve, an option is to insert a sleeper array
until promontory stimulation is performed. Other authors
have shown this to be an effective method.>!

Neuro-otologists face an increasing burden of acoustic
neuroma

Cochlear implants have expanded management options; they
have been used in delayed or simultaneous procedures with
tumour resection

By combining the procedures, the cochlear ossification risk
precluding implantation is removed

Advances in neuro-monitoring allow intra-operative
confirmation of cochlear nerve integrity

A large cohort of patients undergoing simultaneous cochlear
implantation with acoustic neuroma resection is described
This procedure was safe and effective in maintaining or
restoring hearing, thus expanding the neuro-otologist’s
options

There are 37 previously published cases of simultaneous
cochlear implantation and acoustic neuroma removal at the
time of writing (reported within 10 studies).*®***>7** None
of the papers reported complications, and all but one docu-
mented good hearing outcomes post-operatively. One report
mentioned the intra-operative assessment of cochlear nerve
function, which was achieved with intra-operative telemetry
through the implant, as was utilised in our first patient. In a
small series, the cochlear nerve was monitored with a golf
club electrode at the round window niche.”> We also utilised
electrically evoked ABR testing in our patients, with success;
this is a cheaper option than monitoring through the implant
if the cochlear nerve proves non-functional. We were unable to
identify any reports of patients undergoing cochlear implant-
ation during the same operation as the removal of a cerebello-
pontine angle meningioma, making patient 2 the first reported
case of this operation, and highlighting that this algorithm is
possible not only in acoustic neuroma but in other cerebello-
pontine angle tumour resections. Many authors did not moni-
tor the cochlear nerve and apparently made the decision to
implant based on anatomical assessment of nerve integrity.

Other authors have examined the use of a cochlear implant
in the ear affected by the tumour, or the employment of
contralateral implantation prior to tumour removal.”>®
These options highlight the added complexity of considering
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the use of cochlear implants in the management of acoustic
neuroma, thus emphasising the importance of an individua-
lised treatment plan for each patient.

There is increasing evidence that 1.0-1.5 Tesla MRI scan-
ning is safe in patients with a cochlear implant, and that it
reveals useful diagnostic information.’*’ New technologies
in cochlear implants such as ‘self-aligning’ magnets mean
that they are increasingly safer in MRI, and stronger magnets
with better image resolution are becoming safe.” Clinically
significant recurrence (i.e. brainstem compression) would be
clearly visible on high-resolution CT, although this is not
the ‘gold standard’ method of surveillance following surgery.

Acoustic neuroma management in patients with NF2 pre-
sents significant challenges, and the debate about early versus
late resection is ongoing.* Acoustic neuromas in these patients
grow rapidly, and without intervention hearing loss is almost
universal.*> As exhibited by patient 8 in our series, the possi-
bility of simultaneous cochlear implantation with resection of
acoustic neuroma represents a potential option in the manage-
ment of these patients. This was a large tumour at presenta-
tion, necessitating incomplete tumour removal in order to
preserve facial and cochlear nerve function, probably dooming
the patient to recurrence and loss of the cochlear implant. We
feel the option of early tumour removal in order to provide a
better chance of retaining hearing, made possible by the sim-
ultaneous cochlear implantation with resection of acoustic
neuroma protocol, still warrants further investigation in
patients with this disease.

Conclusion

Simultaneous cochlear implantation with resection of acoustic
neuroma represents a new approach for the neuro-otologist
facing the growing burden of acoustic neuroma. The simultan-
eous cochlear implantation with resection of acoustic neuroma
algorithm allows the individualisation of treatment plans
according to both patient and tumour factors. It appears
safe, and we saw no additional morbidity in our series. The
combination of these established procedures allows the sur-
geon to overcome the risk of progressive cochlear ossification,
which will inevitably occur in the short term following trans-
labyrinthine surgery. Intra-operative electrically evoked ABR
testing can be used to monitor the cochlear nerve before, dur-
ing and after tumour resection. If there is doubt as to the func-
tion of the nerve, an inexpensive ‘sleeper array’ can be
implanted while waiting for promontory stimulation following
surgery.

The potential applications are large and will continue to
expand, particularly as the indications for the management
of single-sided deafness continue to grow. Future research is
required in order to maximise the reliability of the
intra-operative cochlear nerve function assessment, and to fur-
ther assess the outcomes of simultaneous cochlear implant-
ation with resection of acoustic neuroma by identifying the
patient and disease factors that predict beneficial surgery.
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