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Abstract
Objective: With rising quality of speech perception in cochlear implant users, the indication widens. Nowadays, 
cochlear implantation is reasonable even in vestibular schwannoma patients. Speech perception with a cochlear 
implant is in these patients as promising as in patients with sensorineural hearing loss. However, the impact of cochlear 
implantation on vertigo and tinnitus after removal of vestibular schwannoma has not been investigated yet. Methods: In 
a retrospective study, we analysed 12 patients treated with a cochlear implant after removal of vestibular schwannoma. 
Results: In addition to a promising hearing perception - all patients reported improvement of vertigo. This improvement 
was also demonstrated by postural analysis. Improvement of tinnitus was achieved in 50% of the patients. Conclusion: 
Cochlear implantation seems a promising treatment for hearing loss, vertigo and even tinnitus in patients after removal 
of vestibular schwannoma. However, for successful cochlear implantation with adequate speech perception and 
improvement of vertigo and tinnitus, functional hearing nerve and intact inner ear anatomy is necessary.
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INTRODUCTION

Vestibular schwannomas (VSs) are the most 
common1-4 intracranial schwannomas with an annual 
incidence of 1 per 100,0002-4. They originate from the 
Schwann cells of the vestibular portion of the 8th cranial 
nerve. They are benign generally slow growing tumours 
with a wide variability in size and growth rate. First 
described by Mr. Sandiford in 1777 as a single case, 
presented in 1830 as a relevant clinical issue, the first 
removal was performed in 1892 by Sir C. Ballance5. At 
this time, the mortality rate was over 80%. Depending on 
the symptoms and the location of the tumour, following 
treatment options are available nowadays: observation, 
stereotactic radiosurgery, fractionated radiotherapy, 
and microsurgery. Surgical approaches include the 
translabyrinthine, the retrosigmoid/suboccipirtal and the 
middel fossa approach and the mortality rate is lower than 
2%6. Due to incidental diagnosis of asymptomatic lesions 
after widespread use of MRI, the incidence appears to be 
increasing7. 

The aetiology of vestibular schwannomas is widely 
unknown, whereas in neurofibromatosis a polyclonal 
origin is suspected8. Neurofibromatosis type is a hereditary 
disease associated with VS. In Type I Neurofibromatosis, 
90% of the patients develop at least one-sided VS. Ten 
times less frequent is the neurofibromatosis type 2 which 
is associated with bilateral VSs in 90% of the affected 
patients2,9. Considering the large number of the affected 
patients, early diagnosis and treatment of the disease is 
mandatory in order to achieve favourable results. However, 
the chances to preserve hearing decrease with increasing 
tumour size despite advanced surgical techniques and 
a high percentage of the patients experience severe 
to profound hearing loss10-13. Therefore, the demand 
for a sufficient hearing supply after surgical removal is 
rising. The quantity and quality of hearing rehabilitation 
is increasing from normal hearing aids, cross- and bi-
cross-hearing-systems, bone conducted hearing aids, 
middle ear implants (MOI), cochlear implantation (CI), 
auditory brainstem implant (ABI) and auditory midbrain 
implant (AMI). After surgical removal of VSs, especially 
in neurofibromatosis type 2 patients, the supply with ABI 
is in most cases an option, but several studies showed 
an unsatisfactory outcome8,11,13,14. Especially the speech 
perception with an ABI in adults15, compared to the 
supply in young children16, is a huge breakdown. In an 
increasing number of patients, the auditory nerve can 
be anatomically preserved despite extensive surgical 
removal of the schwannoma. Therefore, more and more 
CIs are an option for the treatment of hearing loss for 
these patients. Several studies suggest a very good 
hearing rehabilitation of acoustic neuroma patients after 
CI9,17,18. However, nearly all studies are limited due to 
small patient numbers19,20 - reporting case files or groups 
of up to 3 patients. Another shortcoming of the studies 
reported in the literature is the lack of information on 
improvements regarding impairments associated with 
an acoustic neuroma, for example tinnitus and vertigo. 

The purpose of this paper is the retrospective analysis of 
the impact of CI on hearing improvement as well as the 
improvement of vertigo and tinnitus in patients implanted 
after surgical removal of VS.

MATERIALS AND METHODS
Patients

In this retrospective study, we analysed 12 adults 
(8 men and 4 women, mean age of 45,58 year ranging 
from 35 to 80 years at date of cochlear implantation) 
treated with a CI for hearing improvement after surgical 
removal of VS (Figure 1a). Among these, two patients 
suffered from neurofibromatosis type 2 with unilateral VS. 
A surgical removal of VS was performed in all patients 
between 1988 and 2013. The removal of the VS was 
performed at other clinics in 4 patients. The remaining 
patients were treated in our Centre with retrosigmoid and 
middle fossa approach. Included were all patients who 
received vestibular schwannoma operation and cochlear 
implantation in a second setting on the same side. 
Exclusion criteria were revision operations, implantation 
with AMI or ABI as well as patients under 18 year of age.
Implantations

All cochlear implantations were performed in our 
clinic by experienced surgeons according to standard 
operation procedures without complications (4 operations 
on the left side, 8 on the right side) during the period 
of 2005 until 2014. The standard procedure involves 
a retroauricular approach, mastoidectomy, posterior 
tympanotomy and cochleostomy. To ensure a correct 
electrode function, the electrodes were tested before 
and immediately after insertion, as well as at the second 
postoperative day. 

The proper postoperative function and electrode 
position was demonstrated electrophysiologically as well 
as radiologically via cone beam CT (Figure 1b).

The following implants were chosen by the patients: 

•	 Advanced Bionics HiRes 90K electrode (1 patient)

•	 Cochlear nucleus CI 422 (2 patients) 

•	 Cochlear nucleus CI 512 (3 patients)

•	 Cochlear nucleus freedom (1 patient)

Figure 1. Shows a vestibular schwannoma (a) marked with a single 
arrow pre-operative MRI with T2 imagining. In addition cochlear 
implantation marked with multiple arrows (b) postoperative is shown in 
Cone Beam computer tomography in one patient.
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•	 Cochlear nucleus contour advanced (2 patients)

•	 Cochlear nucleus RE 24 (3 patients)

All electrodes are not considered as hearing 
preserving and cover all frequencies. All patients received 
the first fitting of the CI 5-7 weeks after operation during 
a 5-day in-patient treatment with daily fine tuning and 
pedagogic therapy as an introduction to daily individual 
training. We had limited access to preoperative symptoms 
(hearing loss, vertigo, and tinnitus) and audiologic results 
before surgical removal of VS in 4 patients due to the fact 
that they were treated on their vestibular schwannoma at 
other clinics. However, symptoms such as hearing loss, 
vertigo and tinnitus occurring prior to and after implantation 
were extracted from the charts of the patients. As we 
want to demonstrate the effects of cochlear implantation 
after vestibular schwannoma operation, for this study the 
functional test prior to vestibular schwannoma surgery 
are not relevant. 
Functional tests

A caloric test was performed for the functional 
evaluation of the vestibular nerve prior to surgical 
removal of the VS. In addition, patients received caloric 
tests and dynamic prosturography (SMART EquiTest®) 
as a preparation for cochlea implantation. The speech 
perception was tested with the German monosyllable 
“Freiburg Einsilber-Test“ in soundproof conditions. All 
test were additionally performed 5-7 weeks postoperative 
after activation of the implant. Statistical comparisons 
were done by 2 × 2 contingency table, chi-square 
statistics and One-Way ANOVA. Statistical significance 
was assumed at p < 0.05 without corrections for multiple 
testing.

RESULTS

After surgical removal, 11 patients showed a total 
hearing loss at the side of the VS. One showed a typical 
severe hearing loss in the high frequencies with residual 
hearing in the lower frequencies without a benefit in 
speech perception. Despite unilateral VS and the surgery 
associated with for treatment, three (25%) from the 12 
patients presented a bilateral profound hearing loss. All 
other patients had normal hearing on the untreated side.

7 of the 12 (58%) patients complained about 
dizziness prior to CI. Out of these, 4 (57%) patients 
showed improvement of dizziness and 3 (43%) remained 
idem (Figure 2). Of the 5 patients without any dizziness 
complaints pre CI, 4 (80%) remained free of dizziness and 
1 (20%) developed vertigo 4 month after implantation. 
Figures 2 and 3 show the subjective and objective 
examination for dizziness. Objectively testing the vestibular 
function, we detected a vestibular deficit prior to cochlea 
implantation in 11 patients (Data not shown). From these 
11 only 7 agreed with a postoperative vestibular testing 
(Figure 3a). Here all patients showed equal test results. 
Consequently, 1 (9%) person had a normal vestibular 
function. This patient preserved this function also after 
cochlea implantation. The six patients with pathological 

vestibular tests also agreed to posturography (Figure 
3b). Among these, 3 (27%) patients had a compensated 
loss of vestibular function in posturography (Figure 3b). 
Tinnitus was described by 8 patients prior to cochlea 
implantation and only these were depicted in Figure 
4. After implantation, the same 8 patients described a 
persistent tinnitus, but 4 (50%) out of these 8 patients 
expressed an explicit improvement within loudness of the 
tinnitus and daily masking possibilities. Three (75%) out of 
these 4 patients also experienced improvement of vertigo 
after cochlea implantation. Using Chi-Square and One-

Figure 2. Development of subjective vertigo (V) due to cochlear 
implantation. Data show a reduction in subjective vertigo can be 
achieved due to implantation of cochlear implant electrodes.

Figure 3. Development of vestibular function and posturographic 
test results depending on cochlear implantation. Both tests show an 
improvement after cochlear implantation.
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Way-ANOVA - due to small test number- we could achieve 
no statistical significance. A speech perception from 52% 
to 85% could be achieved and therefore expresses the 
average outcome for our implanted patients21.

DISCUSSION

Development of cochlea implants rises fast, while 
its way from its beginning in the 18th century till now 
was rough22-24. Because of the tremendous success in 
speech understanding, the indication for a CI is widened. 
Especially in seniors, CIs become more important to 
enable better speech understanding and to include them 
therewith in the social environment25. It is also discussed 
whether better hearing can diminish dementia26,27. 
Beside improvement of speech understanding and 
therefore communication, the balance system plays an 
important role in the rehabilitation especially of older 
patients27-29. Because the inner ear function includes 
also the labyrinthine, this has to be observed carefully 
while defining the indication to CI surgery and has to 
be monitored after surgery. Beside this, a tinnitus - as 
a further source of stress - can disguise the subjective 
impression of a successful speech rehabilitation. One has 
to consider that vertigo and tinnitus are the most frequent 
complains after acoustic neuroma extirpation. Grauvogel 
et al. described a huge loss of quality of life due to the 
presence of these two symptoms30. Thus, a reduction of 
complains and therefore a rise in life quality should be the 
goal of each ENT surgeon.

In our study, 57% of our patients with vertigo 
showed a subjective substantial improvement. In other 
studies the percentage of patients with persistent vertigo 
after VS surgery varies between 9 and 60%31. We therefore 
present an average vertigo expression in our patients. 
The duration between vestibular schwannoma operation 
and cochlear implantation was at least 8 month. Therefor 
a spontaneous recovery after vestibular schwannoma 
can be neglected.

In addition, we could show that the subjective 
improvement of the vertigo was only partly reflected by 
the results of the objective vestibular tests performed. 

Besides the detection of a damage of an intact vestibular 
system through cochlear implantation, vestibular function 
tests were also used to determine any changes of 
restricted vestibular function. Thus, cochlear implantation 
seems not to be associated with an increased risk for loss 
of vestibular function. However, one has to consider that 
this was a very special patient collective with only a small 
number of patients included.

The posturography (Equi® test) helps to identify 
the compensation of vertigo. We could verify that, of the 
4 patients with uncompensated vertigo, three developed 
a good compensation after cochlear implantation. This 
confirms the interaction of auditory stimulation and 
vertigo suppression corroborating the findings of Schutt 
et al.19 and underlining the significance of hearing in 
spatial orientation. 

Improvement of the loudness, frequency and 
intensity of the tinnitus was expressed by 50% of the 
patients and the ability to conceal the tinnitus was 
emphasized – supporting previous findings32. Never the 
less, this percentage is under the expected improvement 
in unilaterally implanted deaf people without vestibular 
schwannoma operation33. This difference may be due to 
the small numbers of patients included in our study due to 
small number of patients receiving cochlear implantation 
after vestibular schwannoma removal. However, one 
drawback in the present study is the lack of evaluation 
of impairment associated with tinnitus, e.g., by the use of 
tinnitus questionnaires. Since tinnitus is one of the main 
symptoms in patients with VS, the aetiology here is most 
likely neural damage due to compression via the tumour. 
Considering the aetiologies of tinnitus in deaf or hearing 
impaired people, the etiologic is mainly idiopathic. This 
cannot be seen in the ethology of the tinnitus in our cases, 
as the tinnitus most likely result from a neural trauma due 
to compression by the tumour. We therefore assume a 
regression in tinnitus due to the constant stimulation of 
the traumatic neurons. It has been shown before that 
loss of stimulation leads to a degeneration of neurons. 
New stimulation leads to spreading of neurites and 
reactivation of the neuron. Tinnitus can be assumed as 
a mislead information from degenerated neurons. These 
misinformation could be reduced before via electrical 
stimulation, also without clear acoustic stimulation. 
Heerman et al. could show that cochlear implanted 
patients will even report a suppression of tinnitus with 
subliminal stimulation34.

Interestingly, 75% of the patients showing a tinnitus 
improvement also show improvement in vertigo. This 
connection was not described before and leads us to new 
questions about the physiology of the hearing-balance-
system. We assume reduced compensatory mechanisms 
in the balance system caused by trauma of the vestibular 
and cochlea nerves with resulting deafness and tinnitus. 
As the central vestibular function is wide spread35, a 
direct correlation has not been found yet. In addition, a 
participation of the limbic system or psychological factors 

Figure 4. Development of subjective tinnitus (T) due to cochlear 
implantation. A reduction of subjective tinnitus could be achieved in 
correlation with implantation of cochlear electrodes.
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may be responsible for an interconnection between 
improved vertigo and reduced tinnitus. Furthermore it 
could be shown that tinnitus as well as vertigo reduction 
is highly decreased in patients describe a decrease in 
stress due to the improved hearing. Psychological factors 
therefore seem to play an important role in vertigo and 
tinnitus in cochlear implant patients.

In summary, all patients showed good speech 
perception comparable to cochlea implant users 
without history of VS. Furthermore, there is a significant 
improvement in tinnitus and vertigo due to cochlea 
implantation after extirpation of VS. Thus, we here provide 
first hint that CI may be an ideal adjuvant treatment not 
only for HL but also for vertigo and tinnitus in patients 
with surgical removed vestibular schwannoma. However, 
further investigations are necessary to judge the effect 
of CI in vertigo and tinnitus in VS patients. A prospective 
controlled multicentre study with standardized subjective 
and objective analysis is here mandatory.
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