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Abstract: (1) Background: The occurrence of vestibular schwannoma (VS) associated with
cholesteatoma is rare. A hearing impairment is one of the most significant issues in such cases.
Moreover, the presence of middle and inner ear pathologies combined may represent a surgical
challenge. No studies have described a combined surgical approach for these coexisting conditions
(VS and cholesteatoma), nor the hearing rehabilitation outcomes of using cochlear implants for these
patients. (2) Case Report: This paper is on a female patient who underwent simultaneous surgical
treatments for VS and middle ear cholesteatoma in the right ear followed by a cochlear implant,
describing the technique and the audiological results. (3) Conclusions: The surgical approach was
successful and enabled the resection of lesions with the auditory nerve and cochlea preservation.
Cochlear implantation in the right ear showed positive postoperative results, with an improvement
in the results with the CI in silent and noisy environments.

Keywords: vestibular schwannoma; acoustic neuroma; middle ear cholesteatoma; cochlear implants;
unilateral hearing loss; translabyrinthine approach

1. Introduction

Vestibular schwannoma (VS) is a benign tumor of the Schwann cells from the vestibulo-
cochlear nerve, which occurs at the cerebellopontine angle (CPA) and/or internal auditory
canal (IAC) [1,2]. Its most common symptoms are progressive sensorineural hearing loss,
vertigo and tinnitus. The treatment options vary according to the location, size of tumor
and preoperative hearing thresholds [2]. After diagnosis, the treatment options avail-
able for VS are observation, stereotactic radiation therapy, complete surgical excision and
subtotal resection with planned radiation therapy [3]. The surgical approach has three
main techniques to accessing the tumor: translabyrinthine, middle fossa or retrosigmoid
approaches. They each have advantages and disadvantages [3]. Nevertheless, regardless of
the tumor management strategy and cochlear nerve status, many patients eventually lose
their hearing during the disease course [4,5].

Recent studies have shown that cochlear implants (CI) can function in the presence of
retrocochlear pathologies, such as vestibular schwannoma [1,5–8]. The traditional hearing
device developed for these cases is the Auditory Brainstem Implant (ABI), that requires a
technically challenging and potentially riskier surgery, with poorer audiological outcomes
compared to those of CIs [9]. In cases of VS resection, cochlear implantation is only possible
if the fibers of the cochlear nerve and the cochlea are preserved during the posterior
labyrinthectomy and IAC tumor removal [5]. The previous standard strategies for hearing
rehabilitation in Single-Sided Deafness (SSD) caused by vestibular schwannoma were either
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a Contralateral Routing of Signal (CROS) hearing aid or a Bone Conduction Device (BCD).
Both options could provide sound awareness for the deaf side, but they cannot reproduce
the audiological benefits of binaural hearing achieved through CIs [5].

Middle ear cholesteatoma is another type of ear disease that can also manifest with
hearing loss. The main symptoms are otorrhea, tinnitus and conductive or mixed pro-
gressive hearing loss [10]. It is a non-neoplastic epithelial lesion that contains layers of
keratin in a cavity lined by keratinizing squamous epithelium and subepithelial connective
tissue. Despite its benign nature, a cholesteatoma can cause serious complications by
eroding nearby structures or precipitating an infection. The surgical removal of the lesion
is considered the only effective therapy [11]. The postoperative audiological outcomes vary
according to the size of the lesion and reconstructive strategies used for conductive loss. In
cases of severe or profound hearing loss, the rehabilitation options also include CIs [10].

The presence of a middle ear or IAC pathology may represent a challenge to perform-
ing CI surgery. When treating Cholesteatomatous Otitis Media, the technique of a subtotal
petrosectomy associated with CIs provides protection against infection and the extrusion
of the device [12]. It is a meticulous procedure, with a high technical difficulty level.

A few articles describe the co-occurrence of vestibular schwannoma and cholesteatoma
in the same patient. The unilateral manifestation of both diseases at the same time is even
more rare [13–15]. To our knowledge, there are no studies published so far describing this
combined surgical approach nor the hearing rehabilitation outcomes in CI for patients
with the coexistence of these pathologies. Therefore, we present a case of a female pa-
tient who underwent simultaneous surgical treatment for VS, middle ear cholesteatoma,
and auditory rehabilitation with cochlear implants, including a detailed follow-up of the
audiological results.

2. Case Report

A 54-year-old female was referred to the Department of Otorhinolaryngology com-
plaining of progressive hypoacusis in the right ear for the last 19 years. No previous history
of diseases was reported. A physical examination revealed right attic tympanic membrane
perforation. Computed Tomography (CT) showed the opacification of mastoid cells and the
epitympanum, suggesting cholesteatomatous chronic otitis media in the right ear (Figure 1).
Magnetic Resonance Imaging (MRI) also enabled the identification of a lesion in the right
IAC measuring 1.5 × 0.8 × 0.8 cm, resembling VS.

Initial audiological evaluation with pure tone audiometry (PTA) showed conductive
hearing loss in the right ear with a tritone average of 56 dB, and the left ear had normal
thresholds. The Right Auditory Brainstem Response (ABR) had waves I, III and V present,
with increased absolute latencies and normal inter-peak intervals, which are suggestive
of conductive loss. The patient avoided surgery on multiple occasions, was lost during
the follow-up and returned after 2 years for reassessment due to a vertiginous crisis. At
this point, the patient presented with mixed hearing loss, and an important difficulty in
comprehension in noise. Although the PTA had a tritone average of 58 dB, the air–bone
gaps had increased considerably (Figure 2), and the ABR showed no response in the right
ear (Figure 3).

New MRI indicated an increase in the dimensions of the expansive lesion inside
the IAC, at this point measuring 2 × 1.3 cm, in contact with the cochlear modiolus. It
extended and partially obliterated the cerebellopontine angle cistern and brainstem, also
compressing the emergence of the right vagus nerve, but with no change in the brainstem
signal (Figure 4).
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The patient underwent tympanomastoidectomy with the resection of the cholesteatoma
(Figure 5) and subtotal petrosectomy with blind sac ear canal closure, followed by the
translabyrinthine approach to treating the vestibular schwannoma (Figure 6). The preser-
vation of the cochlea and auditory nerve allowed subsequent cochlear implantation in the
right ear. Complete electrode insertion was performed via round window, with normal
intraoperative impedances. Control Head CT on the first day after surgery showed no
evidence of pneumocephalus or hemorrhaging and certified the correct electrode insertion
(Figure 7).
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Figure 7. Postoperative Axial Head CT revealing correct electrode array insertion in the right cochlea.

The follow-up otoscopy revealed blind sac ear canal with a wound in great condition.
The patient is currently undergoing weekly aural rehabilitation therapy with a team spe-
cialized in cochlear implants. Despite magnetic artifacts due to the cochlear implant in the
right ear, postoperative MRI (Figure 8) allowed the identification of heterogeneous material
filling the surgical cavity, corresponding to the scarred area, and the T2-weighted scan
revealed hyposignal in the right cochlear basal turn due to the cochlear implant electrode
array. Periodic MRI scans will be performed to monitor possible neuroma recurrences.

The 6-months postoperative PTA-aided results demonstrated a tritone average of
26 dB in the right ear, with contralateral masking (Figure 9). The Brazilian Hearing in Noise
Test (HINT), which measures the difficulty of understanding speech in silent and in noisy
environments, was performed along with a Visual Analog Scale (VAS) test to measure the
subjective listening effort. The results are shown in Table 1. After only a few sections of
vestibular rehabilitation therapy, the patient’s dizziness was resolved.

Table 1. Hearing in noise test results. CI corresponds to aided responses with CI only (contralateral
masking was used). Adaptive noise results are demonstrated with signal-to-noise ratio (SNR)
thresholds. The visual analogue scale corresponds to subjective listening effort measure. The lower
the value is, the lower the perception of the subject’s effort in the task is.

Test Condition Results Visual Analogue Scale

SILENCE 65 dB CI: 75.42% 3

FIXED NOISE 55 dB
SNR: +10 dB CI: 64.50% 4

ADAPTIVE NOISE 55 dB CI: +3.5 dB 4
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3. Discussion

The presence of VS and middle ear cholesteatoma in the same patient represents a
surgical challenge. The disease courses and the combined surgical approach are both
unlikely to preserve hearing. Aiming to surgically remove both lesions and rehabilitate
the patient’s hearing, our team of surgeons had to adapt the classical technique. Thus,
the resection of cholesteatoma and a subtotal petrosectomy were successfully performed,
followed by the enlarged translabyrinthine approach to treating the neuroma. In addition,
the cochlea and auditory nerve were preserved, and subsequent cochlear implantation
could be carried out in the right ear.

Before the surgical intervention, the patient had moderately severe mixed hearing
loss in the right ear and normal tritonal average in the left ear, according to Lloyd and
Kaplan [16]. The postoperative expected results place this patient in the SSD category. For
these patients, although CROS and BCD can provide sound awareness on the impaired side,
they cannot reproduce the audiological benefits of binaural hearing, which are achieved
only via cochlear implantation [5]. Among those benefits, the head shadow effect, the
binaural summation and the binaural squelch are highlighted.

Each of the two ears substantially contributes to the action potentials that reach
the brainstem, which are referred to as binaural loudness. In a binaural-hearing subject,
the number of action potentials may double when both ears are used instead of one.
The processing of information is also more sensitive to small differences because the
just-noticeable differences in intensity and frequency improve with signal redundancy.
Therefore, speech recognition in noisy environments is improved [17]. When speech
and noise are spatially separated, there is an improvement in the signal-to-noise ratio
(SNR) due to the acoustic shadow provided by the head, benefiting the side with a better
SNR or the one closest to the signal. The head shadow effect not only is useful in noisy
environments, but also improves sound localization. Binaural summation occurs when both
ears receive the same signal; the central auditory cortex compares monoaural to binaural
cues, improving the perception of loudness. The binaural squelch is the integration of
signal that comes in the two ears at central auditory cortex, comparing the different SNRs
and highlighting the signal of interest. Consequently, it provides a perceived enhancement
of sound in the presence of background noise [18–20].

A recent systematic review [21] on the simultaneous skull base and CI approaches
demonstrated that most subjects achieved open-set comprehension and subjective benefits
from CIs. In another retrospective study [22], the subjects achieved a level of speech
understanding higher than 50% at 65 dB. In accordance with these literature findings, our
subject achieved 75.42% during silence in the implanted ear. The patient did not achieve
a negative SNR, but reported less subjective auditory effort, which can be considered a
success due to the short time post activation.

One of the patient’s preoperative complaints was the difficulty of comprehension
in noisy environments. After only six months postoperatively, she achieved around
64.50% hearing in fixed-noise environments with the CI ear and 99% with bilateral hearing
(NH + CI). Our results support the findings of a recently published randomized controlled
trial [23] that showed a larger improvement in speech perception in noisy environments
with cochlear implantation for SSD when compared with those of CROS and BCD. During
the evaluation and decision making about which hearing device to use, it is important
to advise the patient about the benefits of each and to consider the primary complaint,
providing better outcomes and an increased quality of life.

Another question that could be raised is about whether it is better to perform the
procedures in sequence or concomitantly. When treating patients with SSD, it is important
to evaluate the status of the contralateral ear; if there is a risk of, or an emerging hearing
loss in the other ear, the surgeon tends to opt for concomitant auditory rehabilitation. In
our case, although the contralateral ear had a normal tritonal average, there was a lowering
of the thresholds at high frequencies that necessitated a follow-up.
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In addition, some other factors should be taken into consideration: (i) the duration of
deafness is intimately related to speech perception outcomes, so delaying the rehabilitation
may jeopardize the results [5]; (ii) the secondary cochlear fibrosis occurrence rate following
translabyrinthine surgery may be as high as 46% [5]; therefore, the sequential approach
may be hampered by fibrosis. An MRI-based study with patients before and after the
translabyrinthine removal of vestibular schwannoma [24] showed evidence of mild fluid
signal changes inside the cochlea 6 months postoperatively, suggesting the onset of fibrotic
tissue. At 48 months, it had progressed to severe involvement. Given the early onset of
cochlear fluid signal changes on T2MRI, and the progression of these changes on subsequent
images, cochlear implantation should ideally be performed either simultaneously with
translabyrinthine surgery or as an early second-stage procedure to maximize the chance
of successful electrode insertion. Considering these factors, we opted to perform both
resections and the cochlear implantation at the same time.

An alternative approach to this case would be to access the VS through the middle
fossa or retrosigmoid approach in a first stage and, subsequently, address the cholesteatoma
through tympanomastoidectomy. In an optimistic scenario, this sequence could allow
reasonable hearing preservation, enabling the patient to use hearing aids in the right ear,
instead of CI. Even though this was a viable option in this case, the patient had an active
role in this decision. Surgery in two stages was offered to the patient, both via the middle
fossa and retrosigmoid access points.

The advantages of translabyrinthine access are consistent facial nerve identification,
no tumor size limitation, no intradural drilling, the wide exposure of the posterior fossa
and low recurrence and headache rates. The disadvantages include complete hearing loss
and the need for an abdominal fat graft [3]. The middle fossa provides better hearing
preservation rates, it does not need intradural drilling and causes low rates of headaches.
However, it is more appropriate for smaller tumors because of its limited exposure of the
posterior fossa and requires temporal lobe retraction [3]. The retrosigmoid approach has
no tumor size limitation, provides wide exposure, and hearing preservation is possible.
Nevertheless, this option provides limited exposure of the lateral IAC, requires intradural
drilling and cerebellar retraction, may cause postoperative headaches, and facial nerve
identification occurs relatively late in the dissection [3].

After being thoroughly informed of the risks and advantages of each of each approach,
and since the patient did not want to undergo a two-stage procedure, translabyrinthine
access was chosen. Furthermore, we pondered whether the preservation of hearing in
non-translabyrinthine surgery can be temporary, as some of these patients have long-term
hearing degeneration after the surgical manipulation of the internal auditory canal [3].
The mechanisms of long-term hearing loss are unclear. Some suggest microscopic tumor
recurrence, the development of endolymphatic hydrops, or toxicity due to the use of muscle
in packing the IAC as some of the factors for the decline [25].

Another point worth mentioning is that by the time of the surgery, the patient was
already suffering from dizziness (her main complaint). Although, the labyrinthectomy
via translabyrinthine access leads initially to vertigo and requires subsequent balance
rehabilitation, it is also the surgical procedure of the temporal bone used to treat intractable
and refractory vertigo [26]. This procedure surgically removes the neuroepithelial elements
of the semicircular canals and vestibule, causing the ablation of abnormal signals from a
diseased vestibular system to facilitate central compensation [24]. Postoperatively, after
only a few sessions of vestibular rehabilitation therapy, the patients’ dizziness was resolved.

Even though this procedure via the translabyrinthine approach with simultaneous
cholesteatoma removal and cochlear implantation was feasible and reached optimal results,
we are describing a very specific situation—concomitant middle ear cholesteatoma and VS.
The goal of this report is not to attest that this combined approach is the best strategy, but
to report a successful path for future reference. Surgeons must individualize their conduct
for each case and never underestimate the inherent risks of each procedure.



J. Clin. Med. 2023, 12, 7139 10 of 11

4. Conclusions

The presence of vestibular schwannoma and middle ear cholesteatoma in the same
patient represents a surgical challenge. For such clinical circumstances, the classical tech-
nique needed to be adapted to optimize the treatment and enable successful outcomes. We
described a case, illustrating how it is possible to perform, at the same time and with safety,
the resection of both lesions and cochlear implantation in the same ear and during the same
surgical session, demonstrating the successful audiological results that followed.

Supplementary Materials: The following supporting information can be downloaded at: https://
drive.google.com/file/d/1hKOzYyBFJJc9fRzkWr-mmAwnGezXzxJ-/view?pli=1 (accessed on 17
September 2023), Video S1: Complete surgery video.

Author Contributions: Conceptualization, N.C. and D.C.; methodology, N.C., D.C. and L.A.T.O.;
software, L.A.T.O.; validation, F.F.C.; formal analysis, F.M.C. and T.G.A.E.; investigation, F.M.C.
and T.G.A.E.; resources, F.B.J. and F.M.C.; data curation, D.C. and F.F.C.; writing—original draft
preparation, N.C., D.C. and L.A.T.O.; writing—review and editing, R.A.; visualization, N.C. and
F.B.J.; supervision, R.A. and F.B.J.; project administration, F.B.J. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and written informed consent was obtained from the patient to write and submit this
paper, alongside with the pictures and images. Ethical review and approval were not applicable
because this manuscript is a case report that just describes the steps in clinical and surgical care of a
patient, written after the fact. No experiments were carried out with this patient.

Informed Consent Statement: Written informed consent has been obtained from the patient to
publish this paper. The study was conducted in accordance with the Declaration of Helsinki.

Data Availability Statement: Data are contained within the article or Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Tadokoro, K.; Bartindale, M.R.; El-Kouri, N.; Moore, D.; Britt, C.; Kircher, M. Cochlear Implantation in Vestibular Schwannoma: A

Systematic Literature Review. J. Neurol. Surg. Part B Skull Base 2021, 82, 643–651. [CrossRef] [PubMed]
2. Gupta, V.K.; Thakker, A.; Gupta, K.K. Vestibular Schwannoma: What We Know and Where We Are Heading. Head Neck Pathol.

2020, 14, 1058–1066. [CrossRef] [PubMed]
3. Bennett, M.; Haynes, D.S. Surgical approaches and complications in the removal of vestibular schwannomas. Otolaryngol. Clin. N.

Am. 2007, 40, 589–609. [CrossRef] [PubMed]
4. Khandalavala, K.R.; Saba, E.S.; Kocharyan, A.; Daher, G.S.; Lohse, C.M.; Marinelli, J.P.; Carlson, M.L. Hearing Preservation in

Observed Sporadic Vestibular Schwannoma: A Systematic Review. Otol. Neurotol. 2022, 43, 604–610. [CrossRef]
5. Wick, C.C.; Butler, M.J.; Yeager, L.H.; Kallogjeri, D.; Durakovic, N.; McJunkin, J.L.; Shew, M.A.; Herzog, J.A.; Buchman, C.A.

Cochlear Implant Outcomes Following Vestibular Schwannoma Resection: Systematic Review. Otol. Neurotol. 2020, 41, 1190–1197.
[CrossRef] [PubMed]

6. Rooth, M.A.; Dillon, M.T.; Brown, K.D. Prospective Evaluation of Patients Undergoing Translabyrinthine Excision of Vestibular
Schwannoma with Concurrent Cochlear Implantation. Otol. Neurotol. 2017, 38, 1512–1516. [CrossRef]

7. Sanna, M.; Piccirillo, E.; Kihlgren, C.; Cagliero, G.; Guidi, M.; Saleh, E. Simultaneous Cochlear Implantation After
Translabyrinthine Vestibular Schwannoma Resection: A Report of 41 Cases. Otol. Neurotol. 2021, 42, 1414–1421. [Cross-
Ref]

8. Conway, R.M.; Tu, N.C.; Sioshansi, P.C.; Porps, S.L.; Schutt, C.A.; Hong, R.S.; Jacob, J.T.; Babu, S.C. Early outcomes of simultaneous
translabyrinthine resection and cochlear implantation. Laryngoscope 2021, 131, E2312–E2317. [CrossRef]

9. Amoodi, H.A.; Makki, F.M.; Cavanagh, J.; Maessen, H.; Bance, M. Cochlear Implant Rehabilitation for Patients with Vestibular
Schwannoma: Report of Two Cases. Cochlear Implant. Int. 2012, 13, 124–127. [CrossRef]

10. Castle, J.T. Cholesteatoma Pearls: Practical Points and Update. Head Neck Pathol. 2018, 12, 419–429. [CrossRef]
11. Pauna, H.F.; Monsanto, R.C.; Schachern, P.; Paparella, M.M.; Chole, R.A.; Cureoglu, S. Evidence against the Mucosal Traction

Theory in Cholesteatoma: Ciliated Cells in the Middle Ear Cleft. Laryngoscope 2018, 128, 1663–1667. [CrossRef] [PubMed]

https://drive.google.com/file/d/1hKOzYyBFJJc9fRzkWr-mmAwnGezXzxJ-/view?pli=1
https://drive.google.com/file/d/1hKOzYyBFJJc9fRzkWr-mmAwnGezXzxJ-/view?pli=1
https://doi.org/10.1055/s-0040-1715606
https://www.ncbi.nlm.nih.gov/pubmed/34745832
https://doi.org/10.1007/s12105-020-01155-x
https://www.ncbi.nlm.nih.gov/pubmed/32232723
https://doi.org/10.1016/j.otc.2007.03.007
https://www.ncbi.nlm.nih.gov/pubmed/17544697
https://doi.org/10.1097/MAO.0000000000003520
https://doi.org/10.1097/MAO.0000000000002784
https://www.ncbi.nlm.nih.gov/pubmed/32925835
https://doi.org/10.1097/MAO.0000000000001570
https://doi.org/10.1097/MAO.0000000000003258
https://doi.org/10.1097/MAO.0000000000003258
https://doi.org/10.1002/lary.29436
https://doi.org/10.1179/1754762810Y.0000000003
https://doi.org/10.1007/s12105-018-0915-5
https://doi.org/10.1002/lary.26940
https://www.ncbi.nlm.nih.gov/pubmed/28988463


J. Clin. Med. 2023, 12, 7139 11 of 11

12. Arístegui, I.; Aranguez, G.; Casqueiro, J.C.; Gutiérrez-Triguero, M.; Pozo, A.D.; Arístegui, M. Subtotal Petrosectomy (SP) in
Cochlear Implantation (CI): A Report of 92 Cases. Audiol. Res. 2022, 12, 113–125. [CrossRef]

13. Eliam, J.M.S.; Eliam, L.V.; Santos, V.M.; Bariani, C.; Maluf, F.C. Homem de 30 anos com neurofibromatose tipo 2. Brasília Méd.
2018, 55, 53–63. [CrossRef]

14. Noh, H.E.; Lee, H.Y.; Na, G.; Moon, I.S. Simultaneous Treatment of Vestibular Schwannoma and Concurrent Middle Ear Disease
Using the Enlarged Translabyrinthine Approach. Korean J. Otorhinolaryngol. Head Neck Surg. 2021, 64, 344–349. [CrossRef]
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