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The most common complaint among patients with vestibular schwannoma (VS) is hearing loss. This significantly affects

the quality of life before, during, and after treatment for patients with VS. Untreated hearing loss in VS patients may even

lead to depression and feelings of social isolation. A variety of devices are available for hearing rehabilitation for patients

with vestibular schwannoma. 
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1. Introduction

Vestibular schwannomas (VS) are benign neoplasms that arise from Schwann cells surrounding the superior or inferior

vestibular (eighth cranial) nerve . Tumors can be present in a number of intracranial or extracranial locations, thus

making clinical symptoms at the time of presentation vary significantly. Symptoms at presentation may include any

combination of the following: sudden sensorineural hearing loss, progressive hearing loss, central vestibular weakness,

peripheral vestibular weakness, tinnitus, facial numbness, or facial weakness. In a study of more than 1000 patients,

85.8% had hearing loss, 48.9% had paresthesia of the face, there was a gait imbalance in 48.6%, and 40.1% had tinnitus

. The Characterization of these functional deficits at the time of initial work is imperative, not only in treatment planning

but also in the determination of the most effective rehabilitative options as well . There are not only many different

treatment options for VS, but also many different options for subsequent or simultaneous auditory rehabilitation as well.

New technologies are being developed and improved upon daily to better assist VS patients before, during, and after their

treatment. The functionality of many of these implantable devices depends on the integrity of the cochlear nerve during

and after treatment, which has remained a challenge to assure as a result of the nature of this disease process.

2. Nonsurgical Options for Auditory Rehabilitation: Conventional Hearing
Aids, Contralateral Routing of Signals (CROS), and Bilateral Contralateral
Routing of Signal (BiCROS) Hearing Aids

Patients with unilateral vestibular schwannoma typically present with asymmetrical sensorineural hearing loss in the

affected ear with normal hearing thresholds in the unaffected ear, poor speech discrimination, and tinnitus .

Conventional hearing aids are offered to patients with vestibular schwannoma if they have mild to moderately severe

sensorineural hearing loss. However, conventional hearing aids offer little to no benefit to patients with severe to profound

unilateral hearing loss. For these patients, CROS hearing aids are better options for hearing rehabilitation.

CROS hearing aids are used to route sound from the worse-hearing ear to the better-hearing ear and are typical for

patients with single-sided deafness. Two different internal devices within the hearing aids themselves are used to execute

this contralateral routing process. The first device is inside the hearing aid, which is placed in the worse-hearing ear. It has

a microphone that detects sound from that worse-hearing side; however, instead of routing that signal into the worse-

hearing ear, similar to what a traditional hearing aid would do, the signal is routed to the opposite (the better-hearing) ear

using a transmitter. Thus, sounds and information from the side of the worse-hearing ear are processed through the

better-hearing ear.

BiCROS is recommended for patients with mild-to-moderate hearing loss in the contralateral ear, as compared to a

normal-hearing contralateral ear for CROS. Historically, only a small percentage of patients with single-sided deafness

(SSD) reported improvement in their quality of life with the use of CROS or BiCROS . This may be due to the inherent

limitations of sound/information transfer by air conduction as compared to bone conduction systems or electrical signal

conduction systems, both of which have a greater capacity to send a stronger signal into the auditory centers for

interpretation.
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Advances in CROS hearing aid system technology have addressed previous limitations, such as short battery life, poor

sound quality, discomfort, and aesthetics due to their large size. The addition of wireless streaming allows the sound

signal to be transmitted to the better-hearing ear without delays or audible interference . Advanced algorithms have

allowed for improved noise reduction, and directional microphones with automatic adaptive directionality have improved

the signal-to-noise ratio for users . This has led to patients with VS accepting and increasing their usage of CROS and

BiCROS devices as compared to previous adaptations of these devices. However, CROS and BiCROS do not provide

binaural hearing and can even disrupt the individual’s use of monaural spectral cues . Surveys of vestibular

schwannoma patients have reported that 30–32% of patients used conventional hearing aids, 23–30% used CROS

devices, and 21.7% used BAHS .

3. Bone Anchored Hearing System (BAHS)

Bone-anchored hearing systems are surgical solutions used to mitigate unilateral hearing loss in patients with VS. It

consists of a titanium screw or plate fixed to the bone behind the ear, and it connects either percutaneously or

transcutaneously to an external bone oscillator. The microphone, which receives the sound signal, is integrated into the

bone oscillator. The sound processor transforms the signal into an oscillatory signal, which is transmitted through the

plate/screw, which in turn causes the bone to vibrate at a certain frequency and send a signal into the cochlea on the

better hearing side. Unlike the CROS hearing aid, which uses air conduction, the BAHS uses bone conduction for sound

transmission.

BAHS works best for patients with VS who have good contralateral hearing. Additionally, similar to CROS hearing aids,

BAHS is limited by its inability to provide binaural hearing, which is important for sound localization and improving speech

understanding in noise . However, of note, due to the nature of bone conduction over air conduction, the high-power

BAHS devices are able to provide power signal input through bone conduction. Surgery is overall safe and confers less

risk than the implantation of electrical devices, such as CI or ABI, as no inner ear structures are opened during BAHS

surgery. Additionally, there are surgical and nonsurgical treatment options for BAHS, which are interesting treatment

options for all sorts of VS patients.

The wide variety of BAHS devices may be categorized into percutaneous or transcutaneous, and within the

transcutaneous category, there are surgical and nonsurgical options. The variety of BAHS devices that are available,

make for many different rehabilitative options for both pediatric and adult VS patients, as well as those who are unable to

undergo surgery.

4. Auditory Brain Stem Implant (ABI)

ABI is a surgically implanted device that bypasses the cochlear nerve to electrically stimulate the neurons in the brain

stem dorsal cochlear nucleus. For a long time, ABI was the only treatment for hearing rehabilitation for patients with

hearing loss caused by VS. The ABI electrodes are embedded in a silastic paddle and placed in the fourth ventricle. The

device has an external battery, a microphone, a speech processor, a transmitter coil, and a magnet that is worn behind

the ear. ABI has been approved by the US FDA for use in patients age 12 and older with NF2 for hearing rehabilitation.

Patients with ABI typically have sound awareness, but results with ABI have been modest, and open-set speech

(conversational speech in daily life) after ABI is an exception . Less than 5% of NF2 patients have open-set speech.

It can assist lip reading, enable the identification of environmental sounds, and can drastically improve the patient’s quality

of life .

ABI is a great treatment option when the cochlear nerve has been rendered absent or nonfunctional; however,

determining the status of the cochlear nerve remains a challenge. We must establish a standardized method of testing the

cochlear nerve for functional integrity during and/or after observation or treatment for VS. This will allow a better treatment

algorithm to be established and help us determine exactly who might benefit from CI over ABI. Since ABI surgery is more

invasive than CI surgery, it should only be considered in appropriate patients who would not benefit from CI. Currently,

though, our ability to make that determination on a consistent basis remains somewhat limited.

5. Cochlear Implant (CI)

Cueva et al. in 1992 reported data from six patients with grossly intact cochlear nerves and anacusis after resection of VS

who were able to perceive sound following the electrical promontory stimulation. They postulated that these patients could

potentially benefit from cochlear implantation . Subsequently, Hoffman et al. reported a case of a young NF2 patient
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who lost his hearing despite hearing preservation with retrosigmoid resection of the VS with sparing of the cochlear nerve.

The patient underwent cochlear implantation three months after VS resection and achieved open-set speech .

Since then, several studies have demonstrated CI to be an effective means for auditory rehabilitation in patients with

sporadic unilateral VS as well as NF2 patients after microsurgical resection or radiation therapy . There

are also studies that demonstrate that CI is an effective option for hearing rehabilitation in patients with small/stable VS

who are being followed with serial imaging .

The CI electrically stimulates the cochlear nerve in the inner ear to enable identification, interpretation, and associating

meaning with the sound (auditory perception). This is unlike the ABI, which stimulates the neurons of the dorsal cochlear

nucleus in the brain stem. CI is a device consisting of a surgically implanted electrode array with a receiver-stimulator

coupled with an external sound processor. The microphone on the external processor receives sound and converts it to

an electrical signal, which is carried to the spiral ganglion cells of the cochlear nerve via a multielectrode array. Cochlear

implant electrode arrays utilize the tonotopic organization of the cochlea to maximize sound intelligibility by covering

almost the entire spectrum of perceivable auditory frequencies. For a cochlear implant to be effective, cochlear nerve

integrity is essential and may play a role in hearing outcomes after CI in VS patients. This means that any therapeutic

modality offered to treat VS must also be able to preserve cochlear nerve integrity. Even if the cochlear nerve is preserved

during surgical resection, it has been shown that a majority of those patients can go on to lose their hearing . Several

factors, such as vascular compromise, trauma to the nerve, and cochlear fibrosis, can influence conduction along the

cochlear nerve after surgical resection and the ability of the patient to benefit from a cochlear implant .

Determining the functional integrity of the cochlear nerve has always presented a challenge. The electrical promontory

stimulation (EPS) test is a test that has been used traditionally to determine the functionality of the cochlear nerve. It is

performed by placing a transtympanic needle electrode on the surface of the cochlea, and the cochlea nerve is electrically

stimulated through the monitoring of subjective and electrically evoked auditory brainstem responses. A loss of neural

integrity at the spiral ganglion or cochlear nerve level is indicated by an absence of response to stimulation. On the other

hand, the presence of a response is indicative of vascular compromise of the cochlea with the sparing of the spiral

ganglion and the cochlear nerve. This test has its drawbacks, as some patients with good EPS do not benefit from a CI,

while some with poor EPS have achieved open-set speech with a CI .

In a large systematic review, 65% of patients with NF2 who underwent surgical resection with ipsilateral cochlear

implantation were found to have developed open-set speech with the CI . Interestingly, no differences in outcomes after

CI were observed when comparing simultaneous to sequential tumor resection and implantation . In another systematic

review performed by Wick et al., CI performance was not found to be influenced by the timing of cochlear implantation,

whether during or after tumor resection . In an ongoing FDA-approved clinical trial, a device monitoring the auditory

nerve during VS resection called the auditory nerve test system (ANTS) is helping the surgeon-investigators preserve the

nerve during VS resection and rehabilitate patients with simultaneous cochlear implants .
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