Copyright © 1997 by MJM

MJM 1997 3: 115-120

115

REVIEW ARTICLE

Cochlear and Auditory Brainstem Implants in the
Management of Acoustic Neuroma and Bilateral
Acoustic Neurofibromatosis
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INTRODUCTION
Though both are methods for restoring partial
hearing to the deaf, cochlear and auditory brainstem
implants are clearly appropriate for separate patient
populations. The fundamental factor which
differentiates patients in each population is the
integrity and utility of the cochlear nerve. In terms of
acoustic neuroma, most patients are not candidates for
cochlear implantation due to the damage done to the
cochlear nerve by the lesion and its surgical excision,
as well as the fact that the vast majority of acoustic
neuroma patients have useful hearing in the non-tumor
ear. In general, the only acoustic neuroma patients who
would be cochlear implant candidates are those who
have coincident loss of hearing in the non-tumor ear
(which is associated with a functionally intact
cochleovestibular nerve) and they would require an
implant on this side. In rare cases, patients with a
functionally intact cochlear nerve after tumor removal
may be considered for subsequent cochlear
implantation. Most acoustic neuroma patients who
require implants, however, receive the auditory
brainstem implant (ABI), and these are almost always
individuals with neurofibromatosis type-2 (NF-2) who
characteristically develop bilateral acoustic tumors.
This review considers the current prosthetic technology
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used for the rehabilitation of patients who have lost
hearing as a result of tumors of the eighth cranial
(cochleovestibular) nerve.
ACOUSTIC
NEUROMAS
AND
THEIR
SURGICAL MANAGEMENT
Acoustic neuromas are benign, slow-growing
schwannomas of the cochleovestibular nerve. There are
several possible presenting symptoms, including
tinnitus, facial numbness, mild disequilibrium, and
others (1). Most commonly, a patient will present with
gradual sensorineural hearing loss in the affected ear. It
has been noted, however, that in up to 12% of cases, the
patient may experience a more sudden loss of hearing
(2).
While usually occurring without other pathology,
acoustic neuromas can also be symptomatic of the
autosomal dominant disorder known as bilateral
acoustic neurofibromatosis (also referred to as NF-2).
NF-2, with its associated bilateral cochlear neuromas, is
significantly rarer than unilateral acoustic neuromas.
Acoustic neuromas are diagnosed at the rate of one per
100 000 individuals each year in the United States, and
only 5% of these individuals actually exhibit the
bilateral tumors associated with NF-2 at the time of
diagnosis (3). Most patients with NF-2 begin showing
symptoms of the disorder at a young age and acoustic
neuromas found in adults are more likely to be sporadic
(4). In addition to bilateral vestibular schwannomas,
NF-2 patients are predisposed to various schwann cell
tumors, including cranial and spinal meningiomas,
nerve root neurofibromas and gliomas of the brainstem
and spinal cord (4).
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Table 1. Summary of cases in which the cochlear implant and the auditory brainstem implant are likely to be considered for use in acoustic
neuroma patients.
Cochlear Implant

Can be used in patients with sensorineural hearing loss on the side contralateral to the acoustic tumor
who have a functionally intact cochleovestibular nerve on that side. Patient must also have an
adequate surviving spiral ganglion cell population on the side of implantation, if it is to be successful.
Often of no help on the affected side, since the cochleovestibular nerve is usually functionally
compromised during the surgical removal of the lesion. However, in rare cases when the nerve is left
functionally intact but the cochlea is left damaged, the cochlear implant has been used successfully.

Auditory Brainstem Implant

Is currently used only in patients with NF-2 and is always implanted simultaneously with tumor
removal (usually during excision of the patient's second tumor). It is useful in patients who have had
both cochleovestibular nerves sacrificed, since this implant stimulates the cochlear nuclear complex
in the brainstem directly.

Once a diagnosis of acoustic neuroma has been made,
there are several effective management strategies which
exist. The choice of management strategy will depend
on multiple factors, including the size of the lesion, the
overall health of the patient and, since the choice of
surgical approach is based on whether hearing
preservation is being considered, the amount of useful
hearing which exists in both the affected and the
unaffected ear at the time of diagnosis. There are three
main surgical approaches to acoustic tumor removal (5).
In the translabyrinthine approach, a mastoidectomy is
performed and drilling then proceeds through the
labyrinthe to expose the tumor within the internal
auditory canal and cerebello-pontine angle (posterior
fossa). As such, the lesion is approached through the
auditory apparatus and, as a result, complete deafness
always ensues. At this point, it is only via the
translabyrinthine approach that the patient is implanted
(with either ABI or cochlear implants) simultaneously
with excision of the tumor (5). The tumor can also be
removed via the suboccipital (or retrosigmoid)
approach, by which hearing can potentially be salvaged,
especially if the lesion is relatively small. Another
approach which is routinely used is that via the middle
fossa, which can only be used for tumors which are
quite small; this approach also offers the possibility of
hearing preservation (5).
Radiosurgery (a form of radiation therapy) is another
management strategy which has become available in
recent years. While attractive due to its non-invasive
nature, it attempts merely to halt tumor growth and, as
such, does not remove the lesion. It has been shown to
be effective in most patients, but the long-term risks are
not yet known and it has been speculated that tumor
irradiation causes fibrosis in neighboring cranial nerves
(6), thereby making subsequent microsurgical tumor
removal more difficult, if necessary.
Finally, an observational approach is taken if a patient
is elderly enough and the lesion is small enough; in
these cases, it is assumed that the patient’s life

expectancy is shorter than the amount of time it will
take for the tumor to pose a real threat (7).
COCHLEAR IMPLANT
First introduced in the 1960s, the cochlear implant
has become a tool which is increasingly used to provide
auditory stimulation to deafened individuals. In normal
hearing, sound travels along the ear canal and vibrates
the tympanic membrane (eardrum). The ossicular chain
(malleus, incus, and stapes) conduct this vibration to the
inner ear. Fluid waves in the cochlea stimulate the
thousands of hearing (hair) cells of the inner ear.
Movement of these hair cells generates an electrical
current in the auditory nerve, which is then transmitted
to the cochlear nuclei and further connections within the
brainstem toward the auditory cortex of the brain.
Cochlear implants are presently considered in
patients with various forms of sensorineural deafness
(deafness due to abnormalities of the cochlea, auditory
nerve, or central auditory pathways; this should be
differentiated
from
hearing
loss
due
to
mechanical/conductive abnormalities of the ossicular
chain or tympanic membrane, which can potentially be
repaired using traditional otologic surgery techniques).
Potential cochlear implant candidates must meet certain
diagnostic criteria. These include a profound absence of
residual hearing and a demonstrated inability to benefit
from the amplification which would be provided by a
conventional hearing aid device (Table 1) (8).
Cochlear implants are designed to bypass the hair
cells of the inner ear and provide stimulation of the
auditory nerve. There are several different cochlear
implants currently available. All systems consist of a
microphone and a signal processor which are worn
outside the body like a hearing aid (Figure 1). A signal
coupler (secured in the skin behind the ear) receives the
stimulus, converts it to an electrical signal, and
transmits this information to an electrode array that is
implanted within the cochlea. These electrical signals
stimulate the auditory nerve fibers, and this
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Figure 1. Schematic diagram depicting the components and anatomic location of the cochlear and auditory brainstem implants. Arrows indicate
the direction of signal transmission along each system towards the brain. The microphone [1] picks up sound and sends it to the signal processor
[2]. The processor selects particular characteristics of the sound and electronically encodes them. It sends the coded signal back to the transmitter
[3], which sends the signal to the receiver/stimulator [4]. For the cochlear implant device (CI), the signal is sent along a wire to the electrode array
implanted within the turns of the cochlea (Co). The electrodes then stimulate the nerve endings in the cochlea, and the signal passes toward the
brain via the auditory nerve (AN). For the auditory brainstem implant device (ABI), the signal is sent by the receiver/stimulator directly to the
ABI electrode array, which is implanted within the lateral recess of the fourth ventricle, just below the cochlear nucleus (CN).

information is then sent to the brain. The surgery is
performed under general anaesthesia via a
mastoidectomy approach (9). The first generation of
cochlear implants consisted of a device with a single
electrode (or channel). Technology has since evolved
to systems that transmit more sound information
through multiple electrodes. These multichannel
cochlear implants can stimulate nerve fibers at different
locations along the length of the cochlea to allow the
user to hear many different pitches, which may provide
better understanding of speech.
Of course, it is essential that a cochlear implant
candidate have an intact acoustic nerve that is responsive
to electrical stimulation, and it is this factor which, in
most cases, makes cochlear implantation and acoustic
tumor removal mutually exclusive. In most vestibular
schwannoma excisions, the integrity of the cochlear
nerve is sacrificed, thereby making later cochlear

implantation impossible. This is especially true in cases
of NF-2, where the lesion is known to invade the
cochleovestibular nerve itself and grow within it, while
unilateral acoustic neuromas (not associated with NF-2)
tend instead to compress the nerve against the wall of the
internal auditory canal (10). Cases have been reported,
however, in which patients have undergone successful
cochlear implantation ipsilateral to prior tumor excision
where hearing preservation has been unsuccessful but the
cochlear nerve left functionally intact (11). Ironically, of
all acoustic tumor patients, it is those with NF-2 who are
most likely to need some sort of neurostimulatory device
to provide sound, since they often become totally deaf
after the removal of their second lesion associated with
the other cochlear nerve. In contrast, unilateral acoustic
neuroma patients often have sufficient hearing in their
non-tumor ear and therefore do not require the implant in
the affected ear. New hope has been given to NF-2
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patients with the creation of the auditory ABI, which will
be discussed later.
Even when the cochlear nerve is anatomically spared,
it is often unresponsive to electrical stimulation once
tumor excision has taken place. Therefore, even if all
possible measures are taken to preserve the nerve
during surgery, subsequent cochlear implantation may
not be a feasible way of restoring sound to the patient.
This is probably the greatest argument against
simultaneous tumor excision and cochlear implantation:
with the patient anesthetized, it is difficult to predict
with any certainty whether or not the cochlear nerve has
been preserved functionally, even if it has been
preserved anatomically. Intraoperative electrically
evoked auditory brainstem response testing may,
however, aid in this decision process (12,13).
While the functional integrity of the cochlear nerve is
necessary for cochlear implantation, it is not the only
issue which may render an acoustic tumor patient
anatomically ineligible. It is thought that the neural
element which is actually stimulated by an intracochlear
electrode is the spiral ganglion cell, and it is therefore
crucial that there exist an adequate population of spiral
ganglion cells if cochlear implantation is to be
successful (14-17). This is a very relevant concern in
patients who have had their tumors removed via the
translabyrinthine approach, because a transmastoid
labyrinthectomy of this type is traumatic to the delicate
structures of the inner ear. Chen et al. have reported,
however, that a temporal bone which has undergone a
transmastoid labyrinthectomy contains at least as many
spiral ganglion cells eight years after labyrinthectomy
as exist in the ear of a successfully implanted patient
(14). In animals, Smith and Simmons have reported that
only five to ten percent of the normal number of
functional spiral ganglion cells are needed to produce
electrically evoked auditory brainstem potentials (18).
A related study has noted the presence of less than ten
percent of the normal number of spiral ganglion cells in
post-mortem studies of two successful cochlear implant
users (19).
In addition to surgical damage which may be done to
the cochlea, it is thought that the tumor’s very presence
may be damaging as well. This is due to the inherently
parasitic nature of the schwannoma, as well as its
existence as an obstacle to blood flow along the
cochlear artery (R. Harrison, personal communication).
If enough injury has been suffered by the neural cells
of the cochlea because of the lack of oxygen this
disruption of blood flow would cause, successful
cochlear implantation may also not be possible.
AUDITORY BRAINSTEM IMPLANT
The management of NF-2 patients with bilateral

Fall/Winter 1997

acoustic neuromas from an auditory perspective has
always been a challenge to physicians, since one must
consider the size of the lesions (or the realistic chance
of hearing preservation if such surgery were to be
performed), the degree of hearing loss at diagnosis, and
other factors, to determine the most appropriate course
of action. While such management often extends the
amount of time before the patient becomes deaf, the
unfortunate reality is that patients will almost always be
totally deafened after the removal of their second
acoustic tumor.
The recent development of the auditory brainstem
implant at the House Ear Institute (Los Angeles,
California, USA) has given new hope to patients with
NF-2 (Table 1). As its name suggests, the ABI is placed
and acts directly on the brainstem, thereby bypassing all
structures which lie peripheral to that point. This
effectively avoids most of the problems associated with
cochlear implantation in acoustic tumor patients since
the health of the inner ear structures and the functional
integrity of the auditory nerve become less relevant to
successful prosthetic stimulation (20).
The ABI functions by electrically stimulating the
cochlear nuclear complex, which consists of the dorsal
and ventral cochlear nuclei (Figure 1). The ventral
cochlear nucleus is the site at which the axons of the
auditory nerve terminate. The device is not inserted on
these structures directly, however, since such placement
would lessen the distance and increase the likelihood of
contact between the device and various other cranial
nerves (particularly the facial (cranial nerve VII) and
the glossopharyngeal (cranial nerve IX)) which is
thought to increase the possibility of nonauditory sideeffects once stimulation begins (20). Instead, the ABI
multielectrode prosthesis is inserted in the lateral recess
of the fourth ventricle, which is adjacent to both
cochlear nuclei. There is another advantage associated
with this placement location as well: the cavity-like
shape of the lateral recess aids in holding the electrode
array in place, with the help of a small piece of fat
which is packed into the meatus of the recess (20). This
lessens the likelihood of a shift in the location of the
device. As with the cochlear implant, a speech
processor is worn on the patient’s body and a
transmission coil or plug, placed on the skin, transmits
sound to the implant (20).
All patients who have been implanted with the ABI to
date have undergone translabyrinthine tumor excision at
the same time (22); the implant is inserted by this
approach only, since it provides the surgical team with
the greatest access to the specific sites which will be
manoeuvred during the implantation procedure (23).
The number of implantees to date is still relatively small
(compared to the number of cochlear implantees) with
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roughly thirty individuals having thus far received the
newly-developed multichannel ABI (23).
One concern often overlooked when dealing with
patients with either NF-2 or unilateral acoustic neuroma
is the effect that any implantation will have on the
patient’s ability to undergo subsequent magnetic
resonance imaging (MRI). While undergoing an MRI
scan, the patient is exposed to tremendous magnetic
fields (24). Individuals who have been implanted with
any sort of metallic device which may be displaced by
the force of the magnetic field are usually forced to rely
on the technique of computerized tomography (CT).
This includes individuals with cochlear implants (25).
In patients with unilateral acoustic neuroma, the
inability to undergo MRI is a lesser consideration, since
such individuals are less likely to require that imaging
procedure. Patients with NF-2, however, are faced with
a condition where they may develop various central
nervous system lesions (including, perhaps, a
contralateral acoustic neuroma) which are best treated
with early diagnosis. This is less likely to be achieved if
the patient is reliant on CT-scanning, which is
significantly less accurate for smaller lesions.
Fortunately, the ABI has been designed in such a way
that it is not a contraindication to MRI. While some
patients receive implants whose hardware includes a
transcutaneous coil, most receive implants equipped
with a percutaneous plug. The plug has several
advantages over the coil, one being that the plug is
made of non-ferrous materials which pose no threat to
the patient should they later require MRI (20).
FINAL COMMENTS
Both the cochlear and auditory brainstem implants
have been shown to aid significantly in providing
sound to individuals suffering from total sensorineural
hearing loss. It is somewhat difficult to directly
compare the two based on previous studies, since both
types of implants are constantly being updated. In
general, however, it has been shown that the ABI,
particularly the more recent multichannel ABI,
provides levels of sound detection and discrimination
which are similar to those provided by the original
single channel cochlear implant (26). The two types of
implants differ mainly in their ability to allow the
patient to detect pitch, primarily because the ABI
stimulates a region with no known tonotopic
organization, whereas the multichannel cochlear
implant takes advantage of the fact that the cochlea is
tonotopically organized (26). While quite rare, some
multichannel ABI patients have a limited ability to use
the telephone (22,27). It has even been reported that
some ABI recipients demonstrate performance levels at
certain tasks (such as sound-only sentence recognition)
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which are similar to those demonstrated by
multichannel cochlear implant users (22).
Although they act by stimulating different levels of
the auditory pathway, both cochlear and auditory
brainstem implants can provide at least minimal
acoustic stimulation to individuals who would
otherwise be in a world devoid of sound. While it is
assumed by many that cochlear implants are
inappropriate for acoustic tumor patients (considering
that the tumor and its surgical removal usually leave the
cochlear nerve anatomically and functionally
compromised), and that individuals with bilateral
acoustic neurofibromatosis can benefit only from the
ABI, it is important that it be recognized that the issue
is not that easily resolved. Although the vast majority of
acoustic tumor patients truly are not cochlear implant
candidates, making such an assumption at the outset
without proper evaluation may deprive the individual (if
he or she is not diagnosed with NF-2 and thus is not an
ABI candidate) of a potentially useful prosthetic tool.
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