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Preface

More than 10 years ago, a first experience was published by Prof. Dr. Christian Von Ilberg in preserving the low-frequency acoustic hearing while
performing in the same ear a partial insertion of a
multielectrode array in order to electrically stimulate mid and high frequencies. This approach was
called electric acoustic stimulation (EAS).
Even with remaining good hearing at low frequencies, acoustic hearing aids are unable to adequately rehabilitate the patient at a certain stage of
hearing loss and the possibility for cochlear
implantation (CI) provides a solution to get better
communicative abilities. Until recently patients
were faced with the choice between hearing aid
rehabilitation of the low-frequency hearing and
CI with the loss of the remaining hearing.
The development of EAS helps to solve the
traditional trade-off between being conservative
and preserving the low-frequency hearing or to
perform a CI and losing the remaining hearing.
The initial observation by Von Ilberg boosted
basic and translational research and prompted
high-technological electrode development in
order to understand the fundamentals of this
phenomenon and to shift this first observation to
a reliable and robust procedure. Huge progress
has been made to preserve, exploit, and understand low-frequency hearing and the physiology

to combine and process acoustic and electric
stimuli in the same cochlea.
This edition gives a state of the art from basic
science to clinical application of EAS and related
topics by the world leading researchers and the
most clinically experienced surgical teams.
The audiological aspects related to selecting,
preparing and rehabilitating EAS patients such as
dead zone assessment, psychophysics of low-frequency hearing, electric-acoustic interaction, speech
algorithms, music perception, fitting and acceptance
by the patient are addressed in depth. Surgical minimal invasive techniques and clinical EAS results in
adults and children are described in great detail.
An introductory chapter on cochlear neural
reserves with exceptional images in color of spiral
ganglion analysis enhances the basic understanding of the failing organ of Corti. Molecular biology
with drug interference and high-technological
electrode development focus further on the basic
scientific EAS research.
With the development of EAS, CI has definitely
put an important step ahead due to the possibility
to enter the cochlea and stimulate the inner ear
without destroying the cochlea and its residual
hearing.
It is the primary intent of this volume to enhance
the knowledge of all aspects of Cochlear implanta-

VII

tion and hearing preservation. We also hope that the
insights and experiences of the authors of this volume contribute to the understanding of the failing
organ of Corti, to the benefit of classical CI and of
any surgery on the inner ear.

VIII

This edition is of prime importance to every
scientist, audiologist, speech therapist, and ENT
specialist involved in CI and inner ear pathology.
Paul Van de Heyning
Andrea Kleine Punte

Preface

Introduction
Van de Heyning P, Kleine Punte A (eds): Cochlear Implants and Hearing Preservation.
Adv Otorhinolaryngol. Basel, Karger, 2010, vol 67, pp 1–5

Electric Acoustic Stimulation: A New Era in
Prosthetic Hearing Rehabilitation
Paul Van de Heyning  Andrea Kleine Punte
Department of Otorhinolaryngology, Head and Neck Surgery, University Hospital Antwerp, University of Antwerp, Antwerp,
Belgium

Abstract
Hearing preservation after cochlear implantation and
combined electric acoustic stimulation (EAS) in the same
ear has reduced the gap between prosthetic hearing rehabilitation with hearing aids and cochlear implants. This
has increased the possibility of successful hearing rehabilitation for patients. This paper describes the history of
hearing preservation after cochlear implantation. Indications and criteria for combined electric acoustic stimulation are described, and hearing preservation surgery and
outcomes achieved with combined EAS are discussed.
EAS has led to a new era in prosthetic hearing rehabilitation providing new understanding of basic physiological,
psychoacoustic and medical aspects of the inner ear.
Copyright © 2010 S. Karger AG, Basel

Inclusion criteria for electric stimulation of the auditory nerve via cochlear implantation have significantly broadened over the years. Encouraged by
promising results in traditional cochlear implant
(CI) patients, the application of cochlear implantation has been used in patients with increasing
amounts of residual hearing. Most of these patients are able to achieve considerably good speech
reception after cochlear implantation, and in some
cases residual hearing could even be preserved.
Combined electric acoustic stimulation (EAS)
of the auditory system is the concept of using CI

technology and acoustic amplification in the same
ear and is a relatively new treatment for patients
with a considerable amount of residual hearing
in the low-frequency range. In EAS the aim is to
preserve low-frequency hearing after cochlear
implantation which can be used for acoustic amplification, while a CI provides electric stimulation to the auditory system in the high-frequency
range to compensate for the hearing loss in the
high frequencies (fig. 1).
In 1999, von Ilberg et al. [1] first discussed the
possibility of using electric and acoustic stimulation simultaneously in patients without losing
functional residual hearing in the low frequencies.
Evidence in animal experiments demonstrated the
possibility of using electric and acoustic stimulation of the central auditory system simultaneously without interferences and the first patient with
a considerable amount of residual low-frequency
hearing was implanted for EAS. Long-term experience with EAS shows that preserved residual
hearing after cochlear implantation remains stable over time in most patients, and encouraging
results in speech reception are reported with the
use of combined electric and acoustic stimulation
[2–4].

EASTM – Parallel Signal Processing
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Fig. 1. Sound processing in Electric Acoustic Stimulation.

Indications and Criteria for Electric Acoustic
Stimulation

EAS is a prosthetic hearing rehabilitative treatment used in patients with normal hearing or
mild to moderate hearing loss in the low frequencies up to approximately 1 kHz, sloping to a severe
to profound sensorineural hearing loss in the high
frequencies. These patients do not benefit much
from conventional hearing aids (HAs), as HAs are
efficient for mild to moderate hearing loss, while
severe hearing loss in the high-frequency range
(>1 kHz) is difficult to compensate for with an
HA. However, traditionally cochlear implantation
is not considered as a treatment for these patients
with a considerable amount of residual hearing either. In figure 2, the audiogram of patients considered for EAS is shown. Maximum aided speech
understanding of monosyllables should be 60%
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or lower. The criterion of ≤60% speech understanding is important because if residual hearing was lost after implant surgery, the amount of
speech understanding using CI only would not
be less than before the EAS surgery. Along with
the audiogram and speech reception results, there
are additional criteria for EAS candidacy: there
should not be any progressive hearing loss, an autoimmune disease or hearing loss as a result of
meningitis or otosclerosis or ossification of the
cochlea and there should be no malformation of
the cochlea. The maximum air-bone gap is 15 dB.
There should also be no contraindications to use
amplification devices in the EAS ear. The detection of dead regions in the cochlea could also be
helpful when selecting EAS patients [Moore et al.,
this vol., pp. 43–50].
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array into the cochlea. Although partial consensus on hearing preservation surgery is achieved,
the effect and importance of some issues remain a topic of debate [Fitzgerald O’Connor and
Fitzgerald O’Connor, this vol., pp. 108–115].
For a large part, a minimal invasion into the
cochlea is considered to be responsible for hearing preservation. Studies in temporal bones show
a significantly higher risk of cochlear trauma with
deep electrode insertions of more than 360° [6–
8]. When using a thinner and more flexible electrode, less force is needed when inserting the electrode into the cochlea [9]. Electrodes have been
designed to be more atraumatic to the cochlea to
ensure hearing preservation [Jolly et al., this vol.,
pp. 28–42].

130

Electric Acoustic Stimulation Fitting
Fig. 2. Indication for EAS. Grey area indicates the range of
thresholds considered for EAS treatment.

Hearing Preservation and Electrode Design

The success of EAS depends on the preservation
of residual hearing. In order to preserve residual
hearing after cochlear implantation, several EAS
soft surgery techniques have been developed. The
round window approach [3] and cochleostomy are
most commonly used in EAS surgery. These specific surgery techniques are based on the concept
of soft surgery [5] and are designed to induce as
little acoustic and mechanical trauma as possible
to the inner ear in order to preserve residual hearing [Adunka et al., this vol., pp. 96–107]. Special
measures are taken to reduce the risk of infection
and inflammation to a minimum: antibiotics are
given intravenously before implant surgery, and
applied locally during surgery before electrode insertion. The use of steroids diminishes inflammatory or apoptotic reactions. The operating field is
also cleaned just before insertion of the electrode

The majority of patients implanted for EAS uses
the combination of HA and CI after cochlear implantation. The acceptance of the combined use
of HA and CI seems to depend on the postoperative hearing thresholds [Helbig and Baumann,
this vol., pp. 81–87]. Correct fitting of the CI and
HA are important to achieve the best possible
speech reception results using EAS. Research has
shown that CI and HA should be fitted according to the patient’s residual hearing, with a small
amount of overlap between the frequency range
of the HA and CI [10]. The HA should be fitted
to provide an appropriate amount of amplification in the low frequencies. The half gain rule
can be used for fitting of the HA. However, often
more gain is needed in the low frequencies than
is recommended by the fitting software. No amplification needs to be provided in the high frequencies as the patient has no functional residual
hearing in the high-frequency range. Other factors that influence HA fitting are power of the
HA and the amount of venting in the earmold.
Electric stimulation for frequencies with hearing loss of more than 80 dB HL seems to provide
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the highest speech reception at least when testing is acute.

Outcomes Using Electric Acoustic Stimulation

Several studies show good results using EAS in
patients with profound hearing loss in the highfrequency range [2, 4, 12; Woodson et al., this
vol., pp. 125–134]. Patients using EAS have better speech reception results than traditional CI
patients. Rubenstein et al. [11] also found that
people with more residual hearing preoperatively tend to have better speech reception results
after cochlear implantation. Even when using CI
on its own, speech reception results are generally better than those of regular CI patients. The
combination of CI and HA can also result in an
additive or synergistic effect, providing better
speech reception than with either device used
alone [12]. Better speech reception in quiet and
in noise might be due to better preserved hair
cells and spiral ganglion cells [Rask-Andersen
et al., this vol., pp. 14–27]. Compared to CI users, EAS users also perform better on music perception testing. Brockmeier et al. [this vol., pp.
70–80] show a significantly better frequency discrimination for EAS users compared to CI users,
while EAS users’ scores were not significantly
lower than the scores of normal-hearing listeners. The successful outcomes of EAS in adults
have led to an extended use of EAS in children
[13; see also Skarżyński and Lorens, this vol.,
pp. 135–143].

Counseling

Patients with severe sloping high-frequency hearing loss are not deaf, but often do not fit in the
hearing world either. They have great difficulties
with speech perception, even when fitted with
HA. With low-frequency hearing and the additional help of lip reading these patients are able

4

to ‘get by’. Often these patients have tried several
HAs with limited success. Still many patients are
wary of EAS surgery because they fear losing their
residual hearing and becoming deaf after implantation. It is important that the risk of losing residual hearing is explained and that patients are
aware that rehabilitation will take time. With reports of initial declines of speech perception after
cochlear implantation preoperative counseling is
important [14].

Electric Acoustic Stimulation in the Future

The rate of hearing preservation continues to increase due to improved surgical techniques as well
as new developments in electrode design. An important opportunity to prevent hearing loss after
EAS surgery may be in intracochlear drug treatment to protect the organ of Corti against apoptotic physiopathological pathways. Bariatt et al.
[this vol., pp. 6–13] review some basic aspects of
drug delivery to the inner ear in order to prevent
the degeneration of the neurosensory hair cells
and auditory neurons.
Research in animals could give an insight into
the interactions of electric and acoustic stimulation in neural pathways [Vollmer et al., this vol.,
pp. 61–69] while at the same time research in EAS
users contributes to a better understanding of the
psychoacoustics in CI and EAS users [Gifford et
al., this vol., pp. 51–60]. The benefits in speech reception and frequency discrimination when using
HA and CI simultaneously in EAS patients has led
to the development of new speech coding strategies in order to transfer at least some of the benefit EAS users have to regular CI users [Nopp and
Polak, this vol., pp. 88–95]. With EAS an exciting
new era in prosthetic hearing rehabilitation has
begun.

Van de Heyning  Kleine Punte
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Molecular Biology and Hearing Preservation
Van de Heyning P, Kleine Punte A (eds): Cochlear Implants and Hearing Preservation.
Adv Otorhinolaryngol. Basel, Karger, 2010, vol 67, pp 6–13

Hearing Preservation in Cochlear Implantation and
Drug Treatment
Sebastien Barriat  Annelise Poirrier  Brigitte Malgrange 
Philippe Lefebvre
Department of Otorhinolaryngology, University of Liège, CHU Liège, Liège, Belgium

Abstract
Insertion of an electrode array into the cochlea produces
immediate damage to the inner ear, which is responsible
for a hearing loss. In addition, a delayed hearing loss can
be observed. In order to maximize hearing preservation
after insertion of an electrode and to enhance the performance of the cochlear implant, it has been proposed
to deliver pharmacological agents to the inner ear. Molecules can be administered locally to the inner ear through
a direct perilymphatic perfusion or through the round
window membrane. These modalities of treatment have
already been successfully applied to some patients with
inner ear diseases. In this paper, we will review some basic
aspects of drug delivery to the inner ear to prevent the
degeneration of the neurosensory hair cells and auditory
neurons, and the actual applicability to humans in order
to maintain hearing function after the insertion of electrodes of a cochlear implant.
Copyright © 2010 S. Karger AG, Basel

Insertion of an electrode array into the cochlea
produces immediate damage to the inner ear,
which is responsible for deafness. In addition,
when hearing has been preserved immediately
after electrode insertion, a delayed loss of auditory function can occur. In order to maximize
hearing preservation after insertion of an electrode, several strategies have been developed.

Surgical techniques have been modified in order
to achieve an atraumatic insertion of the electrode array into the cochlea, in particular the
round window membrane approach. The electrodes were modified by manufacturers in order
to avoid lesion of the cochlea. Finally, it has been
proposed to infuse specific drugs into the inner
ear to protect the remaining hair cells and auditory neurons from the insertion trauma. In vitro and in vivo experiments have demonstrated
that it is possible to manipulate the neurosensory structures of the inner ear and provide an effective treatment to prevent the degeneration of
hair cells and auditory neurons. The molecules
or drugs can be administered locally to the inner ear through a direct perilymphatic perfusion
or through the round window membrane. These
modalities of treatment have already been successfully applied to some patients with inner ear
diseases such as sudden hearing loss. In this paper, we will review some basic aspects of drug delivery to the inner ear to prevent the degeneration
of the hair cells and auditory neurons, and the actual applicability to humans in order to maintain
hearing function after the insertion of electrodes
of a cochlear implant.

Protection of the Neurosensory Structures of
the Inner Ear

Growth Factors
The function of the trophic factors in the inner ear
has traditionally been thought to be promotion
of the proliferation and differentiation of sensory
hair cells and auditory neurons during embryogenesis. However, more recent studies suggest that
the trophic factors play a much more active role
in the development, polarity, homeostasis, and repair of the inner ear. Pharmacologically targeting
endogenous repair mechanisms is becoming an
exciting therapeutic approach.
Growth Factors in Sensory Hair Cells. Several
trophic factors have been studied in an attempt
to understand the development and repair of the
sensory hair cells. In avian cochlea, an interesting model of self-repairing cochlea, expression of
the basic fibroblast growth factor (b-FGF) and its
receptor increases after injury, initiating the regenerating processes [1–3]. Bullfrog studies have
suggested that b-FGF may signal hair cell survival
and support cell proliferation [4]. In mammals,
b-FGF belonging to the fibroblast growth factor
family, a family of heparin-binding growth factors, protects injured hair cells in vitro [5] and in
vivo [6]. However, this protective effect in mammals is not consistent [7]. Outer hair cell losses
in the adult guinea pig organ of Corti cultures
can also be prevented by treatment with several
growth factors, i.e. acidic fibroblast growth factor,
insulin-like growth factor 1, epidermal growth
factor, transforming growth factor β1, and glial
cell-derived neurotrophic factor (GDNF) [8]. In
in vivo experiments, it was found that the number of surviving hair cells in GDNF-treated ears
was about twice that of control ears in animals exposed to ototoxins.
Trophic Factors and Spiral Ganglion Neurons.
Brain-derived neurotrophic factor (BDNF) and
neurotrophin 3 (NT-3), and their receptors, tyrosine kinase B and tyrosine kinase C, provide
trophic support for spiral ganglion neurons.

Drug Therapy and Cochlear Implant

Most neurons express both receptors, and most
hair cells express both neurotrophins. These neurotrophins have been extensively used in rodents
to protect injured spiral ganglion neurons [9–11].
Mice lacking both receptors, or both ligands, lose
vestibular and auditory functions of the ear [12,
13]. Analyses of single mutants show distinct
functions in promoting innervation by these two
trophic factors (for reviews, see Agerman et al.
[14] and Fritzsch et al. [15]). Mutation in genes
regulating the expression of BDNF and NT-3 leads
to deafness [16]. Gene therapy, by virus-mediated
expression of BDNF or NT-3, rescues the spiral
ganglion neurons after toxicity or trophic factor
deprivation (i.e. following the loss of hair cells)
[17]. Although trophic factors showed exciting results in damaged cochleas, their effect seems to be
limited by the downregulation of their receptors
following injury [18].
BDNF and NT-3 belong to a family of polypeptide growth factors that support survival and
differentiation of neuronal populations in the cochlear and the vestibular ganglions. Tyrosine kinase receptors are structurally similar, and their
ligand-induced dimerization gives rise to autophosphorylation of specific tyrosines in the activation loop of their kinase domains. Subsequent
transphosphorylation of tyrosines in the juxtamembrane and C-terminal regions induces
binding of different adaptor proteins that activate well-known signaling cascades like the Ras/
MAPK pathway, the phosphoinositide 3-kinase/
AKT pathway, and the phospholipase C/protein
kinase C signaling [19].
Similarly, GDNF can prevent degeneration
of auditory neurons after hair cell loss, an effect
which is reinforced by electrical stimulation of the
inner ear [20].
Steroids
Glucocorticoid receptors have been described
within the inner ear. In the cochlea, they are expressed at the level of the stria vascularis, the organ of Corti and the spiral ganglion neurons of
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the adult rat cochlea. In vitro experiments have
shown that steroids have a protective effect on cultured hair cells. Tumor necrosis factor α(TNF-α),
an important mediator of inflammation which is
thought to be released after injury of the cochlea,
induces the loss of auditory hair cells, an effect
which is inhibited by dexamethasone. In addition, direct infusion of dexamethasone into the
perilymphatic space has protective effects against
noise-induced trauma in the guinea pig cochlea,
reinforcing thus the potential role of steroids to
prevent injury of the inner ear [21].

Devices Used for Local Delivery of Steroids to
the Human Inner Ear

Inner ear drug delivery methods can be divided
into two main categories: transtympanic and direct intracochlear infusions.
Transtympanic Delivery
Transtympanic drug delivery is generally accomplished by one of the following methods:
1 blind injection into the middle ear cavity
through the tympanic membrane [22–24];
2 delivery through a myringotomy with a tube
[25];
3 delivery with a Microwick™ placed in a
myringotomy opening (Micromedics, Eagan,
Minn., USA) [26, 27]. The wick is inserted
through a ventilation tube which passes
through the eardrum via myringotomy.
Patients are able to self-administer
medication. Complications include the
removal of middle ear plugs or extraneous
membranes prior to wick insertion, extrusion
of the vent tube, and administration of topical
antibiotics;
4 delivery through an implantable pump
microcatheter (Round Window m-Cath™;
e-cath™; Durect Corp., Cupertino, Calif.,
USA) [28–30]. The microcatheter has two
or three lumens (one for infusion, one for

8

fluid withdrawal and one with an electrode
for monitoring ear signals). The tip of
the catheter system is compressible and is
designed specifically to lock in place in the
round window niche;
5 stabilizing matrices.
The use of stabilizing matrices offers many
potential advantages over middle ear perfusions.
Medications delivered to the middle ear are ultimately dissipated by drainage down the eustachian tube or absorption by middle ear mucosa
unless a stabilizing matrix is used. For potentially
toxic agents, this raises significant concerns regarding isolation to target tissues. This, coupled
with superior control of dosing profiles, suggests
that future transtympanic delivery methodologies
are likely to focus on techniques utilizing stabilizing gel matrices for passive sustained release [31].
An excellent review of several different controlled
release systems is provided by Nakagawa and Ito
[32]. Patterns of ototoxic damage in gerbils with
sustained delivery of gentamicin using Gelfoam,
hyaluronic acid, and fibrin were compared by
Sheppard et al. [33] with a fibrin and Gelfoam
combination found to be most effective. These
approaches rely on transport through the round
window membrane and result in significant basal
to apical concentration gradients.
Results of treatment depend on the method
of delivery. A continuous perfusion at the round
window membrane is better for favorable pharmacokinetics of the drug in the perilymph [34].
Intracochlear Delivery
A more invasive approach with the potential for
much greater control is direct intracochlear delivery of therapeutic and curative agents. This
method eliminates dependence on round window
membrane permeability and can provide better
isolation of the delivered agent to the target tissues. A variety of tools including syringes, osmotic pumps, cochlear prosthesis-based delivery and
other newer devices have been employed. Access
is created via a cochleostomy through the round
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window membrane or directly through the otic
capsule. Intracochlear delivery of drugs or genes
has been successfully accomplished in animal
models by injection through the round window
membrane [35].
These intracochlear techniques used in animal
studies allow to develop therapeutics for humans
in the future.

Local Treatment of Inner Ear Diseases

Treatment of auditory and vestibular dysfunction
has become increasingly dependent on inner ear
drug delivery. Recent advances in molecular therapy and nanotechnology have pushed the development of alternate delivery methodologies [31].
Current applications for inner ear drug delivery
are grouped into three main categories: otoprotection, sudden sensorineural hearing loss (SSNHL),
and autoimmune inner ear disease (AIED). The
neurosensory cells of the cochlea must be protected from noise and surgical trauma, ototoxic drugs
such as cisplatin and aminoglycoside antibiotics,
and head and neck radiation. Future application
research is focused on maintenance of spiral ganglion cells after hearing loss, and regeneration of
hair cells. A variety of techniques including gene
transfer and stem cell transplantation are being
explored [36].
Sudden Sensorineural Hearing Loss. SSNHL is
defined as the loss of more than 30 dB of hearing in three consecutive frequencies in less than 3
days [37]. Scientists still wonder about the etiology, pathophysiology and treatment of this condition. Several theories have been proposed including viral, vascular, autoimmune or mechanical
etiologies. Steroids have some effectiveness in
treating SSNHL, and the best indicators of treatment success are the severity of hearing loss and
the time before treatment is started [36].
This disorder is an excellent candidate for local delivery. The primary reason for the use of intratympanic steroids without systemic steroids is
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to avoid side effects or to treat patients at greater risks for complications. The second reason is
the use of local therapy after failure of a systemic
treatment. The delivery of steroids to the inner ear
through the round window may achieve a higher
inner ear steroid concentration as compared with
systemic administration [38, 39]. The Microwick,
a device for facilitating diffusion through the
round window membrane, has been utilized as
one method of local delivery [40, 41]. In a human study of 10 patients treated intratympanically, hearing improved in 80% of participants [42].
Often, patients who have failed to tolerate systemic steroids or could not take them have been
treated locally. Dexamethasone [30, 43, 44] and
methylprednisolone [22–24, 28, 29, 38, 45] are
the most common steroids used for intratympanic treatment of idiopathic sudden sensory hearing
loss. Hearing improvement in 44–75% of patients
has been reported [45]. In a retrospective study,
Xenellis et al. [24] have shown a benefit in 47% of
19 patients after topical steroid therapy. Slattery
et al. [22] described 55% recovery after 2 weeks
of treatment of 20 patients and Herr and Marzo
have [30] shown an improvement in 53% of patients treated with methylprednisolone or dexamethasone microperfusion. Results of treatment
have varied, and some studies point to a strong
correlation between success and time to commencing treatment [46]. A retrospective study of a
single intratympanic injection of dexamethasone
showed no improvement if treatment began more
than 36 days after SSNHL onset. If begun sooner,
40% of patients showed improvement [47].
Autoimmune Inner Ear Disease (Autoimmune
Sensorineural Hearing Loss). AIED results in the
loss of hearing when the immune regulation system is compromised [48]. Diagnosis of AIED
is therefore based on clinical findings and on
the responsiveness to steroid therapy. Immunemediated inner ear disease (AIED) includes clinical conditions associated with unilateral or bilateral rapidly progressive forms of sensorineural
hearing loss. A systemic autoimmune disorder

9

can be present in less than one third of the cases
[49]. AIED has been reported in association with
autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus, Sjögren’s syndrome, polyarthritis nodosa, relapsing polychondritis, Cogan’s disease [50] and Crohn’s disease
[51]. Treatment results from high-dose systemic
steroids and locally delivered steroids have been
inconclusive [41]. The infiltrated cells contain
large numbers of TNF-α-producing cells. TNF-α
is a pro-inflammatory cytokine that is secreted by
activated macrophages, monocytes, T cells, B cells
and fibroblasts. TNF-α induces the infiltration of
immunocompetent cells into the tissues and amplifies the immune response. New pharmacologic
drugs have been developed to interfere with the
TNF-α signaling pathway, which was proven to be
efficient in the animal model of immune-mediated labyrinthitis [52]. Encouraging results have
been shown with methotrexate [53]. Ryan et al.
[48] suggested a treatment using high-dose prednisone with the addition of methotrexate if relapse occurred when the steroid was tapered.
The TNF-α blocker infliximab perfused locally once weekly for 4 weeks to the inner ear allows steroid tapering, hearing improvement and
relapse reduction [27]. Improvements in treatment may be facilitated by local delivery for both
SSNHL and AIED.
Aminoglycoside Ototoxicity. Another possible
application for inner ear drug delivery is in the
prevention of aminoglycoside antibiotic ototoxicity due to the generation of oxygen free radicals [54]. Some reports show that the incidence
of hearing loss associated with these antibiotics
is as high as 33% [55]. There is a dose-dependent
effect, and patients experience high-frequency
hearing loss due to the loss of outer hair cells in
the basal turn. Hypotheses that reactive oxygen
species leading to apoptosis are involved have led
to testing protective agents such as antioxidants
and iron chelators [36]. The assumptions are that
the antioxidants scavenge free radicals, and the
iron chelators bind iron in the cochlea so it cannot
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react with aminoglycosides to generate reactive
oxygen species [55]. A study by Sergi et al. [56]
showed that antioxidants delivered with gentamicin resulted in less hearing loss.

Cochlear Implantation and Steroids

Insertion of an electrode array into the cochlea
produces immediate damage to the inner ear,
which is responsible for a hearing loss. In addition, a delayed hearing loss can be observed. In order to maximize hearing preservation after insertion of an electrode, it has been proposed to infuse
corticosteroids into the cochlea. Experiments performed on guinea pig showed that local treatment
of the cochlea after electrode insertion trauma
with dexamethasone preserves hearing from trauma-induced loss. The local application of steroids
to the inner ear is preferred because, when methylprednisolone concentrations are compared in the
perilymph of the human ear and in the serum after intratympanic or intravenous administration,
intratympanic administration of methylprednisolone in humans results in much higher perilymph
concentrations and much lower systemic concentrations than intravenous administration [57]. In
another animal study, James et al. [58] have developed a model of guinea pig cochlear implantation
via a cochleostomy to study the potential protective effect of corticosteroids. Thirty minutes prior
to implantation, a hyaluronic acid/carboxymethylcellulose bead, loaded with either dexamethasone or normal saline, was placed upon the round
window membrane. Dexamethasone could be detected in the cochlea for 24 h after cochlear implantation. Thresholds were elevated across frequencies in all animals immediately after surgery.
These thresholds recovered completely at and below 2 kHz, and partially at higher frequencies by 1
week after implantation. At 32 kHz, but not lower
frequencies, the presence of dexamethasone had a
significant protective effect upon hearing, which
increased in magnitude over time.
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The results from immediate local treatment
of the cochlea with dexamethasone in an animal model of electrode insertion trauma-induced
hearing loss suggest a novel therapeutic strategy
for hearing conservation by attenuating the progressive hearing loss that can result from the process of electrode array insertion during cochlear
implantation [59]. Interestingly, steroids and lubricants have an effect on electrical impedance
and tissue response following cochlear implantation in animal models. In cats treated with dexamethasone, impedance increased to levels similar
to those in nontreated cats. Impedance in triamcinolone-treated cats remained low for about 2
months after implantation, before increasing to
levels similar to the other groups. Significant fibrous tissue growth was observed histologically.
The results of the present study indicate that a single intracochlear application of hyaluronate or triamcinolone may postpone, but will ultimately not
prevent the rise in impedance following cochlear
implantation [60]. In humans, however, the application of a single dose of a steroid solution reduces the electrode impedances significantly [61].
This was confirmed by Paasche et al. [62] who investigated the effect of the intraoperative application of steroid suspension and coating of the electrode contacts with a thin film of iridium oxide on
the short-term, time-dependent development of

intracochlear impedance in adults implanted with
the Nucleus 24 Contour electrode. Application of
steroids reduced the electrode impedances, which
lasted while iridium coating of the electrode contacts did not reduce the impedance significantly
[62].

Conclusion

Delivery of pharmacological agents to the human
inner ear can preserve or increase hearing after
local administration. In the future, administration of these agents to cochlear implant recipients
is promising to maintain the remaining hearing
function, to allow electroacoustic stimulation or to
enhance the performance of the implant. Several
questions still remain to be answered such as the
type of molecules to deliver or the infusion period. Drugs need to be chosen to target specific biochemical pathways, to promote hair cell or neuron
survival or to inhibit inflammation or subsequent
fibrosis of the cochlea. The period of infusion of
drugs to the inner ear might be limited in time as
recent animal experiment results showed a lasting
effect of neurotrophin delivered to the implanted cochlea after cessation of treatment in guinea
pigs [63]. These data suggest that permanent drug
treatment might not be needed.
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