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There are a variety of methods to access the inner ear and many of these methods
depend on utilizing the middle ear as a portal. In this approach the middle ear can
be used as a passive receptacle, as part of an active drug delivery system, or simply
as the most convenient way to access the inner ear directly in human subjects. The
purpose of this volume is to examine some of the more cutting-edge approaches to
treating the middle ear. Before considering these therapies, this manuscript provides an
overview of some therapies that have been delivered through the middle ear both in the
past and at the current time. This manuscript also serves as a review of many of the
methods for accessing the inner ear that directly utilize or pass though the middle ear.
This manuscript provides the reader a basis for understanding middle ear delivery, the
basis of delivery of medicines via cochlear implants, and examines the novel approach
of using hypothermia as a method of altering the responses of the inner ear to damage.
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INTRODUCTION/OVERVIEW

Accessing the inner ear can be challenging due to its location and because direct access to the
cochlea can result in hearing loss and/or balance disorders. As such, investigators and clinicians
have attempted to access the inner ear via the middle ear since it is easier to reach both though the
tympanic membrane (in the clinic) or through the middle ear itself (via a surgical approach). Using
the middle ear as a route to the inner ear, however, still allows for a plethora of approaches to the
inner ear itself. In this chapter we highlight some of the most important approaches the middle ear
affords you when accessing the inner ear.

Initially we examine a technique that places an active substance in the middle ear to produce the
desired effect in the inner ear. This is by far the most common type of approach to the inner ear and
can be accomplished by flooding the middle ear with medication by simply injecting the fluid into
the middle ear through the tympanic membrane in clinic. The nomenclature for this approach can
be confusing since it appears as transtympanic, intratympanic, middle ear delivery, and a variety of
other jargon. For the purposes of this overview chapter we will use the terminology “transtympanic”
to refer to the procedure where a needle is passed through the tympanic membrane and allowed
to fill the middle ear with medication. This approach can be used to treat a variety of disorders
with different medications (only a few are highlighted in this overview chapter). A number of
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additional tweaks to this technique have been employed to
obtain greater distribution of medication to the inner ear. These
include delivery devices (some of which have appeared and been
abandoned over time and others of which are just emerging
onto the market), integrating the substance of interest into a
biodegradable compound that is injected or surgically placed into
the middle ear to slowly release doses over time. With some
variation, all of these achieve the same goal of getting the active
ingredient in contact with the inner ear. All of these approaches,
again, can be used for an array of disorders and with an
assortment of compounds. Finally, pharmaceuticals are not the
only modality that can impact the inner ear. Our lab is examining
how to utilize the middle ear to deliver therapeutic hypothermia
to the inner ear as a countermeasure against inner ear trauma
from a variety of sources. This chapter provides an overview of
therapies that utilize the middle ear as a highway to the inner ear,
which are the fundamental pathways for understanding how to
best treat inner ear disorders.

TRANSTYMPANIC DRUG THERAPY

The anatomical configuration of the ear can be separated into
three components: external, middle and inner ear. Pathologies
arising in the inner ear are difficult to treat due to anatomical
and systemic barriers. Anatomically, the inner ear is housed in the
petrous bone, one of the densest bones of the human body, with
limited access through the orifice of the external auditory canal.
Systemically, the blood-labyrinthine barrier limits the delivery of
medicine to the inner ear, similar to that of the blood brain barrier
(Glueckert et al., 2018).

Transtympanic injection was first described in 1879 by Liel as
a method for treating Eustachian Tube Dysfunction (Liel, 1879).
The technique has been used for a variety of conditions over
last 150 years and continues to be one of the most accessible
routes for delivering local therapeutics to the inner ear (Mader
et al., 2018). To better understand the mechanism of how this
occurs, we have to address factors in both the middle and
the inner ear. The middle ear is composed of the tympanic
cavity with the ossicles as well as the Eustachian tube that
drains into the nasopharynx. For the purpose of inner ear
medication delivery, the critical portions of the middle ear are
the oval window and the round window. When therapeutics
are injected through the tympanic membrane (or through a
hole in the tympanic membrane) the middle ear serves as
the reservoir for the drug. The inner ear houses the organ of
hearing, the cochlea, and the organs of balance, the vestibule
and the semicircular canals (El Kechai et al., 2015). The cochlea
is intricately connected to the middle ear via the two natural
fenestrations of the perilympathic space: the oval window and the
round window. These openings act in concert to allow fluid in
the inner ear to propagate and allow audition to occur. These two
windows and their associated membranes are gateways to make
drug therapy into the inner ear possible (Glueckert et al., 2018)
and allow the medications to reach both the hearing and balance
organs of the inner ear.

ROUND WINDOW MEMBRANE
PERMEABILITY

The round window membrane (RWM) in humans consists of
three layers: (1) an outer epithelial layer facing the middle
ear continuous with the promontory; (2) a middle connective
tissue layer; (3) an inner cellular layer that interfaces with the
scala tympani (ST). Despite the three layers, studies have shown
that the round window behaves as if it is semi-permeable.
The epithelium of the outer layer has characteristic microvilli
which are indicative of absorptive capabilities of the RWM.
In addition, the inner layer lacks continuity in the basement
membrane with loose junctions suggesting open passages for
substances to transverse the tertiary layer into the ST. In addition,
the inner layer has shown to contain pinocytotic vesicles with
amorphous substances, possibly perilymph, suggesting an active
role in the transfer of substances between the RWM and the ST
(Goycoolea and Lundman, 1997). Moreover, detailed anatomic
observations of the RWM indicates that the epithelia of the
outer and inner layer are metabolically active. They both contain
secretory granules, endoplasmic reticulum, and golgi within in
the cells supporting a bifunctional purpose of absorption and/or
secretion (Richardson et al., 1971; Miriszlai et al., 1978; Salt et al.,
2012). Therefore, the RWM is an ideal gateway to deliver drugs
into the inner ear.

The factors that influence the permeability of the RWM
include the molecul€’s size, liposolubility, electrical charge and the
thickness of the membrane, to list a few. Therefore, substances
that are smaller in molecular size, higher in liposolubility
and positive in electrical charge will more easily diffuse into
the ST via the RWM (Swan et al., 2008). Of note, transport
of negatively charged nanoparticles has been reported (Youm
et al.,, 2016). Additionally, the RWM has shown to be highly
sensitive to manipulation in an effort to increase the diffusion
rate of substances. Mikulec et al. (2008) demonstrated that
the RWM permeability can be increased through introducing
dry suctioning near the membrane along with preservatives
such as benzyl alcohols and increasing osmolality of the
substance. Other experiments altering the permeability of the
RWM included use of local anesthetics, endotoxins, exotoxins,
and histamine (Salt and Plontke, 2009). These external forces
do not cause permanent damage to the RWM, but all impact
the outer layer, likely making it the key layer in facilitating
substances through the RWM (Goycoolea, 2001). The exact
mechanism of how transmembrane transport continues to
be incompletely understood. Our limited knowledge suggests
that passive diffusion, facilitated diffusion through carriers,
active transport, and phagocytosis may all play a role in the
transmigration of substances across the RWM. This suggests that
the mode of transport may be specific to the properties of each
respective molecule (Salt and Plontke, 2009). It is important to
remember that access to the round window can be affected by
many factors that include adhesions, mucoperiosteal folds, and
bone dust. Moreover the RWM itself can be thickened (Crane
et al., 2005). All of these factors affect the ability of medicinews
to reach the inner ear.
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OVAL WINDOW

As the oval window is covered by the stapes footplate, less
investigation has been done on the oval window as a route
of delivering drugs. Studies have shown that the oval window
may play a role in facilitating inner ear diffusion of medication,
however, quantification of the entry remains problematic
since the bony footplate can impedes pure oval window
delivery mechanisms (Mikulec et al,, 2009; Salt et al., 2012;
King et al., 2013).

DRUG DISTRIBUTION IN THE INNER
EAR

Following entry into the ST, the next challenge is to ensure
distribution of the drug within the inner ear. This geometrically
intricate structure has large fluid filled extracellular spaces,
termed scalae, containing the inner ear fluid, perilymph.
Perilymph is ionically similar to that of fluids in other
extracellular spaces. The two large spaces containing perilymph
include scala tympani (ST) and scala vestibuli (SV). The two
scalae run parallel to one another in the spiral fashion of
the cochlea, interconnected at the helicotrema, the cochlear
apex. Between the two large scalae lies the scala media (SM),
which contains the cellular machinery for audition. The scala
media houses the endolymph, a unique fluid, high in potassium.
Endolymph provides the ideal environment to transduce
mechanical motion into electrical potential by the hair cells and
their supporting structures (Swan et al., 2008).

The process of drug distribution has been subdivided into
“radial” (with transport through the modiolus, the central
core of the cochlea), and “longitudinal” (as if the cochlear
spiral is unwound and fluid is flowing in a linear fashion
between the parallel scalae and connected at the helicotrema)
(Ohyama et al., 1988). One example of radial distribution was
shown in 1991 by Salt et al. (1991) in which substances were
found in the highest concentration at the basal turn and
at the vestibular system after transmigrating the RWM. The
mechanism behind this was believed to be that substances
traveled between the extracellular spaces via the spiral ligament
in the modiolus. With respect to longitudinal distribution, a
number of factors come into play before a substance can
theoretically achieve uniform distribution. In contrast to other
extracellular fluids, the perilymph does not flow or is not actively
stirred (Ohyama et al., 1988; Salt and Plontke, 2005). As a
result, the drug distribution is slow and dependent on passive
diffusion. The rate at which a molecule will passively diffuse
in perilymph is dependent upon the diffusion coeflicient, as
the perilymph is in essence stagnant. A number of physical
properties determine the diffusion coefficient of a molecule.
Studies have shown that molecular weight is the most important
factor (Salt, 2005). Another crucial aspect to drug distribution
is clearance of the drug, which is the removal of a substance
from the extracellular space into the capillary beds or the
modiolus, metabolized in the perilymph or bound with tissue.
Therefore, the relationship between a drug’s diffusion capacity

and clearance rate is key to determining its distributive quality.
Consequently, to design an evenly distributed drug, the ideal
configuration is a small molecule that is cleared slowly (Salt and
Ma, 2001). A number of different medications and modalities
have been engineered to ensure adequate delivery of medication
to the inner ear.

TRANSTYMPANIC TREATMENT
MODALITIES

Transtympanic injections are the simplest approach to delivering
medicine to the inner ear, however, not the most efficient.
This method has a number of variables unaccounted for, such
as the clearances of the solution by the Eustachian tube,
prolonged direct contact with the RWM, and effective transport
through the RWM. Different drug delivery modalities and devices
have been developed to overcome these challenges. The two
well studied devices include the Silverstein Microwick® and
the Microcather (pCat®). The Silverstein Microwick® is an
absorbable polyvinyl acetate wick that is inserted through a
myringotomy and placed overlying the round window. The
myringotomy is kept open with a ventilation tube allowing
the patient to instill the drug solution through the external
auditory canal themselves. The solution is absorbed by the
wick, reducing Eustachian tube clearance, and ensures direct
contact with the RWM for effective passive diffusion (Silverstein
et al, 2004). The Microcather (nCat®) is designed with an
external and internal compartment. The external end contains
biluminal ports, one for infusion and the other for withdrawal
of fluid, while the internal end has a inflatable bulbous tip.
This device is inserted after a tympanomeatal flap has been
raised, where the bulbous tip is place within the round
window niche and the biluminal end exits out of the external
auditory canal. This end is connected to various pumping
systems for drug infusions such as micropumps and osmotic
pumps (Swan et al., 2008). This system provided more control
of the amount of medicine instilled into the area of the
round window but was associated with a risk of hearing
loss in some centers (Thomsen et al., 2000) Osmotic pumps
have been used to test a number of therapies for many
inner ear disease in animal models and has been reviewed
by Pararas et al. (2012).

The previous two devices do require exposing the middle
ear for treatment making them more invasive. So forth,
research in developing different injectable solutions was done
to overcome the barriers of the middle ear. One such solution
is hydrogels. Hydrogels are solutions with high viscosity
and unique properties that allow environmental triggers to
release drugs into the surrounding area (Mader et al., 2018).
The viscous nature of the solution helps reduce Eustachian
tube clearance, consequently increasing the residence time
in the middle ear. This in turn supports increased RMW
exposure time. For example, Poloxamer 407 is a hydrogel
that is temperature sensitive. At room temperature it is an
injectable liquid, but once it resides at body temperature within
the middle ear, it gelifies allowing adequate drug exposure
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time (Wang et al., 2009). These drug-hydrogel solutions have
been used both clinically and in animal studies (EI Kechai
et al., 2015). Recently, one has completed two Phase 3
clinical trials. The company Otonomy has created OTIVIDEX,
a sustained-exposure formulation of transtympanic injectable
dexamethasone for the treatment of Meniere’s disease. This drug-
hydrogel has shown to have significant benefits in patients with
Meniere’s disease (Mader et al., 2018).

Nanoparticular injection systems have also garnered attention
recently for otologic purposes. These nanocarriers are of
interest due to their ability to permeate the RWM and
deliver their payload to targeted tissues. Some well-studied
nanocarriers include liposomes, superparamagnetic iron
oxide nanoparticles (SPIONs), and PLGA nanoparticles to
name a few (Ge et al,, 2007; Pritz et al., 2013; Bozzuto and
Molinari, 2015). Liposomes are small phospholipid bilayer
structures with an aqueous core. Due to their bilayer property,
a liposome can encapsulate both hydrophobic and hydrophilic
substances. This helps facilitate transport of substances through
the RWM efliciently, while being able carry either type of
substance. In addition, they allow surface modification with
PEG, antibodies, peptides, carbohydrates, chitosan, hyaluronic
acid and folic acid (Bozzuto and Molinari, 2015). Poly (lactic-
co-glycolic acid) (PLGA) nanoparticles are biodegradable
polymers versatile and safe enough for parenteral administration
(Kumari et al., 2010). Different PLGA polymers have different
properties allowing them to encapsulate hydrophobic and
hydrophilic molecules while allowing surface modification
with PEGylation, antibody ligands and chitosan adsorption
(Grottkau et al., 2013). PLGA nanoparticle’s adaptability and
diversity in modification makes them an interesting drug
delivery system for inner ear disease. SPIONs are Fe3Oy
particles that are magnetized by an external magnetic field to
control the migration of particles through the RWM. These
particles do not encapsulate molecules; therefore, they contain a
polymeric layer where PLGA nanoparticles are bound carrying
the drug payload (Ge et al,, 2007). This is a novel delivery
mechanism where we can magnetically control the delivery of
medication into the inner ear. Through continued research, a
number of different nanoparticles, hydrogels, and substances
are being engineered to ensure adequate and targeted therapy
to the inner ear with the safe, non-invasive approach of
transtympanic injections.

TRANSTYMPANIC USE OF MEDICATION

A variety of drugs have been used to tackle some of the
common diseases that affect the inner ear. Some examples
include corticosteroids, aminoglycoside antibiotics, antioxidants,
anesthetics, and neurotrophins. Even vectors for gene therapy
have been introduced through transtympanic injections
(Kanzaki, 2018). The most common transtympanic drugs
includes corticosteroids and aminoglycosides as they treat a
number of common diseases, such as sudden sensorineural
hearing loss (SSNHL), tinnitus, and Meniere’s disease. Therefore,
these two classes of medications will be discussed in detail.

As a medication class, steroids are known for their
immunosuppressive qualities and in this case, electrolyte altering
properties as well (Fukushima et al., 2002). The exact mechanism
of action is still elusive but a number of known properties of
this class of agent likely play a role in the ear as well and
these include the following: 1) suppression of irritability or
hypersensitivity of the sensory cells in the inner ear; 2) reduction
of immune-mediated inflammation/autoimmune dysfunction;
and/or 3) direct effect on the inner ear neuroepithelium (Yilmaz
et al,, 2005). SSNHL is debilitating to patients and steroids
are the first line of treatment. Despite a paucity of high
level evidence supporting the use of steroids for SSNHL, oral
steroids are the standard of care for this disorder. A number
of studies have suggested that oral steroids are equally as
effective as transtympanic steroids, however, there are side effects
associated with long term use of oral steroids (Hong et al., 2009;
Dispenza et al., 2011; Rauch et al.,, 2011; Filipo et al., 2013).
Additionally, transtympanic delivery can achieve a 100-fold
higher concentration of steroids in the perilymph versus systemic
delivery without the severe side effects (Bird et al, 2007).
Clinical trials combining systemic and transtympanic versus
transtympanic alone has shown to have no significant difference
(Tsounis et al., 2018). So forth, there continues to be variations in
an exact protocol on how to treat SSNHL. There are discrepancies
on the frequency of injections, treatment length, and the ideal
steroid of choice. Ultimately, the clinician’s judgment about the
choice of therapy should be patient centered, airing on the
side of risk profile and cost efficiency (Stachler et al., 2012;
Bear and Mikulec, 2014).

In recent years there have been five prospective, randomized,
controlled trials with blinding, investigating the use of
transtympanic steroids for the treatment of tinnitus. For
the three studies comparing transtympanic steroid infusion to
saline, there was not a statistically significant difference between
the two groups with both producing a placebo-like improvement
(Araujo et al., 2005; Topak et al., 2009; Choi et al., 2013).
Another study that compared transtympanic dexamethasone or
prednisolone to oral carbamazepine, showed no difference in
tinnitus control rates among the groups (She et al., 2009). The
remaining study, which only included patients that developed
symptoms of tinnitus within the previous 3 months, was the only
one to demonstrate a statistically significant difference between
the two groups that received transtympanic steroids compared
to the group that did not (25.8% and 25.0% vs. 9.8%, p < 0.05)
(Shim et al.,, 2011). These works are not without limitations
such as the low concentrations of dexamethasone employed
(Araujo et al., 2005; Choi et al., 2013) as well as the small sample
sizes (Chandrasekhar, 2014). The latter is inherent to studies of
this design as it is difficult to conduct randomized, controlled
trials with the number of patients Sakata et al. (1996) did near
the end of the 20th century.

Meniere’s disease (MD) causes devastating vertigo attacks
with roaring tinnitus and aural fullness. As the disease progresses
hearing loss is also inevitable (Syed et al., 2015). An algorithm
on treatment of MD has evolved over time (Nevoux et al., 2018).
Up to eighty percent of patients are either cured or in remission
especially from vertigo from first line therapy, which includes
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lifestyle change, low salt diet, and diuretics (Claes and Van
de Heyning, 2000). The remaining patients are treated
conservatively with transtympanic steroids. Improvement
in MD with steroids has been hypothesized to occur if hydrops is
due to inflammation or autoimmune factors (Foster, 2015).
Transtympanic steroids have been shown to improve
both frequency and severity of vertigo spells compared to
placebo at 24 months after treatment (Nevoux et al., 2018).
Patel et al. (2016) reports two injections of methylprednisolone
given 2 weeks apart is effective as gentamicin for the treatment
of refractory MD, without the ototoxicity (Patel et al., 2016).
Following the treatment protocol, refractory MD is treated
with local destructive medical treatment with transtympanic
gentamicin (TTG). However, gentamicin is not without risk.
TTG is recommended if hearing function is already impaired
as it is severely ototoxic. Based on a meta-analysis by Syed
et al. (2015), a “titration” protocol of TTG (40 mg/ml) until
disappearance of vertigo has been described (Syed et al., 2015).
This protocol is in an effort to preserve hearing through directed
therapy over exposing the patient to systemic gentamicin.

INTRACOCHLEAR TREATMENT

The next step in inner ear therapy is direct delivery to the root
of the problem. Intracochlear administration is delivering the
drug directly to the cochlea thus avoiding the middle ear barriers,
such as the RWM and the Eustachian tube. While this modality
involves direct inner ear administration the middle ear is usually
the route to access the inner ear. The general modalities of
introducing intracochlear medications includes direct injection,
osmotic pumps, a constant infusion system, cochlear implant
coating, and microfluidic reciprocating reservoir (El Kechai
et al, 2015). As of this date, not all of these have been
translated into human use.

Clinically, intracochlear injections are only possible using a
surgical approach. Access is established through a cochleostomy
either through the RWM or through the basal turn of the
cochlea where a needle is inserted, and the drug is delivered.
This method’s inherent problem is the possibility of a leak at the
injection site. Experiments have been done to control the fluid
efflux with internal and external sealing procedures which show
promising results (Plontke et al., 2016). An osmotic pump utilizes
the osmotic gradient between the cannister containing the drug
and the perilymph to drive the drug through the cannula and into
the cochlea at a rate determined by the device. A number of drugs
and gene vectors have been delivered through this mechanism in
animal models (Borenstein, 2011).

The constant infusion system employs two points of entry,
one in the cochlea and one in the posterior semicircular
canal. The cochleostomy is at the basal turn and has an
infusion pump through a cannula which supplies the drug at a
predetermined rate. The inherent problem of a leak is threat with
this technique. The canalostomy, near the SV, provides a fluid
outlet to reduce concentration gradient within the perilymph
enhancing, drug diffusion to the apex (Borkholder et al., 2010).
An additional hinderance to this delivery method is the low

rate of clearance of cochlear fluid, hence a limited volume of
drug can be introduced through the pump in a given time
span. To address this limitation, the reciprocating microfluidic
reservoir was developed to provide a net zero volume delivery
system that infused and withdrew a constant volume of drug
in a cyclical fashion. Strategically, the infusion portion of the
cycle lasts a few seconds and a total drug concentration in 1 pL
is delivered. This fluid mixture is cycled through the cochlea
through a withdraw port and into the device to be cycled through
the infusion port in a cyclical fashion. This ensures adequate
mixture and delivery by controlling the variables of flow and
clearance rate of the cochlear fluid (Tandon et al., 2016).

The most logical method of intracochlear drug administration
is through a cochlear implant. Patients that can qualify for
this invasive procedure have profound hearing loss making it
an ideal situation to implant a device directly into the inner
ear. This device is placed surgically through a cochleostomy
or through the RWM. This convenient situation allows the
opportunity to deliver drugs to patients for a number of
different applications. Some possible pathways include coating
the device in biodegradable eluting polymers or integrating
an active infusion pump within the device (Borenstein, 2011).
One current effort to utilize this opportunity is to reduce the
histological trauma of inserting the implant (Eshraghi et al,
2005). Different experiments have been conducted to reduce
the inflammation and fibrosis of tissue, most applying the
coating capabilities of the device with biodegradable polymers.
El Kechai et al. (2015) has reviewed these thoroughly. With
regards to an active pump integration, cochlear implant catheters
have been combined with intracochlear implants in animal
models, up to 15 mm of insertion, to test delivering a
single bolus of iodine concurrently with the insertion of the
device (Ibrahim et al., 2011). This method shows promise
with delivery of iodine without leak or radiologic damage to
the inner ear. However, further work needs to be done to
determine the efficacy between different drugs and the quantity
of the bolus injectable without damaging the delicate structures
of the inner ear.

RECENT ADVANCES

Recent advances in novel inner ear therapeutics include
different drug modalities, the robust application of genetic
manipulation through viral vectors, and even hypothermic
inner ear treatments. One particular study shows the inhibition
of cochlear N-methyl-D-aspartate (NMDA) receptors with
AM-101, a small novel antagonist, to treat tinnitus triggered
by glutamate excitotoxicity. Clinical trials with this inhibitor
showed that 3 transtympanic injections over 3 consecutive
days of 0.81 mg/ml of AM-101 demonstrated a significant and
dose dependent improvement in tinnitus (Staecker et al., 2015).
N-Acetylcysteine (NAC), a low molecular weight agent with
significant otoprotective qualities has also been tested clinically.
Transtympanic injections have been studied with this agent
to combat the ototoxic side effects of cisplatin, a well-known
phenomenon from this chemotherapeutic agent. A 10% NAC
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solution was injected transtympanically prior to the infusion
of cisplatin versus the control and the pure tone audiometry
was measured. The study concluded that control patients
had a significant reduction at 8000 HZ showing that NAC
may play a role in otoprotection against ototoxic elements
(Riga et al, 2013). With regards to autoimmune inner ear
disease, a clinical trial with transtympanic TNF-alpha inhibitor
(infliximab) was shown to improve hearing and reduce disease
relapse (Van Wijk et al., 2006). As the next frontier of medicine
is genetic manipulation, the inner ear is an ideal location to
utilize this technology. Kanzaki (2018) has thoroughly reviewed
the literature with regards to the application of viral vectors
targeting the inner ear. Predominantly this technology is still in
its early phase with animal models. However, as further studies
are conducted, the ideal vision is to allow Otolaryngologists
the ability to deliver targeted therapy to different types of
inner ear cells based on the pathological presentation of
the patient. Furthermore, as previously mentioned in the
intracochlear treatment section, cochlear implant insertion can
cause significant damage to the inner ear, particularly loss of
residual hearing. Tamames et al. (2016) has created an animal
model to test a custom probe that is infused with cooled
fluorocarbon adjacent to the middle turn of the cochlea prior
to implant insertion, as a means to protect the inner ear. Their
work has demonstrated that rats with normothermic cochlea had
significant loss of residual hearing compared to the hypothermic
group due to implant trauma. Histologic studies confirmed
the findings with significant loss of outer hair cells in the
normothermic group. They showed this method to be feasible in
human temporal bones with the cochlea cooling down 4 to 6 °C
with their custom designed probe. This novel method to combat
implant insertion trauma is promising to further our efforts of
inner ear therapeutics.
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