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Abstract

Purpose of Review—Office based Intratympanic inner ear steroid perfusion treatment (ITPs) for
Meniere’s disease, autoimmune inner ear disease and sudden sensorineural hearing loss has been
expanding over the past 10-15 years, yet remains controversial. The purpose of this review is to
examine the current literature of basic science and human studies of ITPs treatment.

Current Findings—Animal studies exist regarding the delivery, distribution, biochemical and
microbiological changes in the inner ear post ITPs. However, few clinical studies exist of ITPs
treatment in sudden sensorineural hearing loss and even less in treating Meniere’s disease. There are
no consistent studies regarding drug delivery methods, type and concentration of steroids. Moreover,
there are no studies comparing ITPs results to the natural history of Meniere’s disease.

Summary—ITPs has impacted otology and neurotology practice due to increased utilization. A
sound understanding of the basic science and clinical studies is needed to establish long term efficacy
of ITPs in controlling hearing loss in Meniere’s disease by comparison to its natural history, as well
as, potential application to other pathologies.
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Introduction

From a historical point of view to the best of knowledge, clinical use of intratympanic perfusion
with steroids (ITPs) began when Sakata et all and, ten years later, Shea et al2 used it for
Meniere’s disease and tinnitus patients and, independently, reported clinical benefit to their
patients with no adverse reactions to the treatment. These were retrospective cohort studies
that did not include control subjects, but nonetheless showed “clinical improvement” by those
days’ measures. The quotation from Sakata’s paperl, “.....It was concluded from these results
that the first choice of therapy for patients with Meniere disease who should resist to all
conservative therapies should be the middle ear steroid infusion therapy at the out-patient
clinic, and the second choice would be the inner ear anesthetic therapy, and that both therapies
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were worth while experimenting before considering surgical treatment” continues to be a
guiding principle until present time.

Since then, basic science and clinical studies of intratympanic perfusion with steroids (ITPs)
have been published. For the purpose of this review, a MEDLINE search of the English
language literature of human and animal studies from 2005 -2008 was performed using the key
words “intratympanic and Meniere’s or sudden hearing loss”, “intratympanic and Meniere’s
or sudden hearing loss”, and “steroids and inner ear”. We also included other studies prior to
2006 due to their contribution to the subject. A total of 40 studies were found and reviewed
with focus on description of steroids dose and delivery technique, clear description of
pharmacokinetics/molecular/histological results (animal studies), reported hearing recovery
and vertigo control results, and adverse outcome of the treatment. There were few review
articles on the subject concluding that there is no convincing evidence of usin ITPs3-2. The
majority of non review studies were focused on ITPs in sudden hearing lossB-15 and less so
in Meniere’s disease16-18, The following sections describe the general and specific aspects of
these studies in Meniere’s and sudden hearing loss. The authors views are presented, taking
into consideration their respective research and clinical experiences.

Meniere's disease

There is one prospective placebo controlled study19 and a few retrospective studies16-18
supporting the use of ITPs in Meniere’s disease. The placebo controlled study used
Dexamethasone 4mg/ml for five consecutive days and followed up patients for 2 years. The
study reported substantial control of vertigo in 82% of treated patients’ vs 57% in placebo
group. There was an additional 29% in the placebo group that showed moderated improvement
of vertigo. The failure rates in the treated and placebo groups were 0% and 14% respectively.
The study reported “subjective” improvement of hearing (35%), tinnitus (48%) and aural
fullness (48%). The strength of this study is in the randomization and the relatively long-term
follow up of patients. The relative weakness lies in the absence of a rational for choosing
Dexamethasone over methylprednisolone and of using Dexamethasone 4mg/ml, particularly
that ITPs primary advantage over oral is to deliver the highest dose of medicine to the inner
ear. Furthermore, a similar randomized study20 using Dexamethasone showed no benefit over
placebo. One of the two retrospective studies!8 suggested that ITPs has beneficial effect on
hearing loss in Meniere’s disease, however it did not address vertigo control. The most recent
retrospective study16 used Dexamethasone 12mg/ml and followed patients for 2 years. Most
patients (70%) needed one to three injections. The study reported 91% *acceptable” vertigo
control based on patients “not requesting” further ablative surgery. The study did not address
hearing, tinnitus or aural fullness results. The study used Kaplan-Meier “survival” curve to
measure the outcome of “time to next event” as opposed to vertigo control relative to either
prior treatments or to a control group. Although the authors justified the use of “survival”
analysis, commonly used in prospective studies, they indicated that there is a bias using
retrospective data for the analysis. The strength of these retrospective studies lies in the
relatively large number of patients and long follow up period. The weakness lies in the absence
of a rational of choosing Dexamethasone over methylprednisolone and of using a larger dose
(12mg/ml) than other studies, clear indication for repeated injections, and absent control group
or taking into account the natural history of Meniere’s disease. Furthermore, the criterion used
for measuring outcome is based on patients not requesting ablative surgery. This is a rather
arbitrary choice and may be influenced, at least partly, by talking about 5urgery21. One of the
authors of the current review (Hamid MA) notes that the results of vertigo control in the above
study are similar to those presented in 200622 using Dexamethasone 24mg/ml (95% control
over 7 years follow up period). It is to be noted that Dexamethasone 24mg/ml is no longer
available and has to be compounded. While there are supportive studies to the use of ITPs in
Meniere’s disease, there are few controlled studies to determine the efficacy of the treatment.
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Sudden Sensorineural Hearing Loss (SSNHL)

As mentioned above, there are more studies using ITPs in the treatment of SSNHL than in
Meniere’s disease. This is mainly because it was/is customary to treat SSNHL with systemic
steroids and therefore, it was a natural progression to start injecting steroids directly into the
ear. A meta-analysis study23 in 2007 concluded that there is no difference between systemic
steroids and "other active treatment”. Two recent (2008) studies®:8 showed different outcome
of ITPs. The first is a prospective open label study6 that compared systemic steroids and ITPs
+ systemic steroids and showed 73% and 70 % recovery, respectively, and concluded that there
is no benefit from adding ITPs. However, in an earlier (2007) study24 by the same authors,
they reported that ITPs salvaged hearing in 40% of patients when given within 1-2 wks after
failure of systemic steroids. This study showed declining rate of recovery when ITPs was
delayed; 30% after one month and 15 % after two months. The second is a multicenter, double-
blinded, placebo-controlled, randomized study8 designed to compare hearing recovery from
3 groups; high dose systemic steroids and Dexamethasone ITPs, systemic placebo and ITPs,
and systemic steroids and placebo ITPs (saline). The authors concluded that patients treated
with combination therapy had higher likelihood of recovery than patients given systemic
steroids only (p<0.5). The strength of this study lies in the randomization and “combined
placebo treatment” although there was no placebo only arm. Three other studies2°-27 showed
benefit from ITPs after failure of systemic steroids. Two retrospective non randomized
studies0:12 used different types of steroids; methylprednisolone and Dexamethasone 24mg/
ml showed different rates of improvement; 67% with methylprednisolone10 and 39% with
Dexamethasonel2.

The data discussed above reflects significant variability in the outcome of ITPs in Meniere’s
disease and sudden hearing loss. The data from 2000-200628 showed similar pattern of
variability. There are several reasons why the data on ITPs are variable. First, the dose and the
type of steroids used show a wide variation. Steroid doses ranged considerably from 4 mg/ml
to 24 mg/ml (Dexamethasone) or 40 mg/ml methylprednisolone). While the advantage of
intratympanic perfusion is to deliver a higher concentration to the inner ear, it appears for most
studies that the dose was dependent on what was available in the market instead of the
maximum Dexamethasone dose of 24 mg/ml. The most common type of steroid used has been
methylprednisolone, based on an animal study that favored methylprednisolone relative to
Dexamethasone because it yielded “higher concentrations” in the endolymph after
intratympanic injectionszg. Although this animal study provided relevant information
regarding the pharmacokinetics of different steroids, re-interpretation of the results show that
Dexamethasone is more efficacious. The study clearly showed that absorption, allowing for
sampling effects30, of Dexamethasone into the stria and surrounding tissues was more rapid,
in contrast to methylprednisolone, which remained in the endolymph longer than
Dexamethasone by a factor of 4 to 6 hours. It is known that steroids act intracellularly within
the stria and surrounding tissues after being passively or actively endocytosed. Hence, the
higher rate of endocytosis, the greater intracellular efficacy. Thus, the presence of high
methylprednisolone concentrations in the endolymph reflects an inverse relationship with its
intracellular incorporation and efficacy, making Dexamethasone more efficacious for
intratympanic perfusions. Unfortunately, Dexamethasone 24 mg/ml was removed from the
market in the late 2000 and can now only be produced as a compound.

The second reason of ITPs outcome variability is due to the method of delivery of steroids into
the middle ear. Several methods are available which include direct intratympanic perfusion
into the middle ear and, microcatheters or microwicks which are placed against the round
window. The most common used method worldwide is the direct perfusion into the middle ear.
Although ITPs should be a straight forward procedure, there is some degree of variability in
how it is done. Some inject directly using single puncture of the TM while others use two
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punctures to “vent out” the middle ear space. Some fill in the middle ear space every 10 minutes
while others do not. Unfortunately, there is no general consensus but it is reasonable that the
physician should insure that there is enough medicine in the middle ear, with or without venting,
for 30 min after the injection. The 30 minutes was arbitrary however, a recent study31 showed
that it is an optimal time for diffusion through the round window membrane. Recent studies
of the anatomy of the round window and of post injection concentration gradients in the scala
tympani showed both immunological aspects32 and intrinsic gradient characteristics33 that
influence drug delivery methods to the inner ear. These findings will ultimately influence future
methods of optimal drug delivery to the inner ear.

The third reason for ITPs outcome variability is the disease stage at the time of the perfusion
treatment. Most of the studies referenced above agree that early treatments associated with a
better outcome although in clinical practice patients are seldom seen at the early stages of
Meniere’s or, to a lesser extent, of SSNHL. Physiologically and pathologically it makes sense
that perfusion should be performed at an early stage of the disease before, supposedly, the ear
has not undergone permanent damage. The pathology of Méniere’s disease, sudden hearing
loss and immune inner ear diseases is frequently “idiopathic”. Immune-mediated inner ear
disease is similar to Méniére’s, but has a more rapid course affecting both ears34. Recent data
support an ionic imbalance of the endolymph as the final common pathway in steroid-
responsive autoimmune mouse hearing loss, suggesting that steroids improve and restore
normal stria vascularis function3°. Dexamethasone was shown to increase the expression of
active and passive Na/K channels36 and of active water channels (aquaporins)37?38 in the
endolymph surrounding tissues.

Movement of steroids into the inner ear

The round window membrane is the major entry site for intratympanic drugs into the inner ear
scala tympani39. This is a semi-permeable membrane that is lined on the middle ear side with
cuboidal epithelial cells joined by tight junctions and lined on the inner ear side with mesothelial
cells that often are intermittent#0. Between these lining layers are loosely organized collagen
and elastic fibers, fibrocytes and fibroblasts, occasional blood vessels, and nerve fibers. The
lack of an organized epithelial barrier on the scala tympani side means the fibrous layer is
bathed in perilymph. Although tight junctions join epithelial cells on the middle ear side,
molecules as large as 1 um can pass through this layer into the inner ear either intercellularly
or transcellularly via pinocytosis. Thus, the round window membrane provides little
impediment to the movement of most drugs or other molecules into the inner ear. Although
the human round window membrane (60-70 pum) is thicker than most experimental rodents
(10-15 um), they are essentially similar in the fact the only real barrier is the single layer of
epithelial cells on the middle ear side. Thus, interspecies differences in transport are due mainly
to the time it takes to move through the fibrous layer. While this minimal anatomical barrier
appears to offer little protection of the inner ear, a recent study in monkeys suggest mucous
glands around the round window and extensive inflammatory cell populations within the round
window vessels provide a basic immunological defense to the cochlea32. The glands secrete
macromolecules that form a physical barrier to trap pathogens and other toxic agents, which
are then degraded and phagocytosed by the immune cells. This mucous membrane over the
round window has been discussed as a barrier to intratympanic drug movement into the
cochlea?0.

Where do drugs go in the ear?

Steroids injected into the middle ear reach the scala tympani within minutes*! and quickly
reach scala_vestibuli through the spiral ligament laterally and/or Rosenthal’s canal
medially33’42. Actual measurement and modeling of drug entry and dispersion suggests a
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concentration Z?radient exists from base to apex, but sufficient amounts can reach the apical
regions33;43; 4 Factors controlling this apical ward movement will include the molecular
weight, charge, concentration and amount injected, round window characteristics (fibrosis,
inflammation) that impact the amount getting through, length of cochlea, any intrinsic
perilymph flow patterns, speed of absorption into tissues at the base, etc. Delivering
Dexamethasone within slow release gels will provide slower release and therefore prolonged
delivery at the round window?®. The communication routes between scala tympani and the
organ of Corti and spiral ganglion assure that hair cells and nerve cells will rapidly be exposed
to drugs delivered through the round window. Presence of dru%within the scala media

demonstrates transport into the endolymphatic spaces as well4

What do drugs do in the ear?

The two main effects of drugs in the inner ear impact immune suppression and ion homeostasis.
Numerous cochlear insults induce pro-inflammatory cytokines and chemokines and production
of reactive oxygen species (nitric oxide, etc.). Immune-mediated cochlear tissue destruction
results from acute and chronic otitis media%’, noise48, hydrops"’9 ototoxic drugs50,
ischemia®?, meningitis52, and systemic inflammatory disease®3. All initiate cochlear
inflammatory processes that are responsive to glucocorticoid treatments. Therefore,
immunosuppression is a key factor in protecting the ear or reversing hearing loss in a variety
of disorders. Intratympanic delivery of steroids show protection of the inner ear in otitis
media®4, cochlear electrode implantation55 and ototoxic drugs50. Many clinical studies have
suggested that intratympanic steroids offer additional benefit over systemic delivery due to
higher concentrations reaching the inner ear. There is now human evidence this is the
case”S. However, the measurement of drug levels in perilymph46 or endolymph29 does not
necessarily prove functional impact if the drugs are simply increasing due to concentration
gradients across the round window and are not being absorbed and utilized by cochlear tissues
where they exert their action. To answer this question of steroid functional impact, we have
conducted studies of cochlear gene expression following the two delivery methods. Our studies
show that Dexamethasone delivered systemically suppresses some pro-inflammatory cytokine
genes in the cochlear tissues, but greater numbers of genes are down regulated if the drug is
delivered intratympanically (unpublished observations). Thus, the clinical observations of
improved hearing recovery with intratympanic steroid delivery appear to be supported by
animal studies. The added advantage is that systemic side effects from oral steroids are virtually
eliminated®”.

The effects of steroids on ion homeostasis are well established in animal studies. The tightly
regulated fluids in the ear require sophisticated ion transport mechanisms°8. To date,
approximately 83 different ion channel genes have been identified in mouse and human inner
ear2”. The most critical ion transport process is the maintenance of endolymph ion potentials
for auditory and vestibular hair cell function. The stria vascularis pumps K* into the endolymph
(and Na* out) to maintain the endolymphatic potential (EP +80 mV) critical for normal hearing.
This process requires the recycling of K* from the base of hair cells through the lateral wall
(spiral ligament) via intercellular gap junctions. Any pathologic process that interferes with
this movement of K* or stria vascularis function will cause hearing loss. Although vestibular
endolymphatic potentials are lower (+5-10 mV), the homeostasis of K* is equally important.
Contributing to the maintenance of these endolymphatic potentials is the blood labyrinth
barrier, a series of tight junctions that isolate fluid compartments for tight regulation of ion
movements.

The endothelial cells lining the stria blood vessels are sealed by tight junctions, which establish
the blood labyrinth barrier critical for maintenance of this endolymphatic potential. Loss of
barrier integrity will equilibrate the endocochlear potential (+80 mV) to that of blood (0 mV),
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leading to hearing loss. Italso is now known that the cochlear lateral wall is literally a syncytium
of cells interconnected by gap junctions for K* recycling back to the stria vascularis after hair
cell transduction®8. This syncytium includes supporting cells in the organ of Corti, fibrocytes
of the spiral ligament, basal and intermediate cells of the stria vascularis, and probably stria
endothelial cells, as well. Compromise of any of these K* recycling processes will cause
hearing loss due to disruption of ion homeostatic processes. Inflammatory processes include
the lateral wall fibrocytes since acute and chronic otitis media?/ and systemic endotoxin
treatment®S cause expression of NF-kB, the pro-inflammatory transcription factor.
Dexamethasone also suppresses TNF-a induced nitric oxide production by spiral ligament
fibrocytes, demonstrating a direct glucocorticoid effect on K* transport and ion
homeostasis®™.

Glucocorticoids also have a significant binding affinity for the mineralocorticoid receptor57?
61 Thus, another ion homeostatic impact of glucocorticoid treatments is induction of
mineralocorticoid receptor-mediated genes. These include synthesis of Na*,K*-ATPase and
the epithelial sodium channel, both major ion transport channels necessary for stria vascularis
function. In fact, blockage of the mineralocorticoid receptor with spironolactone prevents
glucocorticoid hearing recovery in autoimmune mice 7 suggesting these ion transport
functions are more critical than immune suppression in hearing restoration. Also, it was shown
that glucocorticoids induce transcription of these ion transport channels at the same level as
the mineralocorticoid aldosterone®?, further demonstrating the impact of glucocorticoids on
ion homeostasis.

Another ion and fluid homeostasis function of the ear potentially controlled by steroids are the
aquaporin channels. Nearly all known aquaporin channels occur in the inner ear, particularly
surrounding the endolymph spaces and endolymphatic sacB3:64, These channels a pear to be
largely controlled by vasopressin (anti-diuretic hormone)65 and Dexamethasone80. There are
data to show a close relationship between aquaporin 4 and Meniere’s diseaseb7:68. Although
other glucocorticoids have not been investigated for their effect on aquaporin control of inner
ear fluid dynamics, it is interesting to speculate that Dexamethasone has dual effects in the ear
through its impact on water transport and, to a lesser extent, mineralocorticoid receptors. The
use of diuretics in Meniere’s disease, while controversial, may have multiple effects on the
inner ear. They may be effective because they supgress the NaK2Cl transporter to reduce K*
transport into the endolymph and reverse hydrops 6, as well as opposing the vasopressin
control of water balances by acting directly on aquaporin channels. Another possible
mechanism is through increased aldosterone, which has positive effects on the stria vascularis,
to counter act intravascular volume loss due to use of diuretics®® Research into the control of
inner ear water dynamics is crucial and hopefully will provide significant new findings in the
next few years.

Thus, steroid delivery to the inner ear can have multiple functions. One can no longer ignore
the potential impact of glucocorticoids on ion homeostasis functions in addition to immune
suppression. These functions are quite interlinked with regard to maintenance of the
endolymphatic potential in fluids around auditory and vestibular hair cells. Also, the fact these
processes are capable of healing recovery from insult suggests they may be involved in those
forms of hearing loss that recovery spontaneously. Therefore, assuming all steroid-responsive
hearing loss is due to immune processes simply cannot be justified in light of our current
understanding of other cellular and molecular processes under the control of glucocorticoids.
The key issue in such treatments is to identify the pathologic process and target therapy with
the most appropriate steroid, or other drug. For example, the synthetic glucocorticoid
Dexamethasone has less binding affinity to the mineralocorticoid receptor than prednisone or
prednisolone. Thus, it will have less impact on K* and Na* transport dysfunction, possibly
explaining the questionable efficacy of Dexamethasone for certain hearing disorders.
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Future directions

The effective intratympanic delivery of drugs has fostered a variety of new approaches to
delivery of substances to the inner ear. Many of these hold promise for effective management
of cochlear disorders. Gene delivery via the middle ear shows it is feasible to deliver the
necessary genes in vehicles that will move through the round window’0: 71, Also, the
intratympanic delivery of drugs, antibodies, and other antagonists show the ear can be protected
from loud sound damage by JINK inhibitors’2:73 and inhibitors of calpain and lipid
peroxidation74. Intratympanic delivery of infliximab, to bind pro-inflammatory TNF-a to
reduce progressive inflammation of the inner ear’®, and gancyclovir76 also have shown some
promise for the future. A more recent ITPs using intratympanic Gadolinium’7 has been used
to “visualize” the inner ear compartment in Meniere’s disease and show promise in “seeing
endolymphatic hydrops” as we treat these patients. The middle ear delivery of these molecules
will permit better targeted interventions that will transfer more products to the inner ear than
conventional systemic delivery methods. Thus, it is likely the intratympanic delivery method
will increase in the future as these and other applications are developed.

Conclusion

Several animal basic science studies exist supporting positive biological effects of
intratympanic steroids perfusion ITPs on inner ear functions. Few clinical studies exist of ITPs
treatment in sudden sensorineural hearing loss and even less in treating Meniere’s disease.
There is no convincing evidence that ITPs is effective in sudden sensorineural hearing loss.
There are inconsistent results of ITPs in controlling vertigo and few studies focused on hearing
recovery in Meniere’s disease. There are no studies comparing ITPs results to the natural
history of Meniere’s disease. Few randomized clinical trials exist however, long term (> 5
years) efficacy has not been established. Despite that, there is general acceptance of using ITPs
in sudden hearing loss and Meniere’s disease. Given the recognized difficulties in conducting
randomaized controlled clinical trails, it is suggested that studies evaluating “therapeutic gain”
of ITPs relative to current treatments and to the natural history of Meniere’s disease’8 should
be acceptable alternatives.

References

1. Sakata E, Kitago Y, Murata Y, Teramoto K. Treatment of Meniere’s disease. Middle ear infusion with
lidocaine and steroid solution. Auris Nasus Larynx 1986;13:79-89. [PubMed: 3813983]

2. Shea JJ Jr, Ge X. Dexamethasone perfusion of the labyrinth plus intravenous Dexamethasone for
Meniere’s disease. Otolaryngol Clin North Am 1996;29:353-358. [PubMed: 8860933]

3. Alles MJ, der Gaag MA, Stokroos RJ. Intratympanic steroid therapy for inner ear diseases, a review
of the literature. Eur Arch Otorhinolaryngol 2006;263:791-797. [PubMed: 16724210]

4. Conlin AE, Parnes LS. Treatment of sudden sensorineural hearing loss: I. A systematic review. Arch
Otolaryngol Head Neck Surg 2007;133:573-581. [PubMed: 17576908]

5. Hoffer ME, Balough BJ, Gottshall KR. Delivery of drugs to the inner ear. Curr Opin Otolaryngol Head
Neck Surg 2006;14:329-331. [PubMed: 16974146]

6. AhnJH, Yoo MH, Yoon TH, Chung JW. Can intratympanic Dexamethasone added to systemic steroids
improve hearing outcome in patients with sudden deafness? Laryngoscope 2008;118:279-282.
[PubMed: 17989574]

7. Banerjee A, Parnes LS. Intratympanic corticosteroids for sudden idiopathic sensorineural hearing loss.
Otol Neurotol 2005;26:878-881. [PubMed: 16151332]

8. Battaglia A, Burchette R, Cueva R. Combination Therapy (Intratympanic Dexamethasone + High-
Dose Prednisone Taper) for the Treatment of Idiopathic Sudden Sensorineural Hearing Loss. Otol
Neurotol. 2008

Curr Opin Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2009 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hamid and Trune

Page 8

9. El Hennawi DM, El Deen MH, Abou-Halawa AS, Nadeem HS, Ahmed MR. Efficacy of intratympanic

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

25.

26.

217.

28.

methylprednisolone acetate in treatment of drill-induced sensorineural hearing loss in guinea pigs. J
Laryngol Otol 2005;119:2-7. [PubMed: 15807953]

Fitzgerald DC, McGuire JF. Intratympanic steroids for idiopathic sudden sensorineural hearing loss.
Ann Otol Rhinol Laryngol 2007;116:253-256. [PubMed: 17491522]

Gouveris H, Selivanova O, Mann W. Intratympanic Dexamethasone with hyaluronic acid in the
treatment of idiopathic sudden sensorineural hearing loss after failure of intravenous steroid and
vasoactive therapy. Eur Arch Otorhinolaryngol 2005;262:131-134. [PubMed: 15747106]

Haynes DS, O’Malley M, Cohen S, Watford K, Labadie RF. Intratympanic Dexamethasone for sudden
sensorineural hearing loss after failure of systemic therapy. Laryngoscope 2007;117:3-15. [PubMed:
17202923]

Plaza G, Herraiz C. Intratympanic steroids for treatment of sudden hearing loss after failure of
intravenous therapy. Otolaryngol Head Neck Surg 2007;137:74-78. [PubMed: 17599569]

Stenner M, Jecker P, Gouveris H, Mann W. Treatment of sensorineural hearing loss in acute viral
otitis media with intratympanic Dexamethasone and hyaluronic acid in comparison with intravenous
therapy. Laryngorhinootologie 2006;85:32-37. [PubMed: 16444653]

Xenellis J, Papadimitriou N, Nikolopoulos T, et al. Intratympanic steroid treatment in idiopathic
sudden sensorineural hearing loss: a control study. Otolaryngol Head Neck Surg 2006;134:940-945.
[PubMed: 16730534]

Boleas-Aguirre MS, Lin FR, Della Santina CC, Minor LB, Carey JP. Longitudinal results with
intratympanic Dexamethasone in the treatment of Meniere’s disease. Otol Neurotol 2008;29:33-38.
[PubMed: 18199956]

Garcia-Purrinos FJ, Ferri E, Rosell A, Calvo J. Combined intratympanic and intravenous
dexomethasone to control vertigo in Meniere disease. Acta Otorrinolaringol Esp 2005;56:74-77.
[PubMed: 15782646]

Selivanova OA, Gouveris H, Victor A, Amedee RG, Mann W. Intratympanic Dexamethasone and
hyaluronic acid in patients with low-frequency and Meniere’s-associated sudden sensorineural
hearing loss. Otol Neurotol 2005;26:890-895. [PubMed: 16151334]

Garduno-Anaya MA, Couthino DT, Hinojosa-Gonzalez R, Pane-Pianese C, Rios-Castaneda LC.
Dexamethasone inner ear perfusion by intratympanic injection in unilateral Meniere’s disease: a two-
year prospective, placebo-controlled, double-blind, randomized trial. Otolaryngol Head Neck Surg
2005;133:285-294. [PubMed: 16087029]

Silverstein H, Isaacson JE, Olds MJ, Rowan PT, Rosenberg S. Dexamethasone inner ear perfusion
for the treatment of Meniere’s disease: a prospective, randomized, double-blind, crossover trial. Am
J Otol 1998;19:196-201. [PubMed: 9520056]

Kerr AG, Toner JG. A new approach to surgery for Meniere’s disease: talking about surgery. Clin
Otolaryngol Allied Sci 1998;23:263-264. [PubMed: 9669078]

. Hamid, MA. Intratympanic Dexamethasone Perfusion in Méniére’s Disease: Seven-Year Results. In:

Hamid, MA., editor. Triologic combined Middle/Western section meeting abstracts. 2007. abstract

Conlin AE, Parnes LS. Treatment of sudden sensorineural hearing loss: 1. A Meta-analysis. Arch
Otolaryngol Head Neck Surg 2007;133:582-586. [PubMed: 17576909]

Ahn JH, Han MW, Kim JH, Chung JW, Yoon TH. Therapeutic effectiveness over time of
intratympanic Dexamethasone as salvage treatment of sudden deafness. Acta Otolaryngol 2007:1—
4. [PubMed: 17917835]

Plaza G, Herraiz C. Intratympanic steroids for treatment of sudden hearing loss after failure of
intravenous therapy. Otolaryngol Head Neck Surg 2007;137:74-78. [PubMed: 17599569]

Van Wijck F, Staecker H, Lefebvre PP. Topical steroid therapy using the Silverstein Microwick in
sudden sensorineural hearing loss after failure of conventional treatment. Acta Otolaryngol
2007;127:1012-1017. [PubMed: 17851934]

Xenellis J, Papadimitriou N, Nikolopoulos T, et al. Intratympanic steroid treatment in idiopathic
sudden sensorineural hearing loss: a control study. Otolaryngol Head Neck Surg 2006;134:940-945.
[PubMed: 16730534]

Hamid M. Recent Advances in Medical Otology-Neurotology. Mediterr J Otol 2008:145-153.

Curr Opin Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2009 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hamid and Trune

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 9

Parnes LS, Sun AH, Freeman DJ. Corticosteroid pharmacokinetics in the inner ear fluids: an animal
study followed by clinical application. Laryngoscope 1999;109:1-17. [PubMed: 10399889]

Mynatt R, Hale SA, Gill RM, Plontke SK, Salt AN. Demonstration of a Longitudinal Concentration
Gradient Along Scala Tympani by Sequential Sampling of Perilymph from the Cochlear Apex. J
Assoc Res Otolaryngol. 2006

Plontke SK, Salt AN. Simulation of application strategies for local drug delivery to the inner ear.
ORL J Otorhinolaryngol Relat Spec 2006;68:386-392. [PubMed: 17065834]

Engmer C, Laurell G, Bagger-Sjoback D, Rask-Andersen H. Immunodefense of the Round Window.
Laryngoscope. 2008

Plontke SK, Biegner T, Kammerer B, Delabar U, Salt AN. Dexamethasone Concentration Gradients
Along Scala Tympani After Application to the Round Window Membrane. Otol Neurotol
2008;29:401-406. [PubMed: 18277312] ** This investigation quantifies drug levels and gradients
in cochlea after middle ear delivery.

Hamid, M.; Sismanis, A. Clinical Approach to Patients with Auditory and Vestibular Disorders. In:
Hamid, M.; Sismanis, A., editors. Medical Otology and Neurotology A Clinical Guide to Auditory
and Vestibular Disorders. New York: Thieme; 2006. p. 43-63.

Trune DR, Kempton JB, Gross ND. Mineralocorticoid receptor mediates glucocorticoid treatment
effects in the autoimmune mouse ear. Hear Res 2006;212:22-32. [PubMed: 16307853]

Pondugula SR, Raveendran NN, Ergonul Z, et al. Glucocorticoid regulation of genes in the amiloride-
sensitive sodium transport pathway by semicircular canal duct epithelium of neonatal rat. Physiol
Genomics 2006;24:114-123. [PubMed: 16263802]

Ishiyama G, Lopez IA, Ishiyama A. Aquaporins and Meniere’s disease. Curr Opin Otolaryngol Head
Neck Surg 2006;14:332-336. [PubMed: 16974147]

Fukushima M, Kitahara T, Fuse Y, Uno Y, Doi K, Kubo T. Changes in aquaporin expression in the
inner ear of the rat after i.p. injection of steroids. Acta Otolaryngol Suppl 2004:13-18. [PubMed:
15277029]

Plontke SK, Siedow N, Wegener R, Zenner HP, Salt AN. Cochlear pharmacokinetics with local inner
ear drug delivery using a three-dimensional finite-element computer model. Audiol Neurootol
2007;12:37-48. [PubMed: 17119332]

Cureoglu S, Schachern PA, Rinaldo A, Tsuprun V, Ferlito A, Paparella MM. Round window
membrane and labyrinthine pathological changes: an overview. Acta Otolaryngol 2005;125:9-15.
[PubMed: 15799567]

Hargunani CA, Kempton JB, DeGagne JM, Trune DR. Intratympanic injection of Dexamethasone:
time course of inner ear distribution and conversion to its active form. Otol Neurotol 2006;27:564—
569. [PubMed: 16691147]

Rask-Andersen H, Schrott-Fischer A, Pfaller K, Glueckert R. Perilymph/modiolar communication
routes in the human cochlea. Ear Hear 2006;27:457-465. [PubMed: 16957497]

Plontke SK, Plontke SK, Mynatt R, Gill RM, Borgmann S, Salt AN. Concentration gradient along
the scala tympani after local application of gentamicin to the round window membrane. Laryngoscope
2007;117:1191-1198. [PubMed: 17603318] ** Application of computer model to determine cochlear
drug levels following round window delivery.

Salt AN, Sirjani DB, Hartsock JJ, Gill RM, Plontke SK. Marker retention in the cochlea following
injections through the round window membrane. Hear Res 2007;232:78-86. [PubMed: 17662546]
Sun JJ, Liu Y, Kong WJ, Jiang P, Jiang W. In vitro permeability of round window membrane to
transforming Dexamethasone with delivery vehicles--a dosage estimation. Chin Med J (Engl)
2007;120:2284-2289. [PubMed: 18167219]

Banerjee A, Parnes LS. The biology of intratympanic drug administration and pharmacodynamics of
round window drug absorption. Otolaryngol Clin North Am 2004;37:1035-1051. [PubMed:
15474109]

Ghaheri BA, Kempton JB, Pillers DA, Trune DR. Cochlear cytokine gene expression in murine
chronic otitis media. Otolaryngol Head Neck Surg 2007;137:332-337. [PubMed: 17666266] *
Demonstrates the induction of cytokine gene expression in cochlear tissues due to chronic otitis media
in mouse.

Curr Opin Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2009 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hamid and Trune

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 10

Diao M, Gao W, Sun J. Nitric oxide synthase inhibitor reduces noise-induced cochlear damage in
guinea pigs. Acta Otolaryngol 2007;127:1162-1167. [PubMed: 17851886]

Takumida M, Takeda T, Takeda S, Kakigi A, Nakatani H, Anniko M. Protective effect of edaravone
against endolymphatic hydrops. Acta Otolaryngol 2007;127:1124-1131. [PubMed: 17851919]

Daldal A, Odabasi O, Serbetcioglu B. The protective effect of intratympanic Dexamethasone on
cisplatin-induced ototoxicity in guinea pigs. Otolaryngol Head Neck Surg 2007;137:747-752.
[PubMed: 17967639]

Tabuchi K, Oikawa K, Murashita H, Hoshino T, Tsuji S, Hara A. Protective effects of glucocorticoids
on ischemia-reperfusion injury of outer hair cells. Laryngoscope 2006;116:627-629. [PubMed:
16585870]

Kim HH, Addison J, Suh E, Trune DR, Richter CP. Otoprotective effects of Dexamethasone in the
management of pneumococcal meningitis: an animal study. Laryngoscope 2007;117:1209-1215.
[PubMed: 17603319]

Adams JC. Clinical implications of inflammatory cytokines in the cochlea: a technical note. Otol
Neurotol 2002;23:316-322. [PubMed: 11981388]

Jang CH, Cho YB, Choi CH, Park SY, Pak SC. Effect of topical Dexamethasone on sensorineural
hearing loss in endotoxin-induced otitis media. In Vivo 2007;21:1043-1047. [PubMed: 18210753]
* Suppression of otitis media induced sensorineural hearing loss with intratympanic Dexamethasone.
Eshraghi AA, Adil E, He J, Graves R, Balkany TJ, Van De Water TR. Local Dexamethasone therapy
conserves hearing in an animal model of electrode insertion trauma-induced hearing loss. Otol
Neurotol 2007;28:842-849. [PubMed: 17471110]

Bird PA, Begg EJ, Zhang M, Keast AT, Murray DP, Balkany TJ. Intratympanic versus intravenous
delivery of methylprednisolone to cochlear perilymph. Otol Neurotol 2007;28:1124-1130. [PubMed:
18043438]

Trune DR, Kempton JB, Harrison AR, Wobig JL. Glucocorticoid impact on cochlear function and
systemic side effects in autoimmune C3.MRL-Faslpr and normal C3H/HeJ mice. Hear Res
2007;226:209-217. [PubMed: 17098384]

Nin F, Hibino H, Doi K, Suzuki T, Hisa Y, Kurachi Y. The endocochlear potential depends on two
K+ diffusion potentials and an electrical barrier in the stria vascularis of the inner ear. Proc Natl Acad
Sci U S A 2008;105:1751-1756. [PubMed: 18218777] ** Excellent study of the anatomical and ion
transport mechanisms that regulate the endocochlear potential.

Gabashvili IS, Sokolowski BH, Morton CC, Giersch AB. lon channel gene expression in the inner
ear. J Assoc Res Otolaryngol 2007;8:305-328. [PubMed: 17541769] * Comprehensive study of ion
channel genes in the ear of humans and animals.

Moriyama M, Yoshida K, Ichimiya I, Suzuki M. Nitric oxide production from cultured spiral ligament
fibrocytes: effects of corticosteroids. Acta Otolaryngol 2007;127:676-681. [PubMed: 17573561]
Pondugula SR, Raveendran NN, Ergonul Z, et al. Glucocorticoid regulation of genes in the amiloride-
sensitive sodium transport pathway by semicircular canal duct epithelium of neonatal rat. Physiol
Genomics 2006;24:114-123. [PubMed: 16263802]

Trune, D.; K, J.; L, B.; H, FA. Glucocorticoid and mineralocorticoid induction of cochlear
mineralocorticoid receptor-mediated proteins. In: Trune, D.; K, J.; L, B.; H, FA., editors. Assoc Res
Otolaryngol, Phoenix. Feb 16-21. 2008 abstract

Lopez IA, Ishiyama G, Lee M, Baloh RW, Ishiyama A. Immunohistochemical localization of
aquaporins in the human inner ear. Cell Tissue Res 2007;328:453-460. [PubMed: 17318586]
Taguchi D, Takeda T, Kakigi A, Takumida M, Nishioka R, Kitano H. Expressions of aquaporin-2,
vasopressin type 2 receptor, transient receptor potential channel vanilloid (TRPV)1, and TRPV4 in
the human endolymphatic sac. Laryngoscope 2007;117:695-698. [PubMed: 17415141]

Gu FM, Han HL, Zhang LS. Effects of vasopressin on gene expression in rat inner ear. Hear Res
2006;222:70-78. [PubMed: 17070001]

Kitahara T, Fukushima M, Uno Y, Mishiro Y, Kubo T. Up-regulation of cochlear aquaporin-3 mRNA
expression after intra-endolymphatic sac application of Dexamethasone. Neurol Res 2003;25:865—
870. [PubMed: 14669532]

Curr Opin Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2009 October 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hamid and Trune

67.

68.

69.
70.

71.

72.

73.

74.

75.

76.

77.

78.

Page 11

Fukushima M, Kitahara T, Uno Y, Fuse Y, Doi K, Kubo T. Effects of intratympanic injection of
steroids on changes in rat inner ear aquaporin expression. Acta Otolaryngol 2002;122:600-606.
[PubMed: 12403121]

Ishiyama G, Lopez 1A, Ishiyama A. Aquaporins and Meniere’s disease. Curr Opin Otolaryngol Head
Neck Surg 2006;14:332-336. [PubMed: 16974147]

Hamid M. Recent Advances in Medical Otology-Neurotology. Mediterr J Otol 2005:145-153.
Maeda Y, Fukushima K, Kawasaki A, Nishizaki K, Smith RJ. Cochlear expression of a dominant-
negative GIB2R75W construct delivered through the round window membrane in mice. Neurosci
Res 2007;58:250-254. [PubMed: 17462767] ** Demonstrates the feasibility of gene delivery through
the round window membrane
Praetorius M, Pfannenstiel S, Klingmann C, Baumann I, Plinkert PK, Staecker H. Expression patterns
of non-viral transfection with GFP in the organ of Corti in vitro and in vivo. Gene therapy of the
inner ear with non-viral vectors. HNO 2008;56:524-529. [PubMed: 18409074]

Kopke RD, Jackson RL, Coleman JK, Liu J, Bielefeld EC, Balough BJ. NAC for noise: from the
bench top to the clinic. Hear Res 2007;226:114-125. [PubMed: 17184943]

Barkdull GC, Hondarrague Y, Meyer T, Harris JP, Keithley EM. AM-111 Reduces Hearing Loss in
a Guinea Pig Model of Acute Labyrinthitis. Laryngoscope 2007;117:2174-2182. [PubMed:
18322422] ** Round window delivery of AM-111 protects the ear from inflammation by suppressing
c-Jun N-terminal kinase.

Wang J, Pignol B, Chabrier PE, et al. A novel dual inhibitor of calpains and lipid peroxidation
(BN82270) rescues the cochlea from sound trauma. Neuropharmacology 2007;52:1426-1437.
[PubMed: 17449343]

Van Wijk F, Staecker H, Keithley E, Lefebvre PP. Local perfusion of the tumor necrosis factor alpha
blocker infliximab to the inner ear improves autoimmune neurosensory hearing loss. Audiol
Neurootol 2006;11:357-365. [PubMed: 16988499]

Guyot JP, Maire R, Delaspre O. Intratympanic application of an antiviral agent for the treatment of
Meniere’s disease. ORL J Otorhinolaryngol Relat Spec 2008;70:21-26. [PubMed: 18235202]
Nakashima T, Naganawa S, Sugiura M, et al. Visualization of endolymphatic hydrops in patients with
Meniere’s disease. Laryngoscope 2007;117:415-420. [PubMed: 17279053] * Use of MRI to
visualize endolymphatic hydrops and cochlear distribution of drug following intratympanic delivery
Hamid MA. Dexamethasone ITP vs Natural History of Meniere’s Disease. ANS COSM meeting
Abstracts. 2007abstract * First study to compare ITPs vs. natural history of Meniere’s disease over
5 ys. Study is submitted for publication.

Curr Opin Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2009 October 1.



