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Abstract There are multiple treatment options to con-

sider when managing patients with Menière’s disease.

When conservative measures fail to control symptoms of

Menière’s disease, escalation of interventions may be

required. Targeted drug delivery to the round window with

intratympanic injections allows for local application of

high concentrations of medications, largely avoiding sys-

temic side effects. Intratympanic steroids (ITS) have been

shown to be effective at controlling vertigo symptoms, with

less robust control rates than those seen with the use of

intratympanic gentamicin. Dosing strategies have been

modified over time to limit the potential for intratympanic

gentamicin-induced ototoxicity. The introduction of ITS

coupled to a polymer designed for sustained round window

drug application, may potentially afford improved duration

of symptom control. This review evaluates the recent lit-

erature over the last year involving intratympanic therapies

for Meniere’s disease.

Keywords Meniere’s disease � Intratympanic �
Transtympanic � Dexamethasone � Methylprednisolone �
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Introduction

Prosper Menière originally described the constellation of

symptoms of episodic vertigo, aural fullness or tinnitus,

and hearing loss in 1861. Although Menière’s disease is

considered idiopathic, symptoms are attributed to excess

endolymph production or impaired reabsorption, leading to

the pathologic condition of endolymphatic hydrops.

Schuknecht proposed that membranous ruptures lead to

leakage of endolymph into the perilymph and altered

functioning of the cochlear and vestibular sensory epithe-

lia, resulting in Menière’s attacks [1]. When conservative

measures such as low-sodium diet and use of diuretics and/

or betahistine fail to control symptoms, additional inter-

ventions may be required. Targeted drug delivery to the

round window with intratympanic injections allows for

local application of high concentrations of medications and

largely avoids systemic side effects. Although intratym-

panic injections of a variety of medications (gentamicin,

streptomycin, steroids, ganciclovir, hyaluronic acid, lido-

caine, and latanoprost) for treatment of Menière’s disease

have been performed, the use of intratympanic gentamicin

(ITG) or intratympanic steroids (ITS) is the most common.

The purpose of this article is to review recently published

studies over the last 12 months that have used intratym-

panic drug delivery strategies for the treatment of Meni-

ère’s disease.

A PubMed search was performed using a combination

of the keywords: intratympanic and Menière’s disease;

intratympanic and Menière’s disease and gentamicin;

Menière’s disease and steroid; Menière’s disease and

dexamethasone; and Menière’s disease and methylpred-

nisolone. Nine studies involving the intratympanic delivery

of medications to the round window in human subjects

over the preceding 12 ± 2 months were reviewed, and data
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from eight are included in Table 1. Three studies reported

on the use of ITG alone [2•, 3•, 4•]. One of the studies was

a case report and was not included [5•]. Two studies

involved the use of intratympanic dexamethasone (ITD) as

monotherapy [6•, 7•]. Two studies involved the comparison

of two treatment modalities [8•, 9•]. Although it fell outside

the period intended for review, the study by Lambert et al.

in 2012 [10•] was included because of its study design and

introduction of a new medication for intratympanic deliv-

ery. Study designs are included in Table 1 and will be

reviewed further with discussion of the individual articles

below.

All published studies reviewed (with the exception of

one-Wasson et al. [4•]) used the American Academy of

Otolaryngology-Head and Neck Surgery Menière’s Dis-

ease guidelines for diagnosis and evaluation of treatment

published in 1995 [11]. Patients were classified with the

diagnosis of ‘‘definite Menière’s Disease’’ based on the

following

(1) Two or more definitive spontaneous episodes of

vertigo 20 min or longer

(2) Audiometrically documented hearing loss on at least

one occasion

(3) Tinnitus or aural fullness in the treated ear

(4) Other causes excluded

With respect to evaluating therapies in Menière’s dis-

ease, the AAO-HNS guidelines recommend evaluating one

treatment course at a time. The guidelines establish several

classes of vertigo control, with vertigo defined as a sen-

sation of motion when no motion is occurring. The class of

vertigo control is based on a numerical value of

(X/Y) 9 100, where X = the number of episodes per

month between 18 and 24 months after treatment, and

Y = the number of episodes per month over the 6 months

prior to treatment. Most groups consider class A (complete)

or class B (=1–40 or substantial) as attaining good control

of symptoms. Though the guidelines list class A-F, studies

most often report classes A and B. For the purposes of this

review, the term ‘‘vertigo control’’ will include patients in

class A and B.

Audiometric data were reported in studies using a

4-frequency PTA (0.5, 1, 2, and 3 kHz [2•, 6•, 7•] or 0.5, 1,

2, and 4 kHz [3•, 4•, 8•]). One study reported mean hearing

thresholds at several frequencies [9•] and another does not

report specific hearing outcomes data [10•]. Pre- and post-

treatment testing methods varied, including the use of

electrocochleography (ECoG), videonystagmography,

caloric testing, and cervical vestibular-evoked myogenic

potential (cVEMP). Additional outcome measures included

the use of some of the following: Dizziness Handicap

Inventory (DHI), Tinnitus Handicap Inventory (THI),

40-item Menière’s disease specific quality of life (QOL)

questionnaire, Menière’s disease Patient-Oriented Symp-

tom-Severity Index (MDPOSI), and Gates’ vertigo scale.

Intratympanic Steroid Injection

ITS injections for control of Menière’s disease symptoms

were initially suggested by Sakata et al. in 1987 and

positive effects further described in 1991 [12]. The pro-

posed mechanism of action is the effect on immune sup-

pression and ion homeostasis [13]. ITS allow for the use of

higher concentrations and avoidance of systemic side

effects [14]. Intratympanic delivery is shown to down-

regulate pro-inflammatory cytokines in animal models

[13]. Glucocorticoids also have a role in ion homeostasis

with binding to the mineralocorticoid receptor [15]. The

induction of mineralocorticoid receptor-mediated genes,

such as synthesis of Na?, K?-ATPase, helps to regulate

stria vascularis function and maintenance of the endoc-

ochlear potential [13]. Dexamethasone has also shown

increased absorption from the endolymph compared to

methylprednisolone following intratympanic injection in

an animal model. Though methylprednisolone concentra-

tions are higher in sampled endolymph, it is thought that

this is due to decreased absorption by cochlear and ves-

tibular tissues. Recent studies most often report the use of

dexamethasone for intratympanic injection. A review of 13

studies involving the use of ITS for Menière’s disease was

performed by Hu and Parnes in 2009 [16]. A meta-ana-

lysis could not be performed due to the heterogeneity of

the data. Dexamethasone of varying concentrations

(1–16 mg/mL) was used in 12/13 studies, and methyl-

prednisolone (80 mg/mL) was used in the remaining

study. Of the 13 studies, 8 were considered positive

(beneficial effect of steroids) and 5 negative (no benefit).

Only 2 of the studies were randomized, controlled studies,

and had small sample sizes of N = 20 and N = 22 [17,

18]. The majority of studies (9/13) reviewed were retro-

spective. Similarly, a Cochrane review in 2011 only

identified a single randomized control trial, with a low risk

of bias, which demonstrated a benefit for use of ITS in

treating Menière’s disease [19]. Due to the heterogeneous

nature of studies, additional research into the effectiveness

of ITS is necessary.

Of the literature published over approximately the last

year, two studies involving the use of ITS warrant addi-

tional, more in-depth discussion [7•, 10•]. Martin-Sanz

et al. [7•] were the first to report results of a prospective

study utilizing ECoG to monitor response to ITS therapy in

patients. Patients with unilateral definite Menière‘s disease

were administered 3 weekly ITD (4 mg/mL) injections

according to a schedule that was deemed as effective as 3

consecutive daily injections by the same group (see

138 Curr Otorhinolaryngol Rep (2014) 2:137–143
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Table 1) [6•]. ECoG was obtained immediately prior to

injection and 1 month following the last injection. A sig-

nificant decrease was seen in the proportion of individuals

with an SP/AP ratio [0.5 before (77.35 %) vs after

(16.98 %) steroid therapy. Pre-treatment DHI scores are

provided, but no post-treatment scores were available for

comparison. Patients experiencing a larger reduction

([0.5) in pre- and post-treatment SP/AP ratio tended to

have better complete vertigo control, but this did not reach

statistical significance. The study had several limitations.

The reports of vertigo control are limited due to recall bias,

with reporting of vertigo every 3 months. The time course

of the recurrence of an abnormal ECoG response in this

study population is unknown beyond 1 month after steroid

injection. Also, the 2-year vertigo control is almost 50 %

less than that reported in their retrospective study (32.1 vs

58.8 %) published in the same year [6•]. The study dem-

onstrates a potential physiologic effect of ITS administra-

tion at the level of the cochlea in short-term follow-up.

With multiple studies, suggesting benefit of ITS therapy

for symptom control in Menière’s disease, a randomized,

double-blind, placebo-controlled, dose-escalation phase Ib

study reported the use of a sustained delivery method [10•].

The authors cite the use of aqueous formulations may have

limited and variable exposure to the round window and

inner ear tissues. This study was intended to determine the

safety of OTO-104 use in patients. OTO-104 is a suspen-

sion of dexamethasone in a glycol polymer called polox-

amer. The polymer solidifies at body temperature,

following intratympanic delivery with a 26-gu. needle. The

suspension is meant for sustained steroid delivery at the

round window. Early on in the study, patients were ran-

domized to placebo or 3 mg of OTO-104. Following a

blinded review of accumulated data demonstrating no

safety concerns for 3 mg of OTO-104, the use of high-dose

(12 mg) OTO-104 was opened to enrollment. Rigorous

data collection methods were used, including daily

reporting of vertigo symptoms using an interactive voice

response system (IVRS). Inclusion criteria were

(1) 2 or more episodes of vertigo per month for 2 months

before the study lead-in period

(2) 2 or more episodes of definitive vertigo during the

4-week lead-in period

(3) A history of Menière’s disease for \20 years

(4) Asymmetric, low-frequency, sensorineural hearing

loss (min of 25 dB decrement at 250 Hz)

(5) A history of using low-salt diet and/or diuretics for

1 month of longer without relief

Outcomes were reported including treatment-emergent

adverse events, THI and MDPOSI scores, change in vertigo

frequency, laboratory measurements, vital signs, and ECG.

A total of 44 patients were included and randomized. The

most notable adverse treatment event was tympanic

membrane perforation, occurring in 14 % of the 3-mg

OTO-104, 38 % of 12-mg OTO-104 groups, and 0 % of

placebo patients. All but 1 of the 8 total perforations closed

without intervention by the end of the study. THI scores

trended down in the 3 and 12-mg OTO-104 groups at

3 months and approached a significant difference relative

to placebo. There was a persistent decrease in the vertigo

frequency in patients receiving 12 mg of OTO-104 com-

pared to the placebo and 3-mg OTO-104 groups over the

study period, but this was not statistically significant. The

mean change in vertigo frequency for patients in the 12-mg

group from baseline to month 3 was -0.211 or *6 epi-

sodic days per month. This represents a 70 % reduction in

frequency compared to the change seen in the placebo

group (-0.124 or *3.5 episodic days per month).

Benefits of the study design include limiting symptom

recall to 1 day prior to reporting and randomization with

inclusion of a placebo control group. Another strength of

the study design included a lead-in period, requiring

patients to demonstrate the ability to report symptoms

using the IVRS, and eliminating those unable to comply

with the data collection methods. The authors suggest

additional benefits which include eliminating the need for a

second ventilation hole, minimizing post-injection sequelae

(i.e., vertigo), and allowing patients to sit upright imme-

diately. The inability to detect a significant difference in

the treatment regimens may be due to the small sample

size. A larger randomized, double-blind, placebo-con-

trolled clinical trial is currently underway that is intended

to have greater statistical power.

Intratympanic Gentamicin Injection

Originally, Schuknecht described the use of intratympanic

streptomycin for its vestibulotoxic effects to manage

Menière’s symptoms [20]. Later, Lange described the use

of ITG therapy for its effects on sensory hair cell death and

possible effects on the dark cells that are responsible for

endolymph production [21]. ITG has been shown to con-

centrate in type I hair cells in tissues harvested 1 week after

injection in an animal model [22]. There was a subsequent

68 % loss of vestibular sensory hair cells in tissues har-

vested at 3 weeks, with losses greater in type I relative to

type II vestibular hair cells.

A variety of ITG dosing strategies for Menière’s disease

have been described over the years and recently reviewed

in a meta-analysis by Huon et al. [23•]. They included 12

prospective and 2 randomized controlled studies in their

analyses. Dosing strategies reviewed included fixed or

titration schedules, with a range of gentamicin concentra-

tions from 12 to 80 mg/mL. There were no studies that

140 Curr Otorhinolaryngol Rep (2014) 2:137–143
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included daily dosing. With a review of 14 studies pub-

lished over a 16-year period, patients (pooled N = 599)

required an average number of 2.1 treatments to achieve

87.5 % rate of substantial control.

There has been a trend toward the use of lower dose

strategies in the recent years. Although lower doses may

require repeat injections to obtain control, these have shown

to have relatively limited impact on residual hearing. This

dosing strategy was further reinforced by two retrospective

studies published in the last year [2•, 3•]. One group [2•]

compared an ‘‘on-demand’’ dosing schedule with a higher

dosing schedule and was able to obtain similar rates of ver-

tigo control. Not only were hearing outcomes better in the

low-dose group, but patients also experienced significantly

less post-treatment disequilibrium. Another group reported

results of a similar dosing regimen, also demonstrating high

vertigo control rates (96.5 %) [3•]. They treated 180 patients

with low-dose gentamicin (26.7 mg/mL) using an ‘‘on-

request’’ regimen and a minimum treatment interval of

1 month. A single injection provided effective long-term

control in 40.2 % of patients, and multiple injections were

required to achieve the same level of control in an additional

43.7 %. There was a small group of 22 patients (12.6 %) that

required additional injections after [2 years of complete

vertigo control. When evaluating changes in PTA, cVEMP,

and caloric responses, only a significant reduction in the

caloric response was seen.

Intratympanic Gentamicin Injection vs Endolymphatic

Sac Surgery

Endolymphatic sac surgery (ESS) for Menière’s disease

continues to be controversial. In the only study published

over the last year to compare a surgical treatment with an

intratympanic therapy, a retrospective review of 67 patients

that had either ITG therapy or ESS added to the existing

controversy regarding the role of ESS in the management

of Menière’s disease. One surprising finding in the surgi-

cally treated group was the high rate of profound deafness

(10 %) experienced by patients. Patients also had lower

rates of vertigo control compared to the ITG group (63 vs

87 %), and 27 % had to pursue alternative treatment to

gain symptom control. The study was limited by its ret-

rospective nature and baseline differences in hearing stage

between ITG and ESS groups, which may correlate with a

different natural history of the disease (as symptoms tend

to ‘‘burn out’’ over time). This study does bring into

question the utility of ESS as a hearing-preservation

approach, though others have reported high rates of vertigo

control (up to 97 % at 15.5 months of mean follow-up)

with no significant change in mean PTA [24]. However,

even in that study, 30 % of patients did experience at least

a 10 dB hearing loss following ESS [24]. The rate of

profound hearing loss following surgery was not reported.

Discussion

All studies concluded that there was a benefit of treatment

with either ITG or ITS. The use of ITG reported in the

above studies provided substantial control in most patients.

ITS therapy results in a less robust control of symptoms,

most often temporary, but does limit the risk of potential

ototoxicity associated with gentamicin use. There was

variability in the level of evidence in the reviewed studies,

with only one level I study evaluating the efficacy of ITS in

symptom control. Most studies were retrospective in

design. The use of ITG demonstrates higher rates of vertigo

control compared to IT dexamethasone or methylprednis-

olone, though no randomized studies comparing these

treatments head-to-head in comparable patients were per-

formed in these studies. Previous randomized trials have

been performed comparing ITG to ITS [18, 25•]. with

vertigo control, rates significantly higher in the ITG group

compared to ITD in one study (93.8 vs 60.7 %) [25•] and

another study reporting no significant difference between

the ITG and ITD groups (75 vs 72 %) [18].

Practitioners often site the risk of sensorineural hearing

loss as the reason to perform ITS injections over ITG. In the

meta-analysis performed by Huan et al., there was a 1.8 %

rate of profound hearing loss from IT gentamicin therapy.

Pooled mean PTA results did not significantly change fol-

lowing ITG, though the percentage of patients experiencing

hearing loss[10 dB (as is often used) was not reported. This

is much lower than the 25 % rate of hearing loss [10 dB

reported in the meta-analysis by Chia et al., with a profound

hearing loss in 6.6 % of patients [26]. The variability in

reporting of data in the reviewed studies does make coun-

seling patients on the various treatments somewhat chal-

lenging. When comparing treatment strategies, the use of

mean change in PTA may not be representative of changes

experienced by individuals, with dilution of large individual

changes among those with little to no change. The potential

for significant hearing loss with ITG exists, and patients

should be counseled regarding this risk.

The majority of the reviewed studies used the AAO-HNS

guidelines on the diagnosis and evaluation of therapy in

Menière’s disease. The inherent limitations of the reporting

guidelines include limiting patients to one treatment course

prior to reporting outcome measures 24 months after treat-

ment. The reporting of vertigo control required comparing

the number of definitive vertigo attacks for 6 months prior to

therapy to the number of attacks occurring between months

18 and 24 after therapy. This limits the utility of the guide-

lines for use in cases where the benefit of the treatment, such
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as ITS, is known to be temporary and relatively short lived in

comparison to ITG or surgical therapies. To circumvent the

limitations, some groups use Kaplan–Meier survival curves

to report their data, and events are often defined as need for

additional injections [2•, 3•, 6•].

Another potential confounder when reporting the treat-

ment of Menière’s disease is the possibility of co-existing

migraine-associated vertigo. The prevalence of migraine in

Menière’s disease patients may be up to 56 % [27]. While

the studies above report the vertigo control following

treatment, whether or not the attacks that occur during the

follow-up period are accompanied with the other symp-

toms of definite Menière’s disease is not routinely descri-

bed. There is potential for confounding with inclusion of

migraine-associated vertigo episodes in data sets. Addi-

tional limitations of the above studies have been previously

described when reviewing other Menière’s disease treat-

ments. The natural history of Menière’s disease involves

resolution over time in up to 71 % of patients [28], reit-

erating the need for randomized, double-blinded, placebo-

controlled studies in order to detect true effects of treat-

ment, and minimize confounding variables.

Conclusion

When patients continue to have symptoms of Menière’s

disease despite medical management, escalation of therapy

may be necessary. In our institution, IT dexamethasone

(12 mg/mL) is the preferred modality in patients with ser-

viceable hearing, and dosing is performed on an ‘‘as-nee-

ded’’ basis. There are potential side effects, including need

for repeat injections, pain, vertigo with injection (can be

minimized by bringing solution to body temperature), and

tympanic membrane perforation. The results of the OTO-

104 trial are encouraging, with potential for improved

practice efficiency and patient convenience, as patients will

not be required to occupy an exam or treatment room for

30 min following treatment. For individuals with non-ser-

viceable hearing, IT gentamicin (26.7 mg/mL) is adminis-

tered at 3-week intervals until symptoms are eliminated or

controlled to the patient’s satisfaction [29]. We feel that this

dosing strategy offers an acceptable balance between the

potential need for multiple injections and the possibility of

the ototoxicity from more aggressive regimens.
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treatment for unilateral Ménière’s disease: long-term follow up of

a proven regime. J Laryngol Otol. 2013;127(1):20–4. This ret-

rospective review is a follow-up of previously published results.

Patients were contacted via telephone to survey ongoing symptom

control following a high-dose intratympanic gentamicin protocol.

5. • Walther LE, Huelse R, Blättner K, Bloching MB, Blödow A.

Dynamic change of VOR and otolith function in intratympanic
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