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Abstract The purpose of this study was to investigate the

effectiveness of intratympanic steroids in patients with

idiopathic sudden sensorineural hearing loss who did not

respond to initial systemic steroid therapy. This retro-

spective study involved 51 patients, who did not respond to

systemic steroids as a first-line treatment. Initial systemic

steroid therapy consisted of administration of methylpred-

nisolon intravenously (250 mg) at the first day and fol-

lowed by orally (1 mg/kg) tapering for 14 days. Twenty-

one patients accepted intratympanic treatment, and the

remaining 30 patients who refused intratympanic treatment

were evaluated as the control group. Steroids (dexameth-

asone drops, 1 mg/mL) were administered through a ven-

tilation tube. Hearing was assessed immediately before

treatment and 2 months after treatment. Recovery of

hearing was defined as an improvement of [20 dB in the

pure tone average. We tested 250, 500, 1,000, 2,000, 4,000,

and 8,000 Hz frequencies for the pure tone audiometric

evaluation. Statistically Student’s t test, Mann–Whitney

U test, Chi-squared and Fisher’s exact tests were used. The

pure tone average improved in 47.6 % of the intratympanic

group and in 10 % of the control group (p = 0.002), with

pure tone average improvements of 19.9 ± 16.5 and

4.76 ± 9.6 dB in the intratympanic and control groups,

respectively. When the hearing threshold at each frequency

was analyzed, improvements at all frequencies were sig-

nificantly greater in the intratympanic steroid group when

compared with the control group (p \ 0.01). Intratympanic

steroid administration is an effective therapy for sudden

sensorineural hearing loss in patients, who are refractory to

primary systemic steroid therapy.
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Introduction

Sudden sensorineural hearing loss (SSHL) is defined as

hearing loss of [30 dB at three consecutive frequencies

within a 72-h period. With an incidence of 5–20/100,000,

SSHL represents approximately 1 % of all cases of sen-

sorineural hearing loss [1]. Viral, vascular, and autoim-

mune pathologies have been considered as etiologies [2].

Although a specific factor has been detected in a small

number of cases, the remaining cases are accepted as idi-

opathic sudden sensorineural hearing loss (ISSHL) [3].

Many different drugs have been used to treat ISSHL, but

systemic corticosteroids are the only agents with proven

effectiveness [4]. The spontaneous rate of recovery from

ISSHL ranged from 32 to 65 % in various studies; with

systemic corticosteroid therapy, the recovery rate report-

edly increased to 49 to 89 % [5]. The mechanism of steroid

action in the inner ear has not been fully clarified, and the

optimal dose of steroids is unknown [6]. Nevertheless,

This article was presented at the 10th. International Ear-Nose-Throat

Head and Neck Surgery Congress, April 26–28, 2012, Ankara,

Turkey.

O. Erdur (&)

Konya Research and Training Hospital ENT Clinic, Necip Fazil
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higher steroid doses in the inner ear are thought to improve

hearing [6].

Owing to the absence of alternative therapies and the

potential side effects of long-term systemic administration

of high-dose steroids, intratympanic administration of ste-

roids has gained popularity for patients who do not respond

to standard therapy. When steroids are directly adminis-

tered into the middle ear, allowing perfusion into the inner

ear via the round window, systemic side effects are limited,

and experimental animal studies have shown that higher

steroid levels are achieved in both the endolymph and

perilymph compared with levels achieved by systemic use

[7, 8].

This study evaluated the efficacy of local steroid therapy

in patients diagnosed with ISSHL, who did not respond to

standard therapy.

Methods

The records and hearing test results of patients with SSHL

who were hospitalized at the Otorhinolaryngology Clinic

of Bakirkoy Sadi Konuk Research and Training Hospital

(Istanbul, Turkey) between December 2006 and June 2010

and who did not respond to primary therapy with systemic

steroids were analyzed retrospectively. Primary steroid

therapy consisted of administration of methylprednisolon

intravenously (250 mg) at the first day and followed by

orally (1 mg/kg) tapering for 14 days. Failure to respond

was defined as an improvement in the pure tone average

(PTA at 500, 1,000, 2,000, and 4,000 Hz) of \20 dB on

day 14 of primary therapy. The study protocol was

approved by the ethics committee of the same hospital.

Inclusion criteria were the following: SSHL of at least

30 dB at three or more consecutive frequencies in fewer

than 3 days, unilateral hearing loss, age [18 years, no

history of treatment at another center, no identified etio-

logical factors to explain the hearing loss, no history of a

previous otologic disease or operation on the affected ear,

no history of previous chemotherapy or radiotherapy,

admission for first-line therapy within 30 days after the

onset of hearing loss, no response or\20-dB improvement

in PTA within 14 days of systemic oral steroid therapy, and

the ability to complete the treatment protocol of our clinic.

A total of 51 patients, who were refractory to systemic

steroid therapy and, who met the other inclusion criteria

were included in the study. All patients were informed

about the additional therapy in terms of complications and

advantages. The study group consisted of 21 patients who

provided informed consent for treatment with intratym-

panic steroids in addition to systemic steroids. The control

group included 30 patients who refused additional therapy

after systemic steroid therapy.

Intratympanic steroid administration

For intratympanic therapy, a ventilation tube (inner diam-

eter, 1.14 mm) was placed in the postero-inferior part of

the tympanic membrane under local anesthesia. The patient

was placed in the supine position with the head tilted about

30–40� toward the healthy side and was instructed to

remain in the supine position for about 20–30 min and to

avoid swallowing after perfusion. The patients were told to

warm the dexamethasone (Onadron 1 mg/mL; I.E. Ulagay)

for 5 min at body temperature, and to insert five drops of

the drug through the external auditory canal four times a

day. The participants were told to pump the tragus to

improve flow into the middle ear. Patients were examined

daily to check transmission of the drug from the tube and to

avoid potential complications. Patients were instructed to

avoid getting water in their ears during this period. The

treatment continued for 2 weeks.

Hearing assessment

Audiologic assessment was performed using an Inter-

acoustics AC40 clinical audiometer. The PTA on day 14

after completion of systemic steroid therapy was accepted

as the initial audiometric value. The PTA evaluated at the

second month after that date was the final audiometric

value. Improvement was defined as a change of [20 dB.

The improvement at each frequency (250, 500, 1000,

2,000, 4,000, and 8,000 Hz) was also determined.

Statistical analysis

The Number Cruncher Statistical System 2007 (NCSS,

Kaysville, UT, USA) and Power Analysis and Sample Size

2008 Statistical Software (NCSS) were used for statistical

analyses. Student’s t test was used for intergroup compar-

isons of normally distributed parameters, and descriptive

statistical methods (mean, standard deviation) were used to

compare quantitative data. The Mann–Whitney U test was

used to compare initial and final audiometric PTAs and

values for each frequency. Qualitative data were compared

using the Chi-squared and Fisher’s exact tests. Significance

was indicated by p \ 0.05.

Results

The mean age of the 51 patients in the study was

43.75 ± 16.19 years (range 18–68 years). Of the partici-

pants, 54.9 % (n = 28) were men and 45.1 % (n = 23)

were women. Twenty-one patients who received intra-

tympanic steroids were in the study group, and the

remaining 30 patients were in the control group. The
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descriptive characteristics of the two groups are given in

Table 1. The two groups did not differ significantly in

terms of age, gender, or other descriptive characteristics

(p [ 0.05).

The mean initial PTA values were 92.38 ± 23.67 and

89.07 ± 23.61 dB in the intratympanic steroid group and

control group, respectively, and did not differ significantly

(p [ 0.05). Improvement was detected in 10 (47.6 %) of

the 21 patients who received intratympanic steroid perfu-

sion and in only three (10 %) of the 30 control patients.

The improvement rate was significantly higher in the

intratympanic group (p \ 0.01) (Table 2; Fig. 1).

The PTA of patients who received intratympanic ste-

roids improved by 19.9 ± 16.5 dB, and the PTA of

patients in the control group improved by 4.76 ± 9.6 dB;

the difference in the improvement was significant

(p \ 0.01) (Table 3; Fig. 2). In addition, in Table 4, we

can see the averages of pure-tone audiometric values at

each separate frequency. When improvements at each

frequency on pure tone audiograms were analyzed sepa-

rately for each group, both groups showed better

improvements at the lower frequencies than at the higher

frequencies (Fig. 3). When the groups were compared, the

improvements at all frequencies were greater in the study

group than in the control group (p \ 0.01).

No complications requiring discontinuation of the ther-

apy were detected in any patients. Brief, mild vertigo

occurred in three patients during therapy. Otitis media was

observed in two patients after therapy, and this was treated

with systemic antibiotics. One patient developed a persis-

tent tympanic membrane perforation and was successfully

treated with a paper patch. Otomycosis was not observed in

any patient.

Discussion

The etiopathogenesis and treatment of SSHL remains

controversial. The most commonly considered theories for

the etiopathogenesis are viral infections, vascular events,

autoimmune causes, and membrane rupture of the labyrinth

[3, 9]. A specific factor can be detected in approximately

10 % of cases [3]. Different combination therapies,

including systemic steroids, have been used for treatment.

Nevertheless, about 20–50 % of patients do not benefit

from treatment. Thus, additional therapies are needed.

In recent studies, intratympanic steroid therapy has been

shown to provide additional hearing in about 38–53 % of

patients who had not benefited from systemic steroid

therapy [10–12]. Success rates of 12–100 % have been

reported for treatment using intratympanic steroid therapy

[13, 14]. The success rate may vary depending on the

steroid, application method, dosage, previous therapies,

and time of therapy initiation. Some researchers have used

this treatment as salvage therapy in patients who are

refractory to systemic steroids, and others have used it as a

primary therapy. In some studies, an improvement of

10 dB in the mean PTA was considered a success; in other

studies, a 50 % improvement in the PTA was accepted as

the success criterion. In our clinic, intratympanic steroid

therapy is used as salvage therapy, with a 20-dB

improvement in the PTA as the success criterion.

Some researchers have advocated that the benefit

obtained from intratympanic steroid administration is

related to the spontaneous recovery of SSHL or the

delayed effects of systemic steroids. However, in studies

that included control groups, intratympanic steroid therapy

resulted in better outcomes compared with the control

group [10, 11, 15, 16]. In our study, 51 patients who were

refractory to primary therapy with systemic steroids were

analyzed. Improvement was detected in 10 (47.6 %) of the

21 patients who received intratympanic steroids (mean

PTA gain, 19.9 ± 16.5 dB) and in 3 (10 %) of the 30

patients in the control group (mean PTA gain, 4.76 ±

9.6 dB). The degree and rate of improvement were

Table 1 Descriptive characteristics of groups

Study group Control group p

Age (years) 42.71 ± 17.89 44.47 ± 15.16 a0.708

The interval from onset

to therapy (days)

6.62 ± 7.57 7.83 ± 7.33 a0.178

Gender n (%)

Male 10 (47.6 %) 18 (60 %) b0.382

Female 11 (52.4 %) 12 (40 %)

Ear n (%)

Right 12 (57.1 %) 17 (56.7 %) b0.973

Left 9 (42.9 %) 13 (43.3 %)

Hearing test type n (%)

Descending type 5 (23.8 %) 8 (26.7 %)

Flat type 13 (619 %) 20 (66.7 %) b0.666

Ascending type 3 (14.3 %) 2 (6.7 %)

a Student’s t test
b Chi-square test

Table 2 Improvement rates obtained by evaluating improvement as

‘yes’ or ‘no’

Improvement in PTA IT-steroid group Control group p

n (%) n (%)

Yes 10 (47.6 %) 3 (10 %) 0.002**

No 11 (52.4 %) 27 (90 %)

IT Intratympanic, PTA Pure-tone average

Chi-square test was used

** p \ 0.01
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significantly better in the intratympanic steroid group

(p \ 0.01).

Improvement rates were also evaluated according to

frequencies in the present study. Improvements at all fre-

quencies were significantly greater in the intratympanic

steroid group when compared with the control group

(p \ 0.01). In each group, improvements were better at the

lower frequencies than at the higher frequencies. In

experimental studies investigating the cochlear pharmaco-

kinetics of steroids perfused into the middle ear, markers

showing the cochlear distribution of the drug were at

higher concentrations near the round window (basal turn)

compared with the apical turn [17, 18]. Based on this

result, patient responses to this therapy would be expected

to be better at high frequencies. However, in the present

study, low-frequency hearing loss (cases of apical turn

involvement) showed improvement at a higher rate than

high-frequency hearing loss in both groups. Similarly, in

studies by She et al. [16], Choung et al. [12], and Gouveris

et al. [19], better improvement was obtained at lower fre-

quencies in patients who received intratympanic steroids.

According to one theory, variations in the cochlear distri-

bution of glucocorticoid receptor subtypes may account for

this [20]. Another theory proposes that the basal part of the

cochlea is more susceptible to trauma and free oxygen

radical-related damage [21]. In a study supporting the latter

theory, internal and external ciliary cells in the basal part of

the cochlea, in contrast to the apical cells, developed

Fig. 1 Improvement rates

between groups obtained by

evaluating improvement as

‘yes’ or ‘no’

Table 3 Assessment of pure tone averages (PTAs) according to groups

Pure tone averages (PTA) IT-steroid group Control group P

Mean ± SD (median) mean ± SD (median)

Differences between pre- and post-treatment values 19.90 ± 16.51 (15) 4.76 ± 9.66 (2) 0.001**

Mann–Whitney U test

** p \ 0.01

Fig. 2 Pre- and post-treatment

changes of PTAs
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ultrastructural anomalies following injury that could lead to

severe or total ischemia [22]. This condition may explain

why the effect of intratympanic steroids is more limited in

patients with high-frequency hearing loss.

Methods for perfusing steroids into the middle ear

include injection with a needle, myringotomy, and instil-

lation via a ventilation tube inserted into the tympanic

membrane or via a round window microcatheter (Micro-

Wick) [23–26]. The best method is unclear because studies

on this issue have included limited numbers of patients. In

addition, the steroid type, concentration, dosage, and

duration of use have not yet been standardized. In a study

by Silverstein et al. [27] involving patients with Meniere’s

disease, different steroid types were administered via dif-

ferent methods, and no one method was shown to be

superior.

Injection with a fine needle is the most frequently used

method. Although this is an easy method, it does not seem

safe. Furthermore, the steroid does not remain in the middle

ear for very long because it passes through the Eustachian

tube. As use of this method has been limited, its effects on

the pharmacokinetics of the steroid are unknown [10–12].

Air in the middle ear can also lead to problems. In our

clinic, the preferred method is administration of drugs four

times daily for a prolonged period via instillation through a

ventilation tube, because of the ease of application.

Another issue of debate is the selection of the steroid to

be used. In an animal study by Parnes et al. [7] methyl-

prednisolone remained at the highest concentration in the

perilymph for the longest period. However, methylpred-

nisolone injection causes a burning sensation in the ear and

throat, reducing patient compliance and possibly leading to

discontinuation of therapy. Dexamethasone is among the

most potent anti-inflammatory steroids, although the effect

of dexamethasone in the perilymph lasts only about 6 h, in

contrast to 24 h for methylprednisolone [7, 28]. Thus, in

our study, we told to patients to self-administer five drops

of dexamethasone (Onadron 1 mg/mL; İ.E. Ulagay) every

6 h, and patients were called daily to follow up on com-

plications and drug perfusion. The frequent administration

of intratympanic steroids for a prolonged period (14 days)

distinguishes our study from other intratympanic studies.

In conclusion, intratympanic steroid administration may

be an alternative therapy in patients, who are refractory to

primary systemic steroid therapy. We consider that fre-

quent local administration of the steroid for a prolonged

Table 4 Averages of the pure-tone audiometric values at each sep-

arate frequency

Frequencies Study group Control group

Average ± SD

(median)

Average ± SD

(median)

250 Hz

Pre-treatment 80.95 ± 24,83 80.67 ± 21.96

Post-treatment 61.90 ± 27,22 76.17 ± 22.80

500 Hz

Pre-treatment 90 ± 24.18 87.67 ± 24.02

Post-treatment 68.57 ± 28,64 83.17 ± 25.47

1,000 Hz

Pre-treatment 93.81 ± 23.65 89.83 ± 23.02

Post-treatment 73.10 ± 29.17 83.67 ± 26.19

2,000 Hz

Pre-treatment 92.14 ± 26.81 89.67 ± 24.73

Post-treatment 75 ± 32.24 85.50 ± 28.80

4000 Hz

Pre-treatment 94.05 ± 30.35 93.50 ± 23.45

Post-treatment 79.52 ± 33.46 90.33 ± 29.44

8000 Hz

Pre-treatment 93,81 ± 26,21 92,17 ± 21,72

Post-treatment 81,90 ± 29 90,17 ± 26,98

Fig. 3 Distribution of improvement at each frequency before and after treatment
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period is important in successful treatment. Randomized

controlled trials with larger numbers of patients are needed

before recommending the routine use of intratympanic

steroids in patients with refractory ISSHL.

Conflict of interest None.
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