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Abbreviations:
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IT — intratympanic

IT-Dex — intratympanic dexamethasone

IV-Dex — intravenous dexamethasone

PTA — pure-tone audiometry

ST — standard reologic and steroid therapy

Abstract

Background. Currently the treatment idiopathic sudden sensorineural
hearing loss by steroids is considered to be the most effective and
common one. It is established that intratympanic administration of
steroids, even in small quantities, results in its higher concentration
in the end organ compared with systemic administration. Therefore
drugs that are used topically in low doses are to be preferred. We
will discuss our experience for intratympanic treatment as opposed
to systemic steroids

Methods. 73 patients were observed in the study. 24 patients among
them were treated with intratympanic dexamethasone over a period
of 6 months. 24 patients were treated with steroids and reologic
substances and 25 patients were treated with intravenous dexametha-
sone only over a period of 10 days. Pretreatment and 1-, 3-, 6-month
post-treatment using pure-tone audiograms were compared.

Results. Intratympanic and systemic therapy did not show any
differences in the treatment efficiency during the first month. But
intratympanic steroid therapy resulted in higher efficacy after
prolonged treatment, i.e. 6 months. No differences were found
between groups treated with systemic steroid monotherapy or with
steroids and reologic substanses.

Conclusions. Long-term IT steroid therapy over a period of 6 months
showed a more noticeable efficacy than with steroids and reologic
substanses and systemic steroid monotherapy. Our experience
confirms that IT therapy can be used as the primary method for
treatment for patients with contraindications of systemic steroid
therapy and for those with mainly high-frequency sensorineural
hearing loss.

PTA, | — pure tone average on all frequencies
PTA ,— pure tone average on low frequencies
PTA,,, — pure tone average on medium frequencies
PTA,,, — pure tone average on high frequencies.

Keywords: idiopathic sudden sensorineural hearing loss, sudden
sensorineural hearing loss, sudden deafness, intratympanic steroids.

Introduction

Though there is no universal definition, ISSNHL
is often defined as unexplained sensorineural hear-
ing loss 30 dB or greater in 3 or more contiguous
audiometric frequencies occuring within 72 hours.
Sometimes it is clarified as unilateral and without
pronounced vertigo. Steroid therapy is considered
to be the most effective and common method for
ISSNHL treatment alone or combined. This is
confirmed in national guidelines, e.g. in Germany,
Russia, Spain and the USA.

However the treatment remains challenging. Nei-
ther the optimal dosage of systemic steroids nor
the treatment duration has been precisely defined,
so they are often chosen empirically [1]. Paper [2]
clarifies this issue: for maximum treatment out-
comes the recommended doses of oral prednisone
are given as 1 mg/kg/d in a single dose, with the
usual maximum dose of 60 mg daily, with a treat-
ment duration of 10 to 14 days. Data comparing
treatment protocols are limited, but one representa-
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tive regimen uses the maximum dose for 4 days,
followed by a 10-mg tapering off every 2 days [3].
This dose is based on a maximum adrenal output of
hydrocortisone (cortisol) of 200 to 300 mg/d during
stress. Prednisone is 4 times, methylprednisolone is
5 times, and dexamethasone is 25 times more pow-
erful than hydrocortisone. So the equivalent dose is
for prednisone is 60 mg, 48 mg for methylpredniso-
lone and 10 mg for dexamethasone [1].

Common side effects of glucocorticoids include
insomnia, dizziness, weight gain, increased sweat-
ing, gastritis, mood changes, photosensitivity,
and hyperglycemia. Severe (but rare) side effects
include pancreatitis, bleeding, hypertension, cata-
racts, myopathy, opportunistic infections, osteo-
porosis, and osteonecrosis manifesting as fractures
and aseptic necrosis of the femoral and humeral
heads [1]. This means patients with systemic medi-
cal conditions such as insulin-dependency or poorly
controlled diabetes, labile hypertension, tuberculo-
sis, peptic ulcer disease, and prior psychiatric reac-
tions to corticosteroids, among others, may not be
suitable to receive systemic corticosteroids.
Another issue far from being evident is IT applica-
tion of corticosteroids. On one hand the benefit
of this route seems now to be obvious. Parnes et
al. [4] published animal studies and clinical series
and demonstrated higher inner ear steroid levels
following IT steroid application, with benefit in
one-third of patients, and higher percentages of
benefit in certain otologic conditions. Subsequent
laboratory data has substantiated the claim of high-
er perilymph steroid concentrations after IT steroid
application [5].

However prospective, randomized papers showed
that intratympanic treatment with 4 doses over 14
days of 40 mg/mL of methylprednisolone injected
into the middle ear was no less effective than the
oral prednisone treatment [6].

The IT application of steroids, even in low dosage,
leads to a higher drug concentration in the inner ear
fluids when compared with systemic administra-
tion [5-11].

The IT administration of steroids is associated with
a low rate of side effects These are infrequent but
include pain, transient dizziness, infection, per-
sistent tympanic membrane perforation, possible
vasovagal or syncopal episodes during injection,
and in comparison with the oral route, higher cost,
and multiple office visits [1, 12, 13].
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IT application is approved in the national guide-
lines mentioned above.

The objective of our study is to evaluate the effec-
tiveness of the IT application of steroid treatment
in patients with ISSNHL compared with the IV
application of steroids and ST.

The permission of ethical committee was obtained
for our clinical research.

Materials and Methods

Only patients with ISSNHL were included in the
study. The analysis of the therapy efficacy was per-
formed on 73 patients (mean age 43.4 +11.9 SD yr;

range, 23-69 yr), consisting of 31 women and 42

men, all without previous treatment. Two of them

demonstrated bilateral impairment.

The inclusion criteria during this study was as fol-

lows: patients with ISSNHL, who had not previ-

ously been treated and were older than 18 years.

The time between the onset and the beginning of

the therapy was less than 1 month.

The following exclusion criteria were adopted:

1. Patients with somatic pathology (such as
diabetes, hypertension, gastriculcer, tuberculosis,
glaucoma, and so on), for whom systemic
steroids were contra-indicated;

2. oncological patients;

3. patients with autoimmune diseases or those who
were constantly or periodically taking steroids;

4. pregnant and nursing women,;

5. patients with middle ear diseases, abnormal type
of tympanometric curves or barotrauma in their
medical history;

6. those who had intolerance for any component of
treatment;

7. those who had ISSNHL in the only hearing ear.

All patients were divided into 3 groups depending

on the method of therapy. The division into groups

was based on mechanical randomization.

The IT-Dex group of 24 patients (25 ears) were

treated with Dex intratympanically. Dex was inject-

ed through a tympanostomy tube fixed in the pos-
teroinferior quadrant of the tympanic membrane
under the local anesthesia. Dex was given accord-
ing to the following dosage regimen: 4 mg (one
ampoule of 1 ml) every day during 10 days, 4 mg
every other day over 20 days and then 4 mg 2 times

a week over 5 months. Injecting the drug in the

tympanic cavity through the tympanostomy tube,

we oriented patient's head in a specific position to
be sure the round window membrane was covered
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with the solution for 30 minutes. We asked the
patient to avoid swallowing to reduce the incidence
of the drug leaking through the eustachian tube.
The ST group consisted of 24 patients (25 ears)
who received for 10 days Pentoxifylline, Cocar-
boxylase, Potassium and magnesium aspartate
intravenously and vitamin B1/B6/B12-complexe
intramuscularly and Dex 0.1 mg for 1 kg of body
weight in 200 ml of 0.9% sodium chloride solution
intravenously tapering off over 5 days.

The IV-Dex group consisted of 25 patients (25
ears) who were treated with Dex 0.1 mg for 1 kg
of body weight in 200 ml of 0.9% sodium chloride
solution intravenously daily over 5 days tapering
off over the following 5 days .

The evaluation of the therapy efficacy was based
on the PTA data before and after treatment. Hearing
evaluation was based on the following criteria: A
hearing restoration within 15 dB was defined as a
complete recovery. An improvement of the average
hearing of 50% or more from the initial test results
as a partial recovery and a reduction of hearing
thresholds of 15 dB or more as a hearing improve-
ment. The average hearing levels were determined
by 4 frequencies (500, 1000, 2000 and 4000 Hz).
All patients had a follow-up period of 6 months.
They were observed before the treatment, 10 days
after, and then 1, 3 and 6 months after the start of
the therapy.

Statistical data processing was performed with the
software Statistica (StatSoft Inc., release 6.1) and
Biostatistics, Version 4.03, by Stanton A. Glantz,
USA 1998. The statistical analysis included the
following methods: descriptive statistics, analysis
of variance (One-Way ANOVA), repeated mea-
sures analysis of variance, Newman-Keuls test,
pared t-test, Kruskal-Wallis test, Dunn test, Chi-
Squared test, Fisher exact test (one-tailed version),
factor analysis of variance, analysis of covari-
ance (ANCOVA), logistic regression, polynomial
regression.

Results

There were no significant differences in sex, age,
PTA (including low-, mid- and high-frequency
ranges), duration between onset and treatment of
the disease, association with vertigo or hearing loss
degree between the three groups (p < 0.05).

The therapy efficacy was evaluated 1 and 6 months
after the treatment beginning. At the first stage of
our study, the results were divided into 2 subgroups
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depending on presence or absence of treatment
response: with positive effect («effect+» subgroup)
and without positive effect («effect-» subgroup).
«Effect+» subgroup included cases of complete
recovery, partial recovery and hearing improve-
ment, whereas «effect-» subgroup consisted of
cases without changes or with hearing loss.
After one month the treatment started no significant
differences between groups was discovered. How-
ever 6 months after the beginning of the therapy
we found a significant difference (% p < 0.05). The
IT-Dex group represented the major component of
positive clinical results (88%), whereas the ST and
the IV-Dex groups differed slightly (48% and 56%
respectively), which was considered to be insignifi-
cant. The difference between the IT-Dex group and
the two others overall was significant (), p < 0.05).
At the second stage the analysis of previously
revealed differences and further evaluation of the
significance of differences between groups was
performed. The comparative analysis of rates of
complete recoveries, partial recoveries, hearing
improvements («effect+» subgroup) and of cases
without changes or with hearing loss («effect-»
subgroup) in all groups 6 months after the therapy
beginning revealed the greatest differences within
the complete recovery rates between groups — in
the IT-Dex group, 60% of patients demonstrated
complete recovery, while in the StT group, as well
as the IV-Dex group only 20% of patients recov-
ered completely.

6 months after the treatment beginning the follow-

ing results were obtained:

1. Differences of complete recoveries rates between
IT-Dex group and ST group were significant
%2, p <0.05).

2. Differences of complete recoveries rates between
IT-Dex group and I'V-Dex group were significant
(x2, p <0.05).

3. No significant differences of complete
recoveries rates were seen between ST and I'V-
Dex groups.

Thus, in 6 months the highest efficacy was observed

in the group of patients treated with IT steroids (the

maximal rate of complete and partial recoveries
and of hearing improvements) compared to the
group of patients who had received ST therapy
and systemic steroid monotherapy. The number of
patients with complete recovery in the IT group was

significantly higher than in the two other groups 6

months after the treatment beginning.
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Moreover, the effect of the therapy on different
frequencies (low, middle and high) was evaluated.
Frequency range of 125 and 250 Hz was defined as
low frequencies; 500, 1000, 2000 Hz — as medium
frequencies and 4000, 8000 Hz — as high frequen-
cies. Pure tone thresholds in average on these bands

PTA ., PTA, ., PTA . and on all the frequencies
PTA, , were studied.
The PTA, , decrease in the different phases of

treatment is presented in fig.1. In the IT-Dex
group the maximal effect was observed 10 days
after the beginning of the treatment. The PTA,
decrease 10 days after the therapy beginning and
later (1, 3 and 6 months after), in comparison with
the initial hearing level was significant (p < 0.05).
The PTA | decrease 6 months after the treatment

ALL
beginning compared with one month after the treat-
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ment beginning was also significant (p < 0.05). The
maximal effect in the ST group was also observed
10 days after the beginning of the treatment. The
following changes of PTA,  during the period
from the 10th day to the 6th month of therapy were
not significant. In the IV-Dex group, as well as in
the ST group, the maximal effect was observed
10 days after the beginning of the treatment and
the following changes of PTA during the period
from the 10th day to the 6th month of therapy were
also not significant.

Thus, in the IT-Dex group improvement was reg-
istered during the whole period of the 6 months
treatment, whereas in the two other groups patients
had an improvement only during the first 10 days
of the therapy (fig. 1).
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Fig. 1. Hearing changes in 3 groups during 6 months.

The analysis of variance was used to evaluate the
significance of the differences of therapy efficacy
within different frequency ranges in three groups
1 and 6 months after the treatment’s beginning. It
was found that 1 month after the therapy begin-
ning there were significant differences between
groups over the high-frequency range, whereas 6
months after — on all frequencies (p < 0.05). Further
analysis demonstrated that this difference over the
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high-frequency range 1 month after the treatment’s
beginning was due to a more expressed effect (p
< 0.05) in the IT-Dex group compared to the ST
group. Differences between the ST and IV-Dex
groups were not significant.

At the same time, 6 months after the treatment’s
beginning the PTA changes in the IT-Dex group
were more noticeable than in the ST and IV-Dex
groups within the high-frequency range and on all
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frequencies overall (p < 0.05). No significant differ-
ences in PTA changes on all frequencies separately
and in total between ST and IV-Dex groups were
found (p > 0.05).

Thus, after 1 month of therapy, differences between
groups were valid only for high frequencies because
of a significantly greater efficacy in the IT-Dex
group compared to the ST group. Six months after
the IT-Dex group demonstrated a better effective-
ness over the high-frequency range and on all fre-
quencies in total compared to the two other groups.
IV-Dex and ST didn't differ from each other for all
mentioned above criteria.

Evaluation of factors associated with therapy effi-
cacy.

The association of the treatment efficacy with
patient’s age, degree of hearing loss, start up time
of therapy and vertigo was evaluated.

Vertigo and hearing loss degree were not associated
with the therapy efficacy. Patient's age and the time
between the onset of ISSHNL and the beginning of
the therapy seemed to influence the effectiveness
of the treatment. The rate of complete recovery
was lower in patients above 35 years old and with
a timescale between the onset and the beginning of
the treatment of more than 7 days.

Discussion

Our study demonstrated an identical treatment
efficacy of the IT and IV administration of steroids
and the ST 1 month after the treatment commenced.
Despite the absence of differences in one-month
therapy efficacy in general between groups, the
analysis of the impact on different frequencies
revealed a better effectiveness of IT administered
steroid on high frequencies compared with standard
therapy. A. N. Salt and S. K. Plontke postulated that
agents, delivered to the round window membrane
locally, were not regularly distributed in the inner
ear, but demonstrated a base-to-apex gradient of
concentration, so that basal parts of the cochlea
received far greater medicine concentrations than
apical parts [8, 11]. This fact seems to explain the
greater efficacy of IT steroids over the high-fre-
quency range.

Patients who were treated with IT steroids dem-
onstrated an improvement (PTA decrease on all
frequencies) during the whole treatment period,
contrary to those from the 2 other groups treated
systemically, who improved only during the first
10 days of the therapy. This data lets us suppose a
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potential possibility of hearing improvement result-
ing from a longer course of treatment. The dura-
tion of treatment with systemic steroids is limited
because of their side effects.

Many studies indicate that spontaneous recovery
occurs in 30-65% of cases [1, 16-21]. Generally, the
recovery happens within 2 weeks after the disease
onset [17]. H. Zhao et al. claim that the treatment
which was started within 2 weeks after the onset is
more effective than the one after a fortnight of the
onset and later [22].

According to our data the absence of positive
response after 10 days of therapy (1, 3, 6 days after)
in the groups of patients treated with systemic ste-
roids over 10 days argues for the poor prognosis of
recovery without treatment at a later date. Due to
the significant differences of PTA,  obtained in
our study in test time, long-term IT administration
of steroids has a higher justification.

In the IT-Dex group the efficacy of the treatment
was more significant than in the ST and IV-Dex
groups 6 months after the beginning of the therapy.
Furthermore, the rate of complete recoveries 6
months after the treatment beginning was higher for
local therapy than for standard and systemic steroid
therapy. This is also a proof of the capacity of hear-
ing restoration after a longer course of treatment.
The chance of hearing improvement at the later
times of therapy has been demonstrated by many
authors, pointing the effectiveness of I'T administra-
tion of steroids after an earlier inefficient systemic
therapy [22-28].

Our results of equal efficiency of therapy for all the
3 protocols 1 month after the treatment commence-
ment allows us to confirm the IT administration of
steroids as an independent treatment mode. Gener-
ally, it concerns patients having contraindications
against the systemic steroid therapy. Similar data
were received by Y. Peng et al. They found that
patients with hearing loss less than 70 dB showed
no difference between the effectiveness of local and
systemic steroid application, whereas those patients
who had hearing loss more than 70 dB showed a
better response to the local therapy [27]. In our
study only one patient from IT-Dex group had a
hearing loss more than 70 dB. However S. Kake-
hata et al. obtained a higher efficacy of local steroid
treatment over 8 days compared to systemic steroid
therapy in patients with diabetes [28].

In contradiction with the majority of aforemen-
tioned guidelines we prefer intravenous perfusion
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but not per os for the systemic therapy. That was
due to national custom that is confirmed in national
guidelines for ISSNHL treatment and we didn’t
find studies for the superiority of one over another.
No serious side effects related to systemic admin-
istration of steroids were observed in our study. 9
patients in ST group and 12 patients in IV-Dex group
complained of sleep loss, which was completely
corrected after withdrawal. That confirms the opin-
ion that most serious side effects occur with chronic
use, and adverse events are usually acceptable and
manageable for the short 10- to 14-day course of
steroids recommended for ISSNHL. Alexander et
al. [29] reviewed the safety of high-dose steroids
taken for up to 22 weeks for autoimmune inner ear
disease and found that most patients completed the
course, with the most frequent adverse events being
hyperglycemia and weight gain. There is also evi-
dence that osteonecrosis and fractures occur more
commonly in patients with preexisting bone or joint
problems in conditions such as systemic lupus ery-
thematosis and rheumatoid arthritis [30].

Optimal dosage of steroids for IT administration
has never been precisely estimated and treatment
protocols for local steroid application have not yet
been designed. Also we couldn’t set an optimal
duration of local treatment in our study, because the
obtained data (improvement during all the period
of treatment — 6 months, and different number of
patients with complete hearing recovery at differ-
ent moments of treatment) show that this duration
is variable and specific to each patient. Therefore,
it might be reasonable to continue the treatment as
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long as an improvement is observed, for example,
until obtaining 2 similar audiograms spaced a month
apart with the hearing survey being done monthly.
However in these cases the outcome (benefit and
harm) could be partially due to swallowing of ste-
roids via eustachian tube during therapy, meaning
this is not local in fact. In this link there are papers
generating some controversy about systemic effects
of IT glucocorticoids [31]. In animal studies, IT-
Dex infusions resulted in higher perilymph concen-
trations than intravenous dexamethasone applica-
tion without any systemic absorption [32]. As far
as humans are concerned, small concentrations of
methylprednisolone in human blood samples were
detected [33]. By contrast, according to [31], ste-
roids, after four IT applications within a 10—12 day
timeframe and a 2-3 days interval between each
injection did not interfere with endogenous cortisol
secretion or bone metabolism. We must note how-
ever that these papers concern short term therapy
so long time effects are obscured. In our study no
systemic adverse effects related to IT application
of steroids were noticed. We experienced one case
of an acute suppurative otitis media which was
eliminated by use of local antibacterial therapy. All
patients demonstrated a complete healing of MT
after the tympanostomy tube removal.

Keeping in mind the options of ISSNHL steroid
treatment and the benefitial and potential adverse
effects, our experience confirms the crucial role of
the need for a shared decision making situation of
doctor with his patient.
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