
UC San Diego
UC San Diego Previously Published Works

Title
Primary treatment of idiopathic sudden sensorineural hearing loss with intratympanic 
dexamethasone.

Permalink
https://escholarship.org/uc/item/6nr9x78d

Journal
Current opinion in otolaryngology & head and neck surgery, 24(5)

ISSN
1068-9508

Authors
Hobson, Candace E
Alexander, Thomas H
Harris, Jeffrey P

Publication Date
2016-10-01

DOI
10.1097/moo.0000000000000288
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6nr9x78d
https://escholarship.org
http://www.cdlib.org/


D
ow

nloaded
from

http://journals.lw
w
.com

/co-otolaryngology
by

BhD
M
f5ePH

Kav1zEoum
1tQ

fN
4a+kJLhEZgbsIH

o4XM
i0hC

yw
C
X1AW

nYQ
p/IlQ

rH
D
3i3D

0O
dR

yi7TvSFl4C
f3VC

1y0abggQ
ZXdtw

nfKZBYtw
s=

on
03/02/2022

Downloadedfromhttp://journals.lww.com/co-otolaryngologybyBhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMi0hCywCX1AWnYQp/IlQrHD3i3D0OdRyi7TvSFl4Cf3VC1y0abggQZXdtwnfKZBYtws=on03/02/2022

 Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

 CURRENT
OPINION Primary treatment of idiopathic sudden

sensorineural hearing loss with intratympanic
dexamethasone

Candace E. Hobson, Thomas H. Alexander, and Jeffrey P. Harris

Purpose of review

Systemic corticosteroids have been the mainstay of treatment of idiopathic sudden sensorineural hearing
loss (ISSNHL) for over 30 years. Recently, intratympanic steroids have risen in popularity; however, there is
no consensus regarding the details of their application. The purpose of this article is to review the current
literature and share our opinion that intratympanic dexamethasone (alone or with systemic steroids) should
be offered as primary treatment of ISSNHL.

Recent findings

Intratympanic steroids have been shown to result in higher inner ear concentrations than systemic steroids
in animal and human studies. Primary treatment of ISSNHL with intratympanic steroids in combination with
systemic steroids has been demonstrated to result in better hearing outcomes than systemic steroids alone.
Recent evidence has revealed these hearing outcomes to be dependent on the dose of intratympanic
steroid. Dexamethasone may be better absorbed than methylprednisolone, and potentially offer a greater
benefit. Furthermore, intratympanic steroids provide an effective alternative for patients who cannot tolerate
systemic steroids.

Summary

Intratympanic dexamethasone alone, or in combination with systemic steroids, provides effective treatment
of ISSNHL and should be utilized as primary treatment. Further investigation is required to determine the
optimal choice, concentration, and administration schedule of intratympanic steroids.

Keywords

dexamethasone, intratympanic steroids, sudden sensorineural hearing loss

INTRODUCTION

Sudden sensorineural hearing loss (SSNHL),
although a rare disorder, is one that requires the
urgent attention of an otolaryngologist; however,
for how long the window of treatment opportunity
exists remains unknown. SSNHL is commonly
defined as a decline in hearing of 30 dB in three
consecutive frequencies occurring within a period of
3 days. This disorder is estimated to affect 27/
100 000 persons annually in the United States [1].
Most cases of SSNHL are idiopathic and are thought
to be the result of viral infection, inflammatory or
immune-mediated reactions, vascular insufficiency,
or intralabyrinthine membrane rupture [2]. Idio-
pathic SSNHL (ISSNHL) is a diagnosis of exclusion
and should only be made after identifiable causes of
SSNHL have been excluded.

Oral corticosteroids have been the mainstay
of treatment of ISSNHL since Wilson’s 1980

prospective, randomized controlled trial demon-
strated oral steroids to have superior hearing
outcomes when compared with placebo [3]. In
1996, Silverstein et al. [4] introduced the application
of intratympanic steroids for the treatment of
ISSNHL. Since then, the use of intratympanic
steroids has risen in popularity, though not
without controversy. There is a growing body of
literature evaluating the application of intratym-
panic steroids; however, there is no consensus on
their efficacy, the setting in which they should be
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used, the choice or dose of steroid, or the
administration schedule.

In the treatment of ISSNHL, intratympanic
steroids are used in one of three manners: as salvage
therapy after failure of initial systemic steroids, in
combination with systemic steroids as initial treat-
ment, and alone as an initial treatment, a rare appli-
cation, but utilized when systemic steroids or their
side-effects are not tolerated. The 2012 American
Academy of Otolaryngology – Head and Neck
Surgery Clinical Practice Guidelines state that clini-
cians ‘may offer corticosteroids (intratympanic or
systemic) as initial therapy to patients with ISSNHL’
and ‘should offer intratympanic steroid perfusion
when patients have incomplete recovery from
ISSNHL after failure of initial management’ [5].
Unfortunately,because of the limitations of theavail-
able literature, the authors could not make a specific
recommendation regarding either a systemic or an
intratympanic steroid treatment regimen. The guide-
line authors state that, for intratympanic steroid
administration, either dexamethasone (10, 16, or
24 mg/ml) or methylprednisolone (30 or 40 mg/ml)
maybe administered in three to four sessionsat3 to7-
day administration intervals.

Today, there remains significant heterogeneity
in the literature not only in evaluating the treat-
ment of ISSNHL but also in the reporting of hearing
outcomes. Based on recent review of the literature
and the authors’ clinical experience, we would like
to share our opinion that intratympanic steroids,
specifically high-dose (24 mg/ml) intratympanic
dexamethasone, should be offered as primary treat-
ment of ISSNHL, either alone or in combination
with systemic steroids.

PRIMARY TREATMENT WITH SYSTEMIC
STEROIDS

As mentioned, primary treatment of ISSNHL with
systemic steroids quickly became routine after Wil-
son’s 1980 study. The study has since been criticized
for the lack of true randomization for some of the
analyses and the heterogeneity of treatment proto-
cols between study participants. Furthermore, two
more recent placebo-controlled trials found no
beneficial effect of treatment with systemic steroids
[6,7]. Crane et al. [8

&

] performed a meta-analysis in
2015, and the pooled results of all three studies did
not show a significantly favorable effect of treat-
ment (odds ratio 1.516, 95% confidence interval
0.83–2.769). The lack of clear evidence of efficacy
for systemic steroids over placebo presents a
dilemma – most studies of other treatments do
not include true placebo controls and use systemic
steroids as the ‘gold standard’ control.

Despite this, we offer primary systemic steroid
therapy to patients with ISSNHL who do not have
comorbidities that would impart undue risk. We
agree with the American Academy of Otolaryngol-
ogy – Head and Neck Surgery Clinical Practice
Guidelines conclusion that although our current
evidence is equivocal, there is some evidence for a
beneficial effect of treatment with relatively low
risks. Given the morbidity of ISSNHL, the potential
benefits seem to outweigh the risks.

INTRATYMPANIC ADMINISTRATION
RESULTS IN GREATER INNER EAR
STEROID CONCENTRATIONS THAN
SYSTEMIC ADMINISTRATION

Because of the blood–labyrinthine barrier, systemic
steroids have a limited ability to reach the inner ear.
The intratympanic administration of steroids, how-
ever, provides a direct route for steroid absorption
into the inner via the round window membrane [9].
Corticosteroids may act in the inner ear to affect
hearing not only by their anti-inflammatory effects
but also by altering the inner ear’s fluid and electro-
lyte balance, thus affecting endocochlear potential
[10]. Additionally, corticosteroid application to the
round window in guinea pigs has been shown to
result in an increase in cochlear blood flow,
suggesting another possible mechanism for hearing
recovery with steroid application [11].

In 1999, Parnes et al. [12] conducted the
first animal study evaluating inner ear steroid con-
centrations following intratympanic and systemic
steroid administration. Intratympanic adminis-
tration resulted in significantly higher perilymph
and endolymph concentrations of steroid (dexa-
methasone, methylprednisolone, and prednisone)

KEY POINTS

� Intratympanic steroids result in higher inner ear steroid
concentrations than systemic steroids.

� Intratympanic steroids in combination with systemic
steroids have been demonstrated to result in better
hearing outcomes for ISSNHL than systemic
steroids alone.

� Intratympanic steroids are a well tolerated and effective
alternative for patients who cannot tolerate systemic
steroids or in whom systemic steroids
are contraindicated.

� Hearing outcomes have been shown to be dependent
on the dose of intratympanic steroid.

� High-dose, intratympanic dexamethasone, alone or
with systemic steroids, should be offered as primary
treatment of ISSNHL.
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in guinea pigs compared with systemic adminis-
tration. Chandrasekhar [9] similarly demonstrated
significantly higher perilymph concentrations of
dexamethasone following intratympanic versus
systemic administration in a guinea pig model. In
2007, Bird et al. [13] performed the first human
study evaluating inner ear steroid concentrations
following intratympanic and intravenous (i.v.)
administration. Intratympanic steroids resulted in
significantly higher perilymph concentrations of
methylprednisolone compared with i.v. adminis-
tration [13]. Furthermore, Plontke et al. [14–16]
have demonstrated a substantial concentration gra-
dient within the cochlea following the intratym-
panic application of steroid and that multiple
injections or continuous drug application results
in greater concentrations of drug at the apical turns
of the cochlea.

Parnes et al. [12] additionally found that meth-
ylprednisolone, in comparison with dexamethasone
and hydrocortisone, achieved the greatest inner ear
concentration of steroid and for the longest
duration. The authors thus concluded that methyl-
prednisolone had the greatest potential for clinical
application. Based on this conclusion, many phys-
icians may choose to perform intratympanic injec-
tion using methylprednisolone [17]. It has been
speculated, however, that the lower, shorter lived
dexamethasone concentration is a result of more
avid receptor binding and more rapid absorption
into the stria and surrounding tissues of dexametha-
sone compared with methylprednisolone. The
lower endolymph concentrations of dexametha-
sone may suggest greater intracellular dexametha-
sone concentrations, and thus a potential for greater
efficacy of dexamethasone compared with methyl-
prednisolone [18,19]. More practically, methylpred-
nisolone causes more discomfort when injected
intratympanically, which may be reason enough
to choose dexamethasone.

INTRATYMPANIC STEROIDS AS PRIMARY
THERAPY

In recent years, a number of studies have evaluated
the use of intratympanic steroids as a primary treat-
ment of ISSNHL. Battaglia et al. [18,20] conducted
two multicenter trials in 2008 and 2014, which
found combination therapy with intratympanic
dexamethasone (12 and 10 mg/ml) and high-dose
oral prednisone resulted in significantly better hear-
ing outcomes than treatment with oral prednisone
alone. Bae et al. [21] and Ahn et al. [22] showed no
difference in hearing outcomes in patients treated
with combination therapy versus systemic therapy
alone; however, in these studies, the dose of

intratympanic dexamethasone (5 mg/ml) was lower
than that in the Battaglia et al. studies [18,20]. On
the other hand, two 2016 retrospective series
reported superior hearing outcomes with combi-
nation therapy with 5 mg/ml dexamethasone and
i.v. steroid compared with systemic therapy alone
[23

&

,24
&

]. In a 2015 retrospective review, Kim et al.
[25

&

] similarly revealed improved hearing outcomes
with combined therapy over sole treatment with
either intratympanic (5 mg/ml dexamethasone) or
oral steroids. Despite significant heterogeneity in
both the oral and systemic steroid dosing regimens,
these three recent studies demonstrate a benefit of
combination therapy over systemic steroids alone.

Additionally, when administered alone as
primary therapy, intratympanic steroids have been
shown to be as effective as systemic steroids [17,26–
29]. In 2011, Rauch et al. [17] conducted a multi-
center, prospective randomized controlled trial
comparing the outcomes of primary treatment with
oral prednisone and intratympanic methylpredni-
solone (40 mg/ml). They observed a mean pure tone
average (PTA) improvement of 30.7 dB in the oral
prednisone group compared with 28.7-dB improve-
ment in the intratympanic group, and were able to
reject the hypothesis of inferiority of intratympanic
administration.

In their double-blinded, randomized study, Bat-
taglia et al. [18] observed superior hearing outcomes
with the use of intratympanic 12 mg/ml dexametha-
sone alone compared with oral prednisone alone.
Similarly, in a prospective, nonrandomized study,
Kara et al. [30] also found superior hearing outcomes
with intratympanic dexamethasone compared with
oral methylprednisolone. Neither of these outcomes
achieved statistical significance. To the authors’
knowledge, no study has reported treatment with
intratympanic steroids, alone or combination with
systemic steroids, to be less effective than systemic
steroids alone.

OPTIMAL CONCENTRATION FOR
INTRATYMPANIC INJECTION

Prior to obtaining regulatory approval for a novel
medication, studies examining dose–response must
be performed to help minimize risk and maximize
efficacy. Because the use of intratympanic steroids
for ISSNHL evolved as an ‘off-label’ use of existing
medications, there was no regulatory requirement
that dose–response information be obtained. None
of the studies cited above provide evidence to sup-
port their choice of concentration of corticosteroid.
Early in the development of this therapy, the
convenience of existing commercially available
preparations seemed to guide the selection of

Treatment of ISSNHL with intratympanic dexamethasone Hobson et al.
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concentration to use. Published clinical studies
describe intratympanic administration of dexa-
methasone concentrations ranging from 4 to
40 mg/ml and methylprednisolone concentrations
ranging from 20 to 62.5 mg/ml [31].

Animal studies have demonstrated a dose-
dependent increase in intracochlear concentration
of dexamethasone after intratympanic adminis-
tration of increasing concentrations [32,33]. Pre-
sumably, higher concentrations in the cochlea
will lead to better efficacy.

We recently published the first study to directly
compare outcomes in patients treated with different
concentrations of intratympanic corticosteroids
[34

&

]. Patients were treated with an oral prednisone
taper in combination with intratympanic dexa-
methasone at either 24 or 10 mg/ml. A significantly
higher proportion of patients had a greater than 30-
dB improvement in PTA with the higher concen-
tration of intratympanic dexamethasone. The
identification of a dose effect for treatment provides
additional evidence of therapeutic efficacy, even in
the absence of a placebo control.

In their 2015 meta-analysis, Crane et al. [8
&

]
found no benefit of primary intratympanic steroids
over systemic steroids. Of the six pooled studies
included in the meta-analysis, three used 5 mg/ml
dexamethasone, one used 12 mg/ml dexametha-
sone, and two used methylprednisolone. The only
study that demonstrated a hearing benefit of intra-
tympanic steroids over systemic therapy alone was
the study using 12 mg/ml dexamethasone. One
possible explanation for the negative finding in
the meta-analysis is that studies with subtherapeutic
doses or less effective analogs were included. The
largest study in the meta-analysis used methylpred-
nisolone, which, although not proven, has been
speculated to have inferior absorption into the stria
and surrounding tissue than dexamethasone.
Clearly, future prospective studies are needed to
confirm the optimal steroid analog, concentration,
dosing interval, and duration of treatment.

INTRATYMPANIC STEROIDS AFTER
FAILED SYSTEMIC STEROIDS

Several meta-analyses have suggested a beneficial
effect of intratympanic steroids given as salvage
therapy after failure of primary treatment with
systemic steroids [8

&

,35
&

,36]; however, a review of
these studies individually reveals relatively modest
effects in the few studies with reasonably small
confidence intervals. The only truly randomized,
placebo-controlled trial for salvage therapy with
intratympanic injections was published by Wu
et al. in 2011 [37]. After failure of systemic steroids,

patients treated with intratympanic steroid had a
mean 9.7-dB improvement in PTA compared with
4.5 dB in the placebo group. Although this differ-
ence was statistically significant, it is arguably of
modest clinical significance.

Multiple studies have shown that the longer
the interval between onset of hearing loss and
initiation of intratympanic injections, the less
likely the benefit [20,34

&

,38,39]. In our dose–
response study, we found that treatment delay
and intratympanic dexamethasone concentration
were both significant independent predictors of
outcome. For those treated with dexamethasone
24 mg/ml, the predicted probability of achieving at
least 30-dB improvement in PTA rapidly declined
from a maximum of 0.93 if injections were started
on the day of onset of symptoms to 0.05 if treat-
ment was started on day 21 after onset of symp-
toms [34

&

]. Given these findings and the relatively
low risk of intratympanic injections, we do not feel
it is prudent to delay initiation of treatment while
waiting to see if there is a response to systemic
therapy.

SAFETY AND TOLERANCE OF STEROIDS

Intratympanic steroid injection has been shown to
be a well tolerated procedure with a relatively low
rate of adverse events. In their multicenter trial,
Rauch et al. [17] demonstrated a 3.9% rate of per-
sistent tympanic membrane perforation and 4.7%
rate of otitis media. Smaller studies have demon-
strated even lower rates of tympanic membrane
perforation [34

&

,40–42]. Transient pain or vertigo
at the time of injection is not uncommon. There is
negligible absorption into the bloodstream after
intratympanic injection of glucocorticoids, and
therefore systemic side-effects are extremely
unlikely [13].

Systemic steroids, on the other hand, not
uncommonly cause mood swings, sleep disturb-
ances, appetite changes, elevated blood glucose,
and elevated blood pressure. Less frequent, though
more serious, complications include peptic ulcer-
ation and avascular necrosis of the femoral head.
Many of the more feared, serious complications
of systemic steroid therapy appear to be much more
likely in those with underlying rheumatologic
disease [43]. Prednisone is generally well tolerated
in patients treated for hearing loss [44].Because
of their side-effect profile, systemic steroids may
be contraindicated in some patients. In patients
who wish to avoid the side-effects of systemic
steroids or who have contraindications to systemic
steroids, intratympanic steroids provide an effec-
tive alternative.

Auditory and vestibular science
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CONCLUSION

Intratympanic steroids offer the potential for deliv-
ery of high concentrations of steroids to the inner
ear without the risk of adverse effects of systemic
steroid administration. In both animals and
humans, intratympanic steroids have been shown
to achieve higher inner ear concentrations than
systemic steroid administration. Primary treatment
of ISSNHL with intratympanic steroids alone has
been shown to result in hearing outcomes equival-
ent to those achieved with systemic steroids.
Furthermore, primary treatment with combination
intratympanic and systemic steroids has been
shown to result in superior hearing outcomes com-
pared with treatment with systemic steroids alone. It
has been recently demonstrated that hearing out-
comes with intratympanic dexamethasone are
affected by the dose of steroid administered, with
24 mg/ml dosing achieving better outcomes than
10 mg/ml. A few studies have demonstrated no
added benefit in the treatment of ISSNHL with
combination therapy over systemic steroids alone;
however, it is possible that the lack of additional
benefit is a result of inadequate intratympanic
steroid concentrations. Moreover, given the hy-
pothesis of greater absorption of dexamethasone
into the stria and surrounding tissues, one might
speculate that intratympanic hearing outcomes in
methylprednisolone studies may have been greater
had dexamethasone been used instead.

Based on the information currently available
and on our own clinical experience, we currently
offer patients ISSNHL primary treatment with both
systemic corticosteroids (prednisone 60 mg/day
orally for 7–10 days followed by a slow taper) and
intratympanic dexamethasone (four injections of
intratympanic dexamethasone 24 mg/ml given over
2 weeks). Patients are educated regarding the poten-
tial benefits of each treatment alone or in combi-
nation to help them reach an informed decision.
Further investigation is necessary to better charac-
terize the efficacy of intratympanic steroids in the
treatment of ISSNHL. More specific evaluation of
the optimal choice of steroid, steroid concentration,
and administration schedule should be performed.
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