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Abstract 
Introduction: Intratympanic corticosteroids (ITCs) are used to treat patients with idiopathic sudden 
sensorineural hearing loss (ISSNHL) when systemic therapy has been unsuccessful. However, the efficacy 
of this treatment remains uncertain.  
Methods: We retrospectively analysed ISSNHL patients at a tertiary reference center, who received ITC 
injections following unsuccessful systemic corticosteroid therapy administered either orally or 
intravenously. Patients were eligible for ITC if they showed insufficient improvement after systemic 
treatment, defined as a remaining hearing loss of ≥30 dB HL in at least three frequencies. They received 
three intratympanic injections of 0.3–0.5 mL dexamethasone (4 mg/mL) within 10–14 days from first to last 
injection. Changes in pure-tone audiometry were assessed.  
Results: A total of 34 patients met the inclusion criteria for the study. The mean pure tone average (PTA) 
improvement was 10.62 dB HL. A total of 18 patients (53%) showed hearing improvement of ≥10 dB HL (of 
these: n=11 (32%) ≥20 dB HL, n=2 (6%) ≥30 dB HL). Sixteen patients (47%) had an improvement of less than 
10 dB HL. In addition to the PTA analysis, individual frequencies at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz were 
examined and showed significant improvements, with p-values ranging from 0.007 to 0.037. Regarding the 
World Health Organization grading of hearing impairment, 13 patients (38.2%) improved by at least one 
category. Concomitant vestibular syndrome (n=5) showed a marginally non-significant trend (p = 0.066) 
towards less improvement. There was no significant correlation between age and degree of hearing loss (p = 
0.123). Complications of ITC were minimal, with only one patient reporting a temporary headache following 
injection.  
Conclusion: In patients with persistent ISSNHL after systemic corticosteroid therapy, intratympanic 
corticosteroid injections resulted in limited hearing improvement. Despite the low risks associated with this 
therapy, its routine use should be considered on a case-by-case evaluation.   
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Introduction 
Idiopathic sudden sensorineural hearing loss (ISSNHL) is defined as a rapid, unexplained decrease in 
sensorineural hearing sensitivity, typically affecting one ear. Its severity can range from mild hearing loss to 
complete deafness and is often associated with tinnitus and vertigo, significantly reducing the quality of life 
[1,2]. ISSNHL is most commonly defined as a loss of at least 30 dB HL in three consecutive frequencies over 
a period of 72 hours or less compared to the contralateral hearing threshold [3,4]. The incidence is 
estimated to be 5-20 cases per 100,000 people annually in developed countries [5,6]. However, a study from 
Germany reports a significantly higher incidence rate, with estimates of 160 per 100,000 people per year [7]. 
The average age of those affected individuals is 47-56 years, with no gender preference [8,9]. Various 
hypotheses regarding its aetiology have been proposed, including infectious causes such as viral and 
bacterial, as well as inflammatory, vascular, autoimmune and genetic predisposition, but none have been 
conclusively proven [10,11]. Approximately 32–65% of patients with idiopathic sudden sensorineural hearing 
loss experience spontaneous recovery [12]. Systemic glucocorticoids are commonly used worldwide as 
primary therapy, with intratympanic administration recommended as a secondary option [3,13–15]. 
The aim of intratympanic corticosteroid injections is to bypass the blood-labyrinthine barrier to achieve 
higher concentrations in the inner ear while avoiding the adverse effects of systemic steroids [16,17]. This 
therapy is well tolerated, can be administrated in an in-office setting, and targets the affected ear. The rare 
reported side effects include a persisting perforation of the tympanic membrane, localised pain, otorrhea, 
acute otitis media, vertigo, and light-headedness. Dexamethasone and methylprednisolone are commonly 
used for intratympanic injections to reduce intracochlear oxidative stress [18]. A Cochrane review by Plontke 
et al. (2022) concluded that intratympanic corticosteroids as primary therapy provide little or no 
improvement in hearing thresholds compared to systemic corticosteroids. Combined therapy shows only a 
small additional benefit over systemic corticosteroids alone. In addition, salvage therapy using 
intratympanic corticosteroid injections has been shown to have a small effect on hearing recovery, with a 
median PTA improvement of 9.07 dB HL [13]. Given the limited evidence available and the ongoing debate, 
we aim to evaluate the effectiveness of intratympanic corticosteroid injections in improving hearing after 
unsuccessful systemic corticosteroid therapy. We hypothesise that this treatment has no clinically relevant 
benefit regarding post-interventional hearing levels. Furthermore, by providing confirmatory data from a 
tertiary reference centre, this study supports and reinforces the existing evidence base on the limited 
efficacy of salvage intratympanic corticosteroid therapy following failed systemic treatment. 
 
Methods 
Study Design and Setting 
We performed a retrospective analysis of patients who received intratympanic corticosteroid injections at 
the Inselspital Bern between May 2018 and March 2023, of whom 34 met the inclusion criteria and were 
included in the final analysis. The local ethics committee reviewed and approved this study (Kantonale 
Ethikkommission Bern, Nr. KEK-BE 2019-00555). 
 
 
Inclusion and Exclusion Criteria 
The main inclusion criteria were patients aged 18 years and older with a diagnosis of ISSNHL, defined as a 
hearing loss of ≥30 dB HL at three consecutive frequencies, who had insufficient improvement in hearing 
loss after prior oral or intravenous corticosteroid therapy i.e. a persisting hearing loss of ≥30 dB HL at three 
consecutive frequencies. Patients with a known cause of hearing loss were excluded from the study. Of the 
107 patients who received intratympanic corticosteroid injections during the study period, 73 were excluded 
as hearing loss was not idiopathic, as summarised in Table 1.  
Vestibular syndrome was defined as an acute vestibular syndrome diagnosed clinically by an 
otorhinolaryngologist, characterised by the acute onset of continuous vertigo lasting at least 24 hours, 
accompanied by spontaneous nystagmus, postural instability and a pathological head impulse test.[19] 
 
Procedure 
All patients gave informed consent before the procedure. The local protocol for intratympanic injection was 
as follows: Dexamethasone (4 mg/mL, warmed to body temperature) was used for all injections. 
Dexamethasone was chosen because of its favourable diffusion characteristics across the round window 
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membrane and its well-established safety profile in intratympanic use [3,20]. The treatment regimen applied 
in this study is aligned with protocols commonly employed in published clinical investigations [3,21–23]. 
Topical local anaesthesia of the external auditory canal (EMLA cream or 10% xylocaine spray) was applied 
for 30 minutes before injection. Subsequently, 0.3–0.5 mL dexamethasone was injected through the 
posterior-inferior quadrant of the tympanic membrane into the middle ear. After the intratympanic injection, 
patients were instructed to lie on their side with the affected ear facing upwards for 30 minutes. They were 
also advised to avoid swallowing and to spit out any saliva to prevent drainage through the Eustachian tube. 
This procedure enables a high concentration of corticosteroids to be achieved at the round window 
membrane and, consequently, in the perilymph. Three injections were performed within 10–14 days from 
first to last injection.  
 
Outcome Measures 
Pure-tone audiograms were obtained and compared at three time points: at the time of diagnosis, after oral 
or intravenous corticosteroid therapy and one after intratympanic corticosteroid therapy. Between the first 
audiogram, marking the diagnosis of ISSNHL, and the audiogram following systemic corticosteroid therapy, 
the median time was 16 days (IQR 14–20). The interval between the audiogram after systemic therapy and 
the audiogram following intratympanic corticosteroid therapy was a median of 34 days (IQR 25–42). Finally, 
the time from the last injection to the follow-up audiogram was a median of 86 days (IQR 33–130). 
Audiograms were performed by trained audiometrists or resident physicians.  
All audiometric measurements were performed using a calibrated clinical audiometer (Interacoustics 
Equinox, Diatec) in a soundproof booth. Calibration was conducted in accordance with ISO 389-1:2017 
(reference standard), IEC 60645-1:2017 (tolerance standard), and IEC 60318-1:2009 (electroacoustic 
simulator standard) to ensure the accuracy and reliability of all measurements. Speech audiometry and 
word recognition tests were not performed, as only pure-tone audiometry data were available for this 
retrospective study.  
As there is no internationally standardised definition of hearing recovery and major guidelines apply different 
PTA-based criteria, we aligned our outcome measures with the principles used in these recommendations. 
The Spanish guideline distinguishes between no recovery, partial recovery and complete recovery based on 
PTA changes of <10 dB HL, >10 dB HL and a final PTA of around 10 dB HL, respectively. The Chinese guideline 
similarly differentiates between no recovery, partial recovery and marked recovery using improvements of 
<15 dB HL, 15 to <30 dB HL and ≥30 dB HL, or a final PTA within the normal range. In contrast, the American 
guideline does not specify fixed PTA thresholds for defining recovery [3,24,25] Based on these differences, 
we defined our primary outcomes using graded PTA improvement categories. The primary outcome was 
defined as improvements of 10, 20, and 30 dB HL in PTA (0.5, 1.0, 2.0, and 4.0 kHz) 3 months after 
intratympanic corticosteroid injections. In addition, pure-tone audiometric thresholds were analysed at the 
frequencies 0.5, 1.0, 2.0, and 4.0 kHz, while 3.0 kHz was excluded due to a high number of missing values. 
Secondary outcomes included changes in the distribution of patients in different WHO grades of hearing 
impairment following intratympanic corticosteroid therapy.  
 
Statistical Analysis 
Baseline characteristics were summarised using descriptive statistics, including mean and standard 
deviation or range, median, and interquartile range (IQR), depending on the data distribution. Non-
parametric statistical tests were applied due to the small sample size. Paired comparisons of pure-tone 
audiometric thresholds at 0.5, 1.0, 2.0 and 4.0 kHz, as well as PTA, before and after intratympanic 
corticosteroid injection were performed using the Wilcoxon signed-rank test. A binomial test was used to 
determine whether one side was more affected than the other. Wilcoxon signed-rank test was used to 
analyse differences in improvement after intratympanic corticosteroid injection between patients with and 
without vestibular symptoms, as well as differences in outcome between sexes. Correlations between the 
magnitude of hearing loss and age were assessed using Spearman’s rank correlation. For frequency-specific 
analyses, a Bonferroni correction was applied to account for multiple comparisons. 
Statistical significance was defined as p < 0.05. Graphical representations of the data were made using box 
plots supplemented with means and individual measurements, Tukey plots, and scatter plots. For Tukey 
plots, a family-wise confidence level was applied to control for family-wise error rate in all pairwise 
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comparisons. Statistical analyses were performed using R (version 4.4.2, The R Project for Statistical 
Computing). 
 
Results 
After applying the inclusion criteria, n = 34 patients were included in the final analysis; all subsequent 
analyses refer to this cohort unless otherwise stated. Of these, 23 patients (68%) were male and 11 (32%) 
were female, with a mean age of 58.1 years (SD 20.0). The affected ear was left-sided in 20 patients (59%) 
and right-sided in 14 (41%). A binomial test showed no significant preference for the affected side (p = 0.392) 
or gender (p = 0.636). Five patients (15%) had a concomitant vestibular syndrome, with no significant 
difference in severity of hearing loss between those with and without vestibular syndrome (z= -1.512, p= 
0.138).  
The mean pure tone average (PTA) improvement after intratympanic corticosteroid injections was 10.76 dB 
HL, with a mean of 80.17 dB HL (SD 22.49) before treatment and 69.41 dB HL (SD 28.13) after treatment 
(Bonferroni-corrected p = 0.008). A total of 18 patients (53%) showed an improvement of ≥10 dB HL, 11 
patients (32%) an improvement of ≥20 dB HL and two patients (6%) an improvement of ≥30 dB HL. As these 
thresholds are cumulative, patients with ≥20 dB HL and ≥30 dB HL improvement are also included in the ≥10 
dB HL category. Sixteen patients (47%) had an improvement of less than 10 dB HL. Patients with vestibular 
syndrome showed a significantly less improvement in hearing loss compared to patients without vestibular 
syndrome (Wilcoxon signed-rank test: z= 2.021, p= 0.042). In addition to the PTA analysis, individual 
frequencies at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz were examined. All frequencies showed significant 
improvements after Bonferroni correction, as detailed in Table 2 and graphically illustrated in Figure 1.  
Patients were divided into three age groups: <40 years (8 patients, 23.5%), 40-60 years (8 patients, 23.5%) 
and >60 years (18 patients, 53%). The group aged >60 years had the most severe hearing loss, with a mean 
PTA of 95.76 dB HL, compared to 88.80 dB HL in the youngest group and 76.88 dB HL in the 40-60 year group. 
There was no significant correlation between age and degree of hearing loss (Spearman’s ρ=0.303, p= 
0.082). After intratympanic corticosteroid therapy, the group of patients aged under 40 years showed a mean 
PTA improvement of 9.06 dB HL. Patients aged 40-60 years showed a mean improvement of 4.84 dB HL, 
while patients aged over 60 years showed a mean improvement of 14.14 dB HL. An analysis of improvement 
between age groups showed no significant difference (p = 0.410). 
Before the intratympanic corticosteroid injection and after oral corticosteroid treatment, patients were 
classified according to the WHO grading of hearing impairment. One patient (2.9%) had slight impairment, 6 
(17.6%) had moderate impairment, 7 (20.6%) had severe impairment, and 20 patients (58.9%) were 
classified as having profound impairment (including deafness). After the injections, changes in hearing 
impairment categories were observed, as illustrated in Figure 2. 
Following intratympanic corticosteroid injection, only one patient (3%) developed a complication of 
temporary headache.  
At the final follow-up, eight patients (33%) were fitted with a unilateral hearing aid, 5 (21%) with a CROS/Bi-
CROS, and 4 (17%) with a cochlear implant. Seven patients (29%) required no further intervention, and 10 
patients (29%) had no data available on post-treatment management. 
 
Discussion 
In this retrospective cohort study on salvage intratympanic corticosteroid injections after unsuccessful oral 
steroid therapy, we observed a small mean effect on hearing recovery of 10.76 dB HL. A bit more than half of 
the patients experienced a hearing improvement of ≥10 dB HL, of these 32% improved by ≥20 dB HL, and 
only two patients (6%) showed an improvement of ≥30 dB HL. The other half of the cohort (47%) had an 
improvement of less than 10 dB HL. Regarding changes in hearing impairment gradings according to the 
WHO classification, only 38.2% improved by at least one category. No significant correlation was found 
between age and the degree of hearing loss at diagnosis, nor was there a significant difference in hearing 
improvement among the different age groups following salvage intratympanic treatment. 
A critical aspect of evaluating therapy outcomes for ISSNHL is the variability in defining recovery and 
determining the appropriate time point for assessment. While most studies report hearing recovery within 
the first month after treatment, some describe delayed improvements occurring up to eight months [27]. 
These differences make it difficult to standardise outcome measures across trials. Moreover, there is also no 
universally accepted definition of hearing recovery, which limits the direct comparability of results across 
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studies. Many studies consider a minimum improvement of 10 dB in pure tone average (PTA) or 5-10% in 
word recognition score (WRS) to indicate recovery. However, the Clinical Practice Guideline For Sudden 
Hearing Loss [3] suggests that an improvement of less than 10 dB HL should be classified as no recovery. 
According to this definition, the mean improvement of 10.76 dB in our cohort is close to no effect. 
These findings are consistent with evidence from larger systematic reviews and meta-analyses. A Cochrane 
review found that salvage intratympanic corticosteroid therapy resulted in only minor audiometric 
improvements, with a median pure-tone average improvement of 9.07 dB HL [13]. Similarly, a meta-analysis 
of randomised controlled trials demonstrated a small but statistically significant improvement in hearing 
thresholds compared with no further treatment, with a standardised mean difference corresponding to an 
effect size comparable to that observed in the present study [20]. Importantly, such modest improvements 
in pure-tone average do not necessarily translate into meaningful functional hearing benefit, which is why 
current guidelines recommend categorising recovery according to whether the affected ear is serviceable or 
non-serviceable rather than relying solely on audiometric threshold changes. 
These observations are further supported by recent randomised trials. The HODOCORT trial by Plontke et al 
[13], has shown that high-dose glucocorticoids per os do not offer superior efficacy in hearing recovery 
compared to lower doses of prednisone in the primary treatment of ISSNHL. However, higher doses are 
associated with an increased risk of adverse events and serious adverse events. These observations 
highlight that while glucocorticoids may address certain treatable aspects of the pathophysiology, they are 
not universally effective in treating ISSNHL or other acute inner ear disorders since the underlying 
mechanisms remain unclear [10,11]. This lack of clarity regarding the aetiology poses difficulty to develop 
targeted and effective treatments for ISSNHL. Given the profound impact of hearing loss on individuals, 
including an increased risk of cognitive impairment and dementia [26,27], further research into the aetiology 
is essential to understand better the mechanisms involved and pave the way for the development of 
medical, biological, or genetic therapies for sensorineural hearing loss. 
Glucocorticoids are primarily recognised for their anti-inflammatory properties, but their effects on other 
critical cochlear pathophysiological mechanisms - such as oxidative stress, apoptosis, synaptopathy, and 
neuronal degeneration - remain uncertain. While some studies suggest that glucocorticoids may have 
additional protective effects, possibly through cellular stress response pathways, the extent and clinical 
relevance of these mechanisms are not well understood [28].  
Achieving high drug concentrations in the inner ear may be essential for certain effects, particularly to 
maximise anti-apoptotic and antioxidant properties [29]. Due to the blood labyrinth barrier, systemically 
administered corticosteroids cannot reach inner ear concentrations above plasma levels. In contrast, 
intratympanic injection allows short-term, high drug concentrations in the middle ear, from where 
corticosteroids diffuse into the inner ear through the round and oval windows [22,30]. This localised delivery 
method allows for higher corticosteroid levels in the cochlea, which may be critical for the effective 
treatment of ISSNHL [17].  
However, given the variable response to corticosteroid therapy, it is possible that additional non-
inflammatory mechanisms are also involved. The vascular hypothesis posits that transient cochlear 
ischaemia or microvascular dysfunction may contribute to inner-ear injury, which could explain the 
beneficial effects of adjunctive hyperbaric oxygen therapy (HBO). A recent meta-analysis further supports 
this, demonstrating that the addition of HBO to systemic or intratympanic corticosteroid therapy results in 
an additional mean hearing gain of approximately 10 dB compared with corticosteroid therapy alone, 
particularly when initiated early after onset [31]. These findings suggest that different pathophysiological 
mechanisms, including vascular compromise, inflammation and oxidative stress, may contribute to 
ISSNHL, either individually or in combination [3]. 
In animal models, glucocorticoids (GCs) regulate cochlear function beyond their anti-inflammatory 
properties. Brain-derived neurotrophic factor (BDNF) is essential for synaptic stability and neuronal survival 
in the auditory system. Studies in mouse models suggest that short-term exposure to GCs may enhance 
BDNF expression, whereas prolonged exposure may suppress BDNF levels, potentially leading to synaptic 
degeneration and hearing loss [32]. In addition, GCs interact with mitogen-activated protein kinase (MAPK) 
pathways that regulate cell survival and regeneration after acoustic trauma. While GC-mediated MAPK 
activation supports cochlear recovery, long-term exposure may disrupt neurotrophic signalling and reduce 
its protective effects [32,33]. These findings highlight the need for a balanced therapeutic approach, as the 
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optimal dose and duration of GC treatment for ISSNHL remains to be determined to maximise benefits while 
minimising potential risks.  
While our study does not present new therapeutic effects, it provides valuable confirmatory evidence 
supporting the current understanding of salvage intratympanic corticosteroid therapy for idiopathic sudden 
sensorineural hearing loss (ISSNHL). Reproducibility and consistency of results across independent cohorts 
are essential for strengthening clinical recommendations. By demonstrating comparable audiometric 
outcomes to those reported in previous trials and systematic reviews, our data reinforce the robustness of 
existing evidence and provide a more realistic perspective on the limited efficacy of ITC in this context. 
Publishing studies that confirm or refine earlier findings is crucial to prevent publication bias and to ensure 
that clinical decision-making is based on balanced and comprehensive evidence rather than selectively 
positive results. 
As part of a final data review, all patient records were re-evaluated to determine if any patients had returned 
for a follow-up visit after their last post-injection pure tone audiogram (PTA). This review aimed to identify 
any additional events related to hearing loss that may have occurred or the type of hearing rehabilitation. 
Notably, two patients were subsequently diagnosed with Meniere's disease, resulting in their exclusion from 
the study cohort, as illustrated in Table 2. This finding highlights an important observation: what initially 
presents as ISSNHL may, in some cases, later prove to be attributed to underlying causes, estimated to 
account for approximately 30% of cases [35]. This highlights the importance of careful, standardised long-
term follow-up, not only to detect potential aetiologies that may manifest later after the initial episode of 
hearing loss but also to identify patients who may benefit from rehabilitation strategies for residual hearing 
loss or tinnitus. In line with this, the American Academy of Otolaryngology-Head and Neck Surgery 
Foundation (AAO-HNSF) recommends follow-up pure tone audiograms (PTA) at six months [3].  
This study has several limitations that should be taken into account when interpreting the results. First, its 
retrospective nature limits the analysis to associations rather than causal inferences. In particular, the lack 
of a control group limits the ability to definitively attribute the observed hearing improvements to 
intratympanic corticosteroid therapy, as spontaneous recovery or other confounding factors cannot be ruled 
out. The relatively small sample size (n = 34) reduces statistical power and limits the generalizability of the 
findings. In addition, heterogeneous follow-up intervals inherent to the retrospective design may have 
introduced both selection and measurement bias. In addition, the absence of uniform imaging or ancillary 
testing (e.g., MRI to rule out retrocochlear pathology or endolymphatic hydrops) may further have affected 
diagnostic consistency.  
The absence of speech audiometry and patient-reported outcome measures restricts the evaluation of 
functional hearing improvement. While speech audiometry is widely used in ISSNHL studies and provides 
valuable information on speech perception, its diagnostic accuracy may be limited in increasingly 
multilingual patient populations, as test performance depends on proficiency in the test language and may 
not accurately reflect functional hearing ability. In contrast, validated hearing-related questionnaires can be 
administered in multiple languages and represent a more adaptable, language-independent tool for 
evaluating functional outcomes. Such measures should be incorporated into future studies to allow a more 
comprehensive assessment of functional hearing improvement. Finally, conducting such studies is 
inherently challenging due to the lack of internationally accepted standards for the diagnosis and treatment 
of ISSNHL, making it difficult to compare results across studies and settings.  
 
CONCLUSION 
Salvage intratympanic corticosteroid therapy has a small effect on improving PTA in patients who have failed 
to respond to systemic corticosteroid. The absence of vestibular symptoms may be related to a better 
prognosis. Complications associated to the injections are minimal. Further studies are needed to determine 
which patients are most likely to benefit from this therapy and achieve meaningful hearing improvement. 
  

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

Statements 
Statement of Ethics 
This study protocol was reviewed and approved by the Kantonale Ethikkommission Bern, approval number 
KEK-BE 2019-00555. The requirement for written informed consent was waived by the Kantonale 
Ethikkommission Bern. 
Conflict of Interest Statement 
The authors declare no conflicts of interest. 
Funding Sources 
This study was not supported by any sponsor or funder. 
Author Contributions 
L.A. designed the study. C.L. and C.G. collected the data. S.T. performed the data analysis. C.G. and L.A. 
drafted and revised the manuscript. M.C., L.A., C.L., U.B., S.T., and L.H. approved the final version of the 
manuscript. 
Data Availability Statement 
The datasets generated and/or analyzed during the current study are not publicly available due to privacy 
and ethical restrictions. Anonymized data and analysis results are available from the corresponding author 
on reasonable request. 
  

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

References 
1.  Carlsson PI, Hall M, Lind KJ, Danermark B. Quality of life, psychosocial consequences, and 
audiological rehabilitation after sudden sensorineural hearing loss. International Journal of Audiology. 2011 
Feb;50(2):139–44.  
2.  Dallan I, Fortunato S, Casani AP, Bernardini E, Sellari-Franceschini S, Berrettini S, Nacci A. Long-term 
follow up of sudden sensorineural hearing loss patients treated with intratympanic steroids: audiological 
and quality of life evaluation. J Laryngol Otol. 2014 Aug;128(8):669–73.  
3.  Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ, Faucett EA, Finestone SA, Hollingsworth 
DB, Kelley DM, Kmucha ST, Moonis G, Poling GL, Roberts JK, Stachler RJ, Zeitler DM, Corrigan MD, Nnacheta 
LC, Satterfield L. Clinical Practice Guideline: Sudden Hearing Loss (Update). Otolaryngol Head Neck Surg. 
2019 Aug;161(1_suppl):S1–45.  
4.  Sudden Sensorineural Hearing Loss (SSHL) | NIDCD [Internet]. 2018 [cited 2024 Dec 10]. Available 
from: https://www.nidcd.nih.gov/health/sudden-deafness 
5.  Wu CS, Lin HC, Chao PZ. Sudden Sensorineural Hearing Loss: Evidence from Taiwan. Audiol 
Neurotol. 2006;11(3):151–6.  
6.  Byl F. Seventy-six cases of presumed sudden hearing loss occurring in 1973: prognosis and 
incidence. Laryngoscope. 1977;87:817-825.  
7.  Klemm E, Deutscher A, Mösges R. Aktuelle Stichprobe zur Epidemiologie des idiopathischen 
Hörsturzes. Laryngo-Rhino-Otol. 2009 Aug;88(08):524–7.  
8.  Klemm E, Bepperling F, Burschka MA, Mosges R. Hemodilution Therapy With Hydroxyethyl Starch 
Solution (130/0.4) in Unilateral Idiopathic Sudden Sensorineural Hearing Loss: A Dose-Finding, Double-
Blind, Placebo-Controlled, International Multicenter Trial With 210 Patients. 2007;28(2).  
9.  Plontke SK, Bauer M, Meisner C. Comparison of Pure-Tone Audiometry Analysis in Sudden Hearing 
Loss Studies: Lack of Agreement for Different Outcome Measures. 2007;28(6).  
10.  Chau JK, Lin JRJ, Atashband S, Irvine RA, Westerberg BD. Systematic review of the evidence for the 
etiology of adult sudden sensorineural hearing loss. The Laryngoscope. 2010 May;120(5):1011–21.  
11.  Merchant SN, Adams JC, Nadol JB. Pathology and Pathophysiology of Idiopathic Sudden 
Sensorineural Hearing Loss. 2005;26(2).  
12.  Mattox DE, Simmons FB. Natural History of Sudden Sensorineural Hearing Loss. Ann Otol Rhinol 
Laryngol. 1977 July;86(4):463–80.  
13.  Plontke SK, Meisner C, Agrawal S, Cayé-Thomasen P, Galbraith K, Mikulec AA, Parnes L, Premakumar 
Y, Reiber J, Schilder AG, Liebau A. Intratympanic corticosteroids for sudden sensorineural hearing loss. 
Cochrane Database Syst Rev. 2022 July 22;7(7):CD008080.  
14.  Marx M, Younes E, Chandrasekhar SS, Ito J, Plontke S, O’Leary S, Sterkers O. International consensus 
(ICON) on treatment of sudden sensorineural hearing loss. Eur Ann Otorhinolaryngol Head Neck Dis. 2018 
Feb;135(1S):S23–8.  
15.  AWMF. Leitlinie Hörsturz (Akuter idiopathischer sensorineuraler H€orverlust) der Deutschen 
Gesellschaft für Hals-Nasen-Ohren- Heilkunde, Kopf- und Hals-Chirurgie [Idiopathic sudden sensorineural 
hearing loss guideline of the German Society of Otorhinolaryngology, Head and Neck Surgery], AWMF-Reg.-
Nr. 017/010. January, 2014. Guideline validity until December 21, 2022 (currently under revision).  
16.  Chandrasekhar SS. Intratympanic Dexamethasone for Sudden Sensorineural Hearing Loss: Clinical 
and Laboratory Evaluation: Otology & Neurotology. 2001 Jan;22(1):18–23.  
17.  Bird PA, Begg EJ, Zhang M, Keast AT, Murray DP, Balkany TJ. Intratympanic versus intravenous delivery 
of methylprednisolone to cochlear perilymph. Otol Neurotol. 2007 Dec;28(8):1124–30.  
18.  Gul F, Muderris T, Yalciner G, Sevil E, Bercin S, Ergin M, Babademez MA, Kiris M. A comprehensive 
study of oxidative stress in sudden hearing loss. Eur Arch Otorhinolaryngol. 2017 Mar;274(3):1301–8.  
19.  Kattah JC, Talkad AV, Wang DZ, Hsieh YH, Newman-Toker DE. HINTS to Diagnose Stroke in the Acute 
Vestibular Syndrome: Three-Step Bedside Oculomotor Examination More Sensitive Than Early MRI Diffusion-
Weighted Imaging. Stroke. 2009 Nov;40(11):3504–10.  
20.  Ng JH, Ho RCM, Cheong CSJ, Ng A, Yuen HW, Ngo RYS. Intratympanic steroids as a salvage treatment 
for sudden sensorineural hearing loss? A meta-analysis. Eur Arch Otorhinolaryngol. 2015 Oct;272(10):2777–
82.  
21.  Wu HP, Yu SH. Intratympanic Steroid Injections as a Salvage Treatment for Sudden Sensorineural 
Hearing Loss: A Randomized, Double-Blind, Placebo-Controlled Study. 2011;32(5).  

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

22.  Salt AN, Plontke SK. Principles of Local Drug Delivery to the Inner Ear. Audiol Neurotol. 
2009;14(6):350–60.  
23.  Battaglia A, Burchette R, Cueva R. Combination Therapy (Intratympanic Dexamethasone + High-
Dose Prednisone Taper) for the Treatment of Idiopathic Sudden Sensorineural Hearing Loss. Otology & 
Neurotology. 2008 June;29(4):453–60.  
24.  Herrera M, García Berrocal JR, García Arumí A, Lavilla MJ, Plaza G. Actualización del consenso sobre 
el diagnóstico y tratamiento de la sordera súbita idiopática. Acta Otorrinolaringológica Española. 2019 
Sept;70(5):290–300.  
25.  Editorial Board of Chinese Journal of Otorhinolaryngology Head and Neck Surgery;, Society of 
Otorhinolaryngology Head and Neck Surgery, Chinese Medical Association. Guideline of diagnosis and 
treatment of sudden deafness (2015). Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi. 2015;50(6):443–7.  
26.  Wilson BS, Tucci DL, O’Donoghue GM, Merson MH, Frankish H. A Lancet Commission to address the 
global burden of hearing loss. The Lancet. 2019 May;393(10186):2106–8.  
27.  Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, Brayne C, Burns A, Cohen-
Mansfield J, Cooper C, Costafreda SG, Dias A, Fox N, Gitlin LN, Howard R, Kales HC, Kivimäki M, Larson EB, 
Ogunniyi A, Orgeta V, Ritchie K, Rockwood K, Sampson EL, Samus Q, Schneider LS, Selbæk G, Teri L, 
Mukadam N. Dementia prevention, intervention, and care: 2020 report of the Lancet Commission. The 
Lancet. 2020 Aug;396(10248):413–46.  
28.  Meltser I, Canlon B. Protecting the auditory system with glucocorticoids. Hearing Research. 2011 
Nov;281(1–2):47–55.  
29.  Haake SM, Dinh CT, Chen S, Eshraghi AA, Van De Water TR. Dexamethasone protects auditory hair 
cells against TNFα-initiated apoptosis via activation of PI3K/Akt and NFκB signaling. Hearing Research. 2009 
Sept;255(1–2):22–32.  
30.  King EB, Salt AN, Eastwood HT, O’Leary SJ. Direct Entry of Gadolinium into the Vestibule Following 
Intratympanic Applications in Guinea Pigs and the Influence of Cochlear Implantation. JARO. 2011 
Dec;12(6):741–51.  
31.  Joshua TG, Ayub A, Wijesinghe P, Nunez DA. Hyperbaric Oxygen Therapy for Patients With Sudden 
Sensorineural Hearing Loss: A Systematic Review and Meta-analysis. JAMA Otolaryngol Head Neck Surg. 
2022 Jan 1;148(1):5–11.  
32.  Reichardt LF. Neurotrophin-regulated signalling pathways. Phil Trans R Soc B. 2006 Sept 
29;361(1473):1545–64.  
33.  Meltser I, Tahera Y, Canlon B. Differential activation of mitogen-activated protein kinases and brain-
derived neurotrophic factor after temporary or permanent damage to a sensory system. Neuroscience. 2010 
Feb;165(4):1439–46.  
34.  Yeo S, Lee D, Jun B, Park S, Park Y. Hearing outcome of sudden sensorineural hearing loss: Long‐term 
follow‐up. Otolaryngol--head neck surg. 2007 Feb;136(2):221–4.  
35.  De Oliveira Penido N, Ramos HVL, Barros FA, Cruz OLM, Toledo RN. Clinical, etiological and 
progression factors of hearing in sudden deafness. Brazilian Journal of Otorhinolaryngology. 2005 
Sept;71(5):633–8.  
  
Fig 1: Air-conduction hearing thresholds at 0.5, 1, 2, 3, and 4 kHz and pure-tone average (PTA) on the 
affected side before and after intratympanic corticosteroid therapy. 
Fig 2: Changes in World Health Organization (WHO) hearing impairment categories after intratympanic 
corticosteroid therapy. The distribution of changes in hearing impairment categories is given by the 
magnitude of hearing impairment at diagnosis. 
 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

 
 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

 
 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6



 

 

 
 

D
o
w
n
l
o
a
d
e
d
 
f
r
o
m
 
h
t
t
p
:
/
/
k
a
r
g
e
r
.
c
o
m
/
a
u
d
/
a
r
t
i
c
l
e
-
p
d
f
/
d
o
i
/
1
0
.
1
1
5
9
/
0
0
0
5
5
1
7
5
0
/
4
5
2
3
9
2
0
/
0
0
0
5
5
1
7
5
0
.
p
d
f
 
b
y
 
g
u
e
s
t
 
o
n
 
2
2
 
M
a
y
 
2
0
2
6


