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Introduction: Some idiopathic sudden sensorineural hearing loss (ISSHL) cases 
experience repetitive systemic corticosteroid treatment, but studies focusing on 
repetitive systemic corticosteroid administration have not been reported. Thus, 
we investigated the clinical characteristics and usefulness of repetitive systemic 
corticosteroid treatment in ISSHL cases.

Methods: We reviewed the medical records of 103 patients who received corticosteroids 
only in our hospital (single-treatment group), and 46 patients who presented at our 
hospital after receiving corticosteroids in a nearby clinic and were subsequently 
treated with corticosteroids again in our hospital (repetitive-treatment group). Clinical 
backgrounds, hearing thresholds, and hearing prognosis were assessed.

Results: The final hearing outcomes were not different between the two groups. 
Further, in the repetitive-treatment group, statistical differences were found 
between the good and poor prognosis groups in the number of days to start 
corticosteroid administration (p = 0.03), the dose of corticosteroid (p = 0.02), and 
the duration of corticosteroid administration (p  = 0.02) at the previous facility. 
Multivariate analysis revealed a significant difference in the dose of corticosteroids 
administered by the previous clinic (p = 0.004).

Conclusion: The repetitive systemic corticosteroid administration might play a 
supplementary role in hearing improvement, and initial sufficient corticosteroid 
administration would lead to good hearing outcomes in an early phase of ISSHL.
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Introduction

Idiopathic sudden sensorineural hearing loss (ISSHL) is usually defined as an acute 
unilateral sensorineural hearing loss (1). The etiology of ISSHL remains unknown, and 
various hypotheses have been proposed, including microcirculation disorders, viral 
infection, and autoimmunity (2, 3). Systemic corticosteroid administration is the 
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mainstream of standard treatment (4), but with only 30–60% of 
patient responses (5). Additionally, systemic corticosteroid therapy 
sometimes carries the risk of serious side effects (3) and systemic 
management would be required. In some cases, the intensity of 
systemic corticosteroid treatment is needed to be  weakened or 
even suspended depending on general health conditions of the 
ISSHL patient. However, systemic corticosteroid treatment has no 
standardized protocol among institutions regarding doses, 
administration route, and duration. Therefore, some patients with 
ISSHL may have been treated with inadequate protocol of 
corticosteroid administration, which resulted in poor recovery. 
Thus, we hypothesize that these inadequately treated cases showing 
poor hearing recovery could be  improved by readministrating 
adequate dose of corticosteroid repetitively, but to the best of our 
knowledge, no study has reported repetitive corticosteroid 
treatment for initial-treatment failure patients yet.

The primary goal of medical treatment for ISSHL is to restore 
hearing thresholds, and better prognostic factors of ISSHL have been 
reported as young age, short days between onset and the start of 
treatment, absence of vertigo (4, 6, 7), and better hearing thresholds 
at onset (8). Additionally, a recent report revealed that early response 
to systemic corticosteroid treatment correlates with final prognosis 
(7). Therefore, we  hypothesized that we  could improve the final 
hearing outcome for patients with ISSHL who do not achieve early 
hearing recovery under primary systemic corticosteroids by 
intensifying the conventional treatments. However, the efficacy of 
repeated systemic corticosteroid administration for patients with 
ISSHL as an additional consolidated treatment is unclear. This study 
investigated the hearing outcomes of affected ear and prognostic 
factors in patients with ISSHL who were treated with repetitive 
systemic corticosteroids.

Materials and methods

Study design

This retrospective study was approved by the Institutional Review 
Board of Kitasato University Medical center (2021004). The need for 
informed consent was omitted owing to the retrospective nature of 
the study.

Patients

This study included 149 patients hospitalized and treated for 
ISSHL in our hospital from 2016 to 2020 who were divided into the 
single-treatment group (103 patients who received corticosteroids 
only in our hospital) and the repetitive-treatment group (46 patients 
who presented to our hospital after receiving corticosteroids in a 
nearby clinic and were subsequently treated with corticosteroids again 
in our hospital). We defined ISSHL as a sudden sensorineural hearing 
loss of 30 dB or greater in at least three consecutive frequencies and 
pathogen was unidentified. Patients with acute low-tone sensorineural 
hearing loss, fluctuating hearing loss, any history of otologic surgery, 
and acoustic neuroma were excluded. We primarily judged the need 
for hospitalization based on symptoms, such as dizziness and severity, 
or a history of diabetes mellitus.

Hearing test

Pure-tone audiometry was performed in a soundproof room. The 
hearing thresholds were measured through air conduction at 
frequencies of 0.125, 0.25, 0.5, 1, 2, 4, and 8 kHz and bone conduction 
at frequencies of 0.25–4 kHz for both ears. The arithmetic average air 
conduction thresholds were obtained from the thresholds at 0.25, 0.5, 
1, 2, and 4 kHz. The severity of hearing loss grade was determined by 
the Japanese Ministry of Health and Welfare guidelines, using the 
initial audiogram data (Table 1). Hearing recovery was calculated as 
the difference between the average hearing thresholds at different time 
points. The evaluation of hearing recovery was based on the hearing 
outcome criteria proposed by the Acute Severe Hearing Loss Study 
Group of the Ministry of Health, Labor, and Welfare of Japan (Table 2). 
The severity of hearing loss and the evaluation of hearing recovery 
were obtained from the average thresholds of 0.25–4 kHz.

Audiometry was completed in our department in the single-
treatment group, and the tests were performed three times: before the 
systemic corticosteroid administration, during corticosteroid titration, 
and more than 3 months following treatment, or the ISSHL is judged 
as fully recovered. Additionally, patients in the repetitive-treatment 
group underwent audiometry three times, but the first tests were 
measured by previous clinics. The other two tests were measured in 
our department before the repetitive-treatment and more than 
3 months after treatment or the ISSHL is judged as fully recovered.

Patients in the repetitive-treatment group were accordingly 
classified into the following two groups: the good (i.e., complete and 
marked recovery) and the poor prognosis groups (i.e., slight and no 
recovery). Additionally, we  investigated the prognostic factors in 
repetitive corticosteroid treatment.

Treatment

We administered a 10 day course of systemic corticosteroids as a 
standard treatment in our institution (8 mg of betamethasone via 
intramuscular injection for the first day followed by 4 mg of 
betamethasone via oral administration for the first 3 days, tapered to 
2 mg for the second 3 days and 1 mg for the last 3 days). To enhance 
the efficacy of ISSHL treatment, we also prescribed prostaglandin E1 
(60 μg daily), vitamin B12 (1.5 mg daily) and adenosine triphosphate 
(300 mg daily). The corticosteroid administration started by a previous 
physician was terminated in the repetitive-treatment group, and then 
the same protocol as in the single-treatment group was started at our 
department. Details of corticosteroid treatment attempted by a 
previous physician were shown in Supplementary Table.

TABLE 1 The severity of hearing loss grade by the guidelines of the 
Japanese ministry of health and welfare.

Severity

Grade1 Averaged PTA thresholds of <40 dB

Grade2 Averaged PTA thresholds of 40–60 dB

Grade3 Averaged PTA thresholds of 60–90 dB

Grade4 Averaged PTA thresholds of ≥90 dB

Averaged PTA thresholds were obtained from the average air conduction thresholds of 
0.25–4 kHz. PTA, pure-tone audiometry.
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Assessment

Individual clinical features and examination results, including age 
at onset, gender, the severity of hearing loss, presence of vertigo, time 
from the onset to the start of initial treatment, and time from the onset 
to the start of treatment in our hospital, were investigated. 
Additionally, we investigated the protocol of corticosteroid therapy 
performed by a nearby clinic in the repetitive-treatment group.

Statistical analyses

Statistical analysis was conducted using GraphPad Prism 8 
(GraphPad Software Inc., La Jolla, CA, United States) or JMP 14.2 
(SAS Institute Japan Inc., Tokyo, Japan). We used the chi-squared test 
to evaluate the clinical characteristics and possible prognostic factors. 
The t-test or nonparametric Mann–Whitney U test was applied to 
investigate continuous variable prognostic factors. The difference in 
hearing thresholds was analyzed using a two-way analysis of variance 
followed by Šidák’s multiple comparison tests. After univariate 
analysis, we  included various parameters that were statistically 
significant in the univariate analysis into a binary logistic regression 
model for multivariate analysis. A value of p of <0.05 was considered 
statistically significant.

Result

Backgrounds

First, no cases interrupted the repetitive corticosteroid treatment 
due to the serious side effects in the repetitive-treatment group. 
Additionally, patients in the repetitive-treatment group were 
significantly younger (63.5 years vs. 54.5 years, p = 0.002), but with no 
statistically significant differences in gender, the severity of hearing 
loss, or the presence of vertigo. The start of treatment in our 
department was significantly delayed (5.0 days vs. 8.6 days, p < 0.0001) 
because of the pre-treatment period at a nearby clinic although the 
time to start treatment was shorter in the repetitive-treatment group 
(5.0 days vs. 3.6 days, p = 0.01). No statistical difference was detected 
in the duration from onset to post-treatment hearing examination 
between the groups (Table 3).

The hearing thresholds of the two groups at pre-treatment, during 
treatment, and post-treatment are shown at every measured frequency 
(Figure 1). No statistical difference was found between the two groups 
in the hearing thresholds at the measurement of pre-treatment and 
post-treatment, indicating poor early response to initial corticosteroid 
treatment and slower hearing recovery in the repetitive-treatment 
groups than those of the single-treatment group although the 
repetitive-treatment group revealed significantly worse hearing 
thresholds during treatment.

Prognostic factors in the 
repetitive-treatment group

Prognostic factors in the repetitive-treatment group were 
further investigated by dividing 46 patients into two groups: good 
(24 patients) and poor prognosis groups (22 patients). Statistical 
differences were found in the number of days to start 
corticosteroid administration at a previous facility (2.5 days vs. 
4.8 days, p  = 0.03), the dose of corticosteroid in 
methylprednisolone (mPSL) equivalent (0.44 mg vs. 0.33 mg, 
p  = 0.02) and the duration of corticosteroid administration 
(2.8 days vs. 4.0 days, p = 0.02), indicating patients in the poor 
prognosis group were treated later and received a smaller dose of 
corticosteroids at a previous clinic. Additionally, the start of 
corticosteroid administration in our department was significantly 
delayed in the poor prognosis group due to the previous facility 
treatment periods (6.1 days vs. 11.1 days, p = 0.003). In particular, 
the dose of corticosteroids administered by a previous clinic was 
significantly different on multivariate analysis (p  = 0.004) 
(Table 4).

These results revealed that the timing and dose of corticosteroid 
administration at the previous clinic affected the prognosis of 
ISSHL. Therefore, we further calculated the cut-off value from the 
ROC curve to elucidate the effect of primary corticosteroid 
administration at the previous clinic. Cut-off values of the 
corticosteroid dose were 0.36 mg per kg of body weight (sensitivity: 
0.74, specificity: 0.66, area under the curve [AUC]: 0.69), the duration 
of administration at the previous doctor was 2 days (sensitivity: 0.39, 
specificity: 0.95, AUC: 0.71), and the start date of re-initiation at our 
department was 6 days from the onset (sensitivity: 0.73, specificity: 
0.77, AUC: 0.77) (Figure 2).

TABLE 2 Final treatment outcomes according to the guideline of the 
Acute Severe Hearing Loss Study Group of the Ministry of Health, Labor, 
and Welfare of Japan.

Description

Complete recovery All five frequencies at 0.25, 0.5, 1, 2, and 4 kHz of final 

audiograms are ≤20 dB, or improvement to the same 

degree of hearing in the unaffected ear

Marked recovery Averaged PTA improvement of ≥30 dB

Slight recovery Averaged PTA improvement of 10–30 dB

No recovery Averaged PTA improvement of <10 dB

Averaged PTA improvement was calculated as the difference between average hearing 
thresholds of 0.25–4 kHz at different time points, including pre-and post-treatment. PTA, 
pure-tone audiometry.

TABLE 3 Patient backgrounds of the two groups.

Single-
treatment 

group 
(N = 103)

Repetitive-
treatment 

group 
(N = 46)

p

Age (years) 63.5 54.5 0.002

Gender (male/ female) 59/44 23/23 0.41

Severity (Grade 1/2/3/4) 12/27/38/26 7/11/20/8 0.66

Presence of vertigo (+/−) 28/75 15/31 0.50

Days to start primary 

treatment

5.0 3.6 0.01

Days to start treatment in our 

department

5.0 8.6 <0.0001

Duration from onset to final 

hearing evaluation (weeks)

19.03 18.61 0.658

Bold indicates significant differences (< 0.05).
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Discussion

Various therapeutic strategies for ISSHL are proposed in addition 
to systemic corticosteroid administration, which is considered one of 
the standard treatments worldwide. Intratympanic corticosteroid 
injection (9, 10) could deliver high concentration of corticosteroid to 
inner ear (11) without serious systemic side effects, and are recognized 
as one of the effective salvage treatments (12). Moreover, hyperbaric 
oxygen therapy (HBOT), which improves microcirculation by 
increasing oxygen concentration in inner ear (13), is also a therapeutic 
option for salvage in severe ISSHL (14). However, similar to systemic 
corticosteroid administration that has the risk of general side effects 
(15), intratympanic corticosteroid injections and HBOT also rarely, but 
occasionally have some risk of dizziness (16), persistent tympanic 
membrane perforation (17), inner ear injury occurred in 17.3% patients 
(18) and resultant hearing improvement was limited (19). Therefore, 
physicians may hesitate to prescribe large doses of corticosteroids 
systemically to all ISSHL cases without adequate medical care 
equipment, such as clinics, even to try intratympanic injection for 
salvage. Conversely, we often diagnosed patients with ISSHL who were 
initially treated with systemic corticosteroids at a nearby clinic and 
consulted our hospital for seeking additional treatment and examination 
because of poor hearing improvement. This consulting situation in 
Japan was considered for some reasons; some ISSHL cases recover 

slowly, and the policy of the national insurance system promotes 
segregation between hospitals and clinics. At present, there has been no 
established and standardized salvage treatment for ISSHL and proposed 
salvage therapies have some disadvantages, as mentioned above. To the 
best of our knowledge, no study has been reported focusing on the 
hearing outcome of repetitive systemic corticosteroid administration in 
patients with ISSHL. This is the first study to investigate the hearing 
outcomes of affected ear and its therapeutic characteristics in patients 
with ISSHL treated with repeated systemic corticosteroid therapy.

In our study, although no significant difference was observed in 
the hearing thresholds before and after treatment between the 
single-and repetitive-treatment groups, the hearing thresholds during 
the treatment was statistically different. The two groups tracked 
different recovery processes of hearing recovery, considering the 
difference in the number of days between the two groups until the start 
of treatment. It may be because of the difference in ISSHL pathogenesis 
between the two groups. However, patients in the repetitive-treatment 
group first visited other clinics and consulted our hospital for further 
detailed inspection and additional treatment. We hypothesized that 
patients with ISSHL with relatively slow hearing recovery accumulated 
in the repetitive-treatment group due to a selection bias because 
approximately 10% of patients with ISSHL recover their hearing even 
after >3 months (20) from ISSHL onset. Concluding the effects of 
repetitive corticosteroids treatment is difficult based on our study 

FIGURE 1

Hearing thresholds of the single-and repetitive-treatment groups. Hearing thresholds were significantly different between groups at during-treatment 
but not pre- and post-treatment. Bars represent standard error of the mean.

TABLE 4 Prognostic factors in the repetitive-treatment group.

Good prognosis 
group

Poor prognosis 
group

p

(N = 24) (N = 22) Univariate Multivariate

Age 52.5 56.8 0.39

Gender(male/female) 10/14 13/9 0.24

Severity (grade 1/2/3/4) 2/4/12/6 5/7/8/2 0.19

Days to start treatment in the previous facility 2.5 4.8 0.03 0.37

Days to start treatment in our department 6.1 11.1 0.003 0.25

Dose of corticosteroid in the previous facility (equivalent to mPSL; 

mg/kg)

0.44 0.33 0.02 0.004

Duration of corticosteroid treatment in the previous clinic (days) 2.8 4.0 0.02 0.06

Bold indicates significant differences (< 0.05).
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alone, but repetitive systemic administration of steroids did not hinder 
hearing recovery, thereby suggesting systemic repetitive corticosteroids 
treatment might be recommended as a choice of salvage therapy for 
ISSHL under certain conditions, such as in patients who are hesitant 
to receive intratympanic steroid injection, or in facilities where HBOT 
is not equipped. Then, we investigated therapeutic characteristics in 
the repetitive-treatment group and revealed significant differences in 
the number of days from the onset to the start of treatment and the 
initial dose of corticosteroid administered at nearby clinic between 
poor and good prognosis groups. Large doses of corticosteroids are 
considered necessary to elicit the efficacy of corticosteroids for inner 
ear pathology because the more systemic corticosteroids are prescribed, 
the more corticosteroids reach the inner ear (21). Initial treatment, 
especially sufficient corticosteroid administration in the early stage of 
onset, would make a significant contribution to hearing recovery, 
considering starting treatment within 7 days of onset is associated with 
a good prognosis (2) and the effectiveness of treatment is less likely to 
be obtained after 2 weeks of onset as consistent with previous reports 
(22). The comparable final hearing outcome in the repetitive-treatment 
group and the single-treatment group may be the result of the initial 
corticosteroid administration with a time lag. Therefore, we considered 
the repetitive systemic corticosteroid administration to play only a 
supplementary role in hearing improvement.

Our results indicated that an initial dose of corticosteroids should 
be sufficient and should be administered as early as possible after the 
onset of hearing loss. Moreover, repetitive systemic corticosteroid 
administration might be  promising strategies as additional salvage 
treatment for ISSHL. The results of this study may serve as a guide to 
identifying patients with ISSHL who can be managed as an outpatient, 
while inpatient treatment may be  restricted due to the COVID-19 
pandemic. Additionally, the accumulation of ISSHL cases with different 
recovery time course is expected to lead to the subdivision of ISSHL as a 
syndrome and identify new pathogenesis or prognostic factors of ISSHL.

Finally, our study has several limitations. First, this was a 
retrospective study conducted in a single hospital, and the sample size 
was relatively small because we only chose hospitalized cases. Second, 
the repetitive-treatment group was younger and the time until the 
start of corticosteroid administration was shorter; thus, these factors 
may have modified the treatment outcome. Third, the dose and type 
of corticosteroid administrated by a previous physician are varied.

Conclusion

This retrospective study was conducted to determine whether 
repetitive systemic corticosteroid administration contributes to better 
hearing outcomes in patients with ISSHL, and investigate prognostic 
factors in the repetitive-treatment group. We concluded that sufficient 
and early corticosteroid administration would lead to good hearing 
outcomes in ISSHL although the effectiveness of repetitive systemic 
corticosteroid treatment remained unclear.
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