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Background: The development of standardized treatments for idiopathic sudden sensorineural hearing loss (ISSNHL) is hampered by uncertainty over the etiology of this disorder. Systemic steroids are historically the primary therapy, with variable hearing outcomes. Over the last two decades, intratympanic steroids (ITS) and hyperbaric oxygen therapy (HBOT) have been proposed as salvage treatments in case of failure of systemic steroids. The present study aims to evaluate the effectiveness of these salvage treatments in addition to systemic steroids.

Methods: We performed a retrospective study on 75 consecutive patients with a diagnosis of ISSNHL who were admitted to the Department of Otorhinolaryngology of our hospital between December 2018 and December 2022. All patients received primary treatment with systemic steroids. In case of slight or no hearing recovery within the 5th day from the beginning of the therapy (T1), a salvage treatment with ITS or HBOT was proposed. Patients were divided into three groups according to the therapy received: systemic steroids (group A), systemic steroids + HBOT (group B), and systemic steroids + ITS (group C). Pure-tone average at 500, 1000, 2000, and 3000 Hz and the mean gain were evaluated at T1 and 3 months after the beginning of the salvage treatment (T2). The hearing recovery was assessed according to the Siegel's criteria.

Results: Sixty-two patients (31 men and 31 women, mean age 56 years) with failure of the primary treatment were definitively enrolled in the study: 34 (54.8%) in group A, 16 (25.8%) in group B, and 12 (19.4%) in group C. The ratio of patients responding to therapy was higher in group A (29.4%) than in groups B (18.75%) and C (16.7%). We did not find any statistically significant difference between groups in terms of mean hearing gain at T2 (17.4 ± 15.4 dB in group A vs. 18.6 ± 21.1 dB in group B and 15.7 ± 14.2 dB in group C, p = 0.9).

Conclusion: In our experience, ITS or HBOT associated with systemic steroids, as salvage treatment, did not show significant improvement in hearing outcomes. The evolution of ISSNHL, regardless of the treatment, remains unpredictable.
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Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is defined as a sensorineural hearing loss of 30 decibels (dB) or more over at least three consecutive frequencies that occur within 72 h, with no identifiable cause despite adequate investigation (1).

Hearing loss is typically unilateral (2) and can immediately manifest to its maximum extent or evolve progressively. ISSNHL can occur at any age but most often affects adults, and it is equally distributed among men and women (3–5). The estimated annual incidence is 5–20 per population of 100,000 (3, 5, 6). However, the incidence is underestimated because the spontaneous recovery rate ranges from 32 to 65% (7, 8).

Several etiologies have been proposed to explain ISSNHL including viral infection, intracochlear membrane rupture, vascular disorders, and autoimmune reactions; nevertheless, none of these have been definitively proven (9, 10).

The development of standardized treatments for ISSNHL is hampered by uncertainty over the etiology of this condition. Systemic steroids are historically administered as primary therapy, with variable hearing outcomes (11). Over the last 2 decades, intratympanic steroids (ITS) and hyperbaric oxygen therapy (HBOT) have been proposed as salvage treatments in case of failure of systemic steroids. Their mechanism of action in the treatment of ISSNHL is different: ITS acts mainly by reducing inflammation in the inner ear by the diffusion of steroids through the round window, while HBOT increases intracochlear oxygen tension (12).

Currently, there is no unanimous consensus about the efficacy of these treatments. The interpretation of hearing outcomes and the comparison between studies are impaired by the lack of unanimous criteria for evaluating the efficacy of the different treatments (8).

The present study evaluated the therapeutic effectiveness of salvage treatments with ITS or HBOT associated with systemic steroids.



Materials and methods

We performed a retrospective study on 75 consecutive patients with a diagnosis of ISSNHL admitted at the Department of Otorhinolaryngology of an Italian institution between December 2018 and December 2022 (Ethics Committee protocol number 2022/5138).

All patients underwent a complete clinical history, physical and audiological examination, blood test analysis, and magnetic resonance imaging to rule out secondary causes of sudden deafness. Patients in whom primary etiology could be found were not included in the present study.

Eligibility criteria included an age of at least 14 years, starting of therapy within 7 days of the onset of symptoms, and the availability of a 3-month follow-up. Pure-tone average (PTA), calculated as the arithmetic mean of the hearing thresholds at 500, 1000, 2000, and 3000 Hz (13) in the affected ear, must have been 40 dB or higher, and the affected ear must have been at least 30 dB worse than the contralateral ear in at least 1 of the 4 PTA frequencies.

All patients received primary treatment with systemic steroids: dexamethasone 0.15 mg/kg/day (maximal dose of 10 mg/day) for 3 days, followed by a half tapering every 3 days. Proton pump inhibitors were administered in addition to steroids to prevent gastrointestinal adverse events.

In case of slight or no hearing recovery within the 5th day from the beginning of the therapy, patients were offered a salvage treatment with ITS as recommended by the American Academy of Otolaryngology, Head and Neck Surgery (AAO-HNS) guidelines (5), and in case of refusal, a salvage treatment with HBOT was proposed. Patients who refused HBOT or those who were unable to carry it out due to medical contraindications continued the systemic steroids alone at a tapering dose. The treatment protocol is summarized in Figure 1.
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FIGURE 1
 Treatment protocol in patients with ISSNHL.


Pure-tone audiometry was performed pre-treatment (T0) on the 5th day from the beginning of the systemic steroids (T1), and 3 months (T2) after T1, and the mean gain (difference between pre-treatment and post-treatment PTA) was evaluated. The mean gain for each frequency was also evaluated.

Response to therapy was categorized according to Siegel's criteria (14) as follows:

- Complete hearing recovery: PTA better than 25 dB regardless of the size of the gain

- Partial hearing recovery: more than 15 dB of gain and PTA between 25 and 45 dB

- Slight hearing recovery: more than 15 dB of gain and PTA poorer than 45 dB

- No hearing improvement: < 15 dB of gain.

Patients with slight or no hearing recovery at T1 were definitively included in the statistical analysis and were divided into three groups based on the treatment received: systemic steroids (group A), systemic steroids + HBOT as salvage therapy (group B), systemic steroids + ITS as salvage therapy (group C).

In group A, patients continued the systemic steroids at tapering dose for a total treatment duration of 15 days.

In group B, in addition to systemic steroids, patients received 10 HBO treatments (100% O2, 2.5 ATA, lasting 90 min), 1 per day with weekend breaks.

In group C, in addition to systemic steroids, patients received one intratympanic injection of 0.5 ml of dexamethasone (4 mg/ml) every 3 days for a total of three injections. The procedure was performed under a microscopic view, with the patient in a supine position with the head turned 45 degrees to the healthy side. Local anesthesia was achieved with 10% lidocaine. After removing the lidocaine solution with suction, an intratympanic injection of a 0.5 ml solution of dexamethasone (4 mg/ml) into the middle ear cavity through the posterior-inferior part of the tympanic membrane was performed using a 25-gauge needle. Following the injection, patients were asked to avoid head movements or swallowing for approximately 10 min.

Patient features including age, sex, presence of vertigo, history of systemic illness such as diabetes mellitus, hyperlipidemia, and cardiovascular diseases, time between the onset of symptoms and therapy, mean PTA at diagnosis, and audiogram shape were evaluated in the three groups.


Statistical analysis

A power analysis considering a large effect size (0.55) (α = 0.05, power = 0.80) was performed with the statistical software G*Power (Version 3.1) and the enrollment of at least 12 patients per group helped to highlight statistically significant differences. Audiological data were presented as mean ± standard deviation. One-way ANOVA, Kruskal–Wallis test, and Fisher's exact test were used for statistical analysis. For all comparisons, a p-value of < 0.05 was considered to be statistically significant. All audiological analyses were performed using GraphPad Prism software (GraphPad, San Diego, CA, USA).




Results

In the period of the study, 75 patients were evaluated for ISSNHL; among them, 13 patients (17.3%) showed a partial or complete hearing recovery within 5 days from the beginning of systemic steroids and were therefore excluded from the statistical analysis.

Sixty-two patients (31 men and 31 women, mean age 56 years, age range 14–81 years) with failure of the primary treatment were definitively enrolled in the study and were divided into three groups based on the treatment received.

The systemic steroids group (Group A) consisted of 34 patients (54.8%), the systemic steroids + HBOT group (Group B) consisted of 16 patients (25.8%), and the systemic steroids + ITS group (Group C) consisted of 12 patients (19.4%). Patient features including age, sex, presence of vertigo, history of systemic illness such as diabetes mellitus, hyperlipidemia, and cardiovascular diseases, time between the onset of symptoms and therapy, mean PTA at diagnosis, and audiogram shape were similar in all three groups, as detailed in Table 1.


TABLE 1 Cohort of patients.
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The mean time between the onset of symptoms and the beginning of systemic steroids in all patients was 3.7 ± 2.2 days. There was no statistically significant difference between groups in terms of the time of starting the therapy (3.5 days in group A vs. 3.7 days in group B and 3.9 days in group C, p = 0.8) (Table 1).

The mean PTA of all patients at T1 was 81.8 ± 24.3 dB. Patients of group C showed a worse mean PTA at T1 compared with patients of groups A and B although the difference was not statistically significant (77.4 ± 25 dB in group A vs. 80.1 ± 20.8 dB in group B and 96.5 ± 22.5 dB in group C, p = 0.06).

The mean post-treatment PTA of all patients at T2 was 64.4 ± 29.3 dB. Patients of group C showed a worse mean PTA at T2 compared with patients of groups A and B although the difference was not statistically significant (60 ± 31.7 dB in group A vs. 61.5 ± 20 dB in group B and 80.7 ± 29 dB in group C, p = 0.1).

We did not find any statistically significant difference between groups in terms of mean PTA gain (17.4 ± 15.4 dB in group A vs. 18.6 ± 21.1 dB in group B and 15.7 ± 14.2 dB in group C, p = 0.9) (Table 2).


TABLE 2 Hearing outcomes.
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Hearing gain according to specific frequencies was also analyzed (Table 3). Patients of group B experienced a statistically significant higher mean gain at 4000 Hz than patients of the other groups (p < 0.05), while we did not observe statistically significant differences in the recovery of the other frequencies.


TABLE 3 Hearing gain at different frequencies.
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The ratio of patients responding to therapy (partial or complete hearing recovery according to Siegel) was higher in group A (10 of 34 patients, 29.4%) than that in group B (3 of 16 patients, 18.75%) and group C (2 of 12 patients, 16.7%). The difference between the three groups was not statistically significant (group A vs. group B, p = 0.5; group A vs. group C, p = 0.5; group B vs. group C, p > 0.9).

We have observed a complete hearing recovery in 3 of the 34 patients (8.8%) of group A and in 1 of the 16 patients (6.25%) of group B, whereas no patients of group C experienced a complete recovery although the difference was not statistically significant (p = 0.6). Treatment response according to Siegel's criteria is detailed in Table 4 and Figure 2.


TABLE 4 Response to therapy according to Siegel's criteria in each study group.
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FIGURE 2
 Response to therapy according to Siegel's criteria in each study group.


There were no statistically significant differences between patients who responded to therapy and those who showed slight or no response regarding diabetes, hyperlipidemia, cardiovascular diseases, and audiogram shape. On the contrary, the presence of vertigo proved to be a negative prognostic factor in all three groups, as shown in Table 5.


TABLE 5 Analysis of clinical features related to hearing outcomes.
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Discussion

ISSNHL represents a frightening symptom for the patient and may result in persistent hearing loss with reduced patient quality of life (15).

Until now, more than 60 treatment protocols have been described in patients with ISSNHL, mainly based on etiological hypotheses rather than evidence-based diagnosis. There is still no unanimous consensus on the treatment of choice (16) and on the evaluation criteria for hearing recovery (8). The evaluation criteria reported in the literature range from any improvement to an improvement of 30 dB HL in PTA (8). According to some studies (16, 17), we used Siegel's criteria, which divide the response to therapy into four categories on the basis of hearing gain and PTA, allowing for a more comprehensive evaluation of audiological results.

Over the years, several treatments showed some benefits in restoring hearing; however, as the rate of spontaneous recovery is relatively high and there are no unanimous audiological evaluation criteria, it is difficult to establish which therapy is the most effective (8).

The most widely used treatment for ISSNHL is systemic steroids (10). Steroids were originally implemented in the treatment of ISSNHL because of their anti-inflammatory effect assuming that the cause of sudden deafness was a harmful effect of the immune system on the inner ear in response to viral infection (18, 19). Steroids also have further effects, mainly mediated by activation of the glucocorticoid receptor, such as the reduction of oxidative stress and the reversing of the apoptotic pathway of the injured cochlear hair cells (19). Wilson et al. (18) first stated the efficacy of systemic steroids in the management of ISSNHL, reporting a recovery rate of 61% in their systemic steroid group and 32% in their placebo group. However, the Cochrane review published in 2013 (11) concluded that the evidence supporting the use of systemic steroids is unclear since two of the three included trials demonstrated no significant benefit between steroids and placebo. Contemporary publications on no-treatment or placebo arms in clinical trials are limited since steroid treatment was integrated into the clinical practice guidelines for ISSNHL; therefore, it became highly unethical to randomize a newly diagnosed ISSNHL patient to no treatment or placebo (20). Despite the uncertain balance of benefit vs. harm for steroid therapy based on existing randomized controlled trials (RCTs), there is also unsatisfactory evidence to conclude that the treatment is ineffective (5). Considering the profound impact of ISSNHL on the quality of life, it has been accepted that even a small possibility of a hearing improvement makes systemic steroids a reasonable option (5).

In case of contraindication or failure of systemic steroids, ITS and HBOT have been suggested as first-line or salvage treatments, with variable outcomes reported in the literature.

ITS therapy was proposed as a treatment for ISSNHL by Silverstein et al. (21), and it soon became popular due to the absence of the unfavorable side effects (i.e., diabetes, dysregulation, osteoporosis, or weight gain) of the systemic steroids (17, 22–24). The last guidelines of the AAO-HNS (5) recommend the use of ITS as salvage therapy because most of the studies reported in the literature demonstrated additional hearing improvements with the use of ITS. Indeed, 4 of the 5 RCTs evaluating ITS as salvage therapy found that ITS provided better hearing outcomes than control groups, reporting a hearing improvement in 37–48% of patients (5, 25, 26). Two of these studies (26, 27) administered 40 mg of methylprednisolone in 1 ml of sodium bicarbonate, while the other two studies used 4 and 5 mg/ml of dexamethasone (25, 28). The literature is still inconsistent regarding dose, drug selection, frequency of administration, or the total number of injections (29–31). According to AAO-HNS guidelines (5), dexamethasone or methylprednisolone can be either administered for a maximum of three or four injections. The concentration of intratympanic dexamethasone reported in the literature varies from 4 to 24 mg/ml (5). Some authors recommend the use of higher doses. Alexander et al. (32) compared different concentrations of intratympanic dexamethasone as salvage treatment, reporting a higher improvement rate with a 24 mg/ml dose than with a 10 mg/ml dose (53 vs. 17%, p = 0.0382). In our study, patients of the ITS group (group C) underwent three intratympanic injections of 0.5 ml of dexamethasone (4 mg/ml) performed every 3 days. Higher hearing improvements were found at low frequencies, as previously reported by other studies (4, 6). However, none of these patients experienced a complete recovery, and we found a worse PTA at T2 compared to the systemic steroids group (group A) and HBOT group (group B) although the difference was not statistically significant (60 ± 31.7 dB in group A vs. 61.5 ± 20 dB in group B and 80.7 ± 29 dB in group C, p = 0.1). It must be considered that the patients of the ITS group had slightly worse pre-treatment PTA, not statistically significant in the present study, which may represent a negative prognostic factor, as previously reported in the literature (16, 33).

HBOT has been used as a treatment for ISSNHL since 1979 (12, 34) with the aim of increasing the partial pressure of oxygen in the blood and then, via diffusion, in the inner ear fluids that nourish the sensory and neural elements of the cochlea (35–38). It is generally recommended that 100% oxygen at 2.0 to 2.5 ATA should be administered for 10 to 20 days, with a 90-min session each day, but there are no HBOT protocols that have been proven to be effective (39–41). Several complications have been described, including barotraumatic lesions (middle ear, nasal sinuses, inner ear, lung, and teeth), oxygen toxicity (central nervous system and lung), confinement anxiety (claustrophobia), and ocular effects (myopia and cataract growth) (38, 41). At the Consensus Conference on Hyperbaric Medicine in 2016 (5, 41), the European Hyperbaric Medicine Society (EHMS) recommended HBOT combined with medical therapy in patients with ISSNHL diagnosed within 2 weeks from the onset, or as the potential adjunct to steroids within 4 weeks from the onset, mainly in patients with severe and profound hearing loss. Several reports have shown improved hearing levels after HBOT in ISSNHL patients with initial therapy failure (5, 12, 17, 42–45). However, because of the small number of patients in the trials and methodological shortcomings, the AAO-HNS considered that the real benefit of HBOT for ISSNHL remains uncertain, so its use is not recommended in the guidelines, but it is reserved as an option (5). The small number of trials may be due to the limited availability of HBOT in many countries because of the cost ($600 to $700 per session in academic facilities in the United States) and the poor insurance coverage (5, 12).

A recent meta-analysis (12), including three observational studies and one randomized controlled trial, demonstrated that there were no significant differences in mean hearing gain between salvage ITS and salvage HBOT after failed primary systemic steroid treatment. In our experience, HBOT associated with systemic steroids as salvage therapy provided better, but not statistically significant, hearing recovery than the use of ITS associated with systemic steroids as salvage therapy. Indeed, the ratio of patients responding to therapy was 18.75% in group B vs. 16.7% in group C (p > 0.9), and one of the patients in group B experienced a complete hearing recovery. Moreover, patients in group B experienced a slightly better mean PTA gain than patients in group C (18.6 ± 21.1 dB vs. 15.7 ± 14.2 dB, p = 0.9). The hearing improvement after HBOT was maximal at 4000 Hz, and it was statistically significantly better than the gain of group C (p < 0.05). According to our findings, Cvorovic et al. (31) reported a better hearing improvement at high frequencies (2000 Hz) with the use of HBOT than with the use of ITS.

It is interesting to observe that in our study, the best audiological outcomes have been observed in patients of group A, who protracted only systemic steroids therapy because of refusal of salvage treatments or inability to receive them due to medical contraindications. In total, 10 of the 34 patients (29.4%) of group A showed a response to therapy, with a complete recovery in three cases. According to our findings, a recent retrospective study (33) reported a limited efficacy of salvage therapy with ITS or HBOT in hearing improvement. It must be considered that the high rate of spontaneous recovery (32%−65%) (5, 12, 46) could bias the treatment outcomes, so the results should be evaluated with caution.

Several factors have been suggested as a predictor of poor recovery, such as the presence of vertigo, descending audiometric configuration, and cardiovascular risk factors (diabetes and hyperlipidemia) (6, 33). We did not find any statistically significant differences between patients who responded to therapy and those who showed slight or no response regarding diabetes, hyperlipidemia, cardiovascular diseases, and audiogram shape. Conversely, vertigo was associated with worse outcomes in all three groups, and although the association was statistically significant only in group A (group A: p < 0.05, group B: p = 0.25, group C: p = 0.15), none of the patients with vertigo of the whole series recovered the hearing loss. The association of vertigo with worse outcomes suggests that vestibular symptoms may represent a poor prognostic factor in ISSNHL, regardless of the treatment. The higher incidence of vertigo in patients of group C (58%) and their worse pre-treatment PTA could be a reason for the lower hearing recovery observed in our cases treated with ITS.

Given the favorable natural history and inconclusive or modest benefit of the multiple treatment options, the AAO-HNS guidelines suggest involving patients in the decision for what, if any, treatment to undertake (5).

Our study has several limitations. This is a retrospective study based on medical charts. The distribution of the patients in the three groups, although based on their decision after adequate counseling, was not randomized, which can cause a selection bias. The different severities of hearing loss in the three groups could have influenced the audiological outcomes. Moreover, the small size of our series could have affected the statistical significance of the results, requiring future randomized controlled trials to definitively determine the impact of salvage treatments on hearing outcomes in patients with ISSNHL.

In conclusion, in our experience, ITS or HBOT associated with systemic steroids as salvage treatment did not show significant improvement in hearing outcomes. The evolution of ISSNHL, regardless of the treatment, remains unpredictable. The decision to perform salvage therapies should be based on the amount of persistent hearing loss following initial therapy, patient preference, as well as the risks of the treatment itself. Vertigo associated with hearing loss is a poor prognostic factor reflecting a severe injury of the labyrinths.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by AOU Cagliari (Ethics Committee protocol number 2022/5138). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

CM, FC, and RP designed the study, analyzed the data, and wrote and edited the manuscript. GC, SL, VM, SC, and MT collected and analyzed the data. All authors have read and agreed to the published version of the manuscript.




Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. National Institute on Deafness and Other Communication Disorders. NIDCD Fact Sheet: Sudden Deafness. Washington, DC: US Department of Health and Human Services (2018). 

 2. Carta F, Lussu M, Bandino F, Noto A, Peppi M, Chuchueva N, et al. Metabolomic analysis of urine with nuclear magnetic resonance spectroscopy in patients with idiopathic sudden sensorineural hearing loss: a preliminary study. Auris Nasus Larynx. (2017) 44:381–89. doi: 10.1016/j.anl.2016.10.003

 3. Alexander TH, Harris JP. Incidence of sudden sensorineural hearing loss. Otol Neurotol. (2013) 34:1586–9. doi: 10.1097/MAO.0000000000000222

 4. Covelli E, Altabaa K, Verillaud B, Camous D, Hautefort C, Barbara M. Intratympanic steroids as a salvage therapy for severe to profound idiopathic sudden sensorineural hearing loss. Acta Otolaryngol. (2018) 138:966–71. doi: 10.1080/00016489.2018.1497805

 5. Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ, Faucett EA, Finestone SA, et al. Clinical practice guideline: sudden hearing loss (Update). Otolaryngol Head Neck Surg. (2019) 161:S1–S45. doi: 10.1177/0194599819859885

 6. Salvador P, Moreira da Silva F, Fonseca R. Idiopathic sudden sensorineural hearing loss: effectiveness of salvage treatment with low-dose intratympanic dexamethasone. J Otol. (2021) 16:6–11. doi: 10.1016/j.joto.2020.06.002

 7. Xie W, Dai Q, Liu J, Liu Y, Hellström S, Duan M. Analysis of clinical and laboratory findings of idiopathic sudden sensorineural hearing loss. Sci Rep. (2020) 10:6057. doi: 10.1038/s41598-020-63046-z

 8. Tong B, Wang Q, Dai Q, Hellstrom S, Duan M. Efficacy of various corticosteroid treatment modalities for the initial treatment of idiopathic sudden hearing loss: a prospective randomized controlled trial. Audiol Neurootol. (2021) 26:45–52. doi: 10.1159/000508124

 9. Merchant SN, Adams LC, Nadol JB Jr. Pathology and pathophysiology of idiopathic sudden sensorineural hearing loss. Otol Neurotol. (2005) 26:151–60. doi: 10.1097/00129492-200503000-00004

 10. Chrysouli K, Kollia P, Papanikolaou V, Chrysovergis A. The effectiveness of intratympanic steroid injection in addition to systemic corticosteroids in the treatment of idiopathic sudden sensorineural hearing loss. Am J Otolaryngol. (2023) 44:103872. doi: 10.1016/j.amjoto.2023.103872

 11. Wei BP, Stathopoulos D, O'Leary S. Steroids for idiopathic sudden sensorineural hearing loss. Cochrane Database Syst Rev. (2013) 5:CD003998. doi: 10.1002/14651858.CD003998.pub3

 12. Kuo TC, Chao WC, Yang CH, Tsai MS, Tsai YT, Lee YC. Intratympanic steroid injection versus hyperbaric oxygen therapy in refractory sudden sensorineural hearing loss: a meta-analysis. Eur Arch Otorhinolaryngol. (2022) 279:83–90. doi: 10.1007/s00405-021-06616-9

 13. Committee on Hearing and Equilibrium guidelines for the evaluation of results of treatment of conductive hearing loss. Am Otolaryngol Head Neck Surg. (1995) 113:186–7. doi: 10.1016/S0194-5998(95)70103-6

 14. Siegel LG. The treatment of idiopathic sudden sensorineural hearing loss. Otolaryngol Clin North Am. (1975) 8:467–73. doi: 10.1016/S0030-6665(20)32783-3 

 15. Dallan I, Fortunato S, Casani AP, Bernardini E, Sellari-Franceschini S, Berrettini S, et al. Long-term follow up of sudden sensorineural hearing loss patients treated with intratympanic steroids: audiological and quality of life evaluation. J Laryngol Otol. (2014) 128:669–73. doi: 10.1017/S0022215114001595

 16. Alimoglu Y, Inci E, Edizer DT, Ozdilek A, Aslan M. Efficacy comparison of oral steroid, intratympanic steroid, hyperbaric oxygen and oral steroid + hyperbaric oxygen treatments in idiopathic sudden sensorineural hearing loss cases. Eur Arch Otorhinolaryngol. (2011) 268:1735–41. doi: 10.1007/s00405-011-1563-5

 17. Eryigit B, Ziylan F, Yaz F, Thomeer HGXM. The effectiveness of hyperbaric oxygen in patients with idiopathic sudden sensorineural hearing loss: a systematic review. Eur Arch Otorhinolaryngol. (2018) 275:2893–904. doi: 10.1007/s00405-018-5162-6

 18. Wilson WR, Byl FM, Laird N. The efficacy of steroids in the treatment of idiopathic sudden hearing loss. A double-blind clinical study. Arch Otolaryngol. (1980) 106:772–6. doi: 10.1001/archotol.1980.00790360050013

 19. Plontke SK, Meisner C, Agrawal S, Cayé-Thomasen P, Galbraith K, Mikulec AA, et al. Intratympanic corticosteroids for sudden sensorineural hearing loss. Cochrane Datab Syst Rev. (2022) 7:CD008080. doi: 10.1002/14651858.CD008080.pub2

 20. Chaushu H, Ungar OJ, Abu Eta R, Handzel O, Muhanna N, Oron Y. Spontaneous recovery rate of idiopathic sudden sensorineural hearing loss: a systematic review and meta-analysis. Clin Otolaryngol. (2023) 48:395–402. doi: 10.1111/coa.14036

 21. Silverstein H, Choo D, Rosenberg SI, Kuhn J, Seidman M, Stein I. Intratympanic steroid treatment of inner ear disease and tinnitus (preliminary report). Ear Nose Throat J. (1996) 75:468–71. doi: 10.1177/014556139607500806

 22. Mirsalehi M, Ghajarzadeh M, Farhadi M, Akbarnejad Z, Ahmadi S, Salem MM. Intratympanic corticosteroid injection as a first-line treatment of the patients with idiopathic sudden sensorineural hearing loss compared to systemic steroid: a systematic review and meta-analysis. Am J Otolaryngol. (2022) 43:103505. doi: 10.1016/j.amjoto.2022.103505

 23. Ho HG, Lin HC, Shu MT, Yang CC, Tsai HT. Effectiveness of intratympanic dexamethasone injection in sudden-deafness patients as salvage treatment. Laryngoscope. (2004) 114:1184–9. doi: 10.1097/00005537-200407000-00010

 24. Chin CS, Lee TY, Chen YW, Wu MF. Idiopathic sudden sensorineural hearing loss: is hyperbaric oxygen treatment the sooner and longer, the better? J Pers Med. (2022) 12:1652. doi: 10.3390/jpm12101652

 25. Lee JB, Choi SJ, Park K, Park HY, Choo OS, Choung YH. The efficiency of intratympanic dexamethasone injection as a sequential treatment after initial systemic steroid therapy for sudden sensorineural hearing loss. Eur Arch Otorhinolaryngol. (2011) 268:833–9. doi: 10.1007/s00405-010-1476-8

 26. Li P, Zeng XL, Ye J, Yang QT, Zhang GH Li Y. Intratympanic methylprednisolone improves hearing function in refractory sudden sensorineural hearing loss: a control study. Audiol Neurootol. (2011) 16:198–202. doi: 10.1159/000320838

 27. Zhou Y, Zheng H, Zhang Q, Campione PA. Early transtympanic steroid injection in patients with “poor prognosis” idiopathic sensorineural sudden hearing loss. ORL J Otorhinolaryngol Relat Spec. (2011) 73:31–7. doi: 10.1159/000322596

 28. Wu HP, Chou YF Yu SH, Wang CP, Hsu CJ, Chen PR. Intratympanic steroid injections as a salvage treatment for sudden sensorineural hearing loss: a randomized, double-blind, placebo-controlled study. Otol Neurotol. (2011) 32:774–9. doi: 10.1097/MAO.0b013e31821fbdd1

 29. Kakehata S, Sasaki A, Futai K, Kitani R, Shinkawa H. Daily short-term intratimpanic dexamethasone treatment alone as an initial or salvage treatment for idiopathic sudden sensorineural hearing loss. Audiol Neurootol. (2011) 16:191–7. doi: 10.1159/000320269

 30. Kara E, Cetik F, Tarkan O, Sürmelioglu O. Modified intratympanic treatment for idiopathic sudden sensorineural hearing loss. Eur Arch Otorhinolaryngol. (2010) 267:701–7. doi: 10.1007/s00405-009-1130-5

 31. Cvorovic L, Jovanovic MB, Milutinovic Z, Arsovic N, Djeric D. Randomized prospective trial of hyperbaric oxygen therapy and intratympanic steroid injection as salvage treatment of sudden sensorineural hearing loss. Otol Neurotol. (2013) 34:1021–6. doi: 10.1097/MAO.0b013e318297638a

 32. Alexander TH, Harris JP, Nguyen QT, Vorasubin N. Dose effect of intratympanic dexamethasone for idiopathic sudden sensorineural hearing loss: 24 mg/mL is superior to 10 mg/mL. Otol Neurotol. (2015) 36:1321–7. doi: 10.1097/MAO.0000000000000834

 33. Keseroglu K, Toptaş G, Uluat A, Bayir Ö, Çadalli Tatar E, Saylam G, et al. Addition of intratympanic steroid or hyperbaric oxygen treatment to systemic steroid treatment in sudden idiopathic sensorineural hearing loss treatment, and long-term results of salvage treatment. Turk J Med Sci. (2020) 50:177–83.

 34. Goto F, Fujita T, Kitani Y, Kanno M, Kamei T, Ishii H. Hyperbaric oxygen and stellate ganglion blocks for idiopathic sudden hearing loss. Acta Otolaryngol. (1979) 88:335–42. doi: 10.3109/00016487909137177

 35. Bayoumy AB, de Ru JA. The use of hyperbaric oxygen therapy in acute hearing loss: a narrative review. Eur Arch Otorhinolaryngol. (2019) 276:1859–80. doi: 10.1007/s00405-019-05469-7

 36. Efrati S, Ben-Jacob E. Reflections on the neurotherapeutic effects of hyperbaric oxygen. Expert Rev Neurother. (2014) 14:233–6. doi: 10.1586/14737175.2014.884928

 37. Fujimura T, Suzuki H, Shiomori T, Udaka T, Mori T. Hyperbaric oxygen and steroid therapy for idiopathic sudden sensorineural hearing loss. Eur Arch Otorhinolaryngol. (2007) 264:861–6. doi: 10.1007/s00405-007-0272-6

 38. Olex-Zarychta D. Hyperbaric Oxygenation as Adjunctive Therapy in the Treatment of Sudden Sensorineural Hearing Loss. Int J Mol Sci. (2020) 21:8588. doi: 10.3390/ijms21228588

 39. Murphy-Lavoie H, Piper S, Moon RE, Legros T. Hyperbaric oxygen therapy for idiopathic sudden sensorineural hearing loss. Undersea Hyperb Med. (2012) 39:777–92. 

 40. Rhee TM, Hwang D, Lee JS, Park J, Lee JM. Addition of hyperbaric oxygen therapy vs medical therapy alone for idiopathic sudden sensorineural hearing loss: a systematic review and meta-analysis. JAMA Otolaryngol Head Neck Surg. (2018) 144:1153–61. doi: 10.1001/jamaoto.2018.2133

 41. Mathieu D, Marroni A, Kot J. Tenth european consensus conference on hyperbaric medicine: recommendations for accepted and non-accepted clinical indications and practice of hyperbaric oxygen treatment. Diving Hyperb Med. (2017) 47:131–2. doi: 10.28920/dhm47.2.131-132

 42. Desloovere C, Knecht R, Germonpre P. Hyperbaric oxygen therapy after failure of conventional therapy for sudden deafness. B-ENT. (2006) 2:69–73.

 43. Horn CE, Himel HN, Selesnick SH. Hyperbaric oxygen therapy for sudden sensorineural hearing loss: a prospective trial of patients failing steroid and antiviral treatment. Otol Neurotol. (2005) 26:882–9. doi: 10.1097/01.mao.0000185053.15136.26

 44. Hosokawa S, Sugiyama KI, Takahashi G, Hashimoto YI, Hosokawa K, Takebayashi S, et al. Hyperbaric oxygen therapy as adjuvant treatment for idiopathic sudden sensorineural hearing loss after failure of systemic steroids. Audiol Neurootol. (2017) 22:9–14. doi: 10.1159/000464096

 45. Muzzi E, Zennaro B, Visentin R, Soldano F, Sacilotto C. Hyperbaric oxygen therapy as salvage treatment for sudden sensorineural hearing loss: review of rationale and preliminary report. J Laryngol Otol. (2010) 124:e2. doi: 10.1017/S0022215109992052

 46. Mattox DE, Simmons FB. Natural history of sudden sensorineural hearing loss. Ann Otol Rhinol Laryngol. (1977) 86:463–80. doi: 10.1177/000348947708600406



OPS/images/fneur-14-1225206-t003.jpg
Group A
(Systemic steroids)
(mean gain % SD)

13.8£17.9

153418

16+ 168

1944182

15.1£16.8

144 £155

132+ 16.6

125+ 143

13.1£143

Group B
(Systemic steroids
+ HBOT)

(mean gain % SD)

154+24.8

128+167

20.9+20.3

20.6+16.7

203+19.8

2094187

197+ 134

159+ 17.1

116 £152

Group C
(Systemic steroids
+1TS)

(mean gain & SD)

154+ 14.5

20£18

1875+
16.3

19.6+16.7

142 £13.6

104 £16.4

83+ 14.1

75£129

67 £12.9

p-value

0.6

0.5

0.5

0.9

0.6

0.1

<0.05

0.3

03






OPS/images/fneur-14-1225206-t004.jpg
Siegel's criteria Group A (Systemic Group B (Systemic oup C (Systemic
steroids) steroids + HBOT) steroids + ITS)

Complete recovery 3/34 (8.8%) 1/16 (6.25%) 0/12 (0%)

Partial recovery 7/34 (20.6%) 2/16 (12.5%) 2/12 (16.7%)

Slight recovery 10/34 (29.4%) 6/16 (37.5%) 4/12 (33.3%)

No recovery 14/34 (41.2%) 7116 (43.75%) 6/12 (50%)






OPS/images/fneur-14-1225206-t001.jpg
Variables Group A Group B Group C
sterot s 34) B ste(r?%iiii: EI)ICTS)

HBOT) -

(n = 16)
Men 15 (44.1%) 12 (75%) 4(33.3%) p=005
Women 19 (55.9%) 4(25%) 8 (66.7%)
Mean age 58 539 53 p=05
Mean time between onset to treatment (days) 35 37 39 p=08
Vertigo 11 (32.4%) 6(37.5%) 7 (58.3%) p=03
Mean PTA TO (dB) 83.7£235 82.3+£254 92.7£222 p=04
Comorbidities
Diabetes 8(23.5%) 1(6.25%) 0 =009
Hyperlipidemia 7(20.6%) 2 (12.5%) 4(33.3%) p=04
Cardiovascular diseases 14 (41.2%) 3 (18.75%) 2(16.7%) p=02
Audiogram shape
Ascending 3(8.8%) 3 (18.75%) 1(8.3%) p=06
Flat or deaf 15 (44.1%) 7 (43.75%) 6 (50%) p=09
Descending 16 (47.1%) 6 (37.5%) 5 (41.7%) p=08






OPS/images/fneur-14-1225206-t002.jpg
Group A (Systemic
steroids) (dB £ SD)

Group B

(Systemic steroids +

HBOT)
(dB £ SD)

Group C (Systemic
steroids + ITS) (dB
+ SD)

PTA TO (pre-treatment) 837 £235dB 823254 dB 92.7£222dB
PTA T1 (5th day, pre-salvage treatment) 77.4+25dB 80.1 £20.8dB 96.5 +22.5dB
PTA T2 (3 months after treatment) 60 £31.7dB 61.5+20dB 80.7 £29dB

Hearing gain (PTA T1-PTA T2) 174+ 154 dB 18.6 £21.1dB 15.7 £ 14.2dB






OPS/images/fneur-14-1225206-t005.jpg
Variables Group A Group B Group C
(Systemic steroids) (Systemic steroids + HBOT) (Systemic steroids + ITS)

Response  No response Response Noresponse p  Response Noresponse p
(n=10) (n=24) (n=23) (n=13) (h=2) (n=10)

Vertigo 0 11 (45.8%) <0.05 0 6(46.1%) 0.25 0 7 (70%) 0.15

Comorbidities

Diabetes 1(10%) 7 (29.2%) 04 0 1(7.7%) 09 0 0 E
Hyperlipidemia 1(10%) 6(25%) 06 0 2(15.4%) 09 1(50%) 3 (30%) 09
Cardiovascular 2(20%) 12 (50%) 01 1(33.3%) 2(15.4%) 05 0 2 (20%) 09
diseases

Audiogram shape

Ascending 1(10%) 2(8.3%) 0.9 1(33.3%) 2(15.4%) 0.5 1(50%) 0 02

Flat or deaf 5 (50%) 10 (41.7%) 0.7 2(66.7%) 5(38.5%) 0.55 0 6 (60%) 045

Descending 4 (40%) 12 (50%) 0.7 0 6(46.1%) 0.25 1(50%) 4 (40%) 0.9






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Idiopathic sudden sensorineural hearing loss: effectiveness of salvage treatment with intratympanic dexamethasone or hyperbaric oxygen therapy in addition to systemic steroids



		Introduction



		Materials and methods



		Statistical analysis







		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Neurology

Idiopathic sudden sensorineural
hearing loss: effectiveness of
salvage treatment with
intratympanic dexamethasone or
hyperbaric oxygen therapy in
addition to systemic steroids





OPS/images/fneur-14-1225206-g001.gif
Saman

S S
et
|

o e E Y
P
S

Guen
G S G o 55 ik e

T st

[y
T STESL
sy






OPS/images/fneur-14-1225206-g002.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Neurology





