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Introduction 

Idiopathic sudden sensorineural hearing loss 
(ISSNHL) is described as an unperceived, unilateral 
loss of hearing with onset of  more than 30 dB within 
a minimum 72 hours affecting three consecutive 
frequencies (1). It is an an otological disease that 
warrants prompt diagnosis and treatment. Although 
the reported incidence rate of ISSNHL ranges 5–20 
cases for every 100,000 individuals per year with a 
high spontaneous recovery rate, its actual incidence is 
estimated to be far more (2). Spontaneous remission 
can be seen in up to 65% of patients with ISSNHL 
(3). Despite partial understanding of ISSNHL 
pathogenesis, the most common theories of etiology 
comprise vascular causes, viral infections, cochlear 
membrane disorders, and autoimmune disorders. 
Most reported cases are idiopathic, however there are 
many factors that explain its etiology (4). Therefore, 
because of the variability of the etiopathogenetic 
mechanisms, no single treatment option exists for 

sudden hearing loss, even though literatures report 
the use of several medicines and therapies (5). 

But yet, the drugs used most widely about 
management of ISSNHL in many treatment protocols 
which have been used, are steroids (6). 

It is assumed that ISSNHL can arise from hypoxia in 
the cochlear device. Hyperbaric oxygen therapy is 
viewed as an acceptable choice. HBO therapy, which 
has become widespread in clinical practice for the 
treatment of ISSNHL in recent years, increases 
pressure of oxygen in the blood partially. After this 
process, pressure of oxygen is increased partially 
through diffusion in the inner ear fluids, that feed the 
sensory and neural elements (7). 

The Committee of the Undersea and Hyperbaric 
Medical Society approved ISSNHL as an indication 
for HBO therapy (8) so as to advantage of HBO in 
the treatment of ISSNHL were demonstrated (9), 
Nevertheless, HBO therapy is still investigated for its 
efficacy and timing for treating sudden sensorineural 
hearing loss. Thus, it is aimed to determine whether 
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This study aimed to assess the impact of the hyperbaric oxygen (HBO) therapy starting time (early or late) on the treatment of 
idiopathic sudden sensorineural hearing loss (ISSNHL). 
A retrospective analysis examined 203 patients with ISSNHL between January 2014 and June 2018 at Van Training and Research 
Hospital. We divided the patients into two groups according to the HBO therapy starting time as follows:  early HBO (n = 88) and 
late HBO (n = 115).  
The early HBO group demonstrated complete, partial, weak, and no recovery in 21 (23.9%), 15 (17.0%), 17 (19.3%), and 35 (39.8%) 
patients, respectively. The late HBO group demonstrated complete, partial, weak, and no recovery in 5 (4.3%), 9 (7.8%), 15 (13.0%), 
and 86 (74.8%) patients, respectively. In addition, 53 (60.2%) and 29 (25.2%) patients in the early and late HBO groups, respectively, 
responded to treatment, which was statistically significant (P < 0.05). Considering patients with severe and profound hearing loss 
only, we observed a statistically significant difference in response to treatment between the early and late HBO groups (P < 0.05).  
The study demonstrates that providing HBO therapy during the first 14 days of the treatment period contributed significantly to 
treatment success. Therefore, patients with severe and profound hearing loss can significantly benefit by starting HBO therapy at an 
early stage of the disease. 

Key Words: Hyperbaric oxygen therapy; Idiopathic sudden sensorineural hearing loss; Salvage treatment 
  

https://orcid.org/0000-0002-7684-4600
https://orcid.org/0000-0003-0612-7830


 
Çetin and Taşdöven/ The Role Of Hyperbaric Oxygen In Sudden Sensorineural Hearing Loss  

 

 

 

East J Med Volume:25, Number:4, October-December/2020 
 

514 

beginning HBO therapy earlier affected ISSNHL 
treatment and also to compare the recovery rates 
between early HBO therapy use in combination with 
steroid in treating sudden hearing loss and late HBO 
therapy use as salvage therapy in patients who suffer 
from failed initial oral steroid therapy. 

Materials and Methods 

Patients: 203 patients with ISSNHL who presented 
at the Department of Otorhinolaryngology - Head 
and Neck Surgery were retrospectively reviewed at 
Van Training - Research Hospital, between January 
2014 - June 2018. Inclusion criteria consisted of 
unilateral sensorineural hearing loss with a minimum 
30 dB hearing loss at three adjacent frequencies 
lasting minimum three days. The exclusion criteria 
included pediatric patients, pre-existing Meniere’s 
disease, auditory trauma, tumors, retrocochlear 
disease, barotrauma, bilateral hearing loss, a history of 
chronic otitis in the same ear, and surgery of the same 
ear. Besides, we excluded patients with an anidentified 
cause and bilateral cases and investigated only 
idiopathic cases.  The patients in 5 groups were 
examined in accordance with guidelines of the 
American Speech and Hearing Association. Patients 
were categorized in pursuance of average pure tone 
thresholds at 500, 1000, 2000 and 4000 Hz. It was 
evaluated as mild (26-40 dB), moderate (41-55 dB), 
moderate-severe (56-70 dB), severe (71-90 dB) and 
deep or total (≥91 dB) hearing loss. The ethics 
council of university approved this study on 
26/10/2017 with decision no: 2017/8. 

Treatment Group: Patients were categorized in two 
groups considering treatment protocol received: early 
HBO (n = 88) and late HBO (n = 115) groups. All 
203 patients were treated according to the protocol 
for ISSNHL, including administration of oral steroids 
and oral corticosteroids (oral prednisolone - 2 
mg/kg/day for ten days). First 3 days after the high 
dose, the steroid dose was gradually decreased and 
stopped. Meanwhile, we also administered gastro 
protective oral lansoprazole - 30 mg/day and a salt-
free diet combination. 

In Hyperbaric Oxygen Therapy Center of our 
hospital, patients in the early HBO therapy group 
received HBO therapy. First administered once daily 
for 14 days (ISSNHL) protocol by addition of an oral 
steroid intake for 90 minutes at 2.5 ATA pressure 
100% oxygen treated patients by inhalation (Hiperbot 
Model 101; Hiperbot Ltd., Istanbul, Turkey). Only 
other hospital in our city and other clinics outside the 
city do not have a Hyperbaric Oxygen Therapy 
Center. Hence, they treat patients according to the 
ISSNHL protocol with oral steroids. Patients who 

don’t give a respond to the primary therapy are 
referred to our hospital. 

In this study, we divided SSNHL cases into two 
groups. The first group of patients was given HBO 
therapy together with steroids in the early period. The 
second group was evaluated as the group referred to 
us for the treatment of HBO, who received steroid 
treatment in the another center. Patients in the late 
HBO therapy group received HBO therapy as a 
salvage therapy (Hiperbot Model 101). 

Hearing Assessment: The acoustic function was 
determined by PTA; the mean hearing levels were 
pointed out as the average of hearing thresholds at 
500, 1000, 2000, and 4000 Hz (4-tone average), in 
compliance with the guidelines of the Committee on 
Hearing Equilibrium of the American Academy of 
Otolaryngology-Head and Neck Surgery. We 
performed acoustic measurements pre-treatment and 
one month later, according to the Siegel’s hearing 
improvement criteria. According to Siegel criteria, the 
hearing scores were compared pre- and after the 
treatment, and the patients were classified into 4 
groups considering the success achieved in hearing. 
Complete recovery; patients with a better hearing 
level than 25 dB after treatment, regardless what the 
extent of hearing correction, partial recovery; patients 
with more than 15 dB hearing gain and after hearing 
treatment between 25-45 dB, slight improvement; 
patients with more than 15 dB hearing gain and 
hearing levels less than 45 dB after treatment, no 
improvement; patients with less than 15 dB hearing 
gain. Gender, treatment modalities, audiogram types 
(up sloping, down sloping, flat, and total deafness) 
and their relationship with prognosis were evaluated.  

Statistical Analysis: The statistical significance level 
(α) was set to 5%; IBM SPSS Statistics for Windows, 
version 23, was used for all calculations. Comparisons 
between the early-late HBO groups were examined by 

using the Mann Whitney U test, Pearson 2 tests for 
categorical parameter and an independent t-test for 
constant data (e.g., mean). Descriptive statistics 
included means, standard deviations, minima, and 
maxima; categorical variables were expressed as 
numbers with percentages.  

Results 

Among 203 patients who enrolled in this study, it 
wasn’t observed any significant differences in patients’ 
median age, sex distribution, affected side, audiogram 
shape, and initial hearing level between the early and 
late HBO groups (Table 1). The mean hearing 
thresholds for each of the four frequencies (500, 
1000, 2000, and 4000 Hz) was calculated at beginning  
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Table 1. Demographic characteristics of groups and Pre-treatment distribution of hearing loss and audiogram 
shape in Groups 

 Early HBO Group Late HBO Group p 

Sex    

  Male 58 (65.9) 85 (73.9) 
0.216* 

  Female  30 (34.1) 30 (26.1) 

Age 44.45±14.96 44.80±15.84 0.876** 

Affected Side     

   Right ear 45 (51.1) 66 (57.4) 
0.375* 

   Left ear 43 (48.9) 49 (42.6) 

Audiogram Shape    

   Flat 33 (37.5) 33 (28.7) 

0.257* 
   Downsloping 24 (27.3) 36 (31.3) 

   Upsloping 12 (13.6) 11 (9.6) 

   Total deafness 19 (21.6) 35 (30.4) 

Degree of initial hearing 
loss 

   

   Mild 16 (18.2) 10 (8.7) 

0.248* 

   Moderate 18 (20.5) 24 (20.9) 

   Moderate-severe 12 (13.6) 25 (21.7) 

   Severe 13 (14.8) 19 (16.5) 

   Profound or total 29 (33.0) 37 (32.2) 

p<0.05; *Pearson’s Chi-squared test.; ** Independent Samples T Test 
 
Table 2. İnitial hearing gain values at each four frequencies in Groups 

 Early HBO Group Late HBO Group p* 

500 Hz % ± SD 71.19±32.85 71.56±31.89 0.905 

1000 Hz % ± SD 71.42±34.71 75.39±31.65 0.358 

2000 Hz % ± SD 72.84±34.10 75.78±31.98 0.511 

4000 Hz % ± SD 77.39±32.39 84.87±28.93 0.105 

p<0.05; * Mann Whitney U Test. SD standard deviation 

and end of two therapy methods. No important 
differences were observed between initial thresholds 
at all frequencies in these two groups (P > 0.05, 
Mann–Whitney U-test; Table 2). Furthermore, no 
statistically important difference in PTA values was 
observed by comparing the pretreatment phase 
between the two groups. 

An assessment based on the criteria of Siegel 
according to their recovery levels revealed that the 
early HBO group exhibited complete, partial, weak, 
and no recovery in 21 (23.9%), 15 (17.0%), 17 
(19.3%), and 35 (39.8%) patients, respectively. In 
contrast, the late HBO group demonstrated complete, 
partial, weak, and no recovery in 5 (4.3%), 9 (7.8%), 
15 (13.0%), and 86 (74.8%) patients, respectively. In 
addition, the early HBO group demonstrated a 
substantially higher response rate to treatment than 
the late HBO group (P < 0.05; Table 3). 

Regarding treatment response rates, 53 (60.2%) and 
29 (25.2%) patients in early-/late HBO groups, 
respectively, responded to treatment. Among the 
entire patient groups, the response rate was 40.4%. In 
addition, the early HBO group revealed a substantially 
higher response rate to treatment than the late HBO 
group (P < 0.05; Table 4). The audiogram curve was 
flat in 41 (62.1%), down sloping 37 (61.7%), up 
sloping in 12 (52.2%), and total deafness in 31 
(57.4%) patients. No substantial difference was 
observed in giving a response to treatment according 
to the types of audiograms (P > 0.05), and there 
wasn’t any substantial difference in giving a response 
to treatment with respect to degree of initial hearing 
loss (P > 0.05; Table 5). 

Furthermore, 69.2% and 26.3% of patients who 
suffer from severe hearing loss in early and late HBO 
groups, respectively, responded to the treatment. 
Moreover, 62.1% and 35.1%  of  patients  who  suffer  
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Table 3. The groups’ response rates to treatment according to siegel’s criteria 

 Complete recovery Partial recovery Weak recovery No recovery Total 

Early HBO Group   21 (%23.9) 15 (%17.0) 17 (%19.3) 35 (%39.8) 88 

Late HBO Group   5 (%4.3) 9 (%7.8) 15 (%13.0) 86 (%74.8) 115 

 

Table 4. The groups’ response to the treatment 

 No Response to treatment Response to treatment Total 

Early HBO Group   35 (%39.8) 53 (%60.2) 88 

Late HBO Group   86 (%74.8) 29 (%25.2) 115 

Total 121 (%59.6) 82 (%40.4) 203 

 

Table 5. Response to the treatment in patients according to initial hearing loss 

 No Response to treatment Response to treatment p 

Degree of initial hearing loss   

0.336* 

   Mild 14 (53.8) 12 (46.2) 

   Moderate  30 (71.4) 12 (28.6) 

   Moderate-Severe 24 (64.9) 13 (35.1) 

   Severe  18 (56.3) 14 (43.8) 

   Profound-or Total 35 (53.0) 31 (47.0) 

p<0.05; * Pearson’s Chi-squared test 

from excessive hearing loss in early - late HBO 
groups, respectively, responded to the treatment. 
With respect to patients with severe and excessive use 
of HBO hearing loss only, we observed statistically an 
important divergence in giving a response to 
treatment between the early and late HBO groups (P 
< 0.05; Table 6). 

Discussion 

During many years, SSNHL remained a contradictive 
disease in various aspects, including etiology and 
treatment, also continues to remain debatable even at 
the present. The level of hearing loss is considered as 
essential prognostic factor in SSNHL. Filippo et al. 

(10) reported that a preliminary loss of hearing 45 
dB yielded a satisfactory prognosis. In contrast, if 
there is a severer initial hearing loss, the prognosis will 
be worse. In this study, HBO therapy combined with 
steroids provided more advantage for patients with 
SSNHL preliminary presenting with severe and 
profound hearing loss. 

Spontaneous remission of hearing has been identified 
in the first few weeks from the onset of SSNHL; 
however, hearing recovery rate after the failure of 
preliminary therapy remains highly low. At present, 
steroids are the most commonly used drugs for 
SSNHL owing to their anti-allergic, anti-
inflammatory, and immunosuppressive effects. 

Moskovitz et al. (11) reported 89% recovery ratio in 
corticosteroid-administered group and 44% in control 
group. Nevertheless, additional therapies are required 
for patients who do not adequately benefit from 
preliminary systemic steroid treatment. 

To date, several studies proved the efficacy of HBO 
therapy (12, 13) Cvorovic et al. (12) reported that 
HBO therapies and intratympanic steroids were 
efficacious in patients who don’t give a respond to 
steroid therapy. Moreover, Yang et al. (13) reported 
that the combined intratympanic and HBO therapy 
enabled to better hearing gains as salvage treatment in 
patients who suffer from ISSNHL after the failed 
systemic therapy. In the treatment of ISSNHL, 
extensive research has been conducted on HBO 
therapy with different timing and durations; however, 
no consensus has been attained on the routine clinical 
application and effectiveness with these patients (14). 
During the last four decades, investigators using HBO 
therapy as a co-treatment with other medications or 
as salvage therapy reported different results. 
However, systemic corticosteroids seemed to be more 
effective than HBO as the primary treatment, with no 
combination with other drugs. Hence, the initial 
treatment option for SSNHL is generally based on 
systemic corticosteroids. Alimoglu et al. (15) 
compared oral steroids, HBO + oral steroid, 
intratympanic steroid, and HBO-alone therapies for 
their effectiveness in treating  ISSNHL  and  reported  
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Table 6. Response to the treatment in patients with severe and profound hearing loss 

 Group No Response to treatment Response to treatment p 

Severe 
hearing loss 

Early HBO 4 (30.8) 9 (69.2) 
0.016* 

Late HBO 14 (73.7) 5 (26.3) 

Profound 
hearing loss  

Early HBO 11 (37.9) 18 (62.1) 
0.030* 

Late HBO 24 (64.9) 13 (35.1) 

p<0.05; * Pearson’s Chi-squared test 

higher success rate in oral steroid + HBO group 
(86.8%), followed by the oral steroid (63%), 
intratympanic steroid (46.5%), and HBO (43.8%) 
groups. 

Horn et al. (14) performed HBO therapy as the 
second treatment option for patients who suffer from 
ISSNHL and didn’t give a respond to steroid and 
antiviral treatment; however, their trial didn’t involve 
in control subjects. Lamm et al. (6) reported a meta-
analysis of HBO therapy as salvage therapy and 
informed a hearing gain (>10 dB) in 86% of patients. 
HBO therapy is used as preliminary and salvage 
therapy. The combination of HBO and steroid 
therapy compared with steroid therapy alone 
significantly improved hearing outcome. In 
retrospective chart review of Liu et al. (16), 465 
patients with ISSNHL were divided into three 
different treatment groups: systemic steroid, 
steroid+dextran, and steroid + dextran + HBO 
therapy group. The results indicated that patients in 
the latter group with the initial profound hearing loss 
(≥91 dB) exhibited better recovery rates than the 
systemic steroid and steroid + dextran groups (P < 
0.05). 

Topuz et al. (17) added HBO therapy to the other 
treating in two weeks after the symptoms had seen, 
and they realized important positive effect of HBO 
therapy on hearing loss >61 dB at frequencies of 250, 
500, 1000, and 4000 Hz in 51 patients and reported 
HBO therapy as more effective for severer hearing 
loss. A study found that HBO therapy had a 
substantial extra effect in combination with a systemic 
steroid therapy in 43 patients, in comparison with 51 
patients treated solely with steroids (18). In patients 
with preliminary hearing levels of >80 dB, the hearing 
recovery ratio was substantially higher in the HBO 
group than in the steroid group. In patients with 
initial hearing levels of <80 dB, the hearing 
improvement rate was substantially higher in the 
HBO group than in the steroid group. The study 
suggests that patients with profound deafness, treated 
with HBO and IV therapy, had a better remission 
ratio compared to those treated with IT steroid and 
HBO therapy (18). Overall, these findings suggested 
that HBO plays an important role in treating patients 

who suffer from ISSNHL with preliminary severe and 
profound hearing impairments. 

In one study (19), patients were distinguished in three 
groups according to the duration of HBO therapy. 
HBO treatment was initiated for the first group A 
within the first 7 days, HBO treatment was started for 
the second group B within 8-14 days, HBO treatment 
was started for the third group C between 15-28 days. 
The mean hearing gains were reported for group A, 
B, C, were 24, 23, 5 dB. The lowest hearing gain was 
seen in group C, and the hearing gain in this group 
was importantly less than in the other two groups. 

In this study, recovery ratios were significantly higher 
in group that HBO therapy was initiated with oral 
steroid therapy synchronously. It was observed that 
starting HBO therapy as the first-line therapy with an 
oral steroid for patients with ISSNHL is substantially 
more useful than starting it immediately afterwards 
the failure of the initial oral steroid treatment. 

In addition to the steroids, HBO treatment is a potent 
therapy method for ISSNHL. In this study, healing 
rates were found better in the groups that started 
HBO treatment together with steroids in the first 14 
days of treatment period than the groups that started 
HBO treatment after the failure of the first oral 
steroid treatment. Therefore, beginning HBO 
treatment at an early phase of the disease enhances 
the treatment success. It was inferred that combined 
therapy is more efficacy, especially, in deep hearing 
loss. 

References 

1. Stachler RJ, Chandrasekhar SS, Archer SM, 
Rosenfeld RM, Schwartz SR, Barrs DM, et al. 
Clinical practice guideline: sudden hearing loss. 
Otolaryngology-Head and Neck Surgery 2012; 
146: 1-35. 

2. Byl Jr FM. Sudden hearing loss: eight years' 
experience and suggested prognostic table. The 
Laryngoscope 1984; 94: 647-661. 

3. Levie P, Desgain O, De Burbure C, Germonpré 
P, Monnoye J, Thill M, et al. Sudden hearing loss. 
B ENT 2007; 3: 33. 

4. Kanzaki J, Inoue Y, Ogawa K, Fukuda S, 
Fukushima K, Gyo K, et al. Effect of single-drug 



 
Çetin and Taşdöven/ The Role Of Hyperbaric Oxygen In Sudden Sensorineural Hearing Loss  

 

 

 

East J Med Volume:25, Number:4, October-December/2020 
 

518 

treatment on idiopathic sudden sensorineural 
hearing loss. Auris Nasus Larynx 2003; 30: 123-
127. 

5. Wilson WR, Byl FM, Laird N. The efficacy of 
steroids in the treatment of idiopathic sudden 
hearing loss. A double-blind clinical study. 
Archives of otolaryngology (Chicago, Ill : 1960) 
1980; 106: 772-776. 

6. Lamm K, Lamm C, Arnold W. Effect of isobaric 
oxygen versus hyperbaric oxygen on the normal 
and noise-damaged hypoxic and ischemic guinea 
pig inner ear. Advances in oto-rhino-laryngology 
1998; 54: 59-85. 

7. Murphy-Lavoie H, Piper S, Moon RE, Legros T. 
Hyperbaric oxygen therapy for idiopathic sudden 
sensorineural hearing loss. Undersea & hyperbaric 
medicine: journal of the Undersea and Hyperbaric 
Medical Society, Inc 2012; 39: 777-792. 

8. İnanlı S, Polat Ş, Tutkun A, Batman Ç, Üneri C, 
Şehitoğlu M. Ani işitme kayıplı olgularımızda 
tedavi ve prognozun retrospektif analizi. Türk 
Otolaringoloji Arşivi. 2002;40(3):196-200. 

9. Byl FM. Seventy‐six cases of presumed sudden 
hearing loss occurring in 1973: prognosis and 
incidence. The Laryngoscope 1977; 87: 817-825. 

10. Filipo R, Attanasio G, Viccaro M, Russo FY, 
Mancini P, Rocco M, et al. Hyperbaric oxygen 
therapy with short duration intratympanic steroid 
therapy for sudden hearing loss. Acta oto-
laryngologica 2012; 132: 475-481. 

11. Moskowitz D, Lee K, Smith HW. Steroid use in 
idiopathic sudden sensorineural hearing loss. The 
Laryngoscope 1984; 94: 664-666. 

12. 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. 
Otology & Neurotology 2013; 34: 1021-1026. 

13. Yang C-H, Wu R-W, Hwang C-F. Comparison of 
intratympanic steroid injection, hyperbaric oxygen 
and combination therapy in refractory sudden 
sensorineural hearing loss. Otology & 
Neurotology 2013; 34: 1411-1416. 

14. Horn CE, Himel HN, Selesnick SH. Hyperbaric 
oxygen therapy for sudden sensorineural hearing 
loss: a prospective trial of patients failing steroid 
and antiviral treatment. Otology & Neurotology 
2005; 26: 882-889. 

15. 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. 
European Archives of Oto-Rhino-Laryngology 
2011; 268: 1735-41. 

16. Liu SC, Kang BH, Lee JC, et al. Comparison of 
therapeutic results in sudden sensorineural 
hearing loss with/without additional hyperbaric 
oxygen therapy: a retrospective review of 465 
audiologically controlled cases. Clinical 
otolaryngology : official journal of ENT-UK ; 
official journal of Netherlands Society for Oto-
Rhino-Laryngology & Cervico-Facial Surgery 
2011; 36: 121-128. 

17. Topuz E, Yigit O, Cinar U, Seven H. Should 
hyperbaric oxygen be added to treatment in 
idiopathic sudden sensorineural hearing loss? 
European Archives of Oto-Rhino-Laryngology 
and Head & Neck 2004; 261: 393-396. 

18. Fujimura T, Suzuki H, Shiomori T, Udaka T, 
Mori T. Hyperbaric oxygen and steroid therapy 
for idiopathic sudden sensorineural hearing loss. 
European archives of oto-rhino-laryngology 2007; 
264: 861-866. 

19. Yıldırım E, Özcan KM, Palalı M, Cetin MA, 
Ensari S, Dere H. Prognostic effect of hyperbaric 
oxygen therapy starting time for sudden 
sensorineural hearing loss. European Archives of 
Oto-Rhino-Laryngology 2015; 272: 23-28. 

 


