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Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is 
defined as sensorineural hearing loss that develops in 3 days 
or less, at 3 consecutive frequencies based on pure tone audi-
ometry (PTA) [1]. Despite its clear definition, there is no 
consensus on its etiology and treatment. A specific cause is 
identified in only 10% of cases [2]. Viral infections, circulatory 
disorders, labyrinth membrane rupture, autoimmune reac-
tions, metabolic dysfunction, and the production of toxic sub-
stances are among the leading etiologies [3,4]. The treatment 

modalities are also very varied due to such different etiolo-
gies. Vasodilators, systemic and topical steroids, antiviral 
agents, vitamins, anticoagulants, hemodilution, prostacyclin, 
ganglion blockade, and hyperbaric oxygen (HBO) therapy 
have been the most recently used agents for the treatment of 
ISSNHL [5,6]. In clinical practice, steroids are the most com-
monly used treatment [7].

In our clinical practice, intravenous (IV) and intratympanic 
(IT) steroids are used as the first choice for the treatment of 
ISSNHL. In addition, since our center has a HBO therapy unit, 
patients also benefit from HBO therapy frequently. We at-
tempted to evaluate the contribution of HBO therapy to sys-
temic and IT steroid treatment by considering patients progno-
sis and risk factors. In this study, we compared the outcomes 
of ISSNHL patients who underwent treatment with or with-
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out HBO therapy who were followed up in our clinic. 

Subjects and Methods

Patients
The files of patients aged 10 years and over who were di-

agnosed and treated for ISSHL in our clinic between 2016 
and 2018 were reviewed retrospectively. Patients with unilat-
eral sudden onset of 30 decibel (dB) or more sensorineural 
type hearing loss, an unknown cause of hearing loss, less 
than 30 days between the onset of hearing loss and the onset 
of treatment, and patients without fluctuating hearing loss 
were included in this study.

Patients with a history of otological surgery and ototoxic 
drug use, acoustic trauma and barotrauma, genetic sensori-
neural hearing loss, and patients with evidence of retroco-
chlear disease on magnetic resonance imaging were excluded 
from the study. Information on patient characteristics such as 
age, sex, PTA tests after the admission and treatment (1-3 
months), degree of hearing loss, type of audiometry (descend-
ing, ascending, flat, and bowl), and duration of treatment (0-3, 
4-10, >10 days) were recorded.

Treatment protocols
Patients were divided into two groups according to the treat-

ment regimen. The first group (Steroid group) received IV 
1 mg/kg methylprednisolone (Precort-Liyo 40 mg, Koçak-
Farma, İstanbul, Turkey) which was due to be completed in 
2-3 weeks with decreasing doses, and five doses of 0.5 mL IT 
dexamethasone (İnfladox 8 mg/2 mL, My Farma Drug Indus-
try, İstanbul, Turkey).The second group (Steroid+HBO group) 
received the same steroid treatment in addition to HBO thera-
py. Each HBO therapy session was performed at 2 atmo-
spheres absolut (ATA) for 1 hour, with a total of 20 sessions 
daily, excluding weekends. IT and IV steroid treatment was 
started simultaneously in both patient groups.

Assessment of hearing gain
All patients were evaluated by a PTA test at frequencies of 

250-6,000 Hertz (Hz) before and after treatment. PTA was 
evaluated by calculating the average of the hearing thresh-
olds at 500, 1,000, 2,000, 4,000 Hz during each audiometry 
test. Audiometry tests performed between 1 and 3 months af-
ter treatment were considered. Improvement in hearing was 
evaluated by two methods. First, hearing gain was calculated 
by subtracting the pretreatment PTA value from posttreat-
ment PTA value. In the second method, Clinical Practice 
Guideline: Sudden Hearing Loss, American Academy of Oto-
laryngology-Head and Neck Surgery (AAO-HNS Criteria) 

[8] was taken into consideration. Complete recovery was con-
sidered if the follow-up PTA (dB HL) or speech recognition 
threshold (SRT) (dB HL) improved to within 10 dB of the 
pre-sudden hearing loss hearing level. Partial recovery was 
considered if the follow-up PTA (dB HL) or SRT (dB HL) im-
proved to within 50% of the pre-sudden hearing loss hearing 
level. No recovery was considered if the follow-up PTA (dB 
HL) or SRT (dB HL) was less than 50% of the pre-sudden 
hearing loss hearing level.

Compliance with ethical standards
Approval was obtained from the Ethics Committee of the 

local University for this study (No: 2019/1730). 

Statistical analysis
Descriptive statistics were used to compare the general 

characteristics of all participants. Test of Normality, includ-
ing Kolmogorov-Smirnov and Shapiro-Wilk tests, were used 
to determine the distribution of data. Data with normal distri-
bution are presented as mean±standard deviation. Categori-
cal variables are shown as a number (n). The comparison of 
the numerical data between groups and categorical variables 
was performed with the appropriate test such as the indepen-
dent samples t-test, Mann-Whitney, chi-squared test, and 
Fisher’sexact test. Statistical Package for Social Sciences Win-
dows software (ver. 22; IBM Corp., Armonk, NY, USA) was 
used for all statistical analyses. A p value less than 0.05 was 
considered statistically significant.

Results

A total of 272 patients who were diagnosed with ISSNHL, 
were followed-up at our clinic, and whose files were fully ac-
cessible were included in this study. There were 194 patients in 
the Steroid+HBO group and 78 patients in the Steroid group. 
The mean age of the Steroid+HBO and Steroid groups were 48 
and 46 years, respectively. The female/male ratio was 83/111 
in the Steroid+HBO group and 31/47 in the Steroid group. 
There was no statistically significant difference between the 
two groups in terms of mean age and gender (p<0.05). The 
pre- and post-treatment PTA levels were 65 and 43 dB, re-
spectively in both the Steroid+HBO and Steroid groups. There 
was no statistically significant difference between groups in 
terms of pre-treatment PTA values and hearing gains (p>0.05)
(Table 1). When the patients were evaluated according to the 
degree of recovery (AAO-HNS Criteria), there was no signif-
icant difference between the two groups in terms of all degrees 
of recovery (p>0.05) (Table 2). Table 2 shows the word re-
construction score (WRS), presence of vertigo, tinnitus, ciga-
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rette usage, and additional diseases of both groups. There 
was no statistically significant difference between the two 
groups in terms of these indicated parameters (p>0.05).

When patients with severe and severe hearing loss (>60 
dB) were evaluated separately, there were 104 patients in the 
Steroid+HBO group and 40 patients in the Steroid group. 
The pre-treatment PTA value was 82 dB in the Steroid+HBO 
group and the 88 dB in the Steroid group. The post-treatment 
PTA value was 54 dB in the Steroid+HBO group and 64 dB 
in the Steroid group. There was no statistically significant dif-
ference between groups in terms of the pre-treatment PTA val-
ues and hearing gains (p>0.05) (Table 3).

When both treatment groups were grouped according to 
audiogram type, bowl type audiograms were not included in 
the evaluation due to the low number of patients. There was no 
statistically significant difference in hearing gain between the 
two groups in the descending, ascending, and flat type audio-
grams (p>0.05) (Table 4). When considering the duration from 

the onset of ISSHL to the beginning of treatment, there was 
no significant difference in hearing gain in patients admitting 
between 1-3, 4-10, and after 10 days in both treatment groups 
(p>0.05) (Table 5).

Discussion

Most ISSHL cases are idiopathic at presentation [9]. The 
treatment of ISSHL is highly controversial as the cause of the 
disease is unclear in many cases. Many theories have been 
proposed on the cause of ISSHL, some of which include vas-
cular disorders, viral infections, immune disorders, labyrinth 
membrane rupture, metabolic dysfunction, and production of 
toxic substances [3,10,11]. Due to its multifactorial etiology, 
many agents are used for the treatment of ISSHL. Vasodila-
tors, anticoagulants, corticosteroids, plasma expanders, anti-
viral therapies, vitamins, stellate ganglion blockers, and HBO 
therapy are among the most preferred treatment strategies 
[12,13]. Although several treatment regimens have been pro-
posed, steroid therapy is the most commonly used and most 
effective pharmacological agent for ISSHL. It was also re-
ported that over half of the patients received high-dose ste-
roids during hospitalization [6,7]. HBO therapy was first re-
ported to improve acute noise-induced hearing loss, sudden 
deafness, and peripheral vestibular disorders in the late 
1960s [14]. HBO aims to improve microcirculation by in-
creasing partial oxygen pressure and oxygen concentration in 
the inner ear for the treatment of ISSHL [15,16].

There are many reports that HBO therapy has beneficial 
effects for the treatment of ISSHL [6,10,12,17]. Recent studies 
have also shown that addition of HBO to corticosteroid treat-
ment may be beneficial in both acute acoustic trauma and 
ISSHL, especially when initiated early [18]. It was reported 
that HBO therapy was found to cause a significant improve-
ment in PTA thresholds in ISSHL cases where primary corti-
costeroid therapy failed and were within 4 weeks of onset of 
hearing loss [17]. HBO therapy has beneficial effects when 
administered concomitantly with steroids in the early stages 
of the disease, and should be considered especially in patients 
with total or profound hearing loss [6,10]. In our study, 34.5% 
of patients in the Steroid+HBO group received HBO therapy 
within the first 3 days after the onset of hearing loss, and 
87.6% of patients received treatment in the first 10 days. In 

Table 1. Pre- and post-treatment PTA values and hearing gains of the groups at the beginning and end of treatment

Treatment groups
Pre-treatment PTA

Mean±SD (dB)
Post-treatment PTA

Mean±SD (dB)
p value

Hearing gain
Mean±SD (dB)

p value

Steroid (n=78) 64.53±3.07 43.20±3.43 ＜0.001* 21.33±2.08
Steroid+HBO (n=194) 64.58±1.65 43.13±1.87 ＜0.001* 21.11±1.58 0.742†

*Wilcoxon signed ranks test, †Mann-Whitney U test. PTA: pure tone average, HBO: hyperbaric oxygen

Table 2. Distribution of recovery and demographic parameters of 
groups (AAO-HNS Criteria, 2012)

Parameters
Steroid group 
(n=78)

Steroid+HBO 
group (n=194)

p 
value

AAO-HNS Criterion†, n (%)

Complete recovery
Partial recovery
No recovery

34 (43.6)

23 (29.5)

21 (26.9)

63 (32.5)

71 (36.6)

60 (30.9)

0.219

WRS 59 (67)* 58 (61)* 0.884
Vertigo, n (%)

Yes
No

 25 (32.1)

53 (67.9)
60 (30.9)

134 (69.1)

0.857

Tinnitus, n (%)

Yes
No

42 (53.8)

36 (46.2)
105 (54.1)

89 (45.9)

0.967

Cigarette, n (%)

Yes
No

26 (33.3)

52 (66.7)
60 (30.9)

134 (69.1)

0.700

Additional disease, n (%)

No
HT
HL
DM

53 (67.9)

9 (11.5)

4 (5.1)

12 (15.4)

128 (66)

25 (12.9)

14 (7.2)

27(13.9)

0.905

*median (interquartile range), †chi-square test. AAO-HNS: Ameri-
can Academy of Otolaryngology-Head and Neck Surgery, 
HBO: hyperbaric oxygen, WRS: word recognation score, HT: hy-
pertension, HL: hyperlipidemia, DM: diabetes mellitus
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general, most of our patients started HBO therapy during the 
early disease stage. Therefore, the lack of a significant differ-
ence in hearing gain between the two groups cannot be at-
tributed to delayed HBO therapy in this study.

Although many prognostic factors have been identified for 
ISSHL, the consensus on this is incomplete. Profound hearing 
loss, advanced age, delay in treatment, presence of comorbidi-
ties, and audiogram type are some of the prognostic factors 
of ISSHL. A descending type audiogram negatively affects 
the prognosis, whereas patients with an ascending audiogram 
have been reported to be associated with a better prognosis 
[19]. In this study, we did not examine the difference between 
audiogram types in terms of hearing gain. However, when we 
separated the patients according to audiogram types, we ex-
amined whether there was a difference between the two treat-

ment methods. Consequently, there was no significant differ-
ence in the descending, ascending, and flat audiogram types 
between the two groups in terms of recovery. Similarly, we 
divided patients into three groups based on the duration be-
tween the onset of hearing loss and treatment. There was no 
significant difference between the groups in terms of hearing 
gain during all three time periods. At this point, it is unclear 
whether there is a difference between the two treatment 
methods according to the time of admission and audiometry 
type, or whether a decision on the choice of treatment can be 
made in the light of these parameters. We were only able to 
evaluate the two groups based on the gain in hearing. When we 
divided patients into subgroups, we could not make a compar-
ison according to the recovery rate due to the low number of 
patients in the steroid subgroups. Therefore, this is alimitation 
of this study, and we believe that further studies need to be 
conductedon this subject.

In a study, considering the degree of hearing loss, they 
found that the rate of improvement in hearing was signifi-
cantly higher in the Steroid+HBO group compared to the Ste-
roid group in patients with an initial hearing level of 80 dB 
and above; therefore, HBO should be used in such patients 
[12]. However, although many studies have reported that 
adding HBO to steroid treatment provides additional benefits, 
there have also been some reports claiming the opposite. In a 
study comparing three different treatment modalities in IS-
SHL, it was indicated that although the response rate to oral 
steroid and oral Steroid+HBO treatment was 50.8% and 61.5%, 
respectively, there was no significant difference between these 
two groups in terms of response to treatment [20]. In a recent 
study, comparing oral+IT steroid and oral+IT steroid+HBO 
therapies in ISSHL patients with severe and profound hearing 
loss (>70 dB), the addition of HBO to steroid combination 
therapy did not improve the mean PTA values. However, in 
the same study, they reported that the addition of HBO was 
beneficial for improving low-frequency hearing and word dis-
crimination scores [21]. In our study, when the patients with 

Table 3. PTA values before and after the treatment, hearing gains and recovery rates (AAO-HNS Criteria) of the two groups at patients 
with severe and profound hearing loss

Treatment 
groups

Pre-treatment PTA 
Mean±SD (dB)

Post-treatment PTA 
Mean±SD (dB)

p 
value

Hearing gain
Mean±SD (dB)

p 
value

AAO-HNS Criteria‡

p 
value

Complete 
recovery 
(%)

Partial 
recovery 
(%)

No 
recovery 
(%)

Steroid 
  (＞60 dB) (n=40)

88.45±2.07 64.50±4.36 ＜0.001* 23.95±3.74

0.374†

6 (15) 18 (45) 16 (40)

0.300
Steroid+HBO 
  (＞60 dB) (n=104)

82.45±1.47 54.37±2.75 ＜0.001* 28.07±2.46 28 (26.9) 43 (41.3) 33 (31.7)

*Wilcoxon signed ranks test, †Mann-Whitney U test, ‡chi-square test. PTA: pure tone average, AAO-HNS: American Academy of 
Otolaryngology-Head and Neck Surgery, HBO: hyperbaric oxygen

Table 5. Hearing gain levels in both treatment modalities by time 
of application

Treatment group/ 
application time

Median 
hearing gain (dB)

p value

Steroid/1-3 days (n=32) 28.93±3.70
0.544

Steroid+HBO/1-3 days (n=67) 27.11±3.13
Steroid/4-10 days (n=34) 16.08±2.59

0.356
Steroid+HBO/4-10 days (n=103) 19.66±1.89
Steroid/＞10 days (n=12) 15.91±3.76

0.344
Steroid+HBO/＞10 days (n=24) 10.62±3.64
Mann-Whitney U test. HBO: hyperbaric oxygen

Table 4. Hearing gain levels in both treatment modalities accord-
ing to audiogram type

Treatment group/ 
type of audiogram

Median 
hearing gain (dB)

p value

Steroid/descending (n=17) 16.88±2.59
0.908

Steroid+HBO/descending (n=32) 15.06±2.93
Steroid/ascending (n=14) 20.42±1.92

0.254
Steroid+HBO/ascending (n=37) 17.75±2.75
Steroid/flat (n=44) 23.21±3.27

0.993
Steroid+HBO/flat (n=114) 23.53±2.31
Mann-Whitney U test. HBO: hyperbaric oxygen
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severe and profound hearing loss (>60 dB) were evaluated 
separately, there was no significant difference between the 
two treatment groups in terms of both hearing gain and recov-
ery rate. We speculate that this may be due to the fact that ste-
roid treatment was used in combination and not alone, which 
could be considered as an intensive steroid treatment. This 
could explain the lack of a significant difference between the 
two groups. However, considering the average hearing gain 
of 24 dB in the steroid group and 28 dB in the HBO group in 
patients with severe and profound hearing loss, we did not 
consider this improvement to be significant in both groups. 
Therefore, although we found no difference between the two 
groups, we believe that HBO should be considered as a treat-
ment strategy in this patient group, especially for severe and 
profound hearing loss. In a review conducted in 2018, it was 
reported that adding HBO to steroid treatment may be benefi-
cial in cases of severe and profound hearing impairment [22]. 
The guideline for clinical practice for ISSHL, which was up-
dated this year, states that HBO can be administered as the ini-
tial therapy in combination with steroids within the first two 
weeks of onset, or as salvage therapy within the first month [23].

In conclusion, in this study, there was no significant differ-
ence in terms of hearing gain and degree of recovery between 
the steroid and Steroid+HBO groups in ISSHL patients. Fur-
thermore, there was no significant difference between the 
two groups in the patients with severe and profound hearing 
loss. Hearing gain was similar when evaluated by audiogram 
type and admission time in both treatment groups. In conclu-
sion, we found that the addition of HBO therapy to systemic 
and IT steroid treatment did not affect hearing gain at all de-
grees of hearing loss at this study.
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