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Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is 
an emergency medical condition which is defined as hear-
ing loss of at least 30 dB in three contiguous frequencies 
during a maximum of 3 days [1]. ISSNHL is no longer a 
rare disease with an increasing incidence; some authors have 
reported an annual incidence of 160 cases per 100,000 [2]. 
Many theories have been proposed to explain the pathogen-
esis of this clinical problem, including infectious causes, 
vascular occlusion, immune-mediated mechanisms, coagula-
tion disorders, and breaks of labyrinthine membrances [3, 4]. 
The equivocal etiologies lead to a large number of empirical 
treatment protocols, but the most frequently used therapy is 
the administration of steroids, which can be administrated 
intravenously, orally or by intratympanic injections [5, 6].

Hyperbaric oxygen therapy (HBOT) was first used in 
the treatment of ISSNHL in the late 1970s [7]. This medi-
cal therapy can increase perilymph oxygenation when per-
formed by intermittent 100% oxygen administration to an 
ISSNHL patient in a pressure chamber [8]. During HBOT, 
oxygen is diffused by various terminal cochlear capillary 
networks into the perilymph, supplying the oxygen needs 
of the peripheral neuronal structures of the inner ear and 
stimulating cell repair [8, 9].

Clinical and experimental studies have reported the addi-
tional therapeutic effect of HBOT in ISSNHL patients [8, 
10]. In 2012, a latest Cochrane Review confirmed the value 
of HBOT for ISSNHL [11]. HBOT has been recommended 
as an optional treatment to ISSNHL patients in Europe since 
the First European Consensus Conference on Hyperbaric 
Medicine [12]. Although not applied as a standard treat-
ment in our country, HBOT is frequently used as auxiliary 
therapy combined with the conventional treatment modali-
ties in ISSNHL. In clinical practices, hearing improvement 

Abstract The objective of this study is to evaluate possible 
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therapy (HBOT) using univariate and multivariate analy-
ses. From January 2008 to October 2016, records of 178 
ISSNHL patients treated with auxiliary hyperbaric oxygen 
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initial hearing threshold, presence of tinnitus, vertigo, ear 
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HBOT, and audiogram), by using univariate and multivari-
ate analyses. The overall recovery rate was 37.1%, includ-
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higher initial hearing threshold were associated with a poor 
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differed among different studies because of various influenc-
ing factors, predicting recovery of ISSNHL patients treated 
with HBOT is becoming a need for otologists and hyperbaric 
physicians. The aim of this study was to investigate possible 
prognostic factors of ISSNHL treated with adjuvant HBOT 
using univariate and multivariate analyses.

Materials and methods

Patients

We retrospectively reviewed the medical records of 178 
patients with ISSNHL who received HBOT as adjuvant 
treatment in our department from January 2008 to October 
2016. ISSNHL was diagnosed by pure-tone audiometry and/
or speech audiometry. In addition to audiological exami-
nation, magnetic resonance imaging of the brain and inner 
ears was undergone to screen for acoustic neuromas. The 
inclusion criteria were as follows: (1) age > 10 years, (2) 
unilateral hearing loss, (3) interval between onset of symp-
toms and treatment ≤ 30 days, (4) HBOT were performed for 
more than 2 days or 4 sessions, and (5) the absence of otitis 
media, neuropsychiatric disease and acoustic trauma, and no 
previous history of ISSNHL, Meniere’s disease, trauma, and 
exposure to ototoxic medications.

Treatment

HBOT was applied at a pressure of 2.5 atmosphere absolutes 
(ATA) for 60 min twice a day. The decision of terminat-
ing HBOT depended on the referral clinic by evaluating the 
audiological follow-ups. Medical treatments (steroids, blood 
flow promoting agents, and vitamin B complex) were started 
at the beginning of HBOT.

Assessment

Data on gender, age, localization, initial hearing threshold, 
presence of tinnitus, vertigo, ear fullness, hypertension, dia-
betes, onset of HBOT, number of HBOT, audiogram were 
collected to analyze factors associated with prognosis.

Four types of audiogram were classified in relation to 
the pattern of hearing loss: ascending, descending, flat, and 
profound [13]. “Ascending” meant that the average thresh-
old of 250 to 500 Hz was 20 dB higher than the median 
threshold of 4000 to 8000 Hz. The audiogram was described 
as “descending” when the average threshold of 4000 to 
8000 Hz was 20 dB higher than the average threshold of 
250 to 500 Hz. The difference in hearing threshold ≤ 20 dB 
at any frequency, the audiogram was classified as “flat”. For 
the patient with a flat audiogram and hearing threshold more 
than 90 dB, the audiogram shape was defined as “profound”.

All patients underwent pure-tone audiometry on the first 
day of treatments and after treatment. The pure-tone aver-
age of four frequencies (500, 1000, 2000, and 3000 Hz) was 
employed to determine the initial hearing threshold and 
assess the treatment outcomes according to Siegel’s criteria 
[13, 14]. Complete recovery meant “final hearing level bet-
ter than 25dB”. More than 15 dB hearing gain and a final 
hearing level between 25 and 45 dB were “partial recov-
ery”. “Slight recovery” meant a final hearing level over 45 
dB with hearing gain of ≥ 15 dB. Final hearing level more 
than 75 dB with hearing gain of ≤ 15 dB was “no recovery”. 
In this study, complete recovery plus partial recovery were 
defined as “recovery”, and the last two were classified as 
“no recovery”.

Statistical analysis

All statistical analysis was performed with SPSS version 
19.0 for windows. Student t tests were applied to continu-
ous variables; Chi-square tests or Fisher’s exact tests were 
used for categorical variables. Variables that were statisti-
cally significant in the univariate analysis were included in 
the multivariate analysis. Binary logistic regression analysis 
was performed to confirm the effects of possible prognostic 
factors. P < 0.05 was considered statistically significant.

Results

In total, 178 patients, including 90 men and 88 women with 
a mean age of 40.6 ± 15.3 years (range 11–75 years). The 
right ear was involved in 73 (41.0%) cases and the left in 
105 (59%) cases. As accompanying symptoms, 155 (87.1%) 
exhibited tinnitus, 56 (31.5%) exhibited vertigo, and 64 
(36.0%) exhibited ear fullness. Of total, 24 (13.5%) patients 
had hypertension and 12 (6.7%) had diabetes. Mean pure-
tone threshold at the initial presentation was 73.8 ± 24.8 
dB. The mean interval between the onset of symptoms and 
HBOT was 7.8 ± 6.8 days (range 1–30 days). The average 
number of HBOT session was 16.8 ± 6.1 (range 4–34). The 
audiogram configuration before HBOT was ascending in 
6.2%, descending in 6.7%, flat in 39.8% and profound in 
47.2% cases (Table 1).

With regard to final recovery according to Siegel’s cri-
teria, percentages of patients in complete recovery, partial 
recovery, slight recovery, and no improvement were 19.7, 
17.4, 13.5, and 49.4%. The overall recovery rate (com-
plete + partial) was 37.1% (Table 2).

Based on treatment outcomes, patients were divided 
into two groups: recovery and no recovery, which was 
described in the “Materials and methods” section. In 
univariate analysis, the initial hearing threshold in 
the recovery group was lower than that in no recovery 
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group (P = 0.000). The mean interval between the onset 
of symptoms and HBOT was significantly shorter in 
the recovery group than that in the no recovery group 
(P = 0.001). With regard to the frequency of tinnitus or 
ear fullness, no statistical difference was found between 
the two groups, whereas there was a significantly higher 
incidence of vertigo in the recovery group (P = 0.001). 
The recovery group included more ascending type and 
flat type audiograms (P = 0.000, P = 0.003), and less pro-
found type audiograms (P = 0.000) (Table 3).

Variables with a P value < 0.05 in the univariate analy-
sis were included in the multivariate analysis. As both 
profound hearing loss and initial hearing threshold repre-
sented hearing level, we chose the latter in the multivari-
ate analysis. Multivariate analysis revealed that later onset 
of HBOT and higher initial hearing threshold were asso-
ciated with a poor prognosis in ISSNHL patients treated 
with HBOT (Table 3).

Discussion

There is still no consensus on the best treatment option of 
ISSNHL because of an indefinite etiology. Various empirical 
treatments have been applied to improve blood circulation 
and to increase oxygen pressure in the inner ear, including 
corticosteroids, vasodilators, plasma expanders, and antico-
agulant agents [12].

Since the first application in ISSNHL in 1970s, the thera-
peutic usefulness of HBOT has been discussed for about 
40 years [8, 15]. There have been many reports of HBOT 
being used as a primary treatment with different options 
and durations in ISSNHL with a significant additional thera-
peutic benefit [8, 15, 16]. HBOT was widely applied as an 
auxiliary therapy in the treatment of ISSNHL in our country, 
but the recovery rate was fluctuant with various influencing 
factors. Therefore, it is particularly difficult for otologists 
and hyperbaric physicians to predict recovery of ISSNHL 
patients treated with adjuvant HBOT. In this present study, 
we tried to collect data (gender, age, localization, initial 
hearing threshold, presence of tinnitus, vertigo, ear fullness, 
hypertension, diabetes, onset of HBOT, number of HBOT, 
and audiogram) to investigate possible prognostic factors 
using univariate and multivariate analyses.

The initial hearing level is a widely reported prognos-
tic factor for hearing recovery of ISSNHL [13], while in a 
Japanese study, the authors found no association between 
initial hearing level and hearing outcome in patients who 
were treated with HBOT and intravenous steroids [16]. Liu 
et al. [17] analyzed the hearing improvement of 112 patients 
treated with HBOT and pharmacologic agents and found that 
profound cases yielded a higher rate of hearing recovery. In 
the current study, most patients suffered profound hearing 
loss (mean initial hearing threshold was 73.8 ± 24.8 dB), 
the overall recovery rate (37.1%) was lower than previously 
published results [8, 13]. Our multivariate analyses showed 
that the initial hearing threshold was a significant prognostic 
indicator for hearing recovery. It is believed that in cases 
with profound hearing loss, the extent hair cell injury is 
more extensive, it is more difficult to get a significant struc-
tural and functional recovery, although HBOT is applied in 
combination with the conventional treatments [18].

This study showed that urgent HBOT following hearing 
loss increased the chances of hearing recovery in ISSNHL 
patients. The previous reports agreed that the response to 

Table 1  Baseline clinical characteristics of patients

HBOT hyperbaric oxygen therapy

Variables

Number of enrolled patients 178
Gender, male 90 (50.6%)
Age, year 40.6 ± 15.3 (range 11–75)
Localization, right 73 (41.0%)
Initial hearing threshold, dB 73.8 ± 24.8
Accompanying symptoms
 Tinnitus 155 (87.1%)
 Vertigo 56 (31.5%)
 Ear fullness 64 (36.0%)
 Hypertension 24 (13.5%)
 Diabetes 12 (6.7%)

Interval between onset of symptoms and 
HBO therapy, d

7.8 ± 6.8 (range 1–30)

Number of HBO treatments 16.8 ± 6.1 (range 4–34)
Audiogram
 Ascending 11 (6.2%)
 Descending 12 (6.7%)
 Flat 71 (39.8%)
 Profound 84 (47.2%)

Table 2  Final treatment 
outcomes according to Siegel’s 
criteria

Description n (%)

Complete recovery: final hearing level < 25 dB 35 (19.7)
Partial recovery: final hearing level 25–45 dB with hearing gain ≥ 15 dB 31 (17.4)
Slight recovery: final hearing > 45 dB with hearing gain ≥ 15 dB 24 (13.5)
No recovery: final hearing > 75 dB with hearing gain ≤ 15 dB 88 (49.4)
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the HBOT was better in the cases with earlier onset of this 
therapy [8, 16]. Alimoglu et al. [19] suggested that adju-
vant HBOT should be administered soon after the onset of 
ISSNHL as a primary treatment to achieve a good hearing 
recovery. Nakashima et al. [20] analyzed 1614 cases and 
found that hearing gain was better when HBOT was added 
to the conventional therapies in the first week of the disease. 
Poor prognosis associated with delayed treatment start might 
be a reflection of the natural history of ISSNHL, and hearing 
loss lasting more than 2 to 3 months is likely to become per-
manent [13]. In our study, we only included SSNHL patients 
who received HBOT and conventional treatments within 30 
days after hearing loss to minimize the confounding effect 
of the natural history of this clinical disease.

Another important aim of this study was to investigate the 
association between hearing outcomes and the number of 
HBOT sessions in the treatment of ISSNHL. Körpinar et al. 
[8] believed that the excessive number of HBOT sessions 
positively affected the hearing recovery. In a Chinese study, 
Liu et al. [21] found that 10 sessions of HBOT was enough 
to show its therapeutic effect, and the excessive courses were 
unnecessary. In our study, most patients received HBOT 
about 20 sessions (an average of 16.8 sessions) and com-
pleted within 10 days (an average of 8.9 days). According to 
multivariate analyses, we found that the number of HBOT 
sessions was not a factor in hearing recovery in ISSNHL 
patients. It is believed that the therapeutic effect of HBOT 
and conventional treatments will eventually reach a plateau 

after a course of standardized treatment, and excessive 
courses of HBOT will not exercise a decisive influence on 
hearing recovery [21].

ISSNHL patients always care deeply about the safety and 
side effects of HBOT before choosing it. HBOT is usually 
performed at about 2.5 ATA for 60 min twice a day in our 
country. In general, HBOT is safe when pressures do not 
exceed 3 ATA and the duration is less than 120 min [22]. In 
an evidence-based review conducted by Bennett et al. [11], 
no systematic adverse effects were reported after HBOT. The 
middle ear barotraumas, sinus barotraumas, and confinement 
anxiety may occur during HBOT. In our study, 10 patients 
(5.6%) suffered otalgia during the first session of HBOT. 
After being taught how to equalize the pressure during 
compression before receiving HBOT, 7 patients continued 
the HBOT with any uncomfortableness and 3 patients still 
complained about otalgia on the second day. These 3 patients 
refused to continue HBOT when tympanic membrane hyper-
emia and hydrotympanum were found in their ears during 
otoscpic examinations. 3 days later, otoscpic examinations 
showed normal results in these patients.

Conclusions

Our clinical experience and results in this retrospective study 
suggested that HBOT is a safe and beneficial adjuvant ther-
apy for ISSNHL patients. 20 sessions of HBOT is possibly 

Table 3  Results of analysis on 
factors influencing the recovery 
of SSNHL treated with HBOT

Bold text indicates statistical significance (P < 0.05)
B standardized coefficient, SE standard error, Exp(B) odds ratio, SSNHL sudden sensorineural hearing loss, 
HBOT hyperbaric oxygen therapy

Recovery No recovery Univariate Multivariate

n = 66 n = 112 P value B SE Exp (B) P value

Gender, male 34 (51.5%) 56 (50.0%) 0.878
Age, year 39.4 ± 14.3 41.4 ± 15.8 0.415
Localization, right 45 (68.2%) 60 (53.6%) 0.060
Initial hearing threshold, dB 58.5 ± 22.1 82.8 ± 21.7 0.000 – 0.045 0.008 0.971 0.000
Accompanying symptoms
 Tinnitus 58 (87.9%) 97 (86.6%) 1.000
 Vertigo 11 (16.7%) 45 (40.2%) 0.001 − 0.576 0.444 0.562 0.195
 Ear fullness 29 (43.9%) 35 (31.3%) 0.106
 Hypertension 6 (9.1%) 18 (16.1%) 0.257
 Diabetes 2 (3.0%) 10 (8.9%) 0.215

Onset of HBOT, days 5.6 ± 5.2 9.1 ± 7.3 0.001 − 0.095 0.032 0.558 0.003
Number of HBOT treatments 14.9 ± 6.1 17.8 ± 5.9 0.002 − 0.042 0.032 0.959 0.195
Audiogram
 Ascending 10 (15.2%) 1 (0.9%) 0.000 0.757 1.106 0.469 0.494
 Descending 7 (10.6%) 5 (4.4%) 0.131
 Flat 36 (54.5%) 35 (28.7%) 0.003 0.791 1.033 0.453 0.444
 Profound 13 (19.7%) 71 (63.4%) 0.000
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enough to show its therapeutic effect. According to multi-
variate analyses, we found that the earlier HBOT onset and 
lower initial hearing threshold is associated with favorable 
hearing recovery.
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