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treated in the first 10  days after the onset of the hearing 
loss or between 11 and 30 days. In conclusion, hyperbaric 
oxygen therapy can lead to significant improvement of pure 
tone hearing thresholds in patients with SSHL who failed 
primary corticosteroid treatment and are within 4 weeks of 
the onset of deafness.

Keywords  Sudden deafness · Sudden sensorineural 
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Introduction

Sudden sensorineural hearing loss (SSHL), defined as hear-
ing loss of at least 30  dB in three sequential frequencies 
in the standard pure tone audiogram occurring over 3 days 
or less, has an estimated incidence of 5–20 per 100,000 
persons per year [1]. This number seems to be increasing, 
especially in the elderly, as shown in recent studies [2]. 
Some authors have reported an incidence of 160 cases per 
100,000 per year and conclude that this condition should 
no longer be considered rare [3]. Moreover, the incidence is 
likely to be underestimated because many patients recover 
spontaneously and do not seek medical help.

In fact, the spontaneous remission rate has been reported 
as 45–65  % [4]. The natural history of SSHL is highly 
variable, suggesting that multifactorial pathogenesis is 
involved, including viral infection, vascular occlusion, 
breaks of the labyrinthine membranes, immune-mediated 
mechanisms and abnormal cellular stress responses [5, 6]. 
A variety of medical therapies have been proposed with 
varying results. The most commonly used treatment in clin-
ical practice is the administration of steroids [7], which can 
be administered orally, intravenously or by intratympanic 

Abstract  The most commonly used treatment for senso-
rineural sudden hearing loss (SSHL) in clinical practice is 
the administration of steroids; however, a favorable result 
is not always obtained. We studied 58 patients who failed 
to recover after primary treatment with IV steroids, 44 of 
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(mean age 54.5, 11 males, age range 22–71) patients 
refused to be treated and served as a non-randomized con-
trol group. Patients treated with HBO had a mean improve-
ment of 15.6 dB (SD ± 15.3), with 1 of them completely 
healed, 5 with a good recovery, 10 with a fair recovery and 
7 unchanged. Patients who were not treated had a sponta-
neous mean improvement of 5.0  dB (SD ±  11.4) with 3 
patients with a good recovery, 1 patient with a fair recovery 
and 17 patients unchanged. Mean improvement was sig-
nificantly better in patients treated with HBO compared to 
controls (p = 0.0133). Patients with worst hearing had the 
greater degree of improvement whether or not they were 
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(IT) injections. Evidence of the usefulness of steroids is 
not strong and is mostly based on retrospective series [8] 
and few placebo controlled trials [7, 9]. The dosage and 
the route of administration of steroids influence the con-
centration of the drug in the inner ear and for this reason 
IT steroids, which offer the higher concentration with less 
systemic effects, have gained popularity [10]. Even when 
patients are treated in the early phases after onset, a favora-
ble result is not always obtained and approximately 40 % 
do not respond fully to systemic treatment [9]. Permanent 
hearing loss is a dramatic consequence, so the use of sec-
ondary treatment modalities, which include intratympanic 
steroids [11], hyperbaric oxygen therapy (HBO) [12] and 
plasmapheresis [13], has been advocated. Hyperbaric oxy-
gen therapy (HBO) has been proposed because whether or 
not hypoxia is the initial cause or a consequence of other 
inflammatory processes, the ischemia which results is 
known to greatly affect the functioning of the cochlea. In 
particular, ischemia induces transcription of hypoxia induc-
ible genes, which are involved in acute as well as chronic 
damage to microcirculation [14].

Despite many studies on HBO as a primary treatment 
[15–17], there are few prospective studies about HBO as a 
salvage treatment and no studies with a control group in the 
acute phases of SSHL have been carried out, to the best of 
our knowledge. The aim of the present study was to evalu-
ate the hearing improvement in patients with SSHL refrac-
tory to steroid treatment treated with HBO in comparison 
with patients who received no further treatment.

Materials and methods

From March 2011 to February 2013, 168 patients with 
SSHL presented to our department. Patients underwent 
clinical history taking, complete ENT examination, audio-
logical testing and brain MRI. Thirty-three patients, who 
presented more than 30 days after disease onset, who had 
hearing loss lesser than 30 dB in three contiguous frequen-
cies, who had a history of fluctuant hearing loss or evidence 
of acoustic neuroma, were excluded.

The remaining 135 patients were all treated with corti-
costeroids (intravenous betamethasone at doses of 4  mg) 
and osmotic diuretics (intravenous administration of 250 cc 
of mannitol 18 %) for 6 days consecutively (Fig. 1). Patients 
were assessed with audiometry after the primary treatment 
with IV steroids to assess if the response was adequate. 
Mean hearing thresholds were expressed as the pure tone 
average (PTA) of the 0.25-, 0.5-, 1.0-, 2.0-, 3.0-, 4.0-, 6.0-, 
and 8.0-kHz hearing thresholds. Mean hearing gain was 
calculated as the difference between PTA prior and post 
the treatment. If hearing had worsened, was unchanged or 
if mean hearing gain was ≤10 dB patients were considered 

to have failed to recover and were further treated with a 
course of oral steroids (dexamethasone 25 mg once a day) 
for 7 days. Moreover, a cycle of hyperbaric oxygen therapy 
was offered to all patients, except to those having medical 
comorbidities contraindicated in HBO, such as untreated 
pneumothorax, uncontrolled seizure disorders, severe 
chronic obstructive pulmonary disease (COPD) [18]. The 
patients able to undergo HBO, but who refused it were not 
treated anymore, were considered as control group. HBO 
sessions were performed once a day for 15 consecutive days 
in a 12 place chamber (Model type Zyron-12. Hipertech®, 
Istanbul, Turkey) using the following protocol: 12 min for 
compression time, 30  min for breathing O2 at 2.5 ATA, 
3 min for breathing environmental air, 30 min for breathing 
O2 at 2.5 ATA and 15 min of decompression time. Our treat-
ment protocol is reported in Fig. 1.

The degree of the residual hearing loss after primary 
therapy was classified as mild (≤40  dB), moderate (41–
70  dB), severe (71–90) or profound (≥91). We classified 
the degree of recovery into four categories: complete (hear-
ing return to the same level of the unaffected ear), good 
(hearing return to within 15  dB of the unaffected ear), 
fair (hearing level improved by more than 10  dB but not 
returned to within 15  dB of the unaffected ear) and poor 
(hearing level worsened, unchanged or improved by less 
than 10 dB). Baseline patients’ characteristics are shown in 
Table 1. The study was approved by the Ethics Committee 
of our institution. All patients gave a signed inform consent 
describing the interventional procedure.

Statistical analysis

Comparisons between the intervention group (HBO) and 
the control group (no HBO) were analyzed using Pearson 
Chi squared tests for categorical data and unpaired t test for 

Fig. 1   Depicts the duration and dosing of primary treatment. IV: 
intravenous. Failure to recover: worsening of hearing, no recovery of 
hearing or an average hearing improvement <10 dB
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continuous data (e.g., means). Odds ratios (OR) with 95 % 
confidence intervals (CI) were calculated to measure pos-
sible univariate associations between HBO and different 
outcomes, such as recovery, degree of recovery (complete, 
good, fair), PTA gain, days after onset, age, also stratified 
by categories of hearing loss (profound/severe vs. mod-
erate/mild) to assess for possible effect modification. To 
assess for possible confounding, OR for recovery were 
also calculated between different categories of hearing loss 
(mild, moderate, profound, and severe), age, sex, and days 
after onset and recovery. OR for continuous variables (e.g. 
age) were calculated using a univariable logistic regres-
sion model. Outcomes and possible confounding factors 
were also introduced in a final multivariable logistic regres-
sion model. All analyses were carried out using Stata® 10 
(StataCorp. 2007. Stata Statistical Software: Release 10. 
College Station, TX: StataCorp LP).

Results

Fifty-eight patients failed to recover from primary therapy 
among whom eight patients had medical contraindication 
to HBO and six patients were treated with HBO but did 
not come for the audiometry scheduled after 3 months and 
were, therefore, excluded from the study group. Therefore, 
only 44 patients (mean age 50.7, range 30–74, 27 males) 
were allocated to the study group. Among these, 23 patients 
(mean age 47.3, 16 males, age range 22–74) were treated 
with HBO while the remaining 21 (mean age 54.5, 11 
males, age range 22–71) patients refused to be treated and 

served as a control group. Table 1 presents characteristics 
of case and control groups. There were no significant dif-
ferences in baseline characteristics between cases and con-
trols. Table 2 shows comparison of outcomes in the control 
and study group. Mean PTA gain was significantly better in 
patients treated with HBO compared to controls (p = 0.01). 
There was a significant difference in patients experiencing 
recovery (complete, good, fair, or unchanged) between the 
two groups (Table 2). There was a significant positive asso-
ciation between recovery and the degree of PTA gain, hav-
ing received HBO. When recovery was broken down into 
three categories, experiencing a fair recovery was the only 
one significantly associated with HBO, while complete 
and good recoveries were not. The OR for recovery in the 
profound and severe hearing loss stratum were similar to 
the moderate and mild ones, whereas PTA gain was only 
significantly associated with HBO in the latter stratum and 
being male in the former (Table 3). Having experienced a 
mild hearing loss and increasing days after onset were neg-
atively associated with recovery (Table 4). In the first mul-
tivariable model, recovery was the only variable positively 
associated with HBO (Table  5); while in the second only 
experiencing a fair recovery and being male were positively 
associated with HBO (Table  6). When stratified by gen-
der, the OR between HBO and recovery were 7.5 (95 % CI 
0.96–87.24; p = 0.023) in the male group and 24.00 (95 % 
CI 1.27–1,236.47) in the female group.

HBO did not cause clinical side effects other than mild 
middle ear barotrauma in four patients and one episode of 
confinement anxiety. Barotrauma, due to wrong equaliza-
tion maneuvers, was characterized by pain and discomfort 
during the descent phase but did not lead to middle ear 
effusion and was managed with a topical decongestant and 
the use of slower compression speed. Confinement anxiety 
was managed with the administration of low doses of ben-
zodiazepine during treatment (oral diazepam 2 mg).

Table 1   Baseline characteristics of the study and the control groups

a  PTA pure tone average of the 0.25-, 0.5- 1.0-, 2.0-, 3.0-, 4.0-, 6.0-, 
and 8.0-kHz hearing thresholds

HBO group Control group p

Number 23 21

Age

 Mean 47.3 54.5 0.08

 SD 13.7 13.1

Initial PTAa

 Mean 72.3 61.0 0.14

 SD 27.6 20.8

Interval between onset and first treatment

 Mean 9.7 10.2 0.80

 SD 6.2 8.8

Hearing loss grade

 Mild 2 3 0.38

 Moderate 10 12

 Severe 4 4

 Profound 7 2

Table 2   Comparison of outcomes in the control and study groups

Bold values are statistically significant
a  PTA pure tone average of the 0.25-, 0.5- 1.0-, 2.0-, 3.0-, 4.0-, 6.0-, 
and 8.0-kHz hearing thresholds

HBO group Control group p

Number 23 21

PTAa 250-8000 gain

 Mean 15.6 5.0 0.01

 SD 15.3 11.4

Recovery grade

 Complete 1 0 0.005

 Good 5 3

 Fair 10 1

 Unchanged 7 17
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Table 3   Odds ratios for outcomes associated with HBO in three strata: all patients (N = 44), patients with profound and severe hearing loss 
(N = 17), and patients with moderate and mild hearing loss (N = 27)

Bold values are statistically significant

OR odds ratio, CI confidence interval, NA not applicable, AO after onset, PTA pure tone average of the 0.25-, 0.5- 1.0-, 2.0-, 3.0-, 4.0-, 6.0-, and 
8.0-kHz hearing thresholds

Group Variable HBO group (%) Control group (%) OR (95 % CI) p

All N 23 21

Recovery 16 (69.6) 4 (19.1) 9.71 (2.02–52.13) 0.001

Complete recovery 1 (4.4) 0 (0) – 0.334

Good recovery 5 (21.7) 3 (14.3) 1.67 (0.27–12.22) 0.522

Fair recovery 10 (43.5) 1 (4.8) 15.38 (1.71–700.05) 0.003

Male patient 16 (69.6) 11 (52.4) 2.08 (0.51–8.59) 0.242

Age > 50 10 (43.5) 15 (71.4) 0.31 (0.07–1.26) 0.062

Therapy within 10 days AO 14 (60.9) 16 (76.2) 0.49 (0.10–2.13) 0.276

PTA Gain NA NA 1.06 (1.01–1.11) 0.025

Age in years NA NA 0.96 (0.92–1.01) 0.096

Days AO NA NA 0.98 (0.91–1.07) 0.792

Profound and severe hearing loss N 11 6

Recovery 9 (81.8) 2 (33.3) 9.00 (0.61–151.69) 0.046

Complete recovery 0 (0) 0 (0) – –

Good recovery 5 (45.5) 2 (33.3) 1.67 (0.15–25.26) 0.628

Fair recovery 4 (36.4) 0 (0) – 0.091

Male patient 9 (81.8) 1 (16.7) 22.5 0.009

Age > 50 4 (36.4) 6 (100.0) 0 (0–0.49.3) 0.011

Therapy within 10 days AO 8 (72.7) 4 (66.7) 1.33 (0.08–17.43) 0.793

PTA Gain NA NA 1.03 (0.98–1.09) 0.271

Age in years NA NA 0.91 (0.83–1.01) 0.074

Days AO NA NA 0.93 (0.81–1.07) 0.312

Moderate and mild hearing loss N 12 15

Recovery 7 (58.3) 2 (13.3) 9.10 (1.09–108.5) 0.014

Complete recovery 1 (8.3) 0 (0) – 0.255

Good recovery 0 (0) 1 (6.7)

Fair recovery 6 (50.0) 1 (6.7) 14.00 (1.16–688.45) 0.011

Male patient 7 (58.3) 10 (66.7) 0.70 (0.11–4.42) 0.656

Age > 50 6 (50.0) 9 (60.0) 0.67 (0.11–3.96) 0.603

Therapy within 10 days after onset 6 (50) 12 (80) 0.25 (0.03–1.77) 0.100

PTAGain NA NA 1.14 (1.01–1.29) 0.028

Age in years NA NA 0.98 (0.92–1.04) 0.553

Days after onset NA NA 1.04 (0.93–1.15) 0.517

Table 4   Odds ratios measuring 
the univariable association 
between recovery (outcome) 
and possible predicting 
(exposures) in all patients 
(N = 44)

Bold values are statistically 
significant

OR odds ratio, CI confidence 
interval, NA not applicable, AO 
after onset

Variables Recovery (%) N = 20 No Recovery (%) N = 24 OR (95 % CI) p

Mild hearing loss 0 (0) 5 (20.8) 0.00 (0.00–0.80) 0.030

Moderate hearing loss 9 (45.0) 13 (54.2) 0.69 (0.18–2.66) 0.545

Severe hearing loss 6 (30.0) 2 (8.3) 4.71 (0.69–52.26) 0.064

Profound hearing loss 5 (25.0) 4 (16.7) 1.67 (0.30–9.84) 0.495

Age >50 years of age 9 (45.0) 16 (66.7) 0.41 (0.10–1.63) 0.149

Therapy within 10 days AO 14 (70.0) 16 (66.7) 1.17 (0.27–5.17) 0.813

Male patients 12 (60.0) 15 (62.5) 0.90 (0.23–3.62) 0.865

Age in years NA NA 0.98 (0.94–1.03) 0.470

Days AO NA NA 0.90 (0.82–0.99) 0.045
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Discussion

We found that in patients with SSHL, refractory to a first-
line treatment based on intravenous steroids, the adminis-
tration of HBO +  oral steroids led to better hearing gain 
compared to a control group that received only oral ster-
oids. Our protocol included the administration of oral ster-
oids to all patients (control and study groups) who failed 
to recover after intravenous steroids, so we considered the 
positive results obtained in the study group due to HBO. 
Patients with worse hearing had the greater degree of 
improvement whether or not they were treated in the first 
10 days after the onset of the hearing loss or between 11 
and 30 days. However, only a small percentage of patients 
returned to hearing thresholds prior to the damage. In 
fact, from the univariable and multivariable models used, 

it seemed that the association of HBO therapy with fair 
recovery was stronger than the one with recovery in gen-
eral, suggesting that HBO may be less effective to achieve 
a complete recovery compared to a partial one.

Regardless of the initial nature of the damage (vascular, 
viral or autoimmune) decreased cellular oxygenation is an 
important pathogenetic step in the development of SSHL 
[19]. It has also been demonstrated that perilymphatic oxy-
gen tension decreases significantly in patients with sudden 
hearing loss [20]. In fact, a decreased blood flow is fol-
lowed by a reduced pO2 of the inner ear fluids, which sup-
ply nourishment to the organ of Corti [21].

These factors led to the use of HBO as a way to increase 
cochlear and neural oxygenation. Since the first investiga-
tions in 1960, many studies have shown that HBO therapy 
may produce an increase as high as 125 % in blood oxy-
gen content and increase the oxygen tension in plasma and 
other tissue fluids [22]. Moreover, HBO may have an effect 
not only directly on the damaged area but also on the perile-
sioned penumbra, where ischemic events lead to induction 
of hypoxia-induced factor 1a and delayed neuronal apop-
tosis. HBO diminishes the expression of hypoxia-induced 
factor 1a and its target genes [23]. HBO has a well-docu-
mented healing effect [24] that makes it a useful therapy 
for diabetic wounds or compromised flaps and grafts [23]. 
In fact, plasmatic oxygen works as an angiogenic stimulus, 
influencing the formation of new blood vessels from local 
endothelial cells and stimulating the recruitment and differ-
entiation of circulating stem/progenitor cells (SPCs) [24]). 
Such effect may contribute to reestablish the circulation of 
the damaged cochlea which is believed to be unpaired in 
SSHL, primarily or secondarily, due to compression caused 
by the inflammatory edema. Furthermore HBO has an anti-
inflammatory power, mediated by a decreased production 
of interleukins (IL)-1, -1B, -6, cyclooxygenase, prostaglan-
din E-2 [19, 25] and an overproduction of anti-inflamma-
tory cytokine IL-10.

HBO can be administered soon after the onset of SSHL 
as a primary treatment [26], alone or in association with 
pharmaceutical treatment [15], or as a secondary treatment 
[27]. However, HBO administered as a primary treatment, 
with no combination with other drugs, seems to be less 
effective than systemic corticosteroids [15]. For this reason, 
the initial treatment of choice for SSHL is usually based 
on systemic corticosteroids. When there is no response 
or when recovery is unsatisfactory, HBO, IT steroids, or 
other forms of “salvage therapy” may be offered. Several 
studies report that when HBO is administered as a rescue 
therapy significant improvement of hearing thresholds can 
be obtained [19, 26–29]. A recent study where “salvage” 
HBO was compared to “salvage” IT steroids shows that 
there were no significant differences between the two treat-
ments [30]. IT steroids are cheaper and can be administered 

Table 5   Multivariable logistic regression models to investigate the 
association between hyperbaric oxygen treatment and explanatory 
variables including recovery as a single variable

Bold values are statistically significant

OR odds ratio, CI confidence interval, NA not applicable

Variable OR (95 % CI) p

Recovery 33.6 (3.10–364.80) 0.004

Mild hearing loss 8.15 (0.27–242.59) 0.225

Moderate hearing loss 2.65 (0.21–32.90) 0.449

Profound hearing loss 14.86 (0.52–428.26) 0.116

Severe hearing loss NA –

Age in years 0.97 (91.3–1.02) 0.234

Days after onset 1.05 (0.94–1.17) 0.368

Male patients 3.91 (0.68–22.45) 0.126

Table 6   Multivariable logistic regression models to investigate the 
association between hyperbaric oxygen treatment and explanatory 
variables including three different degrees of recovery

Bold values are statistically significant

aOR adjusted odds ratio, CI confidence interval, NA not applicable

Variable aOR (95 % CI) p

Fair recovery 273.70 (6.10–12275.89) 0.004

Good recovery 1.35 (0.05–38.86) 0.86

Complete recovery NA –

Mild hearing loss NA –

Moderate hearing loss 0.20 (0.01–2.74) 0.226

Profound hearing loss 4.21 (0.15–119.69) 0.399

Severe hearing loss 1.57 (0.02–118.04) 0.839

Age in years 0.95 (0.89–1.02) 0.194

Days after onset 1.06 (0.94–1.20) 0.362

Male patients 26.62 (1.41–503.16) 0.029
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directly in the hospital, with a saving of time. However, 
some patients have significant ear pain during treatment 
and choose to drop the treatment. On the other hand, HBO 
can cause claustrophobia and ear pain as well, especially in 
those patients who have equalization problems due to poor 
Eustachian tube function. In our hospital, we do not have 
experience in performing IT injections and we have to refer 
patients to other centers.

The effect of spontaneous recovery that has been 
reported to be ranging from 3 to 60  % [31] and is pos-
sible within an average of 4  months after the treatment 
[32].could significantly impact the outcome measurements 
in HBO salvage treatment. There are few studies using a 
control group to evaluate the effect of spontaneous recov-
ery. Ohno [33] carried out a retrospective case–control 
study on patients treated with HBO as a salvage ≥4 weeks 
after onset of ISSNHL and found non-significant differ-
ence in hearing improvement compared to patients treated 
with systemic corticosteroids, vitamins and adenosine 
triphosphate treated within 4  weeks after onset of ISS-
NHL. Even if cases of patients successfully treated with 
HBO have been reported 3 months after the onset of deaf-
ness [26], recent studies show that the administration of 
treatment after 30 days does not lead to significant hearing 
improvement [19, 33, 34]. One month, therefore, seems to 
be a more reasonable cut-off to obtain significant recovery 
and for this reason in our study we included only patients 
treated within 1 month of onset of SSHL.

Since the first studies on the use of HBO to treat SSHL, 
it has consistently been demonstrated that the effectiveness 
of HBO is time-dependent and decreases with increasing 
delay in administration [26]. In our study as well, we found 
a negative association between recovery and days after 
onset.

Due to the diversity of possible causes and heterogene-
ous patient population with SSHL, it becomes necessary 
to tailor treatment to each patient. To do this we sought to 
identify how the presenting degree of initial hearing loss 
could influence the final outcome. Patients with initial 
profound hearing loss have been reported to have a better 
outcome, in terms of absolute hearing gain [29] and also 
in terms of recovery [17]. We were not surprised then too 
seeing a negative association between recovery and having 
a mild hearing loss. Most patients with profound deafness 
choose to be further treated with HBO (7 patients in the 
study group vs. 2 patients in the control group had profound 
deafness). Even if the differences between the control 
group and the study group were not statistically significant 
in terms of initial hearing loss, we can assume that patients 
with worse hearing are more prone to accept the expenses 
related to the therapy. The fact that we found that patients 
with worse hearing had the greater degree of improvement 
may have biased the results toward more benefit in the 

HBOT group. We can also hypothesize that patients with 
worse initial degree of hearing loss may also be affected by 
a form of SSHL, which respond better to hyperbaric oxy-
gen. We used stratification to see if the effect of HBO was 
modified by the initial presentation. The OR for recovery 
and PTA gain were similar in the two groups (profound and 
severe vs. moderate and mild hearing loss), suggesting that 
there was no effect modification. Also previous studies [19, 
29, 35] report that HBOT is more effective in patients with 
worse initial hearing level, whereas Cvorovic et al. [30] 
showed, in a retrospective series of 541 patients treated 
with steroids and carbogen, that the severity of initial hear-
ing loss is a negative prognostic factor.

Older age may represent a risk factor for microvascular 
pathologies [36] and ischemia, which generally negatively 
influence recovery, but it may also be related to a greater 
improvement in those patients who receive HBO. In fact, 
other studies [19, 34] found that older patients respond 
better to HBO. Being male was positively associated with 
HBO in the profound and severe hearing loss stratum, 
and also in one of the multivariable models. We could not 
explain these findings, which may be due to chance, or 
indicate the presence of effect modification or confound-
ing. In fact, when we measured the association between 
HBO and recovery stratified by sex, we noticed that OR 
were higher in the female stratum, which may indicate that 
the effect of HBO is modified by sex.

During the HBO treatment, four patients had middle ear 
barotrauma and one patient suffered of confinement anxi-
ety. Eustachian tube dysfunction is the most common com-
plication of HBO as showed in previous studies [16] and 
in some cases it may require the positioning of ventilation 
tubes. In our study, we managed the middle ear barotrauma 
by slowing the compression speed and with application of 
topical decongestants.

This study is subject to a number of limitations. Firstly, 
there was no randomization and the control group was 
composed of patients who refused the treatment. A selec-
tion bias may have had an important influence, due to the 
fact that in our region, the use of HBO for disorders of the 
inner ear is not financed by the Health Ministry and patients 
have to cover entirely the expenses, that are approximately 
800 € for 15 sessions. Moreover, socio-economic status 
may have an influence on the causes or predisposing fac-
tors of SSHHL. Secondly, simply measuring the hearing 
thresholds after the treatment showed us mainly absolute 
values of hearing gain that may not reflect a real improve-
ment on patients’ quality of life. In particular, we did not 
investigate speech perception and the presence of concomi-
tant symptoms such as tinnitus and feeling of pressure in 
the interested ear. Moreover, we did not submit our patients 
to any questionnaire, such as the short Form-36 Health Sur-
vey Update (SF-36) questionnaire, which can be used to 
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evaluate the impact of selective standard therapy on quality 
of life [37]. Finally, the number of patients enrolled may 
have resulted in a loss of power, especially when stratifica-
tion was used.

In conclusion, when primary steroid therapy fails there 
is not a definite and unique successful treatment regimen; 
however, further treatment should be offered to patients. 
This prospective non-randomized clinical study showed 
that hyperbaric oxygen therapy can lead to significant 
improvement of pure tone hearing thresholds in patients 
with SSHL who failed primary corticosteroid treatment and 
were within 4 weeks of the onset of deafness. During this 
period of time, the delay of treatment does not influence the 
outcome, allowing favorable results even after 10 days of 
onset.

We felt that a control group without any treatment at 
all was not ethical; therefore, we decided to carry out our 
study maintaining the oral steroids for both populations. 
Ideally, a randomized controlled study should include 
larger sample and a study group of patients receiving HBO 
with no personal charges. We recommend also that future 
research focuses on speech reception thresholds and quality 
of life assessment.
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