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Abstract. Hyperbaric oxygen as salvage treatment for idiopathic sudden sensorineural hearing loss. Objective: To
investigate the efficacy of hyperbaric oxygen therapy as a salvage treatment for patients with sudden sensorineural hear-
ing loss (SSHL).

Materials and methods: Fifteen patients affected by sudden hearing loss and treated with hyperbaric oxygen after steroid
and vasodilator therapy failed constituted the study group. A control group of 30 patients who were treated with steroids
and vasodilator alone was also included. Hyperbaric oxygen was administered once daily for 15 sessions at a constant
pressure of 2.2 atmospheres. Pure-tone hearing thresholds were obtained for both groups before and after each treatment
and frequency-specific thresholds 3 months after the end of hyperbaric oxygen therapy.

Results: Salvage hyperbaric oxygen therapy was performed with a mean delay of 24 days from the onset of SSHL. The
overall rate of hearing improvement was higher in the study group (7/15 cases, 46.6%) compared with the control group
(4/30 cases, 13.3%). The mean pure-tone hearing average thresholds after salvage treatment in the study group was 53 .4
dB HL (mean gain, 12.1 dB HL), which was significantly lower than that in the control group of 67.9 dB HL (mean gain,
2.7 dB HL). Hearing recovery was found to be better at low frequencies (250-500 Hz).

Conclusion: Hyperbaric oxygen therapy should be suggested to all patients for whom initial conventional medical treat-

ment for SSHL has failed.

Introduction

Sudden sensorineural hearing loss (SSHL), a clini-
cal emergency, is defined as hearing deterioration
of at least 30 dB in 3 sequential frequencies
occurring within 3 days. The pathogenesis of SSHL
is still not well understood, but the most likely
theories of its etiology include viral infection, vas-
cular disturbances (vasoconstriction, blood hyper-
viscosity, hypertension, thromboembolic events),
and autoimmune processes." All treatments for
SSHL are based mainly on improving the blood
circulation and increasing the oxygen tension in the
cochlea.” Although many treatment protocols have
been applied, the most widely used drugs in the
management of SSHL are steroids. However, after
an initial therapy for oral or intravenous steroids,
approximately 30-50% of patients still show poor
responses to treatment.”* Intratympanic steroid
injection was then proposed in order to produce
significantly higher concentrations of steroid in
the perilymph of the cochlea via the round win-
dow membrane. In a recent meta-analysis,’ intra-

tympanic steroid therapy was found to be beneficial
as salvage treatment, but not as a primary treatment
for SSHL. However, complications such as per-
forations of the tympanic membrane, otitis media,
or dizziness/vertigo due to the caloric effect of the
steroid solution have been reported.®

Hyperbaric oxygen therapy (HBOT), which has
gained great popularity in the past few years for
treating SSHL, is intended to increase the partial
oxygen pressure and oxygen concentration in the
cochlea and improve the microcirculation and the
blood profile. The purpose of this study was to
determine whether HBOT is beneficial as a salvage
therapy for SSHL after the initial systemic steroid
and vasodilator treatment has failed.

Materials and methods

In the past 2 years, a total of 85 patients were
hospitalized in our clinic for treatment of SSHL.
Among them, 25 patients (30%) did not respond
to our conventional treatment for SSHL, which
consists of intravenous steroid for 10 days (dexa-
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methasone 8 mg, 3 times daily, under a tapering
dose schedule) combined with vasodilator therapy
for one week (piracetam 4 ampoulesx 15 mlx3 g
in 500 ml of saline twice daily). During the past 2
years, hyperbaric oxygen therapy has been applied
as adjunctive treatment in our clinic for refractory
SSHL. Of the 25 nonresponding patients, 15 (age
range, 17 to 74 years; mean age + standard deviation
[SD], 45.4+19.3 years; 6 men and 9 women) with
unilateral SSHL underwent hyperbaric oxygen
treatment (HBOT; HBO group) after the initial
steroid-vasodilator therapy failed. Failure of the
initial therapy was considered a change in pure-
tone hearing average (PTA) gain up to 10 dB HL
and an increase in PTA of 250-8,000 Hz. The 10
remaining patients were not able to initiate HBOT
for various reasons (mainly because of distant
residence).

The control group consisted of 30 patients with
unilateral SSHL who were treated in our clinic
before HBOT was added to the treatment protocol.
These patients had poor responses to steroids and
vasodilators, and had no further treatment (age
range, 20 to 76 years; mean age, 51.0+17.6 years;
13 men and 17 women).

Patients in the HBO group underwent 15 HBOT
sessions, which started within 2-3 days after the
end of the initial steroid-vasodilator treatment. The
HBOT was administered once daily in a multiplace
hyperbaric chamber at a constant pressure of 2.2
atmospheres (ATA). Each HBOT session consisted
of 2 40-minute periods under 100% oxygen with an
intervening S-minute air break. The patients
breathed 100% oxygen through oral nasal masks.
The 5-minute break during the dives prevented
oxygen toxicity.

A standard neurotological evaluation was
performed in all patients in the HBO group, and
included a thorough otolaryngologic history, phy-
sical examination, pure-tone audiometry (GSI 61
Clinical Audiometer, Grason Stadler, Inc., Madison,
WI USA), tympanometry, bedside vestibular
examination, biochemical analysis, and magnetic
resonance imaging. Patients with a retrocochlear
lesion, acoustic trauma, otitis media, Méniere’s
disease, or who had recently used ototoxic medi-
cations were excluded from the study.

PTA was obtained at frequencies of 250, 500,
1,000, 2,000, 4,000, and 8,000 Hz. A threshold of
120 dB was assumed if hearing loss exceeded the
limits of the audiometric equipment. According to
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the degree of severity, the hearing loss was
categorized as mild (PTA: 20-40 dB), moderate
(PTA: 41-60 dB), severe (PTA: 61-90 dB), and pro-
found (PTA>90 dB).

Audiological assessments of the patients in the
HBO group were performed before (pre-steroid)
and after steroid and vasodilator therapy (post-
steroid or pre-HBOT) and 3 months after the end of
HBOT (post-HBOT). In the control group, audio-
logical examination was performed before (pre-
steroid) and after steroid (post-steroid) and vaso-
dilator therapy, and 3 months after the end of the
treatment (3 months post-steroid). To estimate the
hearing improvement at each frequency in the
HBO group following HBOT, we also calculated
the APTA as the difference between the mean PTA
pre-HBOT and PTA post-HBOT for each frequency
in relation to the mean PTA post-HBOT for each
frequency of the contralateral (unaffected) ear.’

APTA [in percent] =(PTA pre — PTA post / PTA
pre — PTA contralateral ear) x 100

The outcome of patients hearing recovery was
classified as (i) good recovery (hearing returned to
within 15 dB of the unaffected contralateral ear),
(i) fair recovery (gain of >10 dB, but not returned
to within 15 dB of the healthy side), and (iii) poor
recovery (hearing unchanged, worsened, or gained
<10 dB).

Measurements are described as the means+SD.
For the between groups comparison, Student’s
t-test and Pearson’s %> were used as appropriate. For
the comparison of outcome classification (ordinal
variable) between the HBOT and control groups
and among hearing-loss-degree groups, Sommer’s
d was used. Finally, a linear regression model was
calculated for the HBO group using post-HBOT
hearing thresholds as a dependent variable and sex,
age, pre-HBOT hearing threshold, and vertigo as
independent predictors.

Table 1

Therapeutic outcomes in the hyperbaric oxygen (HBO)
and control groups

HBO group Control group
(n=15) (n=30)
Good recovery, n (%) 1 (6.6) 0
Fair recovery, n (%) 6 (40) 4 (13.3)
Poor recovery, n (%) 8(53.3) 26 (83.3)
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Table 2

Comparison of the patient characteristics between the study and control groups
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Study group Control group
(n=15) (n=30)
Men:Women 6:9 13:17 x4=0,05, p=0.830
Age, mean+SD (years) 454+19.3 51.0+17.6 t,,=098,p=0.335
Vertigo (yes:no) 3:12 8:22 x4=0,24,p=0.623
Hearing level pre-steroid, mean+SD (dB) 68.3+24 70.5+21 t,,=032,p=0.754
Hearing level post-steroid, mean+SD (dB) 653+21 69.2+22 t:=0.57,p=0.572
Hearing level after HBO (study) / 3m later (control) 53.4+20 67.9+22 1,=2.15,p=0.038

SD: standard deviation.

Results

Salvage HBOT was performed within a mean+SD
delay of 24+12 days from the onset of SSHL.
Three months after the end of treatment, the overall
rate of hearing improvement was higher in the
HBO group (7/15 patients, 46.6%) compared to the
control group (4/30, 13.3%) (Table 1) (Sommer’s
d=0.342, p=0.021). One (6.6%) patient totally
recovered after salvage treatment.

The PTA threshold before steroid-vasodilator
treatment in patients from the HBO and control
groups were comparable, and there were no
statistically significant differences (68.3+24 dB
HL versus 70.5+21 dB HL, respectively, p>0.05).
After steroid-vasodilator treatment, the pre-HBO
PTA threshold in the study group was 65.3+21 dB
HL and 69.2+22 dB HL in the control group
(p>0.05). The post-HBO PTA threshold in the
HBO group was 53.4+20 dB HL, which was
significantly lower than that in the control group 3
months after the end of steroid-vasodilator therapy
(67.9+22 dB HL, p<0.05) (Table 2).

In the HBO group, the mean post-HBOT gain
was 12.1+18.4 dB HL. In the control group the
mean gain was 2.7+3 dB HL 3 months after the
end of the steroid-vasodilator therapy.

Table 4

Table 3

Relationship between degree of pre-hyperbaric
oxygen treatment (HBOT) hearing loss and outcome after
HBOT salvage therapy.

Degree of Hearing Loss (dB)
20-40 | 41-60 | 61-90 | >90 dB
n=2) | (n=4) | (n=7) | (n=2)
Good recovery - 1- - _
Fair recovery - 1 4 1
Poor recovery 2 2 3 1

The results in Table 3 show that almost half of
the patients in each of the different hearing loss
degree categories responded to HBOT, except for
two patients with mild hearing loss who recovered
poorly; however, this association was not statis-
tically significant (Sommer’s d=0.132, p=0.539).
Moreover, the APTA hearing improvement fol-
lowing HBOT was better at low frequencies (250
and 500 Hz) than at middle (1,000 and 2,000 Hz)
and high (4,000 and 8,000 Hz) frequencies
(Table 4).

Delaying HBOT for more than 20 days from the
onset of SSHL versus less than 20 days did not
influence the mean gain in hearing improvement

Change in pure-tone hearing average (APTA) hearing recovery for each frequency (i.e. difference between the PTA
pre-HBOT and PTA post-HBOT in relation to the contralateral healthy ear) after HBOT.

Frequency (Hz) 250 500

500 2000 4000 8000

APTA (%) 39 33

26 24 19 19

HBOT: hyperbaric oxygen therapy.
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(16.05+20 versus 11.14+ 17, respectively, p>0.05).
Finally, the linear regression model showed that
only pre-salvage hearing threshold, and not sex,
age, or vertigo, predicted post-salvage hearing
(R*=0.395, F[1,13]=8.470, p=0.012) (Table 2).

During HBOT, no side effects, including
barotraumas, tympanic perforation, sinus head-
aches, or air embolism, was reported by any of the
patients.

Discussion

Early in 1960, Boerema et al.® first supported the
clinical utility of HBOT in increasing blood and
tissue oxygen for the treatment of various diseases
such as anaerobic infections, carbon monoxide
poisoning, and decompression sickness. HBOT
was then introduced for inner ear disorders by
Lamm and Krimpel’ and by Appaix and Demand"
in 1970. Cochlear activity is known to depend
on energy supply. The stria vascularis and the
organ of Corti have high oxygen consumption
rates." Perilymphatic oxygen tension significantly
decreases in patients with SSHL.” The purpose of
HBOT in the treatment of SSHL is to increase the
partial pressure of oxygen in the blood then, via
diffusion, to increase the partial pressure of oxygen
in the inner ear fluids that nourish the sensory
and neural elements of the cochlea.”'* Animal
experiments have proved that the partial pressure
of oxygen in the perilymph of a healthy inner ear
rises during HBOT (60 min, 2.6 ATA) to 453% of
the initial values, and one hour after the termination
of the HBOT, these values remain around 58%
above the initial values." Moreover, the improved
oxygenation of the inner ear activates cell
metabolism and the Na*K*pump, leading to a resto-
ration of ionic balance and the electrophysiologic
functions of the cochlea." HBOT is also capable of
causing a reduction in hematocrit and blood
viscosity, and this can lead to a rheologic effect in
the cochlear region.”

Few studies evaluated the efficacy of salvage
HBOT in patients who failed conventional primary
medical therapy. The rate of patients who showed
auditory improvement after salvage HBOT ranged
from 23% to 86%."*'¢"

Horn et al.” concluded that salvage HBOT after
failure of systemic and antiviral therapy may be
associated with hearing gain; three (33%) out of
9 patients responded to HBOT performed 1 to
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20 weeks after the onset of SSHL. Ohno et al.®
demonstrated that secondary HBOT was beneficial
to 11 (23%) of 48 patients when applied 4 to 20
weeks from SSHL onset. The rate of HBOT
effectiveness increased to 31% when performed 4
to 7 weeks after the onset of SSHL. In our study,
the rate of partial or total auditory recovery
following salvage HBOT was 46.6%. We found
that HBOT could be beneficial as a salvage therapy
in almost half of our patients. Hearing recovery
was fair in 6 patients, and good in one patient.
Moreover, both the mean PTA threshold and gain
were better in the HBO group compared with the
control group.

In two other studies,*'® the rate of recovered
SSHL patients after salvage HBOT was significantly
higher. In 1998, Lamm et al.” reported a meta-
analysis that included 2,338 patients treated with
salvage HBOT, which was delayed from 2 to 6
weeks after the onset of SSHL. Hearing gains
of>10 dB were obtained in 86% of patients, and
14% had only minimal (<10 dB) improvement. If
HBOT was delayed for 6 weeks to 3 months from
the onset of SSHL, only 38% showed improvement,
and when HBOT was delivered more than 3 months
later, no patients had a hearing gain. However, this
study included not only SSHL patients, but also
acoustic and noise-induced hearing loss cases
without categorization. In Muzzi et al.’s study,'®
15 (79%) out of 19 patients with SSHL who
received HBOT (2.5 ATA for 90 minutes for a
median of 28 sessions) after failed medical therapy
had audiological improvements. This study in-
cluded patients who started HBOT, even in the
chronic setting, more than 3 months after the onset
of SSHL.

Ohno et al.” reported that patients with profound
hearing loss exhibited significantly better hearing
outcomes after HBOT than those with less hearing
loss. Nearly 70% of their patients with profound
hearing loss obtained good or fair hearing improve-
ment. Fattori et al."” found similar results in patients
with severe (PTA>70 dB) hearing loss, who
experienced a significantly greater improvement
than those with mild hearing loss (PTA<40 dB).
However, our results do not support a statistical
association between the degree of SSHL and
hearing recovery after HBOT.

In our study, the APTA hearing improvement
was better at low frequencies. The differential
vulnerability of basal and apical hair cells seems to
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explain this clinical result. The basal turn of the
cochlea is more vulnerable to toxic stimuli and free
radicals than the apical turn.® In daily clinical
practice, the hearing loss from ototoxic drugs,
acoustic noise, or trauma often occurs in the basal
turn, representing the high frequencies. Similar
findings were also detected following intratympanic
steroid injection treatments for SSHL, and may
possibly be explained by the fact that hair cells in
the apical turn might have greater ability to recover
due to the higher local concentrations of antioxidant
enzymes such as glutathione.”*!

According to our results, patients whose therapy
was delayed by <20 days and >20 days had the
same auditory improvement. Similar results were
reported in Muzzi et al’s study' in which
therapeutic delay of <15 days, >15 days, <30 days
and >30 days did not yield statistically significant
differences in hearing outcome. These investigators
even reported one patient who recovered completely
102 days after SSHL onset. Therefore, it is difficult
to determine a time limitation for HBOT treatment,
even though recent clinical guidelines published by
the American Academy of Otolaryngology-Head
and Neck Surgery recommend that HBOT may be
considered for use within three months of diagnosis .2

Conclusions

We conducted a controlled, retrospective analysis
of patients with SSHL. who underwent HBOT as a
salvage treatment after steroid and vasodilator
therapy failed and compared the outcomes with
those who received steroid treatment alone. In
46.6% of cases, HBOT was effective in patients
affected by different degrees of SSHL. Despite the
small sample size, our data show that salvage
treatment with hyperbaric oxygen should be
suggested to all patients for whom initial con-
ventional medical treatment for SSHL failed.
Although steroids are currently the most accepted
primary treatment for SSHL, we intend to conduct
further research in order to assess whether HBOT
can also be used as a first-line therapy for SSHL.
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