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IMPORTANCE Sudden sensorineural hearing loss (SSNHL) causes substantial disease burden
for both individuals and socioeconomic aspects. The benefit of hyperbaric oxygen therapy
(HBOT) in addition to standard medical therapy (MT) for idiopathic SSNHL has been unclear.

OBJECTIVE To perform a systematic review and meta-analysis to compare HBOT + MT with
MT alone as a treatment for patients with SSNHL.

DATA SOURCES PubMed, Embase, and the Cochrane Database of Systematic Reviews were
systematically searched up to February 2018.

STUDY SELECTION Randomized clinical trials and nonrandomized studies comparing
HBOT + MT with MT alone for SSNHL treatment.

DATA EXTRACTION AND SYNTHESIS Two investigators independently screened the eligible
studies, established data, and assessed quality and risk of bias. A systematic review and
meta-analysis using random-effects models was conducted.

MAIN OUTCOMES AND MEASURES The primary outcome was complete hearing recovery, and
secondary outcomes were any hearing recovery and absolute hearing gain.

RESULTS Three randomized clinical trials and 16 nonrandomized studies comparing outcomes
after HBOT + MT vs MT alone in 2401 patients with SSNHL (mean age, 45.4 years; 55.3%
female) were included. Pooled odds ratios (ORs) for complete hearing recovery and any
hearing recovery were significantly higher in the HBOT + MT group than in the MT alone
group (complete hearing recovery OR, 1.61; 95% CI, 1.05-2.44 and any hearing recovery OR,
1.43; 95% CI, 1.20-1.67). Absolute hearing gain was also significantly greater in the
HBOT + MT group than in the MT alone group. The benefit of HBOT was greater in groups
with severe to profound hearing loss at baseline, HBOT as a salvage treatment, and a total
HBOT duration of at least 1200 minutes.

CONCLUSIONS AND RELEVANCE The addition of HBOT to standard MT is a reasonable
treatment option for SSNHL, particularly for those patients with severe to profound hearing
loss at baseline and those who undergo HBOT as a salvage treatment with a prolonged
duration. Optimal criteria for patient selection and a standardized regimen for HBOT should
be applied in routine practice, with future trials to investigate maximal treatment benefit.
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S udden sensorineural hearing loss (SSNHL) is a subset of
sudden hearing loss that occurs within 72 hours and is
defined as a hearing loss of at least 30 dB identified at

3 or more consecutive frequencies.1 Such hearing loss is not
uncommon, with an incidence of 5 to 20 cases per 100 000 in
the general population.1 It causes severe discomfort because
of sudden deafness on 1 or both sides and increases the risk of
accidents caused by decreased spatial perception.2 This risk
further results in substantial disease burden not only among
individuals but also socioeconomically.3 However, SSNHL is
a disease entity from which recovery by prompt and appro-
priate treatment could dramatically improve patient quality
of life and reduce the need for hearing aids.3

Corticosteroids, antiviral agents, vasodilators, and hyper-
baric oxygen therapy (HBOT) are the currently available treat-
ment options for SSNHL, but their comparative efficacy is
unclear.1 To date, the most widely used treatment for SSNHL
is systemic and/or intratympanic corticosteroids.1 As another
option, HBOT is a treatment that may relieve edema and is-
chemia by administering high-pressure oxygen into the inner
ear to restore hearing.4 Since the first case report5 of HBOT for
SSNHL treatment in the 1960s, a number of randomized clini-
cal trials (RCTs)6-8 and nonrandomized studies9-24 investigat-
ing the benefit of HBOT have been reported. As an adjunctive
treatment to standard medical therapy (MT) that includes sys-
temic corticosteroids, HBOT has been found to promote hear-
ing gain.25,26 However, there is limited evidence that HBOT de-
finitively improves the outcome of SSNHL.25 Therefore, we
performed a systematic review and meta-analysis of 19 stud-
ies to compare HBOT + MT with MT alone as a treatment for
patients with SSNHL.

Methods
Detailed study methods are available in the eMethods in the
Supplement; the search strategy in PubMed, Embase, and
Cochrane Database of Systematic Reviews is described, as well
as the characteristics of the excluded studies.

Data Sources and Searches
PubMed, Embase, and the Cochrane Database of Systematic Re-
views were systematically searched up to February 2018 for pub-
lishedorunpublishedstudies.Thiselectronicsearchstrategywas
augmented by a manual examination of references cited in ar-
ticles, recent reviews, editorials, and meta-analyses. No restric-
tionswereimposedonthelanguage,studyperiod,orsamplesize.
The search strategy is described in detail in the eMethods in the
Supplement.

Study Selection and Outcome Definition
Studies meeting each of the following criteria were eligible
for the meta-analysis: (1) performed before February 2018;
(2) definitively reported outcomes, including complete hear-
ing recovery and any hearing recovery or absolute hearing
gain; (3) compared outcomes after HBOT + MT vs MT alone;
(4) included systemic and/or intratympanic corticosteroids
in the MT protocol; and (5) used a clear definition of SSNHL.

Studies reporting SSNHL treatment outcomes without com-
parator or control groups were excluded. Two investigators
(T.-M.R. and D.H.) independently screened titles and
abstracts, identified duplicates, reviewed full articles, and
determined their eligibility. Disagreements were resolved by
discussion. The last search was performed in February 2018.
The primary outcome was complete hearing recovery, and
secondary outcomes were any hearing recovery and abso-
lute hearing gain.

Data Extraction and Quality Assessment
Data were compiled for the meta-analysis using a standard-
ized form to extract the following characteristics of studies:
study design, number of patients, treatment protocol
(HBOT + MT or MT alone), outcome definitions, treatment pro-
tocols, and patient demographics. The quality of the eligible
studies was assessed using the Cochrane Collaboration’s tool
for assessing risk of bias for RCTs. The Newcastle-Ottawa Scale
(NOS) and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist were used to as-
sess the quality of nonrandomized prospective studies. How-
ever, the thresholds of the NOS or STROBE checklist scores were
not grounds for individual study exclusion.

Data Synthesis and Statistical Analysis
Random-effects models were applied for primary and second-
ary outcome analyses, and odds ratios (ORs) are presented with
95% CIs in the statistical summaries. Because the selected stud-
ies were heterogeneous in terms of study population and pro-
tocol, fixed-effects models were used for sensitivity analy-
ses, and the results yielded were checked for similarity. The
pooled ORs and 95% CIs of the random-effects and fixed-
effects models were calculated using the restricted maxi-
mum likelihood and Mantel-Haenszel methods, respectively.27

The pooled results for the continuous variables are presented
as the weighted mean difference with a 95% CI between the
HBOT + MT group and the MT alone group.

Statistical heterogeneity was quantified using I2 statis-
tics. Publication bias, a known threat to meta-analysis valid-
ity created by the preferential publishing of studies with sta-
tistically significant or clinically favorable results,28 was

Key Points
Question What is the benefit of the addition of hyperbaric oxygen
therapy (HBOT) vs medical therapy alone for sudden sensorineural
hearing loss (SSNHL)?

Findings Results of this meta-analysis including 2401 patients
with SSNHL significantly favored HBOT plus standard medical
therapy (MT) over MT alone for complete hearing recovery and
any hearing recovery, as well as for absolute hearing gain.
The benefit of HBOT was greater in groups with severe hearing
loss at baseline, HBOT as a salvage treatment, and a total HBOT
duration of at least 1200 minutes.

Meaning The benefit of HBOT for SSNHL may be greater for those
who had severe hearing loss at baseline or who failed to recover
after MT; optimal criteria for patient selection and a standardized
regimen for HBOT should be established in future trials.
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assessed through funnel plot asymmetry using Egger test
and Begg test. If visible asymmetry of funnel plots was
observed, the trim-and-fill method was used to estimate the
number of missing studies and calculate the corrected risk
ratio as if such studies were present. Exploratory meta-
regressions were performed to assess the association
between effect size (log ORs) and the mean age, proportion
of men, and initial hearing level.

Hearing recovery rates were separately analyzed accord-
ing to the severity of the initial hearing loss. Subgroup analy-
ses were used to assess differential associations with the fol-
lowing methods: (1) the statistical model (fixed effects vs
random effects), (2) the HBOT strategy (salvage treatment vs
adjunctive treatment), (3) the total HBOT duration (≥1200 vs
<1200 minutes), (4) the maximal pressure during HBOT
(≥2.5 vs <2.5 atmospheric absolute pressure [ATA]), and
(5) the response assessment point (≥3 vs <3 months after
treatment). Two-sided P < .05 was considered statistically
significant. Statistical computations were performed with a
standard software program (Stata/SE, version 12.0; Stata-
Corp LP). The present study complied with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (eTable 1 in the Supplement) and the
Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines.

Results
Search Findings
A total of 194 citations were identified. Among these, 24 articles
were retrieved for a full review, and 19 met the inclusion crite-
ria (Figure 1). The characteristics of the 5 excluded studies after
a full article review are detailed in the eMethods in the Supple-
ment. The final 19 studies included 2401 patients with SSNHL
(mean age, 45.4 years; 55.3% female) grouped by treatment pro-
tocol as HBOT + MT (1055 of 2401 [43.9%]) or MT alone (1346 of
2401 [56.1%]). Among the 19 target studies, 14 provided the rates
of complete hearing recovery and any hearing recovery, and 11
provided absolute hearing gain.

Study Characteristics and Risk of Bias
Within Studies
The main characteristics of the individual studies are summa-
rized in the Table. Most studies were retrospective observa-
tional investigations, while 2 were prospective studies and 3
were RCTs. All studies exclusively enrolled patients with SSNHL
who were undergoing treatment. Follow-up duration varied
from weeks to months, with 8 studies yielding outcomes im-
mediately after treatment. The mean onset to HBOT time
ranged from 3 to 48.2 days, and HBOT was used as a salvage
treatment in 7 studies. Demographic features, including age
and sex, were evenly distributed in all studies. The initial hear-
ing level ranged from 43.6 to 86.8 dB.

eTable 2 and eTable 3 in the Supplement summarize the
assessed risk of bias by study design. Two RCTs did not
report any random sequence generation method. Although
no masking attempt was observed, all studies objectively

defined clinical end points, with a complete follow-up.
Therefore, the lack of masking had a low probability of influ-
encing outcomes. All nonrandomized studies met at least 17
variables of the STROBE checklist and fulfilled the adequacy
criteria of the NOS for nonrandomized studies.

Addition of HBOT and Hearing Recovery
and Absolute Hearing Gain
The rates of complete hearing recovery in the HBOT + MT
and MT alone groups were 264 of 897 (29.4%) and 241 of
1167 (20.7%), respectively, and the rates of any hearing
recovery were 621 of 919 (67.6%) and 585 of 1194 (49.0%),
respectively. The pooled results from random-effects models
significantly favored the HBOT + MT group over the MT
alone group for complete hearing recovery (pooled OR, 1.61;
95% CI, 1.05-2.44) and for any hearing recovery (pooled OR,
1.43; 95% CI, 1.20-1.67) (Figure 2). Significant heterogeneity
was observed for both outcomes. Funnel plots, along with
Egger test and Begg test results, demonstrated no significant
publication bias for complete hearing recovery and any hear-
ing recovery, and there was no need for trim-and-fill adjust-
ment because of the absence of asymmetry (eFigure 1 in the
Supplement).

The weighted mean differences of absolute hearing gain are
presented as the mean value for the overall frequencies, as well
as for each frequency level (eFigure 2 in the Supplement). Ab-
solute hearing gain was significantly greater in the HBOT + MT
group than in the MT alone group for the overall frequencies

Figure 1. Flow Diagram of Study Selection

194 Articles after duplicates removed

24 Records retrieved for full-article review

19 Trials included (2401 total patients)

24 Cochrane Database of
Systematic Reviews

176 Articles excluded
164 Irrelevant subjects,

patients, or design
12 Narrative review or

systematic review
with meta-analysis

6 Articles included after
manual search

5 Articles excluded
3 Results were not available

as suitable form for
meta-analysis

1 Control group used
vasodilator therapy instead
of corticosteroids

1 Mainly investigated the
effect of ozone therapy for
sudden hearing loss

113 PubMed 138 EMBASE

The flow diagram is shown according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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(weighted mean difference, 8.74; 95% CI, 5.05-12.43 dB). Simi-
lar trends were observed for each frequency level, although none
were statistically significant except at 500 Hz.

Severity of the Initial Hearing Loss and Hearing Recovery
To assess the differential association of HBOT according to
the severity of the initial hearing loss, the outcomes were
compared separately by groups with severe to profound
hearing loss (≥70 dB) or mild to moderate hearing loss (<70
dB) (Figure 3). For complete hearing recovery and any hear-
ing recovery, HBOT + MT was more beneficial than MT alone
in the group with severe to profound hearing loss than in the
group with mild to moderate hearing loss.

Subgroup Analyses
In a subgroup analysis for complete hearing recovery, the
benefit of the strategy and protocols of HBOT on the out-
come was apparent (Figure 4). The OR for complete hearing
recovery significantly favored HBOT + MT over MT alone,
especially for those who underwent HBOT as a salvage treat-
ment and had a total HBOT duration of at least 1200 min-
utes. The higher maximal pressure during HBOT of at least
2.5 ATA was not beneficial for complete hearing recovery.
Among other subgroups of the statistical model and the time
point of response assessment, the benefit of HBOT on com-
plete hearing recovery was similar. For any hearing recovery,
the favorable results of the HBOT + MT group compared

Figure 2. Benefit of the Addition of Hyperbaric Oxygen Therapy (HBOT) on Hearing Recovery
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with the MT alone group were consistent across all sub-
groups (eFigure 3 in the Supplement).

Demographic Characteristics and Baseline Hearing Level
and Hearing Recovery
To evaluate the association of age and sex with hearing recov-
ery, exploratory meta-regression analyses were conducted. The
mean patient age in each study was not significantly associ-
ated with a benefit of HBOT on hearing recovery (eFigure 4 in
the Supplement). A significant association between sex and the
OR for any hearing recovery was observed, demonstrating that
a lower proportion of men was associated with a greater ben-
efit of HBOT (eFigure 5 in the Supplement).

Discussion
We performed a meta-analysis comprising 2401 patients with
SSNHL in 19 studies that compared the hearing recovery rate and
absolutehearinggainbetweenHBOT + MTandMTalonegroups.
The principal findings were as follows: (1) The pooled ORs for

complete hearing recovery and any hearing recovery were sig-
nificantly higher in the HBOT + MT group. (2) Absolute hearing
gain was also significantly greater in the HBOT + MT group than
in the MT alone group, showing similar trends at all individual
frequencies. (3) The HBOT appeared to be more beneficial in pa-
tients with severe to profound hearing loss at baseline. (4) The
results were consistent across various subgroups, and the ben-
efit of HBOT was prominent in groups with HBOT as a salvage
treatment and a total HBOT duration of at least 1200 minutes.

Prior Evidence on HBOT for SSNHL
The treatment of SSNHL to date has focused mainly on the im-
provement of blood flow and increased oxygen supply in the in-
ner ear. Although there are several treatment options, including
systemic and/or intratympanic corticosteroids, antiviral agents,
vasodilators, anticoagulants, and plasma expanders, no defini-
tivetreatmentforSSNHLhasbeenprovedthroughqualifiedtrials
ormeta-analysis.25 Becausecorticosteroidsarethoughttoreduce
the inflammation and edema associated with SSNHL,29 experts
recommend systemic and/or intratympanic corticosteroids first
unless specific contraindications are present.3

Figure 3. Hearing Recovery Rate According to the Severity of the Initial Hearing Loss
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The efficacy of HBOT was updated in the Cochrane Data-
base of Systematic Reviews in 2012 by Bennett et al.25 In their
review, a 25% chance of hearing recovery was significantly
higher in the HBOT group (risk ratio, 1.39; 95% CI, 1.05-1.84),
while there was no difference in a 50% chance of hearing re-
covery (risk ratio, 1.53; 95% CI, 0.85-2.78). A greater improve-
ment of the mean threshold in the HBOT group than in the con-
trol group was also observed (mean difference, 15.6; 95% CI,
1.5-29.8 dB). The use of systemic and/or intratympanic corti-
costeroids plus HBOT has been considered the most effective
SSNHL treatment for several reasons.3 In the study by Ben-
nett et al,25 only 392 patients in 7 studies were analyzed; be-
cause the outcome was divided into absolute gains and hear-
ing recovery rates, the statistical power in their review was
insufficient, and the results are likely unreliable. In addition,
the included studies provided no detailed treatment strategy
or protocol information, making it impossible to perform sub-
group analyses according to the severity of the initial hearing
loss or HBOT protocols.

Since that review, several studies have been published
presenting controversial results regarding the benefit of HBOT.
Saesen et al26 reported in a recent narrative review that HBOT
has a positive benefit on hearing gain as an adjunctive therapy
to standard MT. Their study also indicated that HBOT could
have a positive role as a salvage treatment after the failure of
initial corticosteroid treatment. Therefore, a comprehensive
meta-analysis covering recent studies was necessary.

HBOT in Patients With SSNHL
In our meta-analysis, HBOT was found to provide a signifi-
cant benefit as an additional treatment option, along with sys-
temic and/or intratympanic corticosteroids. In particular, this
study demonstrates for the first time to date that HBOT + MT
is associated with a significant improvement in complete hear-
ing recovery and in any hearing recovery compared with MT
alone. This finding is important evidence for the clinical im-
plications of HBOT in SSNHL treatment.

To date, hypotheses about the benefit of HBOT have been
suggested based on various theoretical backgrounds. The struc-
tures in the cochlea are vulnerable to a decrease in tissue oxy-
gen supply.3 In addition, the supply to the cochlea depends on
oxygen diffusion through the capillaries rather than direct vas-
cular oxygenation.30 Therefore, it is thought that the reduc-
tion of blood flow to the inner ear and resultant ischemia are
the most important mechanisms for the occurrence of idio-
pathic SSNHL.31 Using HBOT, it is possible to maximize the oxy-
gen partial pressure supplied to the inner ear.25 This process
can minimize ischemic damage after SSNHL and aid vascular
recovery.32 Furthermore, it can provide antibacterial effects
through oxygen radicals and promote angiogenesis with tis-
sue regeneration.4 The present study supports these theories
by incorporating updated clinical data, providing valuable evi-
dence that HBOT + MT is the most beneficial treatment op-
tion for SSNHL.

In terms of safety, serious complications from HBOT are
uncommon.25 Although middle ear, sinus, and pulmonary
barotrauma can occur, their incidence is low. Only ear full-
ness, which is completely recoverable, is known to be a com-

mon adverse effect.33 The use of HBOT is limited in that it is
only available in special facilities, and patients with claustro-
phobia cannot undergo HBOT.32 However, patients with a his-
tory of pneumothorax or those with claustrophobia can be ex-
cluded from HBOT treatment at the initial patient interview.
Therefore, the benefit of hearing gain through HBOT may ex-
ceed any possible harm, particularly if there has been no re-
sponse to standard treatment with corticosteroids or if there
is severe initial hearing loss.

In South Korea, HBOT treatment costs US $100 per ses-
sion, but the actual patient contribution is US $40 based on na-
tionwide medical insurance coverage. In the United States, it
costs approximately US $300 per session. However, consider-
ing the adverse effects of idiopathic SSNHL on patient quality
of life and the risk of accidents caused by decreased spatial per-
ception, HBOT as a salvage treatment may be considered
at least for refractory cases after medical treatment with
corticosteroids. To achieve better cost-effectiveness, well-
defined indications for HBOT and standardized HBOT regi-
mens should be established and applied.

Clinical Implications From Subgroup Analyses
The results of earlier studies6,16 have indicated that the ben-
efit of HBOT may be greater in more severely affected pa-
tients. Experts have also suggested that HBOT may be more
effective at ages younger than 60 years, with early HBOT ap-
plication within 3 months, and in a group with greater initial
hearing loss of more than 60 dB, although the level of evi-
dence is weak.1 However, the Cochrane Database of System-
atic Reviews in 2012 concluded that the influence of the se-
verity of the initial hearing loss could not be confirmed.25 In
the present meta-analysis, we found that the benefit of the ad-
dition of HBOT was greater in the group with severe to pro-
found hearing loss of at least 70 dB. However, because there
were limited studies that provided separate outcomes based
on initial severity, the statistical power was low, and follow-up
studies are required.

Furthermore, the group with HBOT as a salvage treat-
ment received greater benefit than the group with HBOT as an
adjunctive treatment, which is also controversial and war-
rants further trials that control for the HBOT strategy. Our meta-
regression results did not show any evidence that age influ-
ences the benefit of HBOT. Furthermore, because HBOT was
performed within 3 months in all enrolled participants, the dif-
ferential association according to the onset to HBOT time could
not be assessed.

It is generally recommended that 100% oxygen at 2.0 to
2.5 ATA should be administered for 10 to 20 days, with a
90-minute session each day,3 but there are no universal HBOT
protocols that have been proved to be effective. For the first
time to date, we have analyzed the associations of the dura-
tion and maximal pressure of HBOT with a treatment benefit.
Particularly for complete hearing recovery, HBOT + MT was fa-
vored in the group with a total HBOT duration of at least 1200
minutes. However, the maximal pressure during HBOT was not
found to have a significant association with any benefit of
HBOT. These results are expected to have an important role
in the standardization of clinical indications for and proto-
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cols of HBOT. Sudden sensorineural hearing loss with severe
to profound hearing loss (≥70 dB) at baseline can be consid-
ered an appropriate indication for applying HBOT. Given the
greater benefit when HBOT is used as a salvage treatment,
HBOT may be applied to refractory cases that do not respond
to medical treatment 2 to 4 weeks after the onset of hearing
loss. In terms of HBOT strategy, a 2-week protocol with a
90-minute session per day may be recommended or alterna-
tively a 20-day protocol with a 60-minute session per day to
achieve a total HBOT duration of at least 1200 minutes. How-
ever, because increasing maximal pressure during HBOT to 2.5
or higher ATA did not provide any benefit for hearing recov-
ery, the air pressure may be kept at 2.0 to 2.5 ATA as currently
recommended.

Future trials should use a standardized HBOT regimen to in-
vestigate the efficacy of HBOT as a salvage treatment for patients
refractory to MT with corticosteroids. In particular, the appro-
priate intervals should be clarified between onset, assessment
of initial treatment failure, and HBOT as a salvage treatment.

Limitations
This meta-analysis has several limitations. First, the selected
studies varied in their clinical and methodological character-
istics. Second, although there was no evidence of publication
bias, the main results showed considerable heterogeneity.
Third, considering that most studies except RCTs did not pro-

vide adjusted results, measured or unmeasured confounder
effects could exist because of different baseline characteris-
tics between study and control groups. Fourth, because a sub-
stantial proportion of patients with SSNHL experience spon-
taneous recovery, the benefit of HBOT or medical treatment
may not have been accurately evaluated. There may be a bias
effect caused by spontaneous recovery during HBOT as a sal-
vage treatment or prolonged HBOT. However, in the case of
HBOT as a salvage treatment, any benefit would not be sig-
nificant because of the extended period between onset and
therapy. For prolonged HBOT, spontaneous recovery during
therapy cannot be distinguished from treatment benefits.
Therefore, given a sufficient pooled sample size, it is reason-
able to assume that the likelihood of such benefit would be
evenly distributed in both groups.

Conclusions
For SSNHL, HBOT + MT was shown to be a more advanta-
geous treatment option than MT alone. A benefit of HBOT was
observed in patients with SSNHL who had severe to profound
hearing loss at baseline and who underwent HBOT as a sal-
vage treatment with a prolonged total HBOT duration. Fur-
ther trials using well-defined indications and standardized pro-
tocols of HBOT are warranted.
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