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ABSTRACT

Background: To evaluate the efficacy of hyperbaric oxygen therapy (HBOT) in the treatment of idiopathic sudden sensorineural hearing loss
(ISSNHL), with particular emphasis on the impact of treatment initiation timing.

Methods: This retrospective study included 127 patients with ISSNHL who received HBOT at the Ankara Etlik City Hospital, between February
2023 and August 2024. Patients were categorized into 3 groups based on treatment initiation time: Group 1 (0-14 days), Group 2 (15-30 days),
and Group 3 (>30 days). Hearing outcomes were evaluated using pure-tone average at 4 frequencies and word recognition scores, according to
the American Academy of Otolaryngology-Head and Neck Surgery Foundation criteria.

Results: Of the 193 patients initially screened, 127 met inclusion criteria. The last complete recovery was observed in a patient who began
HBOT on day 26, and the last partial recovery occurred at day 48. No improvement was seen in patients who started treatment beyond 48 days.
Receiver-operating characteristic analysis identified day 18 as the cut-off for complete recovery and day 19 for partial/slight recovery.
Conclusion: Hyperbaric oxygen therapy was associated with greater improvement when initiated within the first 3 weeks, particularly before
day 19. However, meaningful improvements may still occur in selected patients even after 30 days, suggesting that HBOT should not be dis-
missed as a treatment option for late presenters. Early initiation remains critical, and prospective controlled trials are warranted to further clarify
the true efficacy of HBOT in the late period.
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Introduction oxygen therapy (HBOT). According to Cochrane reviews, anti-
virals have been found to be ineffective, whereas the efficacy
of oral steroids, intratympanic corticosteroids, and vasodila-
tors remains either uncertain or supported by low levels of
evidence.®* Among these, only HBOT has a sufficient number
of randomized controlled trials to support a positive Cochrane

meta-analysis.”

Idiopathic sudden sensorineural hearing loss (ISSNHL) is char-
acterized by a hearing loss of at least 30 decibels (dB) affecting
3 consecutive frequencies within 72 hours, in the absence of
an identifiable cause despite adequate diagnostic evaluation.
Since most patients do not have preexisting audiograms, the
degree of hearing loss is generally determined by comparing

the hearing thresholds of the affected ear with those of the
contralateral, unaffected ear." Idiopathic sudden sensorineural
hearing loss demonstrates a high rate of spontaneous recovery
within the first 2 weeks, with some studies reporting recov-
ery rates ranging from 32% to 70%.2 The main treatment
options for ISSNHL include systemic steroids, intratympanic
corticosteroids, antivirals, vasodilator agents, and hyperbaric

Hyperbaric oxygen therapy is a treatment prescribed and
supervised exclusively by licensed physicians, administered
systemically as 100% oxygen inhalation under 2.0 to 3.0
atmospheres absolute (ATA) pressure for a duration of 90-120
minutes.® Several guidelines and recommendations address
the timing of HBOT in ISSNHL. The American Academy
of Otolaryngology-Head and Neck Surgery Foundation
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(AAO-HNSF) recommends considering HBOT as a treatment
option within the first 2 weeks after symptom onset, and as a
salvage therapy when initiated between 2 weeks and 1 month.!
The European Committee for Hyperbaric Medicine (ECHM)
strongly recommends HBOT within the first 2 weeks after
symptom onset, while offering only a weak recommendation
for its use between 2 weeks and 1 month. It is further noted
that HBOT is not strongly recommended beyond 6 months.®
The Undersea and Hyperbaric Medical Society (UHMS) rec-
ommends considering HBOT for patients presenting with
profound (240 dB) sudden hearing loss within 14 days of
symptom onset.2 According to the Social Security Institution
Health Implementation Guideline (SUT), eligibility for HBOT
requires application within 30 days of the initial audiometry
date, rather than from the onset of symptoms.'® This situation
provides an opportunity to investigate patients whose symp-
tom onset exceeds 30 days but whose initial audiometry date
remains within the 30-day limit.

When evaluating treatment outcomes in hearing loss, assess-
ment is based on hearing recovery criteria. Among these, the
Siegel criteria are determined according to the pure-tone
average (PTA) in dB, whereas AAO-HNSF evaluates outcomes
based on prior audiometric data, if available, or otherwise by
comparing the affected ear with the presumed normal ear,
using both the PTA and the word recognition score (WRS)
(Figure 1).""" However, it is well established that hearing
threshold levels vary according to age and sex.'? Patients with
a baseline audiogram threshold of 225 dB are not classified as
fully recovered according to Siegel's criteria, even if their hear-
ing returns to baseline levels after treatment. In contrast, the
AAO-HNSF criteria are more flexible, as they allow evaluation
relative to pre-treatment audiometric data (when available) or,
if not, in comparison with the contralateral normal ear. Thus,
while Siegel's criteria may underestimate recovery in patients
with preexisting hearing loss, the AAO-HNSF approach pro-
vides a more individualized and clinically relevant assessment.

The aim of this study is to evaluate the efficacy of HBOT in
the treatment of ISSNHL, with particular emphasis on differ-
ent time intervals following symptom onset. The study seeks
to analyze the recommendations of various guidelines, includ-
ing those of the AAO-HNSF, ECHM, UHMS, and SUT, regarding
the use of HBOT and to assess their impact on patient out-
comes. In addition, by examining the results of patients who
received HBOT more than 1 month after symptom onset, the
study aims to determine the potential benefits of HBOT in

Main Points

Hyperbaric oxygen therapy (HBOT) is most effective in
idiopathic sudden sensorineural hearing loss when initiated
within the first 3 weeks after symptom onset.
Receiver-operating characteristic analysis identified day 18
as the cut-off for complete recovery and day 19 for partial
recovery, highlighting the critical role of early treatment.
Patients who began HBOT after 30 days still demonstrated
significant hearing improvements, suggesting that late treat-
ment may provide benefits in selected cases.

Early initiation of HBOT remains essential, but meaningful
improvements can also occur in delayed presentations.
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delayed presentations. In this context, the objective is to pro-
vide comprehensive data on the effects of HBOT across differ-
ent initiation times, thereby contributing to the optimization
of treatment strategies for SSNHL.

Methods

With the approval of the Ethics Committee of Ankara Etlik
City Hospital (Approval number: AESH-BADEK-2024-792,
Date: August 28, 2024), the medical records of patients who
presented to the Department of Undersea and Hyperbaric
Medicine at Ankara Etlik City Hospital between February 7,
2023, and August 1, 2024, were retrospectively reviewed.
Informed consent is routinely obtained from all patients prior
to undergoing HBOT.

The inclusion criteria were a diagnosis of ISSNHL, receipt of
HBOT, and the availability of both pre-treatment and post-
treatment audiometric data. Patients were excluded if they
had identifiable secondary causes of hearing loss (e.g., trauma,
acoustic trauma, Méniére's disease, Ramsay Hunt syndrome,
schwannoma, or middle ear infection), bilateral involvement, a
history of hearing loss in the same ear, or if they received fewer
than 10 HBOT sessions.

In the clinic, patients routinely undergo treatment in a multi-
place hyperbaric chamber at 2.4 ATA, consisting of 3 30-min-
ute oxygen periods separated by 5-minute air breaks. Therapy
is administered once daily on weekdays. Audiometric evalua-
tions are performed within 1 week prior to treatment initiation
and within 1 week after treatment completion. To avoid the
potential influence of pressure changes and chamber noise
on test results, patients are instructed to wait at least 4 hours
after HBOT before undergoing audiometric testing. Pure-tone
average are calculated based on 4 frequencies (500 Hz, 1000
Hz, 2000 Hz, and 4000 Hz). Word recognition scores are mea-
sured using live voice presentations.

Data collected included patients’ age, sex, the ear affected by
hearing loss, use of systemic or intratympanic steroid therapy,
time from symptom onset to initiation of treatment, number
of HBOT sessions, as well as pre- and post-treatment PTA4
and WRS values. Changes in audiometric outcomes were eval-
uated according to the AAO-HNSF criteria. To assess the role
of treatment initiation timing, patients were categorized into 3
groups: Group 1 (0-14 days), Group 2 (15-30 days), and Group
3 (>30 days).

Statistical analyses were performed using Jamovi software, ver-
sion 2.3.28 (The jamovi Project, Australia). Data obtained from
the study were summarized using descriptive statistics: cat-
egorical variables were presented as counts and percentages,
while numerical and ordinal variables were reported as median
and interquartile range (IQR), and as mean * standard devia-
tion where appropriate. For comparisons between groups, the
chi-square test or Fisher's exact test was used for categorical
variables; the Mann-Whitney U-test was applied for compari-
sons of numerical and ordinal variables between 2 groups; and
the Kruskal-Wallis test was employed for comparisons across
more than 2 groups. For paired measurements, the Wilcoxon
signed-rank test was used. To reduce the probability of Type
1 error in multiple comparisons, the Bonferroni correction was
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Criteria Definition

Complete recovery

<10 dB HL difference and WRS within 5—10 percentage points of the unaffected ear.

Partial recovery

210 dB or 210% WRS improvement in serviceable ear, or when the ear improves from
nonserviceable to serviceable.

Slight recovery

210 dB HL improvement without meeting criteria for partial recovery.

No recovery <10 dB HL improvement.

Nonserviceable ear

WRS <50% and PTA usually >50 dB HL.

Reference ear

If pre-event asymmetry is unknown or absent, use the unaffected ear for comparison.

Figure 1. Aao HNSF's Criteria to Quantify Hearing Improvement.

applied. Additionally, receiver-operating characteristic (ROC)
analysis was conducted to determine cut-off values, and the
area under the curve, sensitivity, and specificity were calcu-
lated. A P-value <.05 was considered statistically significant.
Finally, variables identified as significant in univariable analyses
or deemed clinically relevant were entered into a multivariate
logistic regression model to assess independent predictors of
complete recovery, and model performance was evaluated
using Akaike Information Criterion (AIC), Bayesian Information
Criterion (BIC), Nagelkerke R?, and likelihood ratio tests.

Results

Between February 7, 2023, and August 1, 2024, a total of 193
patients received HBOT in the clinic. Of these, 66 patients
were excluded, and 127 patients were included in the study
(Figure 2). The descriptive characteristics of the patients are
presented in Table 1.

The comparison of groups according to the timing of HBOT ini-
tiation is presented in Table 2. Among the patients, the last case

LBO patients (n=193)

4 )

Excluded (n=66)
Missing data (n=32)

HBO less than 10 session (n=8)
Acoustic trauma (n=7)
Middle ear barotrauma (n=5)
Meniere's disease (n=5)
Low or high frequency hearing loss (n=4)
Middle ear surgery (n=2)

Included (n=127)

Acute otitis media (n=1)
Vestibular schwannoma (n=1)

K Ramsay Hunt syndrome (n=1) /

Group 1 (0-14 days)

Group 2 (15-30 days)

Group 3 (>30 days)

n=33 (%26) n=52 (%41)

n=42 (%33)

CR n=8 (%24)
PR n=10 (%30)
SR n=9 (%27)
NR n=6 (%18)

CR n=6 (%11)
PR n=13 (%25)
SR n=3 (%5)

NR n=30 (%57)

CR n=0 (%0)
PR n=6 (%14)
SR n=3 (%7)
NR n=33 (%78)

Figure 2. Flowchart (CR, complete recovery; NR, no recovery; PR, partial recovery; SR, slight recovery.)
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Table 1. Descriptives

Table 2. Comparison of Groups

n=127 Group1 Group2 Group3
Age Median (IQR) 42 (23.5) (n=33) (n=52) (n=42) P Test
2
Number of sessions  Median (IQR) 20 (1.5) S‘(if/‘o)'er (Male), 12(36) 27(52)  22(52) 29 chi
0
o o
Gender distribution Male, n (%) 61 (48) Age, median 44(29) 42(26) 44(20) 80 kw
Female, n (%) 66 (52) (IQR)
Affected ear Right, n (%) 65 (51) Systemic 30(90) 50(96) 40(95) .61 fe
Left, n (%) 62 (49) corticosteroid,
: n (%)
Symptoms Dizziness, n (%) 10 (8) ) )
- Intratympanic 19 (57) 25 (48) 30 (71) .07 chi?
Buzzing, n (%) 11(9) corticosteroid,
Tinnitus, n (%) 18 (14) n (%)
Treatment Systemic corticosteroid, 120 (94) HBQT 20 (6) 20 20 (0)* 01 kw
n (%) sessions, (7.25)*
- median (IQR)
Intratympanic 74 (58) "
corticosteroid, n (%) Pre-treatment 81 (43)* 59(31) 64(38) .01 kw
: : . PTA4, dB,
Audiometric shape Ascendant, n (%) 10 (8) median (IQR)
Descendant, n (%) 43 (34) Post- 50 (44) 51(43) 56(38) .36 kw
Concave, n (%) 28 (22) treatment
. PTA4, dB,
Convex, n (%) 27 (21) median (IQR)
Flat, n (%) 19 (15) Hearing gain, 30 (39)* 6.5 15 (5.75) <.001 kw
HBOT initiation time ~ Day, median (IQR) 23 (19) dB, median (21.75)
HBOT sessions Median (IQR) 20 (1.5) (IQR)
Nonserviceable ear n (%) 64 (50) WRS beforeo 20(66) 72(72) 40(84) .059 kw
treatment, %,
PTA4 Pre-treatment dB, 65 (43) median (IQR)
median (IQR) WRS after 60  72(40) 56(84) 36 kw
Post-treatment dB, 54 (39.5) treatment, %, (51.5)
median (IQR) median (IQR)
Hearing gain, dB, 6 (25) WRS 0 (36) 01 0(11) .04 kw
median (IQR) difference, %,
WRS WRS before treatment, 56 (84)  median (IQR)
%, median (IQR) (n=83) Nonservicable 23 (70) 22 (42) 19 (45) 03 chi?
WRS after treatment, %, 68 (64) ear, n (%)
median (IQR) (n=83) Complete 8 (24)* 6 (12) 0(0)* .001 fe
WRS difference, %, 0(12) recovery, n (%)
median (IQR) (n=83) At least a 18 (65)* 19 (37) 6 (14)* .001 chi?
Aao HNSF's criteria to  Complete recovery, n 14 (11) partial y
quantify hearing (%) recovery, n (%)
improvement Partial recovery, n (%) 29 (23) At least a 27 (82)* 22 (42) 9(21) <.001 chi?
: Slight
Slight recovery, n (%) 15 (12) recovery, n (%)
No recovery, n (%) 69 (54) Statistically significant results are highlighted in bold. Groups marked with * are

dB, decibels; HBOT, hyperbaric oxygen therapy; HNSF, head and neck surgery
foundation; IQR, interquartile range; PTA4, pure-tone average at four frequen-
cies; WRS, word recognition scores.

achieving complete recovery started HBOT on day 26. The last
patient who benefited from treatment-initiated HBOT on day
48 and demonstrated partial recovery. None of the 12 patients
who began treatment after day 48 showed any improvement
in hearing. To determine the cut-off point beyond which the
efficacy of HBOT significantly declines, a ROC analysis was

I 4

significantly different from the other 2 groups, and those marked with # indicate
a significant difference between the 2 groups.

Chi?, chi-square test; dB, decibels; fe, Fisher's exact test; HBOT, hyperbaric oxy-
gen therapy; IQR, interquartile range; kw, Kruskal-Wallis test; PTA4, pure-tone
average at four frequencies; WRS, word recognition scores.

performed. The analysis revealed a cut-off of 18 days for com-
plete recovery and 19 days for partial or slight recovery (Table 3).

In Group 1, the median pre-treatment PTA4 was 81 dB and the
median post-treatment PTA4 was 50 dB, showing a statistically
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significant improvement (P < .001). The median pre-treat-
ment WRS was 20%, while the median post-treatment WRS
was 60%, and this difference was also statistically significant
(P=.002). In Group 2, the median pre-treatment PTA4 was 59
dB and the median post-treatment PTA4 was 51 dB, showing
a statistically significant improvement (P=.002). The median
pre-treatment WRS was 72%, while the median post-treat-
ment WRS remained 72%, and this difference was not statisti-
cally significant (P=.28). In Group 3, the median pre-treatment
PTA4 was 64 dB and the median post-treatment PTA4 was 56
dB, showing a statistically significant improvement (P=.003).
The median pre-treatment WRS was 40%, while the median
post-treatment WRS was 56%; however, this difference was
not statistically significant (P=.39).

In nonserviceable ears, a median hearing gain of 13 dB was
achieved, whereas in serviceable ears the median gain was 4
dB. This difference was statistically significant (P=.001). The
median time to treatment initiation was 19 days in the non-
serviceable group and 25 days in the serviceable group, which
was also statistically significant (P=.01). However, no signifi-
cant difference was observed between the groups in terms of
complete or partial recovery rates.

Multivariable logistic regression analyses were performed to
identify independent predictors of complete recovery and
at least partial recovery. Variables that were statistically sig-
nificant in univariable analyses or considered potentially
clinically relevant were included in the models. Model fit was
evaluated using a hierarchical block approach based on Akaike
Information Criterion, Bayesian Information Criterion, and
Nagelkerke R? criteria, and variables that did not provide a
meaningful contribution to the model were excluded. For com-
plete recovery, the final model included HBOT initiation time
and pre-treatment PTA4 (Table 4). The model was statisti-
cally significant (omnibus test, P <.001) and explained 34.8%
of the variance (Nagelkerke R?=0.348). Likelihood ratio tests
indicated that the largest contribution to the model was made
by HBOT initiation time (likelihood ratio (LR) y2=23.12; P <
.001), followed by pre-treatment PTA4 (LR y2=8.47; P=.004).
For at least partial recovery, the final model included HBOT
initiation time and age (Table 4). This model was statistically
significant (omnibus test, P <.001) and explained 28.2% of the
variance (Nagelkerke R?=0.282). Likelihood ratio tests indi-
cated that the largest contribution to the model was made by
HBOT initiation time (LR y2=23.02; P < .001), followed by age
(LR ¥?=5.08; P=.024).

Discussion

The findings of this study suggest that HBOT is associated
with improved outcomes in the treatment of ISSNHL, particu-
larly when initiated within the first 3 weeks. Treatment effi-
cacy was most evident up to day 19 after symptom onset, after
which the therapeutic response gradually declined. However,
the observation that some patients continued to achieve hear-
ing improvement even after 30 days suggests that HBOT may
serve as a potential treatment option not only for early pre-
senters but also for those who seek care later. This has impor-
tant clinical implications, as it may guide decision-making in
cases where clinicians are uncertain about initiating therapy in
patients presenting beyond the early period.

Turkmen et al. Hyperbaric Oxygen in Idiopathic Sudden Hearing Loss

Some evidence in the literature indicates that HBOT may
provide benefits not only in the early phase but also in cases
of prolonged hearing loss. Kau et al, in a large-scale study on
acute and chronic inner ear disorders, reported that clinical
improvement, albeit limited, was observed even in patients
with a duration of hearing loss exceeding 3 months."® Although
the proportion of patients who achieved normal hearing func-
tion in this group was low, the observation that approximately
one-third demonstrated significant hearing improvement sug-
gests that late initiation of treatment is not entirely ineffec-
tive. Similarly, in a retrospective analysis, Amaro et al reported
that HBOT could provide auditory benefits even when initi-
ated up to 8 weeks after symptom onset.'*In the study, among
patients who initiated HBOT after 30 days, partial recovery was
observed in 14% and slight recovery in 21%. These findings
indicate that, while the early period remains critically impor-
tant for treatment success, the therapeutic benefits of HBOT
are not confined to a narrow time window. Instead, HBOT may
still yield meaningful improvements in selected patient groups
even at later stages. Therefore, HBOT should not be overlooked
as a potential therapeutic option, particularly in patients pre-
senting late with limited alternative treatment possibilities.

However, there are also studies reporting unfavorable results
regarding the long-term efficacy of HBOT. In a study con-
ducted by Ohno et al, no significant difference in hearing gain
was found between patients who received HBOT during weeks
4-20 and the control group. Furthermore, the study demon-
strated that different initiation times did not have a signifi-
cant impact on hearing outcomes."® Similarly, Hoffmann et al
reported that HBOT initiated more than 6 months after the
onset of sudden hearing loss did not provide any benefit com-
pared with placebo.”® In line with these findings, Bennett et al,
in a Cochrane review including seven randomized controlled
trials, emphasized that there is no evidence supporting a sig-
nificant benefit of HBOT in chronic or ISSNHL. The review fur-
ther recommended that treatment should be initiated within
the first 2 weeks whenever possible.” All of these data indi-
cate that the effectiveness of HBOT in the late period may be
limited, and therefore the best outcomes are achieved when
treatment is initiated early.

Cho et al evaluated the effectiveness of HBOT in patients with
profound ISSNHL (270 dB)."” In their study, PTA4 improved
from 90 dB to 70 dB and word discrimination score (WDS)
increased from 6% to 37% at 10 days after treatment in the
HBOT group. However, these improvements were not sta-
tistically significant when compared with the control group.
Nonetheless, at the 3-month follow-up, the HBOT group
demonstrated significantly higher WDS scores than the con-
trol group (66% vs. 56%). In the study by Almosnino et al,
HBOT was administered as salvage therapy. In the HBOT
group, PTA4 improved significantly from 78 dB to 60 dB at 3
months post-treatment.”® Although WRS increased from 28%
to 42%, this change was not statistically significant. Moreover,
no significant differences were observed between the HBOT
and control groups in terms of pre- or post-treatment PTA
or WRS values. In the study, PTA improvement was statisti-
cally significant in all 3 groups, whereas a significant increase
in WRS was observed only in Group 1. Nevertheless, the lack
of a corresponding significant improvement in WRS limits the
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Table 3. ROC Analysis

Present Absent P Test ROC Sensitivity (%) Specificity (%) AUC
Complete recovery, 14 (6.5) days 25 (19) days .001 mwu  18.day 72 85 0.805
median (IQR)
At least a partial 15 (15) days 28 (18.5)days <.001 mwu 19.day 78 67 0.749
recovery, median (IQR)
At least a slight 15 (16.8) days 30 (20)days <.001 mwu 19.day 86 65 0.800

recovery, median (IQR)

AUC, area under the curve; IQR, interquartile range; mwu, Mann-Whitney U-test; ROC, receiver operating characteristic.

functional relevance of these late audiometric gains and sug-
gests that they do not reflect clinically meaningful improve-
ments in speech understanding. In this context, the availability
of WRS data in only 83 of 127 patients and the wide interquar-
tile ranges observed may have made it more difficult for true
changes in WRS to reach statistical significance.

In the study, the greater hearing gain observed in nonservice-
able ears compared with serviceable ears is consistent with
findings reported in the literature. Indeed, in a prospective
randomized trial, Topuz et al demonstrated that the addition
of HBOT to conventional therapy provided significant hear-
ing improvement, particularly in patients with hearing loss
of 61 dB or greater, with the effect being more pronounced
in younger patients."” Ohno et al compared 48 patients who
received HBOT in the subacute and chronic phases with a con-
trol group and found no significant difference in overall hearing
gain between the groups. However, they reported that patients
with profound hearing loss in the HBOT group achieved greater
hearing improvements compared with others.” In the study,
the median treatment initiation time was day 19 in the non-
serviceable group and day 25 in the serviceable group, and this
difference was statistically significant. This suggests that the
disparity in hearing gains observed between the groups may be
attributable not only to baseline hearing levels but also to the
timing of treatment initiation.

In the study by Psillas et al, linear regression analysis showed
that only the pre-salvage hearing threshold predicted post-
salvage hearing, while age, sex, and vertigo did not make a
significant contribution.?® Desloovere et al also demonstrated
in their linear regression analyses a significant association
between the delay before HBOT and hearing gain, reporting

Table 4. Multivariate Logistic Regression Analysis Was
Performed

Variable OR 95% ClI P

Complete  HBOT 0.835 0.752-0.928 <.001
recovery initiation time

pre-treatment 0.958 0.926-0.990 .011

PTA4
At least HBOT 0.929 0.896-0.964 <.001
partial initiation time
recovery  age 0.971 0.946-0.997 .028

Variables with P < 0.05 were considered statistically significant.
HBOT, hyperbaric oxygen therapy; OR, odds ratio; PTA4, pure tone average 4
frequencies.
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better outcomes in patients treated earlier.?' In addition, Topuz
et al reported higher mean hearing gains in patients younger
than 50 years, suggesting that HBOT may be more effective in
younger individuals.”® In the study, multivariable logistic regres-
sion analyses revealed that the timing of HBOT initiation was
an important independent predictor of both complete and at
least partial recovery. Pre-treatment PTA4 contributed signifi-
cantly to the model for complete recovery, whereas age made
a significant contribution in the model for at least partial recov-
ery. Taken together, these findings suggest that, in addition to
baseline hearing level, early initiation of HBOT and patient age
may play an important role in the prognosis of ISSNHL, and
that considering these factors together may be beneficial.

The retrospective design of the study and the absence of a
control or comparison group limit the strength of causal infer-
ences. A portion of the observed improvement may reflect
spontaneous recovery, which represents a major limitation
of the study. When examining controlled studies, Topuz et al
reported in a randomized controlled trial that HBOT resulted in
greater hearing improvement compared with the control group
(calculated PTA4: 34.1 dB vs. 18.5 dB)." In that study, HBOT
was administered at 2.5 ATA, initiated within the first 14 days,
and the final audiogram was obtained 4 weeks after completion
of therapy. Desloovere et al evaluated the effect of second-
ary HBOT in ISSNHL patients who did not respond adequately
to conventional treatment.?’ The HBOT group demonstrated
significantly greater hearing improvement than the control
group (PTA4:19.7 dB vs. 3.1 dB). Hyperbaric oxygen therapy
was administered at 2.5 ATA, with a mean initiation time of 30
days. The final audiogram in the control group was performed
at approximately 9 months, while in the HBOT group it was
obtained immediately after treatment. Psillas et al investigated
the effectiveness of HBOT as a salvage treatment in ISSNHL
and reported significantly higher hearing recovery rates in the
HBOT group compared with controls (46.6% vs. 13.3%).2° The
mean hearing gain was 12.1 dB in the HBOT group and 2.7 dB
in the control group. In that study, HBOT was administered at
2.2 ATA, initiated at a mean of 24 days, and the final audiogram
was performed 3 months after treatment completion. In the
cohort, patients receiving HBOT achieved a median hearing
gain of 6 dB. Hyperbaric oxygen therapy was administered at
2.4 ATA, with a mean initiation time of 24 days, and the final
audiogram was obtained within the first week after treatment
completion. This limited improvement may be associated with
various patient- and treatment-related factors, such as vari-
ability in baseline hearing levels, accompanying comorbidities,
and differences in medical treatment protocols. In addition,
the retrospective design, short follow-up period, and the early
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timing of the final audiogram may have restricted the ability to
fully capture the extent of recovery.

Another limitation of the study is the absence of mid- and
long-term audiometric follow-up. The literature reports vary-
ing results in this regard. Na et al investigated the long-term
prognosis of ISSNHL and demonstrated an additional hear-
ing gain (mean 5 dB) 2 months after completion of treatment
compared with the immediate post-treatment measure-
ments.?? In contrast, Desloovere et al reported no meaningful
additional improvement during an average follow-up period
of 26 months after HBOT (mean 1.4 dB).2! In the study, the
final audiogram was obtained within the first week after HBOT
completion, which may have limited the ability to capture the
full effect of treatment that could emerge over time.

The majority of patients in the study received systemic corti-
costeroid therapy (94 %), and a substantial proportion under-
went intratympanic steroid treatment (58%). However, details
regarding the dosage, duration of administration, and timing
in relation to HBOT were not consistently available. Therefore,
variables such as the type, dose, and timing of corticosteroid
therapy should be considered important confounding factors
that may have influenced the study outcomes. This represents
a limitation that should be taken into account when interpret-
ing the findings.

This study indicates that HBOT was associated with greater
hearing improvement in patients with ISSNHL when initiated
within the first 3 weeks after symptom onset, with this asso-
ciation being most pronounced up to day 19. Nevertheless,
meaningful hearing improvements were also observed in a
subset of patients who began HBOT after 30 days, suggest-
ing that the therapy may retain some value even in delayed
presentations. The results further indicate that treatment tim-
ing, along with baseline hearing status, plays a critical role in
determining hearing recovery outcomes. While early initiation
of HBOT remains essential for optimizing success, the findings
also support the consideration of HBOT as a potential option
for selected patients presenting later, particularly when alter-
native therapies are limited. Prospective, controlled studies are
needed to clarify the true efficacy of HBOT in the late period
and to better define patient groups most likely to benefit from
this treatment.
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