Tinnitus evolution in patients with sudden
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Abstract

Introduction: Sudden sensorineural hearing
loss presents with tinnitus in up to 90% of cases.
Tinnitus constitutes a subjective complaint,
therefore hard to quantify and evaluate.
Hyperbaric oxygen therapy (HOT) constitutes a
valuable adjunctive therapy in patients who are
only parcially responsive or refractory to corticoid
treatment, but the effect it may have on tinnitus
remains poorly studied.

Goals: To evaluate HOT effect on tinnitus and
audiometric evolution in sudden sensorineural
hearing loss with tinnitus, refractory to corticoid
treatment.

Methods: This paper presents a prospective non-
controlled study that applied Tinnitus Handicap
Inventory (THI) before and after treatment with
HOT. The study was carried in the Portuguese
Navy's Center for Hyperbaric and Subaquatic
Medicine, between May and December, 2018. The
Center's HOT protocol included on average 20
sessions at 2.5 ATM for 90 minutes. The statistic
analysis was performed using IBM SPSS Statistics
26 software.

Resuls: 57 patients were included in the study,
with ages between 25-78 years (average 51), 50.8%
female. The average time between symptom onset
and HOT was 34,9 days. We were able to make
an inverse correlation between the symptom-
treatment window and hearing outcomes
(p=0,045). The average hearing outcome was of
17dB. According to Spiegel's hearing outcome
classification, there was complete recovery in
19% of patients, parcial recovery in 23%, slight
improvement in 33% and no improvement in 25%
of patients. Regarding tinnitus, most patients had
a THI classification of grade 3 or 4 before treatment
(71%). After treatment, 77% of patients presented a
THI score <3. We observed an improvement of THI
classification even in patients with no audiometric
improvement.

Conclusion: This data concludes that, besides
improving hearing outcomes, HOT seems to
have a positive effect in improving tinnitus and
it's impact in the patient's quality of life. Patients
should be referred to HOT treatment as soon as
possible, since the window between symptom
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onset and HOT treatment has a significant effect
on hearing outcomes.

Keywords: Sudden deafness; tinnitus; hyperbaric
oxygen therapy; sensorineural hearing loss

Introduction

Sudden sensorineural hearing loss (SSNHL) is
defined as a loss of hearing of at least 30 dB
in three consecutive audiometric frequencies
occurring within at least 72 hours'. Its
incidence is estimated between five and
30 cases/100,000/year®. Although it affects
individuals of all ages, the peak incidence is
between the fifth and sixth decades of life,
and it occurs with equal frequency in men and
women?*5, Between 2% and 5% of patients
exhibit bilateral involvement, which is typically
sequential2. The accompanying symptoms
include tinnitus (80-90%), vertigo (29-56%)%%&7,
and ear fullness. When the symptoms are
severe, they may be associated with anxiety,
depression, and sleep disturbances®°.

The etiology of SSNHL is only identified
in 10% of patients", with the remaining
cases being denominated as ‘“idiopathic”

(ISSNHL)?>42,  The  differential diagnosis
includes infectious, traumatic, vascular,
neoplastic, autoimmune, metabolic, and

neurological causes?®. In most cases in which
it is possible to determine the etiology,
hypoacusis results from irreversible damage
to the cilia?2. In response to an incongruent
auditory message, the cortical auditory
centers adapt and remodel the transmitted
signal, and this neuroplasticity can lead to
the perception of unreal sounds (tinnitus)®.
Most patients with ISSNHL spontaneously
recover some degree of their hearing (32%-
65%) in the first two weeks* When the
condition lasts longer than two to three
months, the hearing loss will probably become
permanent?. Some prognostic factors
include age, degree of hypoacusis, affected
frequencies, presence of vertigo, and time
window between the onset of symptoms and
the start of treatment?®. Several treatments
have been proposed and used for this disease,
including vasodilators, plasma expanders,
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corticosteroids, anticoagulants, diuretics, and
antivirals. Currently, systemic or intratympanic
corticosteroid therapy appears to be the most
recommended treatment?*?, as it reduces
inflammation and edema in the inner ear.
Hyperbaric oxygen therapy (HOT) is a
coadjuvant treatment that entails the
administration of 100% oxygen at a pressure
greaterthan1ATM. Despite its widespread use,
the results are controversial'*'®, partly because
of the high variability of the clinical criteria
and protocols that are used. HOT increases
the partial pressure and concentration of
oxygen in the inner ear, thereby improving
microvascularization and reducing the
associated edema®”. HOT appears to improve
hypoacusis after ISSNHL, but there is very
little evidence about its benefit regarding the
associated tinnitus'™. The reduced quality of
life of patients with SSNHL appears to be more
related to the intensity of tinnitus than to the
hearing loss itself’®. Therefore, it is important
to determine the effect of HOT on SSNHL-
associated tinnitus, in addition to its impact
on auditory acuity per se.

The objective of this study was to assess the
effect of HOT on the progression of tinnitusand
auditory thresholds in patients with SSNHL-
associated tinnitus, in whom treatment with
systemic or transtympanic corticosteroid
therapy did not lead to a significant symptom
improvement.

Methods

This was a prospective non-controlled study
conducted between May and December 2018
at the Center for Underwater and Hyperbaric
Medicine of the Portuguese Navy in patients
diagnosed with sudden hearing loss
refractory to treatment with systemic and/
or transtympanic corticosteroid therapy, who
were referred to the Center. All patients were
over 18 years old at the time of the study and
signed an informed consent form.

The criterion for treatment (and, therefore,
inclusion in the study) has been defined as the
presence of hypoacusis of 30 dB or more in at
least three contiguous frequencies occurring



Table 1
Tinnitus Handicap Inventory?>2

Degree of severity of tinnitus Characterization

Grade 1 (0-16) — Very mild

Grade 2 (18-36) — Mild
Grade 3 (38-56) — Moderate
Grade 4 (58-76) — Severe

Grade 5 (78-100) — Catastrophic

within less than 72 h. In the absence of a pure-
tone audiogram performed before the hearing
loss or history of asymmetric hypoacusis,
the pure tone average (PTA - mean of the
auditory thresholds in the 500, 1k, 2k, and 4k
frequencies) of the contralateral ear has been
defined as the baseline value. PTA has been
qguantified as 110 dB in the case of cophosis.
The HOT protocol included a mean of 20
sessions at 2.5 ATM for 90 minutes. After 10
treatment sessions, clinical evaluation and
audiometry tests were performed.

All patients who had not completed the
number of treatments proposed by the
physician (due to complications or patient
drop out) were excluded.

The Tinnitus Handicap Inventory (THI) was
used for the qualitative evaluation of tinnitus
and its impact on the patient’'s quality of
life, before and after treatment with HOT
(questionnaire for the qualitative evaluation
of the impact of tinnitus on the patient's
quality of life). All patients underwent
audiometry and tympanometry tests before

Is perceived only in silence. Without evident disturbances.

Easily masked by environmental sounds and forgotten during
daily activities. It may occasionally interfere with sleep.

Perceived even in environments with some sound. Daily activities
are not impaired; interferes with sleep and with silent activities.

Interferes with almost all daily activities, especially with those
carried out in silent environments.

All symptoms associated with tinnitus are present and the
associated psychopathology is eventually present.

and after completing the proposed number of
treatments. Auditory acuity improvement was
classified according to Siegel's classification
criteria®. The created database included
demographic and clinical data (sex, age,
unilaterality/bilaterality, and affected ear),
the interval of time between the onset of
symptoms and the start of HOT, initial and
final PTA, and initial and final THI scores.

The statistical analysis was performed using
the IBM SPSS Statistics 26 software . The
statistical significance level was set at p<0.05.
Pearson’s and Student’s t-test were used for
correlation analysis.

Results

Of the 57 patients included in the study, 52
(91%) had unilateral sudden hearing loss and
five (8.8%) had bilateral hearing loss. The
participants’ age varied between 25 and 78
years (mean of 51 years); 50.8% of the patients
were women and 49.2% were men.

The interval of time between the onset of
symptoms and start of HOT was 7 to 103 days

Table 2
Siegel's Classification Criteria

Siegel’s Classification Criteria™

Complete recovery
Partial recovery
Slight recovery

No improvement

Abbreviation: PTA, pu re tone average

Final PTA <25 dB

PTA gain >15 dB and final PTA between 25 and 45 dB
PTA gain >15 dB and final PTA >45 dB

PTA gain <15 dB
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(mean of 34.9 days). The inverse relationship
between the time window between the onset
of symptoms and HOT (symptom-treatment
interval) and auditory acuity improvement was
statistically significant (p=0.045). Moreover, an
inverse relationship between the symptom-
treatment interval and THI improvement was
observed, but the result was not statistically
significant (p=0.08). The auditory gain was
positively correlated with the improvement
in tinnitus, although the result was not
statistically significant (p=0.06).

An inverse relationship between patient

age and auditory gain with improvement in

Figure 1
Unilateral vs bilateral sudden hearing loss

Affected Ear

m Unilateral = Bilateral

tinnitus was observed, but the result was not
statistically significant (p=0.256 for auditory
gain and p=0.193 for THI improvement). The
obtained PTA recoveries (mean of the auditory
thresholds 500, 1k, 2k, and 4k) were between
0 and 63 dB, with a mean gain of 17 dB (mean
of the PTA gain among all patients included
in the study). According to Siegel’s criteria of
auditoryrecovery,there wascomplete recovery
in19% of patients, partial recovery in 23%, slight
improvement in 33%, and no improvement
in 25%. The severity of the initial hearing loss
was not related to the improvement in the
auditory thresholds.

Figure 2
Distribution according to sex

Distribution by Sex

®Male ® Female

Figure 3
Distribution of Patients According to Age

Distribution according to age
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Table 3

Statistical relationship between auditory gain, improvement in tinnitus, and interval between the onset

of symptoms and HOT treatments

Auditory gain

. . Pearson’s correlation
Auditory gain o
Significance (p) =

THI Pearson'’s correlation 0,064
ISR EAE Significance (p) 0,638
No. of days Pearson’s correlation -0,267*
between
DL CINECU B Significance (p) 0,045

and start of HOT

*The correlation is significant at 0.05 (two ends).
Abbreviations: HOT, Hyperbaric oxygen therapy, THI, Tinnitus Handicap

Table 4

No. of days between
symptom onset and
start of HOT

THI

improvement

0,638 0,045
1 -0,086
- 0,527
-0,086 1
0,527 =

Inventory

Statistical relationship between age, auditory gain, and tinnitus improvement

. . Pearson’s correlation
Auditory gain -
Significance (p) -

- Pearson’s correlation 0,064
improvement  [RSIINTINSNTS) 0,638
- Pearson’s correlation -0,256

Significance (p) 0,054

Abbreviations: THI, Tinnitus Handicap Inventory

The mean THI score before treatment with
HOT was 3.1 (perceived even in the presence
of sound) and 1.98 after HOT (easily masked
and forgotten). The most significant gain was
observed in patients with grade 3 and grade
4 tinnitus. It was not possible to establish a
statistically significant relationship between
the degree of tinnitus and the degree of
hearing loss before and after treatment.

Table S

|| Auditoygain | THiimprovement | ___Age |

0,064 -0,256
0,638 0,054
1 -0,193
= 0,150
-0,193 1
0,150 -

There was an improvement in the severity of
tinnitus even in patients without audiometric
improvement according to Siegel’s criteria.

Discussion

There was a significant improvement in the
THI score with regard to tinnitus severity,
especially in patients with complete auditory
recovery, although without statistical

Audiometric improvement according to the initial PTA

Number of
Initial PTA (dB) Mean PTA gain (dB)

20-40 (Mild hypoacusis) 11,93
40-70 (Moderate hypoacusis) 17,40
70-90 (Severe hypoacusis) 14,75
90-110 (Profound hypoacusis) 24,28

Abbreviations: HOT, Hyperbaric oxygen therapy, PTA, pure tone average

No. of days
symptoms-HOT (mean)
41,36
21 39,76
15 31,2
7 32,39
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Figure 6
Audiometric improvement according to Siegel’s

criteria

Audiometric Improvement
According to Siegel's Criteria

23%

B No improvement

= Mild improvement
Partial improvement
Complete improvement

Table 6
THI score before and after HOT

THI Score Post-HOT

Grade 1-Very mild 10% 40%
Grade 2 - Mild 12% 37%
Grade 3 - Moderate 39% 12%
Grade 4 - Severe 32% 5%
Grade 5 - Catastrophic 7% 5%

Abbreviations: HOT, Hyperbaric oxygen therapy, THI,
Tinnitus Handicap Inventory

Figure 7

significance (p=0.206). In general, tinnitus
improved regardless of the auditory gain.
These results are in line with those of some
previous studies that indicated that HOT
has a significant role in the improvement of
tinnitus associated with SSNHL'%1622, However,
based on the natural history of SSNHL, it
rarely shows spontaneous recovery after 14
days of progression'?>23 and a significant
spontaneous improvement in tinnitus and
PTA is therefore unlikely in this interval of time
(considering that all the included cases were
refractory to previous corticosteroid therapy).
Further studies are necessary to assess the
natural course of tinnitus in patients with
sudden hearing loss and to evaluate the
spontaneous improvement in tinnitus over
time, in particular in patients with no auditory
gain. In the most recent meta-analysis on this
topic, which was published in January 2022%,
it was concluded that HOT, combined with
corticosteroid therapy, increased auditory gain
by approximately 15 dB, which was the most
significant at frequencies of 250,500,1000, and
4000 and in patients aged less than 50 years2.
The mean improvement in auditory acuity was
17 dB, which is within the intervals described in
the literature (12.9-50 dB???). There is a trend in
the literature to consider that the patients with
a greater initial hearing loss (higher PTA) have
a worse prognosis and are less likely to recover
spontaneously in audiometric terms?'>?2, |n
the present study, the patients with initial PTA

Improvement in Tinnitus (mean THI score) according to the Auditory Gain. THI, Tinnitus Handicap Inventory

Improvement in Tinnitus according to the Auditory Gain

50
40
30
20

THI score 0-100)

10

Improvement of Mean

No Auditory Mild Auditory Partial Auditory

C Complete Auditory
Gain Gain Gain Gain
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Figure 8

THI score before and after treatment with HOT. THI, Tinnitus Handicap Inventory; HOT, Hyperbaric

oxygen therapy.

Score before and after treatment with HOT

THI Score 1 THI Score 2

H Pre-HOT

>90 dB demonstrated a mean improvement
of approximately 24 dB, which corresponds
to a slight improvement according to Siegel’s
criteria but in quantitative terms, corresponds
to a better recovery than that in patients
with a lower initial PTA. The patients with a
more severe hearing loss had a worse initial
prognosis and for this reason, tended to be
referred earlier for HOT (see Table 5), which
may translate into a selection bias (they may
have recovered better because they were
referred earlier).

Theincidence of bilateral SSNHL in the present
study was 8.8%, which is approximately
two to four times higher than that reported
in previous studies (2%-5%)2 This may be
because these patients were specifically
referred to our center after the failure of
corticosteroid therapy and that bilateral
SSNHL is a factor for worse prognosis for
spontaneous recovery or improvement with
the use of corticosteroids? Thus, this increase
is more likely due to a selection bias than to
an increased incidence of bilateral SSNHL in
the Portuguese population. The interval of
time between the onset of symptoms and the
start of HOT was seven to 103 days (mean of
34.9 days), which is markedly longer than that
in other published studies (mean interval of

THI Score 3

THI Score 4

THI Score 5

u Post-HOT

11.2-17 days'*'®). The time interval between the
onset of symptoms and the start of HOT was
the most important determining factor for
auditory acuity improvement, which is in line
with previous reports®”.

The main limitation of this study was that it
did not include a control group, which would
allow the establishment of a more robust
causal relationship between the improvement
in tinnitus and treatment. Further studies are
therefore necessary.

Conclusion

HOT appears to improve tinnitus and
therefore has an impact on the quality of life
of these patients, even when the auditory
gain is not significant. In addition, it leads to
an improvement in auditory acuity in patients
with  SSNHL refractory to corticosteroid
therapy,withtheresultsbeing moresignificant
in cases where the interval between the onset
of symptoms and initiation of treatment is
shorter.
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