
Introduction
	 Tinnitus is the conscious perception of sound heard in the absence 
of physical sound sources external or internal to the body [1]. 
Epidemiological studies report that tinnitus affects roughly 10% of 
the adult population [2] and severely disturbs the quality of life of 
about 1-2% of adults by producing anxiety, annoyance, irritability,  
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disturbed sleep patterns and depression [3]. Similar like in phantom 
limb pain, tinnitus perception seems to be the correlate of maladaptive 
attempts of the brain at reorganization due to distorted sensory input. 
The finding that hearing loss (HL) is the most important risk factor 
for developing tinnitus and that most people with sudden unilateral 
deafness experience tinnitus reinforces this thesis [4]. The central 
auditory system compensates for diminished input by upregulating 
its responsiveness in central circuitries. Central compensation that 
follows reduced auditory nerve activity may occur first at the level 
of the auditory brainstem, from where altered activity patterns then 
spread to ascending auditory nuclei. Tinnitus is a complex disorder 
difficult to treat due, among other reasons, its heterogeneity. Tinnitus 
patients differ on several dimensions, including perception, multiple 
risk factors and related comorbidities, associated distress, and large 
response variation to treatments [5]. Decreased sound tolerance 
(hyperacusis) is a common symptom accompanying usually to 
tinnitus. Some degree of hyperacusis is encountered in roughly 40% 
of tinnitus patients, while up to 86% of hyperacusis sufferers also 
report tinnitus [6]. 

	 Practical guideline for tinnitus and/or hyperacusis treatment 
recommends sound therapy combined with counselling. When the 
sound stimulus is broadband noise, this protocol is named Tinnitus 
Retraining Therapy (TRT) [7]. The positive effects of TRT can be 
seen typically in few months, with clear improvement in around 
6 months, and high level of tinnitus control in roughly 12 months 
[8]. In a recent study, 25 tinnitus patients of heterogeneous etiology 
were subjected to sound therapy, consisting of customized broadband 
noise filtered by the hearing loss (HL) curves of the patients, 1 hour 
per day, for 4 months [9]. After this time, 88% of patients obtained 
significant relief, quantified as an average decrease of their Tinnitus 
Handicap Inventory (THI) of 29 points [9]. Some tinnitus subjects, 
however, show a strong resistance to treatments, being frequent that 
they abandon the therapy even before completing the compromised 
time period. The aim of this article is to report the case of one of these 
resistant patients, who underwent a clever combination of changing 
sound stimulus and directive counselling. The adherence of the patient 
to this combined treatment for 24 months concluded with a practically 
complete relief of his tinnitus handicap. 

Case Report

	 A 63-year-old man was included in our clinical study on sound 
treatment of tinnitus in June 2018. Written informed consent was 
obtained from the patient for publication of this case report and any 
accompanying images.He reported a bilateral hissing-like tinnitus 
pitched at 7 KHz with a bandwidth of 15%. He had suffered from 
slight tinnitus since 10 years ago, due to the extraction of cerumen 
in the ear tube. Three years before, he referred a new episode of 
occasional tinnitus in his left ear after exposition to loud sound in 
a music concert. However, these episodes did not produce any 
annoyance or distress as he was able to manage them. 

Cobo P, et al., J Otolaryng Head Neck Surg 2021, 7: 051
DOI: 10.24966/OHNS-010X/100051

HSOA Journal of
Otolaryngology, Head and Neck Surgery

Case Study

Cobo P*

Institute of Physical and Information Technologies (ITEFI), Higher Council for 
Scientific Research (CSIC), Madrid, Spain

Successful Aplication of Sound 
Therapy to a Patient with 
Severe Tinnitus: Case Study

Abstract
	 Tinnitus is an auditory disorder difficult to treat due to its 
heterogeneity. Therefore, there is not a unique treatment being 
effective for 100% of patients. Nevertheless, practical guideline for 
tinnitus treatment recommends the combined use of sound therapy 
and counselling. The tinnitus relief provided for this treatment 
depends greatly on the specific sound and the time of treatment. 
The present report describes a case of successful application of 
sound therapy combined with counselling to a 63-year-old with 
severe tinnitus primarily resistant to treatment. A sudden increase 
of his Tinnitus Handicap Inventory after the third month of treatment, 
due to a traumatizing sound exposure, caused his distress became 
catastrophic. However, a careful design of a new sound stimulus, 
combined with subsequent counselling sessions, was crucial to 
achieve the adherence of the patient to the treatment. After 24 
months, his tinnitus handicap became quite light. Therefore, the 
persistent combination of directive counselling and customized 
sound therapy provided a very relevant relief to the primarily resistant 
patient after 24 month of treatment.
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	 At the end of January 2018 he was suddenly exposed to a 
traumatizing sound coming from a custom-designed device for dog 
alarm. He turned on incorrectly the device at maximum power so that 
he was unexpectedly subjected to a loud high frequency tone. Even 
though the device was switched off rapidly, the exposition to such 
loud sound triggered a permanent bilateral tinnitus which remained 
from then on. The patient already visited previously other outside 
institutions who advised him to “learn to live with his tinnitus since 
nothing can be done”. He was prescribed with medications including 
corticosteroid, calcium channel blocker, protector against vascular 
insufficiency, as well as anti vertiginous. These medications did 
not provide any tinnitus relief after 4 months. When he came to our 
Institute, he reported great distress due to the lack of response to the 
medication and the thought that tinnitus “will stay forever in his head”. 
The patient underwent firstly audiological and tinnitus assessment. 
Audiological evaluation consisted of hearing loss measurement for 
both ears by pure-tone audiometry from 125 Hz to 8 kHz using the 
clinical audiometer GS61 (Grason-Stadler Inc., Madison, WI, USA). 
(Figure 1) shows the HL curves (audiogram) of the patient. The 
audiogram exhibits moderate-to-severe hearing losses above 3 kHz. 
A slight notch at the left ear is also observed at 1500 Hz. Tinnitus 
characteristics were assessed on the basis of the responses of the 
patient to the clinical evaluation sheet. He reported fluctuant, bilateral 
tinnitus of traumatic, sudden origin which could be modulated by neck 
and maxillofacial maneuvers. He referred also a high intolerance to 
loud sounds (hyperacusis) [8]. He was initially included in our study 
consisting of a short tinnitus treatment, combining counselling with 
broadband noise filtered by the hearing loss curves [9]. Although the 
THI score began to decrease along the two first months, (Figure 2), 
the patient underwent along the third month an angio-MRI scan in an 
external clinic to discard any vascular damage around the ear. Since 
the patient suffered also of hyperacusis, the high level noise inside 
the MRI device caused an abrupt increase of his distress yielding an 
increase of the THI score which came into the catastrophic severity 
scale (Figure 2). 

	 Actually, the patient believed that his ears were damaged due to 
the MRI scanning. The patient was subjected to a new counselling 
session aimed to calm him down. 

Enriched Acoustic Environment (EAE)

	 Many sound stimuli have been tried for tinnitus treatment during 
the past decades [10]. According to [8], any type of sound is better 
than silence provided it does not annoy, create discomfort, or damage 
hearing. Nevertheless, [11] demonstrated that a customized sound 
consisting of a broadband noise matched to the HL curve of the 
patient could reverse tinnitus. Exactly this type of matched noise was 
designed for the patient during the first three months and an EAE 
from then on. The EAE consists of a sequence of tones, each one with 
random frequency within the hearing frequency band and amplitude 
matched to the hearing loss of the patient at this frequency. Sequences 
of tone pips and tone burst were previously used by [12,13] for 
reverting the tonotopic map reorganization of cats after exposition to 
a traumatizing noise and to revert the aberrant central gain produced 
by hyperacusis, respectively. On the other hand, It is known that the 
gamma tone spectra correspond indeed to the human auditory filters 
[14], so that an EAE with gamma tones should be a more selective 
therapy. Therefore, the filtered broadband noise was replaced by 
a more pleasant EAE consisting on a sequence of gamma tones. 
Moreover, as the amplitude of each gamma filter is matched to the 
HL at this frequency, it is customized for each patient. Therefore, the 
wideband noise filtered by the HL curves of the patient was changed 
to an EAE with gamma tones at the third month of the treatment. 
The EAE was calculated using the specially designed Graphical User 
Interface (GUI) of (Figure 3). After introducing the hearing losses at 
each frequency of each ear, the properties of the gamma tones (signal 
length, tone length and rate) and the pairing method, the HL curves 
are plotted and the sequences of gamma tones are calculated. These 
sequences can be heard first and then saved in any audio format, 
so that the patient can play at home one hour per day during the 
prescribed period.

	 The positive effect of these changes was visible in the THI score 
of the fourth month (Figure 2). Furthermore, since the patient was 
truly motivated to continue with the treatment, we decide to keep 
the therapy until the patient attained a complete habituation to his 
tinnitus, which was reached after 24 months (Figure 2).

Figure 1: Audiogram of the patient showing moderate-to-severe hearing loss 
above 3 kHz at both ears and a slight notch at the left ear at 1500 Hz.

Figure 2: THI change with time. Points represent monthly THI scores. Hori-
zontal lines at THI=18, 36, 56, and 76 outline the severity ranges for tinnitus 
handicap scoring.
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Conclusion
	 A report is presented of a noticeable case of severe-to-catastrophic 
tinnitus treated with a combination of counselling and customized 
sound therapy, consisting of a sequence of gamma tones filtered with 
the hearing loss curves of the patient. The exposition of the patient 
to this sound stimulus one hour per day for a period of 24 months 
provided a tinnitus relief which can be quantified as a THI score 
decrease of 78 points from his highest value. 
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