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Tinnitus is a highly prevalent condition, affecting more than 1 in 7 adults in the EU and causing negative effects on
sufferers’ quality of life. The objective identification and detection of bothersome tinnitus is a critical step in the proper
management and administration of appropriate interventions or the combination of interventions for the patients. A
detailed audiological evaluation, including auditory brainstem responses and auditory middle latency responses analysis,
could constitute an objective method for reflecting the functions of the cochlear or auditory nerve to auditory cortex.
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| 1. Tinnitus

Tinnitus is defined as the perception of a phantom sound and the patient's reaction to it 2, Most experts distinguish
between subjective and objective tinnitus 23], Tinnitus constitutes a common auditory symptom which can lead to severe
impairment, especially when comorbidities are present M. In most sufferers, tinnitus is not due to medical causes, and
there is no treatment available 2. |n many aspects, the presence of tinnitus is a heterogeneous and complex condition
[, and it can occur at any age with varying frequencies, intensities, and duration scales.

According to large, independent epidemiological studies, tinnitus affects more than 10% of the general population,
whereas 1% of the population considers tinnitus to be their most serious health problem. The prevalence estimates in
Europe are expected to double by 2050 BI&ILA Although significant scientific progress has been made in recent years (111
R2M3IA4I1S] many patients with tinnitus remain either untreated or receive incomplete treatment. This situation contributes
to increased complaints, prolonged suffering, social disengagement, excessive utilisation of healthcare services, and a
complex network of referral pathways. Consequently, these result in substantial psychological and financial burdens at
both national and global levels [, Despite its extremely high prevalence and socioeconomic burden, tinnitus remains a
scientific and clinical mystery 161171,

It is worth mentioning that the degree of tinnitus-related distress experienced by patients ranges from complete absence
of discomfort to suicidal tendencies 18, resulting in a spectrum of different conditions that require distinct management
and therapeutic approaches 2229, The various testing methods are unable to represent the degree to which tinnitus is
troublesome on a case-by-case basis, although they are very useful in the diagnosis and planning of therapeutic
interventions. For instance, patients with identical audiograms may have varying degrees of tinnitus perception in terms of
intensity, severity, and induced disability 2122 This weakness in clinical and paraclinical examinations is well
compensated by the use of tinnitus self-assessment questionnaires, which have been widely used in the clinical
evaluation of tinnitus sufferers [Z. The use of these tests to objectively classify severity is considered to be an extremely
useful tool in the hands of health professionals. Although the use of self-reported measures is considered a good practice,
it is important to remember that self-assessment involves bias &, which influences judgments and responses [19123],

Several theories have been proposed to explain the mechanisms underlying tinnitus. Over the last decades, it has
become apparent that tinnitus is closely related to hearing loss, but their degree of severity cannot be correlated.
Moreover, the causal relevance of tinnitus is not limited to the cochlea, but probably involves many levels of the central
auditory pathway, and even the central nervous system 24, There is growing evidence that tinnitus etiopathogenetic
mechanisms may be related to dysfunction or damage in parts of the auditory pathway 22241 This clinical hypothesis
motivated auditory pathway testing through the use of auditory evoked potentials (AEPs) of tinnitus sufferers to assess
and evaluate the severity of their tinnitus. In other words, given that the auditory pathway includes several stations
involved in the conduction of sound, it is hypothesised that each of them could be associated with the occurrence of
tinnitus; or, to state it simply, in order for an individual to hear tinnitus, one or more of the above stations or the
connections between them must be affected.

| 2. Auditory Evoked Potentials (AEPS)

An AEP is an electrical signal produced by the brain in response to the presentation of a time-locked auditory stimulus 23!
(28] The final AEP signal is composed of the average responses to thousands of stimulus repeats &, AEPs are a form of



non-invasive and non-behavioural test whose main advantages are their simplicity, objectivity, reproducibility, and cost-
effectiveness (22, Based on a subject’s AEP response, audiologists are able to investigate potential obstacles along the
neural pathways that lead to the brain. In addition, these signals may be useful for ruling out or confirming hearing
impairments, particularly in neonates, and for medico-legal purposes to rule out benign tumours of the acoustic nerves,
such as acoustic neuromas 28],

AEPs are classified as early (auditory brainstem responses—ABRs), middle (auditory middle latency responses—
AMLRs), or late (auditory late latency responses—ALLRs) based on their occurrence time after the triggering stimulus 22,

In more detail, ABR is a sequence of acoustically stimulated signals that indicates synchronised neuronal activity along
the neural pathways leading to the brain. It has a lengthy history of application and is regarded as one of the most reliable
electrophysiological methods BB within 10 milliseconds after the commencement of a moderately intense click
stimulus, the derived ABR consists of five peaks coming from the auditory nerve and brainstem, annotated using Roman
numerals (I through V) in capital letters (Figure 1). Wave | of the ABR reflects the activity of spiral ganglion cells in the
distal eighth auditory nerve; wave Il originates from the globular cells in the cochlear nucleus; wave Il is generated by the
cochlear nucleus’ spherical cells and globular cells; and waves IV and V are generated by the medial superior olive and its
projections to the nuclei in the lateral lemniscus and the inferior colliculus 3233l Typically, these electrophysiological
responses have an amplitude of less than one microvolt (uV) 2824,
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Figure 1. Typical annotated ABR signal, presenting the five waves of interest, from | to V (red waveform), and AMLR
signal, presenting the four waves of interest: Na, Pa, Nb, and Pb (blue waveform).

AMLR is typically recorded in a time window of 80 to 100 milliseconds and occurs around 12 to 60 milliseconds following
the external stimulation. It is hypothesised that the thalamus and the auditory cortex are responsible for generating this
response. AMLR is a waveform with four waves of interest: two troughs (Na and Nb) and two peaks (Pa and Pb) (Figure
1). The AMLR signal is sensitive to low frequencies, and there is typically a discrepancy of approximately 10 dB between
the auditory thresholds measured behaviourally and electrophysiologically 2538, The shape of these waveforms varies
considerably even among healthy individuals, with the Nb and Pb components appearing inconsistently 28],

ALLR is produced by non-primary cortical areas and is utilised to evaluate the integrity of the auditory system beyond the
level of AMLR. It typically occurs 60 to 800 milliseconds after the external stimulus B2,

In brief, AEPs have predictable patterns and consist of discrete waves (peaks and troughs), which are the signal’s primary
waves of interest and which are generated by specific stations along the auditory pathway 22. The major metrics of an
AEP are the latencies (the time between the initial auditory stimulus and the peak or trough of a waveform 1), and
absolute amplitudes related to the signal’s waves of interest 28, Clinicians contemplate these measurements as metrics
when interpreting these waveforms.

The objective identification and detection of bothersome tinnitus is a critical step in the proper management and
administration of appropriate interventions or the combination of interventions for the patients. A detailed audiological
evaluation, including ABR and AMLR analysis, could constitute an objective method for reflecting the functions of the
cochlear or auditory nerve to auditory cortex. These electrophysiological methods are not currently included in routine
clinical approaches, and have not been clearly correlated with the pathophysiology of tinnitus B2. However, the utilisation
of more objective data could have a strong influence on the way otolaryngologists investigate and understand tinnitus,
focused towards an evidence-based approach.
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