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Abstract Tinnitus is a perception of sound in proximity
to the head with the absence of an external source. It is
estimated to occur in 15-20% of the world’s population,
with 1-3% of cases severely affecting quality of life.
Severe tinnitus is frequently associated with depression,
anxiety and insomnia. Tinnitus has been associated with a
variety of risk factors, including prolonged noise exposure,
head and neck injury and infection. The most recent
pathophysiologic theory of tinnitus suggests that the central
nervous system is the source or “generator” of this con-
dition. However, treatment modalities are still aimed at
lessening the awareness of tinnitus and its impact on
quality of life rather than attaining a definitive cure. Cur-
rently, no drug is available that has demonstrated replica-
ble, long-term reduction of tinnitus impact in excess of
placebo effects. However, the market value of such an
agent is estimated to be $1.1 billion, with a potential for
increase with an aging and longer-living population. This
review assesses the current developments in the patho-
physiology and treatment for tinnitus, which remains a
chronic and debilitating condition.
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Introduction

Tinnitus, originating from the Latin word ‘tinnire’
(‘to ring’), is a perception of sound in proximity to the head
with the absence of an external source [1]. It may be
described as buzzing, ringing, roaring, whistling or hissing
and can be variable and complex. Tinnitus may be inter-
mittent, continuous or pulsatile, with the latter being at best
annoying and often quite distressing. It is estimated that
approximately 15-20% of the world population suffer from
tinnitus [2, 3]. For about 25% of those affected, the con-
dition interferes with daily activity, with 1-3% of cases
severely affecting quality of life [3]. Severe tinnitus is
frequently associated with depression, anxiety and insom-
nia [4, 5].

During the second half of the 20th century, several
theories for the aetiology of tinnitus were proposed and
treatment modalities in the form of medications and sur-
gery were developed with varying degrees of success [6].
Even with these advances, tinnitus continues to be a
debilitating condition with no definitive cure, sometimes
driving the patient to suicide [7].

Classification

Tinnitus can be classified in two categories. Objective
tinnitus is associated with generation of noise near the ear
that, in some cases, can be heard by the examiner using a
stethoscope [8]. Subjective tinnitus is the perception of
sound in the absence of an acoustic stimulus and is heard
only by the patient [8].

Objective tinnitus is an uncommon occurrence involving
an audible, pulsatile hum and can be caused by turbulent
flow through the carotid artery or jugular vein [9]. Highly
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vascular middle ear tumours (e.g. glomus jugulare
tumours) and dural arteriovenous malformations may also
cause objective tinnitus [10].

Subjective tinnitus is much more common and may
occur with almost any ear disorder [9]. Common causes
include sensorineural hearing loss (e.g. acoustic trauma),
obstruction of the ear canal by cerumen, infections (e.g.
otitis media), Eustachian tube obstruction and drugs such
as salicylates [11]. The majority of patients have “senso-
rineural” tinnitus, which is associated with hearing loss at
the cochlea or cochlear nerve level [12].

Pathophysiology

Tinnitus has been associated with a variety of risk factors,
including prolonged noise exposure (22% of cases), head/
neck injury (17% of cases) and infections (10% of cases)
[13]. The most recent pathophysiologic theory suggests
that the central nervous system is the source or “generator”
of tinnitus [14]. Positron emission tomography (PET)
scanning and functional magnetic resonance imaging
(fMRI) studies indicate that a loss of cochlear input to
neurons in the central auditory system (such as occurs in
cochlear hair cell damage or a lesion of the vestibuloco-
chlear nerve) can result in abnormal neural activity in the
auditory cortex [15]. This activity is linked to the percep-
tion of tinnitus. In addition, there is also a loss of sup-
pression of the neural feedback loops which help tune and
reinforce auditory memory in the central auditory cortex
[10]. Disruption of this feedback loop leads to the disin-
hibition of normal synapses and the creation of uncon-
trolled alternative neural synapses which lead to the
abnormal auditory perception of tinnitus (Fig. 1) [16].

Cochlea

Vestibulocochlear nerve

Auditory brainstem
and thalamus

Uncontrolled neural

Central projections feedback loops

Primary auditory
cortex

Fig. 1 Pathophysiology of tinnitus

@ Springer

Recent improvements in neuro-otometry have confirmed
the complex pathophysiologic mechanisms involved in
tinnitus, elucidating sites in which these processes take
place [17-19]. It is now known that approximately 24% of
cases occur as a result of abnormalities within the otoa-
coustic periphery (i.e. inner ear and the vestibulocochlear
nerve), 35% originate from the acoustic pathways and 41%
have their cause within supratentorial structures [6]. A
decrease in inhibition and/or increase in excitation may
lead to an excitatory-inhibitory imbalance causing neuronal
hyperexcitability in these regions and lead to the perception
of tinnitus [20]. However, neuronal excitability can be
modulated by different neurotransmitters and neuromodu-
lators that act on voltage- or ligand-gated channels, thus
providing potential pharmacologic targets [20].

Treatment

Since tinnitus is associated with marked irritability, agita-
tion, stress, depression, insomnia and interference with
daily life, even a drug that produces a small but significant
effect would have a significant therapeutic impact. How-
ever, due to the myriad of aetiologies and complex path-
ogenic mechanisms proposed, definitive treatment for
tinnitus is yet to be developed. There is currently no single
Food and Drug Administration (FDA) or European Medi-
cines Agency (EMEA) approved drug in the market. No
studied drug in the literature provides replicable, long-term
reduction of tinnitus impact in excess of placebo effects
[21, 22]. Current treatment strategy is aimed at controlling
underlying disorders and symptomatically suppressing the
perception of tinnitus. The primary goal has thus been
improvement in quality of life rather than absolute cure.
This may be achieved through a variety of regimens,
though none show complete efficacy.

Comprehensive management of tinnitus includes
assessment of hypertension, blood lipids, thyroid function,
allergies and informing patients of factors that aggravate
tinnitus, such as stress, caffeine, nicotine, and aspirin [21].
Treatment of comorbidities may involve procedures such
as embolization or ligation for vascular abnormalities such
as arteriovenous malformations. Hearing aids for presby-
cusis, cochlear implants for sensorineural hearing loss and
cessation of any offending medications are also important
components of management [23].

Many patients with tinnitus exhibit signs of anxiety or
depression, associated with elevated serum serotonin levels
[24]. Serotonin and GABA receptors are found throughout
the auditory system, and neurotransmitter abnormalities
have been purported to play a role in some patients
[25, 26]. Attempts at symptomatic relief have included
antidepressants (e.g. amitriptyline) [27], anxiolytics (e.g.
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diazepam), anticonvulsants (e.g. clonazepam), diuretics,
and antihistamines (e.g. dexchlorpheniramine maleate), all
of which have yielded inconsistent and inconclusive
results [28].

Tinnitus-specific medications have also proven ineffec-
tive. Trials of the prostaglandin E1 analogue misoprostol
[29], gabapentin [30], lidocaine [31] and dexamethasone
[32] have only shown limited benefit. Complementary and
alternative medicine (CAM) therapies are equally disap-
pointing. Large trials of Ginkgo biloba, the most popular
form of CAM therapy, have failed to yield definitive results
[33].

In contrast, a number of non-medical treatments have
been studied with some success. These include tinnitus
retraining therapy (TRT), masking, biofeedback and cog-
nitive behavioral therapy.

TRT is based on bypassing or overriding abnormal
auditory cortex neural connections—the pathogenic
mechanism postulated to drive tinnitus. It is based on the
principle that all levels of the auditory pathways play
essential roles in tinnitus, and induces habituation to the
tinnitus signal [34]. The goal is to reach a stage in which
patients are unaware of their condition unless they con-
sciously focus on it. This habituation is achieved by
directive counseling, combined with low-level noise gen-
erated by wearable generators and environmental sounds.
Significant improvement has been reported in up to 80% of
patients but well-controlled studies are not reported, the
long-term impact is not known, and the therapy takes at
least one to 2 years before effects are seen [35].

Masking devices are designed to produce low-level
sounds that reduce the perception of tinnitus. It is not
successful in all patients and some patients have even
reported a worsening of their tinnitus [35].

Biofeedback is a relaxation technique teaching people to
control certain autonomic body functions. The goal is to
help people manage tinnitus-related distress by changing
the patient’s reaction to it. Many people have noticed a
reduction in tinnitus when they are able to modify their
reaction to it [36], though well-controlled trials have not
yet been completed.

Cognitive behavioral therapy aims to motivate patients
to learn to alter their psychological response to tinnitus by
identifying and reinforcing coping strategies, distraction
skills and relaxation techniques. Several studies have
shown benefit compared to control patients in reducing
tinnitus-related distress, but no benefit on the loudness of
the tinnitus [36].

It is now recognized that every patient with tinnitus has a
unique medical, psychological and social experience. A
number of recent studies recommend individualized man-
agement programs utilizing multimodal strategies designed
to address the specific needs of each patient [11, 27, 35, 36].

These studies have suggested that a tinnitus management
team, comprising of an otolaryngologist, audiologist, neu-
rologist, psychologist and sleep or pain specialists, is
essential for the successful treatment of tinnitus.

Future Therapy

Although there are no current FDA or EMEA approved
drugs to treat tinnitus, a potential market appears to be
emerging. The Royal National Institute of Deafness in the
United Kingdom estimated the patient opportunity for a
tinnitus drug would be 15 million by 2012. The market
value of tinnitus retraining therapy and off-label pharma-
ceuticals was estimated in 2003 to be $127 million. The
market value of the whole segment ‘symptomatic relief
from tinnitus’ was estimated to be $1.1 billion, with a
potential for increase if an effective drug is to become
available. This is because there is a significant number of
people with tinnitus who have stopped seeking medical
treatment due to lack of efficacy, but who would probably
be interested in treatment as soon as an effective compound
is made available [37].

Currently, there are only a small number of drugs in
development for the treatment of tinnitus. One of these is
neramexane, a non-competitive, voltage-dependent NMDA
antagonist which also blocks nicotinic cholinergic recep-
tors expressed on hair cells in the inner ear [38—40]. After
promising Phase 2 trial results, the drug is currently in
Phase III multi-centre clinical trials to determine its effi-
cacy, safety and tolerability.

LidoPAIN TV is a non-sterile patch delivering lido-
caine, which is applied to the periauricular skin region.
According to the company, it has demonstrated efficacy in
a clinical proof-of-concept study and has been in Phase II
trials for tinnitus.

Vesitipitant is a novel antagonist of the neurkinin-1
receptor which binds substance P. Neurokinin receptors are
present in the inner ear, representing a potential therapeutic
target for tinnitus [41]. Vestipitant and the combination of
vestipitant and paroxetine are currently undergoing Phase 2
clinical trials for the treatment of tinnitus.

Conclusion

Tinnitus may originate in any location along the auditory
pathway from the cochlear nucleus to the auditory cortex.
Some leading theories include injured cochlear hair cells
which repetitively stimulate auditory nerve fibers, sponta-
neous activity in individual auditory nerve fibers, hyper-
activity of auditory nuclei in the brain stem or a reduction
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in the usually suppressive activity of the central auditory
cortex on peripheral auditory nerve activity.

Though there have been advances in the understanding of
the pathophysiology of this condition, the treatment modal-
ities are still aimed at lessening the awareness of tinnitus and
its impact on quality of life rather than attaining a definitive
cure. Currently, no drug is available that has demonstrated
replicable, long-term reduction of tinnitus impact in excess
of placebo effects. Medical therapy has been limited in
efficacy and consistency and more research needs to be
conducted into non-medical treatment modalities such as
TRT, cognitive behavioral therapy and masking. As a result,
tinnitus remains a chronic, often debilitating condition for a
significant number of patients. However, the development of
molecular, biochemical and imaging techniques are offering
increasing insights into the underlying causes of tinnitus and
for the development of new potential targets for treatment.
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