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T
innitus most commonly refers
to the perception of sound in
the head or ears.  The sounds
are usually heard in the
absence of external stimuli and

are unrelated to an external source.  
Tinnitus has long been described,

beginning in ancient Egypt (2500 BC)
where frankincense, balanite oil, and
sekhopf were some of the earliest forms
of treatment for tinnitus. Nineteen-hun-
dred years later in Assyria (600 BC) clay
tablets classified tinnitus as “…singing,
whispering, speaking…”4 Historical
descriptions from the Roman and
Byzantine Empires and the Renaissance
emphasize the prevalence and morbidity
of tinnitus. Whatever the cause of his
hearing loss, it was evident that Ludwig
von Beethoven suffered from tinnitus.
He was quoted saying, “My ears whistle
and buzz continuously day and night.  I
can say I am living a wretched life.”5

The diagnosis and management of tinni-
tus can be intimidating, but a systemat-
ic approach and understanding of the
most common causes can aid in evalua-
tion and treatment.

Background
Tinnitus is usually described according
to location, duration, quality, pitch, and
loudness. There are an estimated 37 to
40 million American (one out of every
seven to eight Americans) cases of tinni-
tus each year, causing severe debilitation
in approximately six percent of those

affected. The incidence is highest in
those aged 40 to 70, and it occurs in
men more than in women.4 There is no
standard classification scheme for tinni-
tus, but most clinicians divide tinnitus
into two main groups: objective tinnitus
and subjective tinnitus. Most of this dis-
cussion will focus on subjective tinnitus,
as this is the most common type; howev-
er, we will briefly mention objective tin-
nitus.

Objective tinnitus refers to the per-
ception of sound generated in the body
and conducted to the cochlea via bone
or the middle ear. Audible to the exam-
iner, this entity is relatively rare and is
usually caused by vascular or muscu-
loskeletal phenomena (Table 1). The
most common type of objective tinnitus
is pulsatile in nature, which can be
caused by a glomus tumor, aneurysm,
dehiscent jugular bulb, or rarely a per-
sistent stapedial artery. A unique charac-
teristic of objective tinnitus is that the
sound may be audible to the examiner.
Various instruments, such as a stetho-
scope with earpieces at both ends, have
been developed to aid in the ausculta-
tion of a patient with objective tinnitus.
Specific management of each of these
causes of tinnitus is beyond the scope of
this discussion; however, the underlying
pathology must be addressed.  

Subjective tinnitus, on the other
hand, is more common than objective
tinnitus and refers to the perception of
sound heard only by the patient. Also
called idiopathic tinnitus, the mecha-
nism of noise production is poorly
understood. Subjective tinnitus has

many causes (Table 2) and most often is
a symptom of underlying abnormal con-
ditions in the cochlea, cochlea nerve,
ascending auditory pathway, and audito-
ry cortex. Hyperactive hair cells and
ionic chemical imbalance are also
thought to contribute to the production
of this type of tinnitus.9 Hearing loss is
one of the most common causes of tin-
nitus, and reorganization of pathways
within the central nervous system
(CNS) is believed to be a mechanism for
the production of tinnitus (similar to
phantom limb pain). Another theory
suggests increase in spontaneous activity
of the central auditory system (CAS) as
a result of disinhibition of the dorsal
cochlear nucleus.9

Pathophysiology
The two main schools of thought for the
origin of tinnitus identify the ear (exter-
nal, middle, and inner ear structures) or
central nervous system (cochlear nerve,
cochlear nuclei, and auditory cortex).
Currently, most forms of subjective tin-
nitus are
t h o u g h t
to orig-
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inate in the CNS. Classically, tinnitus is
attributed to abnormal hair cell activity
or a disorder of the cochlear nerve. This
would imply that patients with inhibi-
tion or absence of the cochlea or cochlea
nerve would not have tinnitus. However,
studies demonstrate that deaf individu-
als can have tinnitus and some patients
who undergo eighth nerve section for
intractable Ménière’s disease (MD) con-
tinue to suffer from tinnitus.4,9

Proponents of the ear as the origin of

tinnitus would argue that eighth nerve
section does relieve tinnitus in some
Ménière’s patients, and cochlear implan-
tation8 has been shown to reduce or
eliminate tinnitus in some individuals.
Moreover, excessive noise exposure and
ototoxic medications can affect the ear,
thereby causing tinnitus.  

Those in favor of the CNS as the ori-
gin of tinnitus would not disagree with
this observation, but would maintain
that the anatomic location of the struc-

tures that generate tinnitus may be in
the central nervous system.9 Fur-
thermore, in some individuals CNS-
mediated symptoms, such as phonopho-
bia and depression, accompany tinni-
tus.1,2,12 Studies indicate that these affec-
tive symptoms may be secondary to
changes in the function of ascending
auditory nuclei (neural plasticity) or
abnormal redirection to other areas of
the central nervous system. This abnor-
mal redirection, known as the non-clas-
sical auditory system, ascends in parallel
to the classical system. Input is received
from the inferior colliculus and projects
via the dorsal thalamus to the limbic sys-
tem causing affective disorders.
Eventually, the signals make it to the pri-
mary auditory cortex.9

Medical Evaluation
History. The medical evaluation of a
patient with the complaint of tinnitus
begins with a history and physical exami-
nation. The history should include details
about the onset and duration, location
(unilateral or bilateral), character (pul-
satile, buzzing, hissing, clanging, roaring,
etc.), aggravating/alleviating factors,
severity, pitch, and loudness. For some
patients, the effect of the tinnitus on the
patient’s quality of life is very important.
The CHIMPS inventory (Table 3) is a
tool that can be used to assess this aspect.
The past medical, past surgical, and social
history are also important pieces of infor-
mation to elicit, because alcohol use,
medications or a history of noise expo-
sure, prior ear surgery or trauma can aid
in making the diagnosis.  

Physical Exam. Physical examina-
tion includes a full head and neck exam-
ination, which many times will be nor-
mal.  In cases where the tinnitus is pul-
satile in nature, auscultation of the
external auditory canal, orbits, mastoid,
neck, and chest are important to rule
out some of the more common causes.

Audiogram. Hearing loss is one of
the most common causes of tinnitus, so

Table 1. Causes of Objective Tinnitus

Glomus Tumor

Atriovenous malformation

Aneurysm

Atherosclerosis

Venous hum

Persistent stapedial artery

Dehiscent jugular bulb

Cardiac murmurs 

Pseudotumor cerebri*

*benign intracranial hypertension

Vascular
Temporomandibular joint disorder

Palatal myoclonus

Patulous eustachian tube

Stapedius spasm

Musculoskeletal

Table 2. Causes of Subjective Tinnitus

Presbycusis*

Noise exposure

Meniere’s disease

Otosclerosis

Cerumen impaction

Vestibular schwannoma**

Head Trauma

Toxins

Middle ear effusion

Hyperlipidemia

Meningitis

Syphilis

* most common cause of subjective tinnitus  ** 50-70% as presenting symptom

Aspirin

NSAIDS

Aminoglycosides

Erythromycin

Tetracycline

Chloramphenicol

Vancomycin

Quinine

Furosemide, ethacrynic acid

Cisplatin, vincristine

Amitriptyline, imipramine

Idiopathic reaction

Drugs
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an audiogram is an essential part of
making a diagnosis. The audiometry test
battery should include measurement of
pure tone averages, speech discrimina-
tion, and tympanometry. Bilateral, sym-
metric elevation of high frequency pure
tone thresholds is characteristic of pres-
bycusis and is the usual pattern seen in
older patients complaining of tinnitus. 

In patients with tinnitus as a result of
Ménière’s disease, the hearing loss is usu-
ally unilateral in the lower frequencies
and may fluctuate with the tinnitus. The
speech discrimination score (SDS) is an
important tool for the evaluation of the
retrocochlear system, which includes the
vestibulocochlear nerve. In some
patients with a vestibular schwannoma
(nerve sheath tumor of the eighth
nerve), tinnitus may be the presenting
symptom, and an audiogram may
demonstrate decrease in discrimination
in the affected ear secondary to the
tumor.

Radiology. Imaging is warranted in
various special circumstances.
Computed tomography (CT) is excel-
lent for visualization of bony anatomy of
the temporal bone and is useful if oto-
scopy is positive, if there is hereditary
hearing loss, suspicion of a systemic
processes such as Paget’s disease, or if
there is a clear history of trauma.
Magnetic resonance imaging (MRI) is
better for soft tissue detail and examina-
tion of the internal auditory canal and
associated structures. If the tinnitus
and/or associated hearing loss are unilat-
eral or if there are other neurologic signs
or symptoms, an MRI with gadolinium
is necessary to rule out causes such as a
stroke, multiple sclerosis, or vestibular
schwannoma. One other instance where
MRI is useful is in a patient with the
complaint of pulsatile tinnitus.  In these
cases angiography (MRA) can diagnose
an aneurysm, arteriovenous malforma-
tion, or glomus tumor. Moreover, if an
aneurysm is present and requires repair,
this can be done at the same time. In

most cases, the imaging studies do not
reveal any pathology, but it is important
to obtain them in order to rule out treat-
able causes.

Laboratory Testing. Laboratory eval-
uation is only necessary in selected situ-
ations and typically includes complete
blood count, lipid profile, glucose meas-
urement, thyroid function tests, and an
autoimmune panel.

Tinnitus Measurement. Tools for
the measurement of tinnitus exist and
quantification allows for the following
goals13:

1. To establish tinnitus baseline
2. To define treatment needs
3. To select treatment strategies
4. To monitor treatment 
effectiveness.
The Oregon Health and Science

University Tinnitus Clinic established
four standardized measurements for tin-
nitus based on examination of over 1500
patients13:

1. Pitch
2. Loudness
3. Maskability
4. Residual Inhibition.
Pitch is a measurement of tone fre-

quency, and patients progressively chose
between two tones until a match was
identified. In the study,13 the median
pitch was 6000Hz and 75 percent of the
study group matched at or above
4000Hz.

Loudness matching involved choos-
ing from progressively increasing inten-
sities at 1000Hz up to the matching fre-
quency until a match was found.
Recorded in decibel sensation level (SL,
dB above threshold), 70 percent of the

individuals were equal to or less than 6
dB SL and 84 percent less than 9 dB
SL.13

The use of external sounds to mask
sounds has been recognized by different
investigators since the 1800s. The work
by Feldman in the 1970s and 1980s as
well as Mitchell in the 1980s demon-
strated that tests for maskability should
be done at frequencies matching the
patient’s tinnitus.13 The measurement of
minimal masking level (MML) involved
presenting a noise band from 2-12kHz
at increasing intensity until the tinnitus
was no longer audible. Fifty-eight per-
cent of the patients reached MML at or
less than 9dB SL.13

The last measurement residual inhi-
bition (RI) was defined as reduction of
tinnitus after a period of masking.
Patients were induced by applying
MML plus 10dB for 60 seconds and
then asked to indicate how their tinnitus
sounded and when it returned to the
original level. Eighty percent of patients
reported RI for up to four minutes.13

The authors point out that the RI is not
necessarily a form of therapy, but rather
provides some additional information
about the tinnitus; therefore, its utility is
not known.13

Treatment
Prevention. Treatment of tinnitus
begins with prevention. Environmental
exposure to loud noises can contribute
to hearing loss and can be prevented
with appropriate noise protection.
Avoidance of dietary stimulants such as
coffee or tea, cessation of smoking, and
avoidance of certain medications known

Table 3. CHIMPS Inventory for Effect on Quality of Life

Concentration – Does it interfere with reading a book?

Hearing – Does it interfere with television?

Insomnia – Does it keep you awake?

Masking – Do surrounding noises cover it up?

Psychologic – Does it make you depressed or anxious?
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to cause or exacerbate tinnitus can be
helpful in some patients.10

Medical Treatment. The next step in
treatment can involve medications.
Intravenous lidocaine is known to sup-
press tinnitus but is impractical in the
clinical setting and has other potential
side effects, including cardiotoxicity.
Oral formulations, such as tocainide
(analog to lidocaine) or carbamazepine,
are also effective but can cause unwant-
ed side effects.3

Because of the link to the central
nervous system, neuroactive medications
have been tried. A benzodiazepine, such
as alprazolam, has been shown to reduce
tinnitus and in one study by Johnson et
al,7 76 percent of 17 patients had a
reduction in the loudness of their tinni-
tus with an average decrease from 7.5 to
2.3dB SL. The main drawback is
dependence on the medication, and it
has been shown that if effective, patients
are likely to remain on the drug indefi-
nitely. Interestingly, benzodiazepines
have been implicated in the cause or
exacerbation of tinnitus in some
patients.  

Another neuroactive class of drugs,
tricyclic antidepressants, may have some
benefit. In 1992, Dobie et al2 reported
on the use of nortriptylineversus placebo
in 92 patients. Sixty-seven percent of the
nortriptyline group and 40 percent of
the placebo group reported a benefit.

Homeopathic treatment regimens
have been tried, but there is no rigorous
science, and randomized double-blinded
placebo controlled trials are yet to be
done.10 One of the most popular herbs,
gingko biloba, is known to increase
blood flow to the brain and small blood
vessels by inhibiting platelet aggregation
and has been shown to be effective in
some trials while not effective in others.
Patients who wish to try these alterna-
tive remedies are encouraged to do so as
long as the vitamins or herbs do not
interfere with medications they are tak-
ing for other conditions.

Hearing Aids and Maskers. If med-
ications are ineffective or the patient
wishes to try other therapies, hearing
aids that amplify background noise can
decrease tinnitus. Maskers such as a
radio set between two stations or a ceil-
ing fan can produce a sound to mask the
tinnitus. There also exist commercial
instruments, which are a combination of
a hearing aid and tinnitus masker that
some patients find very effective.  

Therapy. A newer, commercial form
of tinnitus retraining therapy termed
Neuromonics is a combination of
acoustic therapy with a six-month
course of education and support. A low-
level broadband noise is presented for
several hours per day. The patient
receives pre-conditioning counseling to
achieve relaxation and lessening of the
tinnitus symptoms. Active treatment
involves desensitizing the brain to repro-
gram and filter out the tinnitus. 

Based on a neurophysiologic model,
the combination of masking with the
low-level broadband noise and counsel-
ing achieves habituation of the reaction
to tinnitus and perception of the tinni-
tus itself.

Invasive options to treat the symp-
toms of tinnitus include electrical stim-
ulation of the cochlea as well as cochlear
implants in appropriate candidates.
Steenersen and Cronin11 have used tran-
scutaneous stimulation of the auricle
and tragus, decreasing tinnitus in 53
percent of 500 patients. Drawbacks to
this therapy included sensorineural hear-
ing loss from direct current, which can
cause permanent damage. Cochlear
implants have shown some promise in
the relief of tinnitus. In 1994, Ito and
Sakakihara6 reported that in 26 implant-
ed patients who had tinnitus, 77 percent
reported that the tinnitus was abolished
or suppressed. Only eight percent
reported worsening. There is no surgery
for tinnitus, because tinnitus is a symp-
tom. Surgical options are used to treat
the underlying disease.

Conclusion
Tinnitus is a common problem with an
extensive differential diagnosis.
Underlying medical conditions need to
be identified and treated  With the aging
population, tinnitus will become more
common, thus research into the mecha-
nism and treatment is needed to better
help those affected.  PN
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