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B [f no treatable cause of tinnitus is found,
assess the severity of tinnitus, secondary
problems (such as depression, anxiety, and
insomnia), and implement tinnitus
management strategies (SOR: B).

m Acoustic therapy is effective for tinnitus
management (SOR: B).

m All patients should wear hearing protection
when they are exposed to loud sounds
such as a gas lawnmower, leaf blower,
power tools, or gunfire (SOR: A).

B Successful management of insomnia,
anxiety or depression will decrease the
severity of tinnitus for most patients
(SOR: B).

Corresponding author: Robert L. Folmer, PhD, OHSU Tinnitus
Clinic, Mail Code NRCO04, Oregon Health & Science
University, 3181 SW Sam Jackson Park Road, Portland, OR
97239. E-mail: folmerr@ohsu.edu.

532 JULY 2004 / VOL 53, NO 7 - The Journal of Family Practice

innitus—the perception of sound that does

not have an external source—can be con-

stant or intermittent and perceived as
ringing, buzzing, hissing, sizzling, roaring, chirp-
ing, or other sounds.

Acute tinnitus, which can last days or weeks,
may be caused by ear infection, medications, head
or neck injury, excessive sound exposure, earwax,
and changes in blood pressure or metabolism.
With appropriate evaluation, such underlying con-
ditions usually can be identified and treated, often
with resultant resolution of tinnitus.

Chronic tinnitus (persistence for 6 months or
more) can also result from these conditions and is
more likely to occur in people who have hearing
loss." (See Prevalence of tinnitus.) Even though
a true “cure” for most cases of chronic tinnitus is
not available, patients can obtain relief from the
symptom with assistance from clinicians who are
familiar with tinnitus management strategies.

E DAMAGE DEPENDS ON INTENSITY,

LENGTH OF EXPOSURE
Tinnitus is most commonly caused by exposure to
excessively loud sounds such as gunfire, power
tools, machinery, or music. Ringing in the ears
occurs because of damage to stereocilia, micro-
scopic appendages attached to the apical ends of
hair cells in the cochlea.

Moderate sounds (80 decibels sound pressure
level [dB SPL] or lower) normally cause stereocil-
ia to make tiny movements, triggering the release
of neurotransmitter molecules from the basal
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ends of hair cells that activate auditory neurons in
the eighth cranial nerve.

Excessive sound exposure (85 dB SPL or
louder) causes stereocilia to bend more than
they should. People then perceive high-pitched
ringing tinnitus because hair cells that respond
to higher-frequency sounds are located at the
base of the cochlea and are the first to be dam-
aged by loud noise.

If the damage is modest and infrequent,
stereocilia can recover, returning to their nor-
mal function in a few minutes or hours. The
patient’s hearing will be restored and the tinni-
tus will stop. However, repeated exposure to
hazardous sounds eventually causes irreparable
damage to stereocilia and hair cells, resulting in
permanent sensorineural hearing loss and pos-
sibly chronic tinnitus.

In addition to noise exposure, any condition
that causes hearing loss or damages the audito-
ry system can contribute to the generation of
tinnitus (Table). Imaging studies using func-
tional magnetic resonance imaging’ or positron-
emission tomography*® demonstrated that the
perception of chronic tinnitus usually occurs as
a result of hyperactivity within central auditory
areas of the human brain, especially the audito-
ry cortex. As portions of the auditory system
degenerate during the aging process or acquire
damage from noise exposure, disease, and acci-
dents, the natural balance of central auditory
excitation vs inhibition is disrupted. In patients
who hear tinnitus, excitatory pathways within
the auditory system are active when they
shouldn’t be: in quiet environments. This gives
patients the perception of tinnitus sounds.

Objective tinnitus

Objective tinnitus—which can be heard also by
people in proximity to the patient’s ear—can be
caused by vascular abnormalities (congenital
arteriovenous fistula, acquired arteriovenous
shunt, glomus jugulare, high-riding carotid
artery, carotid stenosis, persistent stapedial
artery, dehiscent jugular bulb or a vascular loop

Prevalence of tinnitus

Seidman and Jacobson?® estimated that 40
million people in the United States experience
chronic tinnitus. The prevalence of tinnitus
increases with age: 27% of males and 15% of
females aged 45 years or older experience
the symptom.®

Tinnitus is rare in children who have normal
hearing.* However, the prevalence of tinnitus
in children with severe or profound hearing
loss has been reported as 33%° or 64%.°
More males than females experience tinnitus
because men traditionally have had a greater
amount of noise exposure in military service,
in the workplace, and during recreational
activities. Consequently, hearing loss and tin-
nitus are both more prevalent among men
aged 45 years or older compared with
women in the same age group.®

such as anterior inferior communicating artery
[AICA] or posterior inferior communicating
artery [PICA] compressing the auditory nerve)
or mechanical disorders (abnormally patent
Eustachian tube, palatal myoclonus, temporo-
mandibular joint disorder, or stapedial muscle
spasticity).”” However, objective tinnitus is rare,
accounting for <1% of all cases. The vast major-
ity of tinnitus cases are subjective—sounds are
perceived only by the patient.

B PATIENT EVALUATION

Figure 1 is an algorithm that outlines steps in
the evaluation and management of patients who
experience tinnitus. The first step is to collect as
much information as possible about the patient
and his condition.

Tinnitus history

Determine the duration of tinnitus and whether
circumstances such as upper respiratory infec-
tion, otalgia, noise exposure, head trauma,
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TABLE

Causes of subjective tinnitus

Presbycusis: hearing loss due to aging

Prolonged noise exposure: Noise-induced
hearing loss

Acoustic trauma: one-time exposure to high
intensity sound

Otosclerosis: abnormal accumulation of
calcium on middle ear ossicles or cochlea

Infections: bacterial, viral, fungal
Autoimmune hearing loss

Meniere’s disease or endolymphatic hydrops:
abnormally high inner ear pressure

Neoplasms: for example, acoustic neuroma
or cholesteatoma

Genetic predisposition

Ototoxicity
— Medications: aminoglycoside antibiotics
(such as gentamicin); valproate; quinine;
cisplatin; loop diuretics (such as furosemide)
— Heavy metals such as lead

Vascular
— Hypertension; arteriosclerosis; cerebral
aneurysm; cerebrovascular accident

Metabolic
— Anemia; hypothyroidism; hyperthyroidism;
diabetes mellitus

Head or neck injury

sudden hearing loss, or vertigo occurred at the
time of tinnitus onset. Ask the patient to describe
the tinnitus: Is it intermittent or constant?
High- or low-pitched? Unilateral or bilateral?
Pulsatile or steady?

Unilateral tinnitus and hearing loss provide
preliminary evidence for acoustic neuroma or
cerebrovascular accident. High-pitched tinnitus is
usually associated with high-frequency hearing
loss caused by presbycusis (hearing impairment
in the aged) or excessive noise exposure. Low-
pitched roaring tinnitus is sometimes associated
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with low-frequency hearing loss exhibited by
patients with Meniere’s disease. Pulsatile tinni-
tus, especially if synchronous with the patient’s
pulse, can indicate vascular abnormalities.

Ask the patient if fatigue, stress, noise expo-
sure, or any medications exacerbate the tinnitus.
Also ask if masking sounds (such as water
running in the shower), medications, or any
other factors provide relief from tinnitus. This
information can be used to formulate a tinnitus
management program.

Assess the severity of the patient’s tinnitus
using an instrument such as the Tinnitus Severity
Index (Figure 2)."* A score of 36 or higher indi-
cates bothersome tinnitus (level of evidence
[LOE]: 2)."* Higher scores indicate that patients
perceive their tinnitus to be a significant, even
debilitating problem.

Hearing history

If possible, determine the presence and type of
hearing loss (congenital, sudden, sensorineural,
conductive, or mixed). Note the patient’s history
of ear infections, surgeries, noise exposure (occu-
pational or recreational), otalgia, otorrhea, and
vertigo or other balance problems. Ask whether
immediate family members have experienced
hearing loss or tinnitus.

Health history

Look particularly for conditions that can con-
tribute to hearing loss and tinnitus, such as hyper-
tension, hypothyroidism, diabetes mellitus, arte-
riosclerosis, and autoimmune disorders (eg, lupus
or rheumatoid arthritis). Also consider ototoxic
medications, such as aminoglycoside antibiotics,
cisplatin, furosemide, valproic acid, and high
doses of quinine-containing compounds. When
possible, patients with hearing loss or tinnitus
should be given alternative medications free from
ototoxicity.

Excessive use of alcohol, caffeine, and aspirin
or other nonsteroidal anti-inflammatory drugs can
exacerbate tinnitus for some patients. However,
moderate use of these products is often possible.
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Evaluation and management of tinnitus

Collect histories of tinnitus,
hearing, physical and

/ psychosocial health

Patient complains of acute
or chronic tinnitus

Conduct otolaryngologic/ Does otoscopy reveal
head and neck exam, . impacted cerrijymen or YES Treat as
neurological exam, and otitis media? appropriate
audiologic testing
o |
Is there sensorineural YES I NO
hearing loss due to —— Recommend hearing aids —» Dorzzct)'lcg';us —

presbycusis or noise?

i NO l YES

Is tinnitus unilateral and Arrange for MRI with Gd-
hearing thresholds YES DTPA of cerebello-pontine Monitor as
asymmetric (worse on —» angle and internal auditory —» appropriate
tinnitus side)? canal to rule out
acoustic neoplasm
i NO \ TYES
Is there fluctuating hearing ~ YES Arrange for electro- Treat as
loss or vertigo attacks? cochleography to test for ~ ——  appropriate.
Meniere’s disease 4 Does tinnitus
resolve?
NO
NO

. . Arrange for high-resolution
Is there COTS;ISC’;[IVG hearing —>YES CT scan to check for oto-  ——
’ sclerosis or cholesteatoma
| o
. Arrange for sonography,
I . MRA, or cerebral

17 el —

Is the tinnitus pulsatile? E— angiography to check for

vascular abnormalities

i NO v v
YES Employ manage-
All test results normal ~ ——— s tinnitus bothersome? ment strategies

and reassess at 1,
6, and 12 months

| wo

Reassure patient that
condition is harmless
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Tinnitus Severity Index

Does your tinnitus
1. Make you feel irritable or nervous?
. Make you feel tired or stressed?

. Make it difficult for you to relax?

AW N

. Make it uncomfortable to be
in a quiet room?

[}

. Make it difficult to concentrate?

6. Make it harder to interact
pleasantly with others?

7. Interfere with your required activities?
(Work, home, care, or other responsibilities)

8. Interfere with your social activities or
other things you do in your leisure time?

9. Interfere with your overall enjoyment of life?
10. Interfere with your ability to sleep?

11. How often do you have difficulty
ignoring your tinnitus?

12. How often do you experience
discomfort from tinnitus?

DIRECTIONS: For the questions below, please CIRCLE the number that best describes you

Never Rarely Sometimes Usually Always
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5

Psychosocial history

Inquire about the patient’s marital and occupa-
tional status. Unemployed patients living alone
often perceive tinnitus to be more severe than do
employed patients who have supportive social
networks. Also ask about any history of insomnia,
anxiety, depression, obsessive-compulsive disor-
der, or psychosis. A questionnaire such as the
abbreviated Beck Depression Inventory can be
used to assess the presence and severity of
depression.

Physical exam and testing

Patient evaluation should include the following

physical examinations and tests.
Otolaryngologic/head and neck exam.

Otoscopic examination can detect infections such

as otitis media, which will usually be accompa-
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nied by complaints of ear pain or fullness, and
possibly hearing loss in combination with tinni-
tus. Otoscopy can also detect impacted earwax
(cerumen), which can occlude the ear canal or
cause immobilization of the tympanic membrane,
resulting in conductive hearing loss, tinnitus, and
a feeling of fullness in the ear. Symptoms usually
resolve when the earwax is removed.

If the tinnitus is synchronous with the patient’s
pulse, it suggests a vascular contribution for the
symptom. Auscultation of blood vessels in the
neck can reveal venous hums or other types of
bruits audible to the patient. Venous hum can be
diagnosed by temporarily blocking blood flow
through the jugular vein on the side where tinni-
tus is perceived.

Neurologic exam. A complete neurologic exam
should include the Romberg test, Dix-Hallpike
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maneuver (if the patient experiences vertigo), gait
testing, and cranial nerve function tests.

Audiologic testing. Audiologic tests should
include pure tone air and bone conduction thresh-
olds, speech discrimination testing, tympano-
metry, and most comfortable loudness (MCL) and
uncomfortable loudness level (UCL) tests.
Tympanometry is used to assess middle-ear
function. Abnormal tympanograms and significant
differences between air and bone conduction
thresholds can indicate otitis media, otosclerosis,
or cholesteatoma.

MCL and UCL tests are used to assess the
dynamic range of patients’ hearing. Patients with
UCLs that are only 5 to 20 dBs above their MCLs
have a reduced dynamic range of hearing that can
be caused by recruitment or hyperacusis. The
audiometer can also be used to match the tinnitus
for pitch and loudness and to test the effects of
masking sounds on the patient’s tinnitus.

Additional evaluations. Results of patient
examinations and history collection might
warrant additional evaluations. For example,
asymmetrical hearing loss (15 dB or greater
asymmetry at 2 or more consecutive test frequen-
cies) and unilateral tinnitus can indicate a retro-
cochlear lesion such as acoustic neuroma (also
known as vestibular schwannoma).

One test for retrocochlear pathology is the
auditory brainstem response (ABR). In this test,
clicks are presented through earphones while
scalp electrodes record brain responses to the
sounds. Abnormal ABR waveforms can indicate
retrocochlear lesion (such as acoustic neuroma)
as a possible cause of ipsilateral hearing loss and
tinnitus. If positive ABR results are obtained,
MRI evaluation of the cerebellopontine angle
with contrast material (such as gadolinium)
should be performed.

Low-pitched roaring, ringing, or hissing tinni-
tus; hearing loss, which may be temporary or
permanent; vertigo; and a feeling of pressure or
fullness in the ear can indicate endolymphatic
hydrops or Meniere’s disease. Symptoms usually
occur in the form of “attacks” that increase in fre-

quency during the first few years of the disease,
then decrease in frequency as hearing thresholds
stabilize. Electrocochleography testing is one way
to diagnose endolymphatic hydrops. Patients who
exhibit vestibular disorders should undergo
electronystagmography testing to assess the
severity and characteristics of their symptoms.

Pulsatile tinnitus associated with abnormali-
ties of blood vessels in the neck can be evaluated
with sonography, conventional angiography, or
magnetic resonance angiography. Conditions such
as a dehiscent jugular bulb or stenosis of carotid
arteries can sometimes be treated surgically.
However, many forms of pulsatile tinnitus are not
caused by these conditions. Pulsatile tinnitus is
often a consequence of hearing loss, arterioscle-
rosis, or weight loss or weight gain. These physi-
ologic changes can cause patients to hear blood
pulsing or “swishing” in vessels—sounds they did
not perceive previously. Surgery is not recom-
mended for most cases of pulsatile tinnitus.

Sudden hearing loss, especially if bilateral,
might indicate autoimmune inner ear disease.
Diagnostic tests include the Western blot
immunoassay.

B TREATMENT OF ACTIVE

DISEASE PROCESSES
Many contributors to tinnitus can be treated sur-
gically or with medication.

Otitis media. Successful treatment of the
infection with oral antibiotics usually resolves all
auditory symptoms.

Allergies, sinus congestion, or infection.
‘When inflammation subsides, tinnitus associated
with these conditions usually resolves.

Otosclerosis. Abnormal accumulations of cal-
cium on middle-ear ossicles (especially the
stapes) or the cochlea can result in slowly pro-
gressing conductive or sensorineural hearing
loss, tinnitus, and vestibular disturbances.
Stapedectomy surgery—including implantation of
ossicular prostheses—is often successful for
advanced cases associated with significant hear-
ing loss. Hearing aids also benefit some patients.
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Meniere’s disease or other forms of
endolymphatic hydrops. Meniere’s disease, char-
acterized by abnormally high fluid pressure with-
in the cochlea, has an estimated prevalence of
1% in the US."* Management includes meclizine,
antiemetics and diuretics, and a low-sodium diet."
If patients do not respond to meclizine, diazepam
can be prescribed to reduce the severity of vertigo
attacks. Surgical intervention—including instal-
lation of an endolymphatic shunt, labyrinth-
ectomy, or vestibular neurectomy'*—or trans-
tympanic injections of gentamicin'” are options in
severe cases.

Autoimmune inner ear disease. This disease
has an estimated prevalence of 0.1% in the US.*®
Symptoms include sudden hearing loss in one
ear that usually progresses to the second ear.
Patients may also feel fullness in the ear and
experience vertigo as well as ringing, hissing, or
roaring tinnitus. Most patients with autoim-
mune inner ear disease respond to initial treat-
ment with oral prednisone.

Auditory neoplasms. Growths such as
acoustic neuroma or cholesteatoma can cause tin-
nitus. Acoustic neuroma (or vestibular schwanno-
ma) is a benign neoplasm that arises from the
vestibular division of the eighth cranial nerve.
Symptoms include unilateral hearing loss, tinni-
tus, and vestibular disturbances. Surgical resec-
tion or radiation treatment of the tumor can
resolve these symptoms, especially if the neo-
plasm is detected while it is small.

Cholesteatoma is a benign epithelial cell mass
that grows in the middle-ear cavity. Over time,
cholesteatomas can enlarge and destroy middle-
ear ossicles. Hearing loss, tinnitus, dizziness, and
facial muscle paralysis can result from continued
cholesteatoma growth. Early detection and surgi-
cal resection of auditory neoplasms can reduce
the likelihood of residual symptoms.

Hyper- or hypotension. Of these two disor-
ders, hypertension is more likely to contribute to
tinnitus. Maintenance of blood pressure within
the optimum range can decrease or resolve tinni-
tus for some patients.

538 JULY 2004 / VOL 53, NO 7 - The Journal of Family Practice

Metabolic disorders. Disorders such as
diabetes mellitus, hyperthyroidism, or hypo-
thyroidism can contribute to tinnitus. Successful
management of these conditions can reduce or
resolve the patient’s tinnitus.

E MANAGING PERSISTENT TINNITUS
Successful treatment of the disorders discussed
can resolve or reduce tinnitus. However, if tinni-
tus continues to bother the patient after other dis-
eases have been treated, shift the clinical focus
from treatment to management of the symptom.
At this point, the clinician should do 1 of 2 things:
1) spend the time necessary to help the patient
manage tinnitus using strategies described in
the following sections of this article; or 2) refer
the patient to a comprehensive tinnitus manage-
ment program with experienced personnel who
are willing and able to spend a substantial amount
of time with each patient.

Like other neurologic symptoms, tinnitus can
be considered chronic if it persists for 6 months or
more. Approximately 90% of cases of chronic tin-
nitus are associated with some degree of sen-
sorineural hearing loss.”” Because sensorineural
hearing loss is irreversible, most cases of chronic
tinnitus cannot be “cured.” Duckro et al*® wrote:
“As with chronic pain, the treatment of chronic
tinnitus is more accurately described in terms of
management rather than cure.”

The goal of management is not necessarily
to mask or remove the patient’s perception of tin-
nitus. In many cases, this is not possible.
Successful management enables patients to pay
less attention to their tinnitus. An effective man-
agement program helps patients to understand
and gain control over their tinnitus, rather than
allowing it to control them. The ultimate goal is to
reduce the severity of tinnitus. Clinicians should
strive to help patients progress to where tinnitus
is no longer a negative factor in their lives.

Establishing tinnitus severity
Only 25% of people who experience chronic tinni-
tus consider the symptom to be a significant
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problem.? These are the patients most likely to
seek treatment. If a patient is not bothered by tin-
nitus and no active disease processes are detect-
ed, no treatments are necessary. The clinician
should reassure such patients that tinnitus is a
harmless perception of sound and does not usual-
ly portend more serious medical conditions.

What differentiates the majority of people not
bothered by tinnitus from the minority who per-
ceive it as a significant, even debilitating problem?
Is it the matched loudness, pitch, or other qualities
of the sound(s) they hear? Several studies have
concluded that tinnitus severity is not correlated
with any of these psychoacoustic parameters.

Tinnitus severity can be defined and quantified
several ways: by how much or how often a patient
is bothered by tinnitus; by how much or how often
tinnitus detracts from the patient’s enjoyment of
life; or by how disabling patients perceive their
tinnitus to be. Instruments such as the Tinnitus
Severity Index' can be used to assess tinnitus
severity (Figure 2).

H TINNITUS MANAGEMENT

STRATEGIES
Once underlying conditions have been treated or
ruled out, reassure and counsel patients regard-
ing factors that could exacerbate or improve their
condition. If patients understand their tinnitus is
nothing more than a perception of sound, they will
be better able to pay less attention to it. This
process of patient education and counseling helps
to “demystify” the symptom of tinnitus and
encourages patients to view their tinnitus with a
more realistic perspective.

The severity of tinnitus is often associated
with problems such as insomnia,* anxiety,® and
depression.” Such issues can form a vicious cir-
cle, with each one exacerbating the others.”
Tinnitus is not always the starting point of this
cycle—many patients experience depression,
insomnia, or anxiety before tinnitus. Medication
or psychotherapy will often reduce the severity
of these symptoms and associated tinnitus
(LOE: 2).77*

Because sensorineural hearing loss
is irreversible, most cases of chronic
tinnitus cannot be “cured”

Because each patient has a unique medical,
psychological, and social history, management
programs should be individualized. In fact,
the most successful tinnitus management pro-
grams employ multimodal strategies designed
to address the specific needs of each patient
(LOE: 2).77#

Recommendations should be formulated and
explained to the patient: appropriate acoustic
therapy; use of hearing protection (all patients
should wear earplugs or ear muffs when they are
exposed to excessively loud sounds [LOE: 1]);®
and strategies for management of insomnia,
anxiety, or depression. As appropriate, provide
patients with referral and contact information for
physical or psychiatric evaluations, psychological
counseling, and other recommended services or
products.

Acoustic therapy
Patients should add pleasant sounds (music,
relaxation CDs, or a tabletop sound machine) to
any environment that is too quiet, and listen to
them through speakers or headphones. Patients
who experience chronic insomnia because of tin-
nitus may find relief in using a tabletop sound
machine in combination with a pillow embedded
with speakers (such as the Sound Pillow, distrib-
uted by Phoenix Productions, San Antonio, TX).
Patients with normal or nearly normal hearing
might benefit from in-the-ear sound generators
(such as those manufactured by General Hearing
Instruments, Harahan, LA) that produce a broad-
band sound to muffle or mask the tinnitus.”
Significant, aidable hearing loss can often be
lessened with hearing aids or combination instru-
ments (hearing aid and sound generator in one
unit). Hearing aids not only improve communica-
tion ability, the devices can also reduce the
perception of tinnitus.*
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Follow-up

Encourage patients to ask questions about rec-
ommended tinnitus management procedures and
to report their progress. Reassess patients at
1 month. If necessary, recommendations can be
modified to facilitate patient improvement.
Follow-up questionnaires can be mailed to
patients 6 and 12 months after their initial
appointment to assess the effectiveness of the
tinnitus management program.

A customized combination of recommendations
is effective for many patients with chronic and
bothersome tinnitus (LOE: 2),” but the process
can be very time consuming. For a certain number
of patients with severe tinnitus, only a compre-
hensive management program can help them to
improve their condition.
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