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Inner ear disorders and hearing

In a second article on ear disorders, Sue Allen focuses on disorders of the inner ear, hearing impairment and ototoxic drugs

perience disruption of balance and hear-

ing and symptoms such as tinnitus and
vertigo. Panel 1 describes tinnitus and Panel 2
(p144) describes vertigo.

Patients with inner ear disorders may ex-

The inner ear

Embedded in bone, the inner ear is a fluid-
filled series of chambers, consisting of two
parts: the cochlea and the vestibular appara-

tus. The cochlea is responsible for hearing and 1
consists of a spiral tube about 3.5cm in h_earmg
length. It contains an inner and outer cham- |mpa|rment and
ber, both of which are filled with fluid. Sound
arrives at the oval window via the ossiclesand ~ €arache are the
is transmitted through the endolymph in the : :
outer chamber. prl nCIpaI

The cochlea’s inner chamber contains the m m f r
organ of Corti, which is filled with fluid Sy ptO Sorea
(endolymph) and lined with hair cells. disorders

Thousands of tiny hair-like structures, called
stereacilia, arise from the hair cells and are
projected into the endolymph. The stereocilia
respond to different frequencies of sound
depending on their location along the spiral
tube. Movement of these cells triggers an
electrical pulse in the auditory nerve. Hearing
impairment is either conductive (where
sound cannot pass from the outer to inner

Tinnitus, vertigo

Panel 1: Tinnitus

Tinnitus is the experience of sound in the
absence of external stimuli and perceived only
by the sufferer. It is a symptom of many ear
disorders. The types of sound experienced
include buzzing, ringing, whistling, hissing and
shushing. This can be intermittent, continuous
or pulsatile (synchronous with the heartbeat).
Tinnitus commonly occurs in the absence of co-
existing ear disorders, although there is
generally some associated hearing impairment.
It can be associated with impacted ear wax,
head injury, Meniere’s disease and drug toxicity.

Tinnitus tends to affect men more than
women and becomes more frequent with age. A
telephone poll in 2005 conducted by Action for
Tinnitus Research found that around 12 per cent of men and 8 per cent of women in the
UK are affected by tinnitus.

Tinnitus is of oto-neurological origin. It is not a psychological disorder but it can cause
anxiety (concerning its cause), frustration, loss of concentration, sleep disturbances and
depression, and these can exacerbate symptoms, setting up a vicious circle of increasing
tinnitus.

There is currently no effective drug treatment for tinnitus (lidocaine reduces tinnitus
but it must be given intravenously and its effects last only a few hours). Management
involves correcting any associated hearing loss (with a hearing aid) and allaying fears.
Tinnitus retraining therapy involves counselling and sound therapy. The counselling aims
to reduce anxiety and address inappropriate beliefs and teaches distraction and thought-
blocking techniques. Sound therapy delivers background sound at a level just below that
of the tinnitus for six to 24 hours a day, particularly at the quietest times of day and night,
including during sleep. The British Tinnitus Association has a useful website that includes
details of local support groups.
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Identify knowledge gaps

1. What are the symptoms of Meniere’s disease?
2. How can vertigo be treated?
3. List three otatoxic drugs.

Before reading on, think about how this article may
help you to do your job better. The Royal
Pharmaceutical Society’s areas of competence for
pharmacists are listed in “Plan and record”,
(available at: www.rpsgb.org/education). This
article relates to “common disease states”.

ear) or sensorineural (where the problem lies
in the cochlea or auditory nerve).

The vestibular apparatus, comprising the
saccule, utricle and semicircular canals, is not
involved in hearing. It is part of the balance
system. Like the cochlea, the canals of the
vestibular system are filled with endolymph
and have stereocilia projecting into them.
When the head is moved, the stereocilia shift
and an electrical impulse is sent via the
vestibular nerve to the brain, giving vital
information about orientation and allowing
balance to be maintained.

Meniere’s disease
Meniere’s disease is a progressive disorder of
the inner ear of unknown cause. Although
commonly beginning between the ages of 20
and 50 years, it can occur at any age (it is rare
in childhood), and can affect one or both ears.
Meniere’s disease is thought to be con-
nected to a build up of fluid in the membra-
nous labyrinth surrounding the cochlea and
vestibular apparatus. The symptoms vary
between patients, but are characterised by
episodes of vertigo (causing dizziness, nausea
and vomiting), dulled hearing, tinnitus and a
feeling of pressure in one or both ears. Most
patients (70 per cent) also suffer associated
headaches. Attacks can be frequent or may
only occur every few months, and each one
can last from 20 minutes to several hours.
Disease progression tends to follow a pre-
dictable course. Early on, there are sudden,
erratic episodes of vertigo, temporary hearing
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Eustachian

loss and tinnitus. As time goes on, hearing
becomes increasingly affected and there is sen-
sorineural hearing loss of the lower pitches.
Sudden attacks of vertigo are at their most
severe, although there may be periods of
remission (up to several months). In the later
stages of the disease, hearing loss becomes
more significant and permanent. Tinnitus is
likely to remain although the episodes of
vertigo can diminish.

The erratic nature of Meniere’s disease can
cause great distress and affect quality of life.
Sudden attacks of vertigo can cause patients to
fall and mean that they should exercise caution
when swimming or using ladders etc. People
with Meniere’s disease also need to inform the
Driver and Vehicle Licensing Agency of their
condition.

Management Management of Meniere’s
disease can be complicated because of the
erratic nature of attacks. One Cochrane sys-
tematic review found little evidence as to the
effectiveness of the various treatments used in
terms of tinnitus or deafness. Acute attacks of
vertigo tend to be managed with prochlorper-
azine or cinnarizine (see Panel 2). There are
advantages with prochlorperazine because it
can be administered buccally and rectally for
patients whose vertigo is accompanied by
nausea and vomiting, but it is associated with
more side effects, especially in elderly patients.
As with migraine, many Meniere’s patients
experience an aura before an attack, and the
best results are seen if medicines are taken at
this point.

Some patients take prophylactic medicine.
Betahistine is commonly prescribed. A recent,
randomised controlled study (81 patients) has
found a statistically significant reduction in the
number and intensity of vertigo attacks in
patients taking 16mg betahistine twice daily
for three months. Headache was a common
adverse effect. The British National Formulary
recommends a maintenance dose of 24-48mg
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Panel 2: Vertigo

Most people can remember spinning around on
the spot as a child. Once the spinner stops, he or
she veers off to one side and staggers. This is the
sensation experienced by vertigo sufferers. It is
the feeling that the body or surroundings are
spinning.

The term “vertigo” is commonly misused to
describe the fear of heights, which is in fact
“acrophobia”. “Dizziness” is commonly used to
describe a variety of sensations. Studies show
that about one third of complaints of “dizziness”
are vertigo.

Vertigo arises from fluid abnormalities in the
vestibular apparatus. People with vertigo should
undergo investigations to have the cause
identified. Causes include:

B Viral infection (eg, influenza or mumps) of
the inner ear (viral labyrinthitis) or the
vestibular nerve (vestibular neuritis)
Inadequate supply of blood to the brain stem
and lower brain (vertebrobasilar ischaemia)
Eustachian tube dysfunction

Meniere’s disease

Chronic otitis media

Drugs (eg, allopurinol, aminoglycosides,
amiodarone, aspirin, some benzodiazepines,
bezafibrate, capreomycin, colistin,
cycloserine, danazol, diflunisal,
dihydrocodeine, doxazocin, ergotamine,
some non steroidal anti-inflammatory drugs,
minacycline, reboxetine, selegiline and
sulfasalazine)

Vestibular migraine

Epilepsy

Acoustic neuroma

Nasopharyngeal carcinoma

Multiple sclerosis

Cerebellar tumour

Head injury

Travel sickness

Treatment Drug treatment of vertigo is aimed at
affecting the actions of various cholinergic,
monoaminergic and glutaminergic
neurotransmitters. However, the mechanisms of
action are unclear. Antihistamines (&g, cyclizine
and promethazine) are most widely used.

Cinnarizine is also used but it has little
antimuscarinic action and is more likely to
achieve its effect through its action on calcium
channels. It is suggested that calcium
antagonists suppress vestibular activity because
calcium channels are present in vestibular hair
cells.

The phenothiazine prochlorperazine is also
prescribed and is useful to control vomiting.

A patient suffering an acute attack of vertigo
is typically prescribed a seven day supply of
cinnarizine 30md tds or prochlorperazine 5mg tds
and should be advised to stop taking the
medicine when the attack is over.

Other drugs that have been used include
benzodiazepines. Betahistine is used for vertigo
associated with Meniere’s disease (see main
text).
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Panel 3: Acoustic trauma

Excessive noise exposure can permanently
damage hearing. The louder the noise and the
longer the exposure, the greater the risk. Loud
noises can permanently damage hair cells in the
cochlea causing hearing impairment and tinnitus,
which may not become obvious until years later. If
itis not possible or feasible to avoid a noisy
situation, ear protectors should always be worn.
The ringing in the ears following loud music at a
night club or concert is a sign that the sound was
at a level capable of causing permanent damage if
repeated too often.

Prolonged exposure to sounds over 80dB can
permanently damage hearing. In terms of
decibels, 60dB is ordinary spoken conversation,
80dB is shouting, 110dB is a nearby pneumatic
drill and 140dB is the threshold at which noise is
painful to listen to. There is a concern that MP3
users risk damage to their hearing by listening to
music at too high a volume — some MP3 players
can reach 1050B.

The Control of Noise at Work Regulations 2005
protect employees from damaging exposure to
noise. Employers must warn employees about the
risks, provide ear protectors when noise exceeds
85dB, and must aim to reduce noise levels as far
as reasonably practicable. Where noise regularly
exceeds 90dB, the law requires ear protectors to
be worn, and it is the employer’s responsibility to
enforce this. Employees must have regular
hearing tests and records must be kept so that
hearing over time can be monitored.

daily, with food. Betahistine is thought to
work by reducing the fluid pressure in the
inner ear.

Ear, nose and throat consultants can try a
number of other drugs to manage the symp-
toms of Meniere’s disease. These include
diazepam (which suppresses vestibular activ-
ity) and corticosteroids. Occasionally, radical
ablative medical procedures (eg, application of
topical gentamycin), or surgical procedures to
destroy vestibular function but maintain hear-
ing, are necessary to manage severe vertigo.

Some patients find that elements of their
diet trigger attacks in a similar way to
migraine sufferers, although no direct link
between diet and Meniere’s has been found.
However, a low salt diet may be helpful and
diuretics, in conjunction with salt restriction,
are sometimes prescribed. The proposed
mechanism behind this treatment is that the
diuretic affects the amount of potassium in
the endolymph, which may be the cause of
hair cell inhibition.

Benign paroxysmal positional vertigo

Benign paroxysmal positional vertigo (BPPV)
is a common type of vertigo and can present
at any time, although it becomes more com-
mon with age. Typically, patients complain of
extreme dizziness or a spinning sensation for
less than one minute when turning over in
bed. There may also be giddiness when
tipping the head to look upwards. BPPV is
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People with vertigo
should undergo
investigations to have the
cause identified

More than 50
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people over 60
years old have
some hearing
impairment
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episodic and tends to occur in clusters sepa-
rated by weeks or months.

BPPV is diagnosed using Hallpike’s
manoeuvre. The patient sits on a bed and then
lies back quickly to let his head overhang the
bed at about 45 degrees from the horizontal.
At the same time the head is rotated by 45
degrees. After about 10 seconds, a patient with
BPPV will experience vertigo and nystagmus
(rapid and jerky eye movements) downwards
towards the affected (lower) ear.

BPPV is caused by the presence of calcium
carbonate crystals (otoconia) in the semicircu-
lar canals of the inner ear. Many patients are
successfully treated with the Epley manoeu-
ver, a sequential movement of the head
through four positions. This rotates the semi-
circular canal, repositioning the offending
crystal(s) to where they do not produce symp-
toms.

If untreated, most patients’ symptoms
resolve in between six and eight weeks. This
may take longer if the patient is elderly.

Hearing impairment and deafness

There are an estimated 8.7 million deaf and
partially hearing people in the UK. About
673,000 of these are profoundly deaf. The
most common cause of hearing loss is advanc-
ing age — more than 50 per cent of people
over 60 years old have some hearing impair-
ment. Progressive loss of hearing that occurs
with age is known as “presbyacusis” and higher
frequencies are usually most affected. Other
common causes of deafness in adults include:

Adverse drug reactions
Meniere’s disease
Acoustic neuroma (a benign tumour)

In children, causes of deafness include
inherited conditions, infection in utero (eg,
rubella), glue ear, meningitis and head injury.

Conductive hearing loss can be caused by
excessive wax in the ear or glue ear (PJ, 21
January, pp83-6). Sensorineural hearing loss
may be either sensory (cochlear) or neural
(eighth nerve) in origin. Causes of sensory
hearing loss include end organ lesions due to
acoustic trauma (see Panel 3), viral labyrinthi-
tis, ototoxic drugs (see Panel 4, p146) and
Meniere’s disease. Neural hearing loss is
frequently due to a brain tumour or other
neurological disorder.

Individuals experiencing impaired hearing
should be referred to an audiology clinic for
the nature and extent of their loss to be iden-
tified. The level of deafness is defined accord-
ing to the quietest sound, in decibels (dB),
which can be heard across a range of frequen-
cies (see Panel 5).

Hearing aids A hearing aid can only
enhance hearing. It does not restore it to nor-
mal. About two million people in the UK have
hearing aids, but only 1.6 million use them.
There are at least another three million people
who experience significant hearing difficulties
in everyday life and would benefit from a
hearing aid.
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Panel 4: Ototoxic drugs

A small number of drugs have the potential to damage the inner ear and cause hearing
impairment and tinnitus. In most cases, the ototoxic effect is reversed when medication
is stopped. However, there are some instances where the change can be permanent.
For anyone with existing hearing impairment or tinnitus, potentially ototoxic medicines
should only be used when there is no alternative. Most ototoxic drugs are renally ex-
creted so renal impairment predisposes to accumulation of high levels of drug and,
therefore, ototoxicity.

Chemotherapeutics (eg, actinomycin, bleomycin, cisplatin, carboplatin and vincristine)
Cisplatin is a widely used anticancer drug and there is much evidence of its ototoxic
effects, which can be considerable — there are reports of cisplatin causing total
deafness. The dose-related ototoxicity of chemotherapeutic agents can affect both
balance and hearing.

Antibiotics (eg, erythromycin, gentamicin, streptomycin, tobramycin, amikacin,
neomycin, vancomycin and capreomycin). The aminoglycoside antibiotics are the most
important ototoxic antibiotics. Their dose-related ototoxicity may affect both balance and
hearing (of higher frequencies initially). Neomycin is used topically (ear drops) and may
cause ototoxicity if used in patients with a perforated eardrum. Vancomycin alone has
only minor toxicity but it potentiates the ototoxicity of other aminoglycosides when used in
combination. Erythromycin can affect hearing when given in high intravenous doses.
Gentamicin is more vestibulotoxic than cochleotoxic and has been used to treat severe
vertigo.

Loop diuretics (eg, acetazolamide, bumetanide and furosemide). The ototoxic effects of
the loop diuretics tend to be dose-related and are rarely significant.

Antimalarials (eg, chloroquine hydroxychloroquine, quinine sulphate and mefloguine).
When taken in doses for malaria prophlaxis and treatment, these drugs may cause
temporary tinnitus but are unlikely to cause any permanent damage to hearing.
Mefloquine can cause vestibular disorders.

Non-steroidal anti-inflammatory drugs (eg, aspirin, diclofenac, ibuprofen, naproxen
and indometacin). At high doses, aspirin has caused permanent hearing disturbance. A
small number of people taking aspirin or NSAIDs may experience hearing impairment and
tinnitus at normal doses, which is reversible on stopping the drug.

A wide range of technologies exist for
hearing aids, but in its simplest form, each
consists of a microphone, an electronic ampli-
fier, a loudspeaker and a battery. The aid can be
either analogue (radiowaves) or digital. Digital
aids use more advanced technology and
include a computer that can be programmed
to enhance hearing to meet individual needs
(ie, focusing on frequencies affected). They
may also automatically switch programme
according to listening conditions (eg, with or
without background noise). Just like their ana-

Panel 5: Classification of
hearing ability

0-19dB  Normal hearing

20-40dB Mild deafness (there may be some
difficulty in following speech, particularly in noisy
situations)

41-70dB Moderate deafness (there is difficulty
in following speech without a hearing aid)
71-95dB  Severe deafness (a hearing aid, lip
reading or use of sign language necessary)
>95dB  Profound deafness (communication is
by lip reading or sign language — an estimated
50,000 to 70,000 people in the UK use British Sign
Language as their first language)
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Some hearing aids should
not be used while ear
drops are used

logue forerunners, digital hearing aids come
in behind-the-ear, in-ear, or in-canal models.
The problem of “whistling” (feedback) asso-
ciated with hearing aids has been reduced
with digital technology. Hearing aid services
are currently being modernised across the
UK and digital hearing aids are now available
on the NHS, although there can be a long
wait. Private hearing aid dispensers offer
more choice of device and reduced waiting
times. If purchased independently, the price
for programmable sophisticated digital tech-
nology ranges from £300 to £2,500.

Some ear drops contain ingredients that
destroy plastic so some hearing aids should
not be used while ear drops are used.Wearing
a hearing aid during an ear infection can also
present a potential for reinfection.

Cochlear implants A cochlear implant can
give a sense of hearing to severely or
profoundly deaf people who have cochlea
damage but a functioning auditory nerve.
The implant consists of an external and an
internal part. The external part is worn on the
ear, like a conventional hearing aid, or clipped
to the clothes. It includes a sound processor
to convert sound into an electrical signal,
which it sends to the internal part. The inter-
nal part is surgically implanted into the ear
and transmits the electrical signal from the
external processor to the auditory nerve,
bypassing damaged hair cells in the cochlea.

Resources
Prodigy guidance for Meniere’s disease.
Available at: www.prodigy.nhs.uk (accessed 12 January
2006).
The British Tinnitus Organisation (www.tinnitus.org.uk)
provides help and information for people with tinnitus.
Tidy C. Vertigo. Available at: www.patient.co.uk
(accessed 12 January 2006).
A selection of factsheets and leaflets are available from the
Royal National Institute for Deaf People (www.rnid.org.uk).

Action: practice points

Reading is only one way to undertake CPD and the
Society will expect to see various approaches in a
pharmacist’s CPD portfolio.

1. Read the medicines management issues
regarding cinnarizine and prochloperazine in
the Prodigy guidance for Meniere’s disease
and apply these to your practice.

2. Next time you dispense betahistine, talk to the
patient about how his or her condition has
been managed.

3. Find contact details for the hearing aid centre
closest to you.

Evaluate

For your work to be presented as CPD, you need to
evaluate your reading and any other activities.
Answer the following questions: What have you
learnt? How has it added value to your practice?
(Have you applied this learning or had any
feedback?) What will you do now and how will this
be achieved?
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