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Syndrome
Alport’s syndrome
BOR syndrome

Gene
COL4A3-5
EYA1
SIX5
SIX1
KCNQ1

Function
Cytoskeletal protein
Developmental gene
Developmental gene
Developmental gene
Delayed rectifier K+ channel

Norrie’s disease
Pendred’s syndrome

KCNE1
NDP
SLC26A4
FOXI1

Treacher Collins
syndrome

KCNJ10
TCOF1
POLR1D
POLR1C

Delayed rectifier K+ channel
Cell-cell interactions
Chloride/iodide transporter
Transcriptional activator of
SLC26A4
Inwardly rectifying K+ channel
Nucleolar-cytoplasmic transport
Subunit of RNA polymerases I
and III
Subunit of RNA polymerases I
and III
Cytoskeletal protein
Unknown
Intercellular adherence protein
Cell adhesion molecule
Harmonin-associated protein
Calcium and integrin binding
protein
Cell adhesion molecule
G protein–coupled receptor
PDZ domain–containing protein
Cellular synapse protein?
PDZ domain containing protein
Transcription factor
Transcription factor
Transcription factor
Endothelin B receptor
Endothelin B receptor ligand
Transcription factor
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Usher’s syndrome

WS type I, III
WS type II
WS type IV

MYO7A
USH1C
CDH23
PCDH15
SANS
CIB2
USH2A
VLGR1
WHRN
CLRN1
PDZD7
PAX3
MITF
SNAI2
EDNRB
EDN3
SOX10

Abbreviations: BOR, branchio-oto-renal syndrome; WS, Waardenburg’s syndrome.

differentiation of a sensory (cochlear) from a neural (retrocochlear)
hearing loss is indicated.
Pure tone audiometry assesses hearing acuity for pure tones. The
test is administered by an audiologist and is performed in a soundattenuated chamber. The pure tone stimulus is delivered with an audiometer, an electronic device that allows the presentation of specific
frequencies (generally between 250 and 8000 Hz) at specific intensities. Air- and bone-conduction thresholds are established for each ear.
Air-conduction thresholds are determined by presenting the stimulus
in air with the use of headphones. Bone-conduction thresholds are
determined by placing the stem of a vibrating tuning fork or an oscillator of an audiometer in contact with the head. In the presence of a
hearing loss, broad-spectrum noise is presented to the nontest ear for
masking purposes so that responses are based on perception from the
ear under test.
The responses are measured in decibels. An audiogram is a plot of
intensity in decibels of hearing threshold versus frequency. A decibel
(dB) is equal to 20 times the logarithm of the ratio of the sound pressure required to achieve threshold in the patient to the sound pressure
required to achieve threshold in a normal-hearing person. Therefore, a
change of 6 dB represents doubling of sound pressure, and a change of
20 dB represents a tenfold change in sound pressure. Loudness, which
depends on the frequency, intensity, and duration of a sound, doubles
with approximately each 10-dB increase in sound pressure level. Pitch,
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on the other hand, does not directly correlate with frequency. The
perception of pitch changes slowly in the low and high frequencies. In
the middle tones, which are important for human speech, pitch varies
more rapidly with changes in frequency.
Pure tone audiometry establishes the presence and severity of hearing impairment, unilateral versus bilateral involvement, and the type
of hearing loss. Conductive hearing losses with a large mass component, as is often seen in middle ear effusions, produce elevation of
thresholds that predominate in the higher frequencies. Conductive
hearing losses with a large stiffness component, as in fixation of
the footplate of the stapes in early otosclerosis, produce threshold
elevations in the lower frequencies. Often, the conductive hearing
loss involves all frequencies, suggesting involvement of both stiffness
and mass. In general, sensorineural hearing losses such as presbycusis
affect higher frequencies more than lower frequencies (Fig. 43-3). An
exception is Ménière’s disease, which is characteristically associated
with low-frequency sensorineural hearing loss. Noise-induced hearing
loss has an unusual pattern of hearing impairment in which the loss at
4000 Hz is greater than at higher frequencies. Vestibular schwannomas
characteristically affect the higher frequencies, but any pattern of hearing loss can be observed.
Speech recognition requires greater synchronous neural firing than
is necessary for appreciation of pure tones. Speech audiometry tests
the clarity with which one hears. The speech reception threshold (SRT)
is defined as the intensity at which speech is recognized as a meaningful symbol and is obtained by presenting two-syllable words with
an equal accent on each syllable. The intensity at which the patient
can repeat 50% of the words correctly is the SRT. Once the SRT is
determined, discrimination or word recognition ability is tested by
presenting one-syllable words at 25–40 dB above the SRT. The words
are phonetically balanced in that the phonemes (speech sounds)
occur in the list of words at the same frequency that they occur in
ordinary conversational English. An individual with normal hearing
or conductive hearing loss can repeat 88–100% of the phonetically
balanced words correctly. Patients with a sensorineural hearing loss
have variable loss of discrimination. As a general rule, neural lesions
produce greater deficits in discrimination than do cochlear lesions.
For example, in a patient with mild asymmetric sensorineural hearing
loss, a clue to the diagnosis of vestibular schwannoma is the presence of greater than expected deterioration in discrimination ability.
Deterioration in discrimination ability at higher intensities above
the SRT also suggests a lesion in the eighth nerve or central auditory
pathways.
Tympanometry measures the impedance of the middle ear to sound
and is useful in diagnosis of middle ear effusions. A tympanogram is
the graphic representation of change in impedance or compliance as
the pressure in the ear canal is changed. Normally, the middle ear is
most compliant at atmospheric pressure, and the compliance decreases
as the pressure is increased or decreased (type A); this pattern is seen
with normal hearing or in the presence of sensorineural hearing loss.
Compliance that does not change with change in pressure suggests
middle ear effusion (type B). With a negative pressure in the middle ear,
as with eustachian tube obstruction, the point of maximal compliance
occurs with negative pressure in the ear canal (type C). A tympanogram
in which no point of maximal compliance can be obtained is most
commonly seen with discontinuity of the ossicular chain (type Ad).
A reduction in the maximal compliance peak can be seen in otosclerosis (type As).
During tympanometry, an intense tone elicits contraction of the
stapedius muscle. The change in compliance of the middle ear with
contraction of the stapedius muscle can be detected. The presence or
absence of this acoustic reflex is important in determining the etiology
of hearing loss as well as in the anatomic localization of facial nerve
paralysis. The acoustic reflex can help differentiate between conductive
hearing loss due to otosclerosis and that caused by an inner ear “third
window”: it is absent in otosclerosis and present in inner ear conductive hearing loss. Normal or elevated acoustic reflex thresholds in an
individual with sensorineural hearing impairment suggest a cochlear
hearing loss. An absent acoustic reflex in the setting of sensorineural
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