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disturbance. Patients should be warned not to overcompensate for their taste loss by adding
excessive amounts of sugar or salt. Smoking cessation and the discontinuance of oral tobacco use
are essential in the management of any patient with smell and/or taste disturbance and should be
repeatedly emphasized.

A major and often overlooked element of therapy comes from chemosensory testing itself.
Confirmation or lack of conformation of loss is beneficial to patients who come to believe, in light of
unsup portive family members and medical providers, that they may be “crazy.” In cases where
the loss is minor, patients can be informed of the likelihood of a more positive prognosis.
Importantly, quantitative testing places the patient’s problem into overall perspective. Thus, it is
often therapeutic for an older person to know that, while their smell function is not what it used to
be, it still falls above the average of their peer group. Without testing, many such patients are
simply told that they are getting old and nothing can be done for them, leading in some cases to
depression and decreased self-esteem. PART 2 Cardinal Manifestations and Presentation of
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Disorders of Hearing Hearing loss can present at any age and is one of the most common sensory
disorders in humans. Nearly 10% of the adult population has some hearing loss, and one-third of
individuals age >65 years have a hearing loss of sufficient magnitude to require a hearing aid.



PHYSIOLOGY OF HEARING The function of the external and middle ear is to amplify sound to
facilitate conversion of the mechanical energy of the sound wave into an electrical signal by the
inner-ear hair cells, a process called

mechanotransduction (Fig. 36-1). Sound waves enter the external auditory canal and set the
tympanic membrane (eardrum) in motion, which in turn moves the malleus, incus, and stapes of
the middle ear. Movement of the footplate of the stapes causes pressure changes in the fluid-filled
inner ear, eliciting a traveling wave in the basilar membrane of the cochlea. The tympanic
membrane and the ossicular chain in the middle ear serve as an impedance-matching mechanism,
improving the efficiency of energy transfer from air to the fluid-filled inner ear. In its absence,
nearly 99.9% of the acoustical energy would be reflected and thus not heard. Instead, the eardrum
and the ossicles boost the sound energy nearly 200-fold by the time it reaches the inner ear. Within
the cochlea of the inner ear, there are two types of hair cells that aid in hearing: inner and outer.
The inner and outer hair cells of the organ of Corti have different innervation patterns, but both are
mechanoreceptors; they detect the mechanical energy of the acoustic signal and aid its conversion
to an electrical signal that travels by the audi tory nerve. The afferent innervation relates
principally to the inner hair cells while the efferent innervation relates principally to the outer hair
cells. The outer hair cells outnumber the inner hair cells by nearly 6:1 (20,000 vs 3500). The
motility of the outer hair cells alters the micromechanics of the inner hair cells, creating a cochlear
amplifier, which explains the exquisite sensitivity and frequency selectivity of the cochlea.
Stereocilia of the hair cells of the organ of Corti, which rests on the basilar membrane, are in
contact with the tectorial membrane and are deformed by the traveling wave. The deformation
stretches tiny filamentous connections (tip links) between stereocilia, leading to opening of ion
channels, influx of potassium, and hair cell depolariza tion and subsequent neurotransmission. A
point of maximal displace ment of the basilar membrane is determined by the frequency of the
stimulating tone. High-frequency tones cause maximal displacement of the basilar membrane near
the base of the cochlea, whereas for lowfrequency sounds, the point of maximal displacement is
toward the apex of the cochlea. Beginning in the cochlea, the frequency specificity is maintained at
each point of the central auditory pathway: dorsal and ventral cochlear nuclei, trapezoid body,
superior olivary complex, lateral lemniscus, inferior colliculus, medial geniculate body, and auditory
cortex. At low frequencies, individual auditory nerve fibers can respond more or less synchronously
with the stimulating tone. At higher frequen cies, phase-locking occurs so that neurons alternate in
response to particular phases of the cycle of the sound wave. Intensity is encoded by the amount
of neural activity in individual neurons, the number of neurons that are active, and the specific
neurons that are activated. There is evidence that the right and left ears as well as the central
nervous system may process speech asymmetrically. Generally, a sound is processed
symmetrically from the peripheral to the central auditory system. However, a “right ear
advantage” exists for dichotic listening tasks, in which subjects are asked to report on competing
sounds pre sented to each ear. In most individuals, a perceptual right ear advantage for consonant-
vowel syllables, stop consonants, and words also exists. Similarly, whereas central auditory
processing for sounds is symmetric with minimal lateral specialization for the most part, speech
process ing is lateralized. There is specialization of the left auditory cortex for speech recognition
and production, and of the right hemisphere for emotional and tonal aspects of speech. Left
hemisphere dominance for speech is found in 95-98% of right-handed persons and 70-80% of left-
handed persons. ll EIDISORDERS OF THE SENSE OF HEARING Hearing loss can result from
disorders of the auricle, external auditory canal, middle ear, inner ear, or central auditory



pathways. In general, lesions in the auricle, external auditory canal, or middle ear that impede the
transmission of sound from the external environment to the inner ear cause conductive hearing
loss, whereas lesions that impair mechanotransduction in the inner ear or transmission of the
electrical signal along the eighth nerve to the brain cause sensorineural hearing loss (Table 36-1).

External acoustic meatus Middle ear Stapes Semicircular canals Incus Malleus Auricle or pinna
Tympanic membrane External acoustic canal Eustachian tube Lobe External ear A

B FIGURE 36-1 Ear anatomy. A. Drawing of modified coronal section through external ear and
temporal bone, with structures of the middle and inner ear demonstrated. B. High-resolution view
of inner ear. Conductive Hearing Loss The external ear, the external auditory canal, and the
middle-ear apparatus are designed to collect and amplify sound and efficiently transfer the
mechanical energy of the sound wave to the fluid-filled cochlea. Factors that obstruct the
transmission of sound or dampen the acoustic energy result in conductive hearing loss. Conductive
hearing loss can occur from obstruction of the external auditory canal by cerumen, debris, and
foreign bodies; swelling of the lining of the canal; atresia or neoplasms of the canal; perforations of
the tympanic membrane; disruption of the ossicular chain, as occurs with necrosis of the long
process of the incus in trauma or infection; otosclerosis; or fluid, scarring, or neoplasms in the
middle ear. Rarely, inner-ear malformations or pathologies that create a “third window” in the inner
ear such as superior semicircular canal dehiscence, lateral semicircular canal dysplasia, incomplete
partition of the inner ear, and large vestibular aqueduct, are also associated with conductive
hearing loss. This pathologic third window is associated with loss of mechani cal energy associated
with the sound wave leading to conductive hear ing loss (see below). Eustachian tube dysfunction
is extremely common in adults and may predispose to acute otitis media (AOM) or serous otitis
media (SOM). Balloon dilation has been shown to relieve acquired inflam matory obstruction of the
Eustachian tube orifice and improve symp toms due to Eustachian tube dysfunction. Trauma, AOM,
and chronic otitis media are the usual factors responsible for tympanic membrane perforation.
While small perforations often heal spontaneously, larger defects usually require surgical
intervention. Tympanoplasty is highly effective (>90%) in the repair of tympanic membrane
perforations. Otoscopy is usually sufficient to diagnose AOM, SOM, chronic otitis media, cerumen
impaction, tympanic membrane perforation, and Eustachian tube dysfunction; tympanometry and
Eustachian tube function testing can be useful to confirm the clinical suspicion of these conditions.
Cholesteatoma, a benign tumor composed of stratified squamous epithelium in the middle ear or
mastoid, occurs frequently in adults, often in the setting of severe Eustachian tube dysfunction.
This is a slowly growing lesion that destroys bone and normal ear tissue. Theories of pathogenesis
include traumatic immigration and invasion of squamous epithelium through a retraction pocket of
the tympanic membrane, implantation of squamous epithelia in the middle ear through a
perforation or surgery, and metaplasia following chronic infection and irritation. A chronically
draining ear that fails to respond to appropriate antibiotic therapy should raise suspicion of a
choles teatoma. On examination, there is often a perforation of the tympanic membrane filled with
cheesy white squamous debris. The presence of an aural polyp obscuring the tympanic membrane
is highly suggestive of an underlying cholesteatoma. Conductive hearing loss secondary
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tomography (CT) of the temporal bone is also highly suggestive of cholesteatoma. Surgery is
required to remove this destructive pro cess and reconstruct the ossicles. Conductive hearing loss
with a normal ear canal and intact tym panic membrane suggests either ossicular pathology or the
presence of a “third window” in the inner ear (see below). Fixation of the stapes from otosclerosis
is @ common cause of low-frequency conductive hearing loss. It occurs equally in men and women
and is inherited as an autosomal dominant trait with incomplete penetrance; in some cases, it may
be a manifestation of osteogenesis imperfecta. Hearing impairment usually presents between the
late teens and the forties. In women, the otosclerotic process is accelerated during pregnancy, and
the hearing loss is often first noticeable at this time. A hearing aid or a simple outpatient surgical
procedure (stapedectomy) can provide excellent auditory rehabilitation. Extension of otosclerosis
beyond the stapes footplate to involve the cochlea (cochlear otosclerosis) can lead to mixed or
sensorineural hearing loss. Fluoride therapy to prevent hearing loss from cochlear otosclerosis is of
uncertain value. Disorders that lead to the formation of a pathologic “third window” in the inner ear
can be associated with conductive hearing loss. There are normally two major openings, or
windows, that connect the inner ear with the middle ear and serve as conduits for transmission of
sound; these are, respectively, the oval and round windows. A third window is formed where the
normally hard otic bone surrounding the inner ear is eroded; dissipation of the acoustic energy at
the third window is responsible for the “inner-ear conductive hearing loss.” The superior
semicircular canal dehiscence syndrome resulting from ero sion of the otic bone over the superior
circular canal can present with conductive hearing loss that mimics otosclerosis. A common
symptom is vertigo evoked by loud sounds (Tullio phenomenon), by Valsalva maneuvers that
change middle-ear pressure, or by applying positive pressure on the tragus (the cartilage anterior
to the external opening of the ear canal). Patients with this syndrome also complain of fullness of
the ear, pulsatile tinnitus, and being able to hear the movement of their eyes and neck. A large
jugular bulb or jugular bulb diverticulum can create a “third window” by eroding into the vestibular
aqueduct or posterior semicircular canal; the symptoms are similar to those of the superior
semicircular canal dehiscence syndrome. Other inner-ear malformations such as lateral
semicircular canal dysplasia, large vestib ular aqueduct, or incomplete partition seen in stapes
gusher syndrome can also be associated with inner-ear conductive hearing loss as a result of the
third window. Low activation threshold on the vestibular-evoked myogenic potential test (VEMP
test, see below) and inner-ear erosion on CT are diagnostic. Recalcitrant vertigo and dizziness may
respond to surgical repair of the dehiscence.

TABLE 36-1 Common Causes of Conductive, Mixed, and Sensorineural Hearing Loss Conductive
Hearing Loss Acute otitis media Cerumen impaction Cholesteatoma Eustachian tube dysfunction
Inner ear dehiscence or “third window” Middle ear tumors (facial nerve tumors, glomus
tympanicum, glomus jugulare) Ossicular discontinuity PART 2 Cardinal Manifestations and
Presentation of Diseases Ossicular fixation Otosclerosis Serous otitis media Temporal bone trauma
Tympanic membrane abnormalities Tympanic membrane perforation Mixed Hearing Loss Acute
otitis media Cholesteatoma Inner ear dehiscence or “third window” Inner ear malformation Middle
ear tumors (facial nerve tumors, glomus tympanicum, glomus jugulare) Otosclerosis Stapes gusher
syndrome Temporal bone trauma Sensorineural Hearing Loss CNS infection (meningitis) CNS
tumors Cerebellopontine angle tumors (vestibular schwannoma, meningioma) Endolymphatic
hydrops (Méniere’s disease) Endolymphatic sac tumor Inner ear malformation Perilymphatic fistula
Labyrinthitis Multiple sclerosis Noise-induced hearing loss Presbycusis Radiation therapy Sudden
hearing loss Stroke Temporal bone or head trauma Sensorineural Hearing Loss Sensorineural



hearing loss results from either damage to the mechanotransduction apparatus of the cochlea or
disruption of the electrical conduction pathway from the inner ear to the brain. Thus, injury to hair
cells, supporting cells, audi tory neurons, or the central auditory pathway can cause sensorineural
hearing loss. Damage to the hair cells of the organ of Corti may be caused by intense noise, viral
infections, ototoxic drugs (e.g., salicy lates, quinine and its synthetic analogues, aminoglycoside
antibiotics, loop diuretics such as furosemide and ethacrynic acid, and cancer chemotherapeutic
agents such as cisplatin), fractures of the temporal bone, meningitis, cochlear otosclerosis (see
above), Méniere's disease, and aging. Congenital malformations of the inner ear may be the cause
of hearing loss in some adults. Genetic predisposition alone or in con cert with environmental
exposures may also be responsible (see below). Noise-Induced Hearing Loss Exposure to loud
noise, either a short burst or over a more prolonged period of time, can lead to noise-induced
hearing loss. Acute exposure to noise can lead to either temporary or permanent threshold shifts,
depending on the intensity and duration of

sound, due to hair cell injury and/or death. Typically, with permanent hearing loss, there is a “noise
notch” with elevated hearing thresholds at 3000-4000 Hz. More recently, loud noise exposure has
also been asso ciated with cochlear synaptopathy or “hidden hearing loss”—hidden, because
routine audiometry shows the pure tone hearing to be normal. Patients usually complain of not
being able to hear clearly and are more bothered by the presence of background noise. In contrast
to hair cell loss, hidden hearing loss is thought to be due to loss of auditory synapses on hair cells
following noise exposure. In an increasingly noisy world, avoiding acoustic trauma with earplugs or
earmuffs is highly recom mended to prevent noise-induced or hidden hearing loss. Presbycusis
(age-associated hearing loss) is the most common cause of sensorineural hearing loss in adults. It
is estimated to affect over half of adults aged >75 years in the United States, a population that is
expected to double in size over the next 40 years. In the early stages, it is characterized by
symmetric, gentle to sharply sloping, high-frequency hearing loss (Fig. 36-2). With progression, the
hearing loss involves all frequencies. More importantly, the hearing impairment is associated with
significant loss in clarity. There is a loss of discrimination for phonemes, recruitment (abnormal
growth of loudness), and particular difficulty in understanding speech in noisy environments such
as at restaurants and social events. Poor hearing is also associated with an increased incidence of
cognitive impairment, rate of cognitive decline, and falls. In the elderly, left untreated, hearing loss
leads to dimin ished quality of life, and has been shown to increase overall morbidity and mortality
through falls and accidents. Hearing aids are helpful in enhancing the signal-to-noise ratio by
amplifying sounds that are close to the listener. Hearing aid use has been shown to reduce cogni
tive decline and risk of falls. Although hearing aids are able to amplify sounds, they cannot restore
the clarity of hearing. Thus, amplification with hearing aids may provide only limited rehabilitation
once the word recognition score deteriorates below 50%. Cochlear implants are the treatment of
choice when hearing aids prove inadequate, even when hearing loss is incomplete (see below).
Méniere’s disease is characterized by episodic vertigo, fluctuating sensorineural hearing loss,
tinnitus, and aural fullness. An absence of vertigo is inconsistent with the diagnosis of Méniere’s
disease, and the presence of fluctuating sensorineural hearing loss, tinnitus, and full ness without
vertigo is more suggestive of cochlear hydrops. Tinnitus and/or deafness may be absent during the
initial attacks of vertigo, but invariably appear as the disease progresses and increases in sever ity
during acute attacks. The annual incidence of Méniere’s disease is 0.5-7.5 per 1000; onset is most
frequently in the fifth decade of life but may also occur in young adults or the elderly.
Histologically, there



Right 50 dB 64% Left 55 dB 70% SRT Disc.
dB HL

Frequency (Hz) FIGURE 36-2 Presbycusis or age-related hearing loss. The audiogram shows a
moderate to severe downsloping sensorineural hearing loss typical of presbycusis. The loss of high-
frequency hearing is associated with a decreased speech discrimination score; consequently,
patients complain of lack of clarity of hearing, especially in a noisy background. HL, hearing
threshold level; SRT, speech reception threshold.

is distention of the endolymphatic system (endolymphatic hydrops) leading to degeneration of
vestibular and cochlear hair cells. This may result from endolymphatic sac dysfunction secondary
to infection, trauma, autoimmune disease, inflammatory causes, or tumor; an idio pathic etiology
constitutes the largest category and is most accurately referred to as Méniere’s disease.
Endolymphatic sac tumors, often asso ciated with von Hippel Lindau disease, may clinically mimic
Méniere’s disease. Although any pattern of hearing loss can be observed, typically, low-frequency,
unilateral sensorineural hearing impairment is pres ent. An abnormal VEMP test (see below) may
be helpful in detecting Méniere’s disease in a clinically unaffected contralateral ear. Magnetic
resonance imaging (MRI) should be obtained to exclude retrocochlear pathology such as a
cerebellopontine angle tumor, endolymphatic sac tumor, or demyelinating disorder. Therapy is
directed toward the con trol of vertigo. A 2-g/d low-salt diet is the mainstay of treatment for control
of rotatory vertigo. Diuretics, a short course of oral glucocor ticoids, intratympanic glucocorticoids,
or intratympanic gentamicin may also be useful adjuncts in recalcitrant cases. Surgical therapy of
vertigo is reserved for unresponsive cases and includes endolymphatic sac decompression,
labyrinthectomy, and vestibular nerve section. Both labyrinthectomy and vestibular nerve section
abolish rotatory vertigo in >90% of cases. Unfortunately, there is no effective therapy for hearing
loss, tinnitus, or aural fullness from Méniere's disease. Sensorineural hearing loss may also result
from any neoplastic, vas cular, demyelinating, infectious, degenerative disease, or trauma affect
ing the central auditory pathways. Characteristically, in hearing loss due to central nervous system
pathology, a reduction in clarity of hearing and speech comprehension is much greater than the
loss of the ability to hear pure tone. Auditory testing is consistent with an auditory neu ropathy;
normal otoacoustic emissions (OAEs) and an abnormal audi tory brainstem response (ABR) are
typical (see below). Hearing loss can accompany hereditary sensorimotor neuropathies and
inherited disor ders of myelin. Tumors of the cerebellopontine angle such as vestibular
schwannoma and meningioma (Chap. 95) usually present with asym metric sensorineural hearing
loss with greater deterioration of speech understanding than pure tone hearing. Multiple sclerosis
(Chap. 455) may present with acute unilateral or bilateral hearing loss; typically, pure tone testing
remains relatively stable while speech understanding fluctu ates. Isolated labyrinthine infarction
can present with acute hearing loss and vertigo due to a cerebrovascular accident involving the
posterior circulation, usually the anterior inferior cerebellar artery; it may also be the heralding sign
of impending catastrophic basilar artery infarction (Chap. 437). HIV (Chap. 208), which can produce
both peripheral and central auditory system pathology, is another consideration in the evaluation
of sensorineural hearing impairment. A finding of conductive and sensorineural hearing loss in
combi nation is termed mixed hearing loss. Mixed hearing losses can result from pathology of both
the middle and inner ear, as can occur in oto sclerosis involving the ossicles and the cochlea, head
trauma, chronic otitis media, cholesteatoma, middle-ear tumors, and some inner-ear



malformations. Trauma resulting in temporal bone fractures may be associated with conductive,
sensorineural, or mixed hearing loss. If the fracture spares the inner ear, there may simply be
conductive hearing loss due to rup ture of the tympanic membrane or disruption of the ossicular
chain. These abnormalities can be surgically corrected. Profound hearing loss and severe vertigo
are associated with temporal bone fractures involv ing the inner ear. A perilymphatic fistula
associated with leakage of inner-ear fluid into the middle ear can occur and may require surgical
repair. An associated facial nerve injury is not uncommon. Computed tomography (CT) is best
suited to assess fracture of the traumatized temporal bone, evaluate the ear canal, and determine
the integrity of the ossicular chain and involvement of the inner ear. Cerebrospinal fluid leaks that
accompany temporal bone fractures are usually selflimited; the value of prophylactic antibiotics is
uncertain. Central Auditory Processing Disorders (CAPD) Follow ing the reception of sound by the
inner ear hair cells, the generated electrical signal from mechanotransduction is carried by the
central

auditory pathway—beginning with the auditory nerve to dorsal and ventral cochlear nuclei,
trapezoid body, superior olivary complex, lateral lemniscus, inferior colliculus, medial geniculate
body, and the auditory cortex—to refine, analyze, modify, organize, and interpret peripheral
auditory input via central processing to facilitate speech comprehension, binaural processing, and
interpret temporal cues. Loss of auditory nerve synapses due to loud noise exposure, tumors of the
auditory/vestibular nerve, central nervous system (CNS) demyelinat ing disorders, diseases of the
brainstem, cerebral stroke, and aging can all be associated with CAPDs. CAPDs can result in poor
sound local ization, lateralization, and speech comprehension, and deterioration of auditory
performance in background noise. Poor understanding of speech in background noise is a common
complaint in the elderly; this may be due to peripheral hearing loss as well as deterioration of cen
tral auditory processing. CAPD is best treated by enhancing the signal to noise ratio through
amplifying sounds of interest while reducing/ minimizing background noise; other intervention may
include audi tory training and strengthening compensatory strategies to minimize the impact of
CAPD.

Disorders of Hearing CHAPTER 36 Tinnitus Tinnitus is defined as the perception of a sound when
there is no sound in the environment. It can have a buzzing, roaring, or ringing quality and may be
pulsatile (synchronous with the heartbeat). Tinnitus is often associated with either a conductive or
sensorineural hearing loss. The pathophysiology of tinnitus is not well understood. The cause of the
tinnitus can usually be determined by finding the cause of the associated hearing loss. Tinnitus
may be the first symptom of a serious condition such as a vestibular schwannoma. Pulsatile tin
nitus requires evaluation of the vascular system of the head to exclude vascular tumors such as
glomus jugulare tumors, aneurysms, dural arteriovenous fistulas, and stenotic arterial lesions; it
may also occur with SOM, superior semicircular dehiscence, and inner-ear dehis cence. It is most
commonly associated with some abnormality of the jugular bulb such as a large jugular bulb or
jugular bulb diverticulum. In absence of demonstrated pathology on magnetic resonance angiog
raphy (MRA)/magnetic resonance venography (MRV) or CT angiog raphy, pulsatile tinnitus is
usually attributed to turbulent venous blood flow through the transverse sinus, sigmoid sinus, and
the jugular bulb. @ MGENETIC CAUSES OF HEARING LOSS More than half of childhood hearing
impairment is thought to be hereditary; hereditary hearing impairment (HHI) can also mani fest
later in life. HHI may be classified as either nonsyndromic, when hearing loss is the only clinical
abnormality, or syndromic, when hearing loss is associated with anomalies in other organ systems.



Nearly two-thirds of HHIs are nonsyndromic. Between 70 and 80% of nonsyndromic HHI is inherited
in an autosomal recessive manner and designated DFNB; another 15-20% is autosomal dominant
(DFNA). Less than 5% is X-linked (DFNX) or maternally inherited via the mitochondria. More than
150 loci harboring genes for nonsyndromic HHI have been mapped, with recessive loci
outnumbering dominant ones; numerous genes have now been identified (eTable 36-1: available at
accessmedicine.com/harrisons). The hearing genes fall into the categories of structural proteins
(MYH9, MYO7A, MYOL15, TECTA, DIAPH1), transcription factors (POU3F4, POU4F3), ion channels
(KCNQ4, SLC26A4), and gap junction proteins (GJB2, GJB3, G)JB6). Several of these genes, including
GJB2, TECTA, and TMC1, cause both autosomal dominant and recessive forms of nonsyndromic
HHI. In general, the hearing loss associated with dominant genes has its onset in adolescence or
adulthood, varies in severity, and progresses with age, whereas the hearing loss associated with
recessive inheritance is congenital and profound. Connexin 26, a product of the GJB2 gene, is
particularly important because it is responsible for nearly 20% of all cases of childhood deafness;
half of genetic deafness in children is GJB2 related. Two frameshift mutations, 35delG and 167delT,
account for

44 50% of the cases; however, screening for these two mutations alone is
insufficient, and sequencing of the entire gene is required to fully cap ture GJB2-
related recessive deafness. The 167delT mutation is highly

prevalent in Ashkenazi Jews; ~1 in 1765 individuals in this population is homozygous and affected.
GJB2 hearing loss can also vary among the members of the same family, suggesting that other
genes or factors influence the auditory phenotype. A single mutation in GJB2 in com bination with a
single mutation in GJB6 (connexin 30) can also lead to hearing loss and is an example of digenic
inheritance of hearing loss.

In addition to GJB2, several other nonsyndromic genes are associated with hearing loss that
progresses with age. The contribution of genetics to presbycusis is also becoming better
understood and likely reflects a combination of genetic susceptibility impacted by environmental
expo sure to sound. Sensitivity to aminoglycoside ototoxicity can be mater nally transmitted
through a mitochondrial mutation. Susceptibility to noise-induced hearing loss may also be
genetically determined. PART 2 Cardinal Manifestations and Presentation of Diseases There are
>400 syndromic forms of hearing loss. These include Usher’'s syndrome (retinitis pigmentosa and
hearing loss), Waardenburg’s syn drome (pigmentary abnormality and hearing loss), Pendred’s
syndrome (thyroid organification defect and hearing loss), Alport’s syndrome (renal disease and
hearing loss), Jervell and Lange-Nielsen syndrome (pro longed QT interval and hearing loss),
neurofibromatosis type 2 (bilateral vestibular schwannoma), and mitochondrial disorders
(mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes [MELAS]; myo clonic
epilepsy and ragged red fibers [MERRF]; and progressive exter nal ophthalmoplegia [PEO]) (eTable
36-2: available at accessmedicine. com/harrisons). APPROACH TO THE PATIENT Disorders of the
Sense of Hearing The goal in the evaluation of a patient with auditory complaints is to determine
(1) the nature of the hearing impairment (conductive vs sensorineural vs mixed), (2) the severity of
the impairment (mild, moderate, severe, or profound), (3) the anatomy of the impairment (external
ear, middle ear, inner ear, or central auditory pathway), and (4) the etiology. The presence of signs



and symptoms associ ated with hearing loss should be ascertained (Table 36-2). The history should
elicit characteristics of the hearing loss, including the duration of deafness, unilateral versus
bilateral involvement, nature of onset (sudden vs insidious), and rate of progression (rapid vs slow).
Symptoms of tinnitus, vertigo, imbalance, aural fullness, otorrhea, headache, facial nerve
dysfunction, and head and neck paresthesias should be noted. Information regarding head trauma,
exposure to ototoxins, occupational or recreational noise exposure, and family history of hearing
impairment may also be important. A sudden onset of unilateral hearing loss, with or without tin
nitus, may represent a viral infection of the inner ear, vestibular schwannoma, or a stroke. Patients
with unilateral hearing loss (sensory or conductive) usually complain of reduced hearing, poor
sound localization, and difficulty hearing clearly in the presence of background noise. Gradual
progression of a hearing deficit is common with otosclerosis, noise-induced hearing loss, vestibular
schwannoma, or Méniere’s disease. Small vestibular schwannomas typically present with
asymmetric hearing impairment, tinnitus, and imbalance (rarely vertigo); cranial neuropathy, in
particular of the trigeminal or facial nerve, may accompany larger tumors. TABLE 36-2 Signs and
Symptoms Suggestive of Hearing Loss Saying “huh” a great deal Reduced clarity of hearing
Difficulty understanding conversations in background noise Family complaining of hearing loss
Tinnitus Turning the volume up on radio or television Sensitivity to noises Fullness in the ear
Avoiding social settings

In addition to hearing loss, Méniere’s disease may be associated with episodic vertigo, tinnitus, and
aural fullness. Sound-induced vertigo, autophony, and being able to hear one’s own neck or eye
movement are highly suggestive of superior semicircular canal dehiscence. Hearing loss with
otorrhea is most likely due to chronic otitis media or cholesteatoma. Examination should include
the auricle, external ear canal, and tympanic membrane. In the elderly, the external ear canal is
often dry and fragile; it is preferable to clean cerumen with wall-mounted suction or cerumen loops
and to avoid irrigation. Irrigation should also be avoided when a tympanic membrane perforation is
present or the integrity of the eardrum cannot be established. In examin ing the eardrum, the
topography of the tympanic membrane is more important than the presence or absence of the light
reflex. In addition to the pars tensa (the lower two-thirds of the tympanic membrane), the pars
flaccida (upper one-third of the tympanic membrane) above the short process of the malleus
should also be examined for retraction pockets that may be evidence of chronic Eustachian tube
dysfunction or cholesteatoma. Insufflation of the ear canal is necessary to assess tympanic
membrane mobility and compliance. Careful inspection of the nose, nasopharynx, and upper
respiratory tract is important. Unilateral serous effusion or unexplained otalgia should prompt a
fiberoptic examination of the nasopharynx and larynx to exclude neoplasms. Cranial nerves should
be evaluated with special attention to facial and trigeminal nerves, which are commonly affected
with tumors involving the cerebellopontine angle. The Rinne and Weber tuning fork tests, with a
512-Hz tuning fork, are used to screen for hearing loss, differentiate conductive from sensorineural
hearing losses, and confirm the findings of audiologic evaluation. The Rinne test compares the
ability to hear by air conduction with the ability to hear by bone conduction. The tines of a vibrating
tuning fork are held near the opening of the external auditory canal, and then the stem is placed
on the mastoid process; for direct contact, it may be placed on teeth or dentures. The patient is
asked to indicate whether the tone is louder by air conduction or bone conduction. Normally, and in
the presence of sensorineural hearing loss, a tone is heard louder by air conduction than by bone
conduction; however, with conductive hearing loss of =30 dB (see “Audiologic Assessment,”
below), the bone-conduction stimulus is perceived as louder than the air-conduction stimulus. For



the Weber test, the stem of a vibrating tuning fork is placed on the head in the midline and the
patient is asked whether the tone is heard in both ears or better in one ear than in the other. With
a unilateral conductive hearing loss, the tone is perceived in the affected ear. With a unilateral
sensorineural hearing loss, the tone is perceived in the unaffected ear. A 5-dB difference in hearing
between the two ears is required for lateralization. l MLABORATORY ASSESSMENT OF HEARING
Audiologic Assessment The minimum audiologic assessment for hearing loss should include the
measurement of pure tone air-con duction and bone-conduction thresholds, speech reception
threshold, word recognition score, tympanometry, acoustic reflexes, and acousticreflex decay. This
test battery provides a screening evaluation of the entire auditory system and allows one to
determine whether further 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 sound-attenu ated 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 (dBs). An audiogram is a plot of intensity in dBs of
hearing threshold versus frequency. A 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, 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 hear ing 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, senso rineural hearing
losses such as presbycusis affect higher frequencies more than lower frequencies (Fig. 36-3). An
exception is Méniere’s disease, which is characteristically associated with low-frequency sen
sorineural hearing loss (though any frequency can be affected). Noiseinduced hearing loss has an
unusual pattern of hearing impairment in which the loss at 3000-4000 Hz is greater than at higher
frequencies. Vestibular schwannomas characteristically affect the higher frequen cies, 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 FIGURE 36-3 Stapedectomy. The fixation of stapes in otosclerosis can be
addressed by placing a piston prosthesis from the incus to a small fenestration in the stapes
footplate. This operation is successful in addressing the conductive hearing loss associated with
otosclerosis. (Reproduced with permission from Julia Lerner.)

one-syllable words at 25-40 dB above the SRT. The words are phoneti cally 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 dis crimination. 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 diagno sis of vestibular schwannoma is the presence of
greater than expected deterioration in discrimination ability. Deterioration in discrimination ability
when words are presented at higher intensities above the SRT (“rollover phenonmena”) also
suggests a lesion in the eighth nerve or central auditory pathways.

Disorders of Hearing CHAPTER 36 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 compli ance occurs with negative pressure in the
ear canal (type C). A tympa nogram 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 oto sclerosis (type As). During tympanometry, an intense tone
elicits contraction of the stapedius muscle, also known as the acoustic reflex. The change in com
pliance of the middle ear with contraction of the stapedius muscle can be detected. The presence
or absence of the 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 dif ferentiate
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 hearing loss is not
helpful in localizing the site of lesion. Assessment of acoustic reflex decay helps differentiate
sensory from neural hearing losses. In neural hearing loss, such as with vestibular schwannoma,
the reflex adapts or decays with time. OAEs generated by outer hair cells only can be measured
with microphones inserted into the external auditory canal. The emissions may be spontaneous or
evoked with sound stimulation. The presence of OAEs indicates that the outer hair cells of the
organ of Corti are intact and can be used to assess auditory thresholds and to distinguish sensory
from neural hearing losses. Evoked Responses Electrocochleography measures the earliest evoked
potentials generated in the cochlea and the auditory nerve. Receptor potentials recorded include
the cochlear microphonic, gener ated by the outer hair cells of the organ of Corti, and the
summating potential, generated by the inner hair cells in response to sound. The whole nerve



action potential representing the composite firing of the first-order neurons can also be recorded
during electrocochleogra phy. Clinically, the test is useful in the diagnosis of Méniere's disease, in
which an elevation of the ratio of summating potential to action potential is seen. Brainstem
auditory-evoked responses (BAERs), also known as ABRs, are useful in differentiating the site of
sensorineural hearing loss. In response to sound, five distinct electrical potentials arising from
differ ent stations along the peripheral and central auditory pathway (eighth nerve, cochlear
nucleus, superior olivary complex, lateral lemniscus, and inferior colliculus) can be identified using
computer averaging from scalp surface electrodes. BAERs are valuable in situations in which
patients cannot or will not give reliable voluntary thresholds.

They are also used to assess the integrity of the auditory nerve and brainstem in various clinical
situations, including diagnosis of retro cochlear pathology such as vestibular schwannoma,
intraoperative monitoring of hearing, and determination of brain death.

The VEMP test investigates otolith and vestibular nerve function by presenting a high-level acoustic
stimulus and evoking a short-latency electromyographic potential; cVEMP (or cervical VEMP) and
OVEMP (or ocular VEMP) have been described. The cVEMP elicits a vestibulo collic reflex whose
afferent limb arises from acoustically sensitive cells in the saccule, with signals conducted via the
inferior vestibular nerve. cVEMP is a biphasic, short-latency response recorded from the toni cally
contracted sternocleidomastoid muscle in response to loud audi tory clicks or tones. cVEMPs may
be diminished or absent in patients with early and late Méniere’s disease, vestibular neuritis,
benign paroxysmal positional vertigo, and vestibular schwannoma. On the other hand, the
threshold for VEMPs may be lower in cases of superior canal dehiscence, other inner-ear
dehiscence (“third window”), and perilymphatic fistula. The oVEMP, in contrast, is a response
involving the utricle primarily and superior vestibular nerve. The oVEMP excit atory response is
recorded from the extraocular muscle. The oVEMP is abnormal in superior vestibular neuritis. PART
2 Cardinal Manifestations and Presentation of Diseases Imaging Studies The choice of radiologic
tests is largely deter mined by whether the goal is to evaluate the bony anatomy of the exter nal,
middle, and inner ear or to image the auditory nerve and brain. Axial and coronal CT of the
temporal bone with fine 0.3-mm cuts is ideal for determining the caliber of the external auditory
canal, integ rity of the ossicular chain, and presence of middle-ear or mastoid dis ease; it can also
detect inner-ear malformations. CT is also ideal for the detection of bone erosion with chronic otitis
media and cholesteatoma. Pdschl reformatting in the plane of the superior semicircular canal is
required for the identification of dehiscence or absence of bone over the superior semicircular
canal. MRl is superior to CT for imaging of retrocochlear pathology such as vestibular schwannoma,
meningioma, other lesions of the cerebellopontine angle, demyelinating lesions of the brainstem,
and brain tumors. Both CT and MRI are equally capable of identifying inner-ear malformations and
assessing cochlear patency for preoperative evaluation of patients for cochlear implantation.
TREATMENT Disorders of the Sense of Hearing In general, conductive hearing losses are amenable
to surgical correction, whereas sensorineural hearing losses are usually man aged medically.
Atresia of the ear canal can be surgically repaired, often with significant improvement in hearing.
Alternatively, the conductive hearing loss associated with atresia can be addressed with a bone-
anchored hearing aid (BAHA). Tympanic membrane perforations due to chronic otitis media or
trauma can be repaired with an outpatient tympanoplasty. Likewise, conductive hearing loss
associated with otosclerosis can be treated by stapedectomy, which is successful in >95% of cases
(Fig. 36-3). Tympanostomy tubes allow the prompt return of normal hearing in individuals with



middle-ear effusions. Hearing aids are effective and well tolerated in patients with conductive
hearing losses. Patients with mild, moderate, and severe sensorineural hear ing losses are regularly
rehabilitated with hearing aids of varying configuration and strength. Hearing aids have been
improved to provide greater fidelity and have been miniaturized. The current generation of hearing
aids is nearly invisible, thus reducing stigma associated with their use. In general, the more severe
the hear ing impairment, the larger the hearing aid required for auditory rehabilitation. Digital
hearing aids lend themselves to individual programming, and multiple and directional microphones
at the ear level may be helpful in noisy surroundings. Because all hearing aids amplify noise as well
as speech, the only absolute solution to the problem of noise is to place the microphone closer to
the speaker than the noise source. This arrangement is not possible with a

self-contained, cosmetically acceptable device. A significant limita tion of rehabilitation with a
hearing aid is that although it is able to enhance detection of sound with amplification, it cannot
restore clarity of hearing that is lost with presbycusis. The cost of a single hearing aid is a
significant obstacle for many hearing-impaired individuals, and usually bilateral amplification is
recommended. To reduce cost and spur innovation, a new category of over-the-counter
amplification devices that can be purchased similar to reading eyeglasses by simply walking into a
store has been approved by the U.S. Food and Drug Administration. By reducing the cost of
amplification devices to consumers, promoting innova tion, and increasing competition, this new
class of devices is making hearing rehabilitation more accessible. Patients with unilateral deafness
have difficulty with sound local ization and reduced clarity of hearing in background noise. They
may benefit from a contralateral routing of signal (CROS) hearing aid in which a microphone is
placed on the hearing-impaired side, and the sound is transmitted to the receiver placed on the
con tralateral ear. The same result may be obtained with a BAHA, in which a hearing aid clamps to
a screw integrated into the skull on the hearing-impaired side. Like the CROS hearing aid, the BAHA
transfers the acoustic signal to the contralateral hearing ear, but it does so by vibrating the skull.
Patients with profound deafness on one side and some hearing loss in the better ear are candidates
for a BICROS hearing aid; it differs from the CROS hearing aid in that the patient wears a hearing
aid, and not simply a receiver, in the better ear. Unfortunately, while CROS and BAHA devices
provide benefit, they do not restore hearing in the deaf ear. Only cochlear implants can restore
hearing (see below). Increasingly, cochlear implants are being used for the treatment of patients
with singlesided deafness; in this setting, the cochlear implant restores hearing, reduces tinnitus,
improves sound localization and performance in background noise, and reduces fatigue. In many
situations, including lectures and the theater, hearingimpaired persons benefit from assistive
devices that are based on the principle of having the speaker closer to the microphone than any
source of noise. Assistive devices include infrared and fre quency-modulated (FM) transmission as
well as an electromagnetic loop around the room for transmission to the individual’'s hearing aid.
Hearing aids with telecoils can also be used with properly equipped telephones in the same way.
Bluetooth technology has revolutionized connectivity between hearing aids and other devices such
as smart phones. In the event that the hearing aid provides inadequate reha bilitation, cochlear
implants may be appropriate (Fig. 36-4). Cri teria for implantation include severe to profound
hearing loss with open-set sentence cognition of =40% under best-aided conditions. Worldwide,
>600,000 hearing-impaired individuals have received cochlear implants. Cochlear implants are
neural prostheses that convert sound energy to electrical energy and can be used to stimulate the
auditory division of the eighth nerve directly. In most cases of profound hearing impairment, the
auditory hair cells are lost but the ganglionic cells of the auditory division of the eighth nerve are



preserved. Cochlear implants consist of electrodes that are inserted into the cochlea through the
round window, speech processors that extract acoustic elements of speech for conversion to
electrical currents, and a means of transmitting the electrical energy through the skin. Patients
with implants experience sound that helps with speech reading, allows open-set word recognition,
and helps in modulating the person’s own voice. Usually, within the first 3-6 months after
implantation, adult patients can under stand speech without visual cues. With the current
generation of multichannel cochlear implants, nearly 75% of patients are able to converse on the
telephone. Bilateral cochlear implantations are commonly performed, especially in children; these
patients per form better in background noise, have better sound localization, and are less fatigued
by the “work” compared to monaural hearing. Hybrid cochlear implants are indicated for the
treatment of high-frequency hearing loss in patients who do not have profound

Headpiece microphone Magnetic headpiece Back microphone Implant Sound processor Front
microphone Electrode array inside cochlea T-MicTM2 microphone FIGURE 36-4 A cochlear implant
is composed of an external microphone and speech processor worn on the ear and a receiver
implanted underneath the temporalis muscle. The internal receiver is attached to an electrode that
is placed surgically in the cochlea. hearing loss and yet do not benefit from hearing aids. Patients
with presbycusis typically have normal low-frequency hearing while suffering from high-frequency
hearing loss associated with loss of clarity that cannot always be adequately rehabilitated with a
hear ing aid. However, these patients are not candidates for conventional cochlear implants
because they have too much residual hearing. The hybrid implant has been specifically designed
for this patient population; it has a shorter electrode than a conventional cochlear implant and can
be introduced into the cochlea atraumatically, thus preserving low-frequency hearing. Individuals
with a hybrid implant use their own natural low-frequency “acoustic” hearing and rely on the
implant for providing “electrical” high-frequency hearing. Patients who have received the hybrid
implant perform better on speech discrimination tests in both quiet and noisy backgrounds. For
individuals who were born without cochlea or have had both eighth nerves destroyed by trauma or
bilateral vestibular schwanno mas (e.g., neurofibromatosis type 2), brainstem auditory implants
placed near the cochlear nucleus may provide auditory rehabilita tion. Currently, brainstem
implants provide sound awareness, but unfortunately, speech understanding remains elusive.
Understanding of the genetic basis of hearing loss, the molecular signals for hair cell regeneration,
and the pathways involved in envi ronmental and pharmaceutical ototoxicity has opened

opportuni ties for molecular therapies. Molecular therapies, including gene therapy, stem cell
therapy, RNA-based therapies, and CRISPR/Cas9 gene editing, hold promise for prevention and
treatment of genetic and nongenetic causes of hearing loss. In one exciting recent devel opment,
adeno-associated virus-mediated delivery of otoferlin pro tein restored hearing in congenitally deaf
children. Thus, hearing loss may be treated with gene replacement, gene suppression, and genome
editing technology, to protect, preserve, or regenerate deli cate inner ear structures.

Tinnitus often accompanies hearing loss. Similar to background noise, tinnitus can degrade speech
comprehension in individuals with hearing impairment. Patients with tinnitus should be advised to
minimize caffeine ingestion, avoid high dosages of nonsteroidal anti-inflammatory drugs (NSAIDs),
and reduce stress. Therapy for tinnitus is usually directed toward minimizing the appreciation of
tinnitus. Relief of the tinnitus may be obtained by masking it with background music or white noise.
Hearing aids are also helpful in tinnitus suppression, as are tinnitus maskers, devices that present
a sound to the affected ear that is more pleasant to listen to than the tinnitus. The use of a tinnitus



masker is often followed by several hours of inhibition of the tinnitus. Antidepressants have also
been shown to be beneficial in helping patients cope with tinnitus.

Disorders of Hearing CHAPTER 36 Hard-of-hearing individuals often benefit from a reduction in
unnecessary noise in the environment (e.g., radio or television) to enhance the signal-to-noise
ratio. Speech comprehension is aided by lip reading; therefore, the impaired listener should be
seated so that the face of the speaker is well illuminated and easily seen. Although speech should
be in a loud, clear voice, one should be aware that in sensorineural hearing losses in general and in
hard-ofhearing elderly in particular, recruitment (abnormal perception of loud sounds) may be
troublesome. Above all, optimal communica tion cannot take place without both parties giving it
their full and undivided attention. Hearing nerve Il MPREVENTION Conductive hearing losses may
be prevented by prompt antibiotic therapy of adequate duration for AOM and by ventilation of the
middle ear with tympanostomy tubes in middle-ear effusions lasting =12 weeks. Loss of vestibular
function and deafness due to aminoglycoside anti biotics can largely be prevented by careful
monitoring of serum peak and trough levels. Some 10 million Americans have noise-induced
hearing loss, and 20 million are exposed to hazardous noise in their employment. Noiseinduced
hearing loss can be prevented by avoidance of exposure to loud noise or by regular use of earplugs
or fluid-filled ear muffs to attenuate intense sound. Table 36-3 lists loudness levels for a variety of
envi ronmental sounds. High-risk activities for noise-induced hearing loss include use of electrical
equipment for wood- and metalworking, and target practice or hunting with small firearms. All
internal-combustion and electric engines, including snow and leaf blowers, showmobiles, outboard
motors, and chainsaws, require protection of the user with hearing protectors. Virtually all noise-
induced hearing loss is prevent able through education, which should begin before the teenage
years. Programs for conservation of hearing in the workplace are required by the Occupational
Safety and Health Administration (OSHA) whenever the exposure over an 8-h period averages 85
dB. OSHA mandates that TABLE 36-3 Decibel (Loudness) Level of Common

Environmental Noise SOURCE DECIBEL (dB) Weakest sound heard
Whisper

Normal conversation 55-65 City traffic inside car

OSHA Monitoring Requirement Begins

Jackhammer

Subway train at 200 ft

Power mower

Power saw

Painful Sound

Jet engine at 100 ft



12-gauge shotgun blast
Loudest sound that can occur

Abbreviation: OSHA, Occupational Safety and Health Administration.
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