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Abstract

Children with Autism Spectrum Disorder (ASD) often have associated
auditory manifestations, such as hyperacusis, difficulty hearing in background
noise, and Auditory Processing Disorders (APD). Physiological and
neuroanatomical changes in the auditory pathway and the non-classical
auditory pathway, including the limbic system and the autonomic nervous
system, are known to underlie these auditory deficits. This paper reviews the
most common auditory manifestations in children with ASD and discusses the
neuroanatomical evidence and the electrophysiological findings that have been
used to identify changes in neural processing associated with auditory disorders
in ASD. In addition, this paper provides an overview of auditory assessment and
its challenges, and discusses intervention strategies for auditory problems in
children with ASD.
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Abbreviations

ASD: Autism Spectrum Disorder; APD: Auditory Processing
Disorders; ABR: Auditory Brainstem Response; OAEs: Otoacoustic
Emissions; MOCB: Medial Olivocochlear Bundle; AIT: Auditory
Integration Therapy

Introduction

Hearing is one of the most delicate senses in humans. It is the
first sense that we gain after we wake up and the last sense that we
lose before falling asleep. From an evolutionary point of view this
sense has become an important tool for survival. Abnormalities of
the auditory system can result in several auditory manifestations such
as hearing loss, tinnitus, hypersensitivity to moderately loud sounds
(i.e., hyperacusis), and dislike of certain sounds (i.e., misophonoia).
Additional hearing disorders include inability to localize the source
of a sound and difficulty understanding speech, particularly in noisy
environments.

Just over 70 years ago, Kanner [1] studied 11 children, 2-8
years old, who showed poor or absent affective contact, reduced or
nonexistent language abilities and unusual fascination with objects.
Kanner identifies to these “inborn disturbances of affective contact”
and offers the first clinical description of autism. In addition to
this considerable heterogeneity of behavioral deficits, individuals
with autism display characteristic behaviors such as “persistent
impairment in reciprocal social communication” (DMS-5) often with
unusual behaviors, restricted interests and hyper-or-hypo reactivity
to a wide range of sensory stimuli. Autism Spectrum Disorder
(ASD) now affects 1 in 68 children, is more common in males than
females (4:1 ratio) [2], and includes conditions such as Pervasive
Developmental Disorders and Asperger Syndrome, currently known

as ASD-Level 1 (mild) according to the new Diagnostic Manual
(DSM-5) [3]. From a neuroscientific point of view, autism is described
as a neurodevelopmental disorder with atypical neural connectivity.

Individuals with ASD share many of the auditory abnormalities
that non-ASD individuals have reported. This paper reviews
auditory features in the ASD population and provides audiologic
recommendations in the alleviation and management of auditory
problems for this population.

Neuroanatomical Diversity in Individuals
with Autism

There is rich evidence from the scientific literature and imaging
studies suggesting differences in brain structures in those with
ASD compared to typical brains. These differences are in a variety
of areas in the brain, and auditory-related centers are no exception.
Here we discuss a variety of conditions associated with ASD. In
general it is perceived that children with autism have a larger cranial
circumference than their age matched counterparts. Presence of
macrocephaly in children with ASD was first reported by Kanner [1]
then confirmed by several researchers [4-6]. To be more specific about
the central auditory nuclei, differences have been noticed in a major
nuclear complex at the rostral medulla referred to as the superior
olivary complex. This is the first nucleus in the central auditory
pathway where auditory fibers from both ears arrive. The superior
olivary complex is known to be involved in the process of sound
localization and hearing in background noise [7]. Studies have shown
malformation of the superior olivary complex in ASD populations,
revealing a significantly smaller and rounder superior olivary
complex in children with ASD than in controls [8,9] individuals
with ASD was studied [10] in a group of adult participants and their
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performance was compared with a control group. This study revealed
no differences in horizontal localization; however, vertical localization
was significantly impaired in the ASD group. These findings confirm
neuroanatomical changes in the auditory brainstem of the ASD
population. Considering that ASD is under diagnosed before two years
of age, assessment of the auditory brainstem and the superior olivary
complex may be a promising method in order to diagnose or rule out
hearing loss and identify ASD early in life. Early identification of both
hearing loss and ASD are of critical importance for effective early
intervention. Researchers have investigated the timing relationship
between embryological development and neuroanatomical changes
to identify the onset of ASD. Gillberg [11] reported that the presence
of brainstem abnormalities suggests an early prenatal origin of ASD,
whereas evidence of temporofrontal abnormalities may suggest later
prenatal onset of ASD. Others suggest delayed postnatal onset of ASD
due to brain injuries, ischemia, hypoxia, infections and exposure to
heavy metals [12].

A variety of neuroimaging studies have revealed differences in
the brain structures and neurochemistry of individuals with ASD.
For example, evaluation of voxelwise comparisons have shown
increased gray matter volume in anterior temporal and dorsolateral
prefrontal regions in the ASD population [13]. The advancements in
neuroimaging technology and employment of methods beyond MRI
and fMRI, such as diffusion tensor imaging and magnetic resonance
spectroscopy, have contributed significantly in the analysis and study
of neural diversity in the ASD population. Neuroimaging studies
have shown differences in a variety of brain structures such as the
arcuate fasciculus [14], corpus callosum [15], planum temporale (i.e.,
the smooth section of the posterior portion of the superior temporal
gyrus) [16], and other auditory and language-related brain structures
that may be the cause of difficulty processing emotion in others’ voices
[17]. A neuroimaging study on the size of the planum temporale and
Heschl’s gyri in children with ASD and typical subjects showed larger
left planum temporale compared to the right in the control subjects
but not in those with ASD and no significant difference in the size of
the Heschl’s gyri between the two groups was observed [16]. These
differences may contribute to the perceived auditory manifestations
such as increased sensitivity to sound in individuals with ASD. The
brains structural diversity in syndromic forms of ASD has also been
investigated. Increased brain matter volume has been reported in
XYY or Jacob’s syndrome and this may contribute to the increased
frequency of ASD in this population [18]. Additionally, an interesting
finding has been reported in reference to the arcuate fasciculus in
some of the individuals with ASD. The arcuate fasciculus is the neural
fiber tract which connects the anterior language area in the inferior
frontal gyrus (i.e., Broca’s area) to the posterior language cortex in the
superior temporal gyrus (i.e., Wernicke’s area). In ASD individuals
with tuberous sclerosis complex, a genetic disorder resulting in the
growth of benign tumors in the brain, the function of the arcuate
fasciculus was diminished compared to those with this genetic
disorder without ASD, resulting in poor language skills [19].

Recently, the limbic system, which is a part of the non-classical
auditory pathway, was shown to be affected in children with ASD
[20]. The limbic system is the area of the brain that is responsible
for translating and processing how sensory stimuli emotionally affect
us. Normally, the limbic system is hyperactive and highly involved

in young children, and then it becomes suppressed and less involved
in older children due to maturation [21]. Loud sounds, for example,
can frighten a baby while the same level of sound may only annoy an
older child. This manifestation of suppressing the hyperactivity of the
limbic system in the first years of life is an indication of the normal
maturation of the limbic system with age. Also, somatosensory
evidence of the maturation of the limbic system has been reported.
Moller and Rollins [21] have studied the loudness perception to
trains of clicks (20ms duration and 65dB sensation level) with and
without electrical stimulation of the median nerve. Their study
showed consistent age-related differences in loudness perception in
which 70% of the younger children (7-8 years) experienced the largest
increase (2.56-1.77 dB) in loudness perception, followed by 50% of
older children (13-19 years) and 10 % of the adults (25-43 years)
who experienced the least increase in loudness perception (.38-.18
dB). Moller and Collins [21] conclude that the limbic system and the
subcortical route to the amygdala are more active in younger children
than older children and adults which is an indication of maturation
of the limbic system with age.

In contrast, perseverance of the hyperactive reaction of the limbic
system to sensory stimuli due to delayed maturation would cause
older children to be frightened of sounds yielding reactions similar
to those of a baby. Thus, hypersensitivity to sounds and the negative
emotional reactions to certain sounds in children with ASD (see the
auditory manifestations below) may be explained by the delayed
maturation of the limbic system in this population. Several studies
have shown alterations in the limbic system in children with ASD.
These studies showed increased cell packing density and reduced cell
size and dendritic arborization in the hippocampus, subiculum and
amygdala [22,23]. According to LeRoy Conel [24] and Jacobson [25],
the presence of closely packed, small neurons, with limited dendritic
arbors resembles what is typically seen during earlier stages of brain
maturation and may therefore reflect features of an immature limbic
system. Additional evidence from autopsy research has shown that
children with ASD have delayed maturity in the hippocampus of
the limbic system [26]. All of these studies suggest alterations in
many auditory-related brain structures which can contribute to
the atypical auditory manifestations in this population. However,
hypersensitivity to sensory stimuli in children with ASD is very
complex because additional non-auditory structures can contribute
to sensory sensitivity. Woodard et al. [27] found an association
between behavioral rating of sensory sensitivity and heart rate in
children with autism compared to a control group, suggesting an
involvement of the autonomic nervous system. Further research
is needed to validate the use of sensory profiles to investigate the
association between autonomic and behavioral measures of sensory
stimuli in larger numbers of children with autism, including infants
and young children.

Auditory Manifestations

As clinicians, when we hear the word Autism we likely imagine a
child covering his or her ears in the presence of sound. Actually, this
reflexive action of putting the hands over the ears when annoyed by
sounds due to hypersensitivity is a result of an emotional response to
sounds via stimulation of the limbic system as well as the autonomic
nervous system [13,17,20]; this will be discussed in more details
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later in this section of the article. In addition to hyperacusis, there
are several auditory symptoms observed in the ASD population.
These symptoms include hearing loss, tinnitus, difficulty hearing in
background noise, inattentiveness to verbal stimuli, selective auditory
attention and atypical performance of their central auditory system as
well as postural instability [28-35].

There are two major types of hearing loss. A conductive hearing
loss is due to the abnormalities of the external or middle ear, in
isolation or as a combined pathology. The second major type of
hearing loss is referred to as sensorineural hearing loss which is often
a result of damage to the inner ear or the hearing nerve. There are
conflicting findings regarding sensorineural hearing loss in children
with ASD. Beers, McBoyle, Kakande, Dar Santos & Kozak [28]
revealed that there is no conclusive evidence of higher prevalence of
hearing loss in ASD compared to the general population. However,
a recent epidemiological study from Gallaudet Research Institute
revealed that one in 59 children with hearing loss also have met
the diagnostic criteria for autism [29]. This indicates much higher
prevalence than one in 838 normal hearing children reported to be
in the spectrum. A study of 199 participants with autism reported
that 7.9% had mild to moderate hearing impairment and 3.5% had
profound hearing loss [30]. Reports from the literature show that
hearing loss and ASD share similar risk factors such as prematurity,
low birth weight, hypoxia, viral infections, positive family history
and Rh incompatibility [31,12]. This may explain the co-occurrence
of hearing loss and ASD. Unfortunately, co-occurrence of hearing
loss and ASD often cause a delay in the diagnosis of ASD or hearing
loss to about four or more years [32]. Several other studies have also
demonstrated some commonalities between individuals with hearing
loss and those with ASD, including tinnitus, difficulty hearing in
background noise, inattentiveness to verbal stimuli, and selective
auditory attention [33-35]. Conductive hearing loss is also a common
finding in children with autism mostly due to recurrent otitis media
with effusion [36,37]. Routine tympanometric and Otoacoustic
Emission (OAE), evaluations should be considered. A recent study
[38] revealed that absent OAE responses at lower frequencies and
abnormal tympanometric patterns (i.e., flat tympanograms with no
defined peak and tympanograms with negative tympanometric peak
pressure) were significantly more common in 100 young individuals
with autism compared to an age-matched control group.

Hyperacusis is a common manifestation in children with ASD. In
general, it is referred to as oversensitivity to moderately loud sounds
which are not perceived as annoying by others. Previous studies
have shown a prevalence of 18% of hyperacusis in individuals with
autism [30]. In our lab we studied subjects with Asperger’s syndrome
investigating their experience and self-report of hyperacusis and
tinnitus. Our findings showed a higher rate of hyperacusis, with 38
out of 55 participants (69%) reporting hyperacusis and 19 (35%)
reporting tinnitus [39]. Children who experience hyperacusis to
certain sounds such as toilets flushing, fire alarms, and vacuum
cleaners often dislike (potentially some form of misophonia) or
even experience fear of (phonophobia) these acoustic signals.
Hyperacusis could be a sign of auditory pathway problems or a sign
of abnormalities in the limbic system [40,41]. While the damage to
the peripheral and central auditory system triggers the hyperacusis
signal, it is the limbic system that generates a negative emotion to

sounds and communicates it to the auditory cortex, which drives the
cognitive perception of the negative emotional reaction to sounds,
causing hyperacusis [42,43]. Over time, children with ASD would
experience hyperacusis to the situation that made the sound, not
necessarily to the sound itself? [44]. This indicates some sort of
anticipation which can show a similar behavioral response. Because
of the connection between the limbic system and the autonomic
nervous system via the amygdala, problems in the limbic system and
amygdala cause overstimulation of the sympathetic pathway of the
autonomic nervous system [45]. Potentially, this interaction is what
causes the observed behavioral reactions to certain sounds in children
with ASD ranging from running away from sound to completely
avoiding sounds and/or rocking or running around in a circle [46].
Fortunately, children who experience hyperacusis due to negative
emotions to sounds (68% to 76%) would have significant relief from
hyperacusis with appropriate intervention [40,47,48]. Additionally,
a recent study evaluated the relationship between hypersensitivity
to sound and superior semicircular canal dehiscence [49]. This is a
condition where the bony separation between the inner ear and the
cranial cavity is very thin or absent. The authors reported that 29%
of individuals with ASD, who showed hypersensitivity to sound, had
superior semicircular canal dehiscence as revealed by CT studies.

Difficulty hearing in the presence of competing speech or
background noise is another manifestation in children with ASD
that has been reported [39-40]. It has been suggested that the normal
inhibitory (suppressive) function of the Medial Olivocochlear Bundle
(MOCB) on the electro motility of the outer hair cells plays a role
as an auditory filter; thus improving signal to noise ratio and hence,
enhancing hearing in background noise [50,51]. There is evidence
from the literature suggesting that the function of the MOCB may
be reduced in children with ASD [50]. Both distortion-product and
transient OAE measures have been employed in many studies to
assess the suppressive function of the MOCB [52,53].

The central auditory pathway plays an important role in the
processing of auditory signals in unfavorable acoustic environments
such as noisy restaurants. As mentioned earlier, there is evidenced
of central auditory abnormalities in ASD population [7-9,11].
These abnormalities can cause children with ASD to struggle
hearing in background noise. Additional auditory processing
impairments reported in children with ASD includes inattentiveness
to verbal stimuli, easily distracted by noise, delayed processing and
understanding of speech [33-35]. Lau [54] has reported that 40% of
their cohort of 600 individuals with APD had a diagnosis of ASD. The
authors also suggest a positive relationship between the severity of
ASD and auditory processing deficits. Children with a higher severity
of autism will have multiple auditory processing deficits and severe
communication deficits due to global involvement of the central
auditory pathway and higher centers compared to children with low
functioning autism. The presence of impaired auditory processing
skills should be a warning sign to parents and clinicians for further
testing. Application of auditory electrophysiologic evaluation
techniques in this population has been very helpful to identify the
site of the lesion along the central auditory pathway to distinguish
between auditory processing deficits or a global, higher-order deficit
as in ASD.

In addition to auditory manifestations, children may have
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disturbance in their control of balance. In this case, children are
overwhelmed by heights and may, for example, have extreme fear
of stairs. They may also avoid fast moving activities because of
fear. Balance abnormalities have been studied in this population.
Posturographic evaluation of subjects with ASD has shown a larger
sway on the platform compared to control subjects [55]. This finding
indicates poor postural control in individuals with ASD. Reduced
postural stability has also been reported in this population mostly due
to multimodality sensory integration [56]. Regardless of the sensory
overloads, systematic desensitization paradigms which involve the
use of structured exposure to a feared stimulus would be helpful. Also,
vestibular stimulation, such as swinging on a swing, while teaching
speech could be effective. These systematic desensitization paradigms
help children to habituate to these stimuli through minimizing the
fear response.

Auditory Assessments

Comprehensive assessment is required in this special needs
population for early identification of auditory deficits. However,
evaluation in general is very challenging. Kaf, Akhtar and Barboa
[57] have reported a high prevalence of uncompleted otoscopy (18%)
when testing children with severe ASD, ages 2 to 9 years. This could
be due to lack of cooperation as well as sensory issues with insertion
of tips into the ear canal. Cuvo, Reagon, Ackerlund, Huckfeldt, and
Kelly [58] referred to otoscopy as an “aversive sensory stimulus” for
children with ASD. When evaluating the auditory function in children
with ASD, patience and special techniques should be practiced. Kaf et
al. [57] have reported that more children protested tympanometry
(26%) and OAE (26%) than otoscopy. This lack of cooperation during
tympanometry and OAE testing might be explained by several factors
such as sensory issues with inserting tympanometry or OAE probes
into the ear canal, leading to improper sealing of the ear tip, and
the overreaction to the sounds presented into the ear, resulting in
an increase of the child’s noise level, which can interfere with OAE
testing.

Therefore, modification of audiological evaluation is
recommended. Best practices in any assessment of children with ASD
call for a clinician to take additional time to establish rapport with
the child. It is suggested that audiologists should allow the child time
to get used to the room before testing. Audiologists, with the help of
an assistant, should start behavioral hearing testing in a sound booth
before conducting otoscopy, tympanometry or OAE so that the child
does not get upset from having their ears touched. To get an overall
picture of hearing threshold, Madell [59] suggested that audiologists
should test at least one low and one mid-high frequency (500 and
2000 Hz), and to avoid the use of speech stimuli at the beginning of
testing since most children with autism usually “tune out” to voices
[59]. If results of hearing testing are unreliable in children with ASD
because behavioral difficulties may interfere with testing, ABR testing
is recommended for objective estimation of thresholds. Gravel, Dunn,
Lee & Ellis [52] evaluated the hearing of 22 children with autism
and 22 age-matched typically developing children. The researchers
showed that the electrophysiologic and physiologic measures such as
ABR and distortion-product OAEs had similar results in both groups;
however, the behavioral thresholds were worse in the autistic group.
These data suggested that the behavioral evaluations are less reliable

in the autistic group compared to typically developing children
and emphasize the inclusion of electrophysiologic evaluation in
the hearing test battery of this vulnerable population to assess the
peripheral and the brainstem auditory pathway.

Recording of OAEs with and without noise conditions helps
assess the integrity of the MOCB pathway [50]. It is established
that suppression of the OAE level reflects the normal inhibitory
function of the MOCB on the outer hair cells [60,61]. A study from
our laboratory evaluated the distortion-product OAE amplitudes
in children with autism and a control group [62]. In the absence of
noise, it was shown that distortion-product OAEs were reduced in the
children with autism, suggesting cochlear dysfunction. Additionally,
when OAEs were recorded in the presence of contralateral noise,
the contralateral suppression effect was not as strong as those in the
control group, suggesting dysfunction of the MOCB. These findings
may explain why children with autism do suffer from hypersensitivity
to sounds and difficulty hearing in background noise. A similar
study in our laboratory [63] employed DPOAEs and contralateral
suppression in children with Asperger’s Syndrome (N=18 males)
and an age-matched control group. Interestingly, no significant
difference could be detected for the distortion-product OAE
amplitudes and contralateral suppression between the two groups
[63]. Thus, the diminished OAE suppression effect may constitute a
neurophysiological evidence for reduced MOCB function mainly in
children with low functioning autism, but not in children with high
functioning autism.

In order to monitor and assess sound hypersensitivity and
hyperacusis in the ASD population, a few questionnaires are available
such as the Hyperacusis Questionnaire by Khalfa, Dubal, Veuillet,
Perez-Diaz, Jouvent & Collet [64] and the recently validated Auditory
Behavior Questionnaire by Egelhoff & Lane [65]. In addition, the
use of pure tone measures such as uncomfortable loudness level,
discomfort threshold and dynamic range can determine tolerance to
loud sounds [66,47]. Evaluation of the tolerance level to sound can
indirectly give indications about the site of lesion of hypersensitivity to
sounds: the auditory (cochlear) pathway or the non-classical auditory
(limbic system) pathway [47]. Children with auditory deficits such as
cochlear lesion will have abnormally small dynamic ranges and low
discomfort thresholds, which is a manifestation of hypersensitivity
to sounds due to the recruitment effect. On the other hand, children
with an immature limbic system often have wide dynamic ranges and
high discomfort thresholds, indicating that their hypersensitivity to
sounds is due to negative emotions to sounds due to involvement
of the limbic system, not due to auditory deficits. This differential
diagnosis is important to select children who can benefit from sound
desensitization training. It has been recommended that children with
high tolerance to loud sounds, as measured by the uncomfortable
loudness level and discomfort threshold, would be the best candidates
for sound desensitization training [40,44].

Although standard behavioral pure tone and speech threshold
testing gives some insight about the overall processing of tones and
speech, it does not provide specific information about the site of lesion
along the central auditory pathway. As mentioned earlier, the use of
auditory electrophysiologic measures in individuals with ASD is useful
to determine whether the impaired auditory processing skills are due
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to APD or due to higher-order deficits. Previous studies have shown
some differences in ABR findings. In a study on 153 girls and boys
with autism, prolonged III-V interpeak latency was evidenced when
compared with data from a control group [67]. Somewhat similar
findings were reported in another study which revealed prolonged
ABR latencies in autistic individuals [68]. Electrophysiologic auditory
event-related potentials and their magnetic counterparts have been
employed extensively in the study of autism, as well. A study in 2011
investigated magnetic mismatch negativity field to tonal and vowel
stimuli [69]. The data analysis showed significantly delayed responses
in ASD participants particularly those with language impairment.
Similar results were also recorded through magnetoencephalography
which revealed delayed latency for late auditory responses in the
ASD population [70]. Additional findings showed that children
with autism have significantly smaller P200 and P300 amplitudes
than normal controls [71,72]. The authors speculated that these
abnormalities in higher auditory processing may be the cause of
severe language disorder in children with autism. The above findings
are an indication of the abnormal cognitive processing and long-
term memory retrieval and can be used as biomarkers for language
impairment and autism.

Auditory Management

Management of auditory complications in the ASD population
is multi-dimensional and includes management for hearing loss,
auditory processing disorder, and sound desensitization training
for hyperacusis. Based on the findings of the dynamic range and the
discomfort threshold, children with auditory deficits can benefit from
auditory-based intervention such as amplification while children
whose hyperacusis is due to a problem in the limbic system can
benefit from sound desensitization training.

In the presence of hearing loss, use of FM systems has been
shown to be very effective particularly for the enhancement of speech
perception in noise [73,74]. Studies suggest that hearing aid fitting
protocols and verification practices are similar in ASD versus non-
ASD populations [75]. Studies on the effects of cochlear implants
on profoundly deaf children with autism are promising and show
significant improvements in auditory communication following the
implantation [76]. The amplification benefit and the prognosis of ASD
are much better if children on the spectrum do not have associated
APD, which exacerbate the social and communication problems and
impede learning through hearing.

In the presence of an abnormality in the limbic system, the
management strategies for hyperacusis in the ASD population are
comparable to those without ASD. Application of techniques such as
sound therapy with the use of custom-made sound tracks, or ear level
sound generators combined with habituation therapy and counseling
is promising. They are aimed to retrain and reprogram the emotional
and non-classical auditory pathway so that a child is not frightened
by sounds. One of the most important steps in sound desensitization
is avoiding unnecessary use of sound protection devices particularly
in environments which are not extraordinarily loud. Unfortunately,
many individuals with ASD are equipped with sound protection
devices such as ear plugs or are avoiding participation in certain
situations. Some parents believe that these kinds of protection are
helpful and insist on using them. In most cases, parents should help

the child confront the challenges presented by being in the presence
of noise and not purposely keep the child from exposure to these
settings. According to Lucker and Doman [44] these are inappropriate
solutions because they focus on ameliorating the symptoms not
treating the underlying cause of the problem.

The sound desensitization training is usually a two-step procedure:
listening training for gradual desensitization of the limbic system and
then sound desensitization training. The overall goal of the training
is to retrain and reprogram the emotional and non-classical auditory
pathway so that a child is not frightened by sounds. The first step
starts with acoustical enrichment of the environment with pleasant
sounds such as music, musical toys and computer generated sounds.
Successful listening training should expedite the sound desensitization
process. Some clinicians recommend “breaking” the bond between the
auditory cortex and the limbic systems, which is potentially causing
hypersensitivity to sound [49]. The negative emotional description of
loud sounds such as “scary and fearful sounds” should be replaced by
words such as “unwanted sounds” [49]. A simple method of sound
desensitization is to ask the individuals (or their parents) to provide
the clinician with a list of sounds that are more annoying than others.
The list of annoying sounds may include fire alarms, toilets flushing,
or vacuum cleaners. Most of these sounds can be downloaded as
sound files to personal music players. Patients are instructed to listen
to these “unwanted sounds” at a low level for 15-20 minutes a day
and increase the volume slightly every week. This is a very effective
method in reducing negative emotional reactions to sounds and thus
reducing hyperacusis in the ASD population. Furthermore, extensive
directive counseling and cognitive behavioral therapy by trained
practitioners will ease the process of desensitization to sound.

Regarding specific auditory training therapies, three exist for
children with ASD. Auditory Integration Training (AIT) is the
largest and most studied of these three therapies [77,78]. Supporters
of AIT believe that it can improve attention, auditory processing,
expressive language, and auditory comprehension, as well as decrease
irritability and reduce lethargy [78,79]. However, conflicting results
were reported about the efficacy of AIT using systematic review
of literature and controlled studies. After review of 28 electronic
databases [78,80] and 19 studies [81], these researchers and others
reported that AIT is not efficacious or may have small or inconsistent
improvement on behavior for school-age children with APD or other
related disorders [82]. In contrast, other researchers compared pre-
and post- AIT training using controlled studies to determine post
training effect on social cognition in children with ASD [83] and on
cognitive processing using P300 response in children with ASD and
APD [84,85]. These researchers reported improved social cognition
and cognitive processing following three months of AIT training.
Although the American Academy of Pediatrics [79] allows the use of
sensory-based therapies as one of the components of a comprehensive
treatment plan, it encourages more research on its effectiveness.

Based on the conflicting literature and inconclusive evidence
about AIT benefit, several professional organizations do not support
using AIT as a mainstream treatment without compelling evidence
based on well-designed, institutionally approved research studies
to validate its effectiveness and safety [86-89] as well as assessing
its benefit in young children with ASD [90]. According to ASHA
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(American Speech-Language-Hearing Association) [91], members
may be violating the Code of Ethics if they promote or provide AIT
training. In contrast to the inconsistent results of AIT, researchers
reported that auditory training programs such as Fast ForWord,
Earobics, and neurofeedback have shown improvements in auditory
functioning among school-age children with APD [80] and cognitive
function of children with ASD [92] as well as reconfiguring the neural
network of the auditory pathways [93].

Conclusions

Many children diagnosed with ASD often have auditory
manifestations such as hearing loss, tinnitus, difficulty hearing in
background noise, inattentiveness to verbal stimuli, selective auditory
attention and atypical performance of their central auditory system.
Neuroanatomical and electrophysiological changes have been shown
to support the underlying auditory deficits in ASD. With continued
growth of ASD, the number of individuals needing clinical services
and intervention for hearing loss and hyperacusis is expected to
follow the same path. Comprehensive audiologic evaluations using
behavioral and electrophysiological measures are recommended in
this population to assess the peripheral and central auditory system,
as well as to monitor intervention progress. Since hyperacusis, a
common manifestation in children with ASD, is shown to be related
to negative emotional and memory reactions to certain sounds,
audiologists should assess the non-classical pathway (limbic system).
This is important to determine if hyperacusis is due to an auditory
problem or due to a limbic system deficit. This should help in
selecting candidates for intervention, amplification and FM systems
in auditory deficits, and auditory desensitization training in cases
with a limbic system deficit. Although there are different auditory
training approaches to retrain the brain, controversies about the
benefit of auditory training such as AIT exist, which require further
research to meet scientific standards regarding efficacy and safety.
The key to success in this process is for audiologists to continue
playing an active role by incorporating electrophysiological measures
for cross validation of hearing thresholds and determining the site of
lesion, selecting the candidates for intervention, and implementing
intervention approaches and monitoring their effectiveness.
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