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Abstract

Background: Hyperacusis is a chronic condition commonly defined as a lowered tolerance or increased sensitivity to

everyday environmental sounds. It has been viewed as a paediatric disorder which can cause significant impairment to
a child’s normal functioning. Although clinical guidance highlights the importance of identifying whether the child has
intolerance to loud sounds and managing this appropriately, there are currently no assessment or treatment methods

that have been designed and tested for use with children with hyperacusis. A review is therefore indicated to consider
the profile of children with hyperacusis as a basis for future research into their assessment and treatment.

Method: A scoping review methodology was followed with literature searches conducted in Embase, PsychINFO,
PubMed CENTRAL, Scopus, Web of Science and Google Scholar. Research articles were included if they reported on
research studies describing children diagnosed with hyperacusis, providing clinical profile information, and/or reporting
on an assessment or management method for children with a primary complaint of hyperacusis. Data were charted on
Excel and verified by a second researcher. Twenty-one research articles were included.

Results: Children with hyperacusis are typically described in terms of age at presentation, troublesome sounds,
physical sensation, behavioural reactions, coping strategies, comorbid conditions and impact on daily life. Methods of
assessing the children include semi-structured interviews, questionnaires, neurological assessment, observation and
uncomfortable loudness levels. Management methods include psychological therapy, sound therapy, tinnitus retraining
therapy, medication and neuro-rehabilitation.

Conclusion: The information we catalogued on various elements of clinical profile, assessment and management can
serve as a stepping stone in future research developing questionnaires for clinical measurement of the impact of
hyperacusis on children, and the measurement of treatment related change in clinic and in trials. Positive outcomes
were noted by the authors following all of the above treatments; future research must compare these and specify the
parameters for optimal results.
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Background

Hyperacusis is a chronic condition commonly defined as a
lowered tolerance or increased sensitivity to everyday en-
vironmental sounds [1, 2]. It can cause significant impair-
ment to a person’s normal functioning. Conditions such
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misophonia and phonophobia also involve decreased
sound tolerance and can be co-existing with hyperacusis,
evoking similar reactions and potentially involving the
same brain areas of emotion and fear [3, 4]. That said,
there is no definitive evidence as to the aetiology and diag-
nosis of hyperacusis as yet, therefore differentiating it from
these conditions is debatable. According to the evidence
to date, phonophobia may differ from hyperacusis in that
it is a psychiatric condition, diagnosable under the DSM-
IV classification for specific phobias [5] and which in-
volves fear from the troublesome sound(s). Misophonia
has been commonly associated with difficult to control
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bursts of anger and sometimes rage when exposed to spe-
cific human oral and nasal sounds [6, 7]. Hyperacusis is
also distinct from recruitment, which involves a narrowing
of the auditory dynamic range due to hearing loss [8]. In-
stead, people with hyperacusis tend to experience intense
discomfort or pain due to certain sounds of various loud-
ness levels - from hushed sounds such as distant traffic or
the sound of a refrigerator motor, to loud sounds such as
hand dryers or electric food mixers. Patients would per-
ceive these sounds as much louder or intense than they
actually are [9]. Thus, patients can either have normal un-
comfortable loudness levels (ULLs), except for specific
troublesome sounds, or have generally reduced ULLs, irre-
spective of the type of sound they are exposed to [10].
People with hyperacusis also exhibit normal hearing (for
their age) or slight hearing loss on pure tone audiograms,
and reportedly 86% experience tinnitus [11, 12]. Hypera-
cusis can occur in otherwise healthy individuals [13] but is
generally associated with a number of pathologies, includ-
ing closed head trauma [14], depression [15], and post-
traumatic stress [16]. Hyperacusis is also a complaint in
approximately 95% of people with William’s Syndrome
(WS), and 63% of people with autism spectrum disorders
(ASD) [17, 18]. It has also been linked to Asperger’s Syn-
drome (AS) [19], though AS falls under the umbrella diag-
nosis of ASD. The high incidence of hyperacusis in
developmental disorders has led to hyperacusis being
viewed as a typically paediatric disorder [10, 20], although
it also occurs in children with no other health concerns.
Evidence on the prevalence of hyperacusis in children is
sparse and inconclusive. A recent systematic review by Ros-
ing et al. [21] documented that this can vary between 3.2
and 17.1%, the variability likely a product of how the preva-
lence questions were posed in different studies. However,
hyperacusis is clearly a significant clinical concern in chil-
dren. The British Society of Audiology (BSA) clinical prac-
tice guidance for tinnitus in children [22] highlights the
importance of identifying whether the child has any intoler-
ance of loud sounds, and managing this appropriately.
However, no clinical guidelines specifically for hyperacusis
in children have yet been developed [23]. A review is there-
fore indicated to consider the profile of children with
hyperacusis and the priorities for future research.

Aims

This scoping review aimed to catalogue reports on chil-
dren who experience hyperacusis with a focus on identi-
fying a clinical profile of the condition. Hence, the
primary research question was to identify the range of
symptoms in terms of physical sensations, reactions,
coping behaviours, and areas of impairment in daily liv-
ing encountered by children. The secondary research
question was to document the published methods used
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by clinicians and researchers to diagnose, assess, and
treat hyperacusis in children.

Methods

Due to the broad, explorative nature of our research
questions in this emerging field of evidence, a scoping
review was determined to be the most suitable method-
ology. Unlike the systematic review which aims to an-
swer specific questions in a rigorous manner, the
scoping review is designed to allow the mapping of key
concepts that underpin a research topic [24], which, in
this case was the clinical profile of children with hypera-
cusis. Hence a methodological framework for scoping re-
views was followed [24—27] involving six stages whereby
(1) the purpose and research questions were defined, (2)
relevant studies were identified using a three-step litera-
ture search to balance breadth and comprehensiveness,
(3) studies were selected using an iterative team ap-
proach, (4) data were charted, (5) results were collated,
summarised and reported, including the implications for
policy, practice, or research, and (6) findings were
reviewed by clinical experts in the field who did not take
part in stages 1-5. This scoping review does not include
a previously published protocol.

Eligibility criteria

Records were included if they focused on paediatric
(under 18 years old) patients with a complaint of hypera-
cusis, and provided clinical profile information. This in-
cluded data on hyperacusis-related symptoms or
reactions, type of bothersome sounds, coping behav-
iours, areas/level of dysfunction. Records reporting
methods of assessing hyperacusis, and/or treatment of
hyperacusis with outcomes in paediatric populations
were also included. Records were required to be peer
reviewed or grey literature, reporting randomised or
non-randomised trials, cohort/ retrospective studies,
case studies, case series, or expert clinical opinions
(where child cases were described).

Records were excluded if they focused on patients over
18 years of age; reported on tinnitus, recruitment, pho-
nophobia, misophonia or other conditions only (without
hyperacusis); were reviews (including systematic re-
views), patents, animal studies, or studies not available
in English; or were patient reports or information posted
on social media or internet forums or blogs. Records
containing insufficient amount of data to extract were
also excluded.

Information sources and search strategy

A limited search was first conducted in Embase, Ovid,
and PubMed to check that the search terms derived op-
timal results. Official searches were then conducted in
PubMed; Embase; PsycINFO; Scopus; Cumulative Index
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to Nursing and Allied Health Literature (CINAHL);
Web of Science; ProQuest Dissertations and Theses.
Google and Google Scholar were searched until a satur-
ation point was reached when one page of consecutive
search results contained no entries relevant to the aims
of the review.

We applied a specific search term strategy in each
search engine using the following search terms: hypera-
cus* or auditory hypersthesia* or sound intolerance or
uncomfortable loud* or reduced sound tolerance or low-
ered sound tolerance or sound hypersensitivity or sound
sensitivity and child* or infant* or pediat* or paediat* or
student* or pupil*. We searched in article topics, titles,
and/or abstracts. Where possible, filters were applied to
retrieve articles in the English language and with human
participants only. There was no restriction on the search
period. Finally, hand searches were conducted including
the reference lists of relevant literature reviews, research
articles, and selected journals determined using the
interquartile rule for outliers. Initial searches were con-
ducted in February 2018 and updated in May 2020.

Study selection

Using an iterative approach, all abstracts were assessed
independently by two researchers as meeting the review
criteria or not. Records were first screened by title and
abstract and in the next stage - by full text. When dis-
agreements regarding the inclusion or exclusion of a rec-
ord arose, the two reviewers discussed their rationale
until agreement was reached, or a third reviewer was
consulted to adjudicate.

Charting the data

A bespoke data charting form was developed. This is a
spreadsheet on Excel containing the items of data that
were extracted from each record. Data items for charting
included year and country of publication, clinician provid-
ing care (i.e. type of clinician, for example, a psychologist,
or clinical setting, for example, ENT), study type (e.g. case
study, cohort, survey), sample size, age, onset age, gender,
comorbidities (other medically diagnosed disorders), as-
sessments (e.g. questionnaires, semi-structured interview),
uncomfortable loudness levels (ULLs), troublesome noises
(as reported by the child), physical sensation (i.e. the na-
ture of physical discomfort experienced by the patient
when hearing the troublesome sound), reaction (i.e. asso-
ciated emotional or behavioural reaction by the child
when hearing the troublesome sounds), coping behaviours
(strategies used by the child or his/her parents to manage
hyperacusis), impact on daily life (the limitations caused
by hyperacusis on the child’s and their family’s normal
life), author’s summary of complaint (e.g. hyperacusis or
reduced tolerance to sound), treatment (specifically aimed
at hyperacusis), and treatment outcome (relative to
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hyperacusis only). This charting form was piloted on two
records and the process and data items were discussed be-
fore commencing the full data extraction procedure. Two
researchers (IP and DH) charted the data from each in-
cluded record. All data were charted verbatim from the re-
cords. No critical appraisal of included sources of
evidence was conducted. The accuracy of data charting
was verified by a second reviewer (DH or KF). The data
from Excel was then grouped verbatim on Word accord-
ing to the research questions.

Results

Figure 1 displays the flow of records identified, screened,
included or excluded, and reasons for exclusion. We iden-
tified 744 records through database searching and seven
from hand searching. After removing duplicates, we were
left with 351 records, which were screened at a title and
abstract level. Of these, 55 were selected for full text
screening, following which, 34 were excluded and 21 re-
cords were deemed eligible for the review (see Table 1).

The 21 included records were published between 1994
and 2020, and over half of them were case studies. Infor-
mation on the type of care provider was included in ten
records, four being Ear Nose and Throat (ENT) clinics
[28-31], including one which specialised in paediatrics
[24], and one Educational Psychological Advisory (EPA)
service for children [31]. The rest included a Tinnitus
and Hyperacusis Therapy Specialist Clinic [32], paediat-
ric audiology [33], one tinnitus clinic [34], one neurology
clinic [35], and two psychiatry clinics [36, 37], of which
one [36] specialised in children and adolescents.

Specific complaints were reported in all 21 records.
Although all records focused on hyperacusis, the term
hyperacusis was used to describe the complaint in nine
of those [21, 28, 33, 34, 38-42]. Other records used
patient-specific complaints which feature in common
definitions of hyperacusis. These include auditory hyper-
sensitivity [36, 43], hypersensitivity to sound [35], ‘very
sensitive’ and ‘oversensitive’ to sound [20, 37], ‘bothered
and annoyed by sounds’ [44], ‘distress in response to or-
dinary sounds’ [29], ‘pain and intolerance of loud
sounds’ [30], ‘pain and fear in response to sound’ in case
2 [2], ‘difficulty tolerating noise at school [2], and ‘sound
intolerance’ [32, 45] (Table 1).

Clinical profile

The clinical profile of children with hyperacusis was cate-
gorised in terms of the children’s age and gender, comorbid
conditions, ULLs, troublesome noises, physical sensation, re-
action, coping behaviours, and impact on functioning.

Age and gender
Three records included case studies of one male and
two female children aged 5vyears [30, 37, 38]. Three
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744 records identified through
database searching

296 records excluded:

7 records identified
through othersources

—]

Patients over 18 (38)
No focus on hyperacusis (134)
Review/expert opinion (32)
Insufficient/no data (61)

351 abstracts screened (after
duplicate records removed)

Duplicate (7)
Unavailable (10)
Animal (10)

Foreign (4)

55 full text records assessed for
eligibility

34 records excluded:
Patients over 18 (5)

No focus on hyperacusis (13)
No relevantdata (14)
Duplicate (2)

21 full text records included

Fig. 1 Flow chart of records

records reported on 11-year-old males and females [20,
36, 45], and two records reported on 9-year-old males
[2, 35]. There were also cases of a 21-month-old female
[29], a 6-year-old male [2, case 1], a 7-year-old female
[41], a 12-year-old male [45], and a 15-year-old male
[40]. The remaining records included both males and fe-
males, and reported age ranges of 4-7 years [46], 5-18
years [34], 5-12years [44], 6-15years [43], and 5-14
years [31, study 1]. One record only reported a median
age of 7 years [28] and four records did not specify age
of the hyperacusis group in their studies [31 study 2, 31,
32, 38]. Only one record [28] specified age at hyperacu-
sis onset and that it was gradual in all 412 cases of the
sample. Of the ten case studies included in this review,
six were male [2, 30, 35, 36, 40, 45] and four were female
children (29, 37, 41, 38].

Comorbid conditions

All but one record included children exhibiting comor-
bid conditions alongside hyperacusis. ASD was noted in
seven records [20, 28, 33, 36, 37, 39, 40], tinnitus was re-
ported in seven records [20, 31-34, 44, 45], five records
reported William’s syndrome (WS) [29, 32, 33, 38, 43],
four mentioned attention deficit hyperactivity disorder
(ADHD) [10, 31, 33 study 1, 42] three records included
patients with epilepsy [33, 35, 37] and three noted some
degree of bilateral sensorineural or conductive hearing
loss [28, 31, 33]. Two records included phonophobia
[31, 44], auditory processing disorder [31, 33], and otitis
media [33, 44]. Individual records also mentioned co-
morbid hypercalcemia [38], migraine [30], head trauma
[31], cerebral palsy, Down’s syndrome, prematurity and
post haemorrhagic hydrocephalus, dyspraxia, Klinefel-
ter’s syndrome, Leigh’s syndrome, microcephaly and
microdeletion, glue ear [33], and motion sickness [41].

Uncomfortable loudness levels (ULL/LDL)

Four records [32, 34, 44, 45] measured ULLSs in children.
Sanchez and Pereira [45] reported that these were 40—
65 dB for case 1 and 80-90dB for case 2 in both ears.
Aazh et al. [32] found that the mean value of minimum
ULL was 44.4dB HL (SD =6.8) in those categorised as
having severe hyperacusis (ULL at any test frequency
less than 30dB HL), and 68.4dB HL (SD=12) in the
rest of the group (diagnosed with hyperacusis but no
ULL less than 30dB HL for any test frequency). How-
ever the difference between the hyperacusis and the
non-hyperacusis group was not statistically significant
(p=.11). The rest of the records did not describe the
values they obtained.

Troublesome noises

Thirteen records described noises that were reported as
troublesome by children. Household electrical appliances
[28, 36, 44] were the most commonly reported, espe-
cially vacuum cleaners [2, 31, 37, 39, 41], washing ma-
chines [33, 37], hand driers [33, 43], lawn mowers [2,
38], kitchen food processors [2], whistle/buzzer [44], toi-
let flushing [39], file alarms [43], drilling noises [33],
radio or television [44, 45], telephone [29, 35, 38], and
doorbells [33]. Other troublesome sounds included those
typical to the school setting such as the school bell [2,
29, 42], music class [41], screams [42], teachers’ voices
[45], classroom noise and school recess [42]. Traffic
based sounds were also common such as sirens [33], and
cars/traffic [33, 37, 45] as well as nature sounds includ-
ing thunder [42], animals/insects [44], dog barking [33],
and “fire crackers” [44]. More generally, loud music [38,
44] or loud sounds [30, 43, 44], especially if unexpected
[43] or sudden [35] such as clapping [33], popping bal-
loons and bombs [42] were reported as troublesome.
Human-produced sounds we reported including crowds
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[38], the voices of children [36], and in particular laugh-
ing and high-pitched girls’ voices [40], babies [36, 43],
family, friends, coughing and sneezing [40], restaurants
[41] and snack bars [45].

Physical sensation

Physical sensation, i.e. the specific physical discomfort
caused by the troublesome sound was reported as pain
in five records [2, 30, 33, 38, 41], with one record [33]
specifying this is experienced in the head or ears. An-
other record reported stomach pain and nausea that was
concomitant with the painful noises [41].

Reaction

Children’s reactions to sounds were described in nine re-
cords. Covering their ears was the most common reac-
tion [29, 33, 36—40, 43]. Others included crying [33, 37—
40, 43], screaming [33], becoming verbally aggressive
[40] or physically aggressive towards others [31, 33, 35,
40], or towards one self, e.g. hitting their own head [40].
Destroying items [38] was also mentioned. Two records
[2, 37] described fear as a reaction. Others included
symptoms such as sweaty palms, shaking, palpitations
[43], headache, change in mood or facial expression [35],
urinary incontinence, grinding one’s teeth, freezing, dis-
tress [33], running away [31, 37, 40], hiding [31], crin-
ging, arching of the back [38], ‘going into meltdown’ [2],
hyperactivity in noisy environments [46], or the child
throwing themselves to the floor [40].

Coping behaviour

Five records described ways in which children reportedly
cope with the troublesome noise. Two types of behav-
iour emerged. The more common was avoidance of
places and activities [20] such as avoiding ‘the noisy cor-
ridors’ [40], ‘avoiding the noisy dinner halls’, or avoiding
‘public toilets in case someone switched the hand dryer
on’ [33], ‘spending school recess in the silence of the li-
brary [45], or working ‘in the resource centre where it is
quiet’ [40], ‘arriving in class once the other students have
settled in their places’ [40], and sitting ‘in the very back
of music class’ [41]. The second type of behaviour was
wearing ear protection [20] such as noise reduction
headphones [41]. Three records specified children wear-
ing these all day long [45], at school or ‘when doing
practical work in science and catering’ [40], or in the
street and at home [2, 45].

Impact on functioning

The impact of hyperacusis on the child’s normal daily
lives was defined in eight records. Based on the informa-
tion provided in these records, the children were limited
in three main areas — getting out of the house, school
life, and in social and recreational settings.
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Difficulties in getting out of the house were described
in four records [33, 36, 37, 43]. Adanir et al. [36] speci-
fied that the child ‘refused to go out except to school
Another record stated that the child did not tolerate
walking in the street [37], and in another the child did
not want to leave the house [43]. One record noted that
when the child did leave the house, they had toileting ac-
cidents due to avoiding public toilets because of electric
hand dryers [33]. Another child’s family had to keep
stopping the car on the road every time a vehicle passed
[33].

In terms of school life, two records noted avoiding
school when testing fire alarms [43], or sometimes
avoiding school altogether [2]. Two records reported
that when the children were in school, they felt dis-
turbed [36] or anxious [2]. Four records alluded to chil-
dren generally having difficulties or severe limitations at
school [33, 35, 40, 45]. One record specified that the
child ‘could not hold a pencil to write because he was
covering his ears’ [36], and another reported ‘limitations
especially during physical education when sports activ-
ities were practiced indoors’ [45]. Aazh et al. [40] de-
scribed a child with hyperacusis who was disturbing
other students’ learning ‘by shouting at them to be quiet’
and disturbing their concentration during exams. The
child was also unable to attend noisy lessons such as
drama and physical education.

Three records noted child and family social and recre-
ational struggles [33, 35, 37]. Two records provided spe-
cific examples, ie. the ‘mother has problems using the
vacuum cleaner’ [37], ‘avoiding parties’ [33], and having
to whisper ‘happy birthday’ at the child’s own party [33].

Assessment

Methods of assessing hyperacusis were reported in 14
records (Table 2). Methods included neurological assess-
ment, the use of ULLSs, semi-structured interviews, ques-
tionnaires and observation.

Neurological assessment

Neurological assessment was conducted in one record
[41]. The assessment was conducted using 512 and 128
Hz tuning forks. Tuning fork tests were used to assess
sound or vibration-induced pain at or near the ear.

ULLs

Another method of assessment was by taking ULLs [32, 34,
44, 45] and only one of the four records who used it [32]
specified that they used the BSA approved method [47].

Semi-structured interviews

A more common method of assessing hyperacusis was
through semi-structured interviews. This method was
used in six of the records [20, 33, 39, 42-44] with
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Table 2 Methods of assessing hyperacusis in children

Study Assessment Method Description

Reference

[20] Semi-structured interview The child was asked whether he/she ‘ever experiences over-sensitivity or distress to a particular
sound". If 'yes’ then a further question was ‘whether they stay away from places or activities be-
cause of sensitivity to sounds’

[31] Questionnaire A structured email questionnaire - not specified

[32] ULLs ULLs using the recommended BSA procedure with modifications

[33] Semi-structured interview Children were asked ‘if they were troubled/ bothered by these symptoms, which noises were
particularly troublesome and how they react to them'’

[34] ULLs Frequency 1.2 and 4 kHz

[37] Visual Analogue Scale (VAS) Parent completed 10 cm long line with anchors 'no hyperacusia’ and ‘worst possible hyperacussia’

[38] Questionnaire The William’s Syndrome Questionnaire

[39] Semi-structured interview Questions from published hyperacusis questionnaires eliciting recall of various attributes of
hyperacusis and defensiveness such as troublesome sounds and associated behavioural responses

[41] Neurological assessment 512 tuning fork, 128 tuning fork

[42] Semi-structured interview and Semi-structured interview: children were asked if they were bothered by sounds and if so, to

parental questionnaire choose which ones were bothersome from a list of options.
A multiple choice parental questionnaire examining children’s hypersensitivity to sounds and their
reactions.

[46] Observation and questionnaire Observation: sounds were presented on speakers and the children’s reactions recorded
Questionnaire: four multiple choice items adapted from Coelho 2007.

[43] Semi-structured interview and a Interview: questions not specified

questionnaire Questionnaire: Sensory Profile (short form)

[44] Semi-structured interview and ULLs  Interview: ‘If a positive answer was given to the question ‘Are you bothered by any kind of sound
or noise?" and the description of this sound and were able to identify at least 10 sounds from a
list of 20 sounds, the responses were classified as ‘being annoyed by specific sounds'.

ULLs — maximum audiometer output 110 dB HL at 0.25 Hz, 120dB HL from 0.5HZ to 6.0 kHz and
100 dB at 8.0 kHz.
[45] ULLs with history of intolerance to  ULLs measured at least to 500, 1000, 2000 4000 Hz

certain sounds

questions to be answered by the children and/or their
parents. The types of questions asked in different re-
cords varied. One record specified the question asked as
‘are you bothered by any kind of sound or noise?
followed by checking their ability to select at least 10
bothersome sounds from a pre-specified list of 20
sounds [44]. In Hall et al. [20] children were asked if
they ‘ever experience oversensitivity or distress to par-
ticular sounds’ and if so, ‘whether they stay away from
places or activities because of sensitivity to sound’. In
Myne et al. [33] children were asked ‘if they were trou-
bled or bothered by these symptoms, which noises were
particularly troublesome, and how they react to them’.
Ralli et al. [42] included four questions, one of which fo-
cused on hyperacusis, namely “Are you bothered by any
kind of sound or noise?” with a further question to
clarify the troublesome sounds from a list of options in-
cluding: "School recess, TV, Car, Toys, Firecrackers,
Classroom noise, Radio, Motorcycle, Balloons, Bombs,
Screams, Mixer, Truck, Whistle, Thunder, School bell,
Telephone, Ambulance, Musical instruments, Dogs. Wil-
son et al. [39] used questions from published auditory
and hyperacusis questionnaires [48, 49] to inform the

questions asked in the semi-structured interviews. The
questions encouraged children to describe the trouble-
some sounds and their reactions to these. They also used
an adapted version of Knudson’s et al. [50] evaluation
process, whereby a score of five or more was interpreted
as severe hyperacusis. The authors provided no further
detail on the questions used. One record did not specify
the interview questions asked [43].

Questionnaires

Six records used questionnaires to assess paediatric
hyperacusis though two of them were designed for WS
rather than hyperacusis. Janes et al. [43] used the Sen-
sory Profile Short Form, designed for patients with WS.
One item asks parents to assess the child’s auditory
hypersensitivity on a 5-point Likert scale from 'never' to
‘always'. Children with scores of 'sometimes’ and 'always'
were classed as having auditory hypersensitivity. O’Reilly
et al. [38] used the William’s Syndrome Questionnaire
by Klein et al. [51] to assess hyperacusis, providing no
further information on the questionnaire items used.
Ghandizeh et al. [37] specified use of a hyperacusis-
specific parent-completed Visual Analogue Scale (VAS),
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a 10 cm line with anchors 'mo hyperacusia' and 'worst
possible hyperacusia'. Rosing et al. [31] used a question-
naire but did not specify which. Ralli et al. [46] used a
questionnaire which he adapted from the questions pre-
viously used in Coelho et al. [44, 52]. The adapted ver-
sion used in Ralli et al. [46] had four multiple choice
items. A score of eight points or more was considered
positive for hyperacusis. Ralli et al. [46] also used obser-
vation in conjunction with the questionnaire to assess
hyperacusis. As part of this, specific sounds were pre-
sented to the children at regular intervals. Children were
considered to have hyperacusis if they displayed at least
one of the reactions listed on a form including "cover
ears with hands; cries; escapes from the sound source;
tries to avoid sound; says "hurts ears"; says "I don’t like
it'. Ralli et al. 2020 [42] used a two-part parental ques-
tionnaire. Part one consisted of four short and concise
multiple-choice questions investigating their children’s
relationships with sounds.

Part two included six questions investigating the chil-
dren’s most common reactions to these sounds. A diag-
nosis of hyperacusis was given using the combined
scores from the child interview (described in the semi-
structured interviews section) and the parental question-
naire. Both the parental questionnaire and the child
interview were modifications from the work by Coelho
et al. 2007 [44].

Treatment and outcomes

Nine records reported on a treatment for hyperacusis
(Table 3). Four of those describe some form of psycho-
logical therapy alone or in combination with sound ther-
apy or medication [2 case 2, 28, 31, 46 casel]. Three

Table 3 Treatments and outcomes
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used medication alone as treatment [30, 35, 37]. Sound
therapy was evaluated alone [2 casel], and in conjunction
with medication (46 case 2), one reported on the use of
TRT [34], and one utilised neuro-rehabilitation [41].

Psychological therapy

Kennedy et al. [2, case 2] described a 9-year-old male
treated with Cognitive Behavioural Therapy (CBT), includ-
ing identifying a hierarchy of sounds and desensitization
through graded step-by-step exposure to sounds, with re-
wards chosen by the child. Rewards in this case were pic-
ture cards of favourite football players. Desensitisation was
practiced daily with the child’s mother. Other treatment
components included relaxation and use of positive
thoughts such as ‘I can do this’ and Tm brave’. Improve-
ment was noted 2 weeks later with the child being able to
tolerate the sound of hoovers and the school bell.

Amir et al. [28] described behavioural therapy com-
bined with using a pure-tone relaxation therapy ball for
home use. The authors provided no further details about
the treatment. Twenty-five percent of children were
‘considered to have sufficient symptom improvement'.

Rosing et al. [31] reviewed the practices of treatment
centres where children in the range of 5 to 14 years old
received counselling, in the form of information and
coping strategies, and sound therapy. The authors de-
scribed no further details about the treatment content
and duration, and no outcomes of the treatment were
provided. In Sanchez et al. [46 case 1] a 12-year-old male
was treated with counselling, including information
about the condition, its aetiology and association with
tinnitus. This was combined with Gingko biloba extract
(80 mg twice a day for 2 months initially). No further

Study Treatment Outcome
Reference
[2] Case 1: WNGs Case 1: ‘ability to cope was much improved’; case 2: ‘improvement seen two weeks
Case 2: CBT later in resisting troublesome sounds’
[28] Behavioural therapy and Pure Relaxation Therapy — 25% had sufficient improvement to permit discharge; 3% required more than three
Ball for home use sessions before symptom resolution; 1% were referred back to service; 25% did not
attend treatment
[30] Topamax 25 mg tablets Patient reported better tolerance to loud sounds
[31] Counselling Information and coping strategies
[34] TRT Rapid remission of hyperacusis; 75% showed significant improvement after 2-3
months, the rest — after 6 months.
[35] Valproic acid 15 mg/kg alone then combined Some improvement; could attend school but remained incapacitataed by sudden
with risperdone 0.5 mg/day and loud sounds
[37] Sodium valproate 600 mg/day and risperdone Improvement on VAS from 10 down to 4 or 5.
0.5 mg/day
[41] Neuro-rehab Vestibular and utri-circular activation; gaze stabilization and macro-saccades; passive
complex motion and home exercises to promote neuro-plascticity
[45] Case 1: Counselling and Gingko biloba Case 1: patient reported gradual and stable improvement

Case 2: Gingko biloba and environmental sounds

Case 2: patient reported stable improvement
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information was provided about the treatment. The au-
thors noted gradual improvement in hyperacusis which
was stable in the long term.

Medication

In Ghandizeh et al. [37] improvement in hyperacusis in
terms of VAS scores from 10 (max) to 4/5 was seen
using Risperdone (0.5 mg per day) however the effect did
not appear to be stable. Rahman et al. [30] reported on a
treatment for migraine using Topamax 25 mg tablets (no
further dosage provided) with the child reporting ‘better
tolerance to loud sounds’. Shuper et al. [35] reported
treatment with valproic acid in a dose of 15 mg/kg and
Risperdone (0.5 mg/d). The authors reported a ‘marked
improvement’ and being able to attend school though he
was still severely ‘incapacitated by sudden and loud
noises’.

Tinnitus retraining therapy (TRT)

Borawska et al. [34] reported a case note review of tin-
nitus and hyperacusis children treated with ‘hyperacusis
TRT’. Although TRT [53] was originally designed for
tinnitus, it can be suited to treat hyperacusis as the two
conditions are often co-occurring. The components of
this treatment were not described in the record but
likely included directive counselling and sound therapy
in the form of enriched sound environment achieved via
sound generators or combination (sound generator and
hearing aid) instruments [54]. This is important in order
to achieve habituation whereby the patient no longer no-
tices and reacts to the bothersome sounds. Seventy-five
percent of children with hyperacusis showed significant
improvement after 2—3 months, the other 25% showed
improvement after 6 months.

Sound therapy

Sound therapy, involving white noise generators
(WNGs), was used with one case in Kennedy et al. [2,
casel]. Devices were set at an output of 55 dB SPL to be
worn all day at school. The child found ‘his ability to
cope much improved, e.g. ‘when there was building
work near his classroom he was still able to comfortably
take part in lessons’. Sanchez et al. [46, case 2] also de-
scribed a child treated with environmental sounds, com-
bined with taking Gingko biloba extract. After 3 months
there was gradual improvement in behaviour when fa-
cing sounds, with the child ‘rarely using ear protection’.

Neuro-rehabilitation

Esposito and Elkins [41] described a neuro-rehabilitation
for hyperacusis which was designed to also treat the co-
occurring nausea experienced by one child. It comprised
of vestibular activation with leftward rotations in a chair;
divergence eye exercises with utricircular stimulation in
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a posterior direction; gaze stabilization exercises and
microsaccades to small targets. Exercises were also per-
formed at home to enhance neuroplasticity. Improve-
ment was observed from the day after treatment with
the child being able to attend music class without using
ear protection. The child remained pain and nausea free
from the tuning fork and other noises five visits later.

Discussion

This scoping review aimed to catalogue the literature pro-
viding a clinical profile of children experiencing hyperacu-
sis, and how they have been assessed and treated. Only 21
relevant records were identified, indicating a paucity of re-
search in this field. We mapped the available evidence on
the children’s clinical profile of hyperacusis in terms of
age and gender, comorbid conditions, LDLs, troublesome
sounds, physical sensations, reactions, coping behaviours,
and areas of impairment in daily living. Relevant assess-
ment and treatment methods used with children with
hyperacusis were also catalogued.

Age at time of hyperacusis onset was not reported in
the records we reviewed, however one study which in-
volved a large sample indicated that all children had a
gradual onset [28]. In terms of age at presentation, we
found that a few of the case studies reported on 5- and
11- year-olds. However, studies with larger samples re-
ported that the commonest age at presentation as 3 to 4
years old [33, 55]. In clinical practice, hyperacusis in
children between 3 and 4years old is considered to
occur as part of normal auditory development, which is
likely to settle by itself with the maturation of the central
auditory system [56, 57].

In terms of gender, the majority of the case studies we
reviewed described male children. Although this does not
signify that hyperacusis is more prevalent in males - stud-
ies with larger samples have reported a male majority [28,
33, 55]. This could be due to the type of research popula-
tion selected in those studies. ASD for example, where
hyperacusis is a common complaint, is more common in
males. On the other hand, Ralli et al. [46] observed a ma-
jority of male children in their sample and this difference
was found to be statistically significant. More research is
needed to clarify the potential gender effect.

As already noted, hyperacusis is often a symptom in
ASD [18] and indeed, we found that ASD was one of the
two most commonly reported comorbid conditions of
hyperacusis. Tinnitus was just as common in children
with hyperacusis, followed by WS and ADHD. Epilepsy
and hearing loss were also commonly reported. Across
the records we reviewed the proportion of children who
experienced primary hyperacusis, in isolation of other
health conditions, was smaller. Of these children, some
have experienced glue ear, which can increase the per-
ception of loudness once it has resolved [33]. This
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highlights the question whether hyperacusis is a symp-
tom or a disease in itself, to be addressed by future aeti-
ology research, not only of hyperacusis, but also ASD,
WS and tinnitus, and their association.

Although natural variety exists [3], patients with
hyperacusis are generally presumed to have lowered
ULLs [20] and taking ULLs had become the traditional
tool for diagnosing hyperacusis. Surprisingly however,
the majority of records did not assess ULLs. The few
that did, reported them in little detail. These findings re-
flect the recent suggestions that ULLs are not a reliable
measure in adults or children [58, 59]. Further to this,
measuring ULLs can also be distressing for young chil-
dren and can undermine the building of rapport with
the clinician [60]. This could be a consideration for
standard ENT assessment for hyperacusis.

There was a variety of sounds reported by children as
troublesome. From the data catalogued here it appears
that hyperacusis is generally associated with ‘unnatural’
noise produced by machines, or with natural sounds, e.g.
those produced by people or animals, that are simultan-
eously loud and sudden. It is worth noting that children
are not bothered by such sounds if they are produced by
themselves which implies that it is not just certain
bothersome sounds that create a reaction but perhaps
also the lack of control the child feels over them. Indeed
Phillips and Carr 1998 [61] proposed that issues with
sound perception may arise from both physical and psy-
chological sources. Psychological or emotional factors in
the hyperacusis reaction and their interplay with the
physiological responses must be addressed in future re-
search into the aetiology of hyperacusis.

It is also possible that patients with developmental dis-
orders are more likely to be troubled by a particular type
of sound than others with hyperacusis. Future research
on the clinical profile of paediatric hyperacusis could
provide clarification on the ways in which children with
and without developmental disorders differ, and the
characteristics of sounds that bother them. Such infor-
mation would be useful to better define the symptom-
atology of paediatric hyperacusis as an independent
condition rather than as being part of a condition or
syndrome.

There is little literature on the physical sensation of
hyperacusis, ie. what makes the sound so uncomfort-
able. We found that where there were reports of physical
sensation, those were of ‘pain’ in the ears, and in one
case in the head. In another case, co-occurring nausea
was also observed. The reasons for such physical sensa-
tions could be a consideration for research into the aeti-
ology of hyperacusis.

Although the literature describes a wide variety of be-
havioural reactions, we found that most commonly chil-
dren covered their ears, cried, or became aggressive.
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Aggression in children is a common expression of anx-
iety [62]. Older children were more likely to cope by
avoiding the situations where they might be exposed to
the sound, or wearing ear protection. Younger children
were less likely to engage in coping behaviour; instead,
their parents had put limitations on their usual activities
to avoid their child becoming distressed. The biggest im-
pact on family functioning was in terms of getting out of
the house, attending social events, and school perform-
ance. The first two would limit social interactions with
peers, and the normal life of the child’s family members
causing tension in their relationships. All three factors
can result in high levels of stress, low quality of life, and
hinder progression in life for both child and family.

Unfortunately as this condition has emerged recently
and has a poor evidence base concerning children, clini-
cians such as GPs, paediatricians, school nurses, psychol-
ogists, audiologists, educators, and health visitors, who
encounter this condition, are unprepared to support
such families. This originates in the current lack of
child-specific assessment and treatment tools. None of
the records used validated hyperacusis - specific assess-
ment questionnaires that were standardised with a
paediatric population. Semi-structured interviews were
commonly used to diagnose and assess the severity of
hyperacusis. However, there was notable variation in the
types of questions the children or their parents were
asked. A validated questionnaire standardised with a
paediatric population is urgently required to assist in the
early identification of children with significant hyperacu-
sis and to support clinical research evaluating the effect-
iveness of interventions.

None of the records we identified sought to develop a
treatment specifically tailored for children with hypera-
cusis and those that described treatments used for chil-
dren had no previous empirical evidence of effectiveness.
There was also a great variability in the treatments docu-
mented and in the different combinations used e.g. psy-
chological treatment with medication or with sound
therapy. However, none of the records provided a de-
tailed description of its treatment components and none
demonstrated significance in their patient outcomes.
Randomised controlled trials are required to compare
and assess the effectiveness of these treatments for chil-
dren. Appropriate treatment and assessment could help
identify and support such children both in school and at
home. There has been positive development in the field
of tinnitus where there is designated clinical guidance
for managing children and potential adjustments in the
classroom [22]. Future research could focus on adapting
these for children with hyperacusis.

Some limitations of this review are noted. Although
we used a wide range of synonyms of hyperacusis in our
searches, there may have been relevant studies that have
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not been identified. In terms of the origin of the studies we
reviewed, there was a dominance of records from western
countries resulting in a potential bias of our findings. For
instance, the clinical profile in other cultures may have dif-
ferent dominant features, which future research could ex-
plore. In addition to this, the majority of children that were
described had some type of a developmental condition,
which may have further biased the clinical profile we de-
scribe. The records obtained may also not represent the full
clinical profile of hyperacusis due to the potential presence
of the ‘file drawer effect’, where certain case studies, for ex-
ample those with children without co-occurring conditions,
were not published. A further limitation to this review is
that it is limited to research published in the English lan-
guage only. As a result, it is possible that our findings may
present with cultural and ethnic bias. Specifically the clin-
ical profile, assessment and treatments methods may differ
in other countries. The relationship between hyperacusis in
children and cultural factors would be interesting to assess
in future research. Another limitation to this review is that
there is no standardised diagnostic criteria for hyperacusis.
For consistency we only included records that explicitly
used the term hyperacusis, but the underpinning diagnostic
criteria may differ across cases hence there may be in-
stances of misdiagnosis.

This scoping review catalogued the existing research on
the clinical profile of hyperacusis in children and the
methods of assessment and treatment. The clinically relevant
findings emerging from this review, which would need fur-
ther verification in research, are the following: the common-
est presentation age is 3 to 4 years old with a potential male
dominance; ASD and tinnitus were the most common co-
occurring conditions; the most common troublesome noises
were household electrical appliances; the common reaction
was to cover their ears, cry and aggressive behaviour. The
commonest impact of hyperacusis was on family functioning,
including getting out of the house and attending social events
and on school performance. Semi-structured interviews and
questionnaires were the most common assessment method.
All four treatment options for hyperacusis in children — psy-
chological, sound, medication, TRT and neuro-rehabilitation,
were applied either alone or in combination and all showed
notional improvement in severity.

Conclusion

This review aimed to bridge a gap in our understanding of
the ways in which hyperacusis presents in children. The in-
formation we catalogued on various elements of clinical pro-
file can serve as a stepping stone in specifying the symptoms
of paediatric hyperacusis, and aid clinical diagnosis. It will
also support future research to develop questionnaires for
clinical measurement of the impact of hyperacusis on chil-
dren, and the measurement of treatment related change in
clinic and in trials.

Page 11 of 13

Abbreviations

ADHD: Attention Deficit Hyperactivity Disorder; AS: Asperger’s Syndrome;
ASD: Autism Spectrum Disorder/s; BSA: British Society of Audiology; ENT: Ear
Nose and Throat; EPA: Educational Psychological Advisory; TRT: Tinnitus
Retraining Therapy; ULLs: Uncomfortable Loudness Levels; WNGs: White
Noise Generators; WS: William's Syndrome

Acknowledgements
Not applicable.

Authors’ contributions

IP performed the record screening, data extraction, data collation and
writing of the manuscript. KF and DH were involved in record screening,
data extraction and commenting on the manuscript. RC and VK commented
on the manuscript from their perspective as clinicians in the field. All authors
have read and approved the final manuscript.

Funding

IP-and DJH are funded through the National Institute for Health Research
(NIHR) Biomedical Research Centre programme. The funder had no role in
the design of the study and collection, analysis, and interpretation of data
and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"National Institute for Health Research (NIHR) Nottingham Biomedical
Research Centre, University of Nottingham, Ropewalk House, 113 The
Ropewalk, Nottingham NG1 5DU, UK. “Otology and Hearing Group, Division
of Clinical Neuroscience, School of Medicine, University of Nottingham,
Nottingham NG7 2UH, UK. 3National Institute for Health Research, Evaluation,
Trials and Studies Coordinating Centre (NETSCC), University of Southampton,
Southampton, UK. “4 Paediatric Audiology Department, Bolton NHS
Foundation Trust, Bolton, UK.

Received: 15 July 2019 Accepted: 22 June 2020
Published online: 29 June 2020

References

1. Fackrell K, Potgieter |, Shekhawat GS, et al. Clinical interventions for
hyperacusis in adults: a scoping review to assess the current position and
determine priorities for research. BioMed Res Inter. 2017:27237152.

2. Kennedy V, Benton C, Kentish R. Increased sound sensitivity in children. In:
Fagelson M, Baguley D, editors. Hyperacusis and disorders of sound
intolerance: clinical and research perspectives. San Diego: Plural Publishing;
2018.

3. Jastreboff PJ, Jastreboff MM. Decreased sound tolerance: hyperacusis,
misophonia, diplacousis, and polyacousis. Handb Clin Neurol. 2015;129:375-
87.

4. Jastreboff PJ, Jastreboff MM. Treatments for decreased sound tolerance
(Hyperacusis and Misophonia). Semin Hear. 2014;35(2):105-20.

5. Asha‘ari ZA, Zain NM, Razali A. Phonophobia and hyperacusis: practical
points from a case report. Malays J Med Sci. 2010;17(1):49-51.

6. Jastreboff PJ, Hazell JWP. Tinnitus retraining therapy. Cambridge: University
Press; 2004.

7. Potgieter |, MacDonald C, Partridge L, Cima R, Sheldrake J. Derek Hoare.
Misophonia: a scoping review of research. J Clin Psychol. 2019;75(7):1203-
18.

8. Moore BC. Cochlear hearing loss: physiological, psychological and technical
issues. 2nd ed. Chichester: Wiley; 2007.



Potgieter et al. BMC Pediatrics

20.

21.

22.

23.

24.
25.

26.

27.

28.
29.
30.

31

32.

33.

34.

(2020) 20:319

Stach BA. Comprehensive dictionary of audiology. Baltimore: Williams and
Wilkins; 1997.

Anari M, Axelsson A, Eliasson A, Magnusson L. Hypersensitivity to sound:
questionnaire data, audiometry and classification. Scand Audiol. 1999,28(4):
219-30.

Sheldrake J, Diehl PU, Schaette R. Audiometric characteristics of hyperacusis
patients. Front Neurol. 2015;6:105.

Andersson G, Lindvall N, Hursti T, Carlbring P. Hypersensitivity to sound
(hyperacusis): a prevalence study conducted via the internet and post. Int J
Audiol. 2002;41(8):545-54.

Katzenell U, Segal S. Hyperacusis: review and clinical guidelines. Otol
Neurotol. 2001;22:321-6.

Trulsson U, Johansson M, Jansson G, Wiberg A, Hallberg LR. Struggling for a
new self: in-depth interviews with 21 patients with hyperacusis after an
acute head trauma. J Health Psychol. 2003;8(4):403-12.

Attri D, Nagarkar AN. Resolution of hyperacusis associated with depression,
following lithium administration and directive counselling. J Laryngol Otol.
2010;124(8):919-21.

Fagelson MA. The association between tinnitus and posttraumatic stress
disorder. Am J Audiol. 2007;16(2):107-17.

Klein BP, Mervis CB. Contrasting patterns of cognitive abilities of 9-and 10~
year-olds with William's syndrome or Down syndrome. Dev Neuropsychol.
1999;16(2):177-96.

Khalfa S, Bruneau N, Rogé B, Georgieff N, Veuillet E, Adrien JL, Barthélémy C,
Collet L. Increased perception of loudness in autism. Hear Res. 2004;198(1-
2):87-92.

Danesh AA, Lang D, Kaf W, Andreassen WD, Scott J, Eshraghi AA. Tinnitus
and hyperacusis in autism spectrum disorders with emphasis on high
functioning individuals diagnosed with Asperger's syndrome. Int J Pediatr
Otorhinolaryngol. 2015;79(10):1683-8.

Hall AJ, Humphriss R, Baguley DM, Parker M, Steer CD. Prevalence and risk
factors for reduced sound tolerance (hyperacusis) in children. Int J Audiol.
2016;55(3):135-41.

Rosing SN, Schmidt JH, Wedderkopp N, Baguley DM. Prevalence of tinnitus
and hyperacusis in children and adolescents: a systematic review. BMJ
Open. 2016;6(6):010596.

The British Society of Audiology. Tinnitus in children. Practice Guidance; UK:
British Society of Audiology; 2015. http//www.thebsa.org.uk/wp-content/
uploads/2015/03/2015-Paed-Tin-Guidelines-FINAL.pdf Accessed 22 May
2018.

Fackrell K, Stratmann L, Kennedy V, MacDonald C, Hodgson H, Wray N, et al.
Identifying and prioritising unanswered research questions for people with
hyperacusis: James Lind Alliance Hyperacusis priority setting partnership.
BMJ Open. 2019;9(11):e032178.

Arksey H, O'Malley L. Scoping studies: towards a methodological framework.

Int J Soc Res Methodol. 2005;8(1):19-32.

Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010;5(1):69.

Peters MD, Godfrey CM, Khalil H, Mclnerney P, Parker D, Soares CB.
Guidance for conducting systematic scoping reviews. Int J Evid Based
Healthc. 2015;13(3):141-6.

Khalil DN, Smith EL, Brentjens RJ, Wolchok JD. The future of cancer
treatment: immunomodulation, CARs and combination immunotherapy.
Nat Rev Clin Oncol. 2016;13(5):273.

Amir |, Lamerton D, Montague ML. Hyperacusis in children: the Edinburgh
experience. Int J Pead Otorhinolaryngol. 2018;112:39-44.

Nigam A, Samuel PR. Hyperacusis and Williams syndrome. J Laryngol Otol.
1994;108(6):494-6.

Rahman TT. Unilateral hyperacusis in a normal-hearing child. Egypt J
Otolaryngol. 2017;33(1):120-3.

Rosing SN, Kapandais A, Schmidt JH, Baguley DM, et al. Demographic data,
referral patterns and interventions used for children and adolescents with
tinnitus and hyperacusis in Denmark. J Hear Sci. 2016;7(2):115.

Aazh H, McFerran D, Moore BCJ. Uncomforable loudness levels among
children and adolescents seeking help for tinnitus and/or hyperacusis. Int J
Audiol. 2018;57(8):618-23.

Myne S, Kennedy V. Hyperacusis in children: a clinical profile. Int J Pediatr
Otorhinolaryngol. 2018;107:80-5.

Borawska B, Bartnik G, Raj-Koziak D, Fabijanska A, Skarzynski H, Mrowka M.
Children with tinnitus and hyperacusis in the material of the tinnitus clinic.
New Med. 2004;3:77-9.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 12 of 13

Shuper A, Medvedovsky M, Kivity S. Defective auditory processing in a child
with temporal epileptic focus. J Child Neurol. 2015;30(4):513-6.

Adanir AS, Coban OG, Ozatalay E. Increased Hyperacusis with Risperidone in
an autistic child. Arch Neuropsychiatry. 2017;54(2):187-8.

Ghanizadeh A. Does risperidone improve hyperacusia in children with
autism? Psychopharmacol Bull. 2009;42(1):108-10.

O'Reilly MF, Lacey C. Assessment of the influence of a background noise on
escape-maintained problem behaviour and pain behaviour in a child with
Williams syndrome. J Appl Behav Anal. 2000;33(4):511-4.

Wilson US, Sadler KM, Hancock KE, Guinan JR. JJ, Lichtenhan JT. Efferent
inhibition strength is a physiological correlate of hyperacusis in children
with autism spectrum disorder. J Neurophysiol. 2017;118:1164-72.

Aazh H, Moore BCJ, Prasher D. Providing support to school children with
hyperacusis. Br J Sch Nurs. 2011,6(4):174-8.

Esposito SE, Elkins LM. Management of a child with hyperacusis and motion
sickness with patient specific neurorehabilitation treatments. Int Symp Clin
Neurosci. 2016; Orlando US. https://doi.org/10.3389/conf.fneur.2016.59.00038.
Ralli M, Romani M, Zodda A, Russo FY, Altissimi G, Orlando MP, Cammeresi
MG, Penge R, Turchetta R. Hyperacusis in children with attention deficit
hyperactivity disorder: a preliminary study. Int J Environ Res Public Health.
2020;17(9):3045.

Janes E, Riby DM, Rodgers J. Exploring the prevalence and phenomenology
of repetitive behaviours and abnormal sensory processing in children with
Williams syndrome. J Intellect Disabil Res. 2014;58(8):746-57.

Coelho CB, Sanchez TG, Tyler RS. Hyperacusis, sound annoyance, and
loudness hypersensitivity in children. Prog Brain Res. 2007;166:169-78.
Sanchez TG, Pereira IM. Management of hyperacusis in children-two case
reports. Braz J Otorhinolaryngol. 2019,85(1):125-8.

Ralli N, Greco A, Altissimi G, et al. Hyperacusis in children: a preliminary
study on the effects of hypersensitivity to sound on speech and language.
Int Tin J. 2018;22(1):10-8.

The British Society of Audiology. Recommended Procedure. Determination
of Uncomfortable Loudness Levels. Bathgate: British Society of Audiology;
2011b. https//www.thebsa.org.uk/wp-content/uploads/2011/04/
Uncomfortable-Loudness-Level-1.pdf . Accessed 17 June 2019.

Egelhoff K, Lane AE. Brief report: preliminary reliability, construct validity and
standardization of the auditory behavior questionnaire (ABQ) for children
with autism spectrum disorders. J Autism Dev Disord. 2013;43:978-84.
Khalfa S, Dubal S, Veuillet E, Perez-Diaz F, Jouvent R, Collet L. Psychometric
normalization of a hyperacusis questionnaire. ORL J Otorhinolaryngol Relat
Spec. 2002,64:436-42.

Knudson IM, Shera CA, Melcher JR. Increased contralateral suppression of
otoacoustic emissions indicates a hyperresponsive medial olivocochlear
system in humans with tinnitus and hyperacusis. J Neurophysiol. 2014;112:
3197-208.

Klein AJ, Armstrong BL, Greer MK, Brown FR. Hyperacusis and otitis media in
individuals with Williams syndrome. J Speech Hear Disord. 1990;55(2):339-44.
Bevilacqua F, Giannantoni P, Pasqualetti P, di Ciommo VM, Coletti MF, Rava
L, et al. Predictive validity of the Italian parental questionnaire for
developmental evaluation at age 4 (QS4-G). J Paediatr Child Health. 2015;
51(6):600-7.

Hazel JWP. Support for a neurophysiological model of tinnitus. In: Reich GE,
Vernon JA, editors. Proceedings of the 5th international tinnitus seminar.
Portland, Oreg: American Tinnitus Association; 1996. p. 51-7.

Andersson G, Baguley DM, McKenna L, McFerran D. Tinnitus. A
multidisciplinary approach. London and Philadelphia: Wurr Publishers Ltd;
2005.

Sattar N. A study of hyperacusis in 100 normally-hearing children. Arch Dis
Child. 2009:84(Suppl! 1):A98.

Moore DR. Auditory development and the role of experience. Br Med Bull.
2002;63(1):171-81.

Fior R, Bolzonello P. An investigation on the maturation of hearing abilities
in children. Ear Hear. 1988;8(6):347-9.

Baguley D, Andersson G. Hyperacusis: mechanisms, diagnosis and therapies.
Plural: San Diego; 2008.

Fackrell K, Fearnley C, Hoare DJ, Sereda M. Hyperacusis questionnaire as a
tool for measuring hypersensitivity to sound in a tinnitus research
population. Biomed Res Int. 2015:1-12.

Aazh H, Moore BCJ. Incidence of discomfort during pure-tone audiometry
and measurement of uncomfortable loudness levels among people seeking
help for tinnitus and/or Hyperacusis. A J Audiol. 2017b:226-32.


http://www.thebsa.org.uk/wp-content/uploads/2015/03/2015-Paed-Tin-Guidelines-FINAL.pdf
http://www.thebsa.org.uk/wp-content/uploads/2015/03/2015-Paed-Tin-Guidelines-FINAL.pdf
https://doi.org/10.3389/conf.fneur.2016.59.00038
https://www.thebsa.org.uk/wp-content/uploads/2011/04/Uncomfortable-Loudness-Level-1.pdf
https://www.thebsa.org.uk/wp-content/uploads/2011/04/Uncomfortable-Loudness-Level-1.pdf

Potgieter et al. BMC Pediatrics

61.

62.

(2020) 20:319

Phillips DP, Carr MM. Disturbances of loudness perception. J Am Acad
Audiol. 1998,9:371-9.

Moller AR, Rollins PR. The non-classical auditory pathways are involved in
hearing in children but not in adults. Neurosci Lett. 2002;319(1):41-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Aims

	Methods
	Eligibility criteria
	Information sources and search strategy
	Study selection
	Charting the data

	Results
	Clinical profile
	Age and gender
	Comorbid conditions
	Uncomfortable loudness levels (ULL/LDL)
	Troublesome noises
	Physical sensation
	Reaction
	Coping behaviour
	Impact on functioning

	Assessment
	Neurological assessment
	ULLs
	Semi-structured interviews
	Questionnaires

	Treatment and outcomes
	Psychological therapy
	Medication
	Tinnitus retraining therapy (TRT)
	Sound therapy
	Neuro-rehabilitation


	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

