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Background

Theterm “hyperacusis”isused todescribe
the experience of everyday sounds being
perceived as intense and overwhelming.
Other terminology that is used in this
regard includes “decreased” or “reduced
sound tolerance”™ An Internet patient
forum (www.hyperacusis.net [23]) uses
the variant “collapsed sound tolerance”
While there is undoubtedly an emotional
and psychological component to hyper-
acusis [25] (not least since becoming
apprehensive about sound exposure is
an obvious corollary to perceiving that
sound as intense), hyperacusis is a sub-
jective self-reported symptom of some
physiological change in the central audi-
tory system such as increased gain [3],
such that even when sound is of a mod-
erate intensity it is perceived as loud and
intrusive. Hyperacusis is almost exclu-
sively bilateral, and the presentation of
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unilateral hyperacusis is confined to uni-
lateral triggers such as an acoustic shock
[30] or a specific unilateral neural lesion

[7].

) Hyperacusis is almost
exclusively bilateral

Interest in hyperacusis from both clini-
cians and researchers is gathering pace,
and the numbers of peer-reviewed scien-
tific papers published on the topic of hy-
peracusis in the past four decades has in-
creased on an annual basis (8 Fig. 1). De-
spite this burgeoning attention to symp-
toms of decreased sound tolerance, fun-
damental questions remain. The purpose
of the present article is to describe and
delineate several of these questions, with
the aim of supporting research efforts to
gather evidence on hyperacusis.

Epidemiology and natural
history

With a subjective symptom such as hy-
peracusis, estimates of the prevalence in
the general population will be strongly in-
fluenced by how the question about the
experience is formulated. Variation in
such questions makes comparison across
studies challenging, and a recent system-
atic review [33] considering hyperacusis
in childhood and adolescence concluded
that such comparison was not possible at
present. While it is not possible to gener-
alize across studies of childhood hyper-
acusis, some data are available. Hall and
colleagues [17] reported an epidemiolog-
ical study in the UK, wherein children
aged 11 years were asked about over-sen-
sitivity or distress to particular sounds
in a wider survey of hearing and tinni-
tus. Of the 7096 children involved, 3.7%
responded affirmatively to being asked
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Fig. 1 A Papers with hyperacusis as a major topic by year (adapted from [5])
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Table1 Terminology in use regarding

mechanisms of hyperacusis in the auditory
neuroscience literature

Hyperresponsiveness [37, 38]

Disruption of central auditory system gain
[38]

Pathological increased response gain [29]
Central gain enhancement [4]

Neural amplification [4]

Increased nonlinear gain [44]
Heightened responsiveness to sound [36]
Hypervigilance [37]

Central auditory excitability [21]
Hyperexcitability [2]

Central inhibitory deficit [42]

Central sensitization [40]

whether they, “ever experience over-sen-
sitivity or distress to particular sounds?”
This equates to one child in every typical
UK classroom (about 30 children). Risk
factors included male gender, higher ma-
ternal education level, and readmission
to hospital in the first 4 weeks of life.

The situation is much the same re-
garding the prevalence of hyperacusis
in adults, and some basic information
about the epidemiology of hyperacusis
in adults is not yet available. Paulin and
colleagues [34] investigated hyperacusis
in a substudy of the Visterbotten Envi-
ronmental Health Study in Sweden. Of
8520 adults contacted from the general
population, 3406 (40.6%) consented to
participation in the study, and it is possi-
ble that hyperacusis is over-represented
as a result of the low response rate. Of
the responders, 9.2% self-identified as
having hyperacusis, saying “yes” to: “Do
you have a hard time tolerating everyday
sounds that youbelieve most other people
can tolerate?”; 1.9% had been diagnosed
with sound intolerance by a physician
(there was unspecified overlap between
the groups). The length of history was
not reported.

» For some people, hyperacusis
is a long-term condition

A question that often arises when coun-
seling a patient with hyperacusis is that

Table 2

Authors (date) Number of patients
with tinnitus

Dauman and Bouscou- 249

Faure (2005) [10]

Hiller and Goebel (2006) 4993
[22]

Yang et al. (2013) [43] 207

Scheckleman et al. 2333
(2015) [37]

Degeestetal. (2016) [11] 81

of the natural history of the condition.
As with epidemiology, basic information
is not yet available in this regard, and
presently it is not possible to be certain
about the future trajectory of a person
with hyperacusis. It is evident from pa-
tient forums that for some people hyper-
acusis is a long-term condition, and that
for some it is marked by exacerbation
because of repeated exposure to intense
environmental sound such as a vehicle
horn or an alarm. Since it is likely that
other persons in whom the hyperacusis
resolved would not be posting on a hy-
peracusis forum, the possible existence of
such individuals would not be apparent.
This gap in knowledge could be resolved
by alongitudinal population study of per-
sons (adults and children) self-reporting
with hyperacusis, with the aim of deter-
mining their progress (or otherwise) over
time, or by the synthesis of no-interven-
tion control groups in clinical trials on
hyperacusis (for an example in tinnitus,
see Phillips et al. [35]).

Tyler and colleagues [41] have pro-
posed a framework for categorizing
patients with hyperacusis on the basis of
the defining feature of their experience,
suggesting loudness, annoyance, fear,
and pain as the important characteris-
tics. While in clinical practice it may not
be easy to disambiguate these categories,
drawing attention to the experience of
sound-evoked pain is of interest. Recent
physiology research [15] has identified

Reports of hyperacusis in patients with a primary complaint of tinnitus

Percentage of Notes

patients with

hyperacusis (%)

79 Participants in mea-

surement question-
naire research

7.3 =

8.7 Increased prevalence
of hyperacusis in
bilateral vs. unilateral
tinnitus but did
not reach statistical
significance

40 Recalculated to in-
clude nonresponders

22 “Subjective noise
tolerance”= usual or
always

a population of fibers in the cochlear
nerve that appear to be involved in
pain perception, perhaps as a warning
of cochlear injury. The possibility that
these type II unmyelinated fibers are
involved in hyperacusis is a potentially
important topic for research.

Mechanisms

Although there is a consensus building
that hyperacusis is underpinned by an
aberrant increase in central auditory gain
(4,29, 44] (whereby “neural activity from
more central auditory structures is para-
doxically increased at suprathreshold in-
tensities” -4, pl), further and more de-
tailed information is not yet available. In
part this is due to the lack of a satisfac-
tory animal model of hyperacusis [12],
but it is also the case that several aspects
of mechanisms of loudness perception
remain obscure [14]. Moreover, the ter-
minology used by the auditory neuro-
science community regarding decreased
sound tolerance is variable and nonspe-
cific (@ Table 1).

One potential way forward would be
for the auditory neuroscience commu-
nity to reach a consensus on the ter-
minology and definitions regarding hy-
peracusis, and then to undertake specific
projects detailing how the increased cen-
tral auditory gain originates, and then
persists.
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Abstract - Zusammenfassung

Association with tinnitus

Common mechanisms of hyperacusis
and tinnitus have been proposed [23]
because they commonly occur together
(B Table 2).

While there are several studies detail-
ing hyperacusis in persons with a pri-
mary complaint of tinnitus, there is less
information about tinnitus in persons
with a primary complaint of hyperacu-
sis. Anari and colleagues [3] studied 100
adult patients with a primary complaint
of hyperacusis, finding that 86% experi-
enced tinnitus, although the severity and
impact of tinnitus were not reported.

What is also missing from the litera-
ture is information regarding the severity
of hyperacusis in a person with a primary
complaint of tinnitus, and vice versa. This
would be useful when designing inter-
ventions that either have to address both
symptoms if severe, or focusing on one
or other, with a secondary and less severe
symptom not requiring direct interven-
tion.

» Tinnitus and hyperacusis can
be exacerbated by anxiety and
stress

Some aspects of the experiences of peo-
ple with tinnitus, hyperacusis, or both,
are convergent. Both tinnitus and hyper-
acusis can be exacerbated by anxiety and
stress, and in each there is an increased
incidence of depression. Treatments for
each symptom are emerging that utilize
elements of cognitive behavioral therapy
(CBT) [8, 26], and these can be combined
with sound-based therapy.

There are also several aspects of tinni-
tus and hyperacusis that are markedly di-
vergent, however. Some of these are illus-
trated in @ Table 3. This provides further
opportunities for clinical research. The
areas of divergence are sufficient for one
to consider that hyperacusis and tinnitus
are quite distinct phenomena, and while
both may involve maladaptive change in
the central auditory system, the specific
mechanisms and manifestations of these
changes may be separate, although they
may occur together.
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Abstract

Background. Hyperacusis is a troublesome
symptom that can have a marked negative
impact on quality of life.

Objectives. To identify major research
questions in hyperacusis.

Materials and methods. Review of gaps in
knowledge regarding hyperacusis, and where
opportunities may lie to address these.
Results. Eight major research questions were
identified as priorities for future research.
These were: What is the prevalence of
hyperacusis in adults and children? What are
the risk factors associated with hyperacusis?
What is the natural history of hyperacusis?
How is ‘pain hyperacusis’ perceived? What
mechanisms are involved in hyperacusis?

https://doi.org/10.1007/500106-017-0464-3
© The Author(s) 2018. This article is an open access publication.

Hyperacusis: major research questions

What is the relationship between hyperacusis
and tinnitus? Can a questionnaire be
developed that accurately measures the
impact of hyperacusis and can be used

as a treatment outcome measure? What
treatments, alone or in combination, are
effective for hyperacusis?

Conclusion. This clinical/researcher-led
project identified major research questions
in hyperacusis. A further development to
identify patient-prioritized research will
follow.

Keywords
Hyperacusis - Sound tolerance - Tinnitus -
Audiology - Pathology

Zusammenfassung

Hintergrund. Gerduschempfindlichkeit oder
Hyperakusis stellt ein belastendes Symptom
dar, das einen ausgeprdgten negativen
Einfluss auf die Lebensqualitat haben kann.
Ziel. Ziel der vorliegenden Arbeit war es,
zentrale Fragestellungen der Forschung zur
Hyperakusis zu ermitteln.

Material und Methoden. Dazu wird ein
Uberblick iiber bisher existierende Liicken
im Wissen zur Hyperakusis gegeben sowie
mogliche Ansdtze der weiteren Erforschung
dargestellt.

Ergebnisse. Es wurden 8 zentrale Frage-
stellungen ermittelt, deren Beantwortung
Prioritat fiir die zukiinftige Forschung
haben sollte: Wie hoch ist die Pravalenz der
Hyperakusis bei Erwachsenen und Kindern?
Welches sind die mit Hyperakusis verbun-
denen Risikofaktoren? Wie ist der natlirliche
Verlauf der Hyperakusis? Wie wird Schmerz
infolge Hyperakusis wahrgenommen? Welche
Mechanismen tragen zur Entstehung der

Hyperakusis - zentrale Fragestellungen der Forschung

Hyperakusis bei? Wie ist der Zusammenhang
zwischen Hyperakusis und Tinnitus? Kann
ein Fragebogen entwickelt werden, der

den Einfluss der Hyperakusis genau misst,
und kann er als Ergebnisparameter fiir die
Beurteilung der Behandlung eingesetzt
werden? Welche Therapien, allein oder

in Kombination, sind bei der Hyperakusis
wirksam?

Schlussfolgerung. Im Rahmen des vor-
liegenden sowohl von Klinikern als auch
Wissenschaftlern geleiteten Projekts wurden
zentrale Fragestellungen der Forschung

zur Hyperakusis ermittelt. Es wird eine
Weiterentwicklung der Frage dahingehend
folgen, welche Forschungsansatze Patienten
priorisieren.

Schliisselworter
Hyperakusis - Gerduschtoleranz - Tinnitus -
Audiologie - Pathologie

How to measure hyperacusis

Several methods exist that attempt to
measure hyperacusis. There are tech-
niques for the determination of the loud-
est sound an individual can tolerate, or
is comfortable with, and these include
loudness discomfort levels and loudness
scaling techniques [1, 31]. The limita-
tions of such procedures are substantial,

however, with marked interobserver and
test-retest variability [39]. The use of
pure-tone stimuli rather than the envi-
ronmental sounds involved in the lived
experience of a person with hyperacusis
also limits how generalizable the mea-
sure is to real-world difficulties. Unless
performed with great care, exposing an
individual to sounds at or close to an in-
tensity that evokes discomfort and pain
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Table 3  Divergent characteristics of tinnitus and hyperacusis
Hyperacusis

Tinnitus

Often unilateral, or highly lateralized
Somatic modulation is common
Often intermittent

Percept can be formless or primitive
Self-help can be very effective

Almost exclusively bilateral
Somatic modulation is rare
Rarely intermittent

Percept is vivid and salient

Impact of self-help unknown, may be very
limited

Table 4 Instruments to measure the impact of hyperacusis

Name Authors (date) Format Validation  Languages available

population
Gerduschiiberem-  Nelting etal. (2002) 27-item N =226 with German, English (Blas-
pfindlichkeit (GUF)  [32] self-report hyperacusis  ingetal., 2010) [6]
Hyperacusis Ques-  Khalfaetal. (2002)  12-item N=201gen- French, English
tionnaire (HQ) [28] self-report eral adult

population
Multiple Activity Dauman and Bous-  15-item N=249 English
Scale for Hyperacu-  cau-Faure (2005) clinician-  adults with
sis (MASH) [10] led ques- tinnitus

tionnaire  (79% also
had hypera-
cusis)

can be unpleasant, and this has the po-
tential to undermine therapeutic rapport.
In general, the clinician is advised to pro-
ceed with caution regarding such testing.

There are also several question-
naire instruments available to assess
hyperacusis, and these are summa-
rized in @Table 4. There are con-
cerns regarding each of these. The
Geriuschiiberempfindlichkeit ~ (GUF;
[32]) was developed as a brief tool to
inform treatment needs and planning.
This questionnaire is now available in
English [6] but the translated version
has not been validated.

The Hyperacusis Questionnaire (HQ;
[28]) was developed to characterize and
measure hypersensitivity to sound and is
the most commonly used measure. How-
ever, it has thus far only been validated
in the general population, and not in
a (clinical) hyperacusis complaint popu-
lation. Fackrell and colleagues [13] ana-
lyzed HQ data from a tinnitus research
volunteer population, and proposed a 10-
item, two-factor modification of the HQ
for measuring hypersensitivity to sound
in a tinnitus population. This modified
version is yet to be validated in a new
tinnitus participant cohort.

The Multiple-Activity Scale for Hy-
peracusis (MASH; [10]) was developed
to assess in which life situations a person
is limited by hyperacusis, how annoyed
they are by it, how much speech under-
standing is affected, and how severe it
is at different times. It was validated in
atinnitus rather than a hyperacusis popu-
lation. It does allow a “real-world” impact
to be assessed, in that the individual is
asked to rate the impact of hyperacusis
on the ability to participate in everyday
activities. While some of those activities
are culture specific, such as attending
the cinema or eating at a restaurant, the
responder is encouraged to substitute ac-
tivities when the stated one is not suitable
for them. All the available instruments
are designed for adults, and would not
be appropriate for use with children or
adolescents. Given the prevalence of hy-
peracusis in young people, this is a topic
for potentially fruitful research.

Treatment

There are many unanswered questions
about the efficacy of presently available
treatments for hyperacusis, and what
might constitute an optimal treatment.
The use of sound therapy is widespread,

and there are two general approaches,
both utilizing wide-band noise. The first
is to introduce the sound at a quiet and
unchallenging level, and then to gradu-
ally increase the intensity over a matter
of weeks, with the suggestion that this is
similar to a graduated exposure program
that might be used for desensitization
[25]. Alternatively, one might introduce
the sound at a quiet and comfortable
level and maintain that intensity, the pro-
posal being that the gain of the auditory
system is somehow “recalibrated” by that
signal. While there are patient self-help
reports indicating that pink noise, for
example, may be more beneficial than
white noise [24], randomized controlled
trials (RCT) of these and other sound-
based approaches are not yet available.

Another approach used for hyperacu-
sis treatment is CBT. An RCT for CBT
in hyperacusis indicated benefit and im-
provement in measures of sound toler-
ance [27]. Inthe case of tinnitus, combin-
ing sound-based therapy with elements
of CBT has been demonstrated to be ben-
eficial [8], and on the face of it, such com-
bination therapy might also be effective
for hyperacusis.

In the case of sound-evoked otalgia,
in which pain-sensitive pathways in the
cochlear nerve have been implicated,
some form of analgesia might be effec-
tive. Intratympanic lidocaine has been
trialed for tinnitus [9], but the bene-
fits were minimal and the acute side
effect of violent vertigo was said to be
debilitating. Any effect on hyperacusis,
or sound-evoked otalgia, has not been
reported.

Outlook

In this paper we have described several ar-
eas where important information is lack-
ing regarding hyperacusis (summary in
O Table5). Clinicians and researchers are
encouraged to collaborate and undertake
work in this area, with the aim of increas-
ing knowledge and ultimately improving
the care of patients who experience hy-
peracusis. Such collaborative and sus-
tained effort is proving of benefit in the
adjacent field of tinnitus [16, 18-20].
In the case of tinnitus, and more re-
cently mild-to-moderate hearingloss, lis-
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Table 5 Majorresearch questionsin hyperacusis

What is the prevalence of hyperacusis in adults and children?

What are the risk factors associated with hyperacusis?

What is the natural history of hyperacusis?
How is “pain hyperacusis” perceived?

What mechanisms are involved in hyperacusis?

What is the relationship between hyperacusis and tinnitus?

Can a questionnaire be developed that accurately measures the impact of hyperacusis and can

be used as a treatment outcome measure?

What treatments, alone or in combination, are effective for hyperacusis?

tening to another voice has also been of
benefit; structured and intentional work
to listen to the research questions and
priorities of patients has helped influ-
ence and provide form to the research
agenda [18, 20]. Such work is imminent
in the field of hyperacusis, and will pro-
vide a priority set of research questions
that are immediately important to pa-
tients and clinicians. In medical research
terms, the field of hyperacusis is young
and there is a need for capacity building
in this challenging yet fascinating area.

Practical conclusion

== Hyperacusis can have a marked
negative impact on quality of life.

== There are still several areas where
important information is lacking
regarding hyperacusis.

== Clinicians and researchers are encour-
aged to collaborate so as to increase
knowledge and ultimately improve
the care of patients with hyperacusis.

== The field of hyperacusis is young and
there is a need for capacity building
in this challenging yet fascinating
area.
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22, Miinchner Schwindel-Seminar: Grundlagen und Aktuelles

Periphere, zentrale und funktionelle Schwindelsyndrome,
Augenbewegungs- und Gangstérungen

Am 20. und 21. Juli 2018 findet das inzwischen 22. Miinchner Schwindel-Seminar
unter der Leitung von M. Strupp, M. Dieterich, A. Zwergal, M. Canis und T. Brandt
statt. Es wird gemeinsam vom Deutschen Schwindel- und Gleichgewichtszentrum,
der Neurologischen Klinik sowie der HNO-Klinik des Klinikums der LMU Miinchen

organisiert.

Am ersten Tag der Veranstaltung finden zwei
parallele Vortragsreihen statt:

1. Fir Teilnehmer mit geringeren Vorkennt-
nissen werden systematisch die folgenden
Themen dargestellt: Anatomie und Physiolo-
gie der vestibuldren und okulomotorischen
Systeme, Erhebung der Anamnese, klini-
sche Untersuchung der beiden Systeme,
apparative Untersuchungsverfahren sowie
Ubersichtsreferate zu peripheren, zentralen
und funktionellen Erkrankungen.

2. Fiir Teilnehmer mit guten Vorkenntnissen
werden die wichtigsten peripheren, zentralen
und funktionellen Schwindelsyndrome mit
deren aktuellen diagnostischen Kriterien und
Behandlungsmdglichkeiten dargestellt sowie
neue wissenschaftliche Aspekte besprochen.

Am zweiten Tag werden parallel Kurse mit
praktischen ,hands-on“-Ubungen zur kli-
nischen und apparativen Diagnostik und
zur Therapie angeboten. Hier liegen die
Schwerpunkte auf Augenbewegungssto-
rungen, Gangstérungen und Untersuchung
der Haltungskontrolle, apparativen Unter-
suchungsverfahren wie Videokopfimpuls-

test, Physiotherapie, Schwindel bei Kindern
und der Psychotherapie des funktionellen
Schwindels. Diese Kurse sind geeignet fiir
Neurologen, HNO- und Augenarzte, Orth-
optistinnen, Physiotherapeuten und MTAs.
Sie sollen in die jeweiligen Untersuchungs-
techniken und Therapieverfahren einfiihren
und Kenntnisse und praktische Fertigkeiten
vertiefen (Dauer je 90 Min.).

Veranstalter:

Deutsches Schwindel- und Gleichgewichts-
zentrum, Neurologische Klinik und HNO-
Klinik

Klinikum der Universitdt Miinchen, Campus
GroBhadern

Marchioninistra3e 15, 81377 Miinchen

Anmeldung:

www.deutsches-schwindelzentrum.de
Anmeldeschlussist der 10. Juli 2018.
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